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Foreword

This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal
TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Version x.y.z
where;
x thefirst digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

y the second digit isincremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z thethird digit isincremented when editorial only changes have been incorporated in the document.
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1 Scope

This document specifies the performance measurements for 5G networks including network slicing. Performance
measurements for NG-RAN are defined in this document (clause 5.1), and some L2 measurement definitions are
inherited from TS 38.314 [29]. The performance measurements for 5GC are all defined in this document (clause 5.2 to
5.6). Related KPIs are defined to those measurements are defined in TS 28.554 [8].

The performance measurements for NG-RAN applies also to NR option 3 in many cases, but not to the RRC connection
related measurements which are handled by E-UTRAN for NR option 3 (those are measured according to TS 32.425 [9]
and related KPIsin TS 32.451 [10]).

The performance measurements are defined based on the measurement template as described in TS 32.404 [3].

2 References

The following documents contain provisions which, through reference in thistext, constitute provisions of the present
document.

- References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

- For aspecific reference, subsequent revisions do not apply.

- For anon-specific reference, the latest version applies. In the case of areference to a 3GPP document (including
aGSM document), a non-specific reference implicitly refersto the latest version of that document in the same
Release as the present document.

[1] 3GPP TR 21.905: "Vocabulary for 3GPP Specifications'.

[2] 3GPP TS 32.401: " Telecommunication management; Performance Management (PM); Concept
and requirements’.

[3] 3GPP TS 32.404: "Performance Management (PM); Performance measurements - Definitions and
template".

[4] 3GPP TS 23.501: " System Architecture for the 5G System".

[5] IETF RFC 5136: "Defining Network Capacity”.

[6] 3GPP TS 38.473: "NG-RAN; F1 Application Protocol (F1AP)".

[7] 3GPP TS 23.502: "Procedures for the 5G System".

[8] 3GPP TS 28.554: "Management and orchestration; 5G end to end Key Performance Indicators
(KPI)".

[9] 3GPP TS 32.425: "Performance Management (PM); Performance measurements for Evolved
Universal Terrestrial Radio Access Network (E-UTRAN)".

[10] 3GPP TS 32.451: "Key Performance Indicators (KPI) for Evolved Universal Terrestrial Radio
Access Network (E-UTRAN); Requirements”.

[11] 3GPP TS 38.413: "NG-RAN; NG Application Protocol (NGAP)".

[12] Void.

[13] 3GPP TS 38.423: "NG-RAN; Xn Application Protocol (XnAP)".[14] 3GPP TS 29.502: "5G
System; Session Management Services; Stage 3".

[15] Void.

[16] 3GPP TS 29.244: "Technica Specification Group Core Network and Terminals; | nterface between

the Control Plane and the User Plane Nodes; Stage 3".
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[17]

[18]
[19]
[20]
[21]
[22]
[23]

[24]
[25]

[26]

[43]
[44]
[45]

[46]

ETSI GS NFV-1FA027 v2.4.1: "Network Functions Virtualisation (NFV); Management and
Orchestration; Performance M easurements Specification”.

Void.

3GPP TS 38.214: "NR; Physical layer procedures for data’.

3GPP TS 38.331: "NR; Radio Resource Control (RRC); Protocol specification”.

3GPP TS 29.518: "5G System; Access and Mobility Management Services; Stage 3".

3GPP TS 29.413: "Application of the NG Application Protocol (NGAP) to non-3GPP access'.

3GPP TS 29.122: "Technical Specification Group Core Network and Terminals; T8 reference
point for Northbound APIs'.

3GPP TS 24.501: "Non-Access-Stratum (NAS) protocol for 5G System (5GS); Stage 3".

ETSI ES 202 336-12 VV1.2.1: "Environmental Engineering (EE); Monitoring and control interface
for infrastructure equipment (power, cooling and building environment systems used in
telecommunication networks); Part 12: ICT equipment power, energy and environmental
parameters monitoring information model".

3GPP TS 28.541: "Management and orchestration; 5G Network Resource Model (NRM); Stage 2
and stage 3".

3GPP TS 29.274: "Evolved General Packet Radio Service (GPRS); Tunnelling Protocol for
Control plane (GTPv2-C); Stage 3".

3GPP TS 29.510: "5G System; Network function repository services; Stage 3".

3GPP TS 38.314: "NR; layer 2 measurements’.

3GPP TS 38.313: "Self-Organizing Networks (SON) for 5G networks'.

3GPP TS 38.415: "NG-RAN; PDU session user plane protocol”.

3GPP TS 38.321: "NR MAC protocol specification".

3GPP TS 38.214: "NR; Physical layer procedures for data’.

3GPP TS 38.215: "NR; Physical layer measurements’.

3GPP TS 38.133: "NR; Requirements for support of radio resource management”.

3GPP TS 33.501: "Security architecture and procedures for 5G system".

3GPP TS 38.304: "NR; User Equipment (UE) proceduresin Idle mode and RRC Inactive state”.
3GPP TS 28.530: "Management and orchestration; Concepts, use cases and requirements”.
3GPP TS 29.507: "5G System; Access and Mobility Policy Control Service; Stage 3".
3GPP TS 29.512: "5G System; Session Management Policy Control Service; Stage 3".
3GPP TS 29.531: "5G System; Network Slice Selection Services'.

3GPP TS 29.281: "General Packet Radio System (GPRS) Tunnelling Protocol User Plane
(GTPv1-U)".

3GPP TS 29.540: "5G System; SMS Services; Stage 3".
3GPP TS 29.522: "5G System; Network Exposure Function Northbound APIs; Stage 3".

3GPP TS 29.541: "5G System; Network Exposure FunctionServices for Non-1P Data Delivery
(NIDD); Stage 3".

3GPP TS 23.503: "Policy and charging control framework for the 5G System (5GS); Stage 2".
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[47] 3GPP TS 29.504: "5G System; Unified Data Repository Services; Stage 3".

[48] 3GPP TS 29.554: "5G System; Background Data Transfer Policy Control Service; Stage 3".

[49] 3GPP TS 38.300: "NR and NG-RAN Overall description; Stage-2".

[50] 3GPP TS 28.538: "Management and orchestration; Edge Computing Management”.

[51] 3GPP TS 29.503: "5G System; Unified Data Management Services, Stage 3".

[52] 3GPP TS 23.558: "Architecture for enabling Edge Applications”.

[53] 3GPP TS 23.273: "5G System (5GS); Location Services (LCS); Stage 2"

[54] 3GPP TS 29.572: "5G System (5GS); Location Management Services, Stage 3".

[55] Voaid

[56] 3GPP TS 38.425: "NG-RAN; NR User plane protocol”.

[57] 3GPP TS 36.425:; "(E-UTRAN); X2 interface user plane protocol”.

[58] 3GPP TS 29.520: "5G System; Network Data Analytics Services; Stage 3".

[59] 3GPP TS 23.288: " Architecture enhancements for 5G System (5GS) to support network data
analytics services'.

[60] 3GPP TS 37.340: "NR; Multi-connectivity; Overall description; Stage-2".

[61] 3GPP TS 38.321: "NR; Medium Access Control (MAC) protocol specification”.

[62] 3GPP TS 28.532: "Management and orchestration; Generic management services'.

[63] 3GPP TS 28.318: "Management and Orchestration; Network and Service Operations for Energy

Utilities (NSOEU)".
[64] 3GPPTS38.213: "NR;Physical layer procedures for control”.

3 Definitions, abbreviations and measurement family

3.1 Definitions

For the purposes of the present document, the terms and definitions givenin TR 21.905 [1] and the following apply. A
term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Conditional handover: A handover which is executed by the UE.

Dual Active Protocol Stack: A procedure for handovers where the UE connects to the target before it rel eases the
connection to the source.

IP latency: thetimeit takesto transfer afirst/initial packet in a data burst from one point to another.

L egacy handover: A handover that is executed by the source gNB, in contrast to Conditional Handover.

Mapped 5QI: 5QI that is used for a DRB within the gNB when a single 5QI is assigned to the DRB.
NOTEZL: Inthis case the mapped 5QI is used for separating certain measurements per QoS class.
NOTE 2: Individual QoS flows into acommon 5QlI is specified in TS 38.473 [6].

Packet delay: the time it takes to transfer any packet from one point to another.

Packet drop rate: share of packets that were not sent to the target due to high traffic load or traffic management and
should be seen as a part of the packet lossrate.
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Packet lossrate: share of packetsthat could not be received by the target, including packets dropped, packetslost in
transmission and packets received in wrong format.

Perfor mance indicators: The performance data aggregated over a group of NFs which is derived from the performance
measurements collected at the NFs that belong to the group, according to the aggregation method identified in the
Performance Indicator definition.

3.2 Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1], TS 23.501 [4] and the following
apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if
any, in TR 21.905[1] and TS 23.501 [4].

CHO Conditional Handover

CLI Cross Link Interference
DAPS Dual Active Protocol Stack
GP Guard Period

HO Handover

kbit kilobit (1000 bits)

LHO Legacy Handover

MA PDU Multi-Access PDU

MN Master Node.

MPQUIC Multi-Path QUIC

MPTCP Multi-Path TCP Protocol
NG-RAN Next Generation Radio Access Network
RNA RAN-based Notification Area
Pl Performance Indicator

SA PDU Single-Access PDU

SN Secondary Node.

SRS Sounding Reference Signal
TEID Tunnel Endpoint IDentifier

3.3 Measurement family

The measurement names defined in the present document are all beginning with a prefix contai ning the measurement
family name. This family name identifies all measurements which relate to a given functionality and it may be used for
measurement administration.

The list of families currently used in the present document is as follows:
- DRB (measurements related to Data Radio Bearer).
- RRC (measurements related to Radio Resource Control).
- UECNTX (measurements related to UE Context).
- RRU (measurements related to Radio Resource Utilization).
- RM (measurements related to Registration Management).
- SM (measurements related to Session Management).
- GTP (measurements related to GTP Management).
- |IP (measurements related to IP Management).
- PA (measurements related to Policy Association).
- MM (measurements related to Mobility Management).
- VR (measurements related to Virtualized Resource).

- CARR (measurements related to Carrier).
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- QF (measurements related to QoS Flow).

- AT (measurements related to Application Triggering).

- SMS (measurements related to Short Message Service).

- PEE (measurements related to Power, Energy and Environment).

- NFS (measurements related to NF service).

- PFD (measurements related to Packet Flow Description).

- RACH (measurements related to Random Access Channel).

- MR (measurements related to Measurement Report).

- L1IM (measurements related to Layer 1 Measurement).

- NSS (measurements related to Network Slice Selection).

- PAG (measurements related to Paging).

- NIDD (measurements related to Non-1P Data Delivery).

- EPP (measurements related to external parameter provisioning).

- Tl (measurements related to traffic influence).

- CE (measurements related to Connection Establishment).

- SPP (measurements related to Service Parameter Provisioning).

- BDTP (measurements related to Background Data Transfer Policy).
- DM (measurements related to Data Management).

- AFQ (measurements related to AF session with QoS).

- UCM (measurements related to UE radio Capability Management).
- PAU (measurements related to Policy Authorization).

- EEX (measurements related to Event Exposure).

- SDM (measurements related to subscriber data management).

- PPV (measurements related to parameter provisioning).

- DIS (measurements related to discovery).

- Location Management (measurements related to Location M anagement).
- SP (measurement related to service provisioning).

- DANS (measurements related to Data Analytics Service).

- OEU (measurements related to Network and Service Operations for Energy Utilities).
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4 Concepts and overview

4.1 Performance indicators

Performance indicators are the performance data aggregated over a group of NFs, such as, for example, average latency
along the network dlice. The Performance I ndicators can be derived from the performance measurements collected at
the NFs that belong to the group. The aggregation method is identified in the performance indicator definition

Performance indicators at the network slice subnet level can be derived from the performance measurements collected
at the NFsthat belong to the network dlice subnets or to the constituent network slice subnets. The performance
indicators at the network slice subnet level can be made avail able via the corresponding performance management
service for network slice subnet.

The performance indicators at the network slice level, can be derived from the network slice subnet level Performance
Indicators collected at the constituent network slice subnets and/or NFs. The network dlice level performance indicators
can be made available via the corresponding performance management service for network dlice.

When providing a communication service to atenant, the performance indicators can be derived from corresponding
performance indicators related to network dice, network slice subnet and NFs and they can be made available viathe
corresponding performance management service, consumed by atenant. Tenant(s) may be associated with S-NSSAI or
sNSSAIList in which case, the performance indicators are split into subcounters per SSNSSAI for individual tenant.

4.2 Filters and filter naming

4.2.0 General

In case a performance measurement is defined for more than one sub-counter, it is convenient to use Filter to define the
performance measurement of interest.

421 Filters

Performance measurements may be sub-divided by use of applicable filters to form new Performance measurements (or
sub counters). Any applicable Filter(s) are identified in each performance measurements definition. Performance
measurements may also be defined without any applied Filter.

When no Filter is applied the performance measurement should exclude the Filter extension.
Example of possible Filter values:

- 5Ql

- QCl

- SNSSAI, where SNSSAI represents the S-NSSAI

- PLMN, where PLMN represents the PLMN ID
4.2.2 Filter naming

For the Performance measurements that indicate Filters, the resulting Performance measurement name will take the
form: Performance measurement_Filter

If combination of Filtersis used the name will take the form: Performance measurement_Filterl Filter2
If no Filter is used the name will take the form: Performance measurement
Example: DRB.PdcpF1DelayDI_Filter, Where Filter is a combination of PLMN and 5QI and SNSSAI.

- Single Filter value applied: DRB.PdcpF1DelayDl_Filter1, where Filter could be any of the possible Filter value
defined for the performance measurement:
- Sub counter name: DRB.PdcpF1DelayDI.5QlI
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- Multiple (two) Filter values applied: DRB.PdcpF1DelayDI_Filterl_Filter2, where Filter1 and Filter2 could be
any of the possible Filter value defined for the performance measurement:

- Sub counter name: DRB.PdcpF1DelayDI.PLMN.5QI.

- NoFilter value applied: Counter name: DRB.PdcpF1DelayDlI

For Filtersthe separator ' ' is used to append the filter name(s) to the measurement name. For multiple Filters the order
in the resulting name is not important.

5 Performance measurements for 5G network
functions

5.1 Performance measurements for gNB

5.1.0 Relation to RAN L2 measurement specification

When it comes to Layer 2 measurement definitions, some of the L2 measurement definitions used in the present
document are referring to TS 38.314 [29]. The L2 measurement definitionsin TS 38.314 [29] and in the present
document have some differences:

- The measurement definitionsin TS 38.314 [29] are often defined to be reported 'per UE or per DRB', to support
MDT and Trace use cases.

- The measurements defined in the present document define L2 measurements that is aggregated and often
reported per a Managed Object class (e.g. NRCelIDU).

Thus, for those L2 measurements, the definitionin TS 38.314 [29] isre-used in the present document, but without
requirement of 'per UE or per DRB' reporting to be performed.

51.1 Performance measurements valid for all gNB deployment scenarios

51.1.1 Packet Delay

51.1.1.1 Average delay DL air-interface

a) This measurement provides the average (arithmetic mean) time it takes for packet transmission over the air-
interface in the downlink direction. The measurement is calculated per PLMN 1D and per QoS level (mapped
5QI or QCI in NR option 3) and per supported S-NSSAI.

b) DER (n=1)

¢) This measurement is obtained as: sum of (point in time when the last part of an RLC SDU packet was sent to the
UE which was consequently confirmed by reception of HARQ ACK from UE for UM mode or point in time
when the last part of an RLC SDU packet was sent to the UE which was consequently confirmed by reception of
RLC ACK for AM mode, minus time when corresponding RLC SDU part arriving at MAC layer) divided by
total number of RLC SDUs transmitted to UE successfully. The measurement is performed per PLMN 1D and
per QoS level (mapped 5QI or QCI in NR option 3) and per supported S-NSSAI.

d) Each measurement isarea representing the mean delay in 0.1 millisecond. The number of measurementsis
equal to the number of PLMNs multiplied by the number of QoS levels or multiplied by the number of supported
SNSSAls.

[Total No. of measurement instances] x [No. of filter values for all measurements] (DL and UL) < 100.

€) The measurement name has the form DRB.AirlfDelayDI_Filter,
Where filter isa combination of PLMN ID and QoS level and S-NSSAI.
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Where PLMN ID represents the PLMN 1D, QoS representes the mapped 5QI or QCI level, and SNSSAI
represents S-NSSAI.
f) NRCellDU
g) Vadlid for packet switched traffic
h) 5GS

i) One usage of this measurement is for performance assurance within integrity area (user plane connection
quality).
NOTE: If the HARQ processis configured with disabled HARQ feedback for NTN (refer to 38.321 [61]), this
measurement is not available for UM mode.

5.1.1.1.2 Distribution of delay DL air-interface

a) This measurement provides the distribution of the time it takes for packet transmission over the air-interfacein
the downlink direction. The measurement is calculated per PLMN ID and per QoS level (mapped 5QI or QCI in
NR option 3) and per supported S-NSSAI.

b) DER (n=1)

¢) Thismeasurement is obtained by 1) calculating the DL delay for an RLC SDU packet by: point in the time when
the last part of an RLC SDU packet was sent to the UE which was consequently confirmed by reception of
HARQ ACK for UM mode or point in time when the last part of an RLC SDU packet was sent to the UE which
was consequently confirmed by reception of RLC ACK for AM mode, minus the time when corresponding RLC
SDU part arriving at MAC layer; and 2) incrementing the corresponding bin with the delay range where the
result of 1) fallsinto by 1 for the counters. If the RLC SDU needs retransmission (for Acknowledged Mode) the
delay will still include only one contribution (the original one) to this measurement. The measurement is
performed per PLMN ID and per QoS level (mapped 5QI or QCI in NR option 3) and per supported S-NSSAI.

d) Each measurement is an integer representing the number of RLC SDU packets measured with the delay within
the range of the bin. The number of measurementsis equal to the number of PLMNs multiplied by the number of
QoS levels or multiplied by the number of supported S-NSSAIs.

[Total No. of measurement instances] x [No. of filter values for al measurements] (DL and UL) < 100.
€) DRB.AirlfDelayDist.Bin_Filter, where Bin indicates a delay range which is vendor specific;

Where filter is a combination of PLMN ID and QoS level and S-NSSAI.
Where PLMN ID represents the PLMN 1D, QoS represents the mapped 5QI or QCI level, and SNSSAI
represents S-NSSAI.

f) NRCellDU
g) Vadlid for packet switched traffic
h) 5GS

i) One usage of this measurement is for performance assurance within integrity area (user plane connection
quality).

NOTE: If the HARQ processis configured with disabled HARQ feedback for NTN (refer to 38.321 [61]),this
measurement is not available for UM mode.
51.1.1.3 Average delay UL on over-the-air interface

a) This measurement provides the average (arithmetic mean) over-the-air packet delay on the uplink. The
measurement is calculated per PLMN 1D and per QoS level (mapped 5QI or QCI in NR option 3) and per
supported S-NSSAI.

b) DER (n=1)
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©)

d)

This measurement is obtained according to the definitionin TS 38.314 [29], named " Average over-the-air
interface packet delay in the UL per DRB per UE". The measurement is performed per PLMN ID and per QoS
level (mapped 5QI or QCI in NR option 3) and per supported S-NSSAI.

Each measurement isareal representing the mean delay in 0.1 millisecond. The humber of measurementsis
egual to the number of PLMNs multiplied by the number of QoS levels or multiplied by the number of supported
SNSSAls.

[Total No. of measurement instances] x [No. of filter values for al measurements] (DL and UL) < 100.
The measurement name has the form DRB.AIrlIfDelayUl_Filter,

Where filter is a combination of PLMN ID and QoS level and S-NSSAI.
Where PLMN ID represents the PLMN 1D, QoS represents the mapped 5QI or QCI level, and SNSSAI
represents S-NSSAI.

f) NRCellDU.

g) Vadlid for packet switched traffic.

h) 5GS.

i) One usage of this measurement is for performance assurance within integrity area (user plane connection
quality).

5.1.1.1.4 Average RLC packet delay in the UL

a) This measurement provides the average (arithmetic mean) RLC packet delay on the uplink, ie the delay within
the gNB-DU. The measurement is calculated per PLMN ID and per QoS level (mapped 5QI or QCI in NR
option 3) and per supported S-NSSAI.

b) DER (n=1)

¢) Thismeasurement is obtained according to the definitionin TS 38.314 [29], named "Average RLC packet delay
inthe UL per DRB per UE". The measurement is performed per PLMN ID and per QoS level (mapped 5QI or
QCI in NR option 3) and per supported S-NSSAI.

d) Each measurement isareal representing the mean delay in the unit 0.1 milliseconds. The number of
measurementsis equal to the number of PLMNs multiplied by the number of QoS levels or multiplied by the
number of supported S-NSSAIs.

[Total No. of measurement instances] x [No. of filter values for al measurements] (DL and UL) < 100.
€) The measurement name has the form DRB.RIcDelayUl_Filter,
Where filter is a combination of PLMN ID and QoS level and S-NSSAI.
Where PLMN ID represents the PLMN 1D, QoS representes the mapped 5QI or QCI level, and SNSSAI
represents S-NSSAI.

f) NRCellDU.

g) Vadlid for packet switched traffic.

h) 5GS.

i) One usage of this measurement is for performance assurance within integrity area (user plane connection
quality).

5.1.1.1.5 Average PDCP re-ordering delay in the UL

a) This measurement provides the average (arithmetic mean) PDCP re-ordering delay on the uplink, ie the delay
within the gNB-CU-UP. The measurement is calculated per PLMN ID and per QoS level (mapped 5QI or QCI in
NR option 3) and per supported S-NSSAI.

b) DER (n=1)
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©)

d)

f)
9)
h)

This measurement is obtained according to the definitionin TS 38.314 [29], named " Average PDCP re-ordering
delay inthe UL per DRB per UE. The measurement is performed per PLMN ID and per QoS level (mapped 5QI
or QCI in NR option 3) and per supported S-NSSAI.

Each measurement isareal representing the mean delay in the unit 0.1 milliseconds. The number of
measurementsis equal to the number of PLMNs multiplied by the number of QoS levels or multiplied by the
number of supported S-NSSAIs.

[Total No. of measurement instances] x [No. of filter values for al measurements] (DL and UL) < 100.
The measurement name has the form DRB.PdcpReordDelayUl_Filter,
Where filter is a combination of PLMN ID and QoS level and S-NSSAI.

Where PLMN ID represents the PLMN 1D, QoS representes the mapped 5QI or QCI level, and SNSSAI
represents S-NSSAI.

GNBCUUPFunction
Valid for packet switched traffic.
5GS.

One usage of this measurement is for performance assurance within integrity area (user plane connection
quality).

5.1.1.1.6 Distribution of DL delay between NG-RAN and UE

a)

b)
©)

d)

This measurement provides the distribution of DL packet delay between NG-RAN and UE, which is the delay
incurred in NG-RAN (including the delay at gNB-CU-UP, on F1-U and on gNB-DU) and the delay over Uu
interface. This measurement is calculated per PLMN 1D and per 5QI and per supported S-NSSAI.

DER (n=1).
The measurement is obtained by the following method:

The gNB performsthe GTP PDU packet delay measurement for QoS monitoring per the GTP PDU
monitoring packets received from UPF, and records the following time stamps and information included in
the GTP-U header of each GTP PDU monitoring response packet (packet i) sent to UPF (see 23.501 [4] and
38.415 [31]):

- TheDL Delay Result from NG-RAN to UE indicating the downlink delay measurement result whichiis
the sum of the delay incurred in NG-RAN (including the delay at gNB-CU-UP, on F1-U and on gNB-
DU) and the delay over Uu interface (see 38.415 [31], and the DL Delay Result is denoted by DRdI in the
present document);

- The5QI and S-NSSAI associated to the GTP PDU monitoring response packet.

The gNB increments the corresponding bin with the delay range where the DRdlI fallsinto by 1 for the
counters.

The measurement is performed per PLMN 1D and per QoS level (mapped 5QI or QCI in NR option 3) and
per supported S-NSSAI.

Each measurement is an integer representing the number of GTP PDUs measured with the delay within the range
of the bin.The number of measurementsis equal to the number of PLMNs multiplied by the number of QoS
levels or multiplied by the number of supported S-NSSAIs.

[Total No. of measurement instances] x [No. of filter values for all measurements] (DL and UL) < 100.

DRB.DelayDINgranUeDist.Bin_Filter, where Bin indicates a delay range which is vendor specific;

Where filter is a combination of PLMN ID and QoS level and S-NSSAI.
Where PLMN ID represents the PLMN 1D, QoS representes the mapped 5QI or QCI level, and SNSSAI
represents S-NSSAI.
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f) NRCellCU (for non-split and 2-split scenario);
GNBCUUPFunction (for 3-split scenario).
g) Validfor packet switched traffic.
h) 5GS.
5.1.1.1.7 Distribution of UL delay between NG-RAN and UE
51.1.1.7.1 Distribution of UL delay between NG-RAN and UE (excluding D1)

a) This measurement provides the distribution of UL packet delay between NG-RAN and UE, which includes the
delay occurred in NG-RAN (including the delay at gNB-CU-UP, on F1-U and on gNB-DU) and the delay over
Uu interface (excluding the D1 UL PDCP delay occurred in the UE). This measurement is calculated per PLMN
ID and per 5QI and per supported S-NSSAI.

b) DER (n=1).

¢) The measurement is obtained by the following method:

The gNB performs the GTP PDU packet delay measurement for QoS monitoring for the GTP PDU

monitoring packets received from UPF, and records the following time stamps and information included in

the GTP-U header of each GTP PDU monitoring response packet (packet i,sent to UPF) for which the D1 UL

PDCP Delay measurement is not included (see 23.501 [4] and 38.415 [31]):

- TheUL Delay Result from UE to NG-RAN indicating the uplink delay measurement result which isthe
sum of the delay incurred in NG-RAN (including the delay at gNB-CU-UP, on F1-U and on gNB-DU)
and the delay over Uu interface (see 38.415 [31], and the UL Delay Result is denoted by DRul in the
present document);

- The5Ql and S-NSSAI associated to the GTP PDU monitoring response packet.

The gNB increments the corresponding bin with the delay range where the DRul fallsinto by 1 for the

counters.

The measurement is performed per PLMN 1D and per QoS level (mapped 5QI or QCI in NR option 3) and

per supported S-NSSAI.

d) Each measurement isan integer representing the number of GTP PDUs measured with the delay within the range
of the bin. The number of measurementsis equal to the number of PLMNs multiplied by the number of QoS
levels or multiplied by the number of supported S-NSSAIs.

[Total No. of measurement instances] x [No. of filter values for all measurements] (DL and UL) < 100.
e) DRB.DelayUINgranUeDist.BinFilter, where Bin indicates a delay range which is vendor specific and Filter isa
combination of PLMN ID and QoS level and S-NSSAI.
The QoS level represents the mapped 5QI or QCI.
f) NRCellCU (for non-split and 2-split scenario);
GNBCUUPFunction (for 3-split scenario).
g) Vadlid for packet switched traffic.
h) 5GS.
5.1.1.1.7.2 Distribution of UL delay between NG-RAN and UE (including D1)

a) This measurement provides the distribution of UL packet delay between NG-RAN and UE, which includes the
delay occurred in NG-RAN (including the delay at gNB-CU-UP, on F1-U and on gNB-DU), the delay over Uu
interface and the D1 UL PDCP delay occurred in the UE. This measurement is calculated per PLMN ID and per
5QI and per supported S-NSSAI.

b) DER (n=1).

¢) The measurement is obtained by the following method:
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The gNB performsthe GTP PDU packet delay measurement for QoS monitoring for the GTP PDU
monitoring packets received from UPF, and records the following time stamps and information included in
the GTP-U header of each GTP PDU monitoring response packet (packet i, sent to UPF) for which the D1
UL PDCP Delay measurement isincluded (see 23.501 [4] and 38.415 [31]):

- The UL Delay Result from UE to NG-RAN indicating the uplink delay measurement result which is the
sum of the delay incurred in NG-RAN (including the delay at gNB-CU-UP, on F1-U and on gNB-DU),
the delay over Uu interface and the D1 UL PDCP delay occurred in the UE (see 38.415 [31], and the UL
Delay Result is denoted by DRul in the present document);

- The5QI and S-NSSAI associated to the GTP PDU monitoring response packet.

The gNB increments the corresponding bin with the delay range where the DRul falsinto by 1 for the
counters.

The measurement is performed per PLMN 1D and per QoS level (mapped 5QI or QCI in NR option 3) and
per supported S-NSSAI.

d) Each measurement is an integer representing the number of GTP PDUs measured with the delay within the range
of the bin. The number of measurementsis equal to the number of PLMNs multiplied by the number of QoS
levels or multiplied by the number of supported S-NSSAIs.

[Total No. of measurement instances] x [No. of filter valuesfor al measurements] (DL and UL) < 100.

€) DRB.DelayUINgranUelncD1Dist.Bin.Filter, where Bin indicates a delay range which is vendor specific, and
Filter isacombination of PLMN ID and QoS level and S-NSSAII.
The QoS level represents the mapped 5QI or QCI.

f) NRCellCU (for non-split and 2-split scenario);
GNBCUUPFunction (for 3-split scenario).

g) Vadlid for packet switched traffic.

h) 5GS.
5.1.1.1.8 DL packet delay between NG-RAN and PSA UPF
5.1.1.1.8.1 Average DL GTP packet delay between PSA UPF and NG-RAN

a) This measurement provides the average DL GTP packet delay between PSA UPF and NG-RAN. This
measurement is split into subcounters per 5QI and subcounters per S-NSSAI. This measurement is only
applicable to the case the PSA UPF and NG-RAN are time synchronised.

b) DER (n=1).
¢) The measurement is obtained by the following method:
The UPF samples the GTP packets for QoS monitoring based on the policy provided by OAM or SMF.

NOTE: The sampling rate may vary for different SSNSSAI and different 5QIs, and the specific sampling rate is up
to implementation unless given by the QoS monitoring policy.

For each DL GTP PDU (packet i) encapsulated with QFI, TEID, and QMP indicator for QoS monitoring, the
gNB records the following time stamps and information (see 23.501 [4] and 38.415 [31]):

- T1received in the GTP-U header indicating the local time that the DL GTP PDU was sent by the PSA
UPF,

- T2that the DL GTP PDU was received by NG-RAN;
- The5QI and S-NSSAI associated to the DL GTP PDU.
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d)

€)

f)
9
h)

The gNB counts the number (N) of DL GTP PDUs encapsulated with QFI, TEID, and QMP indicator for
each 5QI and each S-NSSAI respectively, and takes the following calculation for each 5QI and each S-
NSSAI:

(T2, = T1y)
N

Each measurement is areal representing the average delay in microseconds.

GTP.DelayDIPsalUpfNgranM ean.5QlI, where 5QI identifies the 5QI;
GTP.DelayDIPsalUpfNgranM ean.SNSSAI, where SNSSAI identifies the S-NSSAL.

EP_N3 (contained by GNBCUUPFunction).
Valid for packet switched traffic.
5GS.

5.1.1.1.8.2 Distribution of DL GTP packet delay between PSA UPF and NG-RAN

a)

b)
c)

This measurement provides the distribution of DL GTP packet delay between PSA UPF and NG-RAN. This
measurement is split into subcounters per 5QI and subcounters per S-NSSAI. This measurement is only
applicable to the case the PSA UPF and NG-RAN are time synchronised.

DER (n=1).
The measurement is obtained by the following method:

The UPF samples the GTP packets for QoS monitoring based on the policy provided by OAM or SMF.

NOTE: The sampling rate may vary for different SSNSSAI and different 5QIs, and the specific sampling rate isup

d)

f)
9
h)

to implementation unless given by the QoS monitoring policy.

For each DL GTP PDU (packet i) encapsulated with QFI, TEID, and QMP indicator for QoS monitoring, the
gNB records the following time stamps and information (see 23.501 [4] and 38.415 [31]):

- T1received in the GTP-U header indicating the local time that the DL GTP PDU was sent by the PSA
UPF,

- T2that the DL GTP PDU was received by NG-RAN;
- The5QIl and S-NSSAI associated to the DL GTP PDU.

The gNB 1) takes the following calculation for each DL GTP PDU (packet i) encapsulated with QFI, TEID,
and QMP indicator for each 5QI and each S-NSSAI respectively, and 2) increment the corresponding bin
with the delay range where the result of 1) fallsinto by 1 for the subcounters per 5QI and subcounters per S-
NSSAI.

T2; — T1,

Each measurement is an integer representing the number of GTP PDUs measured with the delay within the range
of the bin.

GTP.DelayDIPsalUpfNgranDist.5Ql.Bin, Where Bin indicates a delay range which is vendor specific, and 5QI
identifies the 5QlI;

GTP.DelayDIPsaUpfNgranDist.SNSSAI.bin, Where Bin indicates a delay range which is vendor specific, and
SNSSAI identifies the S-NSSAL.

EP_N3 (contained by GNBCUUPFunction).

Valid for packet switched traffic.

5GS.
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5.1.1.2 Radio resource utilization
5.1.1.2.1 DL Total PRB Usage
a) This measurement provides the usage (in percentage) of physical resource blocks (PRBs) on the downlink for

b)

©)

d)

€)

f)
9)
h)
i)

any purpose. The measurement is optionally split into subcounters per PLMN ID and per supported S-NSSAI
and per QoS resource type (Non-GBR, GBR, Delay-critical GBR, as specified in TS 23.501[4]).

Sl

M1(T)
P(T)

percentage of PRBs used, averaged during time period T with value range: 0-100%; M 1(T) isacount of full
physical resource blocks and all PRBs used for DL traffic transmission per PLMN ID and per supported S-
NSSAI and per QoS resource type shall be included; P(T) istotal number of PRBs available for DL traffic

transmission during time period T ; and T is the time period during which the measurement is performed.

This measurement is obtained as: M (T) = |‘ >l<100J , where M (T) isthe DL PRB usage, which is

A single integer value from O to 100. If the optional measurements are performed, the number of measurements
isequal to the number of supported PLMN and the number of supported S-NSSAIs and the number of supported
S-NSSAIs multiplied by the number of QoS resource types.

The measurement name has the form RRU.PrbDI, which indicates the DL PRB Usage for all traffic, or
optionaly RRU.PrbDI.PLMN, where the PLMN identifies the PLMN ID, or optionally RRU.PrbDI.SNSSAI,
where the SNSSAI identifies the S-NSSAI, or optionally RRU.PrbDI.SNSSAI.ResType, where the ResType
identifies the resource type of 5G QoS characteristics.

NRCelIDU
Valid for packet switched traffic
5GS

One usage of this measurement is for monitoring the load of the radio physical layer.

5.1.1.2.2 UL Total PRB Usage

a)

b)

©)

d)

€)

f)

This measurement provides the usage (in percentage) of physical resource blocks (PRBs) on the uplink for any
purpose. The measurement is optionally split into subcounters per PLMN 1D and per supported S-NSSAI and per
QoS resource type (Non-GBR, GBR, Delay-critical GBR, as specified in TS 23.501[4]).

Sl

M
This measurement is obtained as: M (T) = {Wl(;)*lOOJ , where M (T) isthe UL PRB usage, which is

percentage of PRBs used, averaged during time period T with value range: 0-100%; M 1(T) isacount of full
physical resource blocks and all PRBs used for UL traffic transmission per PLMN ID and per supported S-
NSSAI and per QoS resource type shall be included; P(T) istotal number of PRBs available for UL traffic

transmission during time period T ; and T is the time period during which the measurement is performed

A single integer value from O to 100. If the optional measurements are performed, the number of measurements
isequal to the number of supported PLMN and the number of supported S-NSSAIs and the number of supported
S-NSSAIs multiplied by the number of QoS resource types.

The measurement name has the form RRU.PrbUI, which indicates the UL PRB Usage for all traffic, or
optionally RRU.PrbUI.PLMN, where the PLMN identifies the PLMN ID, or optionally RRU.PrbUI.SNSSAI,
where the SNSSAI identifies the S-NSSAI, or optionally RRU.PrbUI.SNSSAI.ResType, where the ResType
identifies the resource type of 5G QoS characteristics.

NRCellIDU
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9)
h)

i)

Valid for packet switched traffic
5GS

One usage of this measurement is for monitoring the load of the radio physical layer.

5.1.1.2.3 Distribution of DL Total PRB Usage

a)

b)

©)

d)

€)

f)

K)

This measurement provides the distribution of samples with total usage (in percentage) of physical resource
blocks (PRBs) on the downlink in different ranges. This measurement is a useful measure of whether acell is
under high loads or not in the scenario which a cell in the downlink may experience high load in certain short
times (e.g. in amillisecond) and recover to normal very quickly.

CcC

Af[[ lOOJ where M[n] istotal PRB usage at sample

n for DL, which is a percentage of PRBs used, averaged during time period t» (e.g. a millisecond) with value
range: 0-100%; M 1[n] isacount of full physical resource blocks and all PRBs used for DL traffic transmission

shall beincluded; P(n) isthe total number of PRBs available for DL traffic transmission during time period t,
and n is the sample with time period t, during which the measurement is performed.

Each measurement sampleis obtained as: M[n] = l

Distribution of total PRB usage is calculated in the time-frequency domain only. The reference point is the
Service Access Point between MAC and L1. The distribution of PRB usage provides the histogram result of the
samples collected during time period t,.

Depending on the value of the sample, the proper bin of the counter isincreased. The number of samples during
one measurement period is provided by the operator.

A set of integers. Each representing the (integer) number of samples with aDL total PRB percentage usage in
the range represented by that bin.

RRU.PrbTotDIDist.BinX, which indicates the distribution of DL PRB Usage for all traffic.
NRCellIDU

Valid for packet switched traffic

5GS

One usage of this measurement is for monitoring the load of the radio physical layer.

5.1.1.2.4 Distribution of UL total PRB usage

a)

b)

©)

This measurement provides the distribution of samples with total usage (in percentage) of physical resource
blocks (PRBs) on the uplink in different usage ranges. This measurement is a useful measure of whether acell is
under high loads or not in the scenario which a cell in the uplink may experience high load in certain short times
(e.g. in amillisecond) and recover to normal very quickly.

CcC

1:131[ 100J where M[n] istotal PRB usage at sample

n for UL, which is a percentage of PRBs used, averaged dur| ng time period t, (e.g. amillisecond) with value
range: 0-100%; M 1[n] isacount of full physical resource blocks and all PRBs used for UL traffic transmission

shall beincluded; P(n) isthe total number of PRBs available for UL traffic transmission during time period t,
and n is the sample with time period t, during which the measurement is performed.

Each measurement sampleis obtained as: M[n] = [

Distribution of total PRB usage is calculated in the time-frequency domain only. The reference point is the
Service Access Point between MAC and L1. The distribution of PRB usage provides the histogram result of
the samples collected during time period tp.

Depending on the value of the sample, the proper bin of the counter isincreased. The number of samples during
one measurement period is provided by the operator.
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d)

€)
f)
9
h)
i)

A set of integers, each representing the (integer) number of samples with a UL PRB percentage usage in the
range represented by that bin.

RRU.PrbTotUIDist.BinX, which indicates the distribution of UL PRB Usage for all traffic.
NRCellIDU

Valid for packet switched traffic

5GS

One usage of this measurement is for monitoring the load of the radio physical layer.

5.1.1.2.5 Mean DL PRB used for data traffic

a)

b)
<)

d)

€)

f)
9)
h)
i)

This measurement provides the number of physical resource blocks (PRBS) in average used in downlink for data
traffic. The measurement is optionally split into subcounters per QoS level (mapped 5QI or QCI in NR option 3)
and subcounters per supported S-NSSAI and subcounters per supported PLMN ID.

Sl

Each measurement is obtained as the averagenumber (arithmetic mean) of all PRBs used for DL datatraffic
transmission per SSNSSAI and per PLMN ID during atime period T.

Each measurement isasingle integer value. If the optional measurements are perfomed, the number of
measurementsis equal to the number of QoS levels and the number of supported S-NSSAIs and the number of
supported PLMN.

RRU.PrbUsedDl, or optionally RRU.PrbUsedDI.QoS, where the QoSidentifies the target quality of service class
and RRU.PrbUsedDI.SNSSAI, where SNSSAI identifies the SSNSSAI, and RRU.PrbUsedDI.PLMN, where
PLMN identifiesthe PLMN ID.

NRCelIDU.
Valid for packet switched traffic.
5GS.

One usage of this measurement is for monitoring the DL PRB load of the radio physical layer per SSNSSAI.

5.1.1.2.6 DL total available PRB

a)
b)
c)

d)
f)
9
h)
i)

This measurement provides the total number of physical resource blocks (PRBS) in average available downlink.
S

The measurement is obtained as the average (arithmetic mean) of total availible count of PRBs available for DL
traffic transmission during time period T.

One measurement, (average number of DL PRBS) isasingle integer value. €) RRU.PrbAvailDI.
NRCellDU.

Valid for packet switched traffic.

5GS.

One usage of this measurement is for monitoring the total number of available PRBsin average for DL traffic.

5.1.1.2.7 Mean UL PRB used for data traffic

a)

b)

This measurement provides the number of physical resource blocks (PRBS) in average used in uplink for data
traffic. The measurement is optionally split into subcounters per QoS level (mapped 5QI or QCI in NR option 3)
and subcounters per supported S-NSSAI and subcounters per supported PLMN ID.

Sl
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©)

d)

€)

f)
9
h)
i)

Each measurement is obtained as the average number (arithmetic mean) of all PRBs used for UL datatraffic
transmission per S-NSSAI and per PLMN ID during atime period T.

Each measurement (number of PRBS) isasingle integer value. If the optional measurements are perfomed, the
number of measurementsis equal to the number of QoS levels and the number of supported S-NSSAIs and the
number of supported PLMN.

RRU.PrbUsedUl, or optionally RRU.PrbUsedUl.QoS, where the QoS identifies the target quality of service class
and RRU.PrbUsedUI.SNSSAI, where SNSSAI identifies the S-NSSAI, and RRU.PrbUsedUl.PLMN, where
PLMN identifiesthe PLMN ID.

NRCellDU.
Valid for packet switched traffic.
5GS.

One usage of this measurement is for monitoring the UL PRB load of the radio physical layer per S-NSSAI.

5.1.1.2.8 UL total available PRB

a)
b)
©)

d)
€)
)
)
h)
i)

This measurement provides the total number of physical resource blocks (PRBs) available uplink.
S

The measurement is obtained as the average number (arithmetic mean) of total available count of PRBs
available for UL traffic transmission during time period T.

One measurement, (average of total number of UL PRBS) that is a single integer value.
RRU.PrbAvailUl, which indicates the UL PRB available.

NRCellDU.

Valid for packet switched traffic.

5GS.

One usage of this measurement is for monitoring the total number of available PRBsin average UL.

5.1.1.2.9 Peak DL PRB used for data traffic

a)

b)
<)

d)

€)

f)

9)
h)

This measurement provides the maximum number of PRBs used in downlink for data traffic. The measurement
isoptionally split into subcounters per QoS level (mapped 5QI or QCI in NR option 3) and subcounters per
supported S-NSSAI and subcounters per supported PLMN ID.

Sl

Each measurement is obtained by sampling at a pre-defined interval, the PRBs used for DL data traffic
transmission per S-NSSAI and per PLMN ID during atime period T, and selecting the sample with the
maximum value from the samples collected in a given period.

Each measurement isasingle integer value. If the optional measurements are perfomed, the number of
measurementsis equal to the number of QoS levels and the number of supported S-NSSAIs and the number of
supported PLMNSs.

RRU.MaxPrbUsedDlI, or optionally RRU.MaxPrbUsedDI.QoS, where the QoSidentifies the target quality of
service class and RRU.MaxPrbUsedDI.SNSSAI, where SNSSAI identifies the S-NSSAI, and
RRU.MaxPrbUsedDI.PLMN, where PLMN identifies the PLMN ID.

NRCellDU.
Valid for packet switched traffic.
5GS.
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i)

One usage of this measurement is for monitoring the DL PRB load of the radio physical layer per SSNSSAI to
support RRM resources optimization (see TS 28.313 [30]).

5.1.1.2.10 Peak UL PRB used for data traffic

a)

b)
©)

d)

€)

f)
9)
h)

This measurement provides the number of PRBs used in uplink for data traffic. The measurement is optionally
split into subcounters per QoS level (mapped 5QI or QCI in NR option 3) and subcounters per supported S-
NSSAI and subcounters per supported PLMN ID.

Sl

Each measurement is obtained by sampling at a pre-defined interval, the PRBs used for UL datatraffic
transmission per S-NSSAI and per PLMN ID during atime period T, and selecting the sample with the
maximum value from the samples collected in a given period.

Each measurement (number of PRBs) isasingle integer value. If the optional measurements are perfomed, the
number of measurementsis equal to the number of QoS levels and the number of supported S-NSSAIs and the
number of supported PLMNSs.

RRU.MaxPrbUsedUl, or optionally RRU.MaxPrbUsedUI.QoS, where the QoSidentifies the target quality of
service class and RRU.MaxPrbUsedUl.SNSSAI, where SNSSAI identifies the S-NSSAL, and
RRU.MaxPrbUsedUl.PLMN, where PLMN identifiesthe PLMN ID.

NRCelIDU.
Valid for packet switched traffic.
5GS.

One usage of this measurement is for monitoring the UL PRB load of the radio physical layer per SSNSSAI to
support RRM resources optimization (see TS 28.313 [30]).

5.1.1.2.11 PDSCH PRB Usage per cell for MIMO

a)

b)
©)

This measurement provides the total usage (in percentage) of physical resource blocks (PRBs) per cell for
MIMO with time domain averaged maximum scheduled layer number as spatia factor in the downlink.

Sl

This measurement is obtained as:

TTRO

Me(T)= >, RM* M)

Where

Mg (T) denotes total PDSCH PRB usage per cell which is percentage of PRBs used, averaged during time
period T with integer value range: 0-100;

R;;(T) denotes the number of PDSCH PRBs multiplexed by i MIMO layers at sampling occasion j.
P;(T) denotes total number of PDSCH PRBs available for sampling occasion j on single MIMO layer per cell;

LM(T) denotes the time-domain averaged maximum scheduled layer number of PDSCH in time period T defined
in clause 5.1.1.30.3 of the present document;

NOTE: At every sampling occasion the maximum scheduled layer number of all PRBsincluded in PDSCH is

collected as a sampling value and at the end of statistical duration the average of al non-zero sampling
values is the measuremnt result as defined in clause 5.1.1.30.3 of the present document.

T denotes the time period during which measurement is performed;
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i isan integer denoting aMIMO layer number that is scheduled in time period T;
j denotes sampling occasion (e.g. 1 slot) during time period T.
d) A singleinteger value from 0 to 100.
€) RRU.PrbTotDIMimo, which indicates the PDSCH PRB Usage per cell for MIMO
f) NRCellDU
g) Valid for packet switched traffic
h) 5GS

i) One usage of this measurement is for monitoring the load of the radio physical layer under MIMO scenario.

5.1.1.2.12 PUSCH PRB Usage per cell for MIMO

a) This measurement provides the total usage (in percentage) of physical resource blocks (PRBs) per cell for
MIMO with time domain averaged maximum scheduled layer number as spatial factor in the uplink.

b) S

¢) This measurement is obtained as:

22 RM

Me(T) = ZVJ PJ(T)* LM (T)

*100 |,

Where

Mg (T) denotes total PUSCH PRB usage per cell which is percentage of PRBs used, averaged during time period
T with integer value range: 0-100;

R;;(T) denotes the number of PUSCH PRBs multiplexed by i MIMO layers at sampling occasion j.
P;(T) denotes total number of PUSCH PRBs available for sampling occasion j on single MIMO layer per cell;

LM(T) denotes the time-domain averaged maximum scheduled layer number of PUSCH in time period T defined
in clause5.1.1.30.4 of the present document;

NOTE: At every sampling occasion the maximum scheduled layer number of all PRBsincluded in PUSCH is
collected as a sampling value and at the end of statistical duration the average of all non-zero sampling
valuesis the measuremnt result as defined in clause 5.1.1.30.4 of the present document.

T denotes the time period during which measurement is performed;
i isaninteger denoting a MIMO layer number that is scheduled in time period T;
j denotes sampling occasion (e.g. 1 dot) during time period T.
d) A singleinteger value from 0 to 100.
€e) RRU.PrbTotUIMimo, which indicates the PUSCH PRB Usage per cell for MIMO
f) NRCellDU
g) Validfor packet switched traffic
h) 5GS

i) One usage of this measurement is for monitoring the load of the radio physical layer under MIMO scenario.

511213 SDM PDSCH PRB Usage

a) Dueto MIMO technology (strong Space Division Multiplexing ability), the cell capacity has been improved
obviously. This measurement provides the total usage (in percentage) of PDSCH physical resource blocks
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b)
©)

d)
€)
f)
)
h)
i)

(PRBs), based on statistical MIMO layers. The objective is to measure the usage of cell DL capacity in MIMO
scenario. A use-case is wireless network workload observation.

Sl

This measurement is defined according to "PDSCH PRB Usage based on statistical MIMO layer in the DL per
cell "inTS38.314 [29] as:

Dvi Dy {M15(T1)+L;(T1)}
2vilPj (T}

M(T1) = 100

B = max LaveDL(T)

Where

M(T1) denotes total PDSCH PRB usage per cell which is percentage of PRBs used, averaged during time period
T1 with integer value.

M1;;(T1) denotes a count of PDSCH PRBs used for traffic transmission for UE i on single MIMO layer per cell

at sampling occasion j. Counting unit for PRB is 1 Resource Block x 1 symbol. (1 Resource Block = 12 sub-
carriers).

L;;(T1) denotes the number of MIMO layers scheduled for UE i at sampling occasion ;.

i denotes a UE i that is scheduled during time period T1.

j denotes sampling occasion during time period T1 . A sampling occasion is 1 symbol.

P,(T1) denotes total number of PDSCH PRBs available for sampling occasion j on single MIMO layer per cell.

T1 denotes the time period during which the measurement is performed to calculate M(T1), e.g. 15min, 1 hour,
etc.

B isavariable factor for MIMO layers assigned with the maximum LaveDL during time period T2 with float
value 1.00-100.00. For this measurement, the same § value is used for the entire duration of T1.

LaveDL(T) isthe"Average value of scheduled MIMO layers per PRB on the DL", during time period T with
float value 1.00-100.00, as defined in 5.1.1.30.

T denotes time period during which the measurement is performed to calculate LaveDL(T), as defined in
5.1.1.30.

T2 isthe time period during which the measurement is performed to calculate 3, e.g.1 week, etc.
A single integer value from O to 100.

RRU.PrbTotSdmDI, which indicates the DL SDM PRB Usage in a Cell supporting MIMO.
NRCellIDU

Valid for packet switched traffic

5GS

One usage of this measurement is for monitoring the DL Radio Resource Utilization in a cell supporting MIMO.

511214 SDM PUSCH PRB Usage

a)

b)

Due to MIMO technology (strong Space Division Multiplexing ability), the cell capacity has been improved
obviously. This measurement provides the total usage (in percentage) of PUSCH physical resource blocks
(PRBs), based on statistical MIMO layers. The objective is to measure the usage of cell UL capacity in MIMO
scenario. A use-caseis wireless network workload observation.

Sl
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¢) Thismeasurement is defined according to "PUSCH PRB Usage based on statistical MIMO layer in the UL per
cell "inTS38.314 [29] as:

2vi 2w jiM 1 (T1) = L;ij(T1)}

MITD = =5 Dy - B

* 100

B = max LaveUL(T)

Where

M(T1) denotes total PUSCH PRB usage per cell which is percentage of PRBs used, averaged during time period
T1 with integer value.

M1;;(T1) denotes a count of PUSCH PRBs used for traffic transmission for UE i on single MIMO layer per cell
at sampling occasion j. Counting unit for PRB is 1 Resource Block x 1 symbol. (1 Resource Block = 12 sub-
carriers).

L;;(T1) denotes the number of MIMO layers scheduled for UE i at sampling occasion j.

i denotesa UE i that is scheduled during time period T1.

j denotes sampling occasion during time period T1 . A sampling occasion is 1 symbol.

P,(T1) denotes total number of PUSCH PRB available for sampling occasion j on single MIMO layer per cell.

T1 denotes the time period during which the measurement is performed to calculate M(T1), e.g. 15min, 1 hour,
€tc.

B isavariable factor for MIMO layers assigned with the maximum LaveUL during time period T2 with float
value 1.00-100.00. For this measurement, the same 3 value is used for the entire duration of T1.

LaveUL(T) isthe "Average value of scheduled MIMO layers per PRB on the UL", during time period T with
float value 1.00-100.00, as defined in 5.1.1.30.

T denotes time period during which the measurement is performed to calculate LaveUL(T), as defined in
5.1.1.30.

T2 isthe time period during which the measurement is performed to calculate 3, e.g.1 week, etc.
d) A singleinteger value from 0 to 100.
e) RRU.PrbTotSdmUI, which indicates the UL SDM PRB Usage in a Cell supporting MIMO.
f) NRCellDU
g) Valid for packet switched traffic
h) 5GS

i) One usage of this measurement is for monitoring the UL Radio Resource Utilization in a cell supporting MIMO.

5.1.1.2.15 DL PRB Usage per SSB
a) This measurement provides the usage (in percentage) of physical resource blocks (PRBs) per SSB beam of the
NR cell on the downlink for any purpose. The measurement is optionally split into subcounter per QoS resource
type (Non-GBR, GBR, Delay-critical GBR, as specified in TS 23.501[4]).

b) Sl

M
c) This measurement isobtained as. M (T) = {Wjﬂ;) >l<100J , where M (T) isthe DL total PDSCH PRB

usage, which is percentage of PRBs used, averaged during time period T with value range: 0-100%; M 1(T) is
acount of all PDSCH PRBs used for DL traffic transmission for the SSB beam per QoS resource type; P(T) is
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the cell total PDSCH PRB number during time period T ; and T is the time period during which the
measurement is performed.

d) A singlefloat value from 0 to 100. If the optional measurements are performed, the number of measurementsis
equal to the number of QoS resource types.

€) The measurement name has the form RRU.PrbDISSB, which indicates the DL PRB Usage for all traffic,

or optionally RRU.PrbDISSB.ResType, where the ResType identifies the resource type of 5G QoS characteristics.
f) Beam

g) Vadlid for packet switched traffic

h) 5GS

i) One usage of this measurement isfor radio resource status, which may be used as the input for AI/ML model
training at OAM, such as load balacing.

5.1.1.2.16 UL PRB Usage per SSB

a) This measurement provides the usage (in percentage) of physical resource blocks (PRBS) per SSB beam of the
NR cell on the uplink for any purpose. The measurement is optionally split into subcounter per QoS resource
type (Non-GBR, GBR, Delay-critical GBR, as specified in TS 23.501[4]).

b) S

M

ﬂ %10
P(T)

usage, which is percentage of PRBs used, averaged during time period T with value range: 0-100%; M 1(T) is

acount of all PUSCH PRBs used for UL traffic transmission for the SSB beam per QoS resource type; P(T) is

the cell total PUSCH PRB number during time period T ; and T is the time period during which the
measurement is performed.

¢) This measurement isobtained as. M (T) = |‘ OJ , where M (T) isthe UL total PUSCH PRB

d) A singlefloat value from 0 to 100. If the optional measurements are performed, the number of measurementsis
equal to the number of QoS resource types.

€) The measurement name has the form RRU.PrbTotUISSB, which indicates the UL PRB Usage for all traffic,
or optionally RRU.PrbUISSB.ResType, where the ResType identifies the resource type of 5G QoS characteristics.
f) Beam

g) Valid for packet switched traffic

h) 5GS

i) One usage of this measurement isfor radio resource status, which may be used as the input for AI/ML model
training at OAM, such as load balacing.

5.1.1.2.17 UL CI Time Domain Proportion

a) This measurement provides the proportion of time domain resources that invoke the cancellation indication (CI)
feature during the sampling period. The number of sampling occasions that invoke the Cl feature (see clause
11.2A in TS 32.213 [64]), when the number of cancelled PRBsis greater than 0.

b) S

cI(T)
Nyr(T)

c) This measurement isobtained as: P, (T) = l * 100],
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where

P, (T) denotes the proportion of time domain resources that invoke the Cl feature during the time period T, with
value range: 0-100%;

CI(T) isthe number of sampling occasions that invoke the CI feature during the time period T, CI(T) =
2 CI(T);

CI;(T) istheinvoking Cl feature result of sampling occasion i, when the number of physical resource blocks
(PRBs) that invoke the ClI feature at sampling occasion i is greater than 0, CI;(T) = 1, and when the number of
PRBsthat invoke the CI feature at sampling occasion i isequal to O, C1;(T) =0;

Ny(T) isthe number of sampling occasions with UL data scheduled (eMBB, URLLC, etc.) during the time
period T, Nyr(T) = X Nyr,i(T);

Nyr;(T) isthe UL data scheduled result of sampling occasion i, when thereis UL data scheduled at sampling
occasion i, Ny ;(T)=1, and when there is no UL data scheduled at sampling occasion i, Ny ;(T)=0;

NOTE: UL datascheduled is scheduled data of user plane, such aseMBB data, URLLC data, etc.

d)
€)
f)
9)
h)

T denotes the time period during which measurement is performed;

i denotes sampling occasion (e.g. 1 slot) during time period T

A singleinteger value from O to 100.

RRU.CiUtUI, which indicates the proportion of time domain resources that invoke the Cl feature
NRCellIDU

Valid for packet switched traffic

5GS

One usage of this measurement is for eval uating the resource load of URLLC services under eMBB and URLLC
multiplexing scenarios.

5.1.1.3 UE throughput
5.1.1.3.1 Average DL UE throughput in gNB
a) This measurement provides the average UE throughput in downlink. This measurement is intended for data

b)
c)

bursts that are large enough to require transmissions to be split across multiple slots. The UE data volume refers
to the total volume scheduled for each UE regardlessif using only primary- or also supplemental aggregated
carriers. The measurement is optionally split into subcounters per QoS level (mapped 5QI or QCI in NR option
3) and subcounters per supported S-NSSAI, and subcounters per PLMN ID, and subcounters per BWP. In the
case of per BWP, the UE data volume refers to the total volume scheduled for each Active BWP with same
bandwith except UES with activated supplemental aggregated carrier(s).

DER(N=1)

This measurement is obtained according to the following formula based on the "ThpVolDI" and "ThpTimeDI"
defined below. Separate counters are maintained for each mapped 5QI (or QCI for option 3) and for each
supported S-NSSAI, and for each PLMN ID , and for each Active BWP.

. Y.uesX. ThpVolDl .
If ZUESZ ThpTimeDl > 0, mxlooo [kblt/S]

If Y yes > ThpTimeDl = 0, O [kbit/g]
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d)

€)

f)
9
h)
i)

For small data bursts, where all buffered dataisincluded in oneinitial HARQ transmission, ThpTimeDI =0,
otherwise ThpTimeDl =T1-T2 [ms]

The time to transmit a data burst excluding the data
transmitted in the slot when the buffer is emptied. A sample
of "ThpTimeDI" for each time the DL buffer for one
DataRadioBearer (DRB) is emptied.

ThpTimeDI

The point in time after T2 when data up until the second last
piece of data in the transmitted data burst which emptied
T1 the RLC SDU available for transmission for the particular
DRB was successfully transmitted, as acknowledged by the
UE.

The point in time when the first transmission begins after a
T2 RLC SDU becomes available for transmission, where

previously no RLC SDUs were available for transmission
for the particular DRB.

The RLC level volume of a data burst, excluding the data
transmitted in the slot when the buffer is emptied. A sample
for ThpVolDI is the data volume, counted on RLC SDU
ThpVolDI level, in kbit successfully transmitted (acknowledged by
UE) in DL for one DRB during a sample of ThpTimeDI. (It
shall exclude the volume of the last piece of data emptying
the buffer).

Each measurement isareal value representing the throughput in kbit per second. The number of measurements
isequal to one. If the optional QoS level subcounter and S-NSSAI subcounter and PLMN 1D subcounter and

BWP subcounter measurements are performed, the number of measurementsis equal to the number of mapped
5QIs and the number of supported S-NSSAIs, and the number of PLMN IDs, and the number of Active BWPs.

The measurement name has the form

DRB.UEThpDI, or optionaly DRB.UEThpDI.QOS, where QOS identifies the target quality of service class, and
DRB.UEThpDI.SNSSAI, where SNSSAI identifies the S-NSSAI, and DRB.UEThpDI.PLMN, where PLMN
identifiesthe PLMN ID, and DRB.UEThpDI.BWP, where BWP identifies the Active BWP.

NRCellIDU
Valid for packet switched traffic
5GS

One usage of this measurement is for performance assurance within integrity area (user plane connection
quality).

5.1.1.3.2 Distribution of DL UE throughput in gNB

a)

b)
c)

This measurement provides the distribution of the UE throughput in downlink. This measurement is intended for
data bursts that are large enough to require transmissions to be split across multiple slots. The UE data volume
refers to the total volume scheduled for each UE regardlessif using only primary- or also supplemental
aggregated carriers. The measurement is optionally split into subcounters per QoS level (mapped 5QI or QCI in
NR option 3) and subcounters per supported S-NSSA, and subcounters per PLMN IDI.

CcC

Considering there are n samples during measurement time T and each sampl e has the same time period tn, the
measurement of one sample is obtained by the following formula for a measurement period tn:

. Y.uesX. ThpVolDl .
If ZUESZ ThpTimeDl > 0, mxlooo [kblt/S]

If Y yes > ThpTimeDl = 0, O [kbit/g]
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For small data bursts, where all buffered datais included in one initial HARQ transmission, ThpTimeDI =0,
otherwise ThpTimeDl =T1—-T2 [ms]

The time to transmit a data burst excluding the data
transmitted in the slot when the buffer is emptied. A sample
of "ThpTimeDI" for each time the DL buffer for one
DataRadioBearer (DRB) is emptied.

ThpTimeDI

The point in time after T2 when data up until the second last
piece of data in the transmitted data burst which emptied
T1 the RLC SDU available for transmission for the particular
DRB was successfully transmitted, as acknowledged by the
UE.

The point in time when the first transmission begins after a
T2 RLC SDU becomes available for transmission, where

previously no RLC SDUs were available for transmission
for the particular DRB.

The RLC level volume of a data burst, excluding the data
transmitted in the slot when the buffer is emptied. A sample
for ThpVolDI is the data volume, counted on RLC SDU
ThpVolDI level, in kbit successfully transmitted (acknowledged by
UE) in DL for one DRB during a sample of ThpTimeDI. (It
shall exclude the volume of the last piece of data emptying
the buffer).

Alternatively, for small data bursts, that are successfully transmitted in any given slot (i.e. the requirement that data
bursts need to span across severa dots excluding transmission of the last piece of the data in a data burst does
not apply). where all buffered dataisincluded in oneinitial HARQ transmission, fraction of the dlot time
(ThpTimeDL) may be counted and obtained by the formula:

ThpTimeDl =siot (TBVol — PaddingVol ) (ms]

TBVol
slot Duration of the slot
TBVol Volume of the TB related to one slot burst

Volume of padding bits added into Transport Block related

PaddingVol to one slot burst.

For each measurement sample, the bin corresponding to the DL throughput experienced by the UE isincremented
by one. Separate counters are maintained for each mapped 5QI (or QCI for option 3) and for each supported S-
NSSAI.

d) A set of integers, each representing the (integer) number of samples with a DL UE throughput in the range
represented by that bin. If the optional QoS level subcounter and S-NSSAI subcounter and PLMN 1D subcounter
measurements are performed, the number of measurementsis equal to the number of mapped 5QIs and the
number of supported S-NSSAIs, and the number of PLMN IDs.

€) The measurement name has the form
DRB.UEThpDIDist.Bin where Bin represents the bin, or optionally DRB.UEThpDIDist.Bin.QOS, where QOS
identifies the target quality of service class, and DRB.UEThpDIDist.Bin.SNSSAI, where SNSSAI identifies the S-
NSSAI, and DRB.UEThpDIDist.Bin.PLMN, where PLMN identifies the PLMN ID.

NOTE: Number of bins and the range for each bin isleft to implementation
f) NRCellDU
g) Valid for packet switched traffic
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h) 5GS
i) One usage of this measurement is for performance assurance within integrity area (user plane connection
quality).
5.1.1.3.3 Average UL UE throughput in gNB

a) This measurement provides the average UE throughput in uplink. This measurement is intended for data bursts
that are large enough to require transmissions to be split across multiple slots. The UE data volume refersto the
total volume scheduled for each UE regardlessif using only primary- or also supplemental aggregated carriers.
The measurement is optionally split into subcounters per QoS level (mapped 5QI or QCI in NR option 3) and
subcounters per supported S-NSSAI, and subcounters per PLMN 1D, and subcounters per BWP. In the case of
per BWP, the UE data volume refers to the total volume scheduled for each Active BWP with same bandwith
except UEs with activated supplemental aggregated carrier(s).

B) DER(N=1)

¢) This measurement is obtained according to the following formula based on the " ThpVolUI" and "ThpTimeUl"
defined below. Separate counters are maintained for each mapped 5QI (or QCI for option 3) and for each
supported S-NSSAI, and for each PLMN ID, and for each Active BWP.

. YuEs X ThpVolUl .
It Zygs X ThpTimeUl > 0, = HEmri e x 1000 [kbit/s]

If Y yes > ThpTimeUl = 0, O [kbit/g]

For small data bursts, where all buffered dataisincluded in oneinitial HARQ transmission ThpTimeUl =0
otherwise:

ThpTimeUl =T1-T2[ms]

The time to transmit a data burst excluding the data
transmitted in the slot when the buffer is emptied. A sample
of "ThpTimeUI" for each time the UL buffer for one
DataRadioBearer (DRB) is emptied.

ThpTimeUl

The point in time when the data up until the second last
T1 piece of data in data burst has been successfully received
for a particular DRB

T2 The point in time when transmission is started for the first
data in data burst for a particular DRB.

The RLC level volume of a data burst, excluding the data
transmitted in the slot when the buffer is emptied. A sample
TthOl Ul for ThpVolUl is the data volume counted on RLC SDU level

in kbit received in UL for one DRB during a sample of
ThpTimeUl, (It shall exclude the volume of the last piece of
data emptying the buffer).

d) Each measurement isareal value representing the throughput in kbit per second. The number of measurements
isequal to one. If the optional QoS level subcounter and S-NSSAI subcounter and PLMN ID subcounter and
BWP subcounter measurements are performed, the number of measurementsis equal to the number of mapped
5QIs and the number of supported S-NSSAIs, and the number of PLMN IDs, and the number of Active BWPs.

€) The measurement name has the form
DRB.UEThpUI, or optionally DRB.UEThpUI.QOS, where QOS identifies the target quality of service class and
DRB.UEThpUI.SNSSAI, where SNSSAI identifies the S-NSSAI, and DRB.UEThpUI.PLMN, where PLMN
identifiesthe PLMN 1D, and DRB.UEThpUI.BWP, where BWP identifies the Active BWP.

f) NRCellDU
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g) Vadlid for packet switched traffic

h) 5GS
i) One usage of this measurement is for performance assurance within integrity area (user plane connection
quality).
5.1.1.3.4 Distribution of UL UE throughput in gNB

a) This measurement provides the distribution of the UE throughput in uplink. This measurement is intended for
data bursts that are large enough to require transmissions to be split across multiple slots. The UE data volume
refers to the total volume scheduled for each UE regardlessif using only primary- or also supplemental
aggregated carriers. The measurement is optionally split into subcounters per QoS level (mapped 5QI or QCI in
NR option 3) and subcounters per supported S-NSSAI, and subcounters per PLMN ID.

b) CC
¢) Considering there are n samples during measurement time T and each sample has the same time period tn, the

measurement of one sample is obtained by the following formula for a measurement period tn:

. YuEs X ThpVolUl
If YXygs Y ThpTimeUl > 0, Supe S ThpTimeUl

x1000 [Kbit/s]

If Xyes 2 ThpTimeUl = 0, O [kbit/g]

For small data bursts, where all buffered dataisincluded in oneinitial HARQ transmission ThpTimeUl =0
otherwise:

ThpTimeUl =T1-T2[ms]

The time to transmit a data burst excluding the data
transmitted in the slot when the buffer is emptied. A sample
of "ThpTimeUI" for each time the UL buffer for one
DataRadioBearer (DRB) is emptied.

ThpTimeUl

The point in time when the data up until the second last
T1 piece of data in data burst has been successfully received
for a particular DRB

The point in time when transmission is started for the first

T2 data in data burst for a particular DRB.
The RLC level volume of a data burst, excluding the data
transmitted in the slot when the buffer is emptied. A sample
for ThpVolUl is the data volume counted on RLC SDU level
ThpVolUL

in kbit received in UL for one DRB during a sample of
ThpTimeUl, (It shall exclude the volume of the last piece of
data emptying the buffer).

a)

Alternatively, for small data bursts, that are successfully transmitted in any given slot (i.e. the requirement that data
bursts need to span across several dots excluding transmission of the last piece of the datain a data burst does
not apply). where all buffered datais included in one initial HARQ transmission, fraction of the slot time
(ThpTimeUL) may be counted and obtained by the formula:

(TBVol — PaddingVol ) (ms]

ThpTimeUl =slot x
TBVol
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slot Duration of the slot

TBVol Volume of the TB related to one slot burst

PaddingVol Volume of padding bits added into Transport Block related
to one slot burst.

For each measurement sample, the bin corresponding to the UL throughput experienced by the UE isincremented
by one. Separate counters are maintai ned for each mapped 5QI (or QCI for option 3) and for each supported S-
NSSAI, and for each PLMN ID.

d) A set of integers, each representing the (integer) number of samples with a UL UE throughput in the range
represented by that bin. If the optional QoS level subcounter and S-NSSAI subcounter and PLMN 1D subcounter
measurements are performed, the number of measurementsis equal to the number of mapped 5QIs and the
number of supported S-NSSAIs, and the number of PLMN IDs.

€) The measurement name has the form
DRB.UEThpUIDist.Bin where Bin represents the bin, or optionally DRB.UEThpUIDist.Bin.QOS, where QOS
identifies the target quality of service class, and DRB.UEThpUIDist.Bin.SNSSAI, where SNSSAI identifies the S-
NSSAI, and DRB.UEThpUIDist.Bin.PLMN, where PLMN identifies the PLMN ID.

NOTE: Number of bins and the range for each bin isleft to implementation
f) NRCellDU
g) Vadlid for packet switched traffic

h) 5GS
i) One usage of this measurement is for performance assurance within integrity area (user plane connection
quality).
5.1.1.3.5 Percentage of unrestricted DL UE data volume in gNB

a) This measurement provides the percentage of DL data volume for UEsin the cell that is classified as
unrestricted, i.e., when the volumeis so low that al data can be transferred in one slot and no UE throughput
sample could be calculated. The UE data volume refers to the total volume scheduled for each UE regardless if
using only primary- or also supplemental aggregated carriers. The measurement is optionally split into
subcounters per QoS level (mapped 5QI or QCI in NR option 3) and subcounters per supported S-NSSAI, and
subcounters per PLMN ID.

b) SI.

¢) For periods when no dataistransferred at all Percentage Unrestricted Volume DL = 0, otherwise:
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The volume of a data burst that is transmitted in the slot
when the buffer is emptied (which could be the only slot
needed to transmit the data burst) and not included in the
UE throughput measurement. A sample for ThpUnresVolDI
is the data volume counted on RLC SDU level in kbits sent
in DL for one DRB.

ThpUnresVolDI

The volume of a data burst, excluding the data transmitted
in the slot when the buffer is emptied. A sample for
ThpVolDlI is the data volume counted on RLC SDU level in
kbits sent in DL for one DRB.

ThpVolDI

d) Each measurement isasingle integer value from 0 to 100. The number of measurementsis equal to one. If the
optional QoS level subcounter and S-NSSAI subcounter and PLMN 1D subcounter measurements are perfomed,
the number of measurementsis equal to the number of mapped 5QIs and the number of supported S-NSSAIS,
and the number of PLMN IDs.

€) The measurement name has the form
DRB.UEUnresVolDI or optionally DRB.UEUnNresVolDI.QOS, where QOSidentifies the target quality of service
class, or DRB.UEUnNresV ol DI.SNSSAI, where SNSSAI identifies the SSNSSAI, and DRB.UEUnNresVol DI.PLMN,
where PLMN identifiesthe PLMN ID.

f) NRCellDU
g) Vadid for packet switched traffic

h) 5GS
i) One usage of this measurement is for performance assurance within integrity area (user plane connection
quality).
5.1.1.3.6 Percentage of unrestricted UL UE data volume in gNB

a) This measurement provides the percentage of UL data volume for UEsin the cell that is classified as
unrestricted, i.e., when the volumeis so low that al data can be transferred in one slot and no UE throughput
sample could be calculated. The UE data volume refers to the total volume scheduled for each UE regardless if
using only primary- or also supplemental aggregated carriers. The measurement is optionally split into
subcounters per QoS level (mapped 5QI or QCI in NR option 3) and subcounters per supported S-NSSAI, and
subcounters per PLMN ID.

b) S

¢) For periods when no dataistransferred at all Percentage Unrestricted Volume UL = 0, otherwise:

, Y.we ThpUnresVolUl
Percentage Unrestricted Volume UL = * 100
2us(ThpUnresVolUl + ThpVolUl)

The volume of a data burst that is transmitted in the slot
when the buffer is emptied (which could be the only slot
needed to transmit the data burst) and not included in the

ThpUnresvolul UE throughput measurement. A sample for ThpUnresVolUI
is the data volume counted on RLC SDU level in kbits
received in UL for one DRB.

The volume of a data burst, excluding the data transmitted

ThpVolul in the slot when the buffer is emptied. A sample for

ThpVolUl is the data volume counted on RLC SDU level in
kbits received in UL for one DRB.

a)
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d)

f)
9)
h)
i)

Each measurement is a single integer value from 0 to 100. The number of measurementsis equal to one. If the
optional QoS level subcounter and S-NSSAI subcounter and PLMN D subcounter measurements are performed,
the number of measurementsis equal to the number of mapped 5QIs and the number of supported S-NSSAIS,
and the number of PLMN IDs.

The measurement name has the form

DRB.UEUnresVolUI or optionally DRB.UEUnNresVolUI.QOS, where QOSidentifies the target quality of service
class, and DRB.UEUNresVolUl.SNSSAI, where SNSSAI identifies the SSNSSAI, and
DRB.UEUnNresVolUI.PLMN, where PLMN identifiesthe PLMN ID.

NRCellDU.
Valid for packet switched traffic.
5GS.

One usage of this measurement is for performance assurance within integrity area (user plane connection
quality).

5.1.1.3.7 Average DL UE buffered Throughput per DRB

a)

b)
c)

This measurement provides the average down link buffered UE throughput per DRB on NRCelICU. The DRBs
are mapped with the same 5QI for NR SA or mapped with the same QCI for EN-DC. This measurement is
intended for throughput per UE and bearer independent of traffic patterns and packet size. The measurement is
based on Desired buffer size communicated within DDDS from DU to CU UP and isintended for services with
burst duration spanning over the time interval of a couple of consequent DDDSs. For very bursty traffic with
burst duration within the interval of one DDDS the measured val ues can be unprecise and cannot be compared
across vendors. Initial buffering time in CU and on F1, meant astime interval the first PDCP SDU of the new
burst isreceived in CU until thisfirst part isreceived in DU, is excluded. The monitoring is supported also in DC
scenario and in NSA option3a and 3x.

DER(N=1);

This measurement is obtained by the following formula for a measurement period:

Y ThroughputVolume

Y ThroughputTime [ebits/s]

where each ThroughputVolume and ThroughputTime is intended to represent one DL burst as explained in the
Fig.5.1.1.3.7-1, Fig. 5.1.1.3.7-3, Fig. 5.1.1.3.7-5 and Table 5.1.1.3.7-2, Table 5.1.1.3.7-4, Table 5.1.1.3.7-6
for DRB (SA, NSA option 3a), split DRB (DC), split DRB (NSA option 3x), respectively. Separate counters
are maintained for each mapped 5QI (or QCI for option 3).
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Figure 5.1.1.3.7-1 Average DL buffered UE throughput per DRB (SA, NSA option 3a)
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Table 5.1.1.3.7-2 DRB (SA, NSA option 3a)

TO’

First PDCP SDU of the new burst arrived to CU and there
are not any other PDCP SDUs in CU UP waiting for
transmission to DU nor the ones mapped to PDCP PDUs
and sent to DU are in the DU buffer.

TV

First PDCP PDU has been received in DU after TO' (can be
obtained as point in time when PDCP PDU sent from CU to
DU plus F1 delay).

T2

The buffer in DU gets empty after TO'.

ThroughputTime DDDS feedback [TS 38.425[56]] divided with the DDDS

T2'—T1' [ms]
See NOTE 1.

The Achievable DRB throughput is obtained as the
“Desired buffer size for data radio bearer” as part of last

reporting period time interval. In case the desired buffer
size is 0 and an PDCP PDU sent to DU it is considered it
will be spent the whole time interval in the buffer of DU until
desired buffer size >0 is reported in the next DDDS
feedback.

See NOTE 2.

ThroughptVolume

The PDCP SDU volume in bits successfully transmitted
(acknowledged by DDDS) in DL to UE per bearer and one
burst (consisting of PDCP SDU 1, 2 and 3 in example in
Fig. 5.1.1.3.7-1).

NOTE 1: Contribution of the given PDCP SDUi to ThroughputTime, i.e. the
time period the PDCP PDUi related to the PDCP SDUi will spend
in the buffer of DU enitity, is obtained as volume of the PDCP
PDUi divided with Achievable DRB throughput of the UE.In case in
the point of time the PDCP PDUi is sent to DU while the previous
one still kept in the DU buffer the time period these two PDCP
SDUs will spend in DU buffer is cumulated, i.e. obtained as sum
of volume of the PDCP PDU; and PDCP PDUi.1 divided with
Achievable DRB throughput.

NOTE 2: The precision of the measured ThroughputTime may be impacted
with the precision of the measured F1 delay in case of not time
synchronized CU and DU when it is obtained as F1 RTT/2.
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Figure 5.1.1.3.7-3: Average DL buffered UE throughput per split DRB (DC)
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Table 5.1.1.3.7-4 Split DRB (DC)

First PDCP SDU of the new burst arrived to CU and there
are not any other PDCP SDUs in CU UP waiting for
TO transmission to DU nor the ones mapped to PDCP PDUs
and sent to DU are in the DU buffer for any of the legs
relevant to the bearer.

First PDCP PDU has been received in DU1 of the first leg
T1 after TO (can be obtained as point in time when PDCP PDU
sent from CU to DU1 plus F1 delay).

First PDCP PDU has been received in DU2 of the second
T2 leg after TO (can be obtained as point in time when PDCP
PDU sent from CU to DU2 plus F1 delay).

T The buffer in DU1 of the first leg gets empty after TO.
T4 The buffer in DU2 of the second leg gets empty after TO
T4 —T1 [ms]
See NOTE 1.

The Achievable DRB throughput is obtained as the
“Desired buffer size for data radio bearer” as part of last
ThroughputTime DDDS feedback [TS 38.425 [56]] divided with the DDDS
reporting period time interval. In case the desired buffer
size is 0 and an PDCP PDU sent to DU it is considered it
will be spent the whole time interval in the buffer of DU until
desired buffer size >0 is reported in the next DDDS
feedback.

See NOTE 2.

The PDCP SDU volume in bits successfully transmitted

(acknowledged by DDDS) in DL to UE per bearer and one

ThroughputVolume | burst (consisting of PDCP SDU 1, 2, 3 and 4 in example in
Fig. 5.1.1.3.7-3).

NOTE 1: Contribution of the given PDCP SDUi to ThroughputTime, i.e. the
time period the PDCP PDUi related to the PDCP SDUi will spend
in the buffer of DU related leg is obtained as volume of the PDCP
PDUi divided with Achievable DRB throughput. In case in the point
of time the PDCP PDUi is sent to DU while the previous one still
kept in the DU buffer of the same leg the time period these two
PDCP SDUs will spend in DU buffer is cumulated, i.e. obtained as
sum of volume of the PDCP PDUi and PDCP PDUi.1 divided with
Achievable DRB throughput.

NOTE 2: The precision of the measured ThroughputTime may be impacted
with the precision of the measured F1 delay in case of not time
synchronized CU and DU when it is obtained as F1 RTT/2.
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Figure 5.1.1.3.7-5: Average DL buffered UE throughput per split DRB (NSA option 3x)
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Table 5.1.1.3.7-6 Split DRB (NSA option 3x)

First PDCP SDU of the new burst arrived to CU and there
are not any other PDCP SDUs in CU UP waiting for
TO transmission to DU/MeNB nor the ones mapped to PDCP
PDUs and sent to DU/MeNB are in the DU/MeNB buffer for
any of the legs relevant to the bearer.

First PDCP PDU has been received in DU of the first leg
T1 after TO (can be obtained as point in time when PDCP PDU
sent from CU to DU plus F1 delay).

First PDCP PDU has been received in MeNB of the second
T2 leg after TO (can be obtained as point in time when PDCP
PDU sent from CU to MeNB plus X2 delay).

T5 The buffer in DU of the first leg gets empty after TO.
T6 The buffer in MeNB of the second leg gets empty after TO
T6 — T1 [ms]

The Achievable DRB throughput is obtained as the
“Desired buffer size for data radio bearer” as part of last
DDDS feedback [TS 38.425[56]] divided with the DDDS
reporting period time interval. In case the desired buffer
size is 0 and an PDCP PDU sent to DU it is considered it
will be spent the whole time interval in the buffer of DU until
ThroughputTime desired buffer size >0 is reported in the next DDDS
feedback. In case of split DRB NSA option 3x to calculate
the Achievable DRB throughput for LTE leg the “Desired
buffer size for E-RAB” as part of last DDDS feedback [TS
36.425 [57]] reported from MeNB to CU UP via X2 interface
is considered.

Note; The precision of the measured ThroughputTime may
be impacted with the precision of the measured F1/X2
delay in case of not time synchronized CU and DU when it
is obtained as F1/X2 RTT/2.

The PDCP SDU volume in bits successfully transmitted

(acknowledged by DDDS) in DL to UE per bearer and one

ThroughputVolume | burst (consisting of PDCP SDU 1, 2, 3 and 4 in example in
Fig. 5.1.1.3.7-5).

NOTE 1: Contribution of the given PDCP SDUi to ThroughputTime, i.e. the
time period the PDCP PDUi related to the PDCP SDUi will spend
in the buffer of DU related leg is obtained as volume of the PDCP
PDUi divided with Achievable DRB throughput. In case in the point
of time the PDCP PDUi is sent to DU while the previous one still
kept in the DU buffer of the same leg the time period these two
PDCP SDUs will spend in DU buffer is cumulated, i.e. obtained as
sum of volume of the PDCP PDUi and PDCP PDUi. divided with
Achievable DRB throughput.

d) Each measurement isareal value representing the throughput in kbit per second. The number of measurements
isequal to one. If the optional QoS level subcounter is performed, the number of measurementsis equal to the
number of mapped 5Q and QClI s for option 3.

€) The measurement name has the form
DRB.PDCP.UEThpDI, or optionally DRB.PDCP.UEThpDI.QOS, where QOS identifies the target quality of
service class.

f) GNBCUUPFunction.
NRCellICU.
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g) Vadlid for packet switched traffic
h) 5GS
i) One usage of this measurement is for performance assurance within integrity area (user plane connection
quality).
5114 RRC connection number
51141 Mean number of RRC Connections
a) This measurement provides the mean number of usersin RRC connected mode for each NR cell during each
granularity period. The measurement is optionally split into subcounters per PLMN ID.
b) Sl
¢) Thismeasurement is obtained by sampling at a pre-defined interval, the number of usersin RRC connected

d)

mode for each NR cell and for each PLMN ID, and then taking the arithmetic mean.

Each measurement isa single integer value. If the optional measurement is perfomed, the number of
measurementsis equal to the number of supported PLMNSs.

€) RRC.ConnMean, or optionally RRC.ConnMean.PLMN, where PLMN identifies the PLMN ID.

f) NRCellCU

g) Vadlid for packet switched traffic

h) 5GS

i) One usage of this measurement is for monitoring the number of RRC connections in connected mode during the
granularity period.

511.4.2 Max number of RRC Connections

a) This measurement provides the maximum number of usersin RRC connected mode for each NR cell during each
granularity period. The measurement is optionally split into subcounters per PLMN ID.

b) Sl.

¢) Thismeasurement is obtained by sampling at a pre-defined interval, the number of usersin RRC connected

d)

mode for each NR cell and for each PLMN ID, and then taking the maximum.

Each measurement is asingle integer value. If the optional measurement is perfomed, the number of
measurementsis equal to the number of supported PLMNSs.

€e) RRC.ConnMax, or optionally RRC.ConnMax.PLMN, where PLMN identifiesthe PLMN ID.

f) NRCellCU

g) Validfor packet switched traffic

h) 5GS

i) One usage of this measurement is for monitoring the number of RRC connections in connected mode during the
granularity period.

5.1.1.4.3 Mean number of stored inactive RRC Connections

a) This measurement provides the mean number of usersin RRC inactive mode for each NR cell during each
granularity period. The measurement is optionally split into subcounters per PLMN ID.

b) Sl
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©)

d)

This measurement is defined according to measurement "Mean number of stored inactive UE contexts' in TS
38.314 [29]. Separate counters are optionally maintained for each PLMN ID.

Each measurement isareal representing the mean number. If the optional measurement is perfomed, the number
of measurementsis equal to the number of supported PLMNSs.

€) The measurement name has the form RRC.I nactiveConnMean, or optionally RRC.InactiveConnMean.PLMN,
where PLMN identifiesthe PLMN ID.

f) NRCellCU.

g) Validfor packet switched traffic.

h) 5GS.

i) One usage of this measurement is for monitoring the memory allocation due to storage of inactive RRC
connections.

5.1.1.4.4 Max number of stored inactive RRC Connections

a) This measurement provides the max number of usersin RRC inactive mode during each granularity period. The
measurement is optionally split into subcounters per PLMN ID.

b) Sl

¢) This measurement is defined according to measurement "Max number of stored inactive UE contexts' in TS

d)

f)
9)
h)

38.314 [29]. Each measurement is optionally performed per PLMN ID.

Each measurement is a single integer value. If the optional measurement is performed, the number of
measurementsis equal to the number of supported PLMNSs.

The measurement name has the form RRC.InactiveConnMax or optionally RRC.InactiveConnMax. PLMN,
where PLMN identifiesthe PLMN ID.

NRCellCU.
Valid for packet switched traffic.
5GS.

One usage of this measurement is for monitoring the memory allocation due to storage of inactive RRC
connections.

5.1.15 PDU Session Management

5.1.1.5.1 Void

5.1.1.5.2 Void

5.1.1.5.3 Number of PDU Sessions failed to setup

a)

b)
c)

d)

€)

This measurement provides the number of PDU Sessions failed to setup by the gNB. This measurement is split
into subcounters per failure cause.

CC.

On transmission of PDU SESSION RESOURCE SETUP RESPONSE message, INITIAL CONTEXT SETUP
FAILURE message containing the "PDU Session Resource Failed to Setup List" 1E (see TS 38.413 [11]) by the
gNB to the AMF. Each PDU Session listed in the "PDU Session Resource Failed to Setup List" 1E increments
the relevant subcounter per failure cause (see clause 9.3.1.2 of TS 38.413 [11]) by 1.

Each subcounter is an integer value.

SM.PDU SessionSetupFail.Cause.
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Where Cause identifies the cause of the PDU Sessions Resource Setup failure, per the "PDU Session Resource
Setup Unsuccessful Transfer" 1E. Encoding of the Cause isdefined in clause 9.3.1.2 of TS 38.413[11].
f) NRCellCU.
g) Valid for packet switched traffic.
h) 5GS.

i) One usage of this performance measurementsis for performance assurance.

5.1.1.54 Mean number of PDU sessions being allocated

a) This measurement provides the mean number of PDU sessions that have been allocated in the NRCelICU. This
measurement is split into subcounters per S-NSSAI.

b) SI.

¢) Each measurement is obtained by sampling at a pre-defined interval, the number of PDU sessions being
allocated in the NRCelICU, and taking the arithmetic mean of the samples.

d) Each subcounter is an integer value.

€) SM.MeanPDU SessionSetupReq.SNSSAI.
Where SNSSAI identifies the S-NSSAI.

f) NRCellCU.

g) Vadlid for packet switched traffic.

h) 5GS.

i) One usage of this performance measurements is for performance assurance to support RRM resources
optimization (see TS 28.313 [30]).

5.1.1.5.5 Peak number of PDU sessions being allocated

a) This measurement provides the peak number of PDU sessions that have been allocated in the NRCelICU. This
measurement is split into subcounters per S-NSSAI.

b) SI.

¢) Each measurement is obtained by sampling at a pre-defined interval, the number of PDU sessions being
alocated in the NRCellCU, and selecting the sample with the maximum value from the samples collected in a
given period.

d) Each subcounter is an integer value.

€) SM.MaxPDUSess onSetupReq.SNSSAI.
Where SNSSAI identifies the S-NSSAI.

f) NRCellCU.

g) Vadlid for packet switched traffic.

h) 5GS.

i) One usage of this performance measurements is for performance assurance to support RRM resources
optimization (see TS 28.313 [30]).
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5.1.1.6 Mobility Management
5.1.1.6.1 Inter-gNB handovers
5.1.1.6.1.1 Number of requested legacy handover preparations

a) This measurement provides the number of legacy handover preparations requested by the source gNB.
b) CC.

¢) Ontransmission of HANDOVER REQUIRED message (see TS 38.413 [11]) by the NR cell CU to the AMF, or
transmission of HANDOV ER REQUEST message (see TS 38.423 [13]) , where the message denotes a legacy
handover, by the source NR cell CU to target NR cell CU, for requesting the preparation of resources at the
target NR cell CU.

d) A singleinteger value.
e) MM.HoPrepinterReq.

f) NRCellCU;
NRCellR€dlation.

g) Vadlid for packet switched traffic.
h) 5GS.

i) One usage of this performance measurementsis for performance assurance.

5.1.1.6.1.2 Number of successful legacy handover preparations
a) This measurement provides the number of successful legacy handover preparations received by the source NR
cell CU.
b) CC.

¢) On receipt of HANDOVER COMMAND message by the NR cell CU from the AMF (see TS 38.413 [11]), or
receipt of HANDOVER REQUEST ACKNOWLEDGE message (see TS 38.423 [13]) , where the message
corresponds to a previoudy sent legacy handover HANDOV ER REQUEST message, by the source NR cell CU
from the target NR cell CU, for informing that the resources for the handover have been prepared at the target
NR cell CU.

d) A singleinteger value.
e€) MM.HoPreplnterSucc.

f) NRCellCU;
NRCellR€elation.

g) Validfor packet switched traffic.
h) 5GS.

i) One usage of this performance measurementsis for performance assurance.

5.1.1.6.1.3 Number of failed legacy handover preparations

a) This measurement provides the number of failed legacy handover preparations received by the source NR cell
CU. This measurement is split into subcounters per failure cause.

b) CC.

¢) On receipt of HANDOVER PREPARATION FAILURE message (see TS 38.413 [11]) by the NR cell CU from
the AMF, or receipt of HANDOVER PREPARATION FAILURE message (see TS 38.423 [13]) , where the
message corresponds to a previously sent legacy handover HANDOVER REQUEST message, by the source NR
cell CU from the target NR cell CU, for informing that the preparation of resources at the target NR cell CU has
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d)

€)

f)

9)
h)

i)

failed. Each received HANDOVER PREPARATION FAILURE message increments the relevant subcounter per
failure cause by 1.

Each subcounter is an integer value.
MM .HoPrepInterFail .cause.
Where cause identifies the failure cause of the handover preparations.

NRCelICU;
NRCellR€dlation.

Valid for packet switched traffic.
5GS.

One usage of this performance measurementsis for performance assurance.

5.1.1.6.1.4 Number of requested legacy handover resource allocations

a)

b)
c)

d)
€)
f)
9)
h)
i)

This measurement provides the number of legacy handover resource allocation requests received by the target
NR cell CU.

CC.

On receipt of HANDOVER REQUEST message (see TS 38.413 [1]) by the NR cell CU from the AMF, or
receipt of HANDOVER REQUEST message (see TS 38.423 [13]) , where the message denotes a legacy
handover, by the target NR cell CU from the source NR cell CU, for requesting the preparation of resources for
handover.

A singleinteger value.

MM .HoResAllolnterReg.
NRCellCU.

Valid for packet switched traffic.
5GS.

One usage of this performance measurementsis for performance assurance.

5.1.1.6.1.5 Number of successful legacy handover resource allocations

a)

b)
c)

d)
€)
f)
9)
h)

This measurement provides the number of successful legacy handover resource allocations at the target NR cell
CU for the handover.

CC.

On transmission of HANDOV ER REQUEST ACKNOWLEDGE message (see TS 38.413 [11]) by the NR cell
CU to the AMF, or transmission of HANDOV ER REQUEST ACKNOWLEDGE message (see TS 38.423[13]) ,
where the message corresponds to a previously received legacy handover HANDOV ER REQUEST message, by
the target NR cell CU to the source NR cell CU, for informing that the resources for the handover have been
prepared.

A singleinteger value.
MM.HoResAllolnterSucc.
NRCellCU.

Valid for packet switched traffic.
5GS.

One usage of this performance measurementsis for performance assurance.
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5.1.1.6.1.6 Number of failed legacy handover resource allocations

a) This measurement provides the number of failed legacy handover resource allocations at the target NR cell CU
for the handover. This measurement is split into subcounters per failure cause.

b) CC.

¢) On transmission of HANDOVER FAILURE message (see TS 38.413 [11]) by the NR cell CU to the AMF, or
transmission of HANDOVER PREPARATION FAILURE message (see TS 38.423 [13]) , where the message
corresponds to a previoudy sent legacy handover HANDOV ER REQUEST message, by the target NR cell CU
to the source NR cell CU, for informing that the preparation of resources has failed. Each transmitted
HANDOVER FAILURE message or HANDOVER PREPARATION FAILURE message increments the
relevant subcounter per failure cause by 1.

d) Each subcounter is an integer value.
€) MM.HoResAllolnterFail.cause.
Where cause identifies the failure cause of the legacy handover resource alocations.
f) NRCellCU.
g) Vadlid for packet switched traffic.
h) 5GS.

i) One usage of this performance measurementsis for performance assurance.

5.1.1.6.1.7 Number of requested legacy handover executions

a) Thisinter gNB handover measurement provides the number of outgoing legacy handover executions requested
by the source gNB.

b) CC.

¢) On transmission of RRCReconfiguration message, where the message denotes alegacy handover, to the UE
triggering the inter gNB legacy handover from the source NRCellCU to the target NRCellCU, indicating the
attempt of an outgoing inter gNB legacy handover (see TS 38.331 [20]), the counter is stepped by 1.

d) A singleinteger value.
e) MM.HoExelnterReq.

f) NRCellCU;
NRCellR€elation.

g) Vadlid for packet switched traffic.
h) 5GS.

i) One usage of this performance measurement is for performance assurance.

5.1.1.6.1.8 Number of successful legacy handover executions

a) Thisinter gNB handover measurement provides the number of successful legacy handover executions received
by the source gNB.

b) CC.

c) On receipt at the source gNB of UE CONTEXT RELEASE [13] over Xn from the target gNB following a
successful handover, where the message denotes alegacy handover, or, if handover is performed viaNG, on
receipt of UE CONTEXT RELEASE COMMAND [11] from AMF following a successful inter gNB handover,
where the message denotes a legacy handover, the counter is stepped by 1.

d) A singleinteger value.
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e) MM.HoExelnterSucc.

f) NRCellCU;
NRCellRdlation.

g) Vadlid for packet switched traffic.
h) 5GS.

i) One usage of this performance measurement is for performance assurance.

5.1.1.6.1.9 Number of failed legacy handover executions
a) Thisinter gNB handover measurement provides the number of failed legacy handover executions for asource
oNB.
b) CC.

¢) Thiscounter isincremented when handover execution failures occur. It is assumed that the UE context is
available in the source gNB. The following events are counted:

1) On reception of NGAP UE CONTEXT RELEASE COMMAND [11] from AMF indicating an unsuccessful
inter gNB handover;

2) On reception of RrcReestablishmentRequest [20] where the reestablishmentCause is handoverFailure, from
the UE in the source gNB, where the reestablishment occurred in the source gNB;

3) On expiry of aHandover Execution supervision timer in the source gNB;

4) Onreception of XnAP RETRIEVE UE CONTEXT REQUEST [13] in the source gNB, when the
reestablishment occurred in another gNB.

The failure causes for UE CONTEXT RELEASE COMMAND are listed in [11] clause 9.3.1.2. An event increments
the relevant subcounter by 1. For MM.HoExelnterFail. UE_ CONTEXT_RELEASE COMMAND, an event
increments the relevant subcounter per failure cause by 1.~

As one handover failure might cause more than one of the above events, duplicates need to be filtered out.
d) Each subcounter is an integer value.
e) MM.HoExelnterFail.UeCtxtRelCmd.cause;

MM.HoExel nterFail.RrcReestabReq;
MM.HoExel nterFail.HoExeSupTimer;
MM.HoExel nterFail.RetrUeCtxtReq;

Where cause identifies the failure cause of the UE CONTEXT RELEASE COMMAND message.

f) NRCellCU,;
NRCellRelation.

g) Validfor packet switched traffic.
h) 5GS.

i) One usage of this performance measurement is for performance assurance.

5.1.1.6.1.10 Mean Time of requested legacy handover executions

a) This measurement provides the mean time of inter gNB legacy handover executions during each granularity
period. The measurement is split into subcounters per S-NSSAL.

b) DER(n=1).

¢) This measurement is obtained by accumulating the time interval for every successful inter gNB handover
executions procedure per S-NSSAI between the receipt by the source NG-RAN from the target NG-RAN of UE
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CONTEXT RELEASE [13] over Xn, or, if handover is performed via NG, the receipt of UE CONTEXT
RELEASE COMMAND [11] from AMF and the sending of a RRCReconfiguration message triggering the Uu
handover from the source NG-RAN to the UE over agranularity period using DER, for legacy handovers. The
end value of thistime will then be divided by the number of inter gNB legacy handovers observed in the
granularity period to give the arithmetic mean, the accumulator shall be reinitialised at the beginning of each
granularity period.

d) Each measurement is an integer value, in milliseconds.

€) MM.HoExelnterReg.TimeMean.SNSSAI.

f) NRCellCU.

g) Validfor packet switched traffic.

h) 5GS.

i) One usage of this measurement is for monitoring the mean time of inter gNB handovers during the granularity
period.

5.1.1.6.1.11 Max Time of requested legacy handover executions

a) This measurement provides the max time of inter gNB legacy handover executions during each granularity
period. The measurement is split into subcounters per S-NSSAL.

b) DER(n=1).

¢) This measurement is obtained by measuring the time interval for every successful inter gNB handover

d)
€)
f)
)
h)

executions procedure per S-NSSAI between the receipt by the source NG-RAN from the target NG-RAN of UE
CONTEXT RELEASE [13] over Xn, or, if handover is performed via NG, the receipt of UE CONTEXT
RELEASE COMMAND [11] from AMF and the sending of a RRCReconfiguration message triggering the Uu
handover from the source NG-RAN to the UE over a granularity period using DER, for legacy handovers. The
high tide mark of thistime will be stored in a gauge, the gauge shall be reinitialised at the beginning of each
granularity period.

Each measurement is an integer value, in milliseconds.
MM .HoExel nterReq. TimeMax.SNSSAI.

NRCellCU.

Valid for packet switched traffic.

5GS.

One usage of this measurement is for monitoring the max time of inter gNB handovers during the granularity
period.

5.1.1.6.1.12 Number of successful handover executions per beam pair

a)

b)
<)

d)
€)
f)
9)

Thisinter gNB handover measurement provides the number of successful handover executions received by the
source gNB per beam pair, i.e. beam in the source and beam in the target cell.

CcC

On receipt at the source gNB of UE CONTEXT RELEASE [13] over Xn from the target gNB following a
successful handover, or, if handover is performed via NG, on receipt of UE CONTEXT RELEASE COMMAND
[11] from AMF following a successful inter gNB handover, the counter is stepped by 1.

A singleinteger value.
MM .HoExel nter SSBSucc
Beam.

Valid for packet switched traffic.
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h) 5GS.

i) One usage of this performance measurement is for performance assurance.

5.1.1.6.1.13 Number of failed handover executions per beam pair
a) Thisinter gNB handover measurement provides the number of failed handover executions for source gNB per
beam pair.
b) CC.

¢) Thiscounter isincremented when handover execution failures occur. It is assumed that the UE context is
available in the source gNB. The following events are counted:

1) On reception at the source of NGAP UE CONTEXT RELEASE COMMAND [11] from AMF indicating an
unsuccessful inter gNB handover,

2) On reception of RrcReestablishmentRequest [20] where the reestablishmentCause is handoverFailure, from the
UE in the source gNB, where the reestablishment occurred in the source gNB;

3) On expiry of aHandover Execution supervision timer in the source gNB;

4) Onreception of XnAP RETRIEVE UE CONTEXT REQUEST [13] in the source gNB, when the
reestablishment occurred in another gNB.

The failure causes for NGAP UE CONTEXT RELEASE COMMAND arelisted in[11]. An event increments
the relevant subcounter by 1. For MM.HoExel nter SSBFail.UeCtxtRel Cmd, an event increments the relevant
subcounter per failure cause by 1.

As one handover failure might cause more than one of the above events, duplicates need to be filtered out.
Editor's note: FFS how the beam pair isidentified
d) Each subcounter isan integer value.

€) MM.HoExelnterSSBFail.UeCtxtRel Cmd.cause;
MM .HoExel nterSSBFail.RrcReestabReq;
MM .HoExel nterSSBFail.HoExeSupTimer;
MM .HoExel nterSSBFail.RetrUeCtxtReq;

Where cause identifies the failure cause of the NGAP UE CONTEXT RELEASE COMMAND message.
f) Beam.
g) Validfor packet switched traffic.
h) 5GS.

i) One usage of this performance measurement is for performance assurance.
5.1.1.6.2 Intra-gNB handovers

5.1.1.6.2.1 Number of requested legacy handover executions

a) This measurement provides the number of outgoing intra gNB legacy handover executions requested by the
source NRCellCU.

b) CC.

¢) Ontransmission of RRC Reconfiguration message to the UE triggering the legacy handover from the source
NRCellCU to the target NRCelICU, indicating the attempt of an outgoing intra-gNB legacy handover (see TS
38.331 [20]), the counter is stepped by 1.

d) A singleinteger value.
€) MM.HoExelntraReq.
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f) NRCellCU,;
NRCellRelation.
g) Validfor packet switched traffic.
h) 5GS.

i) One usage of this performance measurement is for performance assurance.

5.1.1.6.2.2 Number of successful legacy handover executions

a) This measurement provides the number of successful intra gNB legacy handover executions received by the
source NRCellCU.

b) CC.

¢) On reception of RRC ReconfigurationComplete message from the UE to the target NRCellCU indicating a
successful intra gNB legacy handover (see TS 38.331 [20]), the counter is stepped by 1.

d) A singleinteger value.
€) MM.HoExelntraSucc.

f) NRCelCU;
NRCellR€elation.

g) Validfor packet switched traffic.
h) 5GS.

i) One usage of this performance measurement is for performance assurance.
5.1.1.6.3 Handovers between 5GS and EPS

5.1.1.6.3.1 Number of requested preparations for handovers from 5GS to EPS

a) This measurement provides the number of preparations requested by the source gNB for the outgoing handovers
from 5GSto EPS.

b) CC

¢) Transmission of HANDOVER REQUIRED message containing the "Handover Type" |E set to "5GStoEPS" (see
TS 38.413[11]) by the gNB-CU to the AMF.

d) A singleinteger value.
€) MM.HoOut5gsToEpsPrepReq.

f) EutranRelation (contained by NRCellCU),
NRCellCU.

g) Validfor packet switched traffic.
h) 5GS.

5.1.1.6.3.2 Number of successful preparations for handovers from 5GS to EPS

a) This measurement provides the number of successful preparations received by the source gNB for the outgoing
handovers from 5GSto EPS.

b) CC

c) Receipt of HANDOVER COMMAND message by the gNB-CU from the AMF (see TS 38.413 [11]), for
informing that the resources have been successfully prepared at the target E-Utran Cell for the handover from
5GS and EPS.
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d)
€)

f)

9)
h)

A single integer value.
MM .HoOut5gsT oEpsPrepSucc.

EutranRelation (contained by NRCellCU),
NRCellCU.

Valid for packet switched traffic.
5GS.

5.1.1.6.3.3 Number of failed preparations for handovers from 5GS to EPS

a)

b)
c)

d)

€)

f)

9)
h)

This measurement provides the number of failed preparations received by the source gNB for the outgoing
handovers from 5GS to EPS. This measurement is split into subcounters per failure cause.

CcC

Receipt of HANDOVER PREPARATION FAILURE message (see TS 38.413 [11]) by the gNB-CU from the
AMF, for informing that the preparation of resources have been failed at the target E-Utran Cell for the handover
from 5GS and EPS. Each received HANDOVER PREPARATION FAILURE message increments the relevant
subcounter per failure cause by 1.

Each subcounter is an integer value.
MM .HoOut5gsT oEpsPrepFail .cause
Where cause identifies the failure cause of the handover preparations.

EutranRelation (contained by NRCellCU),
NRCellCU.

Valid for packet switched traffic.
5GS.

5.1.1.6.34 Number of requested resource allocations for handovers from EPS to 5GS

a)

b)
©)

d)
€)

f)

9)
h)

This measurement provides the number of resource allocation requests received by the target gNB for handovers
from EPS to 5GS.

CcC

Receipt of HANDOVER REQUEST message containing the "Handover Type" |E set to "EPSto5GS' (see TS
38.413 [11]) by the gNB-CU from the AMF.

A singleinteger value.
MM .HolncEpsT o5gsResAlloReq.

EutranRelation (contained by NRCellCU),
NRCellCU.

Valid for packet switched traffic.
5GS.

5.1.1.6.35 Number of successful resource allocations for handovers from EPS to 5GS

a)

b)
<)

This measurement provides the number of successful resource allocations at the target gNB for handovers from
EPS to 5GS.

CC.

Transmission of HANDOVER REQUEST ACKNOWLEDGE message (see TS 38.413 [11]) by the gNB-CU to
the AMF, for informing that the resources for the handover from EPS to 5GS have been allocated.
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d) A singleinteger value.
€) MM.HolncEpsTo5gsResAlloSucc.

f) EutranRelation (contained by NRCellCU),
NRCellCU.

g) Validfor packet switched traffic.
h) 5GS.

i) One usage of this performance measurementsis for performance assurance.

5.1.1.6.3.6 Number of failed resource allocations for handovers from EPS to 5GS

a) This measurement provides the number of failed resource alocations at the target gNB for handovers from EPS
to 5GS. This measurement is split into subcounters per failure cause.

b) CC

c) Transmission of HANDOVER FAILURE message (see TS 38.413 [11]) by the gNB-CU to the AMF, for
informing that the allocation of resources for the handover from EPS to 5GS has failed. Each transmitted
HANDOVER FAILURE message increments the relevant subcounter per failure cause by 1.

d) Each subcounter isan integer value.
€) MM.HolncEpsTo5gsResAlloFail.cause
Where cause identifies the failure cause of the handover resource alocations.

f) EutranRelation (contained by NRCellCU),
NRCellCU.

g) Valid for packet switched traffic.

h) 5GS
5.1.1.6.3.7 Number of requested executions for handovers from 5GS to EPS
a) This measurement provides the number of executions requested by the source gNB for handovers from 5GS to
EPS.
b) CC.

c) Transmission of MobilityFromNRCommand message to the UE triggering the handover from the source NR Cell
to the target E-UTRAN cell for the handover from 5GS to EPS (see TS 38.331 [20]).

d) A singleinteger value.
€) MM.HoOutExe5gsToEpsReq.

f) EutranRelation (contained by NRCellCU),
NRCellCU.

g) Vadlid for packet switched traffic.
h) 5GS.

5.1.1.6.3.8 Number of successful executions for handovers from 5GS to EPS

a) This measurement provides the number of successful executions at the source gNB for handovers from 5GSto
EPS.

b) CC
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c) Receipt of UE CONTEXT RELEASE COMMAND message by the gNB-CU from AMF (see TS 38.413 [11])
following a successful handover from 5GSto EPS.
d) A singleinteger value.
€) MM.HoOutExe5gsT oEpsSucc.

f) EutranRelation (contained by NRCellCU),
NRCellCU.

g) Validfor packet switched traffic.
h) 5GS.

5.1.1.6.3.9 Number of failed executions for handovers from 5GS to EPS

a) This measurement provides the number of failed executions at the source gNB for handovers from 5GS to EPS.
This measurement is split into subcounters per failure cause.

b) CC

c) Receipt of UE CONTEXT RELEASE COMMAND at the source gNB-CU from AMF (see TS 38.413 [11])
indicating an unsuccessful handover from 5GS to EPS. Each received message increments the rel evant
subcounter per failure cause by 1.

d) Each subcounter is an integer value.
€) MM.HoOutExebgsToEpskail.cause.
Where cause identifies the failure cause in the UE CONTEXT RELEASE COMMAND message.

f) EutranRelation (contained by NRCellCU),
NRCellCU.

g) Validfor packet switched traffic.
h) 5GS.

5.1.1.6.3.10 Number of requested preparations for EPS fallback handovers

a) This measurement provides the number of EPS fallback preparations requested by the source gNB for the
outgoing handovers from 5GS to EPS.

b) CC

¢) Transmission of HANDOVER REQUIRED message containing the "Handover Type" IE set to "5GStoEPS" by
the gNB-CU to the AMF after the source gNodeB sends the AMF a PDU Session modification response in
which "PDUSessionResourceM odifyUnsuccessful Transfer” carries the failure cause "IM S voice EPS fallback or
RAT fallback triggered” (see TS38.413 [11]) .

d) A singleinteger value.

€) MM.HoOut5gsT oEpsFallbackPrepReq.
f) NRCellCU.

g) Vadlid for packet switched traffic.

h) 5GS.

5.1.1.6.3.11 Number of successful preparations for EPS fallback handovers

a) This measurement provides the number of successful EPS fallback preparations received by the source gNB for
the outgoing handovers from 5GSto EPS.

b) CC
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c)

d)
€)
f)
9)
h)

Receipt of HANDOVER COMMAND message by the gNB-CU from the AMF,after the source gNodeB sends
the AMF aPDU Session modification response in which "PDUSessi onResourceM odifyUnsuccessful Transfer"
carries the failure cause "IM S voice EPS fallback or RAT fallback triggered” (see TS 38.413 [11]), for informing
that the resources have been successfully prepared at the target E-Utran Cell for the EPS fallback handover from
5GSand EPS (see TS 38.413 [11]).

A singleinteger value.

MM .HoOut5gsT oEpsFallbackPrepSucc.
NRCellCU.

Valid for packet switched traffic.

5GS.

5.1.1.6.3.12 Number of failed preparations for EPS fallback handovers

a)

b)
c)

d)

f)
9)
h)

This measurement provides the number of failed preparations received by the source gNB for the outgoing
handovers from 5GS to EPS. This measurement is split into subcounters per failure cause.

CcC

Receipt of HANDOVER PREPARATION FAILURE message by the gNB-CU from the AMF after the source
gNodeB sends the AMF a PDU Session modification response in which

"PDUSessionResourceM odifyUnsuccessful Transfer” carries the failure cause "IM S voice EPS fallback or RAT
fallback triggered”, for informing that the preparation of resources have been failed at the target E-Utran Cell for
the handover from 5GS and EPS. Each received HANDOV ER PREPARATION FAILURE message increments
the relevant subcounter per failure cause by 1 (see TS 38.413 [11]).

Each subcounter is an integer value.

MM .HoOut5gsT oEpsFallbackPrepFail .cause

Where cause identifies the failure cause of the handover preparations.
NRCellCU.

Valid for packet switched traffic.

5GS.

5.1.1.6.3.13 Number of successful executions for EPS fallback handovers

a)

b)
©)

d)
€)
f)
9
h)

This measurement provides the number of successful EPS fallback executions at the source gNB for handovers
from 5GSto EPS.

CcC

Receipt of UE CONTEXT RELEASE COMMAND message by the gNB-CU from AMF following a successful
handover from 5GS to EPS,after the source gNodeB sendsthe AMF a PDU Session modification responsein
which "PDU SessionResourceM odifyUnsuccessful Transfer” carries the failure cause "IM S voice EPS fallback or
RAT fallback triggered” (see TS 38.413 [11]).

A single integer value.

MM .HoOutExebgsT oEpsFallbackSucc.
NRCellCU.

Valid for packet switched traffic.

5GS.
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5.1.1.6.3.14 Number of failed executions for EPS fallback handovers

a) This measurement provides the number of failed EPS fallback executions at the source gNB for handovers from
5GSto EPS. This measurement is split into subcounters per failure cause.

b) CC

¢) Receipt of UE CONTEXT RELEASE COMMAND at the source gNB-CU from AMF indicating an
unsuccessful handover from 5GS to EPS after the source gNodeB sends the AMF a PDU Session modification
response in which "PDU SessionResourceM odifyUnsuccessful Transfer” carries the failure cause "IM S voice EPS
fallback or RAT fallback triggered". Each received message increments the relevant subcounter per failure cause
by 1 (see TS 38.413 [11]).

d) Each subcounter is an integer value.
€) MM.HoOutExe5gsT oEpsFallbackFail.cause.
Where cause identifies the failure cause in the UE CONTEXT RELEASE COMMAND message.
f) NRCellCU.
g) Vadlid for packet switched traffic.
h) 5GS.

5.1.1.6.3.15 Mean Time of EPS fallback handover
a) This measurement provides the mean time of EPS fallback whole handover during each granularity period.
b) DER (n=1)

c) This measurement is obtained by accumulating the time interval for every successful EPS fallback handover
procedure between the receipt by the NG-RAN from the EPS of a"UE CONTEXT RELEASE COMMAND"
and the sending of a"HANDOVER REQUIRED" message from NG-RAN to the EPS over a granularity period
using DER. The end value of thistime will then be divided by the number of EPS fallback handovers observed
in the granularity period to give the arithmetic mean, the accumulator shall be reinitialised at the beginning of
each granularity period.

d) A singleinteger value (in milliseconds)
€) MM.Hob5gsToEpsFallbackTimeMean.
f) NRCellCU.

g) Validfor packet switched traffic

h) 5GS

i) One usage of this measurement is for monitoring the mean time of EPS fallback handovers during the
granularity period.

5.1.1.6.3.16 Mean Time of EPS fallback handover executions

a) This measurement provides the mean time of EPS fallback handover executions during each granularity period.
b) DER (n=1)

c) This measurement is obtained by accumulating the time interval for every successful EPS fallback handover
executions procedure between the receipt by the NG-RAN from the EPS of a"UE CONTEXT RELEASE
COMMAND" and the sending of the MobilityFromNRCommand message to the UE over a granularity period
using DER. The end value of thistime will then be divided by the number of EPS fallback handovers observed
in the granularity period to give the arithmetic mean, the accumulator shall be reinitialised at the beginning of
each granularity period.

d) Each measurement is an integer value (in milliseconds)
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€) MM.HoExeHo5gsT oEpsFallbackTimeM ean.
f) NRCellCU.
g) Vadlid for packet switched traffic
h) 5GS
i) One usage of this measurement is for monitoring the mean time of EPS fallback handover executions during
the granularity period.
5.1.1.6.4 RRC redirection measurement
5.1.1.6.4.1 number of EPS fallback redirection
a) This measurement provides the number of RRC release for EPS fallback redirection.
b) Sl
¢) Transmission of a"RRCRelease" message to UE, which contains "redirectedCarrierinfo” |E and
"voiceFallbackindication” I1E indication EPS fallback for IMS voice. (see TS 38.331 [20]).
d) A singleinteger value.
€) MM.Redirection.5gsToEpsFallback.
f) NRCellDU
g) Vadlid for packet switched traffic
h) 5GS
5.1.1.6.5 Intra/Inter-frequency Handover related measurements
5.1.1.6.5.1 Number of requested intra-frequency handover executions
a) This measurement provides the number of outgoing intra-frequency handover executions requested by the source
NRCellCU.
b) CC.
¢) On transmission of RRCReconfiguration message to the UE triggering the handover from the source NRCelICU

d)
€)
f)
9
h)
i)

to the target NRCellCU, indicating the attempt of an outgoing intra-frequency handover (see TS 38.331 [20]),
the counter is steped by 1.

A singleinteger value.

MM .HoExelntraFregReq.
NRCellCU

Valid for packet switched traffic.
5GS.

One usage of this performance measurement is for performance assurance.

5.1.1.6.5.2 Number of successful intra-frequency handover executions

a)

b)

This measurement provides the number of successful intra-frequency handover executions received by the
source NRCellCU.

CC.
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©)

d)
€)
f)
9)
h)
i)

On reception of RRCReconfigurationComplete message from the UE to the target NRCellCU indicating a
successful intra-frequency intra gNB handover (see TS 38.331 [20]), or, on reception of UE CONTEXT
RELEASE [13] over Xn from the target gNB following a successful intra-frequency inter gNB handover, or, if
handover is performed via NG, on reception of UE CONTEXT RELEASE COMMAND [11] from AMF
following a successful intra-frequency inter gNB handover, the counter is stepped by 1.

A singleinteger value.

MM .HoExel ntraFreqSucc.
NRCellCU.

Valid for packet switched traffic.
5GS.

One usage of this performance measurement is for performance assurance.

5.1.1.6.5.3 Number of requested inter-frequency handover executions

a)

b)
©)

d)
€)
f)
9
h)
i)

This measurement provides the number of outgoing inter-frequency handover executions requested by the source
NRCellCU.

CC.

On transmission of RRCReconfiguration message to the UE triggering the handover from the source NRCelICU
to the target NRCellCU, indicating the attempt of an outgoing inter-frequency handover (see TS 38.331 [20]),
the counter is steped by 1.

A single integer value.

MM .HoExel nterFregReq.
NRCellCU

Valid for packet switched traffic.
5GS.

One usage of this performance measurement is for performance assurance.

5.1.1.6.54 Number of successful inter-frequency handover executions

a)

b)
©)

d)
€)
f)
)
h)

This measurement provides the number of successful inter-frequency handover executions received by the
source NRCellCU.

CC.

On reception of RRCReconfigurationComplete message from the UE to the target NRCellCU indicating a
successful inter-frequency intragNB handover (see TS 38.331 [20]), or, on reception of UE CONTEXT
RELEASE [13] over Xn from the target gNB following a successful inter-frequency inter gNB handover, or, if
handover is performed via NG, on reception of UE CONTEXT RELEASE COMMAND [11] from AMF
following a successful inter-frequency inter gNB handover, the counter is stepped by 1.

A single integer value.

MM .HoExel nterFregSucc.
NRCellCU.

Valid for packet switched traffic.
5GS.

One usage of this performance measurement is for performance assurance.
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5.1.1.6.6 Inter-gNB conditional handovers

5.1.1.6.6.1 Number of requested conditional handover preparations

a)
b)
<)

d)
€)

f)

9)
h)

i)

This measurement provides the number of conditional handover preparations requested by the source gNB.
CC.

On transmission of HANDOVER REQUEST message (see TS 38.423 [13] clause 8.2.1) where the message
denotes a conditional handover preparation, by the source NR cell CU to target NR cell CU, for requesting the
preparation of resources at the target NR cell CU.

A single integer value.
MM .ChoPreplnterReq

NRCelICU
NRCellReation

Valid for packet switched traffic.
5GS.

One usage of this performance measurementsis for performance assurance.

5.1.1.6.6.2 Number of successful conditional handover preparations

a)

b)
c)

d)
€)

f)

9)
h)

i)

This measurement provides the number of successful conditional handover preparations received by the source
NR cell CU.

CcC

On receipt of HANDOVER REQUEST ACKNOWLEDGE message (see TS 38.423 [13] clause 8.2.1) where the
message corresponds to a previously sent conditional handover HANDOV ER REQUEST message, by the source
NR cell CU from the target NR cell CU, for informing that the resources for the conditional handover have been
prepared at the target NR cell CU.

A singleinteger value.
MM .ChoPreplnterSucc

NRCelICU
NRCellReation

Valid for packet switched traffic.
5GS

One usage of this performance measurements is for performance assurance.

5.1.1.6.6.3 Number of failed conditional handover preparations

a)

b)
©)

d)

This measurement provides the number of failed conditional handover preparations received by the source NR
cell CU. This measurement is split into subcounters per failure cause.

CcC

On receipt of HANDOVER PREPARATION FAILURE message (see TS 38.423 [13] clause 8.2.1.3) where the
message corresponds to a previously sent conditional handover HANDOV ER REQUEST message, by the source
NR cell CU from the target NR cell CU, for informing that the preparation of resources at the target NR cell CU
has failed. Each received HANDOV ER PREPARATION FAILURE message increments the relevant subcounter
per failure cause by 1.

Each subcounter is an integer value.

MM .ChoPreplnterFail.cause
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f)

9)
h)

i)

Where cause identifies the failure cause of the conditional handover preparations.

NRCelICU
NRCellRdation

Valid for packet switched traffic.
5GS

One usage of this performance measurementsiis for performance assurance

5.1.1.6.6.4 Number of requested conditional handover resource allocations

a)

b)
c)

d)
€)
f)
9)
h)
i)

This measurement provides the number of conditional handover resource allocation requests received by the
target NR cell CU.

CcC

On receipt of HANDOVER REQUEST message (see TS 38.423 [13] clause 8.2.1), where the message denotes a
conditional handover, by the target NR cell CU from the source NR cell CU, for requesting the preparation of
resources for handover.

A singleinteger value.
MM.ChoResAllolnterReq
NRCellCU

Valid for packet switched traffic.
5GS.

One usage of this performance measurementsis for performance assurance.

5.1.1.6.6.5 Number of successful conditional handover resource allocations

a)

b)
c)

d)
€)
)
)
h)
i)

This measurement provides the number of successful conditional handover resource allocations at the target NR
cell CU for the handover.

CC.

On transmission of HANDOV ER REQUEST ACKNOWLEDGE message (see TS 38.423[13] clause 8.2.1),
where the message corresponds to a previously received conditional handover HANDOVER REQUEST
message, by the target NR cell CU to the source NR cell CU, for informing that the resources for the handover
have been prepared.

A singleinteger value.
MM.ChoResAllol nterSucc
NRCellCU

Valid for packet switched traffic.
5GS.

One usage of this performance measurementsis for performance assurance.

5.1.1.6.6.6 Number of failed conditional handover resource allocations

a)

b)

This measurement provides the number of failed conditional handover resource allocations at the target NR cell
CU for the handover. This measurement is split into subcounters per failure cause.

CC
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¢) On transmission of HANDOV ER PREPARATION FAILURE message (see TS 38.423 [13] clause 8..2.1.3),
where the message corresponds to a previously sent conditional handover HANDOVER REQUEST message, by
the target NR cell CU to the source NR cell CU, for informing that the preparation of resources has failed. Each
HANDOVER PREPARATION FAILURE message increments the relevant subcounter per failure cause by 1.

d) Each subcounter is an integer value.
e) MM.ChoResAllolnterFail.cause
Where cause identifies the failure cause of the conditional handover resource allocations.
f) NRCellCU
g) Vadlid for packet switched traffic.
h) 5GS

i) One usage of this performance measurementsis for performance assurance.

5.1.1.6.6.7 Number of configured conditional handover candidates

a) Thisinter gNB handover measurement provides the number of outgoing conditional handover candidates
requested by the source gNB.

b) CC.

¢) On transmission of RRCReconfiguration message (TS 38.331 [20] clause 5.3.5), where the message denotes a
conditional handover configuration, to the UE configuring an inter-gNB conditional handover from the source
NRCellCU to the target NRCellCU. The counter on NRCellCU isincremented by the number of candidates
configured in the conditional Reconfiguration IE. The counter on NRCellRelation isincremented by 1 for each
relation that is present in the conditional Reconfiguration | E.

d) A singleinteger value.
e) MM.ConfiglnterReqCho

f) NRCellCU
NRCellRelation

g) Validfor packet switched traffic.
h) 5GS.

i) One usage of this performance measurement is for performance assurance.

5.1.1.6.6.8 Number of UEs configured with conditional handover.

a) Thisinter-gNB handover measurement provides the number of UES that has been configured with conditional
handover by the source gNB.

b) CC.

¢) Ontransmission of RRCReconfiguration message (TS 38.331 [20] clause 5.3.5), where the message denotes a
conditional handover configuration, to the UE configured with an inter-gNB conditional handover from the
source NRCellICU to the target NRCellCU, the counter is stepped by 1. The counter shall only be stepped by 1
even if severa RRCReconfiguration messages are sent to the UE during a cell dwelling time.

d) A singleinteger value.

€) MM.ConfiglnterReqChoUes

f) NRCellCU

g) Validfor packet switched traffic.
h) 5GS.
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i)

One usage of this performance measurement is for performance assurance.

5.1.1.6.6.9 Number of successful conditional handover executions

a)

b)
©)

d)
€)

f)

9)
h)

i)

Thisinter-gNB handover measurement provides the number of successful conditional handover executions
received by the source gNB.

CcC

On receipt at the source gNB of UE CONTEXT RELEASE (TS 38.423 [13] clause 8.2.7) over Xn from the
target gNB following a successful inter-gNB conditional handover, the counter is stepped by 1.

A single integer value.
MM .ChoExel nterSucc

NRCelICU
NRCellRelation

Valid for packet switched traffic.
5GS.

One usage of this performance measurement is for performance assurance.

5.1.1.6.6.10 Void

5.1.1.6.6.11 Mean Time of requested conditional handover executions

a)

b)
©)

This measurement provides the mean time of inter-gNB conditional handover executions during each granularity
period. The measurement is split into subcounters per S-NSSAL.

DER(n=1)

This measurement is obtained by accumulating the time interval for every successful Inter-gNB handover
executions procedure per S-NSSAI between the receipt by the Source NG-RAN from the Target NG-RAN of UE
CONTEXT RELEASE (TS 38.423[13] clause 8.2.7) over Xn and the receipt by the source NG-RAN from the
target NG-RAN of a“HANDOVER SUCCESS’ over agranularity period using DER, for conditional

handovers. The end value of this time will then be divided by the number of inter-gNB conditional handovers
observed in the granularity period to give the arithmetic mean, the accumulator shall be reinitialised at the
beginning of each granularity period.

d) Each measurement is an integer value (in milliseconds.)

€) MM.ChoExelnterReq.TimeM ean.SNSSAI

f) NRCellCU

g) Vadlid for packet switched traffic

h) 5GS

i) One usage of this measurement is for monitoring the mean time of Inter-gNB handovers during the granularity
period.

5.1.1.6.6.12 Max Time of requested conditional handover executions

a) This measurement provides the max time of inter-gNB conditional handover executions during each granularity
period. The measurement is split into subcounters per S-NSSAI.

b) DER(n=1)

¢) This measurement is obtained by measuring the time interval for every successful Inter-gNB handover

executions procedure per S-NSSAI between the receipt by the source NG-RAN from the target NG-RAN of UE
CONTEXT RELEASE (TS 38.423[13] clause 8.2.7) over Xn and the receipt by the source NG-RAN from the
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d)
€)
f)
9)
h)

target NG-RAN of a"HANDOVER SUCCESS" over agranularity period using DER, for conditional handovers.
The high tide mark of thistime will be stored in a gauge, the gauge shall be reinitialised at the beginning of each
granularity period.

Each measurement is an integer value (in milliseconds.)
MM.ChoExel nterReq. TimeM ax.SNSSAI

NRCellCU

Valid for packet switched traffic

5GS

One usage of this measurement is for monitoring the max time of Inter-gNB handovers during the granularity
period.

5.1.1.6.6.13 Number of UEs for which conditional handover preparations are requested

a)

b)
©)

d)
€)
f)
9
h)
i)

This measurement provides the number of UEs for which conditional handover preparations were requested by
the source gNB.

CC.

On transmission of HANDOV ER REQUEST message (see TS 38.423 [13] clause 8.2.1) where the message
denotes a conditional handover preparation, by the source NR cell CU to target NR cell CU, for requesting the
preparation of resources at the target NR cell CU. The counter isincremented by 1 for each UE, even if
HANDOVER REQUEST messages were sent to several cells.

A single integer value.

MM .ChoPreplnterReqUes.
NRCellCU.

Valid for packet switched traffic.
5GS.

One usage of this performance measurementsiis for performance assurance.

5.1.1.6.6.14 Number of UEs for which conditional handover preparations were successful

a)

b)
©)

d)
€)
f)
9
h)

This measurement provides the number of UEs for which successful conditional handover preparations were
received by the source NR cell CU.

CC.

On receipt of HANDOVER REQUEST ACKNOWLEDGE message (see TS 38.423 [13] clause 8.2.1) where the
message corresponds to a previously sent conditional handover HANDOV ER REQUEST message, by the source
NR cell CU from the target NR cell CU, for informing that the resources for the conditional handover have been
prepared at the target NR cell CU. The counter isincremented by 1 for each UE, evenif HANDOVER
REQUEST ACKNOWLEDGE messages were received from several cells.

A single integer value.
MM.ChoPreplnterSuccUes.
NRCellCU.

Valid for packet switched traffic.
5GS.

One usage of this performance measurementsiis for performance assurance.
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5.1.1.6.6.15 Number of UEs for which conditional handover preparations failed

a)

b)
<)

d)

€)

This measurement provides the number of UEs for which conditional handover preparations failed, as received
by the source NR cell CU. This measurement is split into subcounters per failure cause.

CC.

On receipt of HANDOVER PREPARATION FAILURE message (see TS 38.423 [13] clause 8.2.1.3) where the
message corresponds to a previously sent conditional handover HANDOV ER REQUEST message, by the source
NR cell CU from the target NR cell CU, for informing that the preparation of resources at the target NR cell CU
has failed. Each received HANDOV ER PREPARATION FAILURE message increments the relevant subcounter
per failure cause by 1. The counter isincremented by 1 for each UE, even if HANDOVER PREPARATION
FAILURE messages were received from several cells.

Each subcounter is an integer value.
MM .ChoPreplnterFailUes.cause.

where cause identifies the failure cause of the conditional handover preparations.

f) NRCellCU.
g) Vadlid for packet switched traffic.
h) 5GS.
i) One usage of this performance measurementsis for performance assurance
5.1.1.6.7 Intra-gNB conditional handovers
5.1.1.6.7.1 Number of configured conditional handover candidates
a) This measurement provides the number of outgoing intra-gNB conditional handover candidates requested by the
source NRCellCU.
b) CC.
¢) Ontransmission of RRCReconfiguration message (TS 38.331 [20] clause 5.3.5), where the message denotes a
conditional handover configuration, to the UE configuring an intra-gNB conditional handover from the source
NRCellCU to the target NRCel|CU. The counter on NRCellCU isincremented by the number of candidates
configured in the conditional Reconfiguration IE. The counter on NRCellRelation is incremented by 1 for each
relation that is present in the conditional Reconfiguration IE.
d) A singleinteger value.
€) MM.ConfiglntraReqCho
f) NRCellCU
NRCellRelation
g) Vadlid for packet switched traffic.
h) 5GS.
i) One usage of this performance measurement is for performance assurance.
5.1.1.6.7.2 Number of UEs configured with conditional handover
a) Thisintra.gNB handover measurement provides the number of UES that has been configured with conditional
handover by the source cell.
b) CC.
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¢) Ontransmission of RRCReconfiguration message (TS 38.331 [20] clause 5.3.5), where the message denotes a
conditional handover configuration, to the UE configured with an intra-gNB conditional handover from the
source NRCelICU to the target NRCellCU, the counter is stepped by 1. The counter shall only be stepped by 1
even if several RRCReconfiguration messages are sent to the UE during a cell dwelling time.

d) A singleinteger value.

e) MM.ConfiglntraReqChoUes

f) NRCellCU

g) Validfor packet switched traffic.
h) 5GS.

i) One usage of this performance measurement is for performance assurance.

5.1.1.6.7.3 Number of successful handover executions

a) This measurement provides the number of successful intra-gNB handover executions received by the source
NRCellCU.

b) CC.

¢) On reception of RRC ReconfigurationComplete message (see TS 38.331 [20] clause 5.3.5)from the UE to the
target NRCellCU indicating a successful intra-gNB handover, the counter is stepped by 1.

d) A singleinteger value for each subcounter.
€) MM.ChoExelntraSucc

f) NRCellCU
NRCellRelation

g) Validfor packet switched traffic.
h) 5GS.

i) One usage of this performance measurement is for performance assurance.
5.1.1.6.8 Inter-gNB DAPS handovers

5.1.1.6.8.1 Number of requested DAPS handover preparations
a) This measurement provides the number of DAPS handover preparations requested by the source gNB.
b) CC.

¢) On transmission of HANDOV ER REQUIRED message (see TS 38.413 [11]) by the NR cell CU to the AMF, or
transmission of HANDOVER REQUEST message (see TS 38.423 [13]), where the message denotes a DAPS
handover, by the source NR cell CU to target NR cell CU, for requesting the preparation of resources at the
target NR cell CU.

d) A singleinteger value.
€) MM.DapsHoPreplnterReq.

f) NRCellCU,
NRCellR€elation.

g) Validfor packet switched traffic.
h) 5GS.

i) One usage of this performance measurementsis for performance assurance.
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5.1.1.6.8.2 Number of successful DAPS handover preparations
a) This measurement provides the number of successful DAPS handover preparations received by the source NR
cell CU.
b) CC

©)

d)
€)

f)

9)
h)

i)

On receipt of HANDOVER COMMAND message by the NR cell CU from the AMF (see TS 38.413[11]), or
receipt of HANDOVER REQUEST ACKNOWLEDGE message (see TS 38.423 [13]), where the message
denotes a DAPS handover, by the source NR cell CU from the target NR cell CU, for informing that the
resources for the handover have been prepared at the target NR cell CU.

A singleinteger value.
MM .DapsHoPrepl nterSucc.

NRCelICU,
NRCellR€elation.

Valid for packet switched traffic.
5GS.

One usage of this performance measurements is for performance assurance.

5.1.1.6.8.3 Number of failed DAPS handover preparations

a)

b)
c)

d)

€)

f)

9)
h)

i)

This measurement provides the number of failed DAPS handover preparations received by the source NR cell
CU. This measurement is split into subcounters per failure cause.

CC

On receipt of HANDOVER PREPARATION FAILURE message (see TS 38.413 [11]) by the NR cell CU from
the AMF, or receipt of DAPS HO not accepted in DAPS Response Indicator of HANDOV ER REQUEST
ACKNOWLEDGE message (see TS 38.423[13)]), or receipt of HANDOVER PREPARATION FAILURE
message (see TS 38.423 [13]) by the source NR cell CU from the target NR cell CU, where the message denotes
a DAPS handover, for informing that the preparation of resources at the target NR cell CU has failed. Each
received HANDOVER PREPARATION FAILURE or DAPS HO not accepted message increments the relevant
subcounter per failure cause by 1.

Each subcounter is an integer value.
MM .DapsHoPreplnterFail .cause.
Where cause identifies the failure cause of the handover preparations.

NRCelICU,
NRCellR€elation.

Valid for packet switched traffic.
5GS.

One usage of this performance measurements is for performance assurance.

5.1.1.6.84 Number of requested DAPS handover resource allocations
a) This measurement provides the number of DAPS handover resource allocation regquests received by the target
NR cell CU.
b) 1CC

c)

On receipt of HANDOVER REQUEST message (see TS 38.413 [1]) by the NR cell CU from the AMF, or
receipt of HANDOVER REQUEST message (see TS 38.423 [13]) by the target NR cell CU], where the message
denotes a DAPS handover, from the source NR cell CU, for requesting the preparation of resources for
handover.
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d)
€)
f)
9
h)
i)

A single integer value.

MM .DapsHoResAllol nterReq.
NRCellCU.

Valid for packet switched traffic.
5GS.

One usage of this performance measurementsis for performance assurance.

5.1.1.6.8.5 Number of successful DAPS handover resource allocations

a)

b)
c)

This measurement provides the number of successful DAPS handover resource alocations at the target NR cell
CU for the handover.

CC.

On transmission of HANDOV ER REQUEST ACKNOWLEDGE message (see TS 38.413 [11]) by the NR cell
CU to the AMF, or transmission of HANDOV ER REQUEST ACKNOWLEDGE message (see TS 38.423 [13])
by the target NR cell CU to the source NR cell CU, where the message denotes a DAPS handover, for informing
that the resources for the handover have been prepared.

d) A singleinteger value.
€) MM .DapsHoResAllolnterSucc
f) NRCellCU.
g) Vadlid for packet switched traffic.
h) 5GS.
i) One usage of this performance measurementsis for performance assurance.
5.1.1.6.8.6 Number of failed DAPS handover resource allocations
a) This measurement provides the number of failed DAPS handover resource allocations at the target NR cell CU
for the handover. This measurement is split into subcounters per failure cause.
b) CC
c) Ontransmission of HANDOVER FAILURE message (see TS 38.413 [11]) by the NR cell CU to the AMF, or

d)

f)
9)
h)

transmission of HANDOVER PREPARATION FAILURE message (see TS 38.423 [13]) by the target NR cell

CU to the source NR cell CU, where the message denotes a DAPS handover, for informing that the preparation
of resources has failed. Each transmitted HANDOVER FAILURE message or HANDOV ER PREPARATION

FAILURE message increments the relevant subcounter per failure cause by 1.

Each subcounter is an integer value.

MM .DapsHoResAllolnterFail .cause

Where cause identifies the failure cause of the handover resource allocations.
NRCellCU

Valid for packet switched traffic.

5GS

One usage of this performance measurementsiis for performance assurance.
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5.1.1.6.8.7 Number of requested DAPS handover executions

a)

b)
<)

d)
€)

f)

9)
h)

i)

Thisinter gNB handover measurement provides the number of outgoing DAPS handover executions requested
by the source gNB.

CC.

On transmission of RRCReconfiguration message to the UE triggering the inter gNB handover from the source
NRCellCU to the target NRCellCU, indicating the attempt of an outgoing inter-gNB DAPS handover (see TS
38.331 [20]), the counter is stepped by 1.

A singleinteger value.
MM .DapsHoExel nterReq.

NRCellICU,
NRCellR€elation.

Valid for packet switched traffic.
5GS.

One usage of this performance measurement is for performance assurance.

5.1.1.6.8.8 Number of successful DAPS handover executions

a)

b)
©)

d)
€)

f)

9)
h)

i)

Thisinter gNB handover measurement provides the number of successful DAPS handover executions received
by the source gNB.

CcC

On receipt at the source gNB of UE CONTEXT RELEASE [13] over Xn from the target gNB following a
successful DAPS handover, or, if handover is performed via NG, on receipt of UE CONTEXT RELEASE
COMMAND [11] from AMF following a successful inter gNB DAPS handover, the counter is stepped by 1.

A singleinteger value.
MM .DapsHoExel nterSucc.

NRCelICU,
NRCellR€elation.

Valid for packet switched traffic.
5GS.

One usage of this performance measurement is for performance assurance.

5.1.1.6.8.9 Number of failed DAPS handover executions

a)
b)
c)

Thisinter gNB handover measurement provides the number of failed DAPS handover executions.
CC.

This counter isincremented when handover execution failures occur. It is assumed that the UE context is
available in the source gNB. The following events are counted:

1) Onreception of NGAP UE CONTEXT RELEASE COMMAND [11] from AMF indicating an unsuccessful
inter gNB DAPS handover;

2) On reception of RrcReestablishmentRequest [20] wherethe r eest abl i shnent Cause is
handover Fai | ur e, from the UE in the source gNB, where the reestablishment occurred in the source gNB,
for a DAPS handover;

3) On expiry of aHandover Execution supervision timer in the source gNB for a DAPS handover;
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d)

f)

9)
h)

i)

4) On reception of XnAP RETRIEVE UE CONTEXT REQUEST [13] in the source gNB, for aDAPS
handover, when the reestablishment occurred in another gNB;

5) On reception of Failurelnformation [20] where failureType-r16 is set to daps-failure.

The failure causes for UE CONTEXT RELEASE COMMAND arelisted in [11] clause 9.3.1.2. An event
increments the relevant subcounter by 1. For

MM .DapsHoExelnterFail. UE_ CONTEXT_RELEASE COMMAND, an event increments the relevant
subcounter per failure cause by 1.

As one handover failure might cause more than one of the above events, duplicates need to be filtered out.
Each subcounter is an integer value.

MM .DapsHoExelnterFail .UeCtxtRel Cmd.cause;
MM .DapsHoExel nterFail.RrcReestabReq;

MM .DapsHoExel nterFail. HoExeSupTimer;

MM .DapsHoExel nterFail.RetrUeCtxtReq;

MM .DapsHoExel nterFail .FailInfo.

Where cause identifies the failure cause of the UE CONTEXT RELEASE COMMAND message.

NRCellICU,
NRCellR€elation.

Valid for packet switched traffic.
5GS.

One usage of this performance measurement is for performance assurance.

5.1.1.6.9 Intra-gNB DAPS handovers

5.1.1.6.9.1 Number of requested handovers

a)

b)
c)

d)
€)

f)

9)
h)

i)

This measurement provides the number of outgoing intraagNB DAPS handovers requested by the source
NRCellCU.

CC.

On transmission of RRC Reconfiguration message to the UE triggering the handover from the source NRCellCU
to the target NRCellCU, indicating the attempt of an outgoing intra-gNB DAPS handover (see TS 38.331 [20]),
the counter is stepped by 1.

A singleinteger value.
MM .DapsHoExel ntraReq.

NRCellICU,
NRCellRdlation.

Valid for packet switched traffic.
5GS.

One usage of this performance measurement is for performance assurance.

5.1.1.6.9.2 Number of successful DAPS handovers

a)

b)

This measurement provides the number of successful intraagNB DAPS handovers received by the source
NRCellCU.

CC.
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©)

d)
€)

f)

9)
h)

i)

On reception of RRC ReconfigurationComplete message from the UE to the target NRCellCU indicating a
successful intra-gNB DAPS handover (see TS 38.331 [20]), the counter is stepped by 1.

A singleinteger value.
MM .DapsHoExel ntraSucc.

NRCellICU,
NRCellR€elation.

Valid for packet switched traffic.
5GS.

One usage of this performance measurement is for performance assurance.

5.1.1.6.10 Average Time Interval for Preparation of the SN initiated inter-SN CPC

a)

b)
©)

d)

f)

9)
h)

This measurement provides the average time interval needed for preparation of the SN initiated inter-SN
Conditional PSCell Change (CPC).

CC

Average of samples from the observation interval where each one representsinterval between the point in time
when the list of candidate PSCellsis selected by the Source SN (S-SN) for the candidate Target SN(s) (T-SN)
which so followed with sending XnAP: SSNODE CHANGE REQUIRED message from the S-SN to MN and the
point in time when S-SN communicates CPC configuration to UE as triggered upon reception of the XnAP: S
NODE CHANGE CONFIRM from MN (clause 10.5.2, step 8 in Figure 10.5.2-4 in TS 37.340 [60]). The
measurement isdone in S-SN per the MN.

Each measurement is an integer representing the mean delay in 1 millisecond. The measurement is provided per
S-SN and MN pair.

AvgPrepTimeForinterSNCPC
GNBCUCPFunction

Valid for packet switched traffic.
5GS.

5.1.1.7 TB related Measurements

511.7.1 Total number of DL initial TBs

a)

b)
©)

d)

€)

f)

This measurement provides the total number of initial TBs transmitted on the downlink in acell. HARQ re-
transmissions are excluded from this measurement.This measurement is optionally split into subcounters per
modul ation schema.

CC.

On transmission by the gNB of TB to UE during the period of measurement.This measurement is optionally split
into subcounters per modulation schema.

A singleinteger value.

The measurement name has the form TB.TotNbrDlInitial, TB.TotNbrDlInitial.Qpsk,
TB.TotNbrDlInitial.16Qam.

TB.TotNbrDlInitial.64Qam, TB.TotNbrDlInitial.256Qam.
NRCelIDU.
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g) Vadlid for packet switched traffic .
h) 5GS.

51.1.7.2 Intial error number of DL TBs

a) This measurement provides the number of initial faulty TBs transmitted on the downlink in acell.This
measurement is optionally split into subcounters per modulation schema.

b) CC.

¢) On receipt by the gNB of aNACK or DTX from UE which indicates a faulty reception of TB by UE at first
HARQ feedback during the period of measurement. This measurement is optionally split into subcounters per
modul ation schema.

d) A single integer value.
€) The measurement name has the form TB.IntialErrNbrDI, TB.Intial ErrNbrDI.Qpsk, TB.Intial ErrNbrDI.16Qam
TB.IntialErrNbrDI.64Qam, TB.Intial ErrNbrDI.256Qam.
f) NRCelIDU.
g) Validfor packet switched traffic .
h) 5GS.

51.1.7.3 Total number of DL TBs

a) This measurement provides the total number of TBs transmitted on the downlink in a cell. The measurement is
split into subcounters per layer at MU-MIMO case. This measurement includes all transmitted TBs (including
the successful and failed TBsduring initial transmission and HARQ re-transmission).

b) CC.

¢) On transmission by the gNB of TB to UE during the period of measurement. The measurement is split into
subcounters per Layer at MU-MIMO case.A single integer value. .

d) Each measurement is aninteger.
e) TB.TotNbrDI.X
Where X identified by DL MU-MIMO maximum layer.
f) NRCellDU.
g) Validfor packet switched traffic .
h) 5GS.

51.1.7.4 Total error number of DL TBs

a) This measurement provides the number of total faulty TBs transmitted on the downlink in acell .The
measurement is split into subcounters per layer at MU-MIMO case.This measurement include all transmitted
faulty TBs of initial transmission and re-transmission .

b) CC.

¢) On receipt by the gNB of aNACK or DTX from UE which indicates a faulty reception of TB by UE during the
period of measurement. The measurement is split into subcounters per Layer at MU-MIMO case.
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d) Each measurement isan integer.
€) TB.ErrTotNbrDI.X.
Where X identified by DL MU-MIMO maximum layer.
f) NRCellDU.
g) Vadlid for packet switched traffic .
h) 5GS.

5.1.1.75 Residual error number of DL TBs

a) This measurement provides the number of final faulty TBs transmitted on the downlink in acell at last HARQ
re-transmissions.

b) CC.

c) Onreceipt by the gNB of aNACK or DTX from UE which indicates a faulty reception of TB by UE at the last
HARQ feedback during the period of measurement.

d) A single integer value.

€) TB.ResiduaErrNbrDI.
f) NRCelIDU.
g) Validfor packet switched traffic
h) 5GS.

5.1.1.7.6 Total number of UL initial TBs

a) This measurement provides the total number of initial TBs on the uplink in a cell. This measurement is optionally
split into subcounters per modulation schema.

b) CC

¢) Onreceipt by the gNB of TB from UE during the period of measurement.This measurement is optionally split
into subcounters per modulation schema.

d) A single integer value.
€) The measurement name has the form TB.TotNbrUIInit, TB.TotNbrUIInit.Qpsk, TB.TotNbrUIInit.16Qam,
f) TB.TotNbrUIInit.64Qam, TB.TotNbrUIInit.256Qam.
0) NRCelIDU.
h) Valid for packet switched traffic .
i) 5GS.

51.1.7.7 Error number of UL initial TBs

a) This measurement provides the number of initial faulty TBs on the uplink in acell. This measurement is
optionally split into subcounters per modulation schema.

b) CC

ETSI



3GPP TS 28.552 version 18.6.0 Release 18 91 ETSI TS 128 552 V18.6.0 (2024-05)

©)

d)

On receipt by the gNB of ainitial TB on which CRC failsor DTX from UE during the period of
measurement. This measurement is optionally split into subcounters per modulation schema.

A singleinteger value.

€) The measurement name has the form TB.ErrNbrUIInitial, TB.ErrNbrUIInitial.Qpsk, TB.ErrNbrUlInitial.16Qam

TB.ErrNbrUlInitial.64Qam, TB.ErrNbrUlInitial.256Qam.
f) NRCellDU.

g) Vadid for packet switched traffic .

h) 5GS.

5.1.1.7.8 Total number of UL TBs

a)

b)
c)

d)

€)

This measurement provides the total number of TBs on the uplink in a cell. The measurement is split into
subcounters per layer at MU-MIMO case.This measurement includes al transmitted TBs (including the
successful and failed TBs during initial transmission and HARQ re-transmission).

CcC

On receipt by the gNB of TB from UE during the period of measurement.The measurement is split into
subcounters per Layer at MU-MIMO case.A singleinteger value. The sum value identified by the .sum suffix.

Each measurement is an integer.

TB.TotNbrUI.X

Where X identified by UL MU-MIMO maximum layer.
f) NRCellDU.

g) Validfor packet switched traffic.

h) 5GS.

5.1.1.7.9 Total error number of UL TBs

a)

b)
<)

d)

€)

This measurement provides the number of total faulty TBs on the uplink in acell. The measurement is split into
subcounters per layer at MU-MIMO case.This measurement include all transmitted faulty TBs of initial and re-
transmission .

CcC

On receipt by the gNB of a TB on which CRC failsor DTX from UE during the period of measurement. The
measurement is split into subcounters per Layer at MU-MIMO case.A single integer value.

Each measurement is an integer.

TB.ErrTotNbrUI.X

Where X identified by UL MU-MIMO maximum layer.
f) NRCellDU.

g) Validfor packet switched traffic.

h) 5GS.
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5.1.1.7.10 Residual error number of UL TBs
a) This measurement provides the number of final faulty TBson the uplink in acell.
b) CC

c) Onreceipt by the gNB of a TB on which CRC failsor DTX at last HARQ re-transmissions from UE during the
period of measurement.

d) A singleinteger value.
€) TB.ResidualErrNbrUI .
f) NRCellDU.
g) Vadlid for packet switched traffic.

h) 5GS.
5.1.1.8 Void
5.1.1.9 Void
5.1.1.10 DRB related measurements
5.1.1.10.1 Number of DRBs attempted to setup

a) This measurement provides the number of DRBs attempted to setup to support all requested QoS flowsin the
PDU sessionsto be setup by the INITIAL CONTEXT SETUP REQUESTs, PDU SESSION RESOURCE
SETUP REQUESTSs and PDU SESSION RESOURCE MODIFY REQUEST message received by the gNB from
AMF. This measurement is split into subcounters per mapped 5QI and per S-NSSAI.

b) CC.

¢) Onreceipt of "PDU Session Resource Setup Request List” IEinalINITIAL CONTEXT SETUP REQUEST
message, PDU SESSION RESOURCE SETUP REQUEST message (see TS 38.413 [11]) or aby the PDU
SESSION RESOURCE MODIFY REQUEST message to gNB from the AMF. Each DRB that is needed to setup
in the transmitted RRCReconfiguration message increments the relevant subcounter per mapped 5QI by 1, and
the relevant subcounter per S-NSSAI by 1. Any DRBs attempted to setup to support all requested QoS flowsin
the PDU SESSION RESOURCE SETUP REQUEST messages with same PDU Session IDs as an existing PDU
Session are excluded.

d) Each subcounter is an integer value.

€) DRB.EstabAtt.5Ql, where 5QI identifies mapped 5QI and
DRB.EstabAtt.SNSSAI, where SNSSAI identifies the S-NSSAL.

f) NRCellCU.

g) Vadlid for packet switched traffic.

h) 5GS.

i) One usage of this performance measurementsis for performance assurance.

5.1.1.10.2 Number of DRBs successfully setup

a) This measurement provides the number of DRBs successfully setup to support all requested QoS flows in the
PDU sessionsto be setup by the INITIAL CONTEXT SETUP REQUESTs, PDU SESSION RESOURCE
SETUP REQUESTSs and PDU SESSION RESOURCE MODIFY REQUEST message received by the gNB from
AMF. This measurement is split into subcounters per mapped 5QI and per S-NSSAI.
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b)

d)

f)
9)
h)
i)

CC.

On transmission of INITIAL CONTEXT SETUP RESPONSE, PDU SESSION RESOURCE SETUP
RESPONSE message containing the "PDU Session Resource Setup Response List” |1E (see TS 38.413 [11]) or
by the PDU SESSION RESOURCE MODIFY REQUEST message from the gNB to the AMF.The counter
increases by the number of DRBs that was successfully setup indicated by the RRCReconfigurationComplete
message from the UE, as the response to the transmitted RRCReconfiguration message that contains the DRBs to
add (see TS 38.331[20]). Each DRB that was successfully setup to the UE increments the relevant subcounter

per mapped 5QI by 1, and the relevant subcounter per SSNSSAI by 1.

Each subcounter is an integer value.

DRB.EstabSucc.5QI, where 5QI identifies mapped 5QI and
DRB.EstabSucc. SNSSAI, where SNSSAI identifiesthe S-NSSAI.
NRCellCU.

Valid for packet switched traffic.

5GS.

One usage of this performance measurementsiis for performance assurance.

5.1.1.10.3 Number of released active DRBs

a)

b)

This measurement provides the number of abnormally released DRBs that were active at the time of release.
DRBswith bursty flow are seen as being active if thereis user datain the PDCP queue in any of the directions or
if any DRB data on a Data Radio Bearer (UL or DL) has been transferred during the last 100 ms. DRBs with
continuous flow are seen as active DRBs in the context of this measurement, aslong asthe UE isin RRC
connected state. DRBs used in 3GPP option 3 shall not be covered in this measurement

The measurement is split into sub counters per mapped 5QI and per S-NSSAI.

CcC
On

- transmission by the NG-RAN of a PDU SESSION RESOURCE RELEASE RESPONSE message for the
PDU releaseinitiated by the AMF with the exception of corresponding PDU SESSION RESOURCE
RELEASE COMMAND message with "Cause" equal to "Normal Release” or "User inactivity", "Load
balancing TAU required", "Release due to CN-detected mobility”, "O&M intervention”, or-

- transmission by the NG-RAN of aPDU SESSION RESOURCE MODIFY RESPONSE message for the
PDU modification initiated by the AMF with the exception of corresponding PDU SESSION RESOURCE
MODIFY REQUEST message with the "Cause" equal to "Normal Release”, or

- transmission by the NG-RAN of aUE CONTEXT RELEASE COMPLETE for the UE context release
initiated by the NG-RAN with the exception of the corresponding UE CONTEXT RELEASE REQUEST
message with the cause equal to "Normal Release" or "User inactivity”, "Partial handover", " Successful
handover”, or

- transmission by the NG-RAN of aUE CONTEXT RELEASE COMPLETE message for the UE context
release initiated by the AMF with the exception of the corresponding UE CONTEXT RELEASE
COMMAND message with "Cause" equal to "Normal Release", "Handover Cancelled” or a successful
mobility activity (e.g., cause " Successful Handover”, or "NG Intra system Handover triggered"), or

- receipt by the NG-RAN of aPATH SWITCH REQUEST ACKNOWLEDGE or PATH SWITCH REQUEST
FAILED message by which some or all DRBs in the corresponding PATH SWITCH REQUEST need to be
released, or

- transmission of aNG RESET ACKNOWLEDGE messageto AMF; or
- receipt of aNG RESET ACKNOWLEDGE message from AMF,
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d)

€)

f)
9)
h)
i)

Any of the UL or DL DRBs release using the RRCReconfiguration message (see TS 38.331[20]) sent to the UE,
triggers the corresponding counter to increment by 1.

DRBs with bursty flow are considered active if there is user datain the PDCP queue in any of the directions or if
any data (UL or DL) has been transferred during the last 100 ms. DRBs with continuous flow are seen as
active DRBs in the context of this measurement, aslong as the UE isin RRC connected state. Each
corresponding DRB to release is added to the relevant measurement per mapped 5QI and S-NSSAI.

A particular DRB is defined to be of type continuous flow if the mapped 5QI isany of {1, 2, 65, 66} .

Each measurement is an integer value. The number of measurementsis equal to the number of mapped 5QI
levels plus the number of S-NSSAIs.

The measurements name has the form DRB.Rel ActNbr.5QI, where 5QI identifies the mapped 5QI and
DRB.RelActNbr.SNSSAI, where SNSSAI identifies the S-NSSAI.

NRCellCU

Valid for packet switched traffic

5GS

This measurement is to support the Retainability KPI "DRB Retainability” defined in TS 28.554 [8].

5.1.1.10.4 In-session activity time for DRB

a)

b)
©)

d)

€)

f)
9)
h)
i)

This measurement provides the aggregated active session time for DRBsin acell. The measurement is split into
sub counters per mapped 5QI and per S-NSSAI. DRBs used in 3GPP option 3 shall not be covered in this
measurement.

CcC

Number of "in session” seconds aggregated for DRBs with a certain mapped 5QI level or for a certain SSNSSAI,
where "in session” has the following definitions:

- DRBswith bursty flow issaid to be"in session” if thereis user datain the PDCP queue in any of the
directionsor if any data (UL or DL) has been transferred during the last 100 ms for that DRB.

- DRBswith continuous flow are seen as being "in session” in the context of this measurement, as long as the
UE isin RRC connected state, and the session time is increased from the first data transmission on the DRB
until 100 ms after the last data transmission on the DRB.

A particular DRB is defined to be of type continuous flow if the mapped 5QI isany of {1, 2, 65, 66}.

Each measurement is an integer value. The number of measurementsis equal to the number of mapped 5QI
levels plus the number of S-NSSAIs.

The measurement name has the form DRB.SessionTime.5QI, where 5QI identifies the mapped 5QI and
DRB.SessionTime.SNSSAI, where SNSSAI identifies the S-NSSAI.

NRCellCU

Valid for packet switched traffic

5GS

This measurement is to support the Retainability KPI "DRB Retainability" defined in TS 28.554 [8].

5.1.1.10.5 Number of Initial DRBs attempted to setup

a)

b)

This measurement provides the number of initial DRBs attempted to setup to support all requested QoS flows in
the PDU sessions to be setup by the INITIAL CONTEXT SETUP REQUEST messages received by the gNB
from AMF. This measurement is optionally split into subcounters per mapped 5QI and per SSNSSAI.

CC.
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c)

d)

€)

f)
9
h)
i)

On receipt of "PDU Session Resource Setup Request List" IE inan INITIAL CONTEXT SETUP REQUEST
message (see TS 38.413 [11]) to gNB from the AMF. Each DRB that is needed to setup in the transmitted
RRCReconfiguration message increments the relevant subcounter per mapped 5QI by 1, and optionally the
relevant subcounter per SSNSSAI by 1.

Each measurement is an integer value.

The measurement name has the form.

DRB.Initial EstabAtt.5Ql where 5QI identifies the mapped 5QI and
DRB.Initial EstabAtt. SNSSAI, where SNSSAI identifies the S-NSSAL.
NRCellCU.

Valid for packet switched traffic.

5GS.

One usage of this performance measurementsiis for performance assurance.

5.1.1.10.6 Number of Initial DRBs successfully setup

a)

b)
©)

d)

€)

f)
9)
h)
i)

This measurement provides the number of initial DRBs successfully setup to support all requested QoS flowsin
the PDU sessionsto be setup by the INITIAL CONTEXT SETUP REQUEST messages received by the gNB
from AMF. This measurement is optionally split into subcounters per mapped 5QI and per S-NSSAI.

CC.

On transmission of INITIAL CONTEXT SETUP RESPONSE message containing the "PDU Session Resource
Setup Response List" 1E (see TS 38.413 [11]) from the gNB to the AMF. The counter increases by the number of
DRBs that was successfully setup indicated by the RRCReconfigurationComplete message from the UE, asthe
response to the transmitted RRCReconfiguration message that contains the DRBs to add (see TS 38.331[20]).
Each DRB that was successfully setup to the UE increments the relevant subcounter per mapped 5QI by 1, and
optionally the relevant subcounter per SSNSSAI by 1.

Each measurement is an integer value.

The measurement name has the form:

DRB.InitialEstabSucc.5QI where 5QI identifies the mapped 5QI and
DRB.Initial EstabSucc. SNSSAI where SNSSAI identifies the SSNSSAL.
NRCellCU.

Valid for packet switched traffic.

5GS.

One usage of this performance measurements is for performance assurance.

5.1.1.10.7 Number of DRBs attempted to be resumed

a)
b)

©)

d)

€)

This measurement provides the number of DRBs attempted to be resumed. This measurement is split into
subcounters per mapped 5QI and per S-NSSAI.

CC.

On Receipt of the RRCResumeRequest message or RRCResumeRequest1 corresponding number of DRBs that
areidentified by gNB asto be resumed for the UE is counted. The identified DRBs related to consequent RRC
connection resume fallback to RRC connection establishment initiated by gNB are excluded from the counting.

Each subcounter is an integer value.

DRB.ResumeALtt.5Ql, where 5QI identifies mapped 5QI and
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DRB.ResumeALtt.SNSSAI, where SNSSAI identifies the S-NSSAL.
f) NRCellCU.
g) Vadlid for packet switching.
h) 5GS.

5.1.1.10.8 Number of DRBs successfuly resumed

a) This measurement provides the total successful number of DRBs successfuly resumed. This measurement is split
into subcounters per mapped 5QI and per S-NSSAI.

b) CC.

¢) On Receipt of a RRCResumeComplete message the corresponding number of DRBs successfuly resumed for the
UE is counted.

d) Each subcounter is an integer value.

€) DRB.ResumeSucc.5Ql, where 5QI identifies mapped 5QI and
DRB.ResumeSucc.SNSSAI, where SNSSAI identifies the S-NSSAL.

f) NRCellCU.

g) Vadlid for packet switching.

h) 5GS.

5.1.1.10.9 Void
5.1.1.10.10 Void

5.1.1.10.11 Mean number of DRBs undergoing from User Plane Path Failures

a) This measurement provides the number of DRB’s prone to GTP-U Error Indication, the 5G CU-UP shall return a
GTP-U Error Indication if it does not have a corresponding GTP-U context (see clause 5.2 of TS 23.527 [x]).

b) CC.

¢) The5G CU-UP should also notify the GTP-U user plane path failure via the Operation and Maintenance system.
All DRB'’s of this UE are counted for this measurement to the target 5GS cell. Each DRB attempted to establish
is added to the relevant measurement per QCI, the possible QCls areincluded in TS 23.501 [4]. The sum of all
supported per QCI measurements shall equal the total number of DRB’ s attempted to setup. In case only a subset
of per QCI or per supported S-NSSAI measurements are supported, a sum subcounter will be provided first.

d) Each measurement is an integer value. The number of measurementsis equal to the number of causes supported
plus a possible sum value identified by the .sum suffix.

€) The measurement name has the form DRB.GTPUPathFailure.5QI, where 5QI identifies mapped 5QI and
DRB.GTPUPathFailure. SNSSAI, where SNSSAI identifies the S-NSSAI.

f) NRCellCU.
g) Vadlid for packet switched traffic.
h) 5GS.

5.1.1.10.12 Number of DRBs attempted to setup in case of Dual Connectivity

a) This measurement provides the number of DRBs attempted to setup to support al requested QoS flowsin the
PDU sessions to be setup by the SSNODE ADDITION REQUESTs and SSNODE MODIFICATION
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b)
©)

d)

€)

f)
9)
h)
i)

REQUESTs message received by the S-NG-RAN node from M-NG-RAN node . This measurement is split into
subcounters per mapped 5QI and per S-NSSAI.

CC.

Onreceipt of "S- NODE ADDITION REQUESTSs, SNODE MODIFICATION REQUESTs messages by the S-
NG-RAN node from M-NG-RAN node (see TS 38.423 [13]). Each DRB that is needed to setup in the
transmitted RRCReconfiguration message increments the relevant subcounter per mapped 5QI by 1, and the
relevant subcounter per SSNSSAI by 1.

Each subcounter is an integer value.

DRB.EstabAttDC.5QI, where 5QI identifies mapped 5QI and
DRB.EstabAttDC.SNSSAI, where SNSSAI identifies the S-NSSAL.
NRCellCU.

Valid for packet switched traffic.

5GS.

One usage of this performance measurement is for ensuring performance in case of Dual Connectivity.

5.1.1.10.13 Number of DRBs successfully setup in case of Dual Connectivity

a)

b)
©)

d)

€)

f)
9
h)

This measurement provides the number of DRBs successfully setup to support all requested QoS flowsin the
PDU sessions to be setup by the SSNODE ADDITION REQUESTs and SSNODE MODIFICATION
REQUESTs message received by the S-NG-RAN node from M-NG-RAN node . This measurement is split into
subcounters per mapped 5QI and per S-NSSAI.

CC.

On transmission of SSNODE RECONFIGURATION COMPLETE message from the M-NG-RAN nodeto the S
NG-RAN node. The counter increases by the number of DRBs that was successfully setup indicated by the
RRCReconfigurationCompl ete message from the UE, as the response to the transmitted RRCReconfiguration
message that contains the DRBsto add (see TS 38.331[20]). Each DRB that was successfully setup to the UE
increments the relevant subcounter per mapped 5QI by 1, and the relevant subcounter per S-NSSAI by 1.

Each subcounter is an integer value.

DRB.EstabSuccDC.5QI, where 5QI identifies mapped 5QI and
DRB.EstabSuccDC.SNSSAI, where SNSSAI identifies the SSNSSAL.
NRCellCU.

Valid for packet switched traffic.

5GS.

One usage of this performance measurement is for ensuring performance in case of Dual Connectivity.

5.1.1.11 CQI related measurements
5.1.1.11.1 Wideband CQI distribution
a) This measurement provides the distribution of Wideband CQI (Channel Quality Indicator) reported by UEsin

b)

the cell.
CC.
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¢) Thismeasurement is obtained by incrementing the appropriate measurement bin when awideband CQI valueis
reported by a UE in the cell. When spatial multiplexing is used, CQI for both rank indicator should be
considered. When different CSl-ReportConfig is used, different 4-bit CQI tables defined in TS 38.214 [19]
should be considered.
d) Each measurement isasingle integer value.
e) CARR.WBCQIDist.BinX.BinY.BinZ, where X represents the index of the CQI value (0 to 15). Y represents the
index of rank value (1 to 8), Z represents the index of table value (1 to 4).
f) NRCellDU.
g) Validfor packet switching.
h) 5GS.
5.1.1.12 MCS related Measurements
51.1.12.1 MCS Distribution in PDSCH
a) This measurement provides the distribution of the MCS scheduled for PDSCH RB by NG-RAN.
b) CC
¢) This measurement is obtained by incrementing the appropriate measurement bin with the number of the PDSCH
RBs according to the MCS scheduled by NG-RAN. When single user spatial multiplexing (ie SU-MIMO) is
used, MCS for both rank indicator should be considered. Different MCSindex tables for PDSCH should be
considered when the configuration is different as defined in clause 5.1.3.1, TS 38.214 [19]. The RBs used for
broadcast should be excluded.
d) Each measurement isasingle integer value.
e) CARR.PDSCHMCSDist.BinX.BinY.BinZ, where X represents the index of rank value (1 to 8), Y represents the
index of table value (1 to 4), and Z represents the index of the MCS value (0 to 31).
f) NRCellDU.
g) Vadid for packet switching.
h) 5GS.
5.1.1.12.2 MCS Distribution in PUSCH
a) This measurement provides the distribution of the MCS scheduled for PUSCH RB by NG-RAN.
b) CC.
¢) This measurement is obtained by incrementing the appropriate measurement bin with the number of the PUSCH
RBs according to the MCS scheduled by NG-RAN. When single user spatial multiplexing (ie SU-MIMO)is
used, MCS for both rank indicator should be considered. Different MCSindex tables for PUSCH with transform
precoding and 64QAM should be considered when the configuration is different as defined in clause 6.1.4.1, TS
38.214 [19].
d) Each measurement isasingle integer value.
e) CARR.PUSCHMCSDist.BinX.BinY.BinZ, , where X represents the index of rank value (1to 8), Y represents
the index of table value (1 to 2), and Z represents the index of the MCS value (0 to 31).
f) NRCellDU.
g) Vadid for packet switching.
h) 5GS.
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5.1.1.12.3 PDSCH MCS Distribution for MU-MIMO

a) This measurement provides the distribution of the MCS scheduled for PDSCH RB by NG-RAN in MU-MIMO
scenario.

b) CC

¢) This measurement is obtained by incrementing the appropriate measurement bin with the number of the PDSCH
RBs according to the M CS scheduled by NG-RAN for MU-MIMO. The RBs used for broadcast should be
excluded.

d) Each measurement isasingle integer value.

e) CARR.MUPDSCHMCSDist.BinX, where X represents the index of the MCS value (0 to 31).

f) NRCellDU.

g) Validfor packet switching.

h) 5GS.

5.1.1.12.4 PUSCH MCS Distribution for MU-MIMO

a) This measurement provides the distribution of the MCS scheduled for PUSCH RB by NG-RAN in MU-MIMO
scenario.

b) CC.

¢) This measurement is obtained by incrementing the appropriate measurement bin with the number of the PUSCH
RBs according to the MCS scheduled by NG-RAN for MU-MIMO.

d) Each measurement isasingle integer value.

e) CARR. MUPUSCHMCSDist.BinX, where X represents the index of the MCS value (0 to 31).

f) NRCellDU.

g) Vadlid for packet switching.

h) 5GS.

5.1.1.13 QoS flow related measurements

5.1.1.13.1 QoS flow release
5.1.1.13.1.1 Void
5.1.1.13.1.2 Number of QoS flows attempted to release
a) This measurement provides the number of QoS flows attempted to release. The measurement is split into

b)
c)

subcounters per QoS level and per S-NSSAI.
CC.

On receipt by the gNB of an PDU SESSION RESOURCE RELEASE COMMAND or PDU SESSION
RESOURCE MODIFY REQUEST message, or on gNB send the message of UE CONTEXT RELEASE
REQUEST or PDU SESSION RESOURCE NOTIFY to AMF, each requested QoS Flow release Itemin
the message is release to the relevant measurement per QoS level, the possible QoS levels areincluded in
TS 38.413. The sum of al supported per QoS level measurements shall equal the total number of Qos
FlowsS attempted to setup plus the number of SSNSSAI. In case only a subset of per QoS level
measurements is supported, a sum subcounter will be provided first. Measurements are subcounters per 5QI
and subcounters per S-NSSAI.
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d)

€)

A single integer value.

The measurement name has the form:
QF.ReleaseAttNbr.5QI where 5QI identifies the 5QI and
QF.ReleaseAttNbr.SNSSAI identifies the S-NSSAI

f) NRCellCU.
g) Valid for packet switched traffic.
h) 5GS.
5.1.1.13.2 QoS flow activity
5.1.1.13.2.1 In-session activity time for QoS flow
a) This measurement provides the aggregated active session time for QoS flow in a cell. The measurement is split
into subcounters per QoS level .
b) CC.
¢) Number of "in session” seconds aggregated for QoS flows with a certain QoS level. , where "in session” has the

d)

€)
f)
)
h)
i)

following definitions:

- QoS flows with bursty flow issaid to be "in session” for a UE if thereis user datain the PDCP queuein any
of the directions or if any QoS flow data (UL or DL) has been transferred during the last 100 ms for that 5QI

- QoS flows with continuous flow are seen as being "in session” in the context of this measurement as long asthe
UE isin RRC connected state, and the session time isincreased from the first data transmission on the QoS flow
until 100 ms after the last data transmission on the QoS flow.

The sum of al supported per QoS flow measurements shall equal the total session seconds. In case only a subset
of per QoS flow measurements is supported, a sum subcounter will be provided first.

A particular QoS flow is defined to be of type continuous flow if the 5QI isany of {1, 2, 65, 66} .

Each measurement is an integer value. The number of measurementsis equal to the number of QoS levels plusa
possible sum value identified by the .sum suffix.

The measurement name has the form QF.SessionTimeQoS.QoS.
NRCellCU.

Valid for packet switched traffic.

5GS.

This measurement is to support the Retainability KPI " QoS flow Retainability" defined in TS 28.554 [8].

5.1.1.13.2.2 In-session activity time for UE

a)
b)
©)

This measurement provides the aggregated active session time for UEsin acell.
CC.

Number of session seconds aggregated for UEsin acell.

For QoS flows with bursty flow, a UE issaid to be "in session” if thereis user datain the PDCP queue in any of
the directions or if any QoS flow data on a Data Radio Bearer (UL or DL) has been transferred during the last
100 ms.

For QoS flows with continuous flow, the QoS flows (and the UE) is seen as being "in session” in the context of
this measurement as long as the UE isin RRC connected state, and the session timeisincreased from the first
data transmission on the QoS flow until 100 ms after the last data transmission on the QoS flow.

A particular QoS flow is defined to be of type continuous flow if the 5QI isany of {1, 2, 65, 66} .

ETSI



3GPP TS 28.552 version 18.6.0 Release 18 101 ETSI TS 128 552 V18.6.0 (2024-05)

d) Each measurement is an integer value.

€) The measurement name has the form QF.SessionTimeUE

f) NRCellCU.

g) Validfor packet switched traffic.

h) 5GS.

i) This measurement is to support the Retainability KPI "QoS flow Retainability” defined in TS 28.554 [§].

5.1.1.13.3 QoS flow setup

5.1.1.13.3.1 Void

5.1.1.13.3.2 Void

5.1.1.13.3.3 Number of QoS flow failed to setup

a) This measurement provides the number of QoS flows failed to setup. The measurement is split into subcounters
per failure cause.

b) CC.

¢) Ontransmission by the NG-RAN of aPDU SESSION RESOURCE SETUP RESPONSE message, or
transmission by the NG-RAN of aINITIAL CONTEXT SETUP RESPONSE message, or transmission by the
NG-RAN of aPDU SESSION RESOURCE MODIFY RESPONSE message, each QoS flow failed to establish
is added to the relevant measurement per cause, the possible causes are included in TS 38.413 [11]. The sum of
al supported per cause measurements shall equal the total number of additional QoS flowsfailed to setup. In
case only a subset of per cause measurements is supported, a sum subcounter will be provided first.

d) Each measurement isan integer value. The number of measurementsis equal to the number of causes plus a
possible sum value identified by the .sum suffix.

€) The measurement name has the form QF. EstabFailNbr.Cause
where Cause identifies the cause resulting in the QoS flow setup failure.

f) NRCellCU.

g) Vadlid for packet switched traffic.

h) 5GS.

5.1.1.13.34 Number of Initial QoS flow attempted to setup

a) This measurement provides the number of Initial QoS flows attempted to setup. The measurement is split into
subcounters per QoS level (5Ql).

b) CC.

c) Onreceipt by the NG-RAN of aINITIAL CONTEXT SETUP REQUEST message, each requested QoS flow in
the message is added to the relevant measurement per QoS level (5QI) and per SSNSSAI, the possible 5QIs are
included in TS 23.501 [4]. The sum of all supported per QoS level measurements shall equal the total number of
Initial QoS flows attempted to setup. In case only a subset of per QoS level measurements is supported, a sum
subcounter will be provided first.

d) Each measurement is an integer value. The number of measurementsis equal to the number of QoS levels plus
the number of S-NSSAIS, plus a possible sum value identified by the .sum suffix.

€) The measurement name has the form.

QF. InitialEstabAttNbr.5QI where 5QI identifies the 5QI and
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QF.Initial EstabAttNbr. SNSSAI identifies the S-NSSAL.

f) NRCelCU.

g) Vadlid for packet switched traffic.

h) 5GS.

5.1.1.13.35 Number of Initial QoS flow successfully established

a) This measurement provides the number of Initial QoS flows successfully established. The measurement is split
into subcounters per QoS level and per S-NSSAI.

b) CC.

¢) Ontransmission by the NG-RAN of aINITIAL CONTEXT SETUP RESPONSE message,each QoS flow
successfully established is added to the relevant measurement per QoS level (5QI) and per S-NSSAI, the
possible 5QIsareincluded in TS 23.501 [4]. The sum of all supported per QoS level measurements shall equal
the total number of Initial QoS flows successfully setup. In case only a subset of per QoS level measurementsis
supported, a sum subcounter will be provided first.

d) Each measurement is an integer value. The number of measurementsis equal to the number of QoS levelsplusa
possible sum value identified by the .sum suffix.

€) The measurement name has the form:
QF-.Initial EstabSuccNbr.5QI where 5QI identifies the 5QI and
QF. Initial EstabSuccNbr.SNSSAI identifies the S NSSAI.

f) NRCellCU.

g) Vadlid for packet switched traffic.

h) 5GS.

5.1.1.13.3.6 Number of Initial QoS flow failed to setup

a) This measurement provides the number of Initial QoS flows failed to setup. The measurement is split into
subcounters per failure cause.

b) CC.

¢) Ontransmission by the NG-RAN of aINITIAL CONTEXT SETUP RESPONSE message, each QoS flow failed
to establish is added to the relevant measurement per cause, the possible causes are included in TS 38.413 [18].
The sum of all supported per cause measurements shall equal the total number of Initial QoS flows failed to
setup. In case only a subset of per cause measurements is supported, a sum subcounter will be provided first.

d) Each measurement isan integer value. The number of measurementsis equal to the number of causes plus a
possible sum value identified by the .sum suffix.

€) The measurement name has the form QF. Initial EstabFailNbr.Cause
where Cause identifies the cause resulting in the QoS flow setup failure.

f) NRCellCU.

g) Vadlid for packet switched traffic.

h) 5GS.
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5.1.1.13.4 QoS flow modification

5.1.1.13.4.1 Void

5.1.1.13.4.2 Void

5.1.1.13.4.3 Number of QoS flows failed to modify

a) This measurement provides the number of QoS flows failed to modify. The measurement is split into
subcounters per failure cause.

b) CC.

¢) On transmission by the gNB of a PDU SESSION RESOURCE MODIFY RESPONSE message (see TS 38.413
[11]), each QoS flow failed to modify is added to the relevant subcounter per cause.

d) Each measurement is aninteger value.

e) QF.ModNbrFail.cause, where cause identifies the cause (see TS 38.413 [11]).
f) NRCellCU.

g) Vadlid for packet switched traffic.

h) 5GS.
51.1.14 Void
5.1.1.15 RRC connection establishment related measurements
5.1.1.15.1 Attempted RRC connection establishments

a) This measurement provides the number of RRC connection establishment attempts for each establishment cause.
b) CC

¢) Receipt of an RRCSetupRequest message by the gNB from the UE. Each RRCSetupRequest message received is
added to the relevant per establishment cause measurement. RRCSetupRequests that are received while a setup
procedure is aready ongoing for this UE are excluded. RRCSetupRequests that are received during AMF
Overload action (see clause 9.3.1.105 in TS 38.413) are effectively to be excluded from the measurement. The
possible establishmentCause are included in TS 38.331 [20] (clause 6.2.2). The sum of all supported per cause
measurement values shall be equal the total number of RRCSetupRequest.

d) Each measurement is aninteger value. The number of measurementsis equal to the number of establishment
causes.

€) RRC.ConnEstabAtt.Cause where Cause identifies the establishment cause.
f) NRCellCU.

g) Valid for packet switched traffic.

h) 5GS.

i) One usage of this performance measurementsis for performance assurance within accessibility area.

5.1.1.15.2 Successful RRC connection establishments
a) This measurement provides the number of successful RRC establishments for each establishment cause.

b) CC
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©)

d)

€)
f)
9)
h)
i)

Receipt by the gNB of an RRCSetupComplete message following a RRC connection setup request. Each
RRCSetupComplete message received is added to the relevant per establishment cause measurement. The
possible causes areincluded in TS 38.331 [20] (clause 6.2.2). The sum of all supported per cause measurements
shall be equal the total number of RRCSetupCompl ete messages.

Each measurement is an integer value. The number of measurementsis equal to the number of establishment
causes.

RRC.ConnEstabSucc.Cause where Cause identifies the establishment cause.
NRCellCU.

Valid for packet switched traffic.

5GS.

One usage of this performance measurements is for performance assurance within accessibility area.

5.1.1.15.3 Failed RRC connection establishments

a)

b)
©)

d)

f)
9
h)
i)

This measurement provides the number of failed RRC establishments, this measurmenet is split into subcounters
per failure cause.

CC

On transmission of RRCReject message from the gNB to UE or the expected RRCSetupCompl ete message was
not received by the gNB from UE after the RRCSetup message (see TS 38.331 [20]). Each RRCReject message
transmitted from gNB to UE is added to the subcounter for the cause ‘NetworkReject’; Each expected
RRCSetupCompl ete message unreceived by the gNB after the RRCSetup message is added to the subcounter for
cause 'NoReply'; and each failed RRC connection establishment caused by the other reasons is added to
measurement cause 'Other’.

Each measurement is an integer value.

RRC.ConnEstabFail Cause.NetworkRej ect
RRC.ConnEstabFail Cause.NoReply
RRC.ConnEstabFail Cause.Other

NRCellCU.
Valid for packet switched traffic.
5GS

One usage of this performance measurementsis for performance assurance within accessibility area.

5.1.1.154 Number of Idle-state RRC release messages

a)

b)
c)
d)
€)
f)
)
h)

This measurement provides the number of idle-state RRC rel ease messages (not including suspendConfig in
RRCRelease) for RRC connections established within the existing NRCel|CU.

CcC

On transmission of a"RRCRelease" message to UE not including suspendConfig.
A singleinteger value.

RRC.RelWithoutSuspendConfig

NRCellCU

Valid for packet switched traffic.

5GS.
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i)

One usage of this measurement is for monitoring the number of RRC connections which are going through
normal release to idle state.

5.1.1.16 UE-associated logical NG-connection related measurements

5.1.1.16.1 Attempted UE-associated logical NG-connection establishment from gNB to AMF

a)

b)
<)

d)

This measurement provides the number of attempted UE-associated logical NG-connection establishments from
gNB to AMF, for each RRCSetupRequest establishment cause. The possible causesareincluded in TS
38.331[20] (clause 6.2.2).

CC.

On transmission of an INITIAL UE MESSAGE by the gNodeB to the AMF (See 38.413 [11], clause 8.6.1), the
relevant per RRCSetupRequest establishment cause measurement isincremented by 1.

Each subcounter is an integer value. The number of measurements is equal to the number of establishment
causes.

€) UECNTX.ConnEstabAtt.Cause where Cause identifies the establishment cause.

f) NRCellCU.

g) Vadlid for packet switched traffic.

h) 5GS.

i) One usage of this performance measurementsis for performance assurance within accessibility area.
5.1.1.16.2 Successful UE-associated logical NG-connection establishment from gNB to

AMF
a) This measurement provides the number of successful UE-associated logical NG-connection establishments from

b)
c)

d)

€)
f)
9)
h)
i)

gNB to AMF, for each RRCSetupRequest establishment cause. The possible causes are included in TS
38.331[20] (clause 6.2.2).

CC.

On receipt by the gNB of first message from AMF which succeeds INITIAL UE MESSAGE message on an UE-
associated logical NG-connection (See 36.413 11], clause 8.6.1), the relevant per RRCSetupRequest
establishment cause measurement is incremented by 1.

Each subcounter is an integer value. The number of measurementsis equal to the number of establishment
causes.

UECNTX.ConnEstabSucc.Cause where Cause identifies the establishment cause.
NRCellCU.

Valid for packet switched traffic.

5GS.

One usage of this performance measurements is for performance assurance within accessibility area.

5.1.1.17 RRC Connection Re-establishment

5.1.1.17.1 Number of RRC connection re-establishment attempts

a)
b)
©)

This measurement provides the number of RRC connection re-establishment attempts.
CC.

On Receipt of RRCReestablishmentRequest message from UE (see TS 38.331[20]).
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d)
€)
f)
9
h)

Each measurement is an integer value.

The measurement name has the form RRC.ReEstabAtt.
NRCellCU.

Valid for packet switching.

5GS.

5.1.1.17.2 Successful RRC connection re-establishment with UE context

a)

b)
c)

d)
€)
f)
)
h)

This measurement provides the successful number of RRC connection re-establishment when UE context can be
retrieved.

CC.

On Receipt of a RRCReestablishmentComplete message from UE for RRC connection re-establishment (see TS
38.331[20]).

Each measurement is an integer value.

The measurement name has the form RRC.ReEstabSuccWithUeContext.
NRCellCU.

Valid for packet switching.

5GS.

5.1.1.17.3 Successful RRC connection re-establishment without UE context

a)

b)
©)

This measurement provides the successful number of RRC connection re-establishment when UE context can
not be retrieved.

CC.

On Receipt of a RRCSetupComplete message from UE for RRC connection re-establishment (see TS
38.331[20]).

d) Each measurement is aninteger value.
€) The measurement name has the form RRC.ReEstabSuccWithoutUeContext.
f) NRCellCU.
g) Validfor packet switching.
h) 5GS.
5.1.1.17.4 Number of RRC connection re-establishment attempts followed by RRC Setup
a) This measurement provides the number of RRC connection re-establishment attempts where no UE context
could be retrieved and therefore fallback to RRC Setup procedure was attempted.
b) CC.
¢) On transmission of RRCSetup message to UE, after first having received RRCReestabli shmentRequest message

d)

from that UE (see TS 38.331[20]).
Each measurement is an integer value.

The measurement name has the form RRC.ReEstabFallback ToSetupAtt.
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f) NRCellCU.
g) Validfor packet switching.
h) 5GS.

5.1.1.18 RRC Connection Resuming

5.1.1.18.1 Number of RRC connection resuming attempts
a) This measurement provides the number of RRC connection resuming attempts.
b) CC.

¢) On Receipt of the RRCResumeRequest message or RRCResumeRequest1 from UE.Each RRCResumeRequest is
added to the relevant subcounter per resume cause.

d) Each subcounter is an integer value.
€) The measurement name has the form RRC.ResumeALtt.cause
Where cause indicates the resume cause defined in clause 6.2.2 of TS 38.331 [20].
f) NRCellCU.
g) Valid for packet switching.
h) 5GS.

5.1.1.18.2 Successful RRC connection resuming
a) This measurement provides the total successful number of RRC connection resuming.
b) CC.

¢) On Receipt of a RRCResumeComplete message from UE for RRC connection resuming. Each successful RRC
connection resuming is added to the relevant subcounter per resume cause.

d) Each subcounter is an integer value.
€) The measurement name has the form RRC.ResumeSucc.cause
Where cause indicates the resume cause defined in clause 6.2.2 of TS 38.331 [20].
f) NRCellCU.
g) Valid for packet switching.
h) 5GS.

5.1.1.18.3 Successful RRC connection resuming with fallback

a) This measurement provides the successful number of RRC connection resuming by fallback to RRC connection
establishment.

b) CC.

¢) On Receipt of a RRCSetupComplete message from UE for RRC connection resuming by fallback to RRC
connection establishment. Each successful RRC connection resuming is added to the relevant subcounter per
resume cavise.

d) Each subcounter is an integer value.
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€) The measurement name has the form RRC.ResumeSuccByFallback.cause.
Where cause indicates the resume cause defined in clause 6.2.2 of TS 38.331[20].
f) NRCellCU.
g) Validfor packet switching.
h) 5GS.

5.1.1.18.4 RRC connection resuming followed by network release
a) This measurement provides the number of RRC connection resuming followed by network release.
b) CC.
¢) On Transmission of a RRCRelease message to UE after RRC connection resuming request.
d) Each measurement is aninteger value.
€) The measurement name has the form RRC.ResumeFoll owedbyNetworkRel ease.
f) NRCellCU.
g) Vadlid for packet switching.
h) 5GS.

5.1.1.18.5 RRC connection resuming followed by network suspension
a) This measurement provides the number of RRC connection resuming followed by network suspension.
b) CC.

¢) On Transmission of a RRCRelease with suspension configuration message to UE after RRC connection resume
request.

d) Each measurement is an integer value.

€) The measurement name has the form RRC.ResumeFollowedbySuspension.
f) NRCellCU.

g) Valid for packet switching.

h) 5GS.

5.1.1.18.6 Number of RRC connection resuming attempts followed by RRC Setup

a) This measurement provides the number of RRC connection resuming attempts where no UE context could be
retrieved and therefore fallback to RRC Setup procedure was attempted.

b) CC.

¢) On transmission of RRCSetup message to UE, after first having received RRCResumeRequest message or
RRCResumeRequest1 from UE, the relevant subcounter per resume cause is stepped.

d) Each subcounter is an integer value.
€) The measurement name has the form RRC.ResumeFalIback ToSetupAtt.cause.

Where cause indicates the RRC resume cause defined in clause 6.2.2 of TS 38.331 [20].
f) NRCellCU.

g) Vadlid for packet switching.
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h) 5GS
5.1.1.19 Power, Energy and Environmental (PEE) measurements
5.1.1.19.1 Applicability of measurements

The PEE related measurements defined here are valid for a 5G Physical Network Function (PNF). The NR NRM is
defined in TS 28.541 [26].

5.1.1.19.2 PNF Power Consumption

5.1.1.19.2.1 Average Power
a) This measurement provides the average power consumed over the measurement period.
b) Sl.

¢) This measurement is obtained according to the method defined in ETSI ES 202 336-12 [25] — clauses 4.4.3.1,
4.4.3.4, Annex A.

d) A real valuein watts (W).

€) The measurement name has the form PEE.AvgPower
f) ManagedElement

g) Vadlid for packet switching.

h) 5GS.

5.1.119.2.2 Minimum Power
a) This measurement provides the minimum power consumed during the measurement period
b) Sl.

€) This measurement is obtained according to the method defined in ETSI ES 202 336-12 [25] — clauses 4.4.3.1,
4.4.3.4, Annex A.

d) A rea valuein watts (W).

€) The measurement name has the form PEE.MinPower
f) ManagedElement

g) Valid for packet switching.

h) 5GS.

5.1.1.19.2.3 Maximum Power
a) This measurement provides the maximum power consumed during the measurement period.
b) S.

c) Thismeasurement is obtained according to the method defined in ETSI ES 202 336-12 [25] — clauses 4.4.3.1,
4.4.3.4, Annex A.

d) A real valuein watts (W).
€) The measurement name has the form PEE.MaxPower

f) ManagedElement
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g) Vadlid for packet switching.
h) 5GS.

5.1.1.19.3 PNF Energy consumption
a) This measurement provides the energy consumed.
b) Sl.

€) This measurement is obtained according to the method defined in ETSI ES 202 336-12 [25] — clauses 4.4.3.1,
4.4.3.4, Annex A.

d) A rea valuein kilowatt-hours (kWh).

€) The measurement name has the form PEE.Energy
f) ManagedElement

g) Valid for packet switching.

h) 5GS.
5.1.1.194 PNF Temperature
5.1.1.194.1 Average Temperature

a) This measurement provides the average temperature over the measurement period.
b) Sl

€) This measurement is obtained according to the method defined in ETSI ES 202 336-12 [25] — clause 4.4.3.4,
Annex A.

d) A real valuein degrees Celsius (°C).

€) The measurement name has the form PEE.AvgTemperature
f) ManagedElement

g) Valid for packet switching.

h) 5GS.

5.1.1.19.4.2 Minimum Temperature
a) This measurement provides the minimum temperature during the measurement period.
b) Sl

c) Thismeasurement is obtained according to the method defined in ETSI ES 202 336-12 [25] — clause 4.4.3.4,
Annex A.

d) A real valuein degrees Celsius (°C).

€) The measurement name has the form PEE.MinTemperature
f) ManagedElement

g) Vadlid for packet switching.

h) 5GS.

5.1.1.19.4.3 Maximum Temperature

a) This measurement provides the maximum temperature during the measurement period.
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b) SI.

¢) This measurement is obtained according to the method defined in ETSI ES 202 336-12 [25] — clause 4.4.3.4,
Annex A.

d) A real valuein degrees Celsius (°C).

€) The measurement name has the form PEE.MaxTemperature
f) ManagedElement

g) Vadlid for packet switching.

h) 5GS.

5.1.1.19.5 PNF Voltage
a) This measurement provides the voltage.
b) Sl

€) This measurement is obtained according to the method defined in ETSI ES 202 336-12 [25] — Clauses 4.4.3.3,
4.4.3.4, Annex B.

d) A rea vaueinvolts (V).

€) The measurement name has the form PEE.V oltage.
f) ManagedElement

g) Valid for packet switching.

h) 5GS.

5.1.1.19.6 PNF Current
a) This measurement provides the current.
b) Sl.

¢) This measurement is obtained according to the method defined in ETSI ES 202 336-12 [25] — Clauses 4.4.3.3,
4.4.3.4, Annex B.

d) A real valuein amperes(A).

€) The measurement name has the form PEE.Current.
f) ManagedElement

g) Vadlid for packet switching.

h) 5GS.

5.1.1.19.7 PNF Humidity
a) This measurement provides the percentage of humidity during the measurement period
b) Sl

¢) This measurement is obtained according to the method defined in ETSI ES 202 336-12 [25] — clause 4.4.3.3,
Annex B.

d) Aninteger vaue from O to 100.
€) The measurement name has the form PEE.Humidity.

f) ManagedElement
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9)
h)

Valid for packet switching.
5GS.

5.1.1.20 Received Random Access Preambles

5.1.1.20.1 Received Random Access Preambles per cell

a)

b)

d)

f)
9
h)

This measurement provides the average (arithmetic mean) number of RACH preamblesreceived in acell.
Separate counts are provided for dedicated preambles, randomly chosen preamblesin group A (aka"low range")
and randomly chosen preamblesin group B (aka "high range").

DER (n=1)

This measurement is obtained by collecting the measurements of "Received Random Access Preambles per cell"
where the unit of measured value is per second, as defined in 38.314 [29] in the granularity period, and then
taking the arithmetic mean of these measurements. Separate measurements will be obtained based on the
following measurements contained in "Received Random Access Preambles per cell” measurement:

- Dedicated preambles
- Randomly selected preambles in the low range
- Randomly selected preamblesin the high range.
Each counter is an integer value. The number of measurementsis equal to three.
RACH.PreambleDedCell
RACH.PreambleACell
RACH.PreambleBCell
NRCellIDU
Valid for packet switched traffic.
5GS

One usage of this measurement is for performance assurance within integrity area (user plane connection quality)
and to support RACH optimization (see TS 28.313 [30]).

5.1.1.20.2 Received Random Access Preambles per SSB

a)

b)
<)

d)

€)

This measurement provides the average (arithmetic mean) number of RACH preambles received in a cell per
SSB. Separate counts are provided for dedicated preambles, randomly chosen preamblesin group A (aka"low
range") and randomly chosen preamblesin group B (aka "high range”).

DER (n=1)

This measurement is obtained by collecting the measurements of "Received Random Access Preambles per
SSB" where the unit of measured value is per second, as defined in 38.314 [29] in the granularity period, and
then taking the arithmetic mean of these measurements. Separate measurements will be obtained based on the
following measurements contained in "Received Random Access Preambles per cell" measurement:

- Dedicated preambles
- Randomly selected preamblesin the low range
- Randomly selected preambles in the high range.

Each counter is an integer value. The number of measurements is equal to three times the number of SSB beams
defined in the cell.

RACH.PreambleDed.Ssh, where Ssb represents the subcounter associated with SSB.
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f)
9
h)

RACH.PreambleA.Ssh, where Ssb represents the subcounter associated with SSB.
RACH.PreambleB.Ssh, where Ssb represents the subcounter associated with SSB.
NRCellIDU

Valid for packet switched traffic.

5GS

One usage of this measurement is for performance assurance within integrity area (user plane connection quality)
and to support RACH optimization (see TS 28.313 [30]).

5.1.1.20.3 Distribution of number of RACH preambles per cell

a)

b)
c)

d)

€)

This measurement provides the distribution of the number of RACH preambles sent by the UE when
successfully accessing the network, as reported by the UEs inside the RA-ReportList-r16 IE in the
UEInformationResponse-r16 message. The measurement is incremented each time a UEInformationResponse-
r16 message containing a RA-ReportList-r16 |E (see TS 38.331 [20]) is received.

CC.

Each of the RA-Report-r16 IEsin the RA-ReportList-r 16 increments the measurement bin that is identified by
Bin, where Bin corresponds to the number of RACH preambles sent to the cell denoted by cellld-r16 before a
successful connection establishment. The number of RACH preamblesis equal to:

> ::1 numOfPreamblesPerSSB(k), where

"n" equals to the number of number OfPreamblesSentOnSSB-r16 |IEsin all PerRASSBInfo-r16 IEsin the
RA-Report-r16,

"numOfPreamblesPer SSB" equals to number OfPreambl esSentOnSSB-r 16 attribute in PerRASSBInfo-r16
IE, See TS 38.331 [20] clause 6.2.2.

Each measurement is an integer value.
RACH.PreambleDist.Bin

where Bin isto identify the bins associated with the number of preambles sent.

NOTE: The number of Bins and the range for each bin isleft to implementation.

f)
9)
h)
i)

NRCellDU.
Valid for packet switched traffic.
5GS.

One usage of this measurement is to support RACH optimization management, see TS 28.313 [30].

5.1.1.20.4 Distribution of RACH access delay

a)

b)

This measurement provides an estimate of the distribution of the RACH access delay, that istheinterval from
the time a UE sendsiits first RACH preamble until the UE is connected to the network. The measurement is
incremented each time a UEInformationResponse-r 16 message containing a RA-ReportList-r16 IE (see TS
38.331 [20]) is received.

CC.

Each of the RA-Report-r16 IEs in the RA-ReportList-r16 increments the measurement bin that isidentified by
Bin, where Bin corresponds to the UE RACH access delay for that particular RA-Report-r16 received from UE.
The access delay is estimated based on the value of number OfPreamblesSentOnSSB-r16 IE and
contentionDetected-r 16 |E in PerRAAttemptinfo-r 16, where number OfPreambl esSentOnSSB-r 16 |E and
PerRAAttemptinfo-r16 |E are contained in PerRASSBInfo-r16 IE. See TS 38.331 [20] clause 6.2.2.

NOTE: The estimate of the access delay isleft to implementation.
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d)

€)

Each measurement is an integer value.

RACH.AccessDelayDist.Bin

where Bin is to identify the bins associated with the RACH access delay.

NOTE: Bin and the range for each bin is |eft to implementation.

f)

NRCelIDU.

g) Valid for packet switched traffic.

h)
i)

5GS.

One usage of this measurement is to support RACH optimization management, see TS 28.313 [30].

5.1.1.21 Intra-NRCell SSB Beam switch Measurement

5.1.1.21.1 Number of requested Intra-NRCell SSB Beam switch executions

a) This measurement provides the number of outgoing intra-NRCell SSB Beam switch executions requested by the

source SSB Beam in an NRCell in case the beam switch function is enabled (see TS 38.331[20]).

b) CC.

¢) On transmission of tci-StatesPDCCH-ToAddList in MAC CE to the UE triggering the switch from the source SSB

d)

f)
9)
h)

Beam to the target SSB Beam, indicating the attempt of an outgoing intra-NRCell SSB Beam switch (see TS
38.321[32)), the counter is stepped by 1.

A single integer value.
MR.IntraCell SSB SwitchReq
Beam

Valid for packet switched traffic
5GS

One usage of this performance measurementsis for performance assurance. This measurement isonly applicable
when the beam switch function is activated.

5.1.1.21.2 Number of successful Intra-NRCell SSB Beam switch executions

a)

b)
<)

d)
€)
f)
9)
h)
i)

This measurement provides the number of successful intra-NRcell SSB Beam switch executions received by the
source SSB Beam in case the beam switch function is enabled (see TS 38.331[20]).

CcC

On reception of HARQ ACK in MAC CE from the UE to the target SSB Beam indicating a successful intra-
NRCell SSB Beam switch (see TS 38.321 [32]), the counter is stepped by 1.

A single integer value.
MR.IntrCell SuccSSBSwitch
Beam

Valid for packet switched traffic
5GS

One usage of this performance measurementsis for performance assurance. This measurement is only applicable
when the beam switch function is activated.
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51.1.22 RSRP Measurement

5.1.1.22.1 SS-RSRP distribution per SSB

a) This measurement provides the distribution of SS-RSRP per SSB (see TS 38.215 [34]) received by gNB from
UEsin the cell when SS-RSRP is used for L1-RSRP as configured by reporting configurations as defined in TS
38.214 [33], in case the L1-RSRP report function is enabled.

b) CC.

¢) This measurement is obtained by incrementing the appropriate measurement bin using measured quantity value
(See Table 10.1.6.1-1in TS 38.133[35]) when a RSRP valueis reported by a UE when SS-RSRP is used for
L1-RSRP as configured by reporting configurations as defined in TS 38.214 [33].

d) Each subcounter is an integer.

€) L1IM.SS-RSRP.Bin

where Bin represents the range of reported SS-RSRP value (0 to 127 dBm)
NOTE: Number of bins and the range for each bin is left to implementation.
f) Beam

g) Validfor packet switched traffic

h) 5GS

i) One usage of this performance measurements isto support MDA.

5.1.1.22.2 SS-RSRP distribution per SSB of neighbor NR cell

a) This measurement provides the distribution of SS-RSRP per SSB (see TS 38.215 [34]) of a neighbour NR cell
received by gNB from UEs when SS-RSRP is used for RSRP as configured by reporting configurations as
defined in TS 38.214 [33], in case the RSRP report function is enabled.

b) CC.

¢) This measurement is obtained by incrementing the appropriate measurement bin using measured quantity value
(See Table 10.1.6.1-1in TS 38.133 [35]) when a RSRP value for the SSB beam of the neighbour NR cell is
reported by a UE to the gNB via RRC MeasurementReport message (see TS 38.331 [20]).

d) Each subcounter is an integer.
€) L1M.SS-RSRPNrNbr.SSBlndex.Bin

where SSBIndex identifies the SSB beam of the neighbor NR cell; and
the Bin represents the range of reported SS-RSRP value (0 to 127).

NOTE: Number of bins and the range for each bin isleft to implementation.
f) NRCellRelation
g) Validfor packet switched traffic
h) 5GS

i) One usage of this performance measurementsis to support MDA.

5.1.1.22.3 RSRP distribution per neighbor E-UTRAN cell

a) This measurement provides the distribution of RSRP per neighbour E-UTRA cell received by gNB from UEs
(see 38.331[20])

b) CC.
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©)

d)

€)

f)
9
h)
)

This measurement is obtained by incrementing the appropriate measurement bin using measured quantity value
(see Table 10.1.6.1-1in TS 38.133 [35]) when a RSRP value for the neighbour E-UTRA cell isreported by a UE
to the gNB via RRC MeasurementReport message (see TS 38.331 [20]).

Each subcounter is an integer.

L1M.RSRPEutraNbr.Bin

where the Bin represents the range of reported RSRP value to 97).

NOTE: Number of bins and the range for each bin is left to implementation.
EUtranCellRelation

Valid for packet switched traffic

5GS

One usage of this performance measurements is to support MDA.

5.1.1.22.4 SRS-RSRP measurement

a)

b)

d)

€)

This measurement provides the distribution of SRS-RSRP (see clause 5.1.19 in TS 38.215 [34]) received by gNB
from UEsin the cell.The periodical UE measurement reports towards all of the UES need to be triggered by gNB
in the measured New Radio cell (Seein TS 38.331[20]).

CC.

This measurement is obtained by incrementing the appropriate measurement bin using measured quantity value
(See Table 10.1.22.1.2-1 in TS 38.133 [35]) when a SRS-RSRP value is reported by a UE when srs-RSRP-
Result-r16 is used for MeasResultSRS-RSRP-r16 | E that isin MeasResultCLI-r16 | E within the measResult IE as
configured by MeasurementReport configurations as defined in TS 38.331 [20].

Each subcounter is an integer.

MR.NRScSRSRSRP.Bin

where a Bin represents a range from the measured quantity SRS-RSRP value (-140 to -44 dBm)

NOTE: Number of bins and the range for each bin isleft to implementation.

f)
9)
h)

NRCellCU
Valid for packet switched traffic
5GS

5.1.1.23 Number of Active Ues

5.1.1.23.1 Mean number of Active UEs in the DL per cell

a)

b)
c)

d)

This measurement provides the mean number of active DRBs for UEsin an NRCelIDU. The measurement is
calculated per PLMN ID and per QoS level (mapped 5QI or/and QCI in NR option 3) and per supported S-
NSSAI.

DER (n=1).

This measurement is obtained by aggregating the measurement " Mean number of Active UEsin the DL per
DRB per cell " (seeclause 4.2.1.3.2in TS 38.314 [29]). The measurement is performed per PLMN 1D and per
QoS level (mapped 5QI or/and QCI in NR option 3) and per supported S-NSSAII.

Each measurement is asingle integer value. The number of measurementsis equal to the number of PLMNs
multiplied by the number of QoS levels or multiplied by the number of supported S-NSSAISs.

[Total No. of measurement instances] x [No. of filter values for all measurements] (DL and UL) < 100.
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€) The measurement name has the form DRB.MeanActiveUeDI_Filter,
Where filter isa combination of PLMN ID and QoS level and S-NSSAI.

Where PLMN ID represents the PLMN 1D, QoS representes the mapped 5QI or/and QCI level, and SNSSAI
represents S-NSSAI.

f) NRCellDU.
g) Validfor packet switched traffic.

h) 5GS.
i) One usage of this measurement is for performance assurance within integrity area (user plane connection
quality).
5.1.1.23.2 Max number of Active UEs in the DL per cell

a) This measurement provides the max number of active DRBs for UEsin an NRCelIDU. The measurement is
calculated per PLMN ID and per QoS level (mapped 5QI or/and QCI in NR option 3) and per supported S-
NSSAI.

b) DER (n=1).

€) This measurement is defined according to measurement " Max number of Active UEsin the DL per DRB per
cell " (see clause 4.2.1.3.3in TS 38.314 [29]). The measurement is performed per PLMN ID and per QoS level
(mapped 5QI or/and QCI in NR option 3) and per supported S-NSSAI. d) Each measurement is a single integer
value. The number of measurementsis equal to the number of PLMNs multiplied by the number of QoS levels
or multiplied by the number of supported S-NSSAIls.

[Total No. of measurement instances] x [No. of filter values for al measurements] (DL and UL) < 100.

€) The measurement name has the form DRB.MaxActiveUeDI_Filter,
Where filter isacombination of PLMN ID and QoS level and S-NSSAI.

Where PLMN ID represents the PLMN 1D, QoS representes the mapped 5QI or/and QCI level, and SNSSAI
represents S-NSSAI.

f) NRCellDU.
g) Vadlid for packet switched traffic.

h) 5GS.
i) One usage of this measurement is for performance assurance within integrity area (user plane connection
quality).
5.1.1.23.3 Mean number of Active UEs in the UL per cell

a) This measurement provides the mean number of active DRBsfor UEsin an NRCellIDU. The measurement is
calculated per PLMN ID and per QoS level (mapped 5QI or/and QCI in NR option 3) and per supported S-
NSSAI.

b) DER (n=1)

¢) This measurement is obtained by aggregating the measurement " Mean number of Active UEsin the UL per
DRB per cell " (see clause 4.2.1.3.4in TS 38.314 [29]). The measurement is performed per PLMN 1D and per
QoS level (mapped 5QI or/and QCI in NR option 3) and per supported S-NSSAII.

d) Each measurement isasingle integer value. The number of measurementsis equal to the number of PLMNs
multiplied by the number of QoS levels or multiplied by the number of supported S-NSSAIs.

[Total No. of measurement instances] x [No. of filter values for al measurements] (DL and UL) < 100.

€) The measurement name has the form DRB.MeanActiveUeUl_Filter,
Where filter isa combination of PLMN ID and QoS level and S-NSSAI.
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Where PLMN ID represents the PLMN 1D, QoS representes the mapped 5QI or/and QCI level, and SNSSAI
represents S-NSSAI.
f) NRCellDU.
g) Vadlid for packet switched traffic.

h) 5GS.
i) One usage of this measurement is for performance assurance within integrity area (user plane connection
quality).
5.1.1.23.4 Max number of Active UEs in the UL per cell

a) This measurement provides the max number of active DRBs for UEsin an NRCelIDU. The measurement is
optionally split into subcounters per QoS level (mapped 5QI or/and QCI in NR option 3), subcounters per S-
NSSAI and subcounters per PLMN ID.

b) DER (n=1)

¢) This measurement is defined by the measurement * Max number of Active UEsin the UL per DRB per cell *
(seeclause 4.2.1.3.5in TS 38.314 [29]). Separate counters are optionally maintained for each mapped 5QI
(or/and QCI for option 3) and for each S-NSSAI and for each PLMN ID.

d) The number of measurementsis equal to one. If the optional QoS level measurement is perfomed, the number of
measurementsis equal to the number of mapped 5QIs (or/and number of QCI for option 3), and the number of S-
NSSAls.

€) The measurement name has the form DRB.MaxActiveUeUl,
DRB.MaxActiveUeUl.QOS where QOS identifies the target quality of service class, and
DRB.MaxActiveUeUl.SNSSAI, where SNSSAI identifies the S-NSSAI and DRB.MaxActiveUeUl.PLMN, where
PLMN identifiesthe PLMN ID.

f) NRCellDU.

g) Vadlid for packet switched traffic.

h) 5GS.

i) One usage of this measurement is for performance assurance within integrity area (user plane connection

quality).

5.1.1.24 Void

5.1.1.25 Measurements related to MRO

5.1.1.25.1 Handover failures related to MRO for intra-system mobility

a) This measurement provides the number of handover failure events related to MRO detected during the intra-
system mobility within 5GS, see TS 38.300 [49] clause 15.5.2. The measurement includes separate counters for
various handover failure types, classified as"Intra-system too early handover”, "Intra-system too late handover"
and "Intra-system handover to wrong cell”.

b) CC.

¢) The measurements of too early handovers, too late handovers and handover to wrong cell events are obtained
respectively by accumulating the number of failure events detected by gNB during the intra-system mobility
within 5GS.

d) Each measurement is aninteger value.
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€)

HO.IntraSys.TooEarly
HO.IntraSys. TooL ate
HO.IntraSys. ToWwrongCell

f)NRCellCU

9)
h)

i)

NRCellRelation

Valid for packet switched traffic.
5GS.

One usage of this measurement is to support MRO (see TS 28.313 [30]).

5.1.1.25.2 Handover failures related to MRO for inter-system mobility

a)

b)
©)

d)

€)

f)

9)
h)

i)

This measurement provides the number of handover failure events delated to MRO detected during the inter-
system mobility between NG-RAN and E-UTRAN, limited to the scenarios defined in TS 38.300 [49] clause
15.5.2.2.3. The measurement includes separate counters for various handover failure types, classified as"Inter-
system too early handover” (inter-system mobility from E-UTRAN to NG-RAN) and "Inter-system too late
handover" (inter-system mobility from NG-RAN to E-UTRAN).

CC.

The measurements of too early inter-systemhandover events are obtained by accumulating the number of failure
events detected during the inter-system mobility from E-UTRAN to NG-RAN. The measurements of too late
inter-system handover events are obtained by accumulating the number of failure events detected during the
inter-system mobility from NG-RAN to E-UTRAN.

Each measurement is an integer value.

HO.InterSys. TooEarly
HO.InterSys.ToolL ate

NRCelICU
EutranRelation

Valid for packet switched traffic.
5GS.

One usage of this measurement is to support MRO (see TS 28.313 [30]).

5.1.1.25.3 Unnecessary handovers for inter-system mobility

a)

9)
h)

This measurement provides the number of unnecessary handover events detected during the inter-system
mobility from NG-RAN to E-UTRAN, see TS 38.300 [49] clause 15.5.2.3. An example of unnecessary handover
occurred when a UE handed over from NG-RAN to other system (e.g. UTRAN) even though quality of the NG-
RAN coverage was sufficient.

CC.

The measurement of unnecessary inter-systemhandovers is obtained by accumulating the number of inter-system
unnecessary handover events detected during the inter-system mobility from NG-RAN to E-UTRAN.

Each measurement is an integer value.
HO.InterSys.Unnecessary

NRCelICU
EutranRelation

Valid for packet switched traffic.
5GS.
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i)

One usage of this measurement is to support MRO (see TS 28.313 [30]).

5.1.1.25.4 Handover ping-pong for inter-system mobility

a)

b)
c)

d)
€)

f)

9)
h)

i)

This measurement provides the number of handover ping-pong events detected during the inter-system mobility
between NG-RAN and E-UTRAN, see TS 38.300 [49] clause 15.5.2.4. An example of handover ping-pong
occurred when a UE is handed over from acell in a source system (e.g. NG-RAN) to acell in atarget system
different from the source system (e.g. E-UTRAN), then within a predefined limited time the UE is handed over
back to a cell in the source system, while the coverage of the source system was sufficient for the service used by
the UE.

CC.

The measurement of handover ping-pong events is obtained by accumulating the number of failure events
detected during the inter-system mobility between NG-RAN and E-UTRAN.

Each measurement is an integer value.
HO.InterSys.PingPong

NRCelICU
EutranRelation

Valid for packet switched traffic.
5GS.
One usage of this measurement is to support MRO (see TS 28.313[30]).

5.1.1.25.5 Handover failures per beam-cell pair related to MRO for intra-system mobility

a)

b)
<)

d)

€)

f)
9)
h)
i)

This measurement provides the number of handover failure events per beam-cell pair (source beam, i.e., the last
beam before failure, and target cell) related to MRO detected during the intra-system mobility within 5GS. The
measurement includes separate counters for various handover failure types, classified as "Intra-system too early
handover per beam”, "Intra-system too late handover per beam " and "Intra-system handover to wrong cell per
beam". The handovers considered are inter-cell handovers.

CC.

The measurements of too early handovers for the beam per adjacent cell, too late handovers for the beam per
adjacent cell and handover to wrong cell for the beam per adjacent cell events are obtained respectively by
accumulating the number of failure events detected by gNB during the intra-system mobility within 5GS, where
adjacent cells areidentified by their NR Cell Identity (NCI).

Each measurement is an integer value.

HO.IntraSys.bTooEarly.NCl
HO.IntraSys.bToolL ate.NCl
HO.IntraSys.bToWrongCell.NCI

Beam

Valid for packet switched traffic.

5GS.

One usage of this measurement is to support MRO (see TS 28.313[30]).

5.1.1.25.6 Handover failures per beam-cell pair related to MRO for inter-system mobility

a)

b)

This measurement provides the number of handover failure events per beam-cell pair (source beam, i.e., the last
beam before failure, and target cell) related to MRO detected during the inter-system mobility from 5GSto EPS.
The measurement counter is classified as handover failure type "Inter-system too late handover".

CC.
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©)

d)
€)
f)
9)
h)
i)

The measurements of too late handovers for the beam per adjacent cell events are obtained respectively by
accumulating the number of failure events detected by gNB during the inter-system mobility from 5GSto EPS,
where adjacent cells are identified by their E-UTRAN Cell Global Identifier (ECGI).

Each measurement is an integer value.
HO.InterSys.bToolL ate. ECGI

Beam

Valid for packet switched traffic.
5GS.

One usage of this measurement is to support MRO (see TS 28.313[30]).

5.1.1.25.7 Unnecessary handovers per beam-cell pair for inter-system mobility

a)

b)

d)
€)
)
9)
h)
i)

This measurement provides the number of unnecessary handover events per beam-cell pair (source beam, i.e.,
the last beam before handover, and target cell) detected during the inter-system mobility from 5GSto EPS. An
example of unnecessary handover occurred when a UE handed over from NG-RAN to other system (e.g.
UTRAN) even though quality of the NG-RAN coverage was sufficient.

CC.

The measurement of unnecessary handovers for the beam per adjacent cell is obtained by accumulating the
number of inter-system unnecessary handover reports detected by gNB during the inter-system mobility from
5GSto EPS, where adjacent cells are identified by their E-UTRAN Cell Global Identifier (ECGI).

Each measurement is an integer value.
HO.InterSys.bUnnecessary.ECGI
Beam

Valid for packet switched traffic.
5GS.

One usage of this measurement is to support MRO (see TS 28.313 [30]).

5.1.1.25.8 Handover ping-pong per beam-cell pair for inter-system mobility

a)

b)
c)

d)
€)
f)
9
h)

This measurement provides the number of handover ping-pong events per beam-cell pair (source beam, i.e., the
last beam before failure, and target cell) detected during the inter-system mobility from 5GS to EPS. An example
of handover ping-pong occurred when a UE is handed over from a cell in a source system (e.g. NG-RAN) to a
cell in atarget system different from the source system (e.g. EFUTRAN), then within a predefined limited time
the UE is handed over back to a cell in the source system, while the coverage of the source system was sufficient
for the service used by the UE.

CC.

The measurement of handover ping-pong events for the beam per adjacent cell is obtained by accumulating the
number of failure events detected by gNB during the inter-system mobility from 5GS to EPS, where adjacent
cellsare identified by their NR Cell Identity (NCI).

Each measurement is an integer value.
HO.InterSys.bPingPong.NCI

Beam

Valid for packet switched traffic.
5GS.
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i) One usage of this measurement isto support MRO (see TS 28.313 [30]).
5.1.1.26 PHR Measurement

5.1.1.26.1 Type 1 power headroom distribution

a) This measurement provides a bin distribution (histogram) of Type 1 power headroom (Seein TS 38.321 [32])
measurements.

b) CC.

¢) This measurement is obtained by incrementing the appropriate measurement bin using Typel power headroom
value when GNB received Typel power headroom contained in Single Entry PHR MAC CE or Multiple Entry
PHR MAC CE (Seein TS 38.321 [32]) for period headroom report from UE.

d) A setof integer.
€) LIM.PHR1.BinX
where X represents the range of PHR value (-32 ...+38 dB) (Seein TS 38.133 [32])
NOTE: Number of bins and the range for each bin isleft to implementation.
f) NRCELLDU
g) Vadlid for packet switched traffic
h) 5GS

5.1.1.27 Paging Measurement

5.1.1.27.1 Number of CN Initiated paging records received by the gNB-CU
a) This measurement provides number of CN Initiated paging records received by the gNB-CU.
b) CC.
¢) Reception of aPAGING message from AMF, (Seein TS 38.413[11]).
d) A singleinteger value.
€) PAG.ReceivedNbrCnlinitiated.
f) GNBCUCPFunction
g) Validfor packet switched traffic
h) 5GS

5.1.1.27.2 Number of NG-RAN Initiated paging records received by the gNB-CU
a) This measurement provides numbeof NR RAN Initiated paging records received by the gNB-CU.
b) CC.
¢) Reception of aRAN PAGING message from NR RAN (SeeinTS 38.304 [37] and TS 38.423 [13]).
d) A singleinteger value.
€) PAG.ReceivedNbrRanintiated.
f) GNBCUCPFunction
g) Validfor packet switched traffic
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h) 5GS
5.1.1.27.3 Void
5.1.1.27.4 Number of CN Initiated paging records discarded at the gNB-CU

a) This measurement provides number of CN Initiated paging records discarded at the gNB-CU.

b) CC.

¢) Reception of a PAGING message from AMF, (Seein TS 38.413 [11]) that is discarded at the gNB-CU.
d) A singleinteger value.

€) PAG.DiscardedNbrCninitiated

f) GNBCUCPFunction

g) Validfor packet switched traffic

h) 5GS

5.1.1.27.5 Number of NG-RAN Initiated paging records discarded at the gNB-CU
a) This measurement provides number of NG-RAN Initiated paging records discarded at the gNB-CU.
b) CC.

¢) Reception of aRAN PAGING message from NG-RAN (SeeinTS 38.304 [37] and TS 38.423[13]) that is
discarded at the gNB-CU.

d) A singleinteger value.

€) PAG.DiscardedNbrRaninitiated
f) GNBCUCPFunction

g) Validfor packet switched traffic
h) 5GS

5.1.1.27.6 Number of paging records discarded at the NRCellDU

a) This measurement provides number of paging records discarded at gNB-DU in cells asindicated in the
Paging Cell List IE (Seein TS 38.473[6]).

b) CC.

c) Reception of aPAGING message from gNB-CU, (Seein TS 38.473 [6]) that is discarded at the gNB-DU
d) A singleinteger value.

€) PAG.DiscardedNbr

f) NRCeIDU

g) Validfor packet switched traffic

h) 5GS

5.1.1.27.7 Number of NG-RAN Initiated paging records sent by the gNB-CU

a) This measurement provides number of NR RAN initiated paging records sent by the gNB-CU.
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b) CC.

c) Reception of aRAN PAGING message from NR RAN (Seein TS 38.304 [37] and TS 38.423[13]), and
RAN PAGING message is sent by the gNB-CU on the F1 interface which is used to request the gNB-DU to
page UEs. The IE in "CHOICE Paging Identity" of this messageis "RAN UE Paging identity”". (3GPP TS
38.473[6]).

d) A singleinteger value. Multiple paging for the same UE are counted as one.

€) PAG.SentNbrRanintiated.

f) NRCedlICU.

g) Validfor packet switched traffic.

h) 5GS.

5.1.1.27.8 Number of successful NG-RAN Initiated paging sent by the gNB-CU

a) This measurement provides number of successful NR RAN Initiated paging sent by the gNB-CU.

by CC.

¢) On reception of RRC RESUME Request (RRCResumeReguest or RRCResumeRequest1) message from the UE, or
reception of RETRIEVE UE CONTEXT REQUEST message (which carriesthe I-RNTI of the UE and the MAC-|
verification passed) from another gNB through the Xn interface (3GPP TS 38.423) which indicating a successful
NR RAN Initiated paging sent by the gNB-CU, the counter is stepped by 1.

d) A singleinteger value.

€) PAG.SentNbrRanlintiatedSucc.

f) NRCellCU.

g) Validfor packet switched traffic.

h) 5GS.

5.1.1.28 SSB beam related Measurement

5.1.1.28.1 Number of UE related the SSB beam Index (mean)

a) This measurement provides number of UE related the SSB beam index.

b) CC.

¢) The measurement is obtained by sampling at a pre-defined interval, the number of UE related SSB beam index,
and then taking the arithmetic mean. The UE related beam index which maintained by UE random access and
handover and beam switch in case the beam switch function is enabled (see TS 38.331[20]).

d) A singleinteger value.

€) L1M.SSBBeamRelatedUeNbr.

f) Beam

g) Validfor packet switched traffic

h) 5GS

i) One usage of this performance measurementsis for performance assurance. This measurement is only applicable

when the beam switch function is activated.
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5.1.1.29 Transmit power utilization measurements
5.1.1.29.1 Maximum transmit power of NR cell
a) This measurement provides the maximum carrier transmit power in the measurement granularity interval.

b)
c)

d)

Sl

This measurement is obtained by retaining the maximum value of the total carrier power transmitted in the cell
within the measurement granularity period. The power includes all radio power transmitted, included common
channels, traffic channels, control channels. The value is expressed in dBm.

Float in dBm.

€) CARR.MaxTxPwr

f) NRCellDU.
g) Valid for packet switched traffic.
h) 5GS.
5.1.1.29.2 Mean transmit power of NR cell
a) This measurement provides the mean carrier transmit power in the measurement granularity interval.
b) Sl
¢) This measurement is obtained by retaining the mean value of the total carrier power transmitted in the cell within

d)

the measurement granularity period. The power includes all radio power transmitted, included common
channels, traffic channels, control channels. The value is expressed in dBm.

Float in dBm.

€) CARR.MeanTxPwr

f)
9)
h)

NRCellDU.
Valid for packet switched traffic.
5GS.

5.1.1.30 MU-MIMO related measurements

5.1.1.30.1 Scheduled PDSCH RBs per layer of MU-MIMO

a)

b)
c)

d)
€)
f)
9)

This measurement provides the distribution of the scheduled PDSCH RBs per MU-MIMO layer by NG-RAN in
MU-MIMO scenario.

CcC

This measurement is obtained by incrementing the appropriate measurement bin with the number of the PDSCH
RBs according to the DL MU-MIMO layer. (For example, if two layers multiplex one RB, add one to
CARR.MUPDSCHRB.BIN2.) The retransmitted RBs should be included, and the RBs used for broadcast should
be excluded.

Each measurement is a single integer value.
CARR.MUPDSCHRB.BINX, where X represents the MU-MIMO layer value (2 to n).
NRCellDU.

Valid for packet switching.
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h) 5GS.

5.1.1.30.2 Scheduled PUSCH RBs per layer of MU-MIMO

a) This measurement provides the distribution of the scheduled PUSCH RBs per MU-MIMO layer by NG-RAN in
MU-MIMO scenario.

b) CC.

¢) This measurement is obtained by incrementing the appropriate measurement bin with the number of the PUSCH
RBs according to the MU-MIMO layer. (For example, if two layers multiplex one RB, add one to
CARR.MUPUSCHRB.BIN2.) The retransmitted RBs should be included.

d) Each measurement isasingle integer value.

e) CARR.MUPUSCHRB.BINX, where X represents the MU-MIMO layer value (2 to n).
f) NRCellDU.

g) Vadlid for packet switching.

h) 5GS.

5.1.1.30.3 PDSCH Time-domain average Maximum Scheduled Layer Number of cell for
MIMO scenario

a) This measurement provides the Time-domain average maximum scheduled layer number for PDSCH under
MIMO scenario in the downlink.

b) S
¢) This measurement is obtained as:

% jLmax;(T)

LM(T) == T

. K(T) = Z 1

j,Lmaxj(T)xo

Where LM(T) denotes the Time-domain average of maximum scheduled layer number for PDSCH under MIMO
scenario in the downlink in the time period T. Lmax; (T") denotes the maximum number of scheduled layer of
PDSCH at sampling occasion j; K(T) denotes the number of sampling occasions at which Lmax;(T) isnot O; T
denotes the time period during which the measurement is performed; and j denotes the sampling occasion during
time period T, for example, a sampling occasion is 1 dot.

d) A singlerea value.

e) RRU.MaxLayerDIMimo, which indicates the PDSCH Time-domain average maximum scheduled layer number
for MIMO scenario in the downlink.

f) NRCellDU.

g) Validfor packet switching.

h) 5GS.
i) One usage of this measurement is eval uate the actural spatial capability of acell in the downlink under MIMO
scenario.
5.1.1.30.4 PUSCH Time-domain average Maximum Scheduled Layer Number of cell for

MIMO scenario

a) This measurement provides the Time-domain average maximum scheduled layer number for PUSCH under
MIMO scenario in the uplink.

b) S
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¢) Thismeasurement is obtained as:

% Lmax;(T)

LM(T) = =— T

, K(T) = Z 1

JjLmax j(r)%0

Where LM(T) denotes the Time-domain average of maximum scheduled layer number for PUSCH under MIMO
scenario in the uplink in the time period T. Lmax; (T) denotes the maximum number of scheduled layer of
PUSCH at sampling occasion j; K(T) denotes the number of sampling occasions at which Lmax;(T) isnot O; T
denotes the time period during which the measurement is performed; and j denotes the sampling occasion during
time period T, for example, a sampling occasion is 1 dot.

d) A singlereal value.

€) RRU.MaxLayerUIMimo, which indicates the PUSCH Time-domain average maximum scheduled layer number
for MIMO scenario in the uplink.

f) NRCellDU.

g) Validfor packet switching.

h) 5GS.
i) One usage of this measurement is eval uate the actural spatial capability of a cell in the uplink under MIMO
scenario.
5.1.1.30.5 Average value of scheduled MIMO layers per PRB on the DL

a) This measurement provides the average value of allocated MIMO layers on the downlink per PRB per cell, for
MIMO scenario within the measurement period.

b) SI.

¢) This measurement is obtained by computing the average value of scheduled MIMO layers among al used PRBs
that are used within the measurement period in the cell. The average value is obtained by this formula:

L _Zvj SvidM1j(T)*Lyj(T)}
aveDL Yvj Zwk{M1y;(T)}

where L,,,.p; denotes the average value of scheduled MIMO layers per PRB per cell on the DL. T denotes the
measurement period (e.g. 1 hour). And j denotes the sampling occasion j (e.g. 1 symbol). And k denotes the
number of kinds of MIMO layers (e.g. 2 kinds). L, ;(T) denotes the number of MIMO layers (e.g. 1 layers,
4layers, etc.) scheduled for traffic transmission at sampling occasion j. M1, ;(T) denotes the number of PDSCH
PRBs used for transmission corresponding to Ly ;(T), at sampling occasion j. For example, acell has 10 PRBs
in total for one sampling occasion (j=1), within which 9 PRBs are used and 1 left spare. Among 9 used PRBS,
oneis multiplexed by 4 layers, three is multiplexed by 2 layers, and five only has 1 layer (no multiplexing). So
the L,yep;, inthiscaseis: (1*4+3*2+5*%1)/(1+3+5) = 1.67 layers per PRB.

d) Each measurement isareal value.

€) The measurement name has the form CARR.AveragelL ayersDI
f) NRCellDU.

g) Validfor packet switched traffic.

h) 5GS.

i) One usage of this measurement is to monitor the cell capacity for MIMO scenario, onthe DL.

5.1.1.30.6 Average value of scheduled MIMO layers per PRB on the UL

a) This measurement provides the average value of allocated MIMO layers on the uplink per PRB per cell, for
MIMO scenario within the measurement period.
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b) SI.

¢) This measurement is obtained by computing the average value of scheduled MIMO layers among al used PRBs
that are used within the measurement period in the cell. The average value is obtained by this formula:

L _ Svj vid M1 (T)*Ly;(T)}
aveUL TvjZvk{M1; (M)}

where L,y denotes the average value of scheduled MIMO layers per PRB per cell on the UL. T denotes the
measurement period (e.g. 1 hour). And j denotes the sampling occasion j (e.g. 1 symbol). And k denotes the
number of kinds of MIMO layers (e.g. 2 kinds). L, ;(T) denotes the number of MIMO layers (e.g. 1 layers,
4layers, etc.) scheduled for traffic transmission at sampling occasion j. M1, ;(T) denotes the number of PUSCH
PRBs used for transmission corresponding to Ly ;(T), at sampling occasion j. For example, acell has 10 PRBs
in total for one sampling occasion (j=1), within which 9 PRBs are used and 1 left spare. Among 9 used PRBS,
oneis multiplexed by 4 layers, three is multiplexed by 2 layers, and five only has 1 layer (no multiplexing). So
the L.y inthiscaseis: (1*4+3*2+5*1)/(1+3+5) = 1.67 layers per PRB.

d) Each measurement isareal value.

€) The measurement name has the form CARR.Averagel ayersUl

f) NRCellDU.
g) Vadlid for packet switched traffic.
h) 5GS.

i) One usage of this measurement is to monitor the cell capacity for MIMO scenario, on the UL.

5.1.1.30.7 Available MIMO Layers Coverage Map per UE and per PRB on the DL

a) This measurement provides the sub-cell radius within the observed cell up to where a UE with
the given number of MIMO layersin DL per PRB can be localized.

b) SI.

c) This measurement is obtained by computing the sub-cell radius d'y within the observed cell up
to where a UE with the given number of MIMO layersy in DL per PRB can be localized
using the following formula:

, _ Zitads

dy ===, z
where diy denotes maximum distance of a UE from base station with the assigned MIMO
layers number y per PRB in DL from all slots within the measurement period within thei-th
AOA interval. The M denotes the number of AoA (sub-angle) intervals. The width of the AocA
(sub-angle) intervals can be constant which may be obtained as total cell angle 360° divided
by M or can be separately configured by operator. The UE distance from base station and
angle of arrival are based on the last reported TA and AoA values. The measurement is
provided for SU MIMO, MU MIMO and also for the number of layers equal to 1 which may
be specific case with non MIMO applied.

d) Each measurement isareal valuein meters[m].

€) The measurement name has the form MIMOLayersDLy where y ranges from 1 to maximum
possible MIMO layers that can be assigned per UE and PRB in DL
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f) NRCelIDU.
g) Valid for packet switched traffic.
h) 5GS.

i) One usage of this measurement isto monitor the cell capacity for MIMO scenario on the DL.

5.1.1.30.8 Available MIMO Layers Coverage Map per UE and per PRB on the UL

a) This measurement provides the sub-cell radius within the observed cell up to where an UE
with the given number of MIMO layersin UL per PRB can be localized.

b) SI.

c) This measurement is obtained by computing the sub-cell radius d y within the observed cell up
to where an UE with the given number of MIMO layersy in UL per PRB can be localized
using the following formula:

YoM

where diy denotes maximum sample of distance of an UE from base station with the assigned
MIMO layers number y per PRB in UL from al slots within the measurement period within
thei-th AoA interval. The M denotes the number of AoA (sub-angle) intervals. The width of
the AoA (sub-angle) intervals can be constant which may be obtained astotal cell angle 360°
divided by M or can be separately configured by operator. The UE distance from base station
and angle of arrival are based on the last reported TA and AoA vaues. The measurement is
provided for SU MIMO, MU MIMO and also for the number of layers equal to 1 which may
be specific case with non MIMO applied.

d) Each measurement isareal valuein meters[m)].

€) The measurement name has the form MIMOLayersULy where y ranges from 1 to maximum
possible MIMO layers that can be assigned per UE and PRB in UL

f) NRCelIDU.
g) Valid for packet switched traffic.
h) 5GS.

i) One usage of this measurement isto monitor the cell capacity for MIMO scenario on the UL.

5.1.1.30.9 Distribution of Scheduled PDSCH PRBs based on MIMO Layers Coverage Map
in DL

a) This measurement provides Distribution of Scheduled PDSCH PRBs based on MIMO Layers
Coverage Map per UE and per PRB on the DL.

b) SI.

¢) This measurement is obtained by pegging the respective bin y with the number of PRBs
scheduled on PDSCH for the UE on the distance from the base station within the range of the
biny (MIMOLayersDL (y-1), MIMOLayersDLy>.
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d) Each measurement isarea vaue.

€) The measurement name has the form PDSCHPRBsL ayer.BINy where y represents the
number of layers that can be assigned per PRB on PDSCH to the UE on the distance from
base station within the following interval: (MIMOLayersDL (y-1), MIMOLayersDLy>, where
MIMOLayersDLY represents measurement defined in the clause 5.1.1.30.7 in the present
document.

f) NRCelIDU.
g) Valid for packet switched traffic.
h) 5GS.

i) One usage of this measurement isto monitor the cell resource usage for MIMO scenario on
theDL.

5.1.1.30.10 Distribution of Scheduled PUSCH PRBs based on MIMO Layers Coverage Map
in UL

a) This measurement provides Distribution of Scheduled PUSCH PRBs based on MIMO Layers
Coverage Map per UE and per PRB on the UL.

b) SI.

¢) This measurement is obtained by pegging the respective bin y with the number of PRBs
scheduled on PUSCH for the UE on the distance from the base station within the range of the
biny (MIMOLayersUL(y-1), MIMOLayersULy>.

d) Each measurement isarea vaue.

€) The measurement name has the form PUSCHPRBsL ayer.BINy where y represents the
number of layers that can be assigned per PRB on PUSCH to the UE on the distance from
base station within the following interval: (MIMOLayersUL (y-1), MIMOLayersULy>, where
MIMOLayersULY represents measurement defined in the clause 5.1.1.30.8 in the present
document.

f) NRCelIDU.
g) Valid for packet switched traffic.
h) 5GS.

i) One usage of this measurement isto monitor the cell resource usage for MIMO scenario on
the UL.

51131 RSRQ measurement

5.1.1.31.1 SS-RSRQ distribution in gNB
a) This measurement provides the distribution of SS-RSRQ received by gNB from UEsin the cell. The periodical

UE measurement reports towards all of the UEs need to be triggered by gNB in the measured New Radio cell
(Seein TS 38.331[20)).
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b) CC.

¢) This measurement is obtained by incrementing the appropriate measurement bin using measured quantity value
(See Table 10.1.11.1-1in TS 38.133 [35], clause 5.1.3 SSreference signal received quality (SS-RSRQ) in
38.215[34] ) when a RSRQ valueis reported by a UE when RSRQ is used for MeasQuantityResults |E that isin
resultsSSB-Cell 1E within the measResult | E as configured by MeasurementReport configurations as defined in
TS38.331[20].

d) A setof integer.

€) MR.NRSCSSRSRQ.BinX

where X represents the range of Measured quantity SS-RSRQ value (-43 to 20 dB)
NOTE: Number of bins and the range for each bin isleft to implementation.

f) NRCellCU

g) Validfor packet switched traffic

h) 5GS

5.1.1.31.2 SS-RSRQ distribution per SSB

a) This measurement provides the distribution of SS-RSRQ per SSB received by the gNB of a serving cell from
UEs in the measResults |Es in MeasurementReport messages that is triggered by the gNB sending the
measConfig messages to request UES to send the UE measurement reports (see clause 5.5.2 in TS 38.331 [35]).

b) CC.

¢) This measurement is obtained by incrementing the appropriate measurement bin identified by rsrq value in the
MeasQuantityResults | E in ssb-Results | E for the SSB identified by ssb-Index, where the rsrq value for the SSB

beam of the serving cell isreported by a UE to the gNB via the measResultServingCell in MeasResultServMO |E
in the measResults message (see TS 38.331 [20]).

d) Each subcounter is an integer.

€) MR.SS-RSRQPerSSB.Bin

where Bin represents the range of reported SS-RSRQ value (0 .. 127) mapping to -43 dB to 20 dB with 0.5 dB
resolution (See Table 10.1.11.1-1in TS 38.133[35]).

NOTE: Number of bins and the range for each bin is left to implementation.
f) Beam

g) Validfor packet switched traffic

h) 5GS

5.1.1.31.3 SS-RSRQ distribution per SSB of neighbor NR cell

a) This measurement provides the distribution of SS-RSRQ per SSB received by the gNB of a neighbour cell from
UEs in the measResults |Es in MeasurementReport messages that is triggered by the gNB sending the
measConfig messages to request UES to send the UE measurement reports (see clause 5.5.2 in TS 38.331 [20]).

b) CC.

¢) This measurement is obtained by incrementing the appropriate measurement bin identified by rsrq value in the
MeasQuantityResults | E in ssb-Results | E for the SSB identified by ssh-Index, where the rsrq value for the SSB
beam of the neighbor cell is reported by a UE to the gNB via the measResultListNR in MeasResultNeighCells |E

in the measResults message (see TS 38.331 [20]).
d) Each subcounter is an integer.

€) MR.SS-RSRQ.SSBIndex.Bin
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where SSBIndex identifies the SSB beam of the neighbor NR cell.

Bin represents the range of reported SS-RSRQ value (0 .. 127) mapping to -43 dB to 20 dB with 0.5 dB
resolution (See Table 10.1.11.1-1in TS 38.133[35]).

NOTE: Number of bins and the range for each bin isleft to implementation.
f) NRCellRelation
g) Valid for packet switched traffic
h) 5GS

5.1.1.32 SINR measurement

5.1.1.32.1 SS-SINR distribution in gNB

a) This measurement provides the distribution of SS-SINR received by gNB from UEs in the cell. The periodical

UE measurement reports towards all of the UEs need to be triggered by gNB in the measured New Radio cell
(Seein TS 38.331[20]).

b) CC.

¢) This measurement is obtained by incrementing the appropriate measurement bin using measured quantity value
(see Table 10.1.16.1-1in TS 38.133[35]) when a SINR valueisreported by a UE when sinr is used for
MeasQuantityResults | E that isin resultsSSB-Cell | E within the measResult |E as configured by
MeasurementReport configurations as defined in TS 38.331 [20].

d) A setof integer.
€) MR.NRSCSSSINR.BinX

where X represents the range of Measured quantity SS-SINR value (-23 to 40 dB)
NOTE: Number of bins and the range for each bin isleft to implementation.

f) NRCellCU

g) Validfor packet switched traffic

h) 5GS

5.1.1.32.2 SS-SINR distribution per SSB

a) This measurement provides the distribution of SS-SINR per SSB received by the gNB of a serving cell from UEs
in the measResults | Es in MeasurementReport messages that is triggered by the gNB sending the measConfig
messages to request UEs to send the UE measurement reports (see clause 5.5.2 in TS 38.331 [20]).

b) CC.

¢) This measurement is obtained by incrementing the appropriate measurement bin identified by sinr value in the
MeasQuantityResults | E in ssb-Results | E for the SSB identified by ssh-Index, where the sinr value for the SSB
beam of the serving cell isreported by a UE to the gNB via the measResultServingCell in MeasResultServMO |E

in the measResults message (see TS 38.331 [20]).
d) Each subcounter is an integer.

€) MR.SS-SINRPerSSB.Bin

where Bin represents the range of reported SS-SINR value (0 .. 127) mapping to -23 dB to 40 dB with 0.5 dB
resolution (See Table 10.1.16.1-1 in TS 38.133 [35]).

NOTE: Number of bins and the range for each bin is left to implementation.

f) Beam
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g) Vadlid for packet switched traffic
h) 5GS

5.1.1.32.3 SS-SINR distribution per SSB of neighbor NR cell

a) This measurement provides the distribution of SS-SINR per SSB received by the gNB of a neighbour cell from
UEs in the measResults | Es in MeasurementReport messages that is triggered by the gNB sending the
measConfig messages to request UES to send the UE measurement reports (see clause 5.5.2 in TS 38.331 [20]).

b) CC.

¢) This measurement is obtained by incrementing the appropriate measurement bin identified by sinr value in the
MeasQuantityResults | E in ssb-Results | E for the SSB identified by ssb-Index, where the sinr value for the SSB
beam of the neighbor cell isreported by a UE to the gNB via the measResultListNR in MeasResultNeighCells |E
in the measResults message (see TS 38.331 [20]).

d) Each subcounter is an integer.
€) MR.SS-SINR.SSBIndex.Bin
where SSBIndex identifies the SSB beam of the neighbor NR cell.

Bin represents the range of reported SS-RSRQ value (0 .. 127) mapping to -23 dB to 40 dB with 0.5 dB
resolution (See Table 10.1.16.1-1in TS 38.133 [35]).

NOTE: Number of bins and the range for each bin is left to implementation.
f) NRCellReation

g) Valid for packet switched traffic

h) 5GS

5.1.1.33 Timing Advance

5.1.1.33.1 Timing Advance distribution for NR Cell

a) This measurement provides the distribution of the Absolute Timing Advance (Ta) values transmitted by the gNB
to UEsinthecel..

b) CC

¢) Thismeasurement is obtained by incrementing the appropriate measurement bin when an Absolute Timing
Advance Command is sent to a UE in the NR cell, see TS 38.321 [32].

d) Each subcounter is an integer.

€) LIM. ATADist.Bin
where Bin represents the range of absolute Ta value (0 to 4095).

NOTE: Number of bins and the range for each bin isleft to implementation.
f) NRCellDU
g) Vadlid for packet switched traffic
h) 5GS

i) One usage of this performance measurements isto support MDA.

5.1.1.33.2 Average Value of Timing Advance per SS-RSRP and AOA ranges

a) This measurement provides the average value of timing advance of the cell which are in the
given range of SS-RSRP and AOA for acell.
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b) SI.

c) This measurement is obtained by computing the average value of timing advance of the cell
which are in the given range of SS-RSRP and AOA in the statistical period. The average valueis
obtained by this formula:

Z Z SSRSRR 4 XTy .
i

AT, =
At > > SSRRR
[

Where

SS-RSRP ;. denotes the average value of SS-RSRPs received by gNB from the j -th UE in the
cell within the i -th sampling period in the statistical period, while SS-RSRR |, , isin the k-th
RSRPrange and AOA | , ; isin the t-th AOA range.

TA,j,k

-th sampling period in the statistical period, while SS-RSRRP |, , isin the k-th RSRP range and
AOA ;. isinthe t-th AOA range.

. denotes the average value of T, s transmitted by the gNB to j -th UE in the cell within thei

AOA ; . denotes the average value of AOAs of the j -th UE in the cell within the i -th sampling
period in the statistical period, while SS-RSRR , ,  isin the k-th RSRP range and AOA | , ;isin
the t-th AOA range. AOA isafilter in the formula

SSRRR o0 T,

a,,, and AOA;, . are al satistical results of the j -th UE within thei -th

sampling period.

The measurement ATAH denotesthe average value of timing advance when relative SS-RSRPs are
in the k-th RSRP range and relative AOAs arein the t-th AOA range.

NOTE: The measurement is not Pcell or Scell specific.

d) Each measurement isareal value.

e) LIM.TAAvQ.SSRSRPBIn.ACABIN,

Where SS-RSRPBIn identifies the the range of reported SS-RSRP value, and AcABIn identifies the
range of reported AOA value.

NOTE: Number of bins and the ranges for SS-RSRP and AOA is left to implementation.
f) NRCellDU.

g) Valid for packet switched traffic.

h) 5GS.

]) One usage of this measurement is to analyse the cell coverage and the capacity, thus help the
network planning and network optimization.
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5.1.1.34 Incoming GTP Data Packet Loss in gNB over N3

a)

b)
c)

d)

f)
9)
h)

This measurement provides the number of GTP data packets which are not successfully received at gNB over N3
after being sent by UPF. It isa measure of the incoming GTP data packet loss per N3 interface. The
measurement is split into subcounters per QoS level (5QI) and subcounters per supported S-NSSAI.

CC.

This measurement is obtained by a counter: Number of missing incoming GTP sequence numbers (TS 29.281
[42]) among all GTP packets delivered by a UPF to agNB per N3 interface. The separate subcounter can be
maintained for each 5QI or for each GTP tunnel identified by TEID or for each supported S-NSSAI

Each measurement is an integer value representing the lost GTP packets. If the QoS level measurement is
perfomed, the measurements are equal to the number of 5Qls. If the optional S-NSSAI subcounter measurements
are performed, the number of measurementsis equal to the number of supported S-NSSAIs.

The measurement name has the form GTP.InDataPktPacketL ossN3gNB or
GTP.InDataPktPacketlL ossN3gNB.QoS where QoS identifies the target quality of service class or
GTP.InDataPktPacketlL 0ssN3gNB.SNSSAI, where SNSSAI identifies the S-NSSAI.

EP_NgU (contained by GNBCUUPFunction)
Valid for packet switched traffic.
5GS.

One usage of this measurement is for performance assurance within integrity area (user plane connection quality)
and for reliability KPI.

5.1.1.35 DL Packet Loss rate on Uu

a)

b)
c)

d)

This measurement provides the DL Packet (i.e.,, RLC SDU) Lossrate on Uu interface for an NR cell. The
measurement is split into subcounters per PLMN 1D per QoS level (mapped 5QI or QCI in NR option 3) and per
supported S-NSSAL.

CC.
This measurement is obtained based on the following parameters defined in TS 38.314 [29]:

Number of DL packets, of a data radio bearer with DRB
Identity = drbid, for which at least a part has been
transmitted over the air but not positively acknowledged,
Dloss(T, drbid) and it was decided during time period T that no more
transmission attempts will be done. If transmission of a
packet might continue in another cell, it shall not be
included in this count.

Number of DL packets, of a data radio bearer with DRB

N(T,drbid) Identity = drbid, which has been transmitted over the air
and positively acknowledged during time period T.
T Time Period during which the measurement is performed.
drbid The identity of the measured DRB.

The gNB takes the following calculation for each PLMN 1D per mapped 5QI and per supported S-NSSAI:

Y(Dloss(T,drbid)) * 1000000
Y. (N(T,drbid) + Dloss(T,drbid))

Each measurement is an integer value. The number of measurementsis equal to the number of PLMNs
multiplied by the number of QoS levels or multiplied by the number of supported S-NSSAISs.

DRB.PacketL ossRateUu.Filter,
Where Filter isacombination of PLMN ID and QoS level and S-NSSAI.
The QoS level represents the mapped 5QI or QCI.
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f) NRCellDU

g) Validfor packet switched traffic.

h) 5GS.

5.1.1.36 Number of octets of incoming GTP data packets on the NgU interface, from
UPF to RAN

a) This measurement provides the number of octets of incoming GTP data packets on the NgU interface at
gNB/CU-UP end, which have been generated by the GTP-U protocol entity on the NgU interface. The
measurement can optionally be split into sub-counters per S-NSSAI.

b) CC

¢) Reception of aGTP-U data PDU by the gNB/CU-UP on the NgU interface from UPF.

d) Each measurement isasingle integer value, the number of measurementsis equal to one. If the optional S-
NSSAI sub-counter measurements are performed, the number of measurementsis equal to the number of
supported S-NSSAIs.

€) GTP.InDataOctNgUgNB and optionally GTP.InDataOctNgUgNB.SNSSAI, where SNSSAI identifies the S-
NSSAI.

f) EP_NgU

g) Vadlid for packet switching

h) 5GS

5.1.1.37 Number of octets of outgoing GTP data packets on the NgU interface, from

RAN to UPF

a) This measurement provides the number of octets of outgoing GTP data packets on the NgU interface at
gNB/CU-UP end, which have been generated by the GTP-U protocol entity on the NgU interface. The
measurement can optionally be split into sub-counters per S-NSSAI.

b) CC

¢) Transmission of a GTP-U data PDU by the gNB/CU-UP on the NgU interface to the UPF.

d) Each measurement is asingle integer value, the number of measurementsis equal to one. If the optional S-
NSSAI sub-counter measurements are performed, the number of measurementsis equal to the number of
supported S-NSSAIs.

€) GTP.OutDataOctNgUgNB and optionally GTP.OutDataOctNgUgNB.SNSSAI, where SNSSAI identifiesthe S-
NSSALI.

f) EP_NgU

g) Valid for packet switching

h) 5GS

5.1.1.38 Number of Successfully applied RRCReconfiguration for connected mode
power saving Wake-Up Signal functionality.

a) Configuring the connected mode power saving WUS functionality is done through RRC signalling by including

the dcp-Config-r16 |E (see TS 38.331, 6.3.2- Physical CellGroupConfig) in RRCReconfiguration.

This measurement provides the number of such RRCReconfiguration messages that are successfully applied on
UE side, for an RRC connection established within the existing NRCelICU.
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b)

d)

f)
9)
h)
i)

CcC

Two subcounters will be maintained. One for MCG and one for SCG. On reception of
RRCReconfigurationCompl ete message from the UE, following a transmission of RRCReconfiguration message
to that same UE, If the transmitted RRCReconfiguration message to the UE carries masterCell Group or
secondaryCellGroupConfiguration, and one or both of these containers contain setup of the dcp-Config-ri6 IE,
then the corresponding subcounters will be incremented accordingly.

Each measurement is an integer value.

The measurement name has the form RRC.WUS.DEPLOY MENT where DEPLOYMENT identifies whether
WUS s configured over Master Cell Group, in which case DEPLOYMENT = MCG, or Secondary Cell Group,
in which case DEPLOYMENT = SCG.

NRCellCU
Valid for packet switched traffic
5GS

One usage of this performance measurement isto characterize the WUS enablement.

5.1.1.39 Number of scheduled connected mode power saving WUS functionality

a)

b)
c)
d)
€)
f)
9)
h)
i)

resources.

After being configured, the connected mode power saving WUS functionality needs to be scheduled to the
respective UEs. Such a scheduling happens with the help of a specific Downlink control information format
(DCI), namely DCI Format 2.6. So in order to assess the actual utilization of this connected mode power saving
functionality, it is proposed to define a new measurement that provides the number of DCI Format 2.6 messages
scheduled by the network for an RRC connection established within the existing NRCelICU.

CcC

Upon transmission of a DCI Format 2.6 message by the network, the counter will be incremented.
Each measurement is an integer value.

The measurement name has the form RRC.WusSchedul ed.

NRCellIDU

Valid for packet switched traffic

5GS

One usage of this performance measurement isto characterize the WUS utilization.

5.1.1.40 Number of RRCReconfiguration for successfully configuring NR-NR Dual

a)

b)
©)

d)
€)

f)

Connectivity (NR-NR-DC)

This measurement provides the number of UE side successfully applied RRCReconfiguration carrying the NR-
NR-DC for an RRC connection established within the existing NRCelICU.

CcC

On reception of RRCReconfigurationComplete message from the UE, following a transmission of
RRCReconfiguration message to that same UE, if the transmitted RRCReconfiguration contains the setup of
mrdc-SecondaryCellGroup-nr-SCG (see TS 38.331, 6 - MRDC-SecondaryCell GroupConfig), the counter will be
incremented.

Each measurement is an integer value.
The measurement name has the form RRC.RRCRECONF.Scg.Nr
NRCellCU
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9)
h)

i)

Valid for packet switched traffic
5GS

One usage of this performance measurement is to characterize NR-NR-DC Configuration rate and enablement.

5.1.1.41 Number of RRCResume for successfully configuring NR-NR Dual

a)

b)

d)
€)
f)
9)
h)
i)

Connectivity (NR-NR-DC)

This measurement provides the number of UE side successfully applied RRCResume messages carrying the NR-
NR-DC for an RRC connection established within the existing NRCelICU.

CC

On reception of RRCResumeCompl ete message from the UE, following a transmission of RRCResume message
to that same UE, if the transmitted RRCResume contains the setup of mrdc-SecondaryCell Group-r16-nr-SCG-
r16 (see TS 38.331, 6 - mrdc-SecondaryCell Group-r16-nr-SCG-r16) the counter will be incremented.

Each measurement is an integer value.

The measurement name has the form RRC.RRCRESUME.Scg.Nr
NRCellCU

Valid for packet switched traffic

5GS

One usage of this performance measurement is to characterize NR-NR-DC Configuration rate and enablement.

5.1.1.42 Number of Successfully applied RRCReconfiguration for configuring UE

a)

b)
c)

d)
€)
f)
9)
h)
i)

assistance information with release preference.

This measurement provides the number of RRCReconfiguration carrying the UAI configuration with
releasePreference-r16 for an RRC connection established within the existing NRCellCU.

CcC

On reception of RRCReconfigurationComplete message from the UE, following a transmission of
RRCReconfiguration message to that same UE, If the transmitted RRCReconfiguration message to the UE
carries OtherConfig-v1610, and if this latter container contains setup of the releasePreferenceConfig-rl16, the
counter will be incremented.

Each measurement is an integer value.

The measurement name has the form RRC.OtherConfig.UAI.releasePreferenceConfig
NRCellCU

Valid for packet switched traffic

5GS

One usage of this performance measurement is to characterize the UAI with rel ease preference enablement.

5.1.1.43 Number of received UE assistance information with release preference

a)

b)
©)

This measurement provides the number of releasePreference-r16 messages received by the network for an RRC
connection established within the existing NRCelICU.

CC

Upon reception of UEAssi stancel nformation message by the network, if the message contains the
releasePreference-r16 | E, the counter will be incremented.
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d) Each measurement is an integer value.

€) The measurement name has the form RRC.UAI .rel easePreference.
f) NRCellCU

g) Validfor packet switched traffic

h) 5GS

i) One usage of this performance measurement is to characterize the UAI with release preference utilization.

5.1.2 Performance measurements valid only for non-split gNB deployment

scenario
5121 PDCP Data Volume
5.1.2.1.1 DL PDCP SDU Data Volume Measurements
5.1.2.1.1.1 DL Cell PDCP SDU Data Volume

a) This measurement provides the Data Volume (amount of PDCP SDU bits) in the downlink delivered to PDCP
layer. The measurement is calculated per PLMN ID and per QoS level (mapped 5QI) and per S-NSSAI.
The unit is Mbit.

b) CC.

¢) This measurement is obtained by counting the number of bits entering the NG-RAN PDCP layers. The
measurement is performed at the PDCP SDU level. The measurement is performed per configured PLMN 1D
and per QoS level (mapped 5QI) and per S-NSSAI.

d) Each measurement is an integer value representing the number of bits measured in Mbits (1M Bits=1000* 1000
bits). The number of measurementsis equal to the number of PLMNs multiplied by the number of QoS levels
multiplied by the number of S-NSSAIs.

[Total no. of measurement instances] x [no. of filter values for all measurements] (DL and UL) < 100.

€) The measurement name has the form DRB.PdcpSduV olumeDL_Filter.
Where filter is a combination of PLMN ID and QoS level and S-NSSAI.

Where PLMN ID represents the PLMN 1D, QoS representes the mapped 5QI or the QCI level, and SNSSAI
represents S-NSSAI.

f) NRCelCU.
g) Valid for packet switched traffic.
h) 5GS.

i) One usage of this measurement is for performance assurance within integrity area (user plane connection quality)
and in the energy efficency (EE) area.

NRCellICU in non-split NG-RAN deployment scenarios represents NRCell.

5.1.21.1.2 DL Cell PDCP SDU Data Volume on X2 Interface

a) This measurement provides the Data Volume (amount of PDCP SDU bits) in the downlink delivered on X2
interface in DC-scenarios. The measurement is calculated per PLMN ID and per QoS level (mapped 5QI or QCI
in NR option 3).
The unit is Mbit.

b) CC.
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¢) Thismeasurement is obtained by counting the number of bits transferred in the downlink through X2 interface.
The measurement is performed at the PDCP SDU level. The measurement is performed per configured PLMN
ID and per QoS level (mapped 5QI or QCI in NR option 3).

d) Each measurement is an integer value representing the number of bits measured in Mbits (1M Bits=1000* 1000
bits). The number of measurementsis equal to the number of PLMNs multiplied by the number of QoS levels.
[Total no. of measurement instances] x [no. of filter values for all measurements] (DL and UL) < 100.

€) The measurement name has the form DRB.PdcpSduVolumeX2DL_Filter.
Where filter is a combination of PLMN ID and QoS level.
Where PLMN ID represents the PLMN ID, QoS representes the mapped 5QI or the QCI level.

f) NRCellCU.
g) Validfor packet switched traffic..
h) 5GS.

i) One usage of this measurement is for performance assurance within integrity area (user plane connection quality)
and in the energy efficency (EE) area.

NRCellICU in non-split NG-RAN deployment scenarios represents NRCell.

5.1.2.1.1.3 DL Cell PDCP SDU Data Volume on Xn Interface

a) This measurement provides the Data Volume (amount of PDCP SDU bits) in the downlink delivered on Xn
interface . The measurement is calculated per PLMN ID and per QoS level (mapped 5QI) and per S-NSSAI.
The unit is Mbit.

b) CC.

¢) This measurement is obtained by counting the number of bits transferred in the downlink through Xn interface.
The measurement is performed at the PDCP SDU level. The measurement is performed per configured PLMN
ID and per QoS level (mapped 5QI) and per S-NSSAI.

d) Each measurement is an integer value representing the number of bits measured in Mbits (1M Bits=1000* 1000
bits). The number of measurementsis equal to the number of PLMNs multiplied by the number of QoS levels
multiplied by the number of S-NSSAIs.

[Total no. of measurement instances] x [no. of filter values for all measurements] (DL and UL) < 100.

€) The measurement name has the form DRB.PdcpSduVolumeXnDL_Filter.

Where filter is a combination of PLMN ID and QoS level and S-NSSAI.

Where PLMN ID represents the PLMN ID, QoS representes the mapped 5QI or the QCI level, and SNSSAI
represents S-NSSAI.

f) NRCellCU.
g) Validfor packet switched traffic.
h) 5GS.

i) One usage of this measurement is for performance assurance within integrity area (user plane connection quality)
and in the energy efficency (EE) area.

NRCellCU in non-split NG-RAN deployment scenarios represents NRCell.
5.1.2.1.2 UL PDCP SDU Data Volume Measurements

512121 UL Cell PDCP SDU Data Volume

a) This measurement provides the Data V olume (amount of PDCP SDU bits) in the uplink delivered from PDCP
layer to higher layers. The measurement is calculated per PLMN ID and per QoS level (mapped 5QI) and per S-
NSSAI.

The unit is Mbit.
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b) CC.

¢) This measurement is obtained by counting the number of bits delivered from PDCP layer to higher layers. The
measurement is performed at the PDCP SDU level. The measurement is performed per configured PLMN ID
and per QoS level (mapped 5QI) and per S-NSSAI.

d) Each measurement is an integer value representing the number of bits measured in Mbits (1M Bits=1000* 1000
bits). The number of measurementsis equal to the number of PLMNs multiplied by the number of QoS levels
multiplied by the number of S-NSSAIs.

[Total no. of measurement instances] x [no. of filter values for all measurements] (DL and UL) < 100.

€) The measurement name has the form DRB.PdcpSduVolumeUL_Filter.
Wherefilter is a combination of PLMN ID and QoS level and S-NSSAI.
Where PLMN ID represents the PLMN ID, QoS representes the mapped 5QI or the QCI level, and SNSSAI
represents S-NSSAI.

f) NRCellCU.
g) Vadlid for packet switched traffic.
h) 5GS.

i) One usage of this measurement is for performance assurance within integrity area (user plane connection quality)
and in the energy efficency (EE) area.

NRCellCU in non-split NG-RAN deployment scenarios represents NRCell.

5.1.2.1.2.2 UL Cell PDCP SDU Data Volume on X2 Interface

a) This measurement provides the Data V olume (amount of PDCP SDU bits) in the uplink delivered on X2
interface in NSA scenarios. The measurement is calculated per PLMN ID and per QoS level (mapped 5QI or
QCI in NR option 3).

The unit is Mbit.

b) CC

¢) This measurement is obtained by counting the number of bits transferred in the uplink through X2 interface. The
measurement is performed at the PDCP SDU level. The measurement is performed per configured PLMN ID
and per QoS level (mapped 5QI or QCI in NR option 3).

d) Each measurement is an integer value representing the number of bits measured in Mbits (1M Bits=1000* 1000
bits). The number of measurementsis equal to the number of PLMNs multiplied by the number of QoS levels.
[Total no. of measurement instances] x [no. of filter values for all measurements] (DL and UL) < 100.

€) The measurement name has the form DRB.PdcpSduV olumeX2UL_Filter.
Where filter is a combination of PLMN ID and QoS level.
Where PLMN ID represents the PLMN ID, QoS representes the mapped 5QI or the QCI level.

f) NRCellCU.
g) Vadlid for packet switched traffic.
h) 5GS.

i) One usage of this measurement is for performance assurance within integrity area (user plane connection quality)
and in the energy efficency (EE) area.

NRCellCU in non-split NG-RAN deployment scenarios represents NRCell.

5.1.2.1.2.3 UL Cell PDCP SDU Data Volume on Xn Interface

a) This measurement provides the Data V olume (amount of PDCP SDU bits) in the uplink delivered on Xn
interface in SA scenarios. The measurement is calculated per PLMN ID and per QoS level (mapped 5QI) and per S-
NSSAL.

The unit is Mbit.
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b)
<)

d)

f)
9)
h)

CC.

This measurement is obtained by counting the number of bits transferred in the uplink through Xn interface. The
measurement is performed at the PDCP SDU level. The measurement is performed per configured PLMN ID
and per QoS level (mapped 5QI) and per S-NSSAI.

Each measurement is an integer value representing the number of bits measured in Mbits (1M Bits=1000* 1000
bits). The number of measurementsis equal to the number of PLMNs multiplied by the number of QoS levels
multiplied by the number of S-NSSAIs.

[Total no. of measurement instances] x [no. of filter values for all measurements] (DL and UL) < 100.

The measurement name has the form DRB.PdcpSduV olumeXnUL_Filter.

Where filter is a combination of PLMN ID and QoS level and S-NSSAI.

Where PLMN ID represents the PLMN ID, QoS representes the mapped 5QI or the QCI level, and SNSSAI
represents S-NSSAI.

NRCellCU.
Valid for packet switched traffic..
5GS.

One usage of this measurement is for performance assurance within integrity area (user plane connection quality)
and in the energy efficency (EE) area.

NRCellCU in non-split NG-RAN deployment scenarios represents NRCell.

5.1.2.2 Packet Success Rate
5.1.2.2.1 UL PDCP SDU Success Rate
a) This measurement provides the fraction of PDCP SDU packets which are successfully received at gNB. Itisa

b)
c)

d)

f)
9)
h)

measure of the UL packet delivery successincluding any packet successin the air interface and in the gNB.
Only user-plane traffic (DTCH) and only PDCP SDUs that have entered PDCP (and given a PDCP sequence
number) are considered. The measurement is optionally split into subcounters per QoS level (mapped 5QI or
QCI in NR option 3), and subcounters per supported S-NSSAI.

Sl

This measurement is obtained as: Number of successfully received UL PDCP sequence numbers, representing
packets that are successfully delivered to higher layers, of adataradio bearer, divided by Total humber of UL
PDCP sequence numbers of a bearer, starting from the sequence number of the first packet delivered by UE
PDCPto gNB until the sequence number of the last packet. Separate counters are optionally maintained for
mapped 5QI (or QCI for NR option 3) and per supported S-NSSAI.

Each measurement is an integer value representing the success rate. The number of measurementsis equal to
one. If the optional QoS and S-NSSAI level measurements are performed, the measurements are equal to the
number of mapped 5QIs or the number of supported S-NSSAIs.

The measurement name has the form DRB.PacketSuccessRateUIgNBUu and optionally
DRB.PacketSuccessRateUIgNBUuU.QOS where QOS identifies the target quality of service class, and
DRB.PacketSuccessRateUIgNBUuU.SNSSAI where SNSSAI identifies the S-NSSAM.

NRCellCU
Valid for packet switched traffic.
5GS.

One usage of this measurement is for performance assurance within integrity area (user plane connection quality)
and for reliability KPI.

Note : NRCellCU in non-split NG-RAN deployment scenarios represents NRCell.
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5.1.2.3 QoS flow release

5.1.2.3.1 Mean interruption time interval for 5QI 1 QoS Flow released due to double NG
(double UE context)

a) This measurement provides the average interruption time interval for 5QI 1 QoS Flow released due to double
NG (double UE context).

b) CC

¢) Thismeasurement is obtained by taking the arithmetic mean of samples where each one is obtained as point in
time when NG: UE context Release Command with the cause " Rel ease due to CN-detected mobility” (TS 38.413
[11]) isreceived (without previous reception of the PDU SESSION RESOURCE RELEASE COMMAND with
NAS Normal cause related to the 5QI 1 QoS Flow) from AMF minus point in time when gNB internally
evaluates radio link failure for the UE and T-RLF timer has been started for the UE with 5QI 1 QoS Flow
established.

d) Each measurement isan integer value (in milliseconds).
€) The measurement name has the form MeanTime5QI 1Flow.RelDoubleNG.

f) NRCellCU

g) Vadlid for packet switched traffic
h) 5GS

- According to TS 38.413 [11] the cause within the NG: UE context Release Command related to double NG shall
correspond to “Release due to CN-detected mobility” when in this scenario the context release is requested by
the AMF because CN detected the UE is already served either by another NG interface or there are two logical
NG-connections for the same UE of the same NG interface.

- The samples with PDU SESSION RESOURCE RELEASE COMMAND with NAS Normal cause related to the
5QI 1 QoS Flow received prior to NG: UE context Release Command with the cause related to the double NG
from AMF must be excluded from counting because they point out the second party normally terminated the
call, which means the end user has to re-dial the call again.

- One use case of the measurement is to evaluate the interruption time of the QoS of the 5QI 1 Flows due to
double NG (double UE context)”. Furthermore, the 5QI 1 QoS Flows that shall be immediately released due to
radio reasons with UE connectivity lost (when T-RLF timer was not started) can be delayed by time interval
based on this measurement to possibly transform them to double NG scenario to reduce further the 5QI 1 QoS
flow Drop Ratio.

5.1.3 Performance measurements valid for split gNB deployment scenario
5.1.3.1 Packet Loss Rate

51.3.1.1 UL PDCP SDU Loss Rate

a) This measurement provides the fraction of PDCP SDU packets which are not successfully received at gNB-CU-
UP. It isameasure of the UL packet loss including any packet lossesin the air interface, in the gNB-CU and on
the F1-U interface. Only user-planetraffic (DTCH) and only PDCP SDUs that have entered PDCP (and given a
PDCP sequence number) are considered. The measurement is optionally split into subcounters per QoS level
(mapped 5QI or QCI in NR option 3), and subcounters per supported S-NSSAI.

b) SI.
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©)

d)

€)

f)

9)
h)

This measurement is obtained as: 1000000* Number of missing UL PDCP sequence numbers, representing
packets that are not delivered to higher layers, of a data radio bearer, divided by Total number of UL PDCP
sequence numbers (also including missing sequence numbers) of a bearer, starting from the sequence number of
the first packet delivered by UE PDCP to gNB-CU-UP until the sequence number of the last packet. If
transmission of a packet might continue in another cell, it shall not be included in this count. Separate counters
are optionally maintained for mapped 5QI (or QCI for NR option 3) and per supported S-NSSAI.

Each measurement is an integer value representing the loss rate multiplied by 1E6. The number of measurements
isequal to one. If the optional QoS and S-NSSAI level measurements are perfomed, the measurements are equal
to the number of mapped 5QIs and the number of supported S-NSSAIs.

The measurement name has the form DRB.PacketL ossRateUl and optionally DRB.PacketL ossRateUl.QOS
where QOSidentifies the target quality of service class, and DRB.Packetl ossRateUl.SNSSAI where SNSSAI
identifies the S-NSSAI.

GNBCUUPFunction.
NRCellCU.

Valid for packet switched traffic.
5GS.

One usage of this measurement is for performance assurance within integrity area (user plane connection
quality). NRCellCU measurement applies only for 2-split deployment.

5.1.3.1.2 UL F1-U Packet Loss Rate

a)

b)
c)

d)

f)
o)
h)

This measurement provides the fraction of PDCP SDU packets which are not successfully received at gNB-CU-
UP. It isameasure of the UL packet loss on the F1-U interface. The measurement is optionally split into
subcounters per QoS level (mapped 5QI or QCI in NR option 3) and subcounters per supported S-NSSAI.

Sl

This measurement is obtained as: 1000000* Number of missing UL GTP sequence numbers (TS 29.281),
representing packets that are not delivered to higher layers, of adataradio bearer, divided by Total number of UL
GTP sequence numbers (al so including missing sequence numbers) of a bearer, starting from the GTP sequence
number of the first packet delivered by gNB-DU to gNB-CU-UP until the GTP sequence number of the last
packet. Separate counters are optionally maintained for mapped 5QI (or QCI for option 3) and per supported S-
NSSAI.

Each measurement is an integer value representing the loss rate multiplied by 1E6. The number of measurements
isequal to one. If the optional QoS and S-NSSAI level measurement are perfomed, the measurements are equal
to the number of mapped 5QIs and the number of supported S-NSSAISs.

The measurement name has the form DRB.F1UpacketL ossRateUl and optionally
DRB.F1UPacketL ossRateUl.QOS where QOS identifies the target quality of service class, and
DRB.F1UPacketL ossRateUl.SNSSAI where SNSSAI identifies the S-NSSAL.

GNBCUUPFunction
Valid for packet switched traffic
5GS

One usage of this measurement is for performance assurance within integrity area (user plane connection
quality).

5.1.3.1.3 DL F1-U Packet Loss Rate

a)

b)

This measurement provides the fraction of PDCP SDU packets which are not successfully received at the gNB-
DU). It isameasure of the DL packet loss on the F1-U interface. The measurement is optionally split into
subcounters per QoS level (mapped 5QI or QCI in NR option 3), and subcounters per supported S-NSSAI.

Sl
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€) This measurement is obtained as: 1000000* Number of missing DL GTP sequence numbers (TS 29.281),
representing packets that are not delivered to lower layers, of a dataradio bearer, divided by Total number of UL
GTP sequence numbers (al so including missing sequence numbers) of a bearer, starting from the sequence
number of the first packet delivered by gNB-CU-UPto gNB-DU until the GTP sequence number of the last
packet. Separate counters are optionally maintained for mapped 5QI (or QCI for NR option 3) and per supported
SNSSAI.

d) Each measurement is an integer value representing the loss rate multiplied by 1E6. The number of measurements
isequal to one. If the optional QoS and S-NSSAI level measurement are perfomed, the measurements are equal
to the number of mapped 5QI's and the number of supported S-NSSAIs.

€) The measurement name has the form DRB.F1UpacketL ossRateDI .and optionally
DRB.F1UPacketl ossRateDI.QOS where QOS identifies the target quality of service class, and
DRB.F1UPacketL ossRateDI.SNSSAI where SNSSAI identifies the SSNSSAI.

f) NRCellDU

g) Valid for packet switched traffic

h) 5GS

i) One usage of this measurement is for performance assurance within integrity area (user plane connection
quality).

5.1.3.2 Packet Drop Rate
5.1.3.2.1 DL PDCP SDU Drop rate in gNB-CU-UP
a) This measurement provides the fraction of PDCP SDU packets which are dropped on the downlink, due to high

traffic load, traffic management etc in the gNB-CU-UP. Only user-plane traffic (DTCH) is considered. A
dropped packet is one whose context is removed from the gNB-CU-UP without any part of it having been
transmitted on the F1-U or Xn-U or X2-U interface. The measurement is optionally split into subcounters per
QoS level (mapped 5QI or QCI in NR option 3), and subcounters per supported S-NSSAI.

NOTE: this measurement may include packets that were supposed to be sent viathe eUtran air interface if using NR

b)
c)

d)

f)

9)
h)

split bearer option 3, 4 or 7.
Sl

This measurement is obtained as: 1000000* Number of dropped DL PDCP SDU packets whose contexts are
removed from the gNB-CU-UP without any part of it having been transmitted on the F1-U or Xn-U or X2-U
interface, of a dataradio bearer, divided by Number of DL PDCP SDU packets for data radio bearers that have
entered PDCP-SAP after being decoded from GTP-U packets. Separate counters are optionally maintained for
mapped 5QI (or QCI for NR option 3) and per supported S-NSSAI.

Each measurement is an integer value representing the drop rate multiplied by 1E6. The number of
measurementsis equal to one. If the optional QoS and S-NSSAI level measurement are performed, the
measurements are equal to the number of mapped 5QIs and the number of supported S-NSSAIs.

The measurement name has the form DRB.PdcpPacketDropRateDI and optionally
DRB.PdcpPacketDropRateDIl.QOS

where QOS identifies the target quality of service class, and DRB.PdcpPacketDropRateDIl.SNSSAI where
SNSSAI identifies the S-NSSAI.

GNBCUUPFunction.
NRCellCU.

Valid for packet switched traffic.
5GS.

One usage of this measurement is for performance assurance within integrity area (user plane connection
quality). NRCellCU measurement applies only for 2-split deployment.
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5.1.3.2.2 DL RLC SDU Packet Drop Rate in gNB-DU

a)

b)

©)

d)

€)

f)
9)
h)

This measurement provides the fraction of RLC SDU packets which are dropped on the downlink, due to high
traffic load, traffic management etc in the gNB-DU. Only user-plane traffic (DTCH) is considered. A dropped
packet is one whose context is removed from the gNB-DU without any part of it having been transmitted on the
air interface. The measurement is optionally split into subcounters per QoS level (mapped 5QI or QCI in NR
option 3), and subcounters per supported S-NSSAI.

Sl.

This measurement is obtained as: 1000000* Number of dropped DL RLC SDU packets whose contexts are
removed from the gNB-DU without any part of it having been transmitted on the air interface of a dataradio
bearer, divided by Number of DL RLC SDU packets (as decoded from PDCP-PDUs received via GTP-U
packets) for data radio bearers that were received from gNB-CU-UP. Separate counters are optionally maintained
for mapped 5QI (or QCI for NR option 3) and per supported S-NSSAI.

Each measurement is an integer value representing the drop rate multiplied by 1E6. The number of
measurementsis equal to one. If the optional QoS and S-NSSAI level measurement are performed, the
measurements are equal to the number of mapped 5QIs and the number of supported S-NSSAIs.

The measurement name has the form DRB.RIcPacketDropRateDI and optionally
DRB.RIcPacketDropRateDI|.QOS

where QOSidentifies the target quality of service class, and DRB.RIcPacketDropRateDIl.SNSSAI where SNSSAI
identifies the S-NSSAI.

NRCellDU.
Valid for packet switched traffic.
5GS.

One usage of this measurement is for performance assurance within integrity area (user plane connection
quality).

5.1.3.3 Packet delay

5.1.3.3.1 Average delay DL in CU-UP

a)

b)
©)

d)

€)

f)
o)
h)

This measurement provides the average (arithmetic mean) PDCP SDU delay on the downlink within the gNB-
CU-UP, for al PDCP packets. The measurement is calculated per PLMN ID and per QoS level (mapped 5QI or
QCI in NR option 3) and subcounters per S-NSSAI.

DER (n=1)

This measurement is obtained as: sum of (time when sending a PDCP SDU to the gNB-DU at the egress PDCP
layer on F1-U/Xn-U, minus time of arrival of the same packet at NG-U ingress | P termination) divided by total
number of PDCP SDUs arriving at NG-U ingress I P termination. The measurement is performed per PLMN ID
and per QoS level (mapped 5QI or QCI in NR option 3) and per S-NSSAI.

Each measurement isareal representing the mean delay in 0.1 millisecond. The number of measurementsis
equal to the number of PLMNs multiplied by the number of QoS levels or multiplied by the number of S-
NSSAls.

[Total No. of measurement instances] x [No. of filter values for all measurements] (DL and UL) < 100.

The measurement name has the form DRB.PdcpSduDelayDI_Filter,

Where filter isa combination of PLMN ID and QoS level and S-NSSAI.

Where PLMN ID represents the PLMN 1D, QoS representes the mapped 5QI or QCI level, and SNSSAI
represents S-NSSAI.

GNBCUUPFunction
Valid for packet switched traffic
5GS
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i) One usage of this measurement is for performance assurance within integrity area (user plane connection
quality).

5.1.3.3.2 Average delay DL on F1-U

a) This measurement provides the average (arithmetic mean) GTP packet delay DL on the F1-U interface. The
measurement is calculated per PLMN ID and per QoS level (mapped 5QI or QCI in NR option 3) and
subcounters per S-NSSAI.

b) DER (n=1)

¢) Thismeasurement is obtained as: the time when receiving a GTP packet from the gNB-DU at theingress GTP
termination of GNBCUUPFunction, minus time when the same packet was sent to gNB-DU from the GTP
egress termination of GNBCUUPFunction, minus feedback delay time (including queuing delay) in gNB-DU,
obtained result is divided by two.. The measurement is performed per PLMN ID and per QoS level (mapped 5QI
or QCI in NR option 3) and per S-NSSAI.
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Figure 5.1.3.3.2-1 Average delay DL on F1U

d) Each measurement isareal representing the mean delay in 0.1 millisecond. The number of measurementsis
equal to the number of PLMNs multiplied by the number of QoS levels or multiplied by the number of S-
NSSAls.

[Total No. of measurement instances] x [No. of filter values for al measurements] (DL and UL) < 100.

€) The measurement name has the form DRB.PdcpF1DelayDI_Filter,
Where filter isa combination of PLMN ID and QoS level and S-NSSAI.
Where PLMN ID representsthe PLMN 1D, QoS representes the mapped 5QI or QCI level, and SNSSAI
represents S-NSSAI.

f) GNBCUUPFunction
g) Validfor packet switched traffic
h) 5GS

i) One usage of this measurement is for performance assurance within integrity area (user plane connection
quality).

NOTE : The NR RAN container (DL USER DATA/ DL DATA DELIVERY STATUS) carried in the GTP-U
packet over the F1-U interface is used for the measurement.

5.1.3.3.3 Average delay DL in gNB-DU

a) This measurement provides the average (arithmetic mean) RLC SDU delay on the downlink within the gNB-DU,
for initial transmission of all RLC packets. The measurement is calculated per PLMN ID and per QoS level
(mapped 5QI or QCI in NR option 3) and subcounters per S-NSSAI.

b) DER (n=1)

¢) Thismeasurement is obtained as: sum of (time when the last part of an RLC SDU was scheduled and sent to the
MAC layer for transmission over the air, minustime of arrival of the same packet at the RLC ingress F1-U
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termination) divided by total number of RLC SDUs arriving at the RLC ingress F1-U termination. If the RLC
SDU needs retransmission (for Acknowledged Mode) the delay will still include only one contribution (the
original one) to this measurement. The measurement is performed per PLMN ID and per QoS level (mapped 5QI
or QCI in NR option 3) and per S-NSSAI.

d) Each measurement isareal representing the mean delay in 0.1 millisecond. The number of measurementsis
equal to the number of PLMNs multiplied by the number of QoS levels or multiplied by the number of S-
NSSAls.

[Total No. of measurement instances] x [No. of filter values for all measurements] (DL and UL) < 100.

€) The measurement name has the form DRB.RIcSduDelayDl,
Where filter isacombination of PLMN ID and QoS level and S-NSSAI.
Where PLMN ID represents the PLMN 1D, QoS representes the mapped 5QI or QCI level, and SNSSAI
represents S-NSSAI.

f) NRCellDU.
g) Vadlid for packet switched traffic.

h) 5GS.
i) One usage of this measurement is for performance assurance within integrity area (user plane connection
quality).
5.1.3.34 Distribution of delay DL in CU-UP

a) This measurement provides the distribution of PDCP SDU delay on the downlink within the gNB-CU-UP, for all
PDCP packets. The measurement is calculated per PLMN ID and per QoS level (mapped 5QI or QCI in NR
option 3) and subcounters per S-NSSAI.

b) DER (n=1)

¢) Thismeasurement is obtained by 1) calculating the DL delay within the gNB-CU-UP for a PDCP SDU packet
by: the time when sending a PDCP SDU to the gNB-DU at the egress PDCP layer on F1-U/Xn-U, minus time of
arrival of the same packet at NG-U ingress | P termination; and 2) incrementing the corresponding bin with the
delay range where the result of 1) fallsinto by 1 for the counters. The measurement is performed per PLMN 1D
and per QoS level (mapped 5QI or QCI in NR option 3) and per S-NSSAI.

d) Each measurement is an integer representing the number of PDCP SDU packets measured with the delay within
the range of the bin. The number of measurementsis equal to the number of PLMNs multiplied by the number of
QoS levels or multiplied by the number of S-NSSAIs.

[Total No. of measurement instances] x [No. of filter values for all measurements] (DL and UL) < 100.

€) DRB.PdcpSduDelayDIDist.Bin_Filter, where Bin indicates a delay range which is vendor specific;
Wherefilter is acombination of PLMN ID and QoS level and S-NSSAI.
Where PLMN ID represents the PLMN 1D, QoS representes the mapped 5QI or QCI level, and SNSSAI
represents S-NSSAI.

f) GNBCUUPFunction

g) Vadlid for packet switched traffic

h) 5GS
i) One usage of this measurement is for performance assurance within integrity area (user plane connection
quality).
5.1.3.3.5 Distribution of delay DL on F1-U

a) This measurement provides the distribution of GTP packet delay DL on the F1-U interface. The measurement is
calculated per PLMN ID and per QoS level (mapped 5QI or QCI in NR option 3) and subcounters per S-NSSAI.

b) DER (n=1)
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©)

d)

€)

This measurement is obtained by 1) calculating the DL delay on F1-U for a GTP packet by: the time when
receiving a GTP packet delivery status message from the gNB-DU at the egress GTP termination, minustime
when sending the same packet to gNB-DU at the GTP ingress termination, minus feedback delay timein gNB-
DU, obtained result is divided by two; and 2) incrementing the corresponding bin with the delay range where the
result of 1) falsinto by 1 for the counters. The measurement is performed per PLMN ID and per QoS level
(mapped 5QI or QCI in NR option 3) and per S-NSSAI.

Each measurement is an integer representing the number of GTP packets measured with the delay within the
range of the bin. The number of measurementsis equal to the number of PLMNs multiplied by the number of
QoS levels or multiplied by the number of S-NSSAIs.

[Total No. of measurement instances] x [No. of filter values for all measurements] (DL and UL) < 100.

DRB.GtpF1DelayDIDist.Bin_Filter, where Bin indicates a delay range which is vendor specific;

Where filter isa combination of PLMN ID and QoS level and S-NSSAI.

Where PLMN ID represents the PLMN 1D, QoS representes the mapped 5QI or QCI level, and SNSSAI
represents S-NSSAI.

f)  GNBCUUPFunction

g) Vadlid for packet switched traffic

h) 5GS

i) One usage of this measurement is for performance assurance within integrity area (user plane connection
quality).

5.1.3.3.6 Distribution of delay DL in gNB-DU

a) This measurement provides the distribution of RLC SDU delay on the downlink within the gNB-DU, for initial
transmission of all RLC packets. The measurement is calculated per PLMN 1D and per QoS level (mapped 5QI
or QCI in NR option 3) and subcounters per S-NSSAIl.

b) DER (n=1)

¢) Thismeasurement is obtained by 1) calculating the delay on the downlink within the gNB-DU for aRLC SDU
packet by: the time when the last part of an RLC SDU was scheduled and sent to the MAC layer for transmission
over the air, minus time of arrival of the same packet at the RLC ingress F1-U termination; and 2) incrementing
the corresponding bin with the delay range where the result of 1) fallsinto by 1 for the counters. The
measurement is performed per PLMN 1D and per QoS level (mapped 5QI or QCI in NR option 3) and per S
NSSAI. If the RLC SDU needs retransmission (for Acknowledged Mode) the delay will still include only one
contribution (the original one) to this measurement.

d) Each measurement is an integer representing the number of RLC SDU packets measured with the delay within
the range of the bin. The number of measurementsis equal to the number of PLMNs multiplied by the number of
QoS levels or multiplied by the number of S-NSSAIs.

[Total No. of measurement instances] x [No. of filter values for all measurements] (DL and UL) < 100.
€) DRB.RIcSduDelayDIDist.Bin_Filter, where Bin indicates a delay range which is vendor specific;

Wherefilter is acombination of PLMN ID and QoS level and S-NSSAL.

Where PLMN ID representsthe PLMN 1D, QoS representes the mapped 5QI or QCI level, and SNSSAI

represents S-NSSAI.

f) NRCellDU.

0) Valid for packet switched traffic.

h) 5GS.

i) One usage of this measurement is for performance assurance within integrity area (user plane connection

quality).
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5.1.34 IP Latency measurements

5.1.34.1 General information

This clause definesthe DL latency in gNB-DU. DL latency measurements for CU-UP and F1-U are not defined.

5.1.3.4.2 Average IP Latency DL in gNB-DU

a) This measurement provides the average IP Latency in DL (arithmetic mean) within the gNB-DU, when thereis
no other prior datato be transmitted to the same UE in the gNB-DU. The measurement is optionally split into
subcounters per QoS level and subcounters per S-NSSAI.

b) DER (n=1)

¢) This measurement is obtained as: sum of (time when the first piece of an RLC SDU transmitted on the air
interface, minus time of arrival of the same packet at the RLC ingress F1-U termination, for |P packets arriving
when there is no other prior datato be transmitted to the same UE in the gNB-DU) divided by total number of
RLC SDUs arriving at the RLC ingress F1-U termination when there is no other prior datato be transmitted to
the same UE in the gNB-DU. Separate counters are optionally maintained for each mapped 5QI (or QCI for
option 3) and for each S-NSSAI.

d) Each measurement isareal representing the average latency in 0.1 millisecond. The number of measurementsis
equal to one. If the optional QoS level subcounters and S-NSSAI subcounters are measurement is performed, the
number of measurementsis equal to the sum of number of supported mapped 5QIs and the number of S-NSSAISs.

€) The measurement name has the form DRB.RIcSduL atencyDl,
optionally DRB.RIcSduL atencyDI.QOS where QOS identifies the target quality of service class, and
optionally DRB.RIcSduL atencyDI.SNSSAI, where SNSSAI identifies the S-NSSAL.

f) NRCellDU
g) Validfor packet switched traffic

h) 5GS
i) One usage of this measurement is for performance assurance within integrity area (user plane connection
quality).
5.1.3.4.3 Distribution of IP Latency DL in gNB-DU

a) This measurement provides the distribution of IP Latency in DL within the gNB-DU, when thereis no other
prior datato be transmitted to the same UE in the gNB-DU. The measurement is split into subcounters per QoS
level and subcounters per S-NSSAI.

b) DER (n=1)

¢) This measurement is obtained by 1) calculating the latency on the downlink within the gNB-DU for aRLC SDU
packet by: time when the first piece of an RLC SDU transmitted on the air interface, minus time of arrival of the
same packet at the RLC ingress F1-U termination, for |P packets arriving when there is no other prior data to be
transmitted to the same UE in the gNB-DU;; and 2) incrementing the corresponding bin with the latency range
where the result of 1) fallsinto by 1 for the subcounters per QoS level (mapped 5QI or QCI in NR option 3) and
subcunters per S-NSSAI.

d) Each measurement is an integer representing the number of RLC SDU packets measured with the latency within
the range of the bin.

€) DRB.RIcSduL atencyDIDist.bin.QOS, where QOSidentifies the target quality of service class, and Bin indicates
alatency range which is vendor specific;
DRB.RIcSduL atencyDIDist.bin.SNSSAI, where SNSSAI identifies the S'NSSAI, and Bin indicates alatency
range which is vendor specifics.

f) NRCellDU
g) Validfor packet switched traffic
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h) 5GS
i) One usage of this measurement is for performance assurance within integrity area (user plane connection
quality).
5.1.35 UE Context Release
5.1.35.1 UE Context Release Request (gNB-DU initiated)
a) This measurement provides the number of UE CONTEXT Release initiated by gNB-DU for each release cause.
b) CC
¢) Transmission of an UE CONTEXT RELEASE REQUEST message initiated by gNB-DU. Each release request

d)

€)

f)

9)
h)

i)

isto be added to the relevant cause measurement. This measurement is also counted to the SSB beam which the
UE connects to when the UE CONTEXT RELEASE REQUEST message is transmitted. The possible causes are
defined in 38.473 [6]. The sum of all supported per causes measurements shall equal the total number of UE
CONTEXT Release initiated by gNB-DU. In case only a subset of per cause measurements is supported, a sum
subcounter will be provided first.

Each measurement is an integer value. The number of measurementsis equal to the number of causes plusa
possible sum value identified by the .sum suffix.

The measurement name has the form UECNT X.RelReg.Cause
where Cause identifies the release cause.

NRCellIDU
Beam

Valid for packet switched traffic
5GS

One usage of this performance measurementsis to support MDA.

5.1.3.5.2 Number of UE Context Release Requests (QNB-CU initiated)

a)

b)
c)

d)

f)

9)
h)

This measurement provides the number of UE CONTEXT RELEASE initiated by gNB-CU for each release
cause.

CC

Transmission of an UE CONTEXT RELEASE COMMAND message initiated by gNB-CU. Each release request
isto be added to the relevant cause measurement. This measurement is also counted to the SSB beam which the
UE connected to when the UE CONTEXT RELEASE COMMAND message is transmitted. The possible causes
are defined in 38.473 [6]. The sum of all supported per causes measurements shall equal the total number of UE
CONTEXT Release initiated by gNB-CU. In case only a subset of per cause measurements is supported, a sum
subcounter will be provided first.

Each measurement is an integer value. The number of measurementsis equal to the number of causes plusa
possible sum value identified by the .sum suffix.

The measurement name has the form UECNT X.Rel Cmd.Cause where Cause identifies the rel ease cause.

NRCellCU
Beam

Valid for packet switched traffic
5GS

One usage of this performance measurements is to support MDA.
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5.1.3.6 PDCP data volume measurements
5.1.3.6.1 PDCP PDU data volume Measurement
5.1.36.1.1 DL PDCP PDU Data Volume
a) This measurement provides the Data V olume (amount of PDCP PDU bits) in the downlink delivered from GNB-

b)
c)

d)

€)

f)

9)
h)

CU to GNB-DU. The measurement is calculated per PLMN ID and per QoS level (mapped 5QI or QCI in NR
option 3) and per supported S-NSSAI.

CC.

This measurement is obtained by counting the number of DL PDCP PDU bits sent to GNB-DU. The
measurement is performed per configured PLMN ID and per QoS level (mapped 5QI or QCI in NR option 3)
and per supported S-NSSAI.

The measurements of DL Cell PDCP PDU Data Volume in Dual-Connectivity scenariosis not included.

Each measurement is an integer value representing the number of bits measured in Mbits (1M Bits=1000* 1000
bits). The number of measurementsis equal to the number of PLMNs multiplied by the number of QoS levels or
multiplied by the number of supported S-NSSAIs.

[Total no. of measurement instances] x [no. of filter values for all measurements] (DL and UL) < 100.

The measurement name has the form QosFl ow.PdcpPduVolumeDL_Filter.

GNBCUUPFunction.
NRCellICU.

Valid for packet switched traffic.
5GS.

i) One usage of this measurement is for performance assurance within integrity area (user plane connection quality).
NRCellCU measurement applies only for 2-split deployment.

5.1.3.6.1.2 UL PDCP PDU Data Volume

a) This measurement provides the Data V olume (amount of PDCP PDU bits) in the uplink delievered from GNB-

b)

d)

€)

f)

9)

DU to GNB-CU. The measurement is calculated per PLMN ID and per QoS level (mapped 5QI or QCI in NR
option 3) and per supported S-NSSAI. The unit is Mbit (1M Bits=1000* 1000 bits).

CcC

This measurement is obtained by counting the number of bits entering the GNB-CU. The measurement is
performed at the PDCP PDU level. The measurement is performed per configured PLMN ID and per QoS level
(mapped 5QI or QCI in NR option 3) and per supported S-NSSAI.

The measurements of UL Cell PDCP PDU Data Volume in Dual-Connectivity scenariosis not included.

Each measurement is an integer value representing the number of bits measured in Mbits. The number of
measurementsis equal to the number of PLMNs multiplied by the number of QoS levels or multiplied by the
number of supported S-NSSAIs.

[Total no. of measurement instances] x [no. of filter values for all measurements] (DL and UL) < 100.

The measurement name has the form QosFlow.PdcpPduV olumeUl_Filter.
GNBCUUPFunction.

NRCellCU.

Valid for packet switched traffic.
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h) 5GS.

i) One usage of this measurement is for performance assurance within integrity area (user plane connection quality).
NRCellCU measurement applies only for 2-split deployment.

5.1.3.6.2 PDCP SDU data volume Measurement

5.1.3.6.2.1 DL PDCP SDU Data Volume

This measurement provides the Data VV olume (amount of PDCP SDU hits) in the downlink delivered to PDCP |ayer.
The measurement is calculated per PLMN 1D and per QoS level (mapped 5QI or QCI in NR option 3) and per
supported S-NSSAI.

The unit is Mbit.
b) CC

¢) This measurement is obtained by counting the number of bits entering the NG-RAN PDCP |layer. The
measurement is performed at the PDCP SDU level. The measurement is performed per configured PLMN 1D
and per QoS level (mapped 5QI or QCI in NR option 3) and per supported S-NSSAI.

d) Each measurement is an integer value representing the number of bits measured in Mbits. The number of
measurementsis equal to the number of PLMNs multiplied by the number of QoS levels or multiplied by the
number of supported S-NSSAIs.

[Total no. of measurement instances] x [no. of filter values for all measurements] (DL and UL) < 100.

€) The measurement name has the form QosFlow.PdcpSduV olumeDI_Filter.

f) GNBCUUPFunction.
NRCellCU.

g) Vadlid for packet switched traffic.
h) 5GS.

i) One usage of this measurement isfor performance assurance within integrity area (user plane connection quality).
NRCellCU measurement applies only for 2-split deployment.

5.1.3.6.2.2 UL PDCP SDU Data Volume

a) This measurement provides the Data Volume (amount of PDCP SDU bits) in the uplink delivered from PDCP
layer to SDAP layer or UPF. The measurement is calculated per PLMN ID and per QoS level (mapped 5QI or QCI
in NR option 3) and per supported S-NSSAI.

The unit is Mbit.

b) CC.

¢) Thismeasurement is obtained by counting the number of bits leaving the NG-RAN PDCP layer. The
measurement is performed at the PDCP SDU level. The measurement is performed per configured PLMN ID
and per QoS level (mapped 5QI or QCI in NR option 3) and per supported S-NSSAI.

d) Each measurement is an integer value representing the number of bits measured in Mbits. The number of
measurementsis equal to the number of PLMNs multiplied by the number of QoS levels or multiplied by the
number of supported S-NSSAIs.

[Total no. of measurement instances] x [no. of filter values for all measurements] (DL and UL) < 100.

€) The measurement name has the form QosHow.PdcpSduV olumeUL _Filter.
f) GNBCUUPFunction.

NRCellCU.
g) Validfor packet switched traffic.
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h)
i)

5GS.

One usage of this measurement is for performance assurance within integrity area (user plane connection
quality). NRCellCU measurement applies only for 2-split deployment.

5.1.3.6.2.3 DL PDCP SDU Data Volume per interface

a)

This measurement provides the Data V olume (amount of PDCP SDU bits) in the downlink delivered from GNB-

CU-UP to GNB-DU (F1-U interface), to external gNB-CU-UP (Xn-U interface) and to external eNB (X2-U
interface). The measurement is calculated per QoS level (mapped 5QI or QCI in NR option 3) and per SSNSSAI and
per PLMN ID, and reported per Interface (F1-U, Xn-U, X2-U).

b)
©)

d)

f)
o)
h)

CcC

This measurement is obtained by counting the number of DL PDCP SDU bits sent to GNB-DU (F1-U interface),
sent to external gNB-CU-UP (Xn-U interface) and sent to external eNB (X2-U interface). The measurement is
performed in GNB-CU-UP per QoS level (mapped 5QI or QCI in NR option 3) and per S-NSSAI and per PLMN
ID, and reported per interface (F1-U, Xn-U, X2-U).

Each measurement is an integer value representing the number of bits measured in Mbits (1M Bits=1000* 1000
bits). The number of measurementsis equal to the number of QoS levels per interface plus the number of S-
NSSAIs per interface plus the number of PLMN ID.

The measurement names have the form DRB.F1uPdcpSduV olumeDL_Filter.
Wherefilter is a combination of PLMN ID and QoS level and S-NSSAI. (F1-U interface measurements) (Xn-U
interface measurements)

Where filter is a combination of PLMN ID and QoS level. (X2-U interface measurements)

Where PLMN ID represents the PLMN ID, QoS representes the mapped 5QI or the QCI level, and SNSSAI
represents S-NSSAI.:

EP_F1U (F1-U interface), EP_XnU (Xn-U interface), EP_X2U (X2-U interface).
Valid for packet switched traffic.
5GS.

One usage of this measurement is for performance assurance within integrity area (user plane connection quality)
and in the energy efficency (EE) area.

5.1.3.6.24 UL PDCP SDU Data Volume per interface

a)

b)
0)

d)

€)

This measurement provides the Data V olume (amount of PDCP SDU bits) in the uplink delivered to GNB-CU-

UP from GNB-DU (F1-U interface), from external gNB-CU-UP (Xn-U interface) and from external eNB (X2-U
interface). The measurement is calculated per QoS level (mapped 5QI or QCI in NR option 3) and per S-NSSAI
and per PLMN D, and reported per Interface (F1-U, Xn-U, X2-U).

CC.

This measurement is obtained by counting the number of UL PDCP SDU bits entering the GNB-CU-UP from
GNB-DU (F1-U interface), from external gNB-CU-UP (Xn-U interface) and from external eNB (X2-U
interface). The measurement is performed in GNB-CU-UP per QoS level (mapped 5QI or QCI in NR option 3)
and per S-NSSAI and per PLMN 1D, and reported per Interface (F1-U, Xn-U, X2-U).

Each measurement is an integer value representing the number of bits measured in Mbits (1M Bits=1000* 1000
bits). The number of measurementsis equal to the number of QoS levels per interface plus the number of S-
NSSAIs per interface plus the number of PLMN ID.

The measurement names have the form DRB.F1uPdcpSduV olumeUL _Filter.
Where filter is acombination of PLMN ID and QoS level and S-NSSAI. (F1-U interface measurements) (Xn-U
interface measurements)
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f)
9)
h)

Wherefilter is acombination of PLMN ID and QoS level. (X2-U interface measurements)

Where PLMN ID represents the PLMN 1D, QoS representes the mapped 5QI or the QCI level, and SNSSAI
represents S-NSSAI .

EP_F1U (F1-U interface), EP_XnU (Xn-U interface), EP_X2U (X2-U interface).
Valid for packet switched traffic.
5GS.

One usage of this measurement is for performance assurance within integrity area (user plane connection quality)
and in the energy efficency (EE) area.

5.1.3.7 Handovers measurements

5.1.3.7.1 Intra-gNB handovers

5.1.3.7.1.1 Number of requested legacy handover preparations

a)

b)
©)

d)
€)
f)
9)
h)
i)

This measurement provides the number of outgoing intra-gNB legacy handover preparations requested by the
source NRCelICU for split gNB deployment.

CC.

For split gNB deployment the measurement is triggered and stepped by 1 when gNB-CUCP is sending UE
CONTEXT MODIFICATION REQUEST message (see TS 38.473 [6]) to gNB-DU or UE CONTEXT SETUP
REQUEST message (see TS 38.473 [6] clause 8.3.1) to target gNB-DU to initiate an intra-gNB |legacy handover.

A single integer value.

MM .HoPrepl ntraReq.
NRCellCU.

Valid for packet switched traffic.
5GS.

One usage of this performance measurement is for performance assurance.

5.1.3.7.1.2 Number of successful legacy handover preparations

a)

b)
c)

d)
€)
f)
9)
h)

This measurement provides the number of successful intra-gNB legacy handover preparations received by the
source NRCdICU, for split gNB deployment.

CcC

For split gNB deployment the measurement is triggered and stepped by 1 when gNB-CUCP receives UE
CONTEXT MODIFICATION RESPONSE message (see TS 38.473 [6]) from gNB-DU or UE CONTEXT
SETUP RESPONSE message (see TS 38.473 [6] clause 8.3.1) from target gNB-DU to initiate a successful intra-
gNB legacy handover.

A single integer value.

MM .HoPreplntraSucc.
NRCellCU.

Valid for packet switched traffic.
5GS.

One usage of this performance measurement is for performance assurance.
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5.1.3.7.1.3 Number of requested conditional handover preparations

a)

b)
c)

d)
€)
f)
9)
h)
i)

This measurement provides the number of outgoing intra-gNB conditional handover preparations requested by
the source NRCelICU for a split gNB deployment.

CC.

For split gNB deployment the measurement is triggered and stepped by 1 when gNB-CUCP is sending aUE
CONTEXT MODIFICATION REQUEST message (see TS 38.473 [6] clause 8.3.4) to gNB-DU or UE
CONTEXT SETUP REQUEST message (see TS 38.473 [6] clause 8.3.1) to target gNB-DU to request resources
for anintra-gNB conditional handover.

A singleinteger value.
MM.ChoPrepl ntraReq
NRCellCU

Valid for packet switched traffic.
5GS

One usage of this performance measurement is for performance assurance.

5.1.3.7.14 Number of successful conditional handover preparations

a)

b)
©)

d)
€)
f)
9)
h)
i)

This measurement provides the number of successful intra-gNB conditional handover preparations received by
the source NRCelICU, for a split gNB deployment.

CcC

For split gNB deployment the measurement is triggered and stepped by 1 when gNB-CUCP receives a UE
CONTEXT MODIFICATION RESPONSE message (see TS 38.473 [6] clause 8.3.4) from gNB-DU or UE
CONTEXT SETUP RESPONSE message (see TS 38.473 [6] clause 8.3.1) from target gNB-DU to initiate a
successful intra-gNB conditional handover.

A singleinteger value.

MM .ChoPreplntraSucc
NRCellCU

Valid for packet switched traffic.
5GS

One usage of this performance measurement is for performance assurance.

5.1.3.7.1.5 Number of requested DAPS handover preparations

a)

b)
©)

d)
€)

f)

This measurement provides the number of outgoing intra-gNB DAPS handover preparations requested by the
source NRCelICU for asplit gNB deployment.

CC.

For split gNB deployment the measurement is triggered and stepped by 1 when gNB-CUCP is sending a UE
CONTEXT MODIFICATION REQUEST message (see TS 38.473 [6] clause 8.3.4) to gNB-DU or UE
CONTEXT SETUP REQUEST message (see TS 38.473 [6] clause 8.3.1) to target gNB-DU to request resources
for an intra.gNB DAPS handover.

A single integer value.
MM .DapsHoPrepl ntraReq
NRCellCU
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9)
h)

i)

Valid for packet switched traffic.
5GS

One usage of this performance measurement is for performance assurance.

5.1.3.7.1.6 Number of successful DAPS handover preparations

a)

b)
c)

d)
€)
f)
9)
h)
i)

This measurement provides the number of successful intra-gNB DAPS handover preparations received by the
source NRCelICU, for a split gNB deployment.

CcC

For split gNB deployment the measurement is triggered and stepped by 1 when gNB-CUCP receives a UE
CONTEXT MODIFICATION RESPONSE message (see TS 38.473 [6] clause 8.3.4) from gNB-DU or UE
CONTEXT SETUP RESPONSE message (see TS 38.473 [6] clause 8.3.1) from target gNB-DU to initiate a
successful intra-gNB DAPS handover.

A singleinteger value.

MM .DapsHoPreplntraSucc
NRCellCU

Valid for packet switched traffic.
5GS

One usage of this performance measurement is for performance assurance.

5.1.3.7.1.7 Number of UEs for which conditional handover preparations are requested

a)

b)
<)

d)
€)
f)
9)
h)
i)

This measurement provides the number of UEs for which outgoing intra-gNB conditional handover preparations
are requested by the source NRCellCU for a split gNB deployment.

CC.

For split gNB deployment the measurement is triggered and stepped by 1 when gNB-CUCP is sending aUE
CONTEXT MODIFICATION REQUEST message (see TS 38.473 [6] clause 8.3.4) to gNB-DU or UE
CONTEXT SETUP REQUEST message (see TS 38.473 [6] clause 8.3.1) to target gNB-DU to request resources
for anintra-gNB conditional handover. The counter isincremented by 1 for each UE, even if UE CONTEXT
MODIFICATION REQUEST or UE CONTEXT SETUP REQUEST messages were sent for severa cells.

A singleinteger value.
MM.ChoPrepl ntraReqUes
NRCellCU

Valid for packet switched traffic.
5GS

One usage of this performance measurement is for performance assurance.

5.1.3.7.1.8 Number of UEs for which conditional handover preparations are successful

a)

b)
©)

This measurement provides the number of UEs for which intra-gNB conditional handover preparations received
by the source NRCellCU are successful, for a split gNB deployment.

CC

For split gNB deployment the measurement is triggered and stepped by 1 when gNB-CUCP receives a UE
CONTEXT MODIFICATION RESPONSE message (see TS 38.473 [6] clause 8.3.4) from gNB-DU or UE
CONTEXT SETUP RESPONSE message (see TS 38.473 [6] clause 8.3.1) from target gNB-DU to initiate a
successful intra-gNB conditional handover. The counter isincremented by 1 for each UE, even if UE
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d)
€)
f)
9)
h)
i)

CONTEXT MODIFICATION RESPONSE or UE CONTEXT SETUP RESPONSE messages were received for
severd cells.

A singleinteger value.
MM.ChoPrepl ntraSuccUes
NRCellCU

Valid for packet switched traffic.
5GS

One usage of this performance measurement is for performance assurance.

5.1.3.8 Void

5.1.3.9 Void

5.1.3.10 Packet measurements

5.1.3.10.1 Total number of UL PDCP SDU Packets

a) This measurement provides the total number of PDCP SDU packets which are expected received at gNB-CU-UP.

b)

d)

f)

9)
h)

Only user-plane traffic (DTCH) and only PDCP SDUs that have entered PDCP (and given a PDCP sequence
number) are considered. The measurement is optionally split into subcounters per QoS level (mapped 5QI or
QCI in NR option 3), and subcounters per supported S-NSSAI.

CC.

This measurement is obtained as: Total number of UL PDCP sequence numbers (also including missing
sequence numbers) of a bearer, starting from the sequence number of the first packet delivered by UE PDCP to
gNB-CU-UP until the sequence number of the last packet. If transmission of a packet might continue in another
cell, it shall not be included in this count. Separate counters are optionally maintained for mapped 5QI (or QCI
for NR option 3) and per supported S-NSSAI.

Each measurement is an integer value. If the optional QoS and S-NSSAI level measurements are performed, the
measurements are equal to the number of mapped 5QIs and the number of supported S-NSSAIs.

The measurement name has the form DRB.Total PdcpPacketUl and optionally DRB.T otal PdcpPacketUl.QOS
where QOS identifies the target quality of service class, and DRB. Total PdcpPacketUl.SNSSAI where SNSSAI
identifies the S-NSSAI.

GNBCUUPFunction.
NRCelICU.

Valid for packet switched traffic.

5GS.

One usage of this measurement is for performance assurance within integrity area (user plane connection
quality). NRCelICU measurement applies only for 2-split deployment.

5.1.3.10.2 Total number of DL PDCP SDU Packets in gNB-CU-UP

a)

b)

This measurement provides the total number of DL PDCP SDU packets for data radio bearers that have entered
PDCP-SAP (after being decoded from GTP-U packets) in the gNB-CU-UP. Only user-plane traffic (DTCH) is
considered. The measurement is optionally split into subcounters per QoS level (mapped 5QI or QCI in NR
option 3), and subcounters per supported S-NSSAI.

CC.
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¢) Thismeasurement is obtained as: Number of DL PDCP SDU packets for data radio bearers that have entered
PDCP-SAP (after being decoded from GTP-U packets). Separate counters are optionally maintained for mapped
5QI (or QCI for NR option 3) and per supported S-NSSAII.

d) Each measurement is aninteger value. If the optional QoS and S-NSSAI level measurement are performed, the
measurements are equal to the number of mpped 5QIs and the number of supported S-NSSAISs.

€) The measurement name has the form DRB.Total PdcpSDUPacketDI and optionally
DRB.Total PdcpSDUPacketDI.QOS
where QOS identifies the target quality of service class, and DRB.TotalPdcpSDUPacketDI.SNSSAI where
SNSSAI identifies the S-NSSAL.

f) GNBCUUPFunction.
NRCellICU.

g) Validfor packet switched traffic.

h) 5GS.

i) One usage of this measurement is for performance assurance within integrity area (user plane connection
quality). NRCellCU measurement applies only for 2-split deployment.

5.1.3.10.3 Total number of DL RLC SDU Packets in gNB-DU

a) This measurement provides the total number of RLC SDU packets which are received on the downlink in the
gNB-DU from gNB-CU-UP (after being decoded from PDCP-PDUs received via GTP-U packets). Only user-
plane traffic (DTCH) is considered. The measurement is optionally split into subcounters per QoS level (mapped
5QI or QCI in NR option 3), and subcounters per supported S-NSSAI.

b) CC.

¢) This measurement is obtained as: the total Number of DL RLC SDU packets (as decoded from PDCP-PDUs
received via GTP-U packets) for dataradio bearers that were received from gNB-CU-UP. Separate counters are
optionally maintained for mapped 5QI (or QCI for NR option 3) and per supported S-NSSAI.

d) Each measurement isan integer value. If the optional QoS and S-NSSAI level measurement are performed, the
measurements are equal to the number of mapped 5QIs and the number of supported S-NSSAIs.

€) The measurement name has the form DRB. Tota RIcSDUPacketDI and optionally
DRB.TotalRIcSDUPacketDI.QOS
where QOSidentifies the target quality of service class, and DRB.TotalRIcSDUPacketDI. SNSSAI where SNSSAI
identifies the S-NSSAII.

f) NRCellDU.
g) Vadlid for packet switched traffic.
h) 5GS.

i) One usage of this measurement is for performance assurance within integrity area (user plane connection
quality).

5.1.4 Performance measurements for NSOEU

5.1.4.1 Measurements related to cell service status

514.1.1 Total cell In-Service duration

a) This measurement provides the total time duration for which an active cell in agNB-DU remains In-Service. The
gNB-DU reports the Service Status of the Active cells to the gNB-CU. If the Service Status value is “In-Service”
it means the active cell is operational, and it is able to serve UEs. The active cells are considered as In-Service
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b)
c)

d)

€)

f)
9)
h)

until the gNB-DU reports the Service Status as “Out-Of-Service” to the gNB-CU. The gNB-DU reports the
Service Status to gNB-CU using the GNB DU CONFIGURATION UPDATE messages.

CC.

This measurement is obtained in two steps. First step involves determining the time interval between the time
stamps Tin and Tout. Where Tin is the time stamp when the Service Status is reported as “In-Service” for a cell
by gNB-DU to gNB-CU and Tout is the time stamp when Service Statusis reported as “ Out-Of-Service” by
gNB-DU to gNB-CU for the same cell in the GNB DU CONFIGURATION UPDATE messages. Second step
involves summing up al these time intervals of a cell which fall within the desired observation time frame Tobv.
This givestotal in-service duration of a cell within the observation time frame Tobv. Where, Tobv is
monitorGranularityPeriod as defined in TS 28.622 [13] clause 4.3.16.

Each measurement is an integer value representing the number of minutes for which the cell was in-Service.

SO.CéllInServiceTotal .NCGI, where NCGI is NR Cell Global Identifier asdefined in TS 28.541 [16]. The
number of measurementsis equal to the number of NCGls (cells).

GNBCUCPFunction.
Valid for packet switching.
5GS.

5.14.1.2 Total cell outage duration

a)

b)

d)

€)

f)
9)
h)

This measurement provides the total time duration for which acell in agNB remains out of service. The gNB-
DU reports the Service Status of the Active cells to the gNB-CU. If the Service Status value is “ Out-Of-Service”
it means the active cell is not operational, and it is not able to serve UES. The active cells are considered as Out-
of-Service until the gNB-DU reports the Service Status as In-Service to the gNB-CU. The gNB-DU reportsthe
Service Status to gNB-CU using the GNB DU CONFIGURATION UPDATE message

CC.

This measurement is obtained in two steps. First step involves determining the time interval between the time
stamps Tout and Tin. Where Tout is the time stamp when Service Status is reported as “ Out-Of-Service” by
gNB-DU to gNB-CU for acell and Tin isthe time stamp when the Service Statusis reported as “In-Service” for
the same cell by gNB-DU to gNB-CU in the GNB DU CONFIGURATION UPDATE messages. Second step
involves summing up all these time intervals of a cell which fall within the desired observation time frame Tobv.
This gives total outage duration of a cell within the observation time frame Tobv. Where, Tobv is
monitorGranularityPeriod as defined in TS 28.622 [13] clause 4.3.16.

Each measurement is an integer value. It represents the number of seconds for which the cell was Out-Of-
Service

SO.CellOOSTimeTotal .NCGI, where NCGI is NR Cell Global Identifier as defined in TS 28.541 [16]. The
number of measurements is equal to the number of NCGls (cells).

GNBCUCPFunction.
Valid for packet switching.
5GS.

5.1.4.1.3 Average cell outage duration

a)

b)

This measurement provides the average time duration of an outagei.e. average time for which acell in agNB-
DU remains out of service per outage. The gNB-DU reports the Service Status of the Active cells to the gNB-
CU. If the Service Status value is “ Out-Of-Service” it means the active cell is not operational, and it is not able
to serve UEs. The active cells are considered as Out-of-Service until the gNB-DU reports the Service Status as
In-Service to the gNB-CU. The gNB-DU reports the Service Status to gNB-CU using the GNB DU
CONFIGURATION UPDATE message.

CC.
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©)

d)

€)

f)
9
h)

This measurement is obtained by dividing the measurement SO.CellOOSTimeTotal.NCGI (clause 5.1.4.1.2) with
Noutage where Noutage is the number of occurrences of outage for that cell within the desired observation time
frame Tobv where, Tobv is monitorGranularityPeriod as defined in clause 4.3.16 of TS 28.622 [13].This gives
an average duration per outage of acell.

Each measurement is an integer value representing the average number of seconds for which the cell was Out-
Of-Service per outage occurrence.

SO.CellOOSTimeAverage.NCGI, where NCGI isNR Cell Global Identifier as defined in TS 28.541 [16]. The
number of measurements is equal to the number of NCGls (cells).

GNBCUCPFunction.
Valid for packet switching.
5GS.

5.1.4.1.4 Cell Availabilitynrcelipu

a)

b)
©)

d)

e)
f)
9)
h)

5.2

This measurement provides the percentage of time that the NRCellDU part of the cell is available to provide
service to UEs within the granularityPeriod (as defined in 28.622 [13]). It is computed based on the amount of
time that the NRCelIDU is unlocked and enabled to serve UEs in each granularityPeriod.

CC.

This measurement is obtained as a cumulative count of seconds during the granularityPeriod when the
operational state attribute (OST) and the administrative state attribute (AST) of the NRCellIDU are
simultaneously enabled and unlocked, respectively. Determination of the OST and AST valuesis|eft to
implementation (e.g., using Natification notifyM Ol AttributeV alueChangesin 28.532 [62] or other method).

A percentage value. The CellAvallNRCelIDU measurement is computed as the ratio of the cumulative count (in
seconds) over the granularityPeriod (in seconds) X 100.

CellAvalNRCelIDU

NRCellIDU

Valid for packet switched traffic
5GS

Performance measurements for AMF

5.2.1 Registered subscribers measurement

5.21.1 Mean number of registered subscribers

a)
b)
©)
d)

€)

f)
9)

This measurement provides the mean number of registered state subscribers per AMF
Sl

This measurement is obtained by sampling at a pre-defined interval the number of registered subscribersin an
AMF and then taking the arithmetic mean. The measurement can be split into subcounters per S-NSSAL.

A singleinteger value

RM .Regi steredSubNbrM ean. SNSSAI
Where SNSSAI identifies the S-NSSAI
AMFFunction

Valid for packet switching
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h) 5GS

5.2.1.2 Maximum number of registered subscribers
a) This measurement provides the maximum number of registered state subscribers per AMF
b) S

¢) This measurement is obtained by sampling at a pre-defined interval the number of registered subscribersin an
AMF and then taking the maximum. The measurement can be split into subcounters per S-NSSAI.

d) A singleinteger value

e) RM.RegisteredSubNbrMax.SNSSAI
Where SNSSAI identifies the S-NSSAI

f) AMFFunction

g) Valid for packet switching

h) 5GS

5.2.2 Registration procedure related measurements

5.2.2.1 Number of initial registration requests
a) This measurement provides the number of initial registration requests received by the AMF.
b) CC

¢) On receipt by the AMF from the UE of Registration Request with the registration type indicating an initial
registration (see clause 4.2.2.2.2 of TS 23.502 [7]). Each initial registration request is added to the relevant
subcounter per S-NSSAI.

d) Each subcounter is an integer value
€) RM.ReglnitReq.SNSSAI
Where SNSSAI identifies the S-NSSAL;
f) AMFFunction
g) Valid for packet switched traffic
h) 5GS

i) One usage of this performance measurementsis for performance assurance.

5.2.2.2 Number of successful initial registrations
a) This measurement provides the number of successful initial registrations at the AMF.
b) CC

¢) On transmission of Registration Accept by the AMF to the UE that sent the initial registration request (see TS
23.502 [7]). Each accepted initial registration is added to the relevant subcounter per S-NSSAI.

d) Each subcounter is aninteger value
€) RM.ReglnitSucc.SNSSAI
Where SNSSAI identifies the SINSSAL;

f) AMFFunction
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9)
h)

i)

Valid for packet switched traffic
5GS

One usage of this performance measurementsiis for performance assurance.

5.2.2.3 Number of mobility registration update requests

a)
b)
©)

d)

f)
9)
h)
i)

This measurement provides the number of mobility registration update requests received by the AMF.
CcC

On receipt by the AMF from the UE of Registration Request with the registration type indicating a Mobility
Registration Update (see clause 4.2.2.2.2 of TS 23.502 [7]). Each mobility registration update request is added to
the relevant subcounter per S-NSSAI.

Each subcounter is an integer value
RM.RegM obReq.SNSSAI

Where SNSSAI identifies the S-NSSAI;
AMFFunction

Valid for packet switched traffic

5GS

One usage of this performance measurementsiis for performance assurance.

5.2.24 Number of successful mobility registration updates

a)
b)
©)

d)

€)

)
9)
h)
i)

This measurement provides the number of successful mobility registration updates at the AMF.
CcC

On transmission of Registration Accept by the AMF to the UE that sent the mobility registration update request
(see TS 23.502 [7]). Each accepted mobility registration update is added to the relevant subcounter per S-NSSAI.

Each subcounter is an integer value
RM.RegM obSucc. SNSSAI

Where SNSSAI identifies the S-NSSAI;
AMPFFunction

Valid for packet switched traffic

5GS

One usage of this performance measurementsiis for performance assurance.

5.2.25 Number of periodic registration update requests

a)
b)
©)

d)
€)

This measurement provides the number of periodic registration update requests received by the AMF.
CcC

On receipt by the AMF from the UE of Registration Request with the registration type indicating a Periodic
Registration Update (see clause 4.2.2.2.2 of TS 23.502 [7]). Each periodic registration update request is added to
the relevant subcounter S-NSSAL.

Each subcounter is an integer value

RM.RegPeriodReq.SNSSAI
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Where SNSSAI identifies the S-NSSAI;
f) AMFFunction
g) Vadlid for packet switched traffic
h) 5GS

i) One usage of this performance measurementsis for performance assurance.

5.2.2.6 Number of successful periodic registration updates
a) This measurement provides the number of successful mobility registration updates at the AMF.
b) CC

¢) On transmission of Registration Accept by the AMF to the UE that sent the periodic registration update request
(see TS 23.502 [7]). Each accepted periodic registration update is added to the relevant subcounter per S-NSSAL.

d) Each subcounter is an integer value
€) RM.RegPeriodSucc.SNSSAI
Where SNSSAI identifies the SSNSSA;
f) AMPFFunction
g) Vadlid for packet switched traffic
h) 5GS

i) One usage of this performance measurementsis for performance assurance.

5.2.2.7 Number of emergency registration requests
a) This measurement provides the number of emergency registration requests received by the AMF.
b) CC

¢) On receipt by the AMF from the UE of Registration Request with the registration type indicating an Emergency
Registration (see clause 4.2.2.2.2 of TS 23.502 [7]). Each emergency registration request is added to the relevant
subcounter per S-NSSAL.

d) Each subcounter is an integer value
€) RM.RegEmergReq.SNSSAI
Where SNSSAI identifies the S-NSSAI;
f) AMFFunction
g) Vadlid for packet switched traffic
h) 5GS

i) One usage of this performance measurementsis for performance assurance.

5.2.2.8 Number of successful emergency registrations
a) This measurement provides the number of successful emergency registrations at the AMF.
b) CC

¢) Ontransmission Registration Accept by the AMF to the UE that sent the emergency registration request (see TS
23.502 [7]). Each accepted emergency registration is added to the relevant subcounter per S-NSSAI.
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d)

€)

Each subcounter is an integer value
RM.RegEmergSucc. SNSSAI
Where SNSSAI identifies the S-NSSAI;

f) AMFFunction

g) Vadlid for packet switched traffic

h) 5GS

i) One usage of this performance measurementsis for performance assurance.

5.2.2.9 Mean time of Registration procedure

a) This measurement provides the mean time of registration procedure during each granularity period. The
measurement is split into subcounters per S-NSSAI per registration type.

b) DER(n=1)

¢) This measurement is obtained by accumulating the time interval for every successful registration procedure per
S-NSSAI per registration type between the receipt by the AMF from the UE of a” REGISTRATION REQUEST
" and the sending of a" REGISTRATION ACCEPT " message to the UE over a granularity period using DER.
The end value of thistime will then be divided by the number of successful registration procedures observed in
the granularity period to give the arithmetic mean, the accumulator shall be reinitialised at the beginning of each
granularity period. The measurement is split into subcounters per registration type, see TS 24.501 [24].

d) Each measurement is an integer value.(in milliseconds)

€) RM.RegTimeMean.SNSSAI. Initial Reg
RM.RegTimeMean.SNSSAI. MobilityRegUpdate
RM.RegTimeMean.SNSSAI. PeriodicRegUpdate
RM.RegTimeMean.SNSSAI. EmergencyReg
Where SNSSAI identifies the SSNSSAI, InitialReg identifies the registration type "Initial Registration ",
MobilityRegUpdate identifies the registration type "Mobility Registration Update”, PeriodicRegUpdate
identifies the registration type "Periodic Registration Update”, EmergencyReg identifies the registration type
"Emergency Registration”.

f) AMFFunction

0) Valid for packet switched traffic

h) 5GS

i) One usage of this measurement is for monitoring the mean time of registration procedure during the granularity
period.

5.2.2.10 Max time of Registration procedure

a) This measurement provides the max time of registration procedure during each granularity period. The
measurement is split into subcounters per S-NSSAI per registration type.

b) DER(n=1)

¢) Thismeasurement is obtained by monitoring the time interval for every successful registration procedure per S-
NSSAI per registration type between the receipt by the AMF from the UE of a" REGISTRATION REQUEST "
and the sending of a" REGISTRATION ACCEPT " message to the UE over agranularity period using DER.
The high tide mark of thistime will be stored in a gauge, the gauge shall be reinitialised at the beginning of each
granularity period. The measurement is split into subcounters per registration type, see TS 24.501 [24].

d) Each measurement is aninteger value.(in milliseconds)
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€)

f)

RM.RegTimeMax.SNSSAI. InitialReg
RM.RegTimeMax.SNSSAI. MobilityRegUpdate
RM.RegTimeMax.SNSSAI. PeriodicRegUpdate
RM.RegTimeMax.SNSSAI. EmergencyReg

Where SNSSAI identifies the SSNSSAI, Initial Reg identifies the registration type "Initial Registration ",
MobilityRegUpdate identifies the registration type "Mobility Registration Update", PeriodicRegUpdate
identifies the registration type "Periodic Registration Update", EmergencyReg identifies the registration type
"Emergency Registration”.

AMFFunction

Valid for packet switched traffic

5GS

One usage of this measurement is for monitoring the max time of registration procedure during the granularity
period.

5.2.3 Service Request procedure related measurements

5.23.1 Number of attempted network initiated service requests

a)
b)
©)

d)
€)
f)
9)
h)

This measurement provides the number of attempted network initiated service requests.
CC.

Receipt of Namf_Communication_N1N2MessageTransfer indicating a network initiated service request from
SMF or another NF by the AMF (see TS 23.502 [7]).

Aninteger value.

MM .ServiceRegNetI nitAtt.
AMFFunction.

Valid for packet switched traffic.
5GS.

5.2.3.2 Number of successful network initiated service requests

a)
b)
©)

d)

f)

9)
h)

This measurement provides the number of successful network initiated service regquests.
CC.

Transmission of N2 request that contains "MM NAS Service Accept” by the AMF to (R)AN (see TS 23.502 [7]),
corresponding to the received Namf_Communication_N1IN2MessageT ransfer that indicated a network initiated
service request.

Aninteger value.

MM .ServiceRegNetInitSucc.
AMPFFunction.

Valid for packet switched traffic.
5GS.
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5.2.3.3 Total number of attempted service requests (including both network initiated

a)

b)
c)
d)
€)
f)
9
h)

and UE initiated)

This measurement provides the total number of the attempted service requests, including both network initiated
and UE initiated service requests.

CC.

Receipt of Service Request by the AMF from (R)AN (see TS 23.502 [7]).
Aninteger value.

MM .ServiceReqTotal Att.

AMFFunction.

Valid for packet switched traffic.

5GS.

5.2.34 Total number of successful service requests (including both network initiated

a)

b)
c)
d)
€)
f)
9
h)

and UE initiated)

This measurement provides the total number of the successful service requests, including both network initiated
and UE initiated service requests.

CC.

Transmission of N2 request that contains "MM NAS Service Accept” by the AMF to (R)AN (see TS 23.502 [7]).
Aninteger value.

MM .ServiceReqTotal Succ.

AMFFunction.

Valid for packet switched traffic.

5GS.

5.2.4 Measurements related to registration via untrusted non-3GPP

access

524.1 Number of initial registration requests via untrusted non-3GPP access

a)
b)

©)

d)

€)

f)
9)

This measurement provides the number of initial registration requests via untrusted non-3GPP access received
by the AMF.

CC.

Receipt by the AMF from N3IWF of an N2 message that contains Registration Request with the registration type
indicating an initial registration (see clause 4.12.2.2 of TS 23.502 [7]). Each initial registration request is added
to the relevant subcounter per S-NSSAI.

Each subcounter is an integer value.
RM.Regl nitReqNon3GPP.SNSSAI.

Where SNSSAI identifies the S-NSSAI;
AMPFFunction.

Valid for packet switched traffic.
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h) 5GS.
5.24.2 Number of successful initial registrations via untrusted non-3GPP access
a) This measurement provides the number of successful initial registrations via untrusted non-3GPP access at the
AMF.
b) CC.
¢) Transmission by the AMF to N3IWF of an N2 message that contains Registration Accept corresponding to an

d)

f)
9)
h)

initial registration request (see clause 4.12.2.2 of TS 23.502 [7]). Each accepted initial registration is added to the
relevant subcounter per S-NSSAI.

Each subcounter is an integer value.

RM.Regl nitSuccNon3GPP.SNSSAI.
Where SNSSAI identifies the S-NSSAI;

AMPFFunction.

Valid for packet switched traffic.

5GS.

5.24.3 Number of mobility registration update requests via untrusted non-3GPP

a)

b)
c)

d)

€)

f)
9)
h)

access

This measurement provides the number of mobility registration update requests via untrusted non-3GPP access
received by the AMF.

CC.

Receipt by the AMF from N3IWF of an N2 message that contains Registration Request with the registration type
indicating a Mobility Registration Update (see clause 4.12.2.2 of TS 23.502 [7]). Each mobility registration
update request is added to the relevant subcounter per S-NSSAI.

Each subcounter is an integer value.

RM.RegM obRegNon3GPP.SNSSAI.
Where SNSSAI identifies the S-NSSAI;

AMPFFunction.

Valid for packet switched traffic.

5GS.

5.24.4 Number of successful mobility registration updates via untrusted non-3GPP

a)
b)

©)

d)

€)

access

This measurement provides the number of successful mobility registration updates via untrusted non-3GPP
access at the AMF.

CC.

Transmission by the AMF to N3IWF of an N2 message that contains Registration Accept corresponding to a
mobility registration update request (see clause 4.12.2.2 of TS 23.502 [7]). Each accepted mobility registration
update is added to the relevant subcounter per S-NSSAI.

Each subcounter is an integer value.

RM.RegM obSuccNon3GPP.SNSSAI.
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Where SNSSAI identifies the S-NSSAI;
f) AMFFunction.
g) Vadlid for packet switched traffic.
h) 5GS.
5.2.45 Number of periodic registration update requests via untrusted non-3GPP
access

a) This measurement provides the number of periodic registration update requests via untrusted non-3GPP access
received by the AMF.

b) CC.

¢) Receipt by the AMF from N3IWF of an N2 message that contains Registration Reguest with the registration type
indicating a Periodic Registration Update (see clause 4.12.2.2 of TS 23.502 [7]). Each periodic registration
update request is added to the relevant subcounter per S-NSSAI.

d) Each subcounter is an integer value.
€) RM.RegPeriodRegNon3GPP.SNSSAI.
Where SNSSAI identifies the S-NSSAI;
f) AMFFunction.
g) Vadlid for packet switched traffic.
h) 5GS.
5.2.4.6 Number of successful periodic registration updates via untrusted non-3GPP
access

a) This measurement provides the number of successful mobility registration updates via untrusted non-3GPP
access at the AMF.

b) CC.

¢) Transmission by the AMF to N3IWF of an N2 message that contains Registration Accept corresponding to a
periodic registration update request (see clause 4.12.2.2 of TS 23.502 [7]). Each accepted periodic registration
update is added to the relevant subcounter per S-NSSAI.

d) Each subcounter is an integer value.

€) RM.RegPeriodSuccNon3GPP.SNSSAI.
Where SNSSAI identifies the S-NSSAI;

f) AMFFunction.

g) Vadlid for packet switched traffic.

h) 5GS.

5.24.7 Number of emergency registration requests via untrusted non-3GPP access

a) This measurement provides the number of emergency registration requests via untrusted non-3GPP access
received by the AMF.

b) CC.
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c)

d)

€)

f)
9)
h)

Receipt by the AMF from N3IWF of an N2 message that contains Registration Request with the registration type
indicating an Emergency Registration (see clause 4.2.2.2.2 of TS 23.502 [7]). Each emergency registration
reguest is added to the relevant subcounter per S-NSSAI.

Each subcounter is an integer value.

RM.RegEmergRegNon3GPP.SNSSAI.
Where SNSSAI identifies the S-NSSAI;

AMPFFunction.

Valid for packet switched traffic.

5GS.

5.2.4.8 Number of successful emergency registrations via untrusted non-3GPP

d)

€)

f)
9)
h)

access

This measurement provides the number of successful emergency registrations via untrusted non-3GPP access
Transmission by the AMF to N3IWF of an N2 message that contains Registration Accept corresponding to at the
AMF.

CC.

Transmission by the AMF to N3IWF of an N2 message that contains Registration Accept corresponding to an
emergency registration request (see clause 4.12.2.2 of TS 23.502 [7]). Each accepted emergency registration is
added to the relevant subcounter per S-NSSAI.

Each subcounter is an integer value.

RM.RegEmergSuccNon3GPP.SNSSAI.
Where SNSSAI identifies the S-NSSAI;

AMPFFunction.

Valid for packet switched traffic.

5GS.

525 Mobility related measurements

5251 Inter-AMF handovers

52511 Number of PDU sessions requested for inter-AMF incoming handovers

a)

b)
c)

d)

€)

f)

This measurement provides the number of PDU sessions requested for the inter-AMF incoming handovers
received by target AMF. This measurement is split into subcounters per S-NSSAI.

CC.

Receipt by the target AMF from source AMF of Namf_Communication_CreatelUEContext Request (see clause
4.9.1.3 of TS23.502 [7]). Each PDU session requested in the Namf_Communication_CreateUEContext Request
(see TS 29.518 [21]) increments the relevant subcounter per S-NSSAI by 1.

Each measurement is an integer value.
MM .NbrPDURegl nterAM FHOINCc.SNSSAI.
Where the SNSSAI identifies the S-NSSAI.

AMFFunction.
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9)
h)

Valid for packet switched traffic.
5GS.

5.25.1.2 Number of PDU sessions failed to setup for inter-AMF incoming handovers

a)

b)

d)

€)

This measurement provides the number of PDU sessions failed to setup for inter-AMF incoming handover
reguests by target AMF. This measurement is split into subcounters per S-NSSAI and subcounters per failure
cause.

CC.

Transmission by the target AMF to the source AMF of Namf_Communication CreateUEContext Response (see
clause 4.9.1.3 of TS23.502[7]) that contains the PDU Sessions failed to be setup list (including List Of PDU
Sessions failed to be setup received from target RAN and the Non-accepted PDU session List generated by the
T-AMF). Each PDU session failed to setup increments the relevant subcounter per SSNSSAI and the relevant
subcounter per failure cause by 1 respectively.

Each measurement is an integer value.

MM.NbrPDUFaillnterAMFHOInc.SNSSAI,
MM .NbrPDUFailInterAMFHOInc.cause,

Where the SNSSAI identifies the SSNSSAI, and cause identifies the failure cause (Encoding of the Causeis
defined in clause 9.3.1.2 of TS 38.413 [11]).

f) AMFFunction.
g) Validfor packet switched traffic.
h) 5GS.
5.25.1.3 Number of QoS flows requested for inter-AMF incoming handovers
a) This measurement provides the number of QoS flows requested for inter-AM F incoming handover requests by
target AMF. This measurement is split into subcounters per S-NSSAI and subcounters per 5QI.
b) CC.
c) Receipt by the target AMF from source AMF of Namf_Communication_CreateUEContext Request (see clause

d)

f)
9)
h)

4.9.1.3 of TS23.502 [7]). Each QoS flow requested in the Namf_Communication_CreateUEContext Request
(see TS 29.518 [21]) increments the relevant subcounter per S-NSSAI and the relevant subcounter per 5QI by 1
respectively.

Each measurement is an integer value.

MM.NbrQoSF owReglnterAMFHOInc.SNSSAI,
MM.NbrQoSFlowReglnterAMFHOINnc.5Ql,

Where the SNSSAI identifies the S-NSSAI, and 5QI identifies the 5Ql.
AMPFFunction.
Valid for packet switched traffic.
5GS.

5.25.1.4 Number of QoS flows failed to setup for inter-AMF incoming handovers

a)

b)

This measurement provides the number of PDU sessions failed to setup for inter-AMF incoming handover
requests by target AMF. This measurement is split into subcounters per S-NSSAI, subcounters per 5QI, and
subcounters per failure cause.

CC.
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c)

d)

€)

Transmission by the target AMF to the source AMF of Namf_Communication CreateUEContext Response (see
clause 4.9.1.3 of TS 23.502 [7]) that includes 1) the PDU Sessions failed to be setup list (including List Of PDU
Sessions failed to be setup received from target RAN and the Non-accepted PDU session List generated by the
T-AMF) and/or 2) the PDU sessions successfully setup but with the QoS flow failed to setup List. Each QoS
flow corresponding to the PDU Session failed to be setup, or in the QoS flow failed to setup List of the PDU
sessions successfully setup increments the relevant subcounter per S-NSSAM, the subcounter per 5QI and the
subcounter per failure cause by 1 respectively.

Each measurement is an integer value.

MM .NbrQoSFlowFaillnterAMFHOInc.SNSSAI,
MM.NbrQoSF owFaillnterAMFHOINc.5Q,
MM .NbrQoSF owFaillnterAMFHOInc.cause,

Where the SNSSAI identifies the SSNSSAI, 5QI identifies the 5QI and cause identifies the failure cause
(Encoding of the Cause isdefined in clause 9.3.1.2 of TS 38.413 [11]).

f) AMFFunction.
g) Validfor packet switched traffic.
h) 5GS.
5.25.2 Measurements for 5G paging
5.25.2.1 Number of 5G paging procedures
a) This measurement provides the number of 5G paging procedures initiated at the AMF. Theinitial paging
procedures as well as the repeated paging procedures are counted.
b) CC.
¢) Incremented when a5G paging request is sent i.e. at the transmission of the first paging request (TS 23.502 [16]

d)
€)
f)
9)
h)

and TS 24.501 [24]).

A singleinteger value.
MM .Paging5GReq
AMFFunction

Valid for packet switching.
5GS.

5.25.2.2 Number of successful 5G paging procedures

a)

b)
<)

d)
€)
f)
9)
h)

This measurement provides the number of successful 5G paging proceduresinitiated at the AMF. The initial
paging procedures as well as the repeated paging procedures are counted.

CC.

When a service request from UE that with service type value equal "mobile terminated service" is received at the
AMF (see TS 23.502 [7] and TS 24.501 [24]), the AMF increments the count by 1.

A single integer value.
MM .Paging5GSucc
AMPFFunction

Valid for packet switching.
5GS.
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5.253 Handovers from 5GS to EPS

5.25.3.1 Number of attempted handovers from 5GS to EPS via N26 interface

a)
b)
©)

d)
€)
f)
)
h)

This measurement provides the number of attempted handovers from 5GS to EPS via N26 interface.
CC.

Transmission by the AMF to the MME of a Forward Relocation Request message (see clause 4.11.1.2.1 of TS
23.502 [7]) indicating the handover request from 5GSto EPS.

Each measurement is an integer value.
MM .HoOut5gsT oEpsN26ALt.

EP_N26 (contained by AMFFunction).
Valid for packet switched traffic.

5GS.

5.25.3.2 Number of successful handovers from 5GS to EPS via N26 interface

a)
b)
<)

d)
€)
)
)
h)

This measurement provides the number of successful handovers from 5GS to EPS via N26 interface.

CC.

Transmission by the AMF to the MME of a Forward Relocation Complete Notification message (see TS 29.274
[27]) indicating a successful handover from 5GS to EPS.

Each measurement is an integer value.
MM .HoOut5gsToEpsN26Succ.
EP_N26 (contained by AMFFunction).
Valid for packet switched traffic.

5GS.

5.25.3.3 Number of failed handovers from 5GS to EPS via N26 interface

a)

b)
c)

d)

€)

f)
9
h)

This measurement provides the number of failed handovers from 5GS to EPS via N26 interface. This
measurement is split into subcounters per failure cause.

CC.

Receipt by the AMF from the MME of a Forward Relocation Response message (see TS 29.274 [27]) indicating
afailed handover from 5GS to EPS. Each received Forward Relocation Response message increments the
relevant subcounter per failure cause by 1, and failure cases are specified in TS 29.274 [27].

Each measurement is an integer value.

MM .HoOut5gsT oEpsN26Fail.cause
where cause identifies the failure cause (see TS 29.274 [27])

EP_N26 (contained by AMFFunction).
Valid for packet switched traffic.
5GS.
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5.254 Handovers from EPS to 5GS

5.254.1 Number of attempted handovers from EPS to 5GS via N26 interface

a)
b)
©)

d)
€)
f)
)
h)

This measurement provides the number of attempted handovers from EPS to 5GS via N26 interface.
CC.

Receipt by the AMF from the MME of a Forward Relocation Regquest message (see clause 4.11.1.2.1 of TS
23.502 [7]) indicating the handover request from EPSto 5GS.

Each measurement is an integer value.
MM .HolncEpsT 05gsN26ALt.

EP_N26 (contained by AMFFunction).
Valid for packet switched traffic.

5GS.

5.254.2 Number of successful handovers from EPS to 5GS via N26 interface

a)
b)
<)

d)
€)
)
9
h)

This measurement provides the number of successful handovers from EPS to 5GS via N26 interface.

CC.

Receipt by the AMF from the MME of Forward Relocation Complete Notification message (see TS 29.274 [27])
indicating a successful handover from EPS to 5GS.

Each measurement is an integer value.
MM .HolncEpsTo05gsN26Succ.
EP_N26 (contained by AMFFunction).
Valid for packet switched traffic.

5GS.

5.25.4.3 Number of failed handovers from EPS to 5GS via N26 interface

a)

b)
©)

d)

€)

f)
9
h)

This measurement provides the number of failed handovers from EPS to 5GS via N26 interface. This
measurement is split into subcounters per failure cause.

CC.

Transmission by the AMF to the MME of a Forward Relocation Response message (see TS 29.274 [27])
indicating a failed handover from EPS to 5GS. Each transmitted Forward Relocation Response message
increments the relevant subcounter per failure cause by 1, and failure cases are specified in TS 29.274 [27].

Each measurement is an integer value.

MM .Hol ncEpsTo5gsN26Fail.cause
where cause identifies the failure cause (see TS 29.274 [27])

EP_N26 (contained by AMFFunction).
Valid for packet switched traffic.
5GS.
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5.2.6 Measurements related to Service Requests via Untrusted non-3GPP
Access

5.2.6.1 Number of attempted service requests via Untrusted non-3GPP Access
a) This measurement provides the number of attempted service requests via Untrusted non-3GPP Access.
b) CC.
¢) Receipt of an N2 Message indicating the Service Request by the AMF from N3IWF (see TS 23.502 [7]).
d) Aninteger value.
€) MM.ServiceRegNon3GPPALt.
f) AMFFunction.
g) Valid for packet switched traffic.
h) 5GS.

5.2.6.2 Number of successful service requests via Untrusted non-3GPP Access
a) This measurement provides the number of successful service requests via Untrusted non-3GPP Access.
b) CC

¢) Transmission of N2 reguest that contains"MM NAS Service Accept" by the AMF to N3IWF (see TS 23.502
[7D).

d) Aninteger value.

€) MM.ServiceRegNon3GPPSucc.
f) AMFFunction.

g) Valid for packet switched traffic.
h) 5GS.

527 Measurements related to SMS over NAS

5.2.7.1 Registration of SMS over NAS

5.2.7.1.1 Number of registration requests for SMS over NAS via 3GPP access

a) This measurement provides the number of registration requests for SMS over NAS received by the AF from UEs
via 3GPP access.

b) CC

¢) Receipt of aRegistration Request message containing the "SM S supported” indication indicating that the UE
supports SMS delivery over NAS by the AMF from UE via 3GPP access (see TS 23.502 [7]).

d) Aninteger value

6) SMS.SmsOverNasReg3GPPReq
f) AMFFunction

g) Validfor packet switched traffic
h) 5GS
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5.2.7.1.2 Number of successful registrations allowed for SMS over NAS via 3GPP access

a)

b)
c)

d)
€)
f)
9)
h)

This measurement provides the number of successful registrations allowed for SMS over NAS sent by the AF to
UEs via 3GPP access.

CcC

Transmission of a Registration Accept message containing the "SM S allowed" indication by the AMF to UE via
3GPP access (see TS 23.502 [7]).

Aninteger value

SM S.SmsOverNasReg3GPPSucc
AMFFunction

Valid for packet switched traffic
5GS

5.2.7.1.3 Number of registration requests for SMS over NAS via non-3GPP access

a)

b)
<)

d)
€)
f)
9)
h)

This measurement provides the number of registration requests for SMS over NAS received by the AF from UEs
vianon-3GPP access.

CcC

Receipt of a Registration Request message containing the "SM S supported” indication indicating that the UE
supports SM S delivery over NAS by the AMF from UE via non-3GPP access (see TS 23.502 [7]).

Aninteger value

SM S.SmsOverNasRegNon3GPPReqg
AMPFFunction

Valid for packet switched traffic
5GS

5.27.1.4 Number of successful registrations allowed for SMS over NAS via non-3GPP

a)

b)
<)

d)
€)
f)
)
h)

a)

access

This measurement provides the number of successful registrations allowed for SMS over NAS sent by the AF to
UEs via non-3GPP access.

CcC

Transmission of a Registration Accept message containing the "SM S allowed" indication by the AMF to UE via
non-3GPP access (see TS 23.502 [7]).

Aninteger value

SM S.SmsOverNasRegNon3GPPSucc
AMFFunction

Valid for packet switched traffic

5GS
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5.2.7.2 MO SMS over NAS

5.2.7.2.1 Number of attempted MO SMS messages over NAS via 3GPP access

a) This measurement provides the number of NAS messages encapsulating the SM S messages received by the AF
from UEs via 3GPP access.

b) CC

c) Receipt of an NAS message with an indication of SM S transportation by the AMF from UE via 3GPP access
(see TS23.502 [7]).

d) Aninteger value
€) SMS.SmsOverNasMo03GPPReq
f) AMFFunction
g) Validfor packet switched traffic
h) 5GS
5.2.7.2.2 Number of MO SMS messages successfully transported over NAS via 3GPP
access

a) This measurement provides the number of MO SM S messages successfully transported over NAS via 3GPP
access.

b) CC

¢) Transmission, by the AMF to UE via 3GPP access, of an NAS message that contains the "submit report”
indicating the MO SM S message has been successfully delivered (see TS 23.502 [7]).

d) Aninteger value

€) SMS.SmsOverNasMo3GPPSucc
f) AMFFunction

g) Validfor packet switched traffic
h) 5GS

5.2.7.2.3 Number of attempted MO SMS messages over NAS via non-3GPP access

a) This measurement provides the number of NAS messages encapsulating the SM S messages received by the AF
from UES via non-3GPP access.

b) CC

¢) Receipt of an NAS message with an indication of SM S transportation by the AMF from UE via non-3GPP
access (see TS 23.502 [7]).

d) Aninteger value

€) SMS.SmsOverNasMoNon3GPPReq
f) AMFFunction

g) Valid for packet switched traffic

h) 5GS
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5.2.7.2.4 Number of MO SMS messages successfully transported over NAS via hon-3GPP

a)

b)
©)

d)
€)
f)
9
h)

access

This measurement provides the number of MO SM S messages successfully transported over NAS via non-3GPP
access.

CcC

Transmission, by the AMF to UE via non-3GPP access, of an NAS message that contains the "submit report”
indicating the MO SM S message has been successfully submitted (see TS 23.502 [7]).

Aninteger value

SM S.SmsOverNasM oNon3GPPSucc
AMFFunction

Valid for packet switched traffic
5GS

5.2.7.3 MT SMS over NAS

5.2.7.3.1 Number of attempted MT SMS messages over NAS via 3GPP access

a)

b)
c)

d)
€)
f)
9)
h)

This measurement provides the number of NAS messages encapsulating the SM S messages sent by the AF to
UEs via 3GPP access.

CcC

Transmission of an NAS message with an indication of SMS transportation by the AMF to UE via 3GPP access
(see TS 23.502 [7]).

Aninteger value

SM S.SmsOverNasMt3GPPReqg
AMPFFunction

Valid for packet switched traffic
5GS

5.2.7.3.2 Number of MT SMS messages successfully transported over NAS via 3GPP

a)

access

This measurement provides the number of MT SM'S messages successfully transported over NAS via 3GPP
access.

CcC

Receipt, by the AMF from UE via 3GPP access, of an NAS message that contains the "delivery report”
indicating the MT SM S message has been successfully delivered (see TS 23.502 [7]).

Aninteger value

SM S.SmsOverNasMt3GPPSucc
AMFFunction

Valid for packet switched traffic
5GS
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5.2.7.3.3 Number of attempted MT SMS messages over NAS via non-3GPP access

a)

b)
©)

d)
€)
f)
9)
h)

This measurement provides the number of NAS messages encapsulating the SM S messages sent by the AF to
UESs via non-3GPP access.

CcC

Transmission of an NAS message with an indication of SMS transportation by the AMF to UE via non-3GPP
access (see TS 23.502 [7]).

Aninteger value

SM S.SmsOverNasMtNon3GPPReq
AMPFFunction

Valid for packet switched traffic
5GS

5.2.7.3.4 Number of MT SMS messages successfully transported over NAS via non-3GPP

a)

b)
c)

d)
€)
f)
9)
h)

access

This measurement provides the number of MT SM'S messages successfully transported over NAS via non-3GPP
access.

CcC

Receipt, by the AMF from UE via non-3GPP access, of an NAS message that contains the "delivery report"
indicating the MT SM S message has been successfully delivered (see TS 23.502 [7]).

Aninteger value

SM S.SmsOverNasMtNon3GPPSucc
AMPFFunction

Valid for packet switched traffic
5GS

5.2.8 UE Configuration Update procedure related measurements

5.2.8.1 Number of UE Configuration Update

a)
b)
c)
d)
€)
f)
)
h)
i)

This measurement provides the number of UE Configuration Update requested by the AMF.
CcC

On transmission of Configuration Update Command from the AMF to UE (see TS 23.502 [7]).
Each counter isan integer value

MM.ConfUpdate

AMFFunction

Valid for packet switched traffic

5GS

One usage of this performance measurementsis for performance assurance.
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5.2.8.2 Number of successful UE Configuration Update
a) This measurement provides the number of UE Configuration Update successfully completed by the UE.
b) CC
¢) On receipt by the AMF from the UE of Configuration Update Complete (see TS 23.502 [7]).

NOTE: Configuration Update Complete shall be requested for all parameters included in Configuration Update
Command except when only NITZ isincluded.

d) Each counter isan integer value
e) MM.ConfUpdateSucc

f) AMPFFunction

g) Vadlid for packet switched traffic
h) 5GS

i) One usage of this performance measurementsis for performance assurance.
5.2.9 Measurements related to registration via trusted non-3GPP access

5.29.1 Number of initial registration requests via trusted non-3GPP access

a) This measurement provides the number of initial registration requests via trusted non-3GPP access received by
the AMF.

b) CC.

¢) Receipt by the AMF from TNGF of an N2 message that contains Registration Request with the registration type
indicating an initial registration (see clause 4.12.2.2 of TS 23.502 [7]). Each initial registration request is added
to the relevant subcounter per network slice identifier (S-NSSAI).

d) Each subcounter is an integer value.

€) RM.ReglnitReqTrustNon3GPP.SNSSAI.
Where SNSSAI identifies the network slice;

f) AMFFunction.

g) Validfor packet switched traffic.

h) 5GS.
5.2.9.2 Number of successful initial registrations via trusted non-3GPP access
a) This measurement provides the number of successful initial registrations via trusted non-3GPP access at the
AMF.
b) CC.

¢) Transmission by the AMF to TNGF of an N2 message that contains Registration Accept corresponding to an
initial registration request (see clause 4.12.2.2 of TS 23.502 [7]). Each accepted initial registration is added to the
relevant subcounter per network dice identifier (S NSSAI).

d) Each subcounter is an integer value.
€) RM.ReglnitSuccTrustNon3GPP.SNSSAI.

Where SNSSAI identifies the network dlice;
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f) AMFFunction.
g) Validfor packet switched traffic.
h) 5GS.

5.2.9.3 Number of mobility registration update requests via trusted non-3GPP access

a) This measurement provides the number of mobility registration update requests via trusted non-3GPP access
received by the AMF.

b) CC.

¢) Receipt by the AMF from TNGF of an N2 message that contains Registration Request with the registration type
indicating a Mobility Registration Update (see clause 4.12.2.2 of TS 23.502 [7]). Each mobility registration
update request is added to the relevant subcounter per network dice identifier (S NSSA).

d) Each subcounter is an integer value.

€) RM.RegMobReqTrustNon3GPP.SNSSAI.
Where SNSSAI identifies the network dlice;

f) AMFFunction.

g) Vadlid for packet switched traffic.

h) 5GS.

5.294 Number of successful mobility registration updates via trusted non-3GPP
access

a) This measurement provides the number of successful mobility registration updates via trusted non-3GPP access
at the AMF.

b) CC.

¢) Transmission by the AMF to TNGF of an N2 message that contains Registration Accept corresponding to a
mobility registration update request (see clause 4.12.2.2 of TS 23.502 [7]). Each accepted mobility registration
update is added to the relevant subcounter per network slice identifier (S-NSSAL).

d) Each subcounter is an integer value.
€) RM.RegMobSuccTrustNon3GPP.SNSSAI.
Where SNSSAI identifies the network dlice;
f) AMFFunction.
g) Vadlid for packet switched traffic.
h) 5GS.
5.29.5 Number of periodic registration update requests via trusted non-3GPP
access

a) This measurement provides the number of periodic registration update requests via trusted non-3GPP access
received by the AMF.

b) CC.
¢) Receipt by the AMF from TNGF of an N2 message that contains Registration Request with the registration type

indicating a Periodic Registration Update (see clause 4.12.2.2 of TS 23.502 [7]). Each periodic registration
update request is added to the relevant subcounter per network dice identifier (S-NSSAI).
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d)

€)

f)
9)
h)

Each subcounter is an integer value.

RM .RegPeriodReqTrustNon3GPP.SNSSAI.
Where SNSSAI identifies the network dlice;

AMPFFunction.

Valid for packet switched traffic.

5GS.

5.2.9.6 Number of successful periodic registration updates via trusted non-3GPP

a)

b)
c)

d)

€)

f)
9)
h)

access

This measurement provides the number of successful mobility registration updates via trusted non-3GPP access
at the AMF.

CC.

Transmission by the AMF to TNGF of an N2 message that contains Registration Accept corresponding to a
periodic registration update request (see clause 4.12.2.2 of TS 23.502 [7]). Each accepted periodic registration
update is added to the relevant subcounter per network slice identifier (S-NSSAI).

Each subcounter is an integer value.

RM .RegPeriodSuccT rustNon3GPP.SNSSAI.
Where SNSSAI identifies the network dlice;

AMPFFunction.

Valid for packet switched traffic.

5GS.

5.2.9.7 Number of emergency registration requests via trusted non-3GPP access

a)
b)

©)

d)

€)

This measurement provides the number of emergency registration requests via trusted non-3GPP access received
by the AMF.

CC.

Receipt by the AMF from TNGF of an N2 message that contains Registration Request with the registration type
indicating an Emergency Registration (see clause 4.2.2.2.2 of TS 23.502 [7]). Each emergency registration
request is added to the relevant subcounter per network dlice identifier (S-NSSAL).

Each subcounter is an integer value.
RM.RegEmergReq T rustNon3GPP.SNSSAI.

Where SNSSAI identifies the network dlice;

f) AMFFunction.
g) Vadlid for packet switched traffic.
h) 5GS.
5.2.9.8 Number of successful emergency registrations via trusted non-3GPP access
a) This measurement provides the number of successful emergency registrations via trusted non-3GPP access at the
AMF.
b) CC.
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¢) Transmission by the AMF to TNGF of an N2 message that contains Registration Accept corresponding to an
emergency registration request (see clause 4.12.2.2 of TS 23.502 [7]). Each accepted emergency registration is
added to the relevant subcounter per network dlice identifier (S-NSSAL).

d) Each subcounter is an integer value.

€) RM.RegEmergSuccTrustNon3GPP.SNSSAI.
Where SNSSAI identifies the network slice;

f) AMFFunction.

g) Vadlid for packet switched traffic.

h) 5GS.

5.2.10 Measurements related to Service Requests via trusted non-3GPP
Access

5.2.10.1 Number of attempted service requests via trusted non-3GPP Access
a) This measurement provides the number of attempted service requests via trusted non-3GPP Access.
b) CC.
¢) Receipt of an N2 Message indicating the Service Request by the AMF from TNGF (see TS 23.502 [7]).
d) Aninteger value.
€) MM.ServiceReqTrustNon3GPPALt.
f) AMPFFunction.
g) Vadlid for packet switched traffic.
h) 5GS.

5.2.10.2 Number of successful service requests via trusted non-3GPP Access
a) This measurement provides the number of successful service requests via trusted non-3GPP Access.
b) CC
¢) Transmission of N2 request that contains "MM NAS Service Accept” by the AMF to TNGF (see TS 23.502 [7]).
d) Aninteger value.
€) MM.ServiceReqTrustNon3GPPSucc.
f) AMFFunction.
g) Valid for packet switched traffic.
h) 5GS.

5.2.11 Authentication procedure related measurements

5.211.1 Number of authentication requests
a) This measurement provides the number of authentication requests.
b) S

¢) AMF sends aNAS message Authentication -Request to the UE (see clause 6.1.3.2 in TS 33.501 [36]) to UE.
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d) A singleinteger value

e) AMF.AuthReq

f) AMFFunction

g) Valid for packet switching
h) 5GS

5.2.11.2 Number of failed authentications due to parameter error

a) This measurement provides the number of UE sends the authentication failure message to AMF when detects
error authentication parameter contained in the authentication request. b) Sl

¢) AMF receives a NAS message Authentication Response (see clause 6.1.3.2 in TS 33.501 [36]) sent by UE,
indicating UE authentication failure. The measurement is optionally split into subcounters with a CAUSE value
indicating the reason for failure. The CAUSE value may be 20, 21, 26.

d) A singleinteger value

e) AMF.AuthFail
AMF.AuthFail.20
AMF.AuthFail.21
AMF.AuthFail.26

f) AMFFunction
g) Vadlid for packet switching
h) 5GS

5.2.11.3 Number of authentication rejection
a) This measurement provides the number of authentication rejection.
b) Sl
¢) AMF sends aNAS message Authentication Reject to the UE (see clause 6.1.3.2in TS 33.501 [36]) to UE.
d) A singleinteger value
e) AMF.AuthReject
f) AMPFFunction
g) Valid for packet switching
h) 5GS

5.3 Performance measurements for SMF

5.3.1 Session Management

5.3.1.1 Number of PDU sessions (Mean)
a) This measurement provides the mean number of PDU sessions.
b) Sl

¢) The measurement is obtained by sampling at a pre-defined interval, the number of PDU sessions established by
SMF, and then taking the arithmetic mean. The measurement is optionally split into subcounters per S-NSSAI.

ETSI



3GPP TS 28.552 version 18.6.0 Release 18 185 ETSI TS 128 552 V18.6.0 (2024-05)

This measurement is optionally split into subcounters per 5G VN internal Group ID.
d) A singleinteger value.

€) SM.SessionNbrMean.SNSSAI
Where SNSSAI identifies the SSNSSAL.

a) SM.SessionNbrMean. Internal GrouplD

Where internal Group ID identifiesa5G VN group communication, as specified in TS 23.501[4].
f) SMFFunction.
g) Valid for packet switched traffic.
h) 5GS.

5.3.1.2 Number of PDU sessions (Maximum)
a) This measurement provides the max number of PDU sessions.
b) S

¢) The measurement is obtained by sampling at a pre-defined interval, the number of PDU sessions established by
SMF, and then selecting the maximum value. The measurement is optionally split into subcounters per S-
NSSAI.

This measurement is optionally split into subcounters per 5G VN internal Group ID.
d) A singleinteger value

€) SM.SessionNbrMax.SNSSAI
Where SNSSAI identifies the SSNSSAI

SM . SessionNbrM ean. | nternal Groupl D

Where internal Group ID identifiesa5G VN group communication, as specified in TS 23.501[4].
f) SMFFunction
g) Vadlid for packet switched traffic
h) 5GS

5.3.1.3 Number of PDU session creation requests
a) This measurement provides the number of PDU sessions requested to be created by the SMF.
b) CC

¢) On receipt by the SMF from AMF of Nsmf_PDUSession_CreateSM Context Request (see TS 23.502 [7]). Each
PDU session requested to be created is added to the relevant subcounter per S-NSSAI and the relevant
subcounter per request type.

d) Each subcounter is an integer value
€) SM.PduSessionCreationReq.SNSSAI
Where SNSSAI identifies the S-NSSAI;
SM.PduSessionCreationReg.ReqType.

Where ReqType indicates the request type (e.g., initial request, initial emergency request) for the PDU
session.
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f)

SMFFunction

g) Validfor packet switched traffic

h)
i)

5GS

One usage of this performance measurements is for performance assurance.

5314 Number of successful PDU session creations

a)
b)
©)

d)

€)

f)
9)
h)
i)

This measurement provides the number of PDU sessions successfully created by the SMF.
cC

On transmission by the SMF to AMF of Nsmf_PDUSession_CreateSM Context Response that indicates a
successful PDU session creation (see TS 23.502 [7]). Each PDU session successfully created is added to the
relevant subcounter per SSNSSAI and the relevant subcounter per request type.

Each subcounter is an integer value

SM.PduSessionCreationSucc. SNSSAI
Where SNSSAI identifies the S-NSSAI;

SM.PduSessionCreationSucc.ReqType.

Where ReqType indicates the request type (e.g., initial request, initial emergency request) for the PDU
session.

SMFFunction
Valid for packet switched traffic
5GS

One usage of this performance measurementsiis for performance assurance.

5315 Number of failed PDU session creations

a)
b)
©)

d)

f)

0)
h)

This measurement provides the number of PDU sessions failed to be created by the SMF.
CcC

On transmission by the SMF to AMF of Nsmf_PDUSession_CreateSM Context Response that indicates a
rejected PDU session creation (see TS 23.502 [7]). Each PDU session rejected to be created is added to the
relevant subcounter per rejection cause.

Each subcounter is an integer value
SM.PduSessionCreationFail .cause

Where cause indicates the rejection cause for the PDU session.
SMFFunction

Valid for packet switched traffic

5GS

One usage of this performance measurementsis for performance assurance.
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5.3.1.6 PDU session modifications
5.3.1.6.1 Number of requested PDU session modifications (UE initiated)
a) This measurement provides the number of PDU session modification requests (initiated by UE) received by the
SMF.
b) CC.
c) Onreceipt of Nsmf_PDUSession_UpdateSM Context Request which includesthe N1 SM container |E indicating

d)

f)
9)
h)

the "PDU Session Modification Request" (see TS 23.502 [7]) by the SMF from AMF.

On receipt of Nsmf_PDUSession_UpdateSM Context Request, the SMF may generate subcounters sorts by
internal Group ID per 5G VN group communication.

A single integer value.

SM.PduSessionModUel nitReq.

a) SM.PduSessionModUel nitReq. Internal Groupl D

Where internal Group ID identifiesa5G VN group communication, as specified in TS 23.501[4].
SMFFunction.

Valid for packet switched traffic.

5GS.

5.3.1.6.2 Number of successful PDU session modifications (UE initiated)

a)

b)
<)

d)

€)

f)
9
h)

This measurement provides the number of successful PDU session modifications (initiated by UE)
acknowledged by the SMF.

CC.

On transmission of Nsmf_PDUSession_UpdateSM Context Response indicating a successful PDU session
modification by the SMF to AMF asreply to asmf_PDUSession_UpdateSM Context Request that includes the
N1 SM container |E indicating the "PDU Session Modification Complete” (see TS 23.502 [7]) for aPDU session
modification request (initiated by the UE).

This measurement is optionally split into subcounters per 5G VN internal Group ID.

A single integer value.

SM.PduSessionM odUel nitSucc.

a) SM.PduSessionModUel nitReg. Internal Groupl D

Where internal Group ID identifiesa5G VN group communication, as specified in TS 23.501[4].
SMFFunction.

Valid for packet switched traffic.

5GS.

5.3.1.6.3 Number of failed PDU session modifications (UE initiated)

a)

b)
©)

This measurement provides the number of failed PDU session modifications (initiated by UE) responded by the
SMF. This measurement is split into subcounters per failure cause.

CC.

On transmission of Nsmf_PDUSession_UpdateSM Context Response indicating afailed PDU session
modification by the SMF to AMF (see TS 23.502 [7]) for aPDU session modification request (initiated by the
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d)

€)

f)
9)
h)

UE). Each transmitted Nsmf_PDUSession_UpdateSM Context Response indicating the failed PDU session
modification triggers the relevant subcounter per failure cause (see the causeslisted intable 6.1.3.3.4.2.2-2 of TS
29.502 [14]) to increment by 1.

A singleinteger value.
SM.PduSessionM odUel nitFail.Cause.

Where Cause identifies the cause of the PDU session modification failure. Encoding of the Cause isdefinedinin
table 6.1.3.3.4.2.2-2 of TS 29.502 [14].

SMFFunction.
Valid for packet switched traffic.
5GS.

5.3.1.6.4 Number of requested PDU session modifications (SMF initiated)

a)

b)
©)

d)
€)
f)
9)
h)

This measurement provides the number of PDU session modification requests (initiated by SMF) sent by the
SMF to AMF.

CC.

On transmission of Namf_Communication_N1IN2MessageT ransfer which includes the N2 SM information |E
and N1 SM container |1E indicating the "PDU Session Modification Command"” (see TS 23.502 [7]) by the SMF
to AMF.

A single integer value.
SM.PduSessionM odSmflnitReq.
SMFFunction.

Valid for packet switched traffic.
5GS.

5.3.1.6.5 Number of successful PDU session modifications (SMF initiated)

a)

b)
©)

d)
€)
f)
9
h)

This measurement provides the number of successful PDU session modifications (initiated by SMF)
acknowledged by the SMF.

CC.

On transmission of Nsmf_PDUSession_UpdateSM Context Response indicating a successful PDU session
modification by the SMF to AMF asreply to asmf_PDUSession_UpdateSM Context Request that includes the
N1 SM container |E indicating the "PDU Session Modification Complete" (see TS 23.502 [7]) for aPDU session
modification request (initiated by the SMF).

A single integer value.
SM.PduSessionM odSmfl nitSucc.
SMFFunction.

Valid for packet switched traffic.
5GS.

5.3.1.6.6 Number of failed PDU session modifications (SMF initiated)

a)

b)

This measurement provides the number of failed PDU session modifications (initiated by SMF) responded by the
SMF. This measurement is split into subcounters per failure cause.

CC.
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©)

d)

€)

f)
9)
h)

On transmission of Nsmf_PDUSession_UpdateSM Context Response indicating a failed PDU session
modification by the SMF to AMF (see TS 23.502 [7]) for aPDU session modification request (initiated by the
SMF). Each transmitted Nsmf_PDUSession_UpdateSM Context Response indicating the failed PDU session
modification triggers the relevant subcounter per failure cause (see the causeslisted intable 6.1.3.3.4.2.2-2 of TS
29.502 [14]) to increment by 1.

A singleinteger value.
SM.PduSessionM odSmflnitFail.Cause.

Where Cause identifies the cause of the PDU session modification failure. Encoding of the Cause isdefinedinin
table 6.1.3.3.4.2.2-2 of TS 29.502 [14].

SMFFunction.
Valid for packet switched traffic.
5GS.

5317 PDU session releases

5.3.1.7.1 Number of released PDU sessions (AMF initiated)

a)

b)

d)

€)

f)
9)
h)
i)

This measurement provides the number of released PDU sessions (initiated by AMF) at the SMF. There could be
several reasons for the AMF to request release of PDU sessions, for instance the mismatch of PDU Session
status between UE and AMF. This step may also be invoked due to a change of the set of network slices for a
UE where a network dlice instance is no longer available, as described in TS 23.501 clause 5.15.5.2.2, or the
PDU Session(s) is not accepted by the T-AMF (e.g. SSNSSAI associated with the PDU Session is hot available
inthe T-AMF). This measurement is split into subcounters per S-NSSAI and subcounters per cause.

CC.

On transmission of Nsmf_PDUSession_ReleaseSM Context Response indicating a successful PDU session
release from the SMF to AMF, as areply to the received Nsmf_PDUSession_ReleaseSM Context Request from
the AMF (see TS 23.502 [7]). Each transmitted Nsmf_PDUSession_ReleaseSM Context Response triggers the
relevant subcounter per S-NSSAI and the relevant subcounter per cause (the cause, ngApCause or
5GMmCauseValue asindicated in the received Nsmf_PDUSession_ReleaseSM Context Request, see
Table6.1.6.2.6-1 of TS 29.502 [14]) to increment by 1 respectively.

A single integer value.
SM.PduSessionRel AmfInit.SNSSAI and SM.PduSessionRel Amflnit.cause.

Where the SNSSAI identifies the S-NSSAL; and the cause identifies the cause, ngApCause or
5GMmCauseValue asindicated in the received Nsmf_PDUSession_ReleaseSM Context Request, see
Table 6.1.6.2.6-1 of TS29.502 [14]).

SMFFunction.
Valid for packet switched traffic.
5GS.

One usage of this measurement is for performance assurance.

5.3.1.8 Number of PDU session creation requests in HR roaming scenario

a)

b)

This measurement provides the number of PDU sessions requested to be created by the H-SMF in Home-Routed
roaming scenario.

CcC
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c) Onreceipt by the H-SMF from V-SMF of Nsmf_PDUSession_Create Request (see TS 23.502 [7]). Each PDU
session requested to be created is added to the relevant subcounter per SSNSSAI and the relevant subcounter per
request type.

d) Each subcounter is an integer value
€) SM.PduSessionCreationHRroam.SNSSAI
Where SNSSAI identifies the S-NSSAI;
SM.PduSessionCreationHRroam.ReqType
Where ReqType indicates the request type (e.g., initial request, initial emergency request) for the PDU session.
f) SMFFunction
g) Vadlid for packet switched traffic
h) 5GS

i) One usage of this performance measurementsis for performance assurance.

5.3.1.9 Number of successful PDU session creations in HR roaming scenario

a) This measurement provides the number of PDU sessions successfully created by the H-SMF in Home-Routed
roaming scenario.

b) CC

¢) Ontransmission by the H-SMF to V-SMF of Nsmf_PDUSession_Create Response that indicates a successful
PDU session creation (see TS 23.502 [7]). Each PDU session successfully created is added to the relevant
subcounter per S-NSSAI and the relevant subcounter per request type.

d) Each subcounter is an integer value
€) SM.PduSessionCreationHRroamSucc. SNSSAI
Where SNSSAI identifies the S-NSSAM;
SM.PduSessionCreationHRroamSucc.ReqType
Where ReqType indicates the request type (e.g., initial request, initial emergency request) for the PDU session.
f) SMFFunction
g) Valid for packet switched traffic
h) 5GS

i) One usage of this performance measurementsis for performance assurance.

5.3.1.10 Number of failed PDU session creations in HR roaming scenario

a) This measurement provides the number of PDU sessions failed to be created by the H-SMF in Home-Routed
roaming scenario.

b) CC

¢) On transmission by the H-SMF to V-SMF of Nsmf_PDUSession_Create Response that indicates a rejected PDU
session creation (see TS 23.502 [7]). Each PDU session rejected to be created is added to the rel evant subcounter
per rejection cause.

d) Each subcounter is an integer value

€) SM.PduSessionCreationHRroamFail.cause
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Where cause indicates the rejection cause for the PDU session.

f) SMFFunction

g) Vadlid for packet switched traffic

h) 5GS

i) One usage of this performance measurementsis for performance assurance.

5.3.1.11 Mean time of PDU session establishment

a) This measurement provides the mean time of PDU session establishment during each granularity period. The
measurement is split into subcounters per S-NSSAL.

b) DER(n=1)

¢) Thismeasurement is obtained by measuring the time interval for every successful PDU session establishment
procedure per S-NSSAI between the receipt by SMF from AMF of " Nsmf_PDUSession_UpdateSM Context
Request ", which includes N2 SM information received from (R)AN to the SMF and the sending of a”
Nsmf_PDUSession_CreateSM Context Request or Nsmf_PDUSession_UpdateSM Context Request " message
from AMF to the SMF over agranularity period using DER. The end value of thistime will then be divided by
the number of successful PDU session establishment observed in the granularity period to give the arithmetic
mean, the accumulator shall be reinitialised at the beginning of each granularity period.

d) Each measurement is an integer value.(in milliseconds)

€) SM.PduSessionTimeMean.SNSSAI

f) SMFFunction

g) Vadlid for packet switched traffic

h) 5GS

i) One usage of this measurement is for monitoring the mean time of registration procedure during the granularity
period.

5.3.1.12 Max time of PDU session establishment

a) This measurement provides the max time of PDU session establishment during each granularity period. The
measurement is split into subcounters per S-NSSAL.

b) DER(n=1)

¢) Thismeasurement is obtained by measuring the time interval for every successful registration procedure per S-
NSSAI per registration type between the receipt by SMF from AMF of " Nsmf_PDUSession_UpdateSM Context
Request", which includes N2 SM information received from (R)AN to the SMF and the sending of a"
Nsmf_PDUSession_CreateSM Context Request or Nsmf_PDUSession_UpdateSM Context Request PDU Session
Establishment Request " message from AMF to the SMF over a granularity period using DER. The high tide
mark of thistime will be stored in a gauge, the gauge shall be reinitialised at the beginning of each granularity
period.

d) Each measurement is an integer value.(in milliseconds)

€) SM.PduSessionTimeMax.SNSSAI

f) SMFFunction

g) Vadid for packet switched traffic

h) 5GS

i) One usage of this measurement is for monitoring the max time of registration procedure during the granularity

period.
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5.3.1.13 MA PDU session management

5.3.1.13.1 Number of MA PDU session creation requests

a)
b)
©)

d)
€)

f)
9
h)

This measurement provides the number of MA PDU sessions requested to be created by the SMF.
CcC

On receipt by the SMF from AMF of Nsmf_PDUSession_CreateSM Context Request including "MA PDU
Request” indication (see clause 4.22.2 of TS 23.502 [7]). Each MA PDU session requested to be created is added
to the relevant subcounter per S-NSSAI.

Each subcounter is an integer value

SM.MAPDUSessionCreationReq. SNSSAI,
Where SNSSAI identifies the SSNSSAL.

SMFFunction
Valid for packet switched traffic
5GS

5.3.1.13.2 Number of successful MA PDU session creations

a)
b)
©)

d)
€)

f)
9)
h)

This measurement provides the number of MA PDU sessions successfully created by the SMF.
CcC

On transmission by the SMF to AMF of Nsmf_PDUSession_CreateSM Context Response indicating the
requested MA PDU session creation is accepted (see TS 29.502 [14]). Each MA PDU session successfully
created is added to the relevant subcounter per SSNSSAI.

Each subcounter is an integer value

SM.MAPDU SessionCreationSucc. SNSSAI,
Where SNSSAI identifies the SSNSSAI.

SMFFunction
Valid for packet switched traffic
5GS

5.3.1.13.3 Number of failed MA PDU session creations

a)
b)
©)

d)
€)

f)
9)
h)

This measurement provides the number of MA PDU sessions failed to be created by the SMF.
CcC

On transmission by the SMF to AMF of Nsmf_PDUSession_CreateSM Context Response indicating afailure or
rejection of the corresponding MA PDU session creation request (see TS 29.502 [14]). Each MA PDU session
failed or rejected to be created is added to the relevant subcounter per failure cause.

Each subcounter is an integer value

SM.MAPDU SessionCreationFail .cause,
Where cause indicates the failure cause for the MA PDU session creation.

SMFFunction
Valid for packet switched traffic
5GS
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5.3.1.13.4 Number of MA PDU sessions (Mean)

a)
b)
©)

d)
€)

f)
9
h)

This measurement provides the mean number of MA PDU sessions.
Sl

The measurement is obtained by sampling at a pre-defined interval, the number of MA PDU sessions established
by SMF, and then taking the arithmetic mean. The measurement is optionally split into subcounters per S-
NSSAI.

A singleinteger value.

SM.MaPduSessionNbrMean, and optionally
SM.MaPduSessionNbrMean.SNSSAI, where SNSSAI identifies the S-NSSAL.

SMFFunction.
Valid for packet switched traffic.
5GS.

5.3.1.13.5 Number of MA PDU sessions (Maximum)

a)
b)
©)

d)
€)

f)
9)
h)

This measurement provides the max number of MA PDU sessions.
Sl

The measurement is obtained by sampling at a pre-defined interval, the number of MA PDU sessions established
by SMF, and then selecting the maximum value. The measurement is optionally split into subcounters per S-
NSSAI.

A singleinteger value

SM.MaPduSessionNbrMax, and optionally
SM.MaPduSessionNbrM ax.SNSSAI, where SNSSAI identifies the S-NSSAL.

SMFFunction
Valid for packet switched traffic
5GS

5.3.1.13.6 Number of allowed MA PDU session conversions

a)

b)
<)

d)
€)

f)
9)
h)

This measurement provides the number of SA PDU sessions that may be converted to aMA PDU Session, if the
5GC network wants to.

CC.

On receipt by the SMF from AMF of Nsmf_PDUSession_CreateSM Context Request including "MA PDU
Network-Upgrade Allowed" indication (see clause 4.22.3 of TS 23.502 [7]). Each requested single-access PDU
Session that may be converted to aMA PDU Session is added to the relevant subcounter per S NSSAI.

Each subcounter is an integer value.

SM.MaPduSessionConvAllowed. SNSSAI,
Where SNSSAI identifies the SSNSSAI.

SMFFunction
Valid for packet switched traffic
5GS.
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5.3.1.13.7 Number of successful MA PDU session conversions

a)

b)
©)

d)

€)

f)
9
h)

This measurement provides the number of the requested SA PDU Sessions that have been successfully converted
by the network to aMA PDU session.

CcC

On transmission by the SMF of Namf_Communication_N1N2MessageTransfer message with an "MA PDU
session Accepted” indication to the AMF (see clause 4.22.3 of TS 23.502 [7]). Each requested SA PDU Session
that is successfully converted by the network to aMA PDU Session is added to the relevant subcounter per S-
NSSAI.

Each subcounter is an integer value.

SM.MaPduSessionConvSucc. SNSSA,
Where SNSSAI identifies the SSNSSAI.

SMFFunction
Valid for packet switched traffic
5GS

5.3.1.14 Number of MA PDU session creation requests in HR roaming scenario

a)
b)

©)

d)

€)

This measurement provides the number of MA PDU sessions requested to be created by the H-SMF in Home-
Routed roaming scenario.

CC

On receipt by the H-SMF from V-SMF of Nsmf_PDUSession_Create Request indicating an "MA PDU Request"
(see TS 23.502 [7]). Each MA PDU session requested to be created is added to the relevant subcounter per S-
NSSAI .

Each subcounter is an integer value

SM.MAPDU SessionCreationHRroam.SNSSAI

Where SNSSAI identifies the S-NSSAI;

f)
9)
h)

SMFFunction
Valid for packet switched traffic
5GS

5.3.1.15 Number of successful MA PDU session creations in HR roaming scenario

a)
b)

©)

d)

€)

f)
9

This measurement provides the number of MA PDU sessions successfully created by the H-SMF in Home-
Routed roaming scenario.

CcC

On transmission by the H-SMF to V-SMF of Nsmf_PDUSession_Create Response indicating the requested MA
PDU session creation is accepted (see TS 23.502 [7]). Each MA PDU session successfully created is added to
the relevant subcounter per S-NSSAI.

Each subcounter is an integer value

SM.MAPDU SessionCreationHRroamSucc. SNSSAI
Where SNSSAI identifies the S-NSSAI;
SMFFunction

Valid for packet switched traffic
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h)

5GS

5.3.1.16 Number of failed MA PDU session creations in HR roaming scenario

a)
b)

©)

d)

f)

9)
h)

This measurement provides the number of MA PDU sessions failed to be created by the H-SMF in Home-
Routed roaming scenario.

CcC

On transmission by the H-SMF to V-SMF of Nsmf_PDUSession_Create Response that indicates a failure or
rejected MA PDU session creation (see TS 29.502 [14]). Each MA PDU session failed or rejected to be created
is added to the relevant subcounter per rejection cause.

Each subcounter is an integer value

SM.MAPDU SessionCreationHRroamFail.cause

Where cause indicates the rejection cause for the MA PDU session.
SMFFunction

Valid for packet switched traffic

5GS

5.3.2 QoS flow monitoring

5.3.2.1 QoS flow monitoring

5.3.2.1.1 Number of QoS flows requested to create

a)

b)
©)

d)

f)
9
h)

This measurement provides the number of QoS flows requested to create. This measurement is split into
subcounters per S-NSSAI and subcounters per 5Ql.

CC.

Receipt of Nsmf_PDUSession_UpdateSM Context Request which includes the N1 SM container |E containing
the QoS flows requested to create (see TS 23.502 [7]) from AMF by the SMF; or transmission of
Namf_Communication_N1N2MessageT ransfer which includes N1 SM container | E containing the QoS flows
requested to create to AMF by the SMF (see TS 23.502 [7]). Each QoS flow requested to create in the message
triggers the relevant subcounter per S-NSSAI and the relevant subcounter per 5QI to increment by 1 respectively
(the S-NSSAI isthe S-NSSAI that the PDU session belongs to, or the new S-NSSAI if the SSNSSAI for the
serving PLMN derived from the S-NSSAI of the home PLMN differs from the S-NSSAI provided in the Create
SM Context Request, see clause 6.1.6.2.4in TS 29.502 [15]).

Each measurement is an integer value.

SM.QoSflowCreateReq.SNSSAI and SM.QoSflowCreateReq.5Q.

Where the SNSSAI identifies the SSNSSAI, and the 5QI identifies the 5QI.
SMFFunction.

Valid for packet switched traffic.

5GS.

5.3.2.1.2 Number of QoS flows successfully created

a)

This measurement provides the number of QoS flows successfully created. This measurement is split into
subcounters per S-NSSAI and subcounters per 5QI.

ETSI



3GPP TS 28.552 version 18.6.0 Release 18 196 ETSI TS 128 552 V18.6.0 (2024-05)

b)

d)

f)
9)
h)

CC.

Receipt of Nsmf_PDUSession_UpdateSM Context Request that includes the N2 SM information | E containing
the successfully created (set up or added) QoS flows from AMF by the SMF (see TS 23.502 [7]). Each
successfully created QoS flow triggers the relevant subcounter per SSNSSAI and the relevant subcounter per 5QI
to increment by 1 respectively (the S'NSSAI isthe S-NSSAI that the PDU session belongs to, or the new S-
NSSALI if the SINSSAI for the serving PLMN derived from the S-NSSAI of the home PLMN differs from the S-
NSSAI provided in the Create SM Context Request, see clause 6.1.6.2.4 in TS 29.502 [15]).

Each measurement is an integer value.
SM.QoSflowCreateSucc. SNSSAI and SM.QoSflowCreateSucc.5Ql.
Where the SNSSAI identifies the SSNSSAI, and the 5QI identifies the 5QlI.
SMFFunction.
Valid for packet switched traffic.
5GS.

5.3.2.1.3 Number of QoS flows failed to create

a)

b)
c)

d)
€)

f)
9)
h)

This measurement provides the number of QoS flows failed to create. This measurement is split into subcounters
per cause.

CC.

Receipt of Nsmf_PDUSession_UpdateSM Context Request that includes the N2 SM information | E containing
the QoS flows failed to create (set up or add) from AMF by the SMF (see TS 23.502 [7]). Each QoS flow failed
to create triggers the relevant subcounter per cause (see clause 9.3.1.13in TS 38.413 [11]).

Each measurement is an integer value..
SM.QoSflowCreateFail .cause.

Where the cause identifies the cause that resulted in the QoS flow setup failure (see clause 9.3.1.2in TS
38.413 [11]).

SMFFunction.
Valid for packet switched traffic.
5GS.

53.214 Number of QoS flows requested to modify

a)

b)
c)

d)

This measurement provides the number of QoS flows requested to modify. This measurement is split into
subcounters per S-NSSAI and subcounters per 5Ql.

CC.

Receipt of Nsmf_PDUSession_UpdateSM Context Request which includes the N1 SM container |E containing
the QoS flows requested to modify (see TS 23.502 [7]) from AMF by the SMF; or transmission of
Namf_Communication_N1N2MessageT ransfer which includes N1 SM container | E containing the QoS flows
reguested to modify to AMF by the SMF (see TS 23.502 [7]). Each QoS flow reguested to modify in the
message triggers the relevant subcounter per S-NSSAI and the relevant subcounter per 5QI to increment by 1
respectively (the SSNSSAI isthe SINSSAI that the PDU session belongs to, or the new S-NSSAI if the S-NSSAI
for the serving PLMN derived from the S-NSSAI of the home PLMN differs from the S-NSSAI provided in the
Create SM Context Request, see clause 6.1.6.2.4in TS 29.502 [15]).

Each measurement is an integer value.
SM.QoSflowM odReg.SNSSAI and SM.QoSflowM odReq.5Q.
Where the SNSSAI identifies the S-NSSAI, and the 5QI identifies the 5QI.
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f)
9
h)

SMFFunction.
Valid for packet switched traffic.
5GS.

5.3.2.1.5 Number of QoS flows successfully modified

a)

b)
<)

d)

€)

f)
9)
h)

This measurement provides the number of QoS flows successfully modified. This measurement is split into
subcounters per S-NSSAI and subcounters per 5QI.

CC.

Receipt of Nsmf_PDUSession_UpdateSM Context Request that includes the N2 SM information | E containing
the successfully modified QoS flows from AMF by the SMF (see TS 23.502 [7]). Each successfully modified
QoS flow triggers the relevant subcounter per S-NSSAI and the relevant subcounter per 5QI to increment by 1
respectively (the SSNSSAI isthe SINSSAI that the PDU session belongs to, or the new S-NSSAI if the S-NSSAI
for the serving PLMN derived from the S-NSSAI of the home PLMN differs from the S-NSSAI provided in the
Create SM Context Request, see clause 6.1.6.2.4in TS 29.502 [15]).

Each measurement is an integer value.
SM.QoSflowM odSucc. SNSSAI and SM.QoSflowM odSuce.5Ql.
Where the SNSSAI identifies the S-NSSAI, and the 5QI identifies the 5QI.
SMFFunction.
Valid for packet switched traffic.
5GS.

5.3.2.1.6 Number of QoS flows failed to modify

a)

b)
©)

d)

€)

f)
9
h)

This measurement provides the number of QoS flows failed to modify. This measurement is split into
subcounters per cause.

CC.

Receipt of Nsmf_PDUSession_UpdateSM Context Request that includes the N2 SM information | E containing
the QoS flows failed to modify from AMF by the SMF (see TS 23.502 [7]). Each QoS flow failed to modify
triggers the relevant subcounter per cause (see clause 9.3.1.13in TS 38.413 [11]).

Each measurement is an integer value.
SM.QoSflowM odFail.cause.

Where the cause identifies the cause that resulted in the QoS flow modification failure (see clause 9.3.1.2in
TS38.413[11)).

SMFFunction.
Valid for packet switched traffic.
5GS.

5.3.2.1.7 Mean number of QoS flows

a)

b)
c)

This measurement provides the mean number of QoS flows at the SMF. This measurement is split into
subcounters per S-NSSAI and subcounters per 5QI.

Sl

This measurement is obtained by sampling at a pre-defined interval, the number of QoS flows per S-NSSAI and
per 5QI, and then taking the arithmetic mean.
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d) Each measurement isareal value.
€) SM.QoSflowNbrMean.SNSSAI and SM.QoSflowNbrMean.5QlI.
Where the SNSSAI identifies the S-NSSAI, and the 5QI identifies the 5QI.
f) SMFFunction.
g) Vadlid for packet switched traffic.
h) 5GS.

5.3.2.1.8 Peak number of QoS flows

a) This measurement provides the peak number of QoS flows at the SMF. This measurement is split into
subcounters per SSNSSAI and subcounters per 5Ql.

b) S

c) This measurement is obtained by sampling at a pre-defined interval, the number of QoS flows per S-NSSAI and
per 5QI, and then taking the maximum.

d) Each measurement isareal value.
€) SM.QoSflowNbrPeak.SNSSAI and SM.QoSflowNbrPeak.5Ql.
Where the SNSSAI identifies the S-NSSAI, and the 5QI identifies the 5QI.
f) SMFFunction.
g) Valid for packet switched traffic.
h) 5GS.

5.3.3 Performance measurement for N4 interface

5.33.1 Number of N4 session modifications

a) This measurement provides the number of attempted N4 session modifications.

b) CC

¢) Transmission of "N4 Session Modification Request” message from SMF, this counter is cumulated by different N4
Session Modification Request messages sent by SMF as specified in TS 23.502 [7] and TS 29.244 [16].

d) A singleinteger value.

€) SM.N4SessionModify.

f)  SMFFunction

g) Valid for packet switching

h) 5GS.

5.3.3.2 Number of failed N4 session modifications

A This measurement provides the number of failed N4 session modifications.

b) CC

¢) Receipt of "N4 Session Modification Response" message with appropriate error cause value from UPF, SMF

identifies a failed N4 session modification as defined in TS 23.502 [7] and TS 29.244 [16]. Each rejected N4
Session Modification Request increments the relevant subcounter by 1.
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d) A singleinteger value.
€) SM.N4SessionModifyFail.Cause.
Where Cause identifies the reject cause of N4 session modification request, per the encoding of the cause
specified in TS 29.244 [16].

f)  SMFFunction

g) Vadlid for packet switching

h) 5GS.

5.3.3.3 Number of N4 session deletions

a) This measurement provides the number of attempted N4 session deletions.

b) CC

¢) Transmission of "N4 Session Deletion Request” message from SMF, this counter is cumulated by different N4
Session Deletion Reguest messages sent by SMF as specified in TS 23.502 [7] and TS 29.244 [16].

d) A singleinteger vaue.

€) SM.N4SessionDelete.

f)  SMFFunction

g) Valid for packet switching

h) 5GS.

5.3.34 Number of failed N4 session deletions

a) This measurement provides the number of failed N4 session deletions.

b) CC

c) Receipt of "N4 Session Deletion Response” message with appropriate error cause value from UPF, SMF identifies
afailed N4 session deletion as defined in TS 23.502 [7] and TS 29.244 [16]. Each rejected N4 Session Deletion
Request increments the relevant subcounter by 1.

d) A singleinteger value.

€) SM.N4SessionDeleteFail.Cause.

Where Cause identifies the reject cause of N4 session deletion request, per the encoding of the cause specified in
TS29.244[18].

f)  SMFFunction

g) Valid for packet switching

h) 5GS.

5.3.3.5 Number of group-level N4 session establishments

a) This measurement provides the number of attempted group-level N4 session establishments. This measurement is
optionaly split into subcounters per S NSSAI and subcounters per 5G VN internal Group ID.

b) CC

c) Transmission of " N4 Session Establishment Request" message from SMF, this counter is cumulated by different
group-level N4 Session Establishment Request messages sent by SMF as specified in TS 23.502 [7].

d) Each measurement isan integer value.
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€) SM.N4SessionEstablish.SNSSAI and SM.N4SessionEstablish.Internal Groupl D.

Where SNSSAI identifies the SSNSSAI, and Internal Groupl D identifies the 5G VN group communication, as
specified in TS 23.501[4].

f)  SMFFunction
g) Validfor packet switching
h) 5GS.

5.3.3.6 Number of group-level N4 session modifications

a) This measurement provides the number of attempted group-level N4 session modifications. This measurement is
optionaly split into subcounters per S NSSAI and subcounters per 5G VN internal Group ID.

b) CC

c) Transmission of "N4 Session Modification Request" message from SMF, this counter is cumulated by different
group-level N4 Session Modification Request messages sent by SMF as specified in TS 23.502 [7].

d) Each measurement isan integer value.
€) SM.N4SessionModify.SNSSAI and SM.N4SessionModify.Internal GrouplD.

Where SNSSAI identifies the SSNSSAI, and InternalGroupl D identifies the 5G VN group communication, as
specified in TS 23.501[4].

f)  SMFFunction
g) Vadlid for packet switching
h) 5GS.

5.3.3.7 Number of group-level N4 session releases

a) This measurement provides the number of attempted group-level N4 session releases. This measurement is
optionally split into subcounters per S-NSSAI and subcounters per 5G VN internal Group ID.

b) CC

c) Transmission of "N4 Session Release Request” message from SMF, this counter is cumulated by different group-
level N4 Session Release Request messages sent by SMF as specified in TS 23.502 [7].

d) Each measurement isan integer value.
€) SM.N4SessionRelease. SNSSAI and SM.N4SessionRelease.Internal Groupl D.

Where SNSSAI identifies the SSNSSAI, and Internal Groupl D identifies the 5G VN group communication, as
specified in TS 23.501[4].

f)  SMFFunction
g) Validfor packet switching
h) 5GS.
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5.4 Performance measurements for UPF

541 N3 interface related measurements

541.1 Number of incoming GTP data packets on the N3 interface, from (R)AN to
UPF

a) This measurement provides the number of GTP data PDUs on the N3 interface which have been accepted and
processed by the GTP-U protocol entity in UPF on the N3 interface. .The measurement can optionally be split
into subcounters per SSNSSAI.

b) CC

¢) Reception by the UPF of a GTP-U data PDU on the N3 interface from the (R)AN. See TS 23.501 [4].
This measurement is optionally split into subcounters per S-NSSAI.
This measurement is optionally split into subcounters per 5G VN internal Group ID.

d) Each measurement is asingle integer value, the number of measurementsis equal to one. If the optional S
NSSAI subcounter measurements are perfomed, the number of measurementsis equal to the number of
supported S-NSSAIs.

e) GTP.InDataPktN3UPF and optionally GTP.InDataPktN3UPF.SNSSAI, where SNSSAI identifies the S-NSSAI.

GTP.InDataPktN3UPF. Internal Groupl D, where internal Group ID identifiesa5G VN group communication, as
specified in TS 23.501 [4].

f) EP_N3 (contained by UPFFunction).
g) Validfor packet switching.
h) 5GS.
i) One usage of this measurement is for performance assurance within integrity area (user plane connection
quality), and for reliability KPI.
5.4.1.2 Number of outgoing GTP data packets of on the N3 interface, from UPF to
(R)AN

a) This measurement provides the number of GTP data PDUs on the N3 interface which have been generated by
the GTP-U protocol entity on the N3 interface. The measurement can optionally be split into subcounters per S-
NSSAI.

b) CC

¢) Transmission by the UPF of a GTP-U data PDU of on the N3 interface to the (R)AN. See TS 23.501 [4].
This measurement is optionally split into subcounters per S-NSSAI.
This measurement is optionally split into subcounters per 5G VN internal Group ID.

d) Each measurement isa single integer value, the number of measurementsis egual to one. If the optional S-
NSSAI subcounter measurements are perfomed, the number of measurementsis equal to the number of
supported S-NSSAIs.

e) GTP.OutDataPktN3UPF and optionally GTP.OutDataPktN3UPF.SNSSAI, where SNSSAI identifies the S-
NSSAL.

GTP.OutDataPktN3UPF. Internal Groupl D, where internal Group ID identifiesa5G VN group communication,
as specified in TS 23.501[4].

f) EP_N3 (contained by UPFFunction).
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g) Vadlid for packet switching.

h) 5GS

i) One usage of this measurement is for performance assurance within integrity area (user plane connection quality)
and for reliability KPI.

54.1.3 Number of octets of incoming GTP data packets on the N3 interface, from
(R)AN to UPF

a) This measurement provides the number of octets of incoming GTP data packets on the N3 interface which have
been generated by the GTP-U protocol entity on the N3 interface. The measurement can optionally be split into
subcounters per S-NSSAI.

b) CC

¢) Reception by the UPF of a GTP-U data PDU on the N3 interface from (R)AN. See TS 23.501 [4].

d) Each measurement isasingle integer value, the number of measurementsis equal to one. If the optional S-
NSSAI subcounter measurements are perfomed, the number of measurementsis equal to the number of
supported S-NSSAIs.

€) GTP.InDataOctN3UPF and optionally GTP.OutDataOctN3UPF.SNSSAI, where SNSSAI identifies the S-NSSAL.

f) EP_N3

g) Vadlid for packet switching

h) 5GS

5414 Number of octets of outgoing GTP data packets on the N3 interface, from
UPF to (R)AN

a) This measurement provides the number of octets of outgoing GTP data packets on the N3 interface which have
been generated by the GTP-U protocol entity on the N3 interface. The measurement can optionally be split into
subcounters per S-NSSAL.

b) CC

¢) Transmission by the UPF of a GTP-U data PDU on the N3 interface to the(R)AN, .See TS 23.501 [4].

d) Each measurement is asingle integer value, the number of measurements is equal to one. If the optional S-
NSSAI subcounter measurements are perfomed, the number of measurementsis equal to the number of
supported S-NSSAIs.

€) GTP.OutDataOctN3UPF and optionally GTP.OutDataOctN3UPF.SNSSAI, where SNSSAI identifies the S-
NSSAI.

f) EP_N3

g) Valid for packet switching

h) 5GS

5.4.15 Data volume of incoming GTP data packets per QoS level on the N3
interface, from (R)AN to UPF

a) This measurement provides the data volume of the incoming GTP data packets per QoS level which have been
accepted and processed by the GTP-U protocol entity on the N3 interface. The measurement is calculated and
split into subcounters per QoS level (5Ql).

b) CC.
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¢) Thismeasurement is obtained by counting the number of GTP PDU bits sent from GNB to UPF on the N3
interface. The measurement is performed per configured QoS level (5Ql).
This measurement is optionally split into subcounters per S-NSSAI.
This measurement is optionally split into subcounters per 5G VN interna Group ID.

d) Each measurement is aninteger value representing the number of bits measured in kbit . The number of
measurementsis equal to the number of QoS levels.

€) GTP.InDataVolumeQoSL evel N3UPF.

GTP.InDataV olumeQoSL evel N3UPF. Internal Groupl D, where internal Group ID identifiesa5G VN group
communication, as specified in TS 23.501[4].

f) EP_N3.
g) Vadlid for packet switching.
h) 5GS.

5.4.1.6 Data volume of outgoing GTP data packets per QoS level on the N3
interface, from UPF to (R)AN

a) This measurement provides the data volume of the outgoing GTP data packets per QoS level which have been
generated by the GTP-U protocol entity on the N3 interface. The measurement is calculated and split into
subcounters per QoS level (5Ql).

b) CC.

¢) This measurement is obtained by counting the number of GTP PDU bits sent from UPF to GNB on the N3
interface. The measurement is performed per configured QoS level (5QlI).

This measurement is optionally split into subcounters per S-NSSAL.
This measurement is optionally split into subcounters per 5G VN internal Group ID.

d) Each measurement is an integer value representing the number of bits measured in kbitk . The number of
measurementsis equal to the number of QoS levels.

€) GTP.OutDataVolumeQoSLevelN3UPF

GTP.OutDataV olumeQoSL evel N3UPF. Internal Groupl D, where internal Group 1D identifiesa5G VN group
communication, as specified in TS 23.501[4].

f) EP_N3.
g) Validfor packet switching.
h) 5GS.

5.4.1.7 Incoming GTP Data Packet Loss in UPF over N3

a) This measurement provides the number of GTP data packets which are not successfully received at UPF. Itisa
measure of theincoming GTP data packet loss per N3 on an UPF interface. The measurement is split into
subcounters per QoS level (5Ql) or subconters per GTP tunnel (TEID) or subcounters per QoS level per GTP
tunnel (TEID) or subcounters per S-NSSAI.

b) CC.

¢) This measurement is obtained by a counter: Number of missing incoming GTP sequence numbers (TS 29.281
[42]) among all GTP packets delivered by a gNB to an UPF per N3 interface.The separate subcounter can be
maintained for each 5QI or for each GTP tunnel identified by TEID or for each supported S-NSSAI.
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d)

f)
9)
h)

Each measurement is an integer value representing the number of the lost GTP pakets. If the QoS level
measurement is perfomed, the measurements are equal to the number of 5QIs. If the optional S-NSSAI
subcounter measurements are performed, the number of measurementsis equal to the number of supported S-
NSSAls.

The measurement name has the form GTP.InDataPktPacketL ossN3UPF or

GTP.InDataPktPacketL ossN3UPF.QoS or GTP.InDataPktPacketL ossN3UPF.TEID or
GTP.InDataPktPacketlL ossN3UPF.TEID.QoS where QoS identifies the target quality of service class or
GTP.InDataPktPacketL ossN3UPF.SNSSAI, where SNSSAI identifies the S-NSSAI.

EP_N3 (contained by UPFFunction).
Valid for packet switched traffic.
5GS.

One usage of this measurement is for performance assurance within integrity area (user plane connection quality)
and for reliability KPI.

5.4.1.8 Outgoing GTP Data Packet Loss

a)

This measurement provides the number of GTP data packets which are not successfully received at gNB over
N3. It isameasure of the outgoing GTP data packet loss per N3 on an UPF interface. The measurement is split
into subcounters per QoS level (5Ql).

CC.

This measurement is obtained by a counter: Number of missing outgoing GTP sequence numbers (TS 29.281)
among all GTP packets delivered by an UPF interface to agNB. Separate counter is maintained for each 5QlI.

Each measurement is an integer value representing the lost GTP packets.. If the QoS level measurement is
perfomed, the measurements are equal to the number of 5Qls.

€) The measurement name has the form GTP.OutDataPktPacketL ossN3UPF or
GTP.OutDataPktPacketL ossN3UPF.QoS where QoS identifies the target quality of service class.
f) EP_N3.
g) Vadlid for packet switched traffic.
h) 5GS.
5.4.1.9 Round-trip GTP Data Packet Delay
54191 Average round-trip N3 delay on PSA UPF

a) This measurement provides the average round-trip delay on a N3 interface on PSA UPF. This measurement is split
into subcounters per DSCP (Differentiated Services Code Point).

b) DER (n=1).

¢) Thismeasurement is obtained as. the sum (the time when receiving a GTP echo reply message from the gNB-CU-
UP at PSA UPF'singress GTP termination, minus time when sending the associated echo request message to gNB-
CU-UP at the PSA UPF's GTP egress termination) divided by total number of GTP echo reply message received at
PSA UPF'singress GTP termination. This measurement is calculated for each DSCP.

d) Each measurement isarea representing the average delay in microseconds.

€) The measurement name has the form GTP.RttDelayN3DIPsaUpfMean.DSCP
Where DSCP identifies the DSCP.

f)

EP_N3 (contained by UPFFunction).

g) Vadlid for packet switched traffic.
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h)

5GS.

5.4.1.9.2 Distribution of round-trip N3 delay on PSA UPF

a)

b)
<)

d)

€)

This measurement provides the distribution of delay on a N3 interface on PSA UPF. This measurement is split
into subcounters per DSCP (Differentiated Services Code Point).

DER (n=1).

This measurement is obtained by 1) calculating the RTT N3 delay by: the time when receiving a GTP echo
reply message from the gNB-CU-UP at PSA UPF's ingress GTP termination, minus time when sending the
associated echo request message to gNB-CU-UP at the PSA UPF's GTP egress termination; and 2) incrementing
the corresponding bin with the delay range where the result of 1) fallsinto by 1 for the subcounters per DSCP.

Each measurement is an integer representing the number of GTP echo messages measured with the delay within
the range of the bin.

The measurement name has the form GTP.RttDelayN3PsaUpfDist.Bin.DSCP
Where Bin indicates a delay range which is vendor specific, and DSCP identifies the DSCP.

f) EP_N3 (contained by UPFFunction).
g) Vadlid for packet switched traffic.
h) 5GS.
5.4.1.9.3 Average round-trip N3 delay on I-UPF
a) This measurement provides the average round-trip delay on a N3 interface on [-UPF. This measurement is split
into subcounters per DSCP (Differentiated Services Code Point).
b) DER (n=1).
¢) This measurement is obtained as: the sum (the time when receiving a GTP echo reply message from the gNB-

d)

€)

f)
9)
h)

DU at I-UPF'singress GTP termination, minus time when sending the associated echo request message to gNB-
DU at the I-UPF's GTP egress termination) divided by total number of GTP echo reply message received at |-
UPF'singress GTP termination. This measurement is calculated for each DSCP.

Each measurement is areal representing the average delay in microseconds.

The measurement name has the form GTP.RttDelayN3IUpfMean.DSCP
Where DSCP identifies the DSCP.

EP_N3 (contained by UPFFunction).
Valid for packet switched traffic.
5GS.

54194 Distribution of round-trip N3 delay on I-UPF

a)

b)
<)

d)

This measurement provides the distribution of delay on a N3 interface on I-UPF. This measurement is split into
subcounters per DSCP (Differentiated Services Code Point).

DER (n=1).

This measurement is obtained by 1) calculating the RTT N3 delay by: the time when receiving a GTP echo
reply message from the gNB-DU at |-UPF'singress GTP termination, minus time when sending the associated
echo request message to gNB-DU at the [-UPF's GTP egress termination; and 2) incrementing the corresponding
bin with the delay range where the result of 1) fallsinto by 1 for the subcounters per DSCP.

Each measurement is an integer representing the number of GTP echo messages measured with the delay within
the range of the bin.
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€)

f)
9)
h)

The measurement name has the form GTP.RttDelayN3IUpfsDist.Bin.DSCP
Where Bin indicates a delay range which is vendor specific, and DSCP identifies the DSCP.

EP_N3 (contained by UPFFunction).
Valid for packet switched traffic.
5GS.

5.4.1.10 Number of incoming GTP data packets out-of-order on the N3 interface, from

a)

b)
c)

d)

€)

f)
9
h)

(R)AN to UPF

This measurement provides the number of incoming GTP data packets out-of-order on the N3 interface. The
measurement is calculated and split into sub-counters per QoS level (5Ql).

CC

This measurement is obtained by counting the number of GTP data packets with sequence numbers less than the
maximum GT P sequence number received by UPF. Separate counter is maintained for each 5Ql.

Each measurement is an integer value representing the number of GTP packets out-of-order. If the QoS level
measurement is performed, the measurements are equal to the number of 5QlIs.

The measurement name has the form GTP.InDataPktDisorderN3UPF or GTP.InDataPktDisorderN3UPF.QoS
where QoS identifies the target quality of service class.

EP_N3
Valid for packet switching
5GS

5472 N6 related measurements

5421 N6 incoming link usage

a)
b)
©)

d)

€)

f)
0)
h)

This measurement provides the PDU-layer incoming link usage of N6 interface.
cC

See clause 2.3.4 for | P packet. Definition: |P-type-P (broad spectrum of packet types) Link Usage in IETF RFC
5136 [5].

NOTE: How to measure the unstructured data type is not specified in the present document.
Each measurement is an integer value.

IP.N6IncLinkUsage.N6RP
where N6RP identifies the N6 reference point of this UPF, the format of N6RP is vendor specific.

EP_N6
Valid for packet switched traffic.
5GS

5.4.2.2 N6 outgoing link usage

a)

b)

This measurement provides the PDU-layer outcoming link usage of N6 interface.

CcC
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©)

d)

f)
0)
h)

See clause 2.3.4 for | P packet. Definition: |P-type-P (broad spectrum of packet types) Link Usage in IETF RFC
5136 [5].

NOTE: How to measure the unstructured data type is not specified in the present document.
Each measurement is an integer value.

IP.N60utLinkUsage.N6RP
where N6RP identifies the N6 reference point of this UPF, the format of N6RP is vendor specific.

EP_N6
Valid for packet switched traffic.
5GS

543 N4 interface related measurements

543.1 Session establishments

54311 Number of requested N4 session establishments

a)
b)
c)
d)
€)
)
9)
h)

This measurement provides the number of N4 session establishment requests received by the UPF.
CC.

On receipt of N4 session establishment request message (see TS 23.502 [7]) by the UPF from SMF.
A singleinteger value.

SM.N4SessionEstabReq.

UPFFunction.

Valid for packet switched traffic.

5GS.

54.3.1.2 Number of failed N4 session establishments

a)

b)
c)

d)

f)
9
h)

This measurement provides the number of failed N4 session establishments at the UPF. This measurement is
split into subcounters per rejection cause.

CC.

On transmission of N4 session establishment response message that contains the cause indicating the rejection of
N4 session establishment request (see TS 23.502 [7]) by the UPF to SMF. Each N4 session establishment
response message indicating the rejection of N4 session establishment request triggers the relevant subcounter
per rejection cause to increment by 1.

A singleinteger value.

SM.N4SessionEstabFail .cause
where the cause identities the cause of the rejection of N4 session establishment request, per the encoding of the
cause defined in clause 8.2.1 of TS 29.224 [16].

UPFFunction.
Valid for packet switched traffic.
5GS.
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5.4.3.2 N4 Session reports

54321 Number of requested N4 session reports
a) This measurement provides the number of N4 session reports sent by the UPF.
b) CC.
¢) When UPF sends N4 session report message (see TS 23.502 [7]) to SMF.
d) A singleinteger value.
€) SM.N4SessionReport.
f) UPFFunction.
g) Vadlid for packet switched traffic.
h) 5GS.

5.4.3.2.2 Number of successful N4 session reports
a) This measurement provides the number of successful N4 session report at the UPF.
b) CC.

¢) On receipt of N4 session report ACK message (see TS 23.502 [7] by the UPF. Each N4 session report ACK
message indicating the successful N4 session report request triggers the counter to increment by 1.

d) A singleinteger value.

€) SM.N4SessionReportSucc

f) UPFFunction.

g) Valid for packet switched traffic.
h) 5GS.

544 N9 interface related measurements

544.1 Round-trip GTP Data Packet Delay on N9 interface

54411 Average round-trip N9 delay on PSA UPF

a) This measurement provides the average round-trip delay on a N9 interface on PSA UPF. This measurement is
split into subcounters per DSCP (Differentiated Services Code Point).

b) DER (n=1).

¢) This measurement is obtained as: the sum (the time when receiving a GTP echo reply message from the |-UPF at
PSA UPF'singress GTP termination, minus time when sending the associated echo request message to I-UPF at
the PSA UPF's GTP egress termination) divided by total number of GTP echo reply message received at PSA
UPF'singress GTP termination. This measurement is calculated for each DSCP.

d) Each measurement isareal representing the average delay in microseconds.

€) The measurement name has the form GTP.RttDelayN9PsaUpfMean.DSCP
Where DSCP identifies the DSCP.

f) EP_NO9.
g) Vadlid for packet switched traffic.
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h)

5GS.

5.4.4.1.2 Distribution of round-trip N9 delay on PSA UPF

a)

b)
<)

d)

This measurement provides the distribution of delay on a N9 interface on PSA UPF. This measurement is split
into subcounters per DSCP (Differentiated Services Code Point).

DER (n=1).

This measurement is obtained by 1) calculating the RTT N9 delay by: the time when receiving a GTP echo
reply message from the I-UPF at PSA UPF's ingress GTP termination, minus time when sending the associated
echo request message to I-UPF at the PSA UPF's GTP egress termination; and 2) incrementing the
corresponding bin with the delay range where the result of 1) fallsinto by 1 for the subcounters per DSCP.

Each measurement is an integer representing the number of GTP echo messages measured with the delay within
the range of the bin.

€) The measurement name has the form GTP.RttDelayN9PsaUpfDist.Bin.DSCP
Where Bin indicates a delay range which is vendor specific, and DSCP identifies the DSCP.

f) EP_NO.

g) Vadlid for packet switched traffic.

h) 5GS.

54.4.1.3 Average round-trip N9 delay on I-UPF

a) This measurement provides the average round-trip delay on a N9 interface on [-UPF. This measurement is split
into subcounters per DSCP (Differentiated Services Code Point).

b) DER (n=1).

©)

d)

€)

f)
9)
h)

This measurement is obtained as: the sum (the time when receiving a GTP echo reply message from the PSA
UPF at I-UPF'singress GTP termination, minus time when sending the associated echo request message to PSA
UPF at the I-UPF's GTP egress termination) divided by total number of GTP echo reply message received at |-
UPF'singress GTP termination. This measurement is calculated for each DSCP.

Each measurement is areal representing the average delay in microseconds.

The measurement name has the form GTP.RttDelayN9lUpfMean.DSCP
Where DSCP identifies the DSCP.

EP_NO.
Valid for packet switched traffic.
5GS.

54414 Distribution of round-trip N9 delay on I-UPF

a)

b)
<)

d)

This measurement provides the distribution of delay on aN9 interface on I-UPF. This measurement is split into
subcounters per DSCP (Differentiated Services Code Point).

DER (n=1).

This measurement is obtained by 1) calculating the RTT N9 delay by: the time when receiving a GTP echo
reply message from the PSA UPF at I-UPF's ingress GTP termination, minus time when sending the associated
echo request message to PSA UPF at the I-UPF's GTP egress termination; and 2) incrementing the
corresponding bin with the delay range where the result of 1) fallsinto by 1 for the subcounters per DSCP.

Each measurement is an integer representing the number of GTP echo messages measured with the delay within
the range of the bin.
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€) The measurement name has the form GTP.RttDelayN9IUpfDist.Bin.DSCP
Where Bin indicates a delay range which is vendor specific, and DSCP identifies the DSCP.
f) EP_NO.
g) Vadlid for packet switched traffic.

h) 5GS.
5.4.4.2 GTP Data Packets and volume on N9 interface
54421 Number of incoming GTP data packets on the N9 interface for PSA UPF

a) This measurement provides the number of GTP data PDUs received on the N9 interface by the PSA UPF. This
measurement is optionally split into subcounters per S-NSSAL.

b) CC
¢) Reception by the PSA UPF of a GTP-U data PDU on the N9 interface from the I-UPF, see TS 23.501 [4].
d) Each measurement isan integer value.

€) GTP.InDataPktN9PsaUpf, and optionally
GTP.InDataPktN9PsaUpf.SNSSAI, where SNSSAI identifies the S-NSSA.

f) EP_N9
g) Validfor packet switching.
h) 5GS

5.4.4.2.2 Number of outgoing GTP data packets of on the N9 interface for PSA UPF

a) This measurement provides the number of GTP data PDUs sent on the N9 interface by the PSA UPF. This
measurement is optionally split into subcounters per S-NSSAL.

b) CC
¢) Transmission by the PSA UPF of a GTP-U data PDU of on the N9 interface to the I-UPF, see TS 23.501 [4].
d) Each measurement is aninteger value.

€) GTP.OutDataPktN9PsaUpf, and optionally
GTP.OutDataPktN9PsaUpf.SNSSAI, where SNSSAI identifies the S-NSSAI

f) EP_N9
g) Valid for packet switching.
h) 5GS

5.4.4.2.3 Number of octets of incoming GTP data packets on the N9 interface for PSA UPF

a) This measurement provides the number of octets of GTP data PDUs received on the N9 interface by the PSA
UPF. This measurement is optionally split into subcounters per SSNSSAI.

b) CC
¢) Reception by the PSA UPF of a GTP-U data PDU on the N9 interface from the I-UPF, see TS 23.501 [4].
d) Each measurement is an integer value.

€) GTP.InDataOctN9PsaUpf, and optionally
GTP.InDataOctN9PsaUpf.SNSSAI, where SNSSAI identifies the S-NSSAL.
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f) EP_N9

g) Valid for packet switching

h) 5GS

54424 Number of octets of outgoing GTP data packets on the N9 interface for PSA UPF

a) This measurement provides the number of octets of outgoing GTP data PDUs sent on the N9 interface by the
PSA UPF. This measurement is optionally split into subcounters per S-NSSAI.

b) CC

c) Transmission by the PSA UPF of a GTP-U data PDU of on the N9 interface to the I-UPF, see TS 23.501 [4].

d) Each measurement is an integer value.

€) GTP.OutDataOctN9PsaUpf and optionally
GTP.OutDataOctN9PsaUpf.SNSSAI, where SNSSAI identifies the S-NSSAL.

f) EP_N9

g) Vadlid for packet switching

h) 5GS

5.4.5 GTP packets delay in UPF

5451 DL GTP packets delay in UPF

545.1.1 Average DL GTP packets delay in PSA UPF

a)

b)
©)

d)

€)

f)
9)
h)

This measurement provides the average (arithmetic mean) DL GTP packets delay within the PSA UPF. The
measurement is split into subcounters per 5QI and subcounters per S-NSSAL.

DER (n=1).

This measurement is obtained as: 1) sampling the DL GTP PDUs (sampling rate is vendor specific) for this
measurement, 2) sum of (time when sending the sampled DL GTP PDU to the gNB-CU-UP or |-UPF at the PSA
UPF's egress GTP termination, minus time of arrival of the same packet at PSA UPF'singress | P termination for
N6 interface) divided by total number of ssmpled DL GTP PDUs sent to the gNB-CU-UP or I-UPF. The
measurement is calculated per 5QI and per SSNSSAI.

Each measurement is an integer representing the mean delay in microseconds.

GTP.DelayDIInPsaUpfMean.5QI, where 5QI identifies the 5Ql;
GTP.DelayDIInPsalUpfM ean. SNSSAI, where SNSSAI identifies the S-NSSAL.

UPFFunction.
Valid for packet switched traffic.
5GS.

545.1.2 Distribution of DL GTP packets delay in PSA UPF

a)

b)

This measurement provides the distribution of DL GTP packets delay within the PSA UPF. The measurement is
split into subcounters per 5QI and subcounters per S-NSSAM.

DER (n=1).
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c)

d)

€)

This measurement is obtained by 1) sampling the DL GTP PDUs (sampling rate is vendor specific) for this
measurement, 2) calculating the DL delay for the sampled GTP PDU in I-UPF by: time when sending the
sampled DL GTP PDU to the gNB-CU-UP or |-UPF at the PSA UPF's egress GTP termination, minus time of
arrival of the same packet at PSA UPF'singress | P termination for N6 interface; and 3) incrementing the
corresponding bin with the delay range where the result of 2) fallsinto by 1 for the subcounters per 5QI and
subcounters per S-NSSAL.

Each measurement is an integer representing the number of ssmpled DL GTP PDUs measured with the delay
within the range of the bin.

GTP.DelayDlInPsaUpfDist.Bin.5Ql, where Bin indicates a delay range which is vendor specific, and 5QI
identifies the 5Ql;

GTP.DelayDlInPsaUpfDist.Bin.SNSSAI, where Bin indicates a delay range which is vendor specific, and SNSSAI
identifies the S-NSSAMI.

f) UPFFunction.
g) Vadlid for packet switched traffic.
h) 5GS.
5.45.1.3 Average DL GTP packets delay in I-UPF
a) This measurement provides the average (arithmetic mean) DL GTP packets delay within the I-UPF. The
measurement is split into subcounters per 5QI and subcounters per S-NSSAL.
b) DER (n=1).
€) This measurement is obtained as: 1) sampling the DL GTP PDUs (sampling rate is vendor specific) for this

d)

€)

f)
9)
h)

measurement, 2) sum of (time when sending the sampled DL GTP PDU to the gNB-CU-UP at the I-UPF's egress
GTP termination, minus time of arrival of the same packet at I1-UPF's ingress GTP termination for N9 interface)
divided by total number of sampled DL GTP PDUs sent to the gNB-CU-UP. The measurement is calculated per
5QI and per S-NSSAI.

Each measurement is an integer representing the mean delay in microseconds.

GTP.DelayDIInlUpfMean.5Ql, where 5QI identifies the 5QI;
GTP.DelayDIInlUpfMean.SNSSAI, where SNSSAI identifies the S-NSSAL.

UPFFunction.
Valid for packet switched traffic.
5GS.

5.45.1.4 Distribution of DL GTP packets delay in I-UPF

a)

b)
©)

d)

€)

This measurement provides the distribution of DL GTP packets delay within the I-UPF. The measurement is
split into subcounters per 5QI and subcounters per S-NSSAM.

DER (n=1).

This measurement is obtained by 1) sampling the DL GTP PDUs (sampling rate is vendor specific) for this
measurement, 2) calculating the DL delay for the sampled GTP PDU in I-UPF by: time when sending the DL
GTP PDU to the gNB-CU-UP at the I-UPF's egress GTP termination, minus time of arrival of the same packet at
I-UPF'singress GTP termination for N9 interface; and 3) incrementing the corresponding bin with the delay
range where the result of 2) fallsinto by 1 for the subcounters per 5QI and subcounters per S-NSSAI.

Each measurement is an integer representing the number of ssmpled DL GTP PDUs measured with the delay
within the range of the bin.

GTP.DelayDlInlUpfDist. Bin.5Ql, where Bin indicates a delay range which is vendor specific, and 5QI identifies
the 5Q;

GTP.DelayDIInlUpfDist. Bin.SNSSAI, where Bin indicates a delay range which is vendor specific, and SNSSAI
identifies the S NSSAI.
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f) UPFFunction.

g) Validfor packet switched traffic.

h) 5GS.
5.45.2 UL GTP packets delay in UPF
54521 Average UL GTP packets delay in PSA UPF

a) This measurement provides the average (arithmetic mean) UL GTP packets delay within the PSA UPF. The
measurement is split into subcounters per 5QI and subcounters per S-NSSAI.

b) DER (n=1).

¢) This measurement is obtained as: 1) sampling the UL GTP PDUs (sampling rate is vendor specific) for this
measurement, 2) sum of (time when sending the sampled UL data packet at the PSA UPF's egress | P termination
for N6 interface, minus time of arrival of the corresponding GTP SDU from N3 or N9 interface at PSA UPF's
ingress GTP termination) divided by total number of sampled UL data packets sent to N6 interface. The
measurement is calculated per 5QI and per S-NSSAI.

d) Each measurement is aninteger representing the mean delay in microseconds.

€) GTP.DelayUlInPsaUpfMean.5QI, where 5QI identifies the 5Ql;
GTP.DelayUlInPsalUpfM ean. SNSSAI, where SNSSAI identifies the S-NSSAL.

f) UPFFunction.
g) Validfor packet switched traffic.
h) 5GS.

5.45.2.2 Distribution of UL GTP packets delay in PSA UPF

a) This measurement provides the distribution of UL GTP packets delay within the PSA UPF. The measurement is
split into subcounters per 5QI and subcounters per S-NSSAI.

b) DER (n=1).

¢) This measurement is obtained by 1) sampling the UL GTP PDUs (sampling rate is vendor specific) for this
measurement, 2) calculating the UL delay for aGTP PDU in I-UPF by: time when sending the sampled UL data
packet at the PSA UPF's egress | P termination for N6 interface, minus time of arrival of the corresponding GTP
SDU from N3 or N9 interface at PSA UPF's ingress GTP termination; and 3) incrementing the corresponding bin
with the delay range where the result of 2) fallsinto by 1 for the subcounters per 5QI and subcounters per S-
NSSAI.

d) Each measurement is an integer representing the number of sampled UL GTP PDUs measured with the delay
within the range of the bin.

€) GTP.DelayUlInPsalUpfDist.Bin.5QI, where Bin indicates a delay range which is vendor specific, and 5QlI
identifies the 5QI;
GTP.DelayUlInPsaUpfDist.Bin.SNSSAI, where Bin indicates a delay range which is vendor specific, and SNSSAI
identifies the S-NSSAI.

f) UPFFunction.

g) Vadlid for packet switched traffic.

h) 5GS.

5.45.2.3 Average UL GTP packets delay in I-UPF

a) This measurement provides the average (arithmetic mean) UL GTP packets delay within the I-UPF. The
measurement is split into subcounters per 5QI and subcounters per S-NSSAL.
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b)

d)

€)

f)
9)
h)

DER (n=1).

This measurement is obtained as: 1) sampling the UL GTP PDUs (sampling rate is vendor specific) for this
measurement, 2) sum of (time when sending the sampled UL GTP PDU to the PSA UPF at the I-UPF's egress
GTP termination, minus time of arrival of the same packet from N3 interface at |-UPF'singress GTP
termination) divided by total number of sampled UL GTP PDUs sent to the PSA UPF. The measurement is
calculated per 5QI and per S-NSSAI.

Each measurement is an integer representing the mean delay in microseconds.

GTP.DelayUlInlUpfMean.5Ql, where 5QI identifies the 5QI;
GTP.DelayUlInlUpfMean.SNSSAI, where SNSSAI identifies the S-NSSAL.

UPFFunction.
Valid for packet switched traffic.
5GS.

54524 Distribution of UL GTP packets delay in I-UPF

a)

b)
c)

d)

f)
o)
h)

This measurement provides the distribution of UL GTP packets delay within the I-UPF. The measurement is
split into subcounters per 5QI and subcounters per S-NSSAM.

DER (n=1).

This measurement is obtained by 1) sampling the UL GTP PDUs (sampling rate is vendor specific) for this
measurement, 2) calculating the UL delay for aGTP PDU in I-UPF by: time when sending the sampled UL
GTP PDU to the PSA UPF at the I-UPF's egress GTP termination, minus time of arrival of the same packet from
N3 interface at I-UPF'singress GTP termination; and 3) incrementing the corresponding bin with the delay range
where the result of2) fallsinto by 1 for the subcounters per 5QI and subcounters per S-NSSAI.

Each measurement is an integer representing the number of sampled UL GTP PDUs measured with the delay
within the range of the bin.

GTP.DelayUlInlUpfDist.Bin.5QI, where Bin indicates a delay range which is vendor specific, and 5QI identifies
t(2‘?’I§.QIDIéIayUI InlUpfDist.Bin.SNSSAI, where Bin indicates a delay range which is vendor specific, and SNSSAI
identifies the S-NSSAI.

UPFFunction.

Valid for packet switched traffic.

5GS.

546 Void

54.7 One way packet delay between NG-RAN and PSA UPF

b)
<)

5.4.7.1 UL packet delay between NG-RAN and PSA UPF
54.7.1.1 Average UL GTP packet delay between PSA UPF and NG-RAN
a) This measurement provides the average UL GTP packet delay between PSA UPF and NG-RAN. This

measurement is split into subcounters per 5QI and subcounters per S-NSSAI. This measurement is only
applicable to the case the PSA UPF and NG-RAN are time synchronised.

DER (n=1).
The measurement is obtained by the following method:

The UPF samples the GTP packets for QoS monitoring based on the policy provided by OAM or SMF.
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NOTE: The sampling rate may vary for different SSNSSAI and different 5QIs, and the specific sampling rate isup

d)

€)

f)

9)
h)

to implementation unless given by the QoS monitoring policy.

For each GTP PDU monitoring response packet (packet i) for QoS monitoring, the PSA UPF records the
following time stamps and information (see 23.501 [4] and 38.415 [31]):

- T3received in the GTP-U header of the monitoring response packet indicating the local time that the
monitoring response packet was sent by the NG-RAN;

- T4 that the monitoring response packet was received by the PSA UPF;
- The5QI and S-NSSAI associated to the GTP PDU.

The PSA UPF counts the number (N) of GTP PDU monitoring response packets for each 5QI and each S-NSSAI
respectively, and takes the following calculation for each 5QI and each S-NSSAI:

L1(T4; —T3))
N

Each measurement is areal representing the average delay in microseconds.

GTP.DelayUlPsaUpfNgranMean.5QI, where 5QI identifies the 5Ql;
GTP.DelayUlIPsaUpfNgranMean.SNSSAI, where SNSSAI identifies the S-NSSAI.

EP_N3 (contained by UPFFunction);
EP_N9 (contained by UPFFunction).

Valid for packet switched traffic.
5GS.

54.7.1.2 Distribution of UL GTP packet delay between PSA UPF and NG-RAN

a)

b)
c)

This measurement provides the distribution of UL GTP packet delay between PSA UPF and NG-RAN. This
measurement is split into subcounters per 5QI and subcounters per S-NSSAI. This measurement is only
applicable to the case the PSA UPF and NG-RAN are time synchronised.

DER (n=1).
The measurement is obtained by the following method:

The UPF samples the GTP packets for QoS monitoring based on the policy provided by OAM or SMF.

NOTE: The sampling rate may vary for different SSNSSAI and different 5QIs, and the specific sampling rate is up

to implementation unless given by the QoS monitoring policy.

For each GTP PDU monitoring response packet (packet i) for QoS monitoring, the PSA UPF records the
following time stamps and information (see 23.501 [4] and 38.415 [31]):

- T3received in the GTP-U header indicating the local time that the NG-RAN sent out the monitoring
response packet to the UPF;

- T4 that the monitoring response packet received by the PSA UPF;
- The5QI and S-NSSAI associated to the DL GTP PDU.

The PSA UPF 1) takes the following calculation for each GTP PDU monitoring response packets for each 5QlI
and each S-NSSAI respectively, and 2) increment the corresponding bin with the delay range where the result of
1) fallsinto by 1 for the subcounters per 5QI and subcounters per S-NSSAII.

T4; — T3,

d) Each measurement is an integer representing the number of GTP PDUs measured with the delay within the range

of the bin.
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€) GTP.DelayUlPsaUpfNgranDist.5Ql.Bin, Where Bin indicates a delay range which is vendor specific, and 5QI
identifies the 5Ql;
GTP.DelayUIPsalUpfNgranDist. SNSSAI.bin, Where Bin indicates a delay range which is vendor specific, and
SNSSAI identifies the S-NSSAL.
f) EP_N3 (contained by UPFFunction);
EP_N9 (contained by UPFFunction).
g) Validfor packet switched traffic.
h) 5GS.
5.4.7.2 DL packet delay between NG-RAN and PSA UPF
54.7.2.1 Average DL GTP packet delay between PSA UPF and NG-RAN
a) This measurement provides the average DL GTP packet delay between PSA UPF and NG-RAN. This
measurement is split into subcounters per 5QI and subcounters per S-NSSAI. This measurement is only
applicable to the case the PSA UPF and NG-RAN are time synchronised.
b) DER (n=1).
¢) The measurement is obtained by the following method:

The UPF samples the GTP packets for QoS monitoring based on the policy provided by OAM or SMF.

NOTE: The sampling rate may vary for different SSNSSAI and different 5QI's, and the specific sampling rateis

up to implementation unless given by the QoS monitoring policy.

For each GTP PDU monitoring response packet (packet i) for QoS monitoring, the PSA UPF records the
following time stamps and information (see 23.501 [4] and 38.415 [31]):

- T1received in the GTP-U header of the monitoring response packet in the “DL Sending Time Stamp
Repeated” part of UL PDU Session Information (PDU Type 1) Format as defined in 38.415 [31] indicating
the local time that the DL GTP PDU was sent by the PSA UPF;

- T2received in the GTP-U header of the monitoring response packet in the “DL Received Time Stamp” part
of UL PDU Session Information (PDU Type 1) Format as defined in 38.415 [31] indicating the local time
that the DL GTP PDU was received by the NG-RAN;

- The5QI and S-NSSAI associated to the GTP PDU.

The PSA UPF counts the number (N) of GTP PDU monitoring response packets for each 5QI and each S-NSSAI
respectively, and takes the following calculation for each 5QI and each S-NSSAI:

1L1(T2; — T1y)
N

d) Each measurement isareal representing the average delay in microseconds.
€) GTP.DelayDIPsaUpfNgranMean.5Ql, where 5QI identifies the 5QI;

GTP.DelayDIPsaUpfNgranMean.SNSSAI, where SNSSAI identifies the S-NSSAI.
f) EP_N3 (contained by UPFFunction);

EP_N9 (contained by UPFFunction).
g) Vadlid for packet switched traffic.
h) 5GS.

5.4.7.2.2 Distribution of DL GTP packet delay between PSA UPF and NG-RAN

a) This measurement provides the distribution of DL GTP packet delay between PSA UPF and NG-RAN. This

measurement is split into subcounters per 5QI and subcounters per SSNSSAI. This measurement is only
applicable to the case the PSA UPF and NG-RAN are time synchronised.
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b) DER (n=1).
¢) The measurement is obtained by the following method:
The UPF samples the GTP packets for QoS monitoring based on the policy provided by OAM or SMF.

NOTE: The sampling rate may vary for different SSNSSAI and different 5QIs, and the specific sampling rateis
up to implementation unless given by the QoS monitoring policy.

For each GTP PDU monitoring response packet (packet i) for QoS monitoring, the PSA UPF records the
following time stamps and information (see 23.501 [4] and 38.415 [31]):

- T1lreceived inthe GTP-U header of the monitoring response packet in the “DL Sending Time Stamp
Repeated” part of UL PDU Session Information (PDU Type 1) Format as defined in 38.415 [31] indicating
the local time that the DL GTP PDU was sent by the PSA UPF;

- T2received in the GTP-U header of the monitoring response packet in the “DL Received Time Stamp” part
of UL PDU Session Information (PDU Type 1) Format as defined in 38.415 [31] indicating the local time
that the DL GTP PDU was received by the NG-RAN;

- The5QIl and S-NSSAI associated to the GTP PDU.

The PSA UPF 1) takes the following calculation for each GTP PDU monitoring response packets for each 5QI
and each S-NSSAI respectively, and 2) increment the corresponding bin with the delay range where the result of
1) fallsinto by 1 for the subcounters per 5QI and subcounters per S-NSSAI.

T2; — T1,

d) Each measurement is an integer representing the number of GTP PDUs measured with the delay within the range
of the bin.

€) GTP.DelayDIPsaUpfNgranDist.5Ql.Bin, Where Bin indicates a delay range which is vendor specific, and 5QI
identifies the 5QlI;
GTP.DelayDIPsaUpfNgranDist.SNSSAI.bin, Where Bin indicates a delay range which is vendor specific, and
SNSSAI identifies the S-NSSAL.

f) EP_N3 (contained by UPFFunction);
EP_N9 (contained by UPFFunction).

g) Validfor packet switched traffic.
h) 5GS.

5.4.8 Round-trip packet delay between PSA UPF and NG-RAN

5.48.1 Average round-trip packet delay between PSA UPF and NG-RAN

a) This measurement provides the average round-trip GTP packet delay between PSA UPF and NG-RAN. This
measurement is split into subcounters per 5QI and subcounters per S-NSSAI. This measurement is only
applicable to the case the PSA UPF and NG-RAN are not time synchronised.

b) DER (n=1).
¢) The measurement is obtained by the following method:
The UPF samples the GTP packets for QoS monitoring based on the policy provided by OAM or SMF.

NOTE: The sampling rate may vary for different SSNSSAI and different 5QIs, and the specific sampling rate isup
to implementation unless given by the QoS monitoring policy.

For each received GTP PDU monitoring response packet (packet i) encapsulated with QFI, TEID, and QMP
indicator for QoS monitoring, the PSA UPF records the following time stamps and information (see 23.501 [4]
and 38.415 [31]):
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d)

€)

f)

9)
h)

- T1lreceived inthe GTP-U header of the monitoring response packet indicating the local time that the DL
GTP PDU was sent by the PSA UPF;

- T2received in the GTP-U header of the monitoring response packet indicating the local time that the DL
GTP PDU was received by NG-RAN;

- T3received in the GTP-U header of the monitoring response packet indicating the local time that the
monitoring response packet was sent by the NG-RAN;

- T4 that the monitoring response packet was received by the PSA UPF;
- The5QIl and S-NSSAI associated to the DL GTP PDU.

The PSA UPF counts the number (N) of received GTP PDU monitoring response packets for each 5QI and each
S-NSSAI respectively, and takes the following calculation for each 5QI and each S-NSSAI:

(T4 —T1) — (T3; = T2))
N

Each measurement is areal representing the average delay in microseconds.

GTP.RttDelayPsaUpfNgranM ean.5Ql, where 5QI identifies the 5QI;
GTP.RttDelayPsaUpfNgranM ean.SNSSAI, where SNSSAI identifies the S-NSSAI.

EP_N3 (contained by UPFFunction);
EP_N9 (contained by UPFFunction).

Valid for packet switched traffic.
5GS.

5.4.8.2 Distribution of round-trip packet delay between PSA UPF and NG-RAN

a)

b)
©)

This measurement provides the distribution of round-trip GTP packet delay between PSA UPF and NG-RAN.
This measurement is split into subcounters per 5QI and subcounters per SSNSSAI. This measurement is only
applicable to the case the PSA UPF and NG-RAN are not time synchronised.

DER (n=1).
The measurement is obtained by the following method:

The UPF samples the GTP packets for QoS monitoring based on the policy provided by OAM or SMF.

NOTE: The sampling rate may vary for different SSNSSAI and different 5QIs, and the specific sampling rate is up

to implementation unless given by the QoS monitoring policy.

For each received GTP PDU monitoring response packet (packet i) for QoS monitoring, the PSA UPF records
the following time stamps and information (see 23.501 [4] and 38.415 [31]):

- T1lreceived inthe GTP-U header of the monitoring response packet indicating the local time that the DL
GTP PDU was sent by the PSA UPF;

- T2received in the GTP-U header of the monitoring response packet indicating the local time that the DL
GTP PDU was received by NG-RAN;

- T3received in the GTP-U header of the monitoring response packet indicating the local time that the
monitoring response packet was sent by the NG-RAN;

- T4 that the monitoring response packet was received by the PSA UPF;
- The5QI and S-NSSAI associated to the DL GTP PDU.

The PSA UPF 1) takes the following calculation for each received GTP PDU monitoring response packet
(packet i) for each 5QI and each S-NSSAI respectively, and 2) increment the corresponding bin with the delay
range where the result of 1) fallsinto by 1 for the subcounters per 5QI and subcounters per S-NSSAI.
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d)

f)

9)
h)

(T4; —T1;,) — (T3; —T2)

Each measurement is an integer representing the number of DL GTP PDUs measured with the delay within the
range of the bin.

GTP.RttDelayPsaUpfNgranDist.5QI.Bin, Where Bin indicates a delay range which is vendor specific, and 5QI
identifies the 5Q;

GTP.RttDelayPsaUpfNgranDist. SNSSAI .bin, Where Bin indicates a delay range which is vendor specific, and
SNSSAI identifies the S-NSSAL.

EP_N3 (contained by UPFFunction);
EP_N9 (contained by UPFFunction).

Valid for packet switched traffic.
5GS.

5.4.9 One way packet delay between PSA UPF and UE

5.49.1 DL packet delay between PSA UPF and UE
54911 Average DL packet delay between PSA UPF and UE
a) This measurement provides the average DL packet delay between PSA UPF and UE. This measurement is split

b)
c)

d)
€)
f)

into subcounters per S-NSSALI. This measurement is only applicable to the case the PSA UPF and NG-RAN are
time synchronised.

DER (n=1).
The measurement is obtained by the following method:

The UPF performs QoS monitoring per the request received from SMF during PDU Session Establishment or
Modification procedure.

NOTE: The UPF may sample the GTP packets for QoS monitoring, the specific sampling rateisup to
implementation

For each received GTP PDU monitoring response packet (packet i) for QoS monitoring, the PSA UPF records
the following time stamps and information included in the GTP-U header (see 23.501 [4] and 38.415 [31]):

- Tlindicating thelocal timethe DL GTP PDU monitoring packet was sent by the PSA UPF;
- T2indicating the local time that the DL GTP PDU monitoring packet was received by NG-RAN;

- TheDL Delay Result from NG-RAN to UE indicating the downlink delay measurement result whichis
the sum of the delay incurred in NG-RAN (including the delay at gNB-CU-UP, on F1-U and on gNB-DU)
and the delay over Uu interface (see 38.415 [31],and the DL Delay Result is denoted by DRdl in the
present document);

- The S-NSSAI associated to the DL GTP PDU monitoring response packet.

The PSA UPF counts the number (N) of GTP PDU monitoring response packets for each S-NSSAI, and takes
the following calculation for each S-NSSAI:

N (T2; — T1; + DRdL)
N

Each measurement is areal representing the average delay in 0.1ms.
GTP.DelayDIPsaUpfUeMean. SNSSAI, where SNSSAI identifies the S-NSSAI.

EP_N3 (contained by UPFFunction);
EP_N9 (contained by UPFFunction).
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g) Vadlid for packet switched traffic.
h) 5GS.

5.49.1.2 Distribution of DL packet delay between PSA UPF and UE

a) This measurement provides the distribution of DL packet delay between PSA UPF and UE. This measurement is
split into subcounters per S-NSSAI. This measurement is only applicable to the case the PSA UPF and NG-RAN
are time synchronised.

b) DER (n=1).
¢) The measurement is obtained by the following method:

The UPF performs QoS monitoring per the request received from SMF during PDU Session Establishment or
Modification procedure.

NOTE: The UPF may sample the GTP packets for QoS monitoring the specific sampling rateis up to
implementation.

For each received DL GTP PDU monitoring response packet (packet i) for QoS monitoring, the PSA UPF
records the following time stamps and information included in the GTP-U header (see 23.501 [4] and 38.415
[31]):

- Tlindicating thelocal timethe DL GTP PDU monitoring packet was sent by the PSA UPF;
- T2indicating the local time that the DL GTP PDU monitoring packet was received by NG-RAN;

- TheDL Delay Result from NG-RAN to UE indicating the downlink delay measurement result which is
the sum of the delay incurred in NG-RAN (including the delay at gNB-CU-UP, on F1-U and on gNB-DU)
and the delay over Uu interface (see 38.415 [31],and the DL Delay Result is denoted by DRdl in the
present document);

- The S-NSSAI associated to the DL GTP PDU monitoring response packet.

The PSA UPF 1) takes the following calculation for each GTP PDU monitoring response packet for each S-
NSSAI, and 2) increment the corresponding bin with the delay range where the result of 1) falsinto by 1 for the
subcounter per S-NSSAI.

T2; — T1; + DRdl,

d) Each measurement isan integer representing the number of GTP PDUs measured with the delay within the range
of the bin.

€) GTP.DelayDIPsaUpfUeDist.SNSSAI.bin, where Bin indicates a delay range which is vendor specific, and
SNSSAI identifies the S-NSSAL.

f) EP_N3 (contained by UPFFunction);
EP_N9 (contained by UPFFunction).

g) Vadlid for packet switched traffic.

h) 5GS.
5.4.9.2 UL packet delay between PSA UPF and UE
5.49.2.1 Average UL packet delay between PSA UPF and UE (excluding D1)

a) This measurement provides the average UL packet delay between PSA UPF and UE, excluding the D1 UL
PDCP delay occurred in the UE. This measurement is split into subcounters per S-NSSAI. This measurement is
only applicable to the case the PSA UPF and NG-RAN are time synchronised.

b) DER (n=1).

¢) The measurement is obtained by the following method:
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The UPF performs QoS monitoring per the request received from SMF during PDU Session Establishment or
Modification procedure.

NOTE: The UPF may sample the GTP packets for QoS monitoring, the specific sampling rateis up to
implementation.

For each received GTP PDU monitoring response packet (packet i) for QoS monitoring, the PSA UPF records
the following time stamps and information (see TS 23.501 [4] and TS 38.415 [31]):

- T3received in the GTP-U header of the monitoring response packet indicating the local time that the
monitoring response packet was sent by the NG-RAN;

- T4 that the monitoring response packet was received by the PSA UPF;

- TheUL Delay Result from UE to NG-RAN indicating the uplink delay measurement result which is the sum
of the delay incurred in NG-RAN (including the delay at gNB-CU-UP, on F1-U and on gNB-DU) and the
delay over Uu interface (excluding the D1 UL PDCP delay occurred in the UE) (see TS 38.415 [31] . The UL
Delay Result is denoted by DRul in the present document);

- The S-NSSAI associated to the GTP PDU monitoring response packet.

The PSA UPF counts the number (N) of GTP PDU monitoring response packets for each S-NSSAI, and takes
the following calculation for each S-NSSAI:

N .(T4; — T3; + DRul,)

N

d) Each measurement isareal representing the average delay in 0.1ms.

€) GTP.DelayUlPsaUpfUeMean.SNSSAI, where SNSSAI identifies the S-NSSAI;

f) EP_N3 (contained by UPFFunction);

EP_N9 (contained by UPFFunction).
g) Vadlid for packet switched traffic.
h) 5GS.
5.4.9.2.2 Distribution of UL packet delay between PSA UPF and UE (excluding D1)

a) This measurement provides the distribution of UL packet delay between PSA UPF and UE, excluding the D1 UL
PDCP delay occurred in the UE. This measurement is split into subcounters per S-NSSAI. This measurement is
only applicable to the case the PSA UPF and NG-RAN are time synchronised.

b) DER (n=1).

¢) The measurement is obtained by the following method:

The UPF performs QoS monitoring per the request received from SMF during PDU Session Establishment or
Modification procedure.

NOTE: The UPF may sample the GTP packets for QoS monitoring, the specific sampling rate is up to
implementation.

For each received GTP PDU monitoring response packet (packet i) for QoS monitoring, the PSA UPF records
the following time stamps and information (see TS 23.501 [4] and TS 38.415 [31]):

- T3received in the GTP-U header of the monitoring response packet indicating the local time that the
monitoring response packet was sent by the NG-RAN;

- T4 that the monitoring response packet was received by the PSA UPF;

- The UL Delay Result from UE to NG-RAN indicating the uplink delay measurement result which is the sum
of the delay incurred in NG-RAN (including the delay at gNB-CU-UP, on F1-U and on gNB-DU) and the
delay over Uu interface (excluding the D1 UL PDCP delay occurred in the UE) (see TS 38.415 [31] . The UL
Delay Result is denoted by DRul in the present document);
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d)

€)

f)

9)
h)

- The S-NSSAI associated to the GTP PDU monitoring response packet.

The PSA UPF 1) takes the following calculation for each GTP PDU monitoring response packet (packet i) for
each S-NSSAI, and 2) increment the corresponding bin with the delay range where the result of 1) fallsinto by 1
for the subcounter per S-NSSAI.

T4i - T3l + DRull-

Each measurement is an integer representing the number of GTP PDUs measured with the delay within the range
of the bin.

GTP.DelayUlPsaUpfUeDist. SNSSAI .bin, where Bin indicates a delay range which is vendor specific, and
SNSSAI identifies the S-NSSAL.

EP_N3 (contained by UPFFunction);
EP_N9 (contained by UPFFunction).

Valid for packet switched traffic.
5GS.

5.49.2.3 Average UL packet delay between PSA UPF and UE (including D1)

a)

b)
c)

This measurement provides the average UL packet delay between PSA UPF and UE, including the D1 UL PDCP
delay occurred in the UE. This measurement is split into subcounters per S-NSSAI. This measurement is only
applicable to the case the PSA UPF and NG-RAN are time synchronised.

DER (n=1).
The measurement is obtained by the following method:

The UPF performs QoS monitoring per the request received from SMF during PDU Session Establishment or
Modification procedure.

NOTE: The UPF may sample the GTP packets for QoS monitoring, the specific sampling rateisup to

d)
€)

f)

9)

implementation.

For each received GTP PDU monitoring response packet (packet i) for QoS monitoring, the PSA UPF records
the following time stamps and information (see TS 23.501 [4] and TS 38.415 [31]):

- T3received in the GTP-U header of the monitoring response packet indicating the local time that the
monitoring response packet was sent by the NG-RAN;

- T4 that the monitoring response packet was received by the PSA UPF;

- TheUL Delay Result from UE to NG-RAN indicating the uplink delay measurement result which is the sum
of the delay incurred in NG-RAN (including the delay at gNB-CU-UP, on F1-U and on gNB-DU) and the
delay over Uu interface, and the D1 UL PDCP delay occurred in the UE (see TS 38.415 [31]. The UL Delay
Result is denoted by DRul in the present document;

- The S-NSSAI associated to the GTP PDU monitoring response packet.

The PSA UPF counts the number (N) of GTP PDU monitoring response packets for each S-NSSAI, and takes
the following calculation for each S-NSSAI:

Iivzl(T‘l'i - T3l + DRull)
N

Each measurement is areal representing the average delay in 0.1ms.
GTP.DelayUlPsalUpfUel ncD1Mean.SNSSAI, where SNSSAI identifies the S-NSSAU;

EP_N3 (contained by UPFFunction);
EP_N9 (contained by UPFFunction).

Valid for packet switched traffic.
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h) 5GS.
54924 Distribution of UL packet delay between PSA UPF and UE (including D1)
a) This measurement provides the distribution of UL packet delay between PSA UPF and UE, including the D1 UL

b)
c)

d)

€)

f)

9)
h)

PDCP delay occurred in the UE. This measurement is split into subcounters per S-NSSAI. This measurement is
only applicable to the case the PSA UPF and NG-RAN are time synchronised.

DER (n=1).
The measurement is obtained by the following method:

The UPF performs QoS monitoring per the request received from SMF during PDU Session Establishment or
Modification procedure.

NOTE: The UPF may sample the GTP packets for QoS monitoring, the specific sampling rateis up to
implementation.

For each received GTP PDU monitoring response packet (packet i) for QoS monitoring, the PSA UPF records
the following time stamps and information (see TS 23.501 [4] and TS 38.415 [31]):

- T3received in the GTP-U header of the monitoring response packet indicating the local time that the
monitoring response packet was sent by the NG-RAN;

- T4 that the monitoring response packet was received by the PSA UPF;

- The UL Delay Result from UE to NG-RAN indicating the uplink delay measurement result which is the sum
of the delay incurred in NG-RAN (including the delay at gNB-CU-UP, on F1-U and on gNB-DU) and the
delay over Uu interface, and the D1 UL PDCP delay occurred in the UE (see TS 38.415 [31]. The UL Delay
Result is denoted by DRul in the present document;

- The S-NSSAI associated to the GTP PDU monitoring response packet.

The PSA UPF 1) takes the following calculation for each GTP PDU monitoring response packet (packet i) for
each S-NSSAI, and 2) increments the corresponding bin with the delay range where the result of 1) fallsinto by
1 for the subcounter per S-NSSAI.

T4; — T3; + DRul,

Each measurement is an integer representing the number of GTP PDUs measured with the delay within the range
of the bin.

GTP.DelayUlPsalUpfUel ncD1Dist. SNSSAI .bin, where Bin indicates a delay range which is vendor specific, and
SNSSAI identifies the S-NSSAL.

EP_N3 (contained by UPFFunction);
EP_N9 (contained by UPFFunction).

Valid for packet switched traffic.
5GS.

5.4.10 QoS flow related measurements

5.4.10.1 Mean number of QoS flows

a)
b)
c)

This measurement provides the mean number of QoS flows of UPF.
Sl

This measurement is obtained by sampling at a pre-defined interval, the number of QoS flows and then taking
the arithmetic mean.The measurement is optionally split into subcounters per S-NSSAI, per DNN and per 5G
VN internal Group ID.
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d) A singleinteger value

e) UPF.MeanQosFows
UPF.MeanQosFlows.SNSSAI , where SNSSAI identifies the SSNSSAL.
UPF.MeanQosFlows.Dnn , where Dnn identifies the Data Network Name.

UPF.MeanQosFl ows.Internal Groupl D, where Internal Groupl D identifies the 5G VN group communication, as
specified in TS 23.501 [4].

f) UPFFunction
g) Valid for packet switching
h) 5GS

5.4.10.2 Maximum number of QoS flows
a) This measurement provides the max number of QoS flows of UPF.
b) S

¢) Thismeasurement is obtained by sampling at a pre-defined interval, the number of QoS flowsthen selecting the
maximum value. The measurement is optionally split into subcounters per S-NSSAI, per DNN and per 5G VN
internal Group ID.

d) A singleinteger value

e) UPF.MaxQosFlows
UPF.MaxQosFlows.SNSSAI , where SNSSAI identifies the SSNSSAL.
UPF.MaxQosHows.Dnn , where Dnn identifies the Data Network Name.

UPF.MaxQosFl ows.| nternal Groupl D, where Internal Groupl D identifies the 5G VN group communication, as
specified in TS 23.501 [4].

f) UPFFunction
g) Vadlid for packet switching
h) 5GS

5.4.11 N19 interface related measurements

54111 Round-trip GTP Data Packet Delay on N19 interface

54.11.11 Average round-trip N19 delay on PSA UPF

a) This measurement provides the average round-trip delay on a N19 interface on PSA UPF. This measurement is
split into subcounters per DSCP (Differentiated Services Code Point).

b) DER (n=1).

¢) Thismeasurement is obtained as: the sum (the time when receiving a GTP echo reply message from the source
PSA UPF at the target PSA UPF'singress GT P termination, minus time when sending the associated echo
reguest message to the source PSA UPF at the target PSA UPF's GTP egress termination) divided by total
number of GTP echo reply message received at the target PSA UPF'singress GTP termination. This
measurement is calculated for each DSCP.

d) Each measurement isareal representing the average delay in microseconds.

€) The measurement name has the form GTP.RttDelayN19PsaUpfMean.DSCP
Where DSCP identifies the DSCP.

f) EP_N19.
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g) Vadlid for packet switched traffic.
h) 5GS.

5.4.11.1.2 Distribution of round-trip N19 delay on PSA UPF

a) This measurement provides the distribution of delay on a N19 interface on PSA UPF. This measurement is split
into subcounters per DSCP (Differentiated Services Code Point).

b) DER (n=1).

¢) Thismeasurement is obtained by 1) calculating the RTT N19 delay by: the time when receiving a GTP echo
reply message from the source PSA UPF at the target PSA UPF's ingress GTP termination, minus time when
sending the associated echo request message to the source PSA UPF at the target PSA UPF's GTP egress
termination; and 2) incrementing the corresponding bin with the delay range where the result of 1) fallsinto by 1
for the subcounters per DSCP.

d) Each measurement is an integer representing the number of GTP echo messages measured with the delay within
the range of the bin.

€) The measurement name has the form GTP.RttDelayN19PsalUpfDist.Bin.DSCP
Where Bin indicates a delay range which is vendor specific, and DSCP identifies the DSCP.

f) EP_N19.
g) Vadlid for packet switched traffic.
h) 5GS.

54.11.2 GTP Data Packets and volume on N19 interface

5.4.11.2.1 Number of incoming GTP data packets on the N19 interface for PSA UPF

a) This measurement provides the number of GTP data PDUs received on the N19 interface by the PSA UPF. This
measurement is optionally split into subcounters per S-NSSAI and per 5G VN group.

b) CC

c) Reception by the target PSA UPF of a GTP-U data PDU on the N19 interface from the source PSA UPF, see TS
23.501[4].

d) Each measurement isan integer value.

€) GTP.InDataPktN19PsaUpf, and optionally
GTP.InDataPktN19PsaUpf.SNSSAI, where SNSSAI identifies the S-NSSAL.
GTP.InDataPktN19PsaUpf.5GVNgroup, where 5GVNgroup identifies the 5G VN group.

f) EP_N19
g) Validfor packet switching.
h) 5GS

5.4.11.2.2 Number of outgoing GTP data packets on the N19 interface for PSA UPF

a) This measurement provides the number of GTP data PDUs sent on the N19 interface by the PSA UPF. This
measurement is optionally split into subcounters per S-NSSAI and per 5G VN group.

b) CC

¢) Transmission by the target PSA UPF of a GTP-U data PDU on the N19 interface to the source PSA UPF, see TS
23.501[4].

d) Each measurement is aninteger value.
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€)

f)
9)
h)

GTP.OutDataPktN19PsaUpf, and optionally
GTP.OutDataPktN19PsaUpf.SNSSAI, where SNSSAI identifies the S-NSSAI
GTP.OutDataPktN19PsaUpf.5GVNgroup, where 5GVNgroup identifies the 5G VN group.

EP_N19
Valid for packet switching.
5GS

5.4.11.2.3 Number of octets of incoming GTP data packets on the N19 interface for PSA

a)

b)
c)

d)

€)

f)
9)
h)

UPF

This measurement provides the number of octets of GTP data PDUs received on the N19 interface by the PSA
UPF. This measurement is optionally split into subcounters per S-NSSAI and per 5G VN group.

CcC

Reception by the target PSA UPF of a GTP-U data PDU on the N19 interface from the source PSA UPF, see TS
23.501 [4].

Each measurement is an integer value.

GTP.InDataOctN19PsaUpf, and optionally
GTP.InDataOctN19PsalUpf.SNSSAI, where SNSSAI identifies the S-NSSAL.
GTP.InDataOctN 19PsalUpf.5GVNgroup, where 5GVNgroup identifies the 5G VN group.

EP_N19
Valid for packet switching
5GS

5.411.2.4 Number of octets of outgoing GTP data packets on the N19 interface for PSA

a)

f)
9
h)

UPF

This measurement provides the number of octets of outgoing GTP data PDUs sent on the N19 interface by the
PSA UPF. This measurement is optionally split into subcounters per SSNSSAI and per 5G VN group.

CcC

Transmission by the target PSA UPF of a GTP-U data PDU on the N19 interface to the source PSA UPF, see TS
23.501 [4].

Each measurement is an integer value.

GTP.OutDataOctN19PsaUpf and optionally
GTP.OutDataOctN19Psal pf. SNSSAI, where SNSSAI identifies the S-NSSAL.
GTP.OutDataOctN19PsaUpf.5GVNgroup, where 5GVNgroup identifies the 5G VN group.

EP_N19
Valid for packet switching
5GS
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5.5 Performance measurements for PCF

5.5.1  AM policy association related measurements

55.1.1 Number of AM policy association requests
a) This measurement provides the number of AM policy association requests received by the visiting PCF ((V-
)PCF).
b) CC

¢) On receipt by the PCF from the AMF of Npcf_AMPolicyControl_Create (see TS 23.502 [7]). Each AM policy
association request is added to the relevant subcounter per S-NSSAI.

d) Each subcounter is an integer value
€) PA.PolicyAMAssoReq.SNSSAI
Where SNSSAI identifies the S-NSSAI;
f) PCFFunction
g) Valid for packet switched traffic
h) 5GS

i) One usage of this performance measurementsis for performance assurance.

5.5.1.2 Number of successful AM policy associations
a) This measurement provides the number of successful AM policy associations at the visiting PCF ((V-)PCF).
b) CC

¢) On transmission by the PCF to the AMF of Npcf_ AMPolicyControl _Create response (see TS 23.502 [7]). Each
successful AM policy association is added to the relevant subcounter per S-NSSAI.

d) Each subcounter is an integer value

€) PA.PolicyAMAssoSucc. SNSSAI
Where SNSSAI identifies the SSNSSA;

f) PCFFunction

g) Valid for packet switched traffic

h) 5GS

i) One usage of this performance measurementsis for performance assurance.

5.5.1.3 Number of AM policy association update requests
a) This measurement provides the number of AM policy association update requests PCF received from AMF.
b) CC
¢) PCF receivesthe update (post) operation sent by AMF for the "policies/ { polassoid} / update” resource URL.
d) A singleinteger value
€) PCF.PolicyAmAssocUpdateReq
f) PCFFunction
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g) Vadlid for packet switching
h) 5GS

55.1.4 Number of successful AM policy association updates
a) This measurement provides the number of successful update of AM policy association on PCF.
b) CC
¢) PCF returns 200 OK" response message
d) A singleinteger value
€) PCF.PolicyAmAssocUpdateSucc
f) PCFFunction
g) Valid for packet switching
h) 5GS

5.5.1.5 Number of AM policy association update notify requests
a) This measurement provides the number of SM policy association update notify requests PCF sendsto SMF.
b) CC

¢) PCF sends update (post) operation to AMF for "{ notification URI} / update” or "{ notification URI} / terminate"
resource URL (see clause 4.2in TS 29.507[39]). Each association update request is added to the relevant
subcounter per S-NSSAI.

d) A singleinteger value

€) PCF.PolicyAmAssocNotifReq. SNSSAI
Where SNSSAI identifies the S-NSSAI

f) PCFFunction

g) Vadlid for packet switching

h) 5GS

5.5.1.6 Number of successful AM policy association update notifies
a) This measurement provides the number of successful update notifies of AM policy association on PCF.
b) CC

c) PCF receives 204 No Content” response message sent by AMF (see clause 4.2 in TS 29.507[39]). Each
successful association is added to the relevant subcounter per S-NSSAI.

d) A singleinteger value

€) PCF.PolicyAmAssocNotifSucc. SNSSAI
Where SNSSAI identifies the S-NSSAI

f) PCFFunction

g) Vadlid for packet switching

h) 5GS
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5.5.2 SM policy association related measurements

55.2.1 Number of SM policy association requests

a)
b)
<)

d)

€)

)
a)
h)
i)

This measurement provides the number of SM policy association requests received by the PCF.
CC

On receipt by the PCF from the SMF of Npcf_SMPolicyControl_Create (see TS 23.502 [7]). Each SM policy
association request is added to the relevant subcounter per S-NSSAI.

Each subcounter is an integer value
PA.PolicySM AssoReq. SNSSAI

Where SNSSAI identifies the SSNSSA;
PCFFunction

Valid for packet switched traffic

5GS

One usage of this performance measurementsis for performance assurance.

5.5.2.2 Number of successful SM policy associations

a)
b)
<)

d)

€)

)
a)
h)
i)

This measurement provides the number of successful SM policy associations at the PCF.
CC

On transmission by the PCF to the SMF of Npcf_SMPolicyControl _Create response (see TS 23.502 [7]). Each
successful SM policy association is added to the relevant subcounter per S-NSSAII.

Each subcounter is an integer value
PA..Policy SM AssoSucc. SNSSAI

Where SNSSAI identifies the SSNSSA;
PCFFunction

Valid for packet switched traffic

5GS

One usage of this performance measurementsis for performance assurance.

5.5.2.3 Number of SM policy association update requests

a)
b)
©)

d)

€)

f)

This measurement provides the number of SM policy association update requests PCF received from SMF.
cC

PCF receives the update (post) operation sent by SMF for the " sm-policies/{ smPolicyld}/update " resource URL
(seeclause 4.2 in TS 29.512[40]). Each association update request is added to the relevant subcounter per S-
NSSAL.

A singleinteger value
PCF.PolicySmA ssocUpdateReq. SNSSAI
Where SNSSAI identifies the S-NSSAI

PCFFunction
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g) Vadlid for packet switching
h) 5GS

5.5.24 Number of successful SM policy association updates
a) This measurement provides the number of successful update of SM policy association on PCF.
b) CC

c) PCF returns"200 OK" response message (see clause 4.2 in TS 29.512[40]). Each successful association is
added to the relevant subcounter per S-NSSAI.

d) A singleinteger value

€) PCF.PolicySmAssocUpdateSucc. SNSSAI
Where SNSSAI identifies the S-NSSAI

f) PCFFunction

g) Valid for packet switching

h) 5GS

5.5.25 Number of SM policy association update notify requests
a) This measurement provides the number of SM policy association update notify requests PCF sendsto SMF.
b) CC

¢) PCF sends update (post) operation to SMF for the " { NotificationUri}/update " resource URL (see clause 4.2 in
TS 29.512[40]). Each association update request is added to the relevant subcounter per SSNSSA.

d) A singleinteger value

€) PCF.PolicySmAssocNotifReq. SNSSAI
Where SNSSAI identifies the S-NSSAI

f) PCFFunction

g) Valid for packet switching

h) 5GS

5.5.2.6 Number of successful SM policy association update notifies
a) This measurement provides the number of successful update notifies of SM policy association on PCF.
b) CC

c) PCF receives 200 OK" or "204 No Content" response message sent by SMF (see clause 4.2 in TS 29.512[40]).
Each successful association is added to the relevant subcounter per S-NSSAI.

d) A singleinteger value

€) PCF.PolicySmAssocNotifSucc. SNSSAI
Where SNSSAI identifies the S-NSSAI

f) PCFFunction

g) Valid for packet switching

h) 5GS
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5.5.3 UE policy association related measurements

55.3.1 Number of UE policy association requests
a) This measurement provides the number of UE policy association requests received by the PCF.
b) CC
c) On receipt by the PCF from the AMF of Npcf_UEPolicyControl Create Request (see TS 23.502 [7]).
d) A singleinteger value
e) PA.PolicyUeAssoReq
f) PCFFunction
g) Valid for packet switched traffic
h) 5GS

5.5.3.2 Number of successful UE policy associations
a) This measurement provides the number of successful UE policy associations at the PCF.
b) CC

¢) Ontransmission by the PCF to the AMF of Npcf_UEPolicyControl Create Response (see TS 23.502 [7])
indicating a successful UE policy association.

d) A singleinteger value

€) PA.PolicyUeAssoSucc

f) PCFFunction

g) Vadlid for packet switched traffic
h) 5GS

5.5.4 Background data transfer policy control related measurements

5541 Background data transfer policy creation
55411 Number of background data transfer policy creation requests
a) This measurement provides the number of background data transfer policy creation requests received by the
PCF.
b) CC

¢) Receipt of an Npcf_BDTPolicyControl_Create request by the PCF from an NEF (see TS 23.502 [7]).
d) Aninteger value

€) BDTP.CreateReq

f) PCFFunction

g) Vadlid for packet switched traffic

h) 5GS
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55.4.1.2 Number of successful background data transfer policy creations
a) This measurement provides the number of successful background data transfer policy creations at the PCF.
b) CC

¢) Transmission of an Npcf_BDTPolicyControl_Create response by the PCF to an NEF indicating a successful
background data transfer policy creation (see TS 29.554 [d)]).

d) Aninteger value

€) BDTP.CreateSucc

f) PCFFunction

g) Vadlid for packet switched traffic
h) 5GS

55.4.1.3 Number of failed background data transfer policy creations
a) This measurement provides the number of failed background data transfer policy creations at the PCF.
b) CC

¢) Transmission of an Npcf_BDTPolicyControl_Create response by the PCF to an NEF indicating afailed
background data transfer policy creation (see TS 29.554 [4]), each message increments the relevant subcounter
per failure cause by 1.

d) Each subcounter is an integer value

€) BDTP.CreateFail.cause
Where cause indicates the failure cause of background data transfer policy creation.

f) PCFFunction
g) Vadlid for packet switched traffic
h) 5GS

55,5  AM policy authorization related measurements

555.1 Creation of AM policy authorization

5.55.1.1 Number of AM policy authorization creation requests
a) This measurement provides the number of AM policy authorization creation requests received by the PCF.
b) CC

¢) Receipt of an Npcf_AMPolicyAuthorization_Create request by the PCF from an NF consumer (e.g., AF) (see
3GPP TS 23.502 [7]).

d) Aninteger value

e) PAU.AmCreateReq

f) PCFFunction

g) Vadlid for packet switched traffic
h) 5GS
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5.5.5.1.2 Number of successful AM policy authorization creations

a)
b)
©)

d)
€)
f)
)
h)

This measurement provides the number of successful AM policy authorization creations at the PCF.
CcC

Transmission of an Npcf_AMPolicyAuthorization_Create response by the PCF to an NF consumer indicating a
successful AM policy authorization creation (see TS 29.507 [39]).

Aninteger value
PAU.AmCreateSucc
PCFFunction

Valid for packet switched traffic
5GS

5.5.5.1.3 Number of failed AM policy authorization creations

a)
b)
c)

d)

€)

f)
9)
h)

This measurement provides the number of failed AM policy authorization creations at the PCF.
CC

Transmission of an Npcf_ AMPolicyAuthorization_Create response by the PCF to an NF consumer indicating a
failed AM policy authorization creation (see TS 29.507 [39]), each message increments the relevant subcounter
per failure cause by 1.

Aninteger value

PAU.AmCreateFail.cause
Where cause indicates the failure cause of the AM policy authorization creation.

PCFFunction
Valid for packet switched traffic
5GS

5.5.5.2 Update of AM policy authorization

5.5.5.2.1 Number of AM policy authorization update requests

a)
b)
©)

d)
€)
)
a)
h)

This measurement provides the number of AM policy authorization update requests received by the PCF.
cC

Receipt of an Npcf_AMPolicyAuthorization Update request by the PCF from an NF consumer (e.g., AF) (see
3GPP TS 23.502 [7]).

Aninteger value
PAU.AmUpdateReq
PCFFunction

Valid for packet switched traffic
5GS

5.5.5.2.2 Number of successful AM policy authorization updates

a)

This measurement provides the number of successful AM policy authorization updates at the PCF.
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b) CC

¢) Transmission of an Npcf_AMPolicyAuthorization_Update response by the PCF to an NF consumer indicating a
successful AM policy authorization update (see TS 29.507 [39]).

d) Aninteger value

e) PAU.AmUpdateSucc

f) PCFFunction

g) Vadlid for packet switched traffic
h) 5GS

5.5.5.2.3 Number of failed AM policy authorization updates
a) This measurement provides the number of failed AM policy authorization updates at the PCF.
b) CC

¢) Transmission of an Npcf_AM PolicyAuthorization Update response by the PCF to an NF consumer indicating a
failed AM policy authorization update (see TS 29.507 [39]), each message increments the relevant subcounter
per failure cause by 1.

d) Aninteger value

e) PAU.AmUpdateFail.cause
Where cause indicates the failure cause of the AM policy authorization update.

f) PCFFunction
g) Validfor packet switched traffic

h) 5GS
5553 Deletion of AM policy authorization
5.5.5.3.1 Number of AM policy authorization deletion requests

a) This measurement provides the number of AM policy authorization deletion requests received by the PCF.
b) CC

¢) Receipt of an Npcf_AMPalicyAuthorization_Delete request by the PCF from an NF consumer (e.g., AF) (see
3GPP TS 23.502[7]).

d) Aninteger value

e) PAU.AmDeleteReq

f) PCFFunction

g) Vadlid for packet switched traffic
h) 5GS

5.5.5.3.2 Number of successful AM policy authorization deletions
a) This measurement provides the number of successful AM policy authorization deletions at the PCF.
b) CC

¢) Transmission of an Npcf_AMPolicyAuthorization Delete response by the PCF to an NF consumer indicating a
successful AM policy authorization deletion (see TS 29.507 [39]).
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d) Aninteger value

e) PAU.AmDeleteSucc

f) PCFFunction

g) Validfor packet switched traffic
h) 5GS

5.5.5.3.3 Number of failed AM policy authorization deletions
a) This measurement provides the number of failed AM policy authorization deletions at the PCF.
b) CC

¢) Transmission of an Npcf_AMPolicyAuthorization Delete response by the PCF to an NF consumer indicating a
failed AM policy authorization deletion (see TS 29.507 [39]), each message increments the relevant subcounter
per failure cause by 1.

d) Aninteger value

€) PAU.AmDeleteFail.cause
Where cause indicates the failure cause of the AM policy authorization deletion.

f) PCFFunction
g) Validfor packet switched traffic
h) 5GS

5.5.6  SM policy authorization related measurements

5.5.6.1 Creation of SM policy authorization

5.5.6.1.1 Number of SM policy authorization creation requests
a) This measurement provides the number of SM policy authorization creation requests received by the PCF.
b) CC

¢) Receipt of an Npcf_PolicyAuthorization Create request by the PCF from an NF consumer (e.g., AF) (see TS
23.502 [7]).

d) Aninteger value

€) PAU.SmCreateReq

f) PCFFunction

g) Valid for packet switched traffic
h) 5GS

5.5.6.1.2 Number of successful SM policy authorization creations
a) This measurement provides the number of successful SM policy authorization creations at the PCF.
b) CC

¢) Transmission of an Npcf_PolicyAuthorization_Create response by the PCF to an NF consumer indicating a
successful SM policy authorization creation (see TS 29.507 [39]).

d) Aninteger value
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€)
f)
9)
h)

PAU.SmCreateSucc
PCFFunction

Valid for packet switched traffic
5GS

5.5.6.1.3 Number of failed SM policy authorization creations

a)
b)
©)

d)

€)

f)
9)
h)

This measurement provides the number of failed SM policy authorization creations at the PCF.
CcC

Transmission of an Npcf_PolicyAuthorization Create response by the PCF to an NF consumer indicating a
failed SM policy authorization creation (see TS 29.507 [39]), each message increments the relevant subcounter
per failure cause by 1.

Aninteger value

PAU.SmCreateFail .cause
Where cause indicates the failure cause of the SM policy authorization creation.

PCFFunction
Valid for packet switched traffic
5GS

5.5.6.2 Update of SM policy authorization

5.5.6.2.1 Number of SM policy authorization update requests

a)
b)
©)

d)
€)
f)
)
h)

This measurement provides the number of SM policy authorization update requests received by the PCF.
CcC

Receipt of an Npcf_PolicyAuthorization_Update request by the PCF from an NF consumer (e.g., AF) (see 3GPP
TS23.502[7]).

Aninteger value
PAU.SmUpdateReq
PCFFunction

Valid for packet switched traffic
5GS

5.5.6.2.2 Number of successful SM policy authorization updates

a)
b)
©)

d)
€)
f)
)

This measurement provides the number of successful SM policy authorization updates at the PCF.
CcC

Transmission of an Npcf_PolicyAuthorization_Update response by the PCF to an NF consumer indicating a
successful SM policy authorization update (see TS 29.507 [39]).

Aninteger value
PAU.SmUpdateSucc
PCFFunction

Valid for packet switched traffic
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h) 5GS
5.5.6.2.3 Number of failed SM policy authorization updates
a) This measurement provides the number of failed SM policy authorization updates at the PCF.
b) CC
¢) Transmission of an Npcf_PolicyAuthorization_Update response by the PCF to an NF consumer indicating a
failed SM policy authorization update (see TS 29.507 [39]), each message increments the rel evant subcounter
per failure cause by 1.
d) Aninteger value
€) PAU.SmUpdateFail.cause
Where cause indicates the fail ure cause of the SM policy authorization update.
f) PCFFunction
g) Vadlid for packet switched traffic
h) 5GS
5.5.6.3 Deletion of SM policy authorization
55.6.3.1 Number of SM policy authorization deletion requests
a) This measurement provides the number of SM policy authorization deletion requests received by the PCF.
b) CC
¢) Receipt of an Npcf_PolicyAuthorization Delete request by the PCF from an NF consumer (e.g., AF) (see 3GPP
TS23.502[7]).
d) Aninteger value
e) PAU.SmDeleteReq
f) PCFFunction
g) Valid for packet switched traffic
h) 5GS
5.5.6.3.2 Number of successful SM policy authorization deletions
a) This measurement provides the number of successful SM policy authorization deletions at the PCF.
b) CC
¢) Transmission of an Npcf_PolicyAuthorization Delete response by the PCF to an NF consumer indicating a
successful SM policy authorization deletion (see TS 29.507 [39]).
d) Aninteger value
€) PAU.SmDeleteSucc
f) PCFFunction
g) Vadlid for packet switched traffic
h) 5GS
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5.5.6.3.3 Number of failed SM policy authorization deletions
a) This measurement provides the number of failed SM policy authorization deletions at the PCF.
b) CC

¢) Transmission of an Npcf_PolicyAuthorization Delete response by the PCF to an NF consumer indicating a
failed SM policy authorization deletion (see TS 29.507 [39]), each message increments the relevant subcounter
per failure cause by 1.

d) Aninteger value

€) PAU.SmDeleteFail.cause
Where cause indicates the failure cause of the SM policy authorization deletion.

f) PCFFunction
g) Validfor packet switched traffic
h) 5GS

5.5.7 Event exposure related measurements

55.7.1 Event exposure subscribe

55.7.1.1 Number of event exposure subscribe requests
a) This measurement provides the number of event exposure subscribe requests received by the PCF.
b) CC

c) Receipt of an Npcf_EventExposure Subscribe request by the PCF from an NF consumer (e.g., NEF) (see TS
23.502 [7]).

d) Aninteger value

€) EEX.SubscribeReq

f) PCFFunction

g) Valid for packet switched traffic
h) 5GS

55.7.1.2 Number of successful event exposure subscribe
a) This measurement provides the number of successful event exposure subscribe at the PCF.
b) CC

¢) Transmission of an Npcf_EventExposure_Subscribe response by the PCF to an NF consumer (e.g., NEF)
indicating a successful event exposure subscribe (see TS 29.507 [39]).

d) Aninteger value

€) EEX.SubscribeSucc

f) PCFFunction

g) Vadlid for packet switched traffic
h) 5GS
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5.5.7.1.3 Number of failed event exposure subscribe
a) This measurement provides the number of failed event exposure subscribe at the PCF.
b) CC

¢) Transmission of an Npcf_EventExposure_Subscribe response by the PCF to an NF consumer (e.g., NEF)
indicating a failed event exposure subscribe (see TS 29.507 [39]), each message increments the relevant
subcounter per failure cause by 1.

d) Aninteger value

€) EEX.SubscribeFail.cause
Where cause indicates the fail ure cause of the event exposure subscribe.

f) PCFFunction
g) Validfor packet switched traffic

h) 5GS
5.5.7.2 Event exposure unsubscription
55.7.2.1 Number of event exposure unsubscribe requests

a) This measurement provides the number of event exposure unsubscribe requests received by the PCF.
b) CC

¢) Receipt of an Npcf_EventExposure_Unsubscribe request by the PCF from an NF consumer (e.g., NEF) (see
3GPP TS 23.502 [7]).

d) Aninteger value

€) EEX.UnsubscribeReq

f) PCFFunction

g) Vadlid for packet switched traffic
h) 5GS

5.5.7.2.2 Number of successful event exposure unsubscribe
a) This measurement provides the number of successful event exposure unsubscribe at the PCF.
b) CC

¢) Transmission of an Npcf_EventExposure_Unsubscribe response by the PCF to an NF consumer (e.g., NEF)
indicating a successful event exposure unsubscribe (see TS 29.507 [39]).

d) Aninteger value

e) EEX.UnsubscribeSucc

f) PCFFunction

g) Valid for packet switched traffic
h) 5GS

5.5.7.2.3 Number of failed event exposure unsubscribe

a) This measurement provides the number of failed event exposure unsubscribe at the PCF.
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b) CC

¢) Transmission of an Npcf_EventExposure_Unsubscribe response by the PCF to an NF consumer (e.g., NEF)
indicating a failed event exposure unsubscribe (see TS 29.507 [39]), each message increments the relevant
subcounter per failure cause by 1.

d) Aninteger value

€) EEX.UnsubscribeFail.cause
Where cause indicates the fail ure cause of the event exposure unsubscribe.

f) PCFFunction
g) Vadlid for packet switched traffic

h) 5GS
5.5.7.3 Event exposure notification
55.7.3.1 Number of event exposure notifications

a) This measurement provides the number of event exposure notifications sent by the PCF.
b) CC

¢) Transmission of an Npcf_EventExposure_Notify message by the PCF to an NF consumer (e.g., NEF) (see TS
29.502 [7]).

d) Aninteger value

e) EEX.NotifyNbr

f) PCFFunction

g) Valid for packet switched traffic
h) 5GS

5.6 Performance measurements for UDM

5.6.1 Mean number of registered subscribers through UDM
a) This measurement provides the mean number of registered subscribersto UDM .
b) Sl

¢) This measurement is obtained by sampling at a unified interval the number of registered subscribersin a UDM
and then taking the arithmetic mean.

d) A singleinteger value

€) RM.RegisteredSubUDMNbrMean
f) UDMFunction

g) Valid for packet switching

h) 5GS
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5.6.2 Maximum number of registered subscribers through UDM
a) This measurement provides the maximum number of registered subscribersto UDM .
b) Sl

¢) This measurement is obtained by sampling at a unified interval the number of registered subscribersin the UDM
and then taking the maximum.

d) A singleinteger value

€) RM.RegisteredSubUDMNbrMax
f) UDMFunction

g) Vadlid for packet switching

h) 5GS

5.6.3 Mean number of unregistered subscribers through UDM
a) This measurement provides the mean number of unregistered subscribersto UDM .
b) SI

¢) This measurement is obtained by sampling at a unified interval the number of unregistered subscribersin the
UDM and then taking the arithmetic mean.

d) A singleinteger value

€) RM.UnregisteredSubUDMNbrMean
f) UDMFunction

g) Vadlid for packet switching

h) 5GS

5.6.4 Maximum number of unregistered subscribers through UDM
a) This measurement provides the maximum number of unregistered subscribersto UDM .
b) S

¢) Thismeasurement is obtained by sampling at a unified interval the number of unregistered subscribersin the
UDM and then taking the maximum.

d) A singleinteger value

€) RM.UnregisteredSubUDMNbrMax
f) UDMFunction

g) Valid for packet switching

h) 5GS

5.6.5 Distribution of subscriber profile sizes in UDM
a) This measurement provides the distribution of subscriber profile sizesin UDM.
b) CC

¢) This measurement is obtained by the following method:
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- for each observed subscriber profile its sizeis determined;
- the bin with the range corresponding to the observed service profile size is selected,;
- the value of the counter for the selected bin isincremented by 1

E.g. for observed subscriber profile size of 3300 bytes, the counter corresponding to the bin "0-5000" is
incremented by one.

d) Each measurement is an integer representing the count of service profiles with size within the range of the bin.
€) RM.SubscriberProfileSizesCount.Bin where Bin indicates the size range which is vendor specific.

f) UDMFunction

g) Vadlid for packet switching

h) 5GS

5.6.6 Mean size of subscriber profiles in UDM
a) This measurement provides the mean size of subscriber profilesin UDM.
b) S

¢) Thismeasurement is obtained by inspecting the sizes ot subscriber profilesin UDM and then takin their
arithmetic mean.

d) A singleinteger value.

€) RM.SubscriberProfileSizesMean.
f) UDMFunction

g) Vadlid for packet switching

h) 5GS

5.6.7 Distribution of UDM SubscriberDataManagement message sizes
a) This measurement provides the distribution of message sizesin UDM SubscriberDataM anagement.
b) DER (n=1)
¢) This measurement is obtained by the following method:

- for each observed UDM _SubscriberDataM anagement response or notification message ("SDM Get Response”,
"SDM Natification Notify", "SDM Info Response”) its size is determined,;

- the bin with the range corresponding to the observed message size is selected under sub-counter corresponding
to the message type;

- the value of the counter for the selected bin isincremented by 1

E.g. for an observed "SDM Get Response” message with size of 4500 bytes, the counter corresponding to the bin
"0-5000" isincremented by one.

d) Each measurement is an integer representing the count of service profiles with size within the range of the bin.

e) RM.UdmSdm.GetResponseSize.Bin where Bin indicates the size range which is vendor specific.
RM.UdmSdm.NotificationSize.Bin where Bin indicates the size range which is vendor specific.
RM.UdmSdm.InfoResponseSize.Bin where Bin indicates the size range which is vendor specific.

f) UDMFunction
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9)
h)

Valid for packet switching
5GS

5.6.8 Subscriber data management related measurements

5.6.8.1 Subscription data getting
5.6.8.1.1 Number of subscription data getting requests
a) This measurement provides the number of subscription data getting requests received by the UDM.
b) CC
¢) Receipt of an Nudm_SDM_ Get request by the UDM from a consumer NF (e.g., AMF), each message increments
the relevant subcounter per subscriber data type by 1 (see 3GPP TS 23.502 [7]).
d) Aninteger value
e) SDM.GetReq.Type,
Where Type indicates the subscription data type.
f) UDMFunction
g) Vadlid for packet switched traffic
h) 5GS
5.6.8.1.2 Number of successful subscription data gettings
a) This measurement provides the number of successful subscription data gettings at UDM.
b) CC
¢) Transmission of an Nudm_SDM_Get response by the UDM to a consumer NF (e.g., AMF) indicating a
successful subscription data getting, each message increments the relevant subcounter per subscriber data type
by 1 (see 3GPP TS 29.503 [51]).
d) Aninteger value
e) SDM.GetSucc.Type,
Where Type indicates the subscription data type.
f) UDMFunction
g) Validfor packet switched traffic
h) 5GS
5.6.8.1.3 Number of failed subscription data gettings
a) This measurement provides the number of failed subscription data gettings at UDM.
b) CC
¢) Transmission of an Nudm_SDM_ Get response by the UDM to a consumer NF (e.g., AMF) indicating a failed
[Stélkl)]s,;ri ption data getting, each message increments the relevant subcounter per failure case by 1 (see TS 29.503
d) Aninteger value
€) SDM.GetFail.Cause,

Where Cause indicates the failure cause of the subscription data getting.
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f)
9
h)

UDMFunction
Valid for packet switched traffic
5GS

5.6.8.2 SDM subscription

5.6.8.2.1 Number of SDM subscribing requests

a)
b)
©)

d)

€)

f)
9)
h)

This measurement provides the number of SDM subscribing requests received by the UDM.
CcC

Receipt of an Nudm_SDM _ Subscribe request by the UDM from a consumer NF (e.g., AMF), each message
increments the relevant subcounter per subscriber data type by 1 (see 3GPP TS 23.502 [7]).

Aninteger value

SDM.SubscribeReq. Type,
Where Type indicates the subscription data type.

UDMPFunction
Valid for packet switched traffic
5GS

5.6.8.2.2 Number of successful SDM subscribings

a)
b)
©)

d)

€)

f)
9)
h)

This measurement provides the number of successful SDM subscribings at UDM.
cC

Transmission of an Nudm_SDM _Subscribe by the UDM to a consumer NF (e.g., AMF) indicating a successful
SDM subscribings, each message increments the relevant subcounter per subscriber datatype by 1 (see 3GPP TS
29.503 [51]).

Aninteger value

SDM . SubscribeSucc. Type,
Where Type indicates the subscription data type.

UDMPFunction
Valid for packet switched traffic
5GS

5.6.8.2.3 Number of failed SDM subscribings

a)
b)
©)

d)

€)

f)

This measurement provides the number of failed SDM subscribings at UDM.
cC

Transmission of an Nudm_SDM _Subscribe response by the UDM to a consumer NF (e.g., AMF) indicating a
failed SDM subscribings, each message increments the relevant subcounter per failure case by 1 (see TS 29.503
[51]).

Aninteger value

SDM.SubscribeFail.Cause,
Where Cause indicates the failure cause of the SDM subscribing.

UDMPFunction
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g) Vadlid for packet switched traffic

h) 5GS
5.6.8.3 Subscription data notification
5.6.8.3.1 Number of subscription data notifications

a) This measurement provides the number of subscription data notifications sent by the UDM.
b) CC

¢) Transmission of an Nudm_SDM_Notification by the UDM from a consumer NF (e.g., AMF), each message
increments the relevant subcounter per subscriber datatype by 1 (see TS 23.502 [7]).

d) Aninteger value

€) SDM.SubDataNotif.Type,
Where Type indicates the subscription data type.

f) UDMFunction
g) Validfor packet switched traffic
h) 5GS

5.6.9 Parameter provisioning related measurements

5.6.9.1 Parameter creations

5.6.9.1.1 Number of parameter creation requests
a) This measurement provides the number of parameter creation requests received by the UDM.
b) CC

¢) Receipt of an Nnef_ParameterProvision_Create request by the UDM from a consumer NF (e.g., NEF) (see TS
23.502 [7]).

d) Aninteger value

€) PPV.CreateReq.

f) UDMFunction

g) Valid for packet switched traffic
h) 5GS

5.6.9.1.2 Number of successful parameter creations
a) This measurement provides the number of successful parameter creations at UDM.
b) CC

¢) Transmission of an Nnef_ParameterProvision_Create response by the UDM to a consumer NF (e.g., AMF)
indicating a successful parameter creation (see TS 29.503 [51]).

d) Aninteger value
€) PPV.CreateSucc.
f) UDMFunction
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9)
h)

Valid for packet switched traffic
5GS

5.6.9.1.3 Number of failed parameter creations

a)
b)
©)

d)

€)

f)
9
h)

This measurement provides the number of failed parameter creations at UDM.
cC

Transmission of an Nnef_ParameterProvision_Create response by the UDM to a consumer NF (e.g., AMF)
indicating a failed parameter creation, each message increments the relevant subcounter per failure case by 1 (see
TS 29.503 [51]).

Aninteger value

PPV .CreateFail.Cause,
Where Cause indicates the failure cause of the parameter creation.

UDMFunction
Valid for packet switched traffic
5GS

5.6.9.2 Parameter update

5.6.9.2.1 Number of parameter update requests

a)
b)
©)

d)
€)
f)
9
h)

This measurement provides the number of parameter update requests received by the UDM.
CcC

Receipt of an Nudm_ParameterProvision_Update request by the UDM from a consumer NF (e.g., NEF) (see TS
23.502 [7]).

Aninteger value

PPV .UpdateRe.

UDMFunction

Valid for packet switched traffic
5GS

5.6.9.2.2 Number of successful parameter updates

a)
b)
©)

d)
€)
f)
)
h)

This measurement provides the number of successful parameter updates at UDM.
cC

Transmission of an Nudm_ParameterProvision_Update response by the UDM to a consumer NF (e.g., AMF)
indicating a successful parameter update (see TS 29.503 [51]).

Aninteger value

PPV .UpdateSucc.
UDMPFunction

Valid for packet switched traffic
5GS
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5.6.9.2.3 Number of failed parameter updates

a)
b)
©)

This measurement provides the number of failed parameter updates at UDM.
CcC

Transmission of an Nudm_ParameterProvision_Update response by the UDM to a consumer NF (e.g., AMF)
indicating a failed parameter update, each message increments the relevant subcounter per failure case by 1 (see
TS 29.503 [51]).

d) Aninteger value
€) PPV.UpdateFail.Cause,
Where Cause indicates the failure cause of the parameter update.
f) UDMFunction
g) Validfor packet switched traffic
h) 5GS
5.6.9.3 Parameter deletion
5.6.9.3.1 Number of parameter deletion requests
a) This measurement provides the number of parameter deletion requests received by the UDM.
b) CC
¢) Receipt of an Nudm_ParameterProvision_Delete request by the UDM from a consumer NF (e.g., NEF) (see TS
23.502 [7]).
d) Aninteger value
e) PPV.DeleteReq.
f) UDMFunction
g) Vadlid for packet switched traffic
h) 5GS
5.6.9.3.2 Number of successful parameter deletions
a) This measurement provides the number of successful parameter deletionsat UDM.
b) CC
¢) Transmission of an Nudm_ParameterProvision_Delete response by the UDM to a consumer NF (e.g., AMF)
indicating a successful parameter deletion (see TS 29.503 [51]).
d) Aninteger value
e) PPV.DeleteSucc.
f) UDMFunction
g) Valid for packet switched traffic
h) 5GS
5.6.9.3.3 Number of failed parameter deletions
a) This measurement provides the number of failed parameter deletions at UDM.
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b) CC

¢) Transmission of an Nudm_ParameterProvision_Delete response by the UDM to a consumer NF (e.g., AMF)
indicating a failed parameter deletion, each message increments the relevant subcounter per failure case by 1 (see
TS 29.503 [51]).

d) Aninteger value

€) PPV.DeleteFail.Cause,
Where Cause indicates the failure cause of the parameter deletion.

f) UDMFunction
g) Vadlid for packet switched traffic

h) 5GS
5.6.9.4 Parameter getting
5.6.9.4.1 Number of parameter getting requests

a) This measurement provides the number of parameter getting requests received by the UDM.
b) CC

¢) Receipt of an Nudm_ParameterProvision_Get request by the UDM from a consumer NF (e.g., NEF) (see TS
23.502 [7]).

d) Aninteger value

e) PPV.GetReqg.

f) UDMFunction

g) Valid for packet switched traffic
h) 5GS

5.6.9.4.2 Number of successful parameter gettings
a) This measurement provides the number of successful parameter gettings at UDM.
b) CC

¢) Transmission of an Nudm_ParameterProvision_Get response by the UDM to a consumer NF (e.g., AMF)
indicating a successful parameter getting (see TS 29.503 [51]).

d) Aninteger value

e) PPV.GetSucc.

f) UDMFunction

g) Vadlid for packet switched traffic
h) 5GS

5.6.9.4.3 Number of failed parameter gettings
a) This measurement provides the number of failed parameter gettings at UDM.

b) CC
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©)
d)
€)

f)
9
h)

5.7

Transmission of an Nudm_ParameterProvision_Get response by the UDM to a consumer NF (e.g., AMF)
indicating a failed parameter getting, each message increments the relevant subcounter per failure case by 1 (see
TS 29.503 [51]).

Aninteger value

PPV .GetFail.Cause,
Where Cause indicates the failure cause of the parameter getting.

UDMFunction
Valid for packet switched traffic
5GS

Common performance measurements for NFs

5.7.1 VR usage of NF

5.71.1 Virtual CPU usage

57111 Mean virtual CPU usage

a)

b)
c)

d)
€)

f)

This measurement provides the mean usage of the underlying virtualized CPUs for a virtualized 3GPP NF. This
measurement is not applicable to the scenario that one VNFC instance supports more than 1 NFs.

OM.

The measurement job control service producer for NF(s) receives the V cpuUsageM eanV nf.vComputel d
measurement(s) (see ETSI GS IFA 027 [17]) for the VNFC instances(s) from VNFM, and maps the measured
object of each received measurement from VNFC instance to the MOI(s) of NF(s). The measurement is
generated by taking the weighted average of the values of the V cpuUsageMeanV nf.vComputel d measurement(s)
whose measured object(s) are mapped to the MOI of the measured NF. The algorithm of the weighted average is
vendor specific.

A single integer value (Unit: %).
VR.VCpuUsageMean

GNBCUCPFunction (for 3 split scenario)
GNBCUUPFunction (for 3 split scenario)
GNBCUFunction (for 2 split scenario)
AMFFunction

SMFFunction

UPFFunction

N3IWFFunction

PCFFunction

AUSFFunction

UDMFunction

UDRFunction

UDSFFunction

NRFFunction

NSSFFunction

SM SFFunction

LMFFunction

NWDAFFunction

NGEIRFunction

SEPPFunction

EASFunction
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EESFunction
ECSFunction

g) Validfor packet switched traffic.

h) 5GS.
5.7.1.2 Virtual memory usage
5.7.1.2.1 Mean virtual memory usage

a) This measurement provides the mean usage of the underlying virtualized memories for a virtualized 3GPP NF.
This measurement is not applicable to the scenario that one VNFC instance supports more than 1 NFs.

b) OM.

¢) The measurement job control service producer for NF(s) receives the V memoryUsageM eanV nf.vComputel d
measurement(s) (see ETSI GSIFA 027 [17]) for the VNFC instances(s) from VNFM, and maps the measured
object of each received measurement from VNFC instance to the MOI(s) of NF(s). The measurement is
generated by taking the weighted average of the values of the V memoryUsageM eanV nf.vComputel d
measurement(s) whose measured object(s) are mapped to the MOI of the measured NF. The algorithm of the
weighted average is vendor specific.

d) A singleinteger vaue (Unit: %).
e) VR.VMemoryUsageMean

f) GNBCUCPFunction (for 3 split scenario)
GNBCUUPFunction (for 3 split scenario)
GNBCUFunction (for 2 split scenario)
AMFFunction
SMFFunction
UPFFunction
N3IWFFunction
PCFFunction
AUSFFunction
UDMPFunction
UDRFunction
UDSFFunction
NRFFunction
NSSFFunction
SM SFFunction
LMFFunction
NWDA FFunction
NGEIRFunction
SEPPFunction
EASFunction
EESFunction
ECSFunction

g) Valid for packet switched traffic.

h) 5GS.
5.7.1.3 Virtual disk usage

5.7.1.3.1 Mean virtual disk usage

a) This measurement provides the mean usage of the underlying virtualized disks for avirtualized 3GPP NF. This
measurement is not applicable to the scenario that one VNFC instance supports more than 1 NFs.

b) OM.
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©)

d)
€)

f)

9)
h)

The measurement job control service producer for NF(s) receives the V diskUsageM eanV nf.vComputeld
measurement(s) (see ETSI GS IFA 027 [17]) for the VNFC instances(s) from VNFM, and maps the measured
object of each received measurement from VNFC instance to the MOI(s) of NF(s). The measurement is
generated by taking the weighted average of the values of the VdiskUsageM eanV nf.vComputel d measurement(s)
whose measured object(s) are mapped to the MOI of the measured NF. The algorithm of the weighted average is
vendor specific.

A single integer value (Unit: %).
VR.VDiskUsageMean

GNBCUCPFunction (for 3 split scenario)
GNBCUUPFunction (for 3 split scenario)
GNBCUFunction (for 2 split scenario)
AMFFunction

SMFFunction

UPFFunction

N3IWFFunction

PCFFunction

AUSFFunction

UDMPFunction

UDRFunction

UDSFFunction

NRFFunction

NSSFFunction

SM SFFunction

LMFFunction

NWDA FFunction

NGEIRFunction

SEPPFunction

EASFunction

EESFunction

ECSFunction

Valid for packet switched traffic.

5GS.

57.2 Connection data volumes of NF

5.7.2.1 Data volume of incoming bytes

a)

b)
c)

d)
€)

f)

This measurement provides the number of incoming bytes received for avirtualized 3GPP NF. This
measurement is not applicable to the scenario that one VNFC instance supports more than 1 NFs.

OM.

The measurement job control service producer for NF(s) receives the BytelncomingVnfExtCp measurement(s)
(see ETSI GSIFA 027 [17]) for the VNFC instances(s) from VNFM, and maps the measured object of received
measurement(s) from VNFC instance to the MOI(s) of NF(s). The measurement is generated by aggregating the
values of the BytelncomingVnfExtCp measurement(s).

A singleinteger value.
DataVolum.InBytes

AMFFunction
SMFFunction
UPFFunction
N3IWFFunction
PCFFunction
AUSFFunction
UDMPFunction
UDRFunction
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4)
h)

UDSFFunction
NRFFunction
NSSFFunction
SM SFFunction
LMFFunction
NWDA FFunction
NGEIRFunction
SEPPFunction
EASFunction
EESFunction
ECSFunction

Valid for packet switched traffic.
5GS.

5.7.2.2 Data volume of outgoing bytes

a)

b)
<)

d)
€)

f)

ETSI TS 128 552 V18.6.0 (2024-05)

This measurement provides the number of outgoing bytes transmitted from a virtualized 3GPP NF. This
measurement is not applicable to the scenario that one VNFC instance supports more than 1 NFs.

OM.

The measurement job control service producer for NF(s) receives the ByteOutgoingVnfExtCp measurement(s)
(see ETSI GSIFA 027 [17]) for the VNFC instances(s) from VNFM, and maps the measured object of received
measurement(s) from VNFC instance to the MOI(s) of NF(s). The measurement is generated by aggregating the

values of the ByteOutgoingVnfExtCp measurement(s).
A single integer value.

DataV olum.OutBytes

AMFFunction

9)
h)

SMFFunction
UPFFunction
N3IWFFunction
PCFFunction
AUSFFunction
UDMPFunction
UDRFunction
UDSFFunction
NRFFunction
NSSFFunction
SM SFFunction
LMFFunction
NWDA FFunction
NGEIRFunction
SEPPFunction
EASFunction
EESFunction
ECSFunction

Valid for packet switched traffic.
5GS.

5.7.2.3 Data volume of incoming packets

a) This measurement provides the number of incoming packets received by a virtualized 3GPP NF. This
measurement is not applicable to the scenario that one VNFC instance supports more than 1 NFs.

b)

OM.
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¢) The measurement job control service producer for NF(s) receives the PacketincomingVnfExtCp
measurement(s) (see ETSI GS IFA 027 [17]) for the VNFC instances(s) from VNFM, and maps the measured
object of received measurement(s) from VNFC instance to MOI(s) of NF(s). The measurement is generated by
aggregating the values of the PacketincomingVnfExtCp measurement(s).

d) A singleinteger value.
e) DataVolum.InPackets

f) AMFFunction
SMFFunction
UPFFunction
N3IWFFunction
PCFFunction
AUSFFunction
UDMPFunction
UDRFunction
UDSFFunction
NRFFunction
NSSFFunction
SM SFFunction
LMFFunction
NWDA FFunction
NGEIRFunction
SEPPFunction
EASFunction
EESFunction
ECSFunction

g) Valid for packet switched traffic.
h) 5GS.

5.7.2.4 Data volume of Outgoing packets

a) This measurement provides the number of outgoing packets received by a virtualized 3GPP NF. This
measurement is not applicable to the scenario that one VNFC instance supports more than 1 NFs.

b) OM.

¢) The measurement job control service producer for NF(s) receives the PacketOutgoingVnfExtCp
measurement(s) (see ETSI GS IFA 027 [17]) for the VNFC instances(s) from VNFM, and maps the measured
object of received measurement(s) from VNFC instance to MOI(s) of NF(s). The measurement is generated by
aggregating the values of the PacketOutgoingVnfExtCp measurement(s).

d) A singleinteger value.
e) DataVolum.OutPackets

f) AMFFunction
SMFFunction
UPFFunction
N3IWFFunction
PCFFunction
AUSFFunction
UDMPFunction
UDRFunction
UDSFFunction
NRFFunction
NSSFFunction
SM SFFunction
LMFFunction
NWDAFFunction
NGEIRFunction
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SEPPFunction
EASFunction
EESFunction
ECSFunction

g) Validfor packet switched traffic.
h) 5GS.

5.8 Performance measurements for N3IWF

5.8.1 PDU Session Resource management

58.1.1 PDU Session Resource setup

5.8.1.1.1 Number of PDU Sessions requested to setup

a) This measurement provides the number of PDU Sessionsin the PDU SESSION RESOURCE SETUP
REQUEST s received by the N3IWF from AMF. This measurement is split into subcounters per S-NSSAI.

b) CC.

c) Receipt of PDU SESSION RESOURCE SETUP REQUEST message (see TS 29.413 [22]) by the N3IWF from
the AMF. Each PDU Session requested to setup increments the relevant subcounter per SSNSSAI by 1.

d) Each subcounter isan integer value.

€) SM.PDUSess onSetupNon3GPPReq.SNSSAI.
Where SNSSAI identifies the S-NSSAI.

f) N3IWFFunction.

g) Valid for packet switched traffic.

h) 5GS.

5.8.1.1.2 Number of PDU Sessions successfully setup

a) This measurement provides the number of PDU Sessions successfully setup by the N3IWF for the PDU
SESSION RESOURCE SETUP REQUEST s received from AMF. This measurement is split into subcounters per
S-NSSAI.

b) CC.

¢) Transmission of PDU SESSION RESOURCE SETUP RESPONSE message containing the "PDU Session
Resource Setup Response List" 1E (see TS 38.413 [11]) by the N3IWF to the AMF. Each PDU Session listed in
the "PDU Session Resource Setup Response List" |E increments the relevant subcounter per SSNSSAI by 1.

d) Each subcounter is an integer value.

€) SM.PDUSessionSetupNon3GPPSucc. SNSSAI.
Where SNSSAI identifies the S NSSAI.

f) N3IWFFunction.

g) Validfor packet switched traffic.

h) 5GS.

ETSI



3GPP TS 28.552 version 18.6.0 Release 18 255 ETSI TS 128 552 V18.6.0 (2024-05)

5.8.1.1.3 Number of PDU Sessions failed to setup

a) This measurement provides the number of PDU Sessions failed to setup by the N3IWF for the PDU SESSION
RESOURCE SETUP REQUEST s received from AMF. This measurement is split into subcounters per failure
cause.

b) CC.

¢) Transmission of PDU SESSION RESOURCE SETUP RESPONSE message containing the "PDU Session
Resource Failed to Setup List" I1E (see TS 38.413 [11]) by the N3IWF to the AMF. Each PDU Session listed in
the "PDU Session Resource Failed to Setup List" |E increments the relevant subcounter per failure cause (see
clause9.3.1.2 of TS 38.413[11]) by 1.

d) Each subcounter is an integer value.
€) SM.PDUSessionSetupNon3GPPFail.Cause.

Where Cause identifies the cause of the PDU Sessions Resource Setup failure, per the "PDU Session
Resource Setup Unsuccessful Transfer" 1E. Encoding of the Cause is defined in clause 9.3.1.2 of TS 38.413
[11].

f) N3IWFFunction.
g) Validfor packet switched traffic.

h) 5GS.
5.8.1.2 PDU Session Resource modification
5.8.1.2.1 Number of PDU Sessions requested to modify

a) This measurement provides the number of PDU Sessions in the PDU SESSION RESOURCE MODIFY
REQUEST s received by the N3IWF from AMF. This measurement is split into subcounters per S-NSSAII.

b) CC.

c) Receipt of PDU SESSION RESOURCE MODIFY REQUEST message (see TS 29.413 [22]) by the N3IWF
from the AMF. Each PDU Session requested to modify increments the relevant subcounter per S-NSSAI by 1.

d) Each subcounter isan integer value.

€) SM.PDUSessionM odifyNon3GPPReq.SNSSAI.
Where SNSSAI identifies the S-NSSAI.

f) N3IWFFunction.

g) Valid for packet switched traffic.

h) 5GS.

5.8.1.2.2 Number of PDU Sessions successfully modified

a) This measurement provides the number of PDU Sessions successfully modified by the N3IWF for the PDU
SESSION RESOURCE MODIFY REQUEST s received from AMF. This measurement is split into subcounters
per SNSSAI.

b) CC.

¢) Transmission of PDU SESSION RESOURCE MODIFY RESPONSE message containing the "PDU Session
Resource Modify Response Item” |E (see TS 38.413 [11]) by the N3IWF to the AMF. Each PDU Session listed
in the "PDU Session Resource Modify Response Item" | E increments the relevant subcounter per SSNSSAI by 1.

d) Each subcounter is an integer value.
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€)

f)
9
h)

SM.PDUSessionM odifyNon3GPPSucc. SNSSAI.
Where SNSSAI identifies the S NSSAI.

N3IWFFunction.

Valid for packet switched traffic.

5GS.

5.8.1.2.3 Number of PDU Sessions failed to modify

a)

b)
©)

d)

f)

9)
h)

This measurement provides the number of PDU Sessions failed to modify by the N3IWF for the PDU SESSION
RESOURCE MODIFY REQUESTSs received from AMF. This measurement is split into subcounters per failure
cause.

CC.

Transmission of PDU SESSION RESOURCE MODIFY RESPONSE message containing the "PDU Session
Resource Failed to Modify List" |E (see TS 38.413 [11]) by the N3IWF to the AMF. Each PDU Session listed in
the "PDU Session Resource Failed to Modify List" |E increments the relevant subcounter per failure cause (see
clause9.3.1.2 of TS 38.413[11]) by 1.

Each subcounter is an integer value.
SM.PDUSessionModifyNon3GPPFail.Cause.

Where Cause identifies the cause of the PDU Sessions Resource modification failure, per the "PDU Session
Resource Modify Unsuccessful Transfer" |E. Encoding of the Causeis defined in clause 9.3.1.2 of TS 38.413
[11].

N3IWFFunction.
Valid for packet switched traffic.
5GS.

5.8.2 QoS flow management

5.8.2.1 QoS flow setup via untrusted non-3GPP access
5.8.2.1.1 Number of initial QoS flows attempted to setup via untrusted non-3GPP access
a) This measurement provides the number of QoS flows attempted to setup via untrusted non-3GPP access during

b)

d)

€)

f)
9)
h)

initial UE context setup. The measurement is split into subcounters per 5QI and subcounters per network dlice
identifier (S-NSSALI).

CC.

Receipt by the N3IWF of an INITIAL CONTEXT SETUP REQUEST message (see TS 29.413 [22]). Each QoS
flow requested to setup in the message is added to the relevant measurement per 5QI and relevant subcounter per
per SSNSSAI.

Each measurement is an integer value.

QF.EstabNbrInitUntrustNon3gppAtt.5QI, where 5QI identifies the 5QI, and
QF.EstabNbrlnitUntrustNon3gppAtt. SNSSAI, where SNSSAI identifies the SSNSSAL.
N3IWFFunction.

Valid for packet switched traffic.

5GS.
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5.8.2.1.2 Number of initial QoS flows successfully setup via untrusted non-3GPP access

a) This measurement provides the number of QoS flows successfully setup via untrusted non-3GPP access during
initial UE context setup. The measurement is split into subcounters per 5QI and subcounters per network dlice
identifier (S-NSSAI).

b) CC.

¢) Transmission by the N3IWF of an INITIAL CONTEXT SETUP RESPONSE message (see TS 29.413 [22]).
Each QoS flow successfully setup in the message is added to the relevant measurement per 5QI and per S-
NSSAI.

d) Each measurement is aninteger value.

€) The measurement name has the form:

€) QF.EstabNbrlnitUntrustNon3gppSucc.5QIl, where 5QI identifies the 5QlI, and
QF.EstabNbrInitUntrustNon3gppSucc. SNSSAI, where SNSSAI identifies the S-NSSA.

f) N3IWFFunction.

g) Validfor packet switched traffic.

h) 5GS.

5.8.2.1.3 Number of initial QoS flows failed to setup via untrusted non-3GPP access

a) This measurement provides the number of QoS flows failed to setup via untrusted non-3GPP access during
initial UE context setup. The measurement is split into subcounters per failure cause.

b) CC.

¢) Transmission by the N3IWF of an INITIAL CONTEXT SETUP RESPONSE message (see TS 29.413 [22]).
Each QoS flow failed to setup in the message is added to the relevant measurement per cause, the possible
causes are specified in TS 38.413 [11].

d) Each measurement is aninteger value.
€) QF.EstabNbrlInitUntrustNon3gppFail.cause, where cause identifies the cause (see TS 38.413 [11]).
f) N3IWFFunction.
g) Validfor packet switched traffic.
h) 5GS.
5.8.2.1.4 Number of additional QoS flows attempted to setup via untrusted non-3GPP
access

a) This measurement provides the number of additional QoS flows attempted to setup via untrusted non-3GPP
access. The measurement is split into subcounters per 5QI and subcounters per network dlice identifier (S
NSSALI).

b) CC.

¢) Receipt by the N3IWF of aPDU SESSION RESOURCE SETUP REQUEST message or a PDU SESSION
RESOURCE MODIFY REQUEST message (see TS 29.413 [22]). Each QoS flow requested to setup in the
message is added to the relevant measurement per 5QI and relevant subcounter per per S-NSSAI.

d) Each measurement is an integer value.
€) QF.EstabNbrAddUntrustNon3gppAtt.5QI, where 5QI identifies the 5QI, and
QF.EstabNbrAddUntrustNon3gppAtt. SNSSAI, where SNSSAI identifies the SINSSAM.
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f)
9
h)

N3IWFFunction.
Valid for packet switched traffic.
5GS.

5.8.2.1.5 Number of additional QoS flows successfully setup via untrusted non-3GPP

a)

b)

d)
€)

€)

f)
9)
h)

access

This measurement provides the number of additional QoS flows successfully setup via untrusted non-3GPP
access. The measurement is split into subcounters per 5QI and subcounters per network dlice identifier (S
NSSALI).

CC.

Transmission by the N3IWF of a PDU SESSION RESOURCE SETUP RESPONSE message or a PDU
SESSION RESOURCE MODIFY RESPONSE message (see TS 29.413 [22]). Each QoS flow successfully setup
in the message is added to the relevant measurement per 5QI and per S-NSSAI.

Each measurement is an integer value.

The measurement name has the form:

QF.EstabNbrAddUntrustNon3gppSucc.5Ql, where 5QI identifies the 5QI, and
QF.EstabNbrAddUntrustNon3gppSucc. SNSSAI, where SNSSAI identifies the S-NSSAL.
N3IWFFunction.

Valid for packet switched traffic.

5GS.

5.8.2.1.6 Number of additional QoS flows failed to setup via untrusted non-3GPP access

a)

b)
©)

d)
€)
f)
9)
h)

This measurement provides the number of additional QoS flows failed to setup via untrusted non-3GPP access.
The measurement is split into subcounters per failure cause.

CC.

Transmission by the N3IWF of a PDU SESSION RESOURCE SETUP RESPONSE message or a PDU
SESSION RESOURCE MODIFY RESPONSE message (see TS 29.413 [22]). Each QoS flow failed to setup in
the message is added to the relevant measurement per cause, the possible causes are specified in TS 38.413 [11].

Each measurement is an integer value.

QF.EstabNbrAddUntrustNon3gppFail .cause, where cause identifies the cause (see TS 38.413 [11]).
N3IWFFunction.

Valid for packet switched traffic.

5GS.

5.8.2.2 QoS flow modification via untrusted non-3GPP access

5.8.2.2.1 Number of QoS flows attempted to modify via untrusted non-3GPP access

a)

b)

This measurement provides the number of QoS flows attempted to modify via untrusted non-3GPP access. The
measurement is split into subcounters per QoS level (5QI) and subcounters per network slice identifier (S
NSSALI).

CC.
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©)

d)

€)

f)
9)
h)

On receipt by the N3IWF of a PDU SESSION RESOURCE MODIFY REQUEST message (see TS 38.413
[11]), each QoS flow requested to modify in this message is added to the relevant subcounter per QoS level
(5QlI) and relevant subcounter per S-NSSALI. In case the 5QI of the QoS flow is modified, the QoS flow is
counted to the subcounter for the target 5QI.

Each measurement is an integer value.

QF.ModNbrUntrustNon3gppAtt.5QI, where 5QI identifies the 5QlI, and
QF.ModNbrUntrustNon3gppAtt. SNSSAI, where SNSSAI identifies the SNSSAI.
N3IWFFunction.

Valid for packet switched traffic.

5GS.

5.8.2.2.2 Number of QoS flows successfully modified via untrusted non-3GPP access

a)

b)

f)
9
h)

This measurement provides the number of QoS flows successfully modified via untrusted non-3GPP access. The
measurement is split into subcounters per QoS level (5QI) and subcounters per network dlice identifier (S
NSSAI).

CC.

On transmission by the N3IWF of a PDU SESSION RESOURCE MODIFY RESPONSE message (see TS
38.413 [11]), each QoS flow successfully modified is added to the relevant subcounter per QoS level (5Ql) and
relevant subcounter per SSNSSAI. In case the 5QI of the QoS flow is modified, the QoS flow is counted to the
subcounter for the target 5QlI.

Each measurement is an integer value.

QF.ModNbrUntrustNon3gppSucc.5Ql, where 5QI identifies the 5QI, and
QF.ModNbrUntrustNon3gppSucc.SNSSAI, where SNSSAI identifies the SSNSSAI.
N3IWFFunction.

Valid for packet switched traffic.

5GS.

5.8.2.X.3 Number of QoS flows failed to modify via untrusted non-3GPP access

a)

b)
c)

d)
€)
f)
)
h)

This measurement provides the number of QoS flows failed to modify via untrusted non-3GPP access. The
measurement is split into subcounters per failure cause.

CC.

On transmission by the N3IWF of aPDU SESSION RESOURCE MODIFY RESPONSE message (see TS
38.413 [11]), each QoS flow failed to modify is added to the relevant subcounter per cause.

Each measurement is an integer value.

QF.ModNbrUntrustNon3gppFail.cause, where cause identifies the cause (see TS 38.413 [11]).
N3IWFFunction.

Valid for packet switched traffic.

5GS.
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5.8.2.3 QoS flow release via untrusted non-3GPP access
5.8.2.3.1 Number of QoS flows attempted to release
a) This measurement provides the number of QoS flows attempted to release via untrusted non-3GPP access. The

b)
©)

d)

€)

f)
9)
h)

measurement is split into subcounters per QoS level (5QI) and subcounters per network dlice identifier (S
NSSALI).

CC.

Receipt by the N3IWF of a PDU SESSION RESOURCE RELEASE COMMAND, PDU SESSION
RESOURCE MODIFY REQUEST or UE CONTEXT RELEASE COMMAND message from AMF. Each QoS
flow requested to release increments the relevant subcounter per 5QI and the relevant subcounter per S-NSSAI
by 1 respectively.

Each measurement is an integer value.

QF.RelNbrUntrustNon3gppAtt.5Ql, where 5QI identifies the 5QI, and
QF.RelNbrUntrustNon3gppAtt. SNSSAI, where SNSSAI identifies the S-NSSAI.
N3IWFFunction.

Valid for packet switched traffic.

5GS.

5.8.2.3.2 Number of QoS flows successfully released

a)

b)

f)
9
h)

This measurement provides the number of QoS flows successfully released via untrusted non-3GPP access. The
measurement is split into subcounters per QoS level (5QI) and subcounters per network slice identifier (S
NSSAI).

CC.

Transmission by the N3IWF of a PDU SESSION RESOURCE RELEASE RESPONSE, PDU SESSION
RESOURCE MODIFY RESPONSE or UE CONTEXT RELEASE COMPLETE message. Each QoS flow
requested to release increments the relevant subcounter per 5QI and the relevant subcounter per SSNSSAI by 1
respectively.

Each measurement is an integer value.

QF.RelNbrUntrustNon3gppSucc.5Ql, where 5QI identifies the 5QI, and
QF.RelNbrUntrustNon3gppSucc.SNSSAI, where SNSSAI identifies the S-NSSAI.
N3IWFFunction.

Valid for packet switched traffic.

5GS.

5.8.2.3.3 Number of released active QoS flows

a)

b)
<)

This measurement provides the number of released QoS flows that were active at the time of release via
untrusted non-3GPP access. QoS flows with bursty flow are seen as being active when there is user datain the
gueue in any of the directions. QoS flows with continuous flow are always seen as active QoS flowsin the
context of this measurement. This measurement is split into subcounters per QoS level (5QI) and subcounters per
network slice identifier (S-NSSAL).

CC.

Transmission by the N3IWF of a PDU SESSION RESOURCE REL EASE RESPONSE message for the PDU
session resource release initiated by the AMF with the exception of corresponding PDU SESSION RESOURCE
RELEASE COMMAND message with "Cause" equal to "Normal Release” or "User inactivity", "Load balancing
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TAU required”, "Release due to CN-detected mobility”, "O& M intervention”, or transmission by the PDU
SESSION RESOURCE MODIFY RESPONSE message for the PDU session resource modification initiated by
the AMF with the exception of corresponding PDU SESSION RESOURCE MODIFY REQUEST message with
the "Cause" equal to "Normal Release”, or transmission by the N3IWF of UE CONTEXT RELEASE
COMPLETE for the UE context release initiated by the N3IWF with the exception of the corresponding UE
CONTEXT RELEASE REQUEST message with the cause equal to "Normal Release" or "User inactivity"”,
"Partial handover"”, " Successful handover”, or transmission by the N3IWF of UE CONTEXT RELEASE
COMPLETE message for the UE context release initiated by the AMF with the exception of the corresponding
UE CONTEXT RELEASE COMMAND message with "Cause" equal to "Normal Release”, "Handover
Cancelled" or a successful mobility activity (e.g., cause " Successful Handover”, or "NG Intra system Handover
triggered"), or receipt by the N3IWF of aPATH SWITCH REQUEST ACKNOWLEDGE or PATH SWITCH
REQUEST FAILED message by which some or all QoS flows in the corresponding PATH SWITCH REQUEST
need to be released , or transmission by the N3IWF of aNG RESET ACKNOWLEDGE message to AMF; or
receipt by the N3IWF of aNG RESET ACKNOWLEDGE message from AMF,; if any of the UL or DL of the
QoS flow is considered activein TS 38.413 [11].

QoS flows with bursty flow are considered active when there is still data transmission in the DL or UL. QoS flows
with continuous flow are always seen as active QoS flows in the context of this measurement. Each released
active QoS flow increments the relevant subcounter per QoS level (5QI) and subcounters per network slice
identifier (S'NSSAI) by 1 respectively.

How to define for a particular 5QI if the QoS flow is of type bursty flow or continuous flow is outside the scope of
this document.

d) Each measurement is an integer value.

€) QF.RelActNbrUntrustNon3gpp.5Ql, where 5QI identifies the 5QI, and
QF.RelActNbrUntrustNon3gpp.SNSSAI, where SNSSAI identifies the S-NSSAL.

f) N3IWFFunction.

0) Valid for packet switched traffic.

h) 5GS.
5.8.3 Void
5.8.4  Void
5.9 Performance measurements for NEF

5.9.1 Measurements related to application triggering

59.1.1 Number of application trigger requests
a) This measurement provides the number of application trigger requests received by the NEF from AF.
b) CC
c) Receipt of an Nnef_Trigger_Delivery request by the NEF from AF (see TS 23.502 [7]).
d) Aninteger value
e) AT.AppTriggerReg
f) NEFFunction
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g) Vadlid for packet switched traffic
h) 5GS
5.9.1.2 Number of application trigger requests accepted for delivery
a) This measurement provides the number of application trigger requests accepted for delivery to the UE.
b) CC
¢) Transmission of Nnef_Trigger Delivery response by the NEF to AF indicating the application trigger request
has been accepted for delivery to the UE (see TS 23.502 [7]).
d) Aninteger value
e) AT.AppTriggerAcc
f) NEFFunction
g) Valid for packet switched traffic
h) 5GS
5.9.1.3 Number of application trigger requests rejected for delivery
a) This measurement provides the number of application trigger requests rejected for delivery to the UE. This
measurement is split into subcounters per error code (i.e., the response code as specified in clause 5.2.6 of TS
29.122 [23]).
b) CC
¢) Transmission of an Nnef_Trigger_Delivery response by the NEF to AF indicating the application trigger request
has been rejected for delivery to the UE (see TS 23.502 [7]). Each said Nnef_Trigger_Delivery response
increments the relevant subcounter per error code (i.e., the response code as specified in clause 5.2.6 of TS
29.122 [23]) by 1.
d) Each subcounter is an integer value
e) AT.AppTriggerRej.ErrorCode
Where the Error Code identifies the error code (i.e., response code as specified in clause 5.2.6 of TS 29.122 [23])
causing the rejection.
f) NEFFunction
g) Vadlid for packet switched traffic
h) 5GS
59.14 Number of application trigger delivery reports
a) This measurement provides the number of application trigger delivery reports indicating the delivery results
(e.g., success or failure) sent by the NEF to AF. This measurement is split into subcounters per delivery result
(see the DéeliveryResult specified in clause 5.7.2.2.3 of TS 29.122 [23)).
b) CC
¢) Transmission of an Nnef_Trigger_DeliveryNotify message by the NEF to AF indicating the delivery result of the
application trigger (see TS 23.502 [7]). Each said Nnef_Trigger_DeliveryNotify message increments the relevant
subcounter per delivery result by 1 (see the DeliveryResult specified in clause 5.7.2.2.3 of TS 29.122 [23)).
d) Each subcounter is an integer value
e) AT.AppTriggerRej.DeliveryResult

Where the DeliveryResult identifies the delivery result (i.e., the DeliveryResult specified in clause 5.7.2.2.3 of
TS29.122 [23)).
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f) NEFFunction
g) Validfor packet switched traffic
h) 5GS

5.9.2 Measurements related to PFD management

59021 PFD creation

59.21.1 Number of PFD creation requests
a) This measurement provides the number of PFD creation requests received by the NEF from AF.
b) CC
¢) Receipt of an Nnef_PFDManagement_Create Request by the NEF from AF (see TS 23.502 [7]).
d) Aninteger value
€) PFD.CreateReq
f) NEFFunction
g) Valid for packet switched traffic
h) 5GS

5.9.21.2 Number of successful PFD creations
a) This measurement provides the number of successful PFD creations at NEF.
b) CC

¢) Transmission of an Nnef PFDManagement_Create Response by the NEF to AF indicating a successful PFD
creation (see TS 23.502 [7]).

d) Aninteger value
€) PFD.CreateSucc
f) NEFFunction

g) Vadlid for packet switched traffic

h) 5GS
5.9.2.2 PFD update
5.9.2.2.1 Number of PFD update requests

a) This measurement provides the number of PFD update requests received by the NEF from AF.
b) CC

c) Receipt of an Nnef_PFDManagement_Update Request by the NEF from AF (see TS 23.502 [7]).
d) Aninteger value

€) PFD.UpdateReq

f) NEFFunction

g) Valid for packet switched traffic
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h) 5GS

5.9.2.2.2 Number of successful PFD updates
a) This measurement provides the number of successful PFD updates at NEF.
b) CC

¢) Transmission of an Nnef PFDManagement_Update Response by the NEF to AF indicating a successful PFD
update (see TS 23.502 [7]).

d) Aninteger value
e) PFD.UpdateSucc
f) NEFFunction

g) Vadlid for packet switched traffic

h) 5GS
5.9.2.3 PFD deletion
5.9.23.1 Number of PFD deletion requests

a) This measurement provides the number of PFD deletion requests received by the NEF from AF.
b) CC

c) Receipt of an Nnef_PFDManagement_Delete Request by the NEF from AF (see TS 23.502 [7]).
d) Aninteger value

€) PFD.DeleteReq

f) NEFFunction

g) Valid for packet switched traffic

h) 5GS

5.9.2.3.2 Number of successful PFD deletions
a) This measurement provides the number of successful PFD updates at NEF.
b) CC

¢) Transmission of an Nnef PFDManagement_Delete Response by the NEF to AF indicating a successful PFD
deletion (see TS 23.502 [7]).

d) Aninteger value

€) PFD.DeleteSucc

f) NEFFunction

g) Vadlid for packet switched traffic
h) 5GS
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5.9.24 PFD fetch

59.24.1 Number of PFD fetch requests
a) This measurement provides the number of PFD fetch requests received by the NEF from SMF.
b) CC
c) Receipt of an Nnef_PFDManagement_Fetch Request by the NEF from SMF (see TS 23.502 [7]).
d) Aninteger value
e) PFD.FetchReq
f) NEFFunction
g) Vadlid for packet switched traffic
h) 5GS

5.9.24.2 Number of successful PFD fetch
a) This measurement provides the number of successful PFD fetch at NEF.
b) CC

¢) Transmission of an Nnef PFDManagement_Fetch Response by the NEF to SMF indicating a successful PFD
fetch (see TS 23.502 [7]).

d) Aninteger value
€) PFD.FetchSucc
f) NEFFunction

g) Valid for packet switched traffic

h) 5GS
5.9.25 PFD subscription
5.9.25.1 Number of PFD subscribing requests

a) This measurement provides the number of PFD subscribing requests received by the NEF from SMF.
b) CC

c) Receipt of an Nnef_PFDmanagement_Subscribe Request by the NEF from SMF (see TS 23.502 [7]).
d) Aninteger value

€) PFD.SubscribeReq

f) NEFFunction

g) Vadlid for packet switched traffic

h) 5GS

5.9.2.5.2 Number of successful PFD subscribings
a) This measurement provides the number of successful PFD subscribings at NEF.

b) CC
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©)

d)
€)
f)
9)
h)

Transmission of an Nnef_PFDmanagement_Subscribe Response by the NEF to SMF indicating a successful
PFD subscribe (see TS 23.502 [7]).

Aninteger value
PFD.SubscribeSucc
NEFFunction

Valid for packet switched traffic
5GS

5.9.3 NIDD configuration related measurements

5.9.3.1 NIDD configuration creation and update

59.3.1.1 Number of NIDD configuration creation requests

a)
b)
c)
d)
€)
f)
9)
h)

This measurement provides the number of NIDD configuration creation requests received by the NEF from AF.
CC.

Receipt by the NEF of an Nnef_NIDDConfiguration_Create request message from AF (see TS 23.502 [7]).

A singleinteger value.

NIDD.NbrConfigCreatReq

NEFFunction.

Valid for packet switched traffic.

5GS.

5.9.3.1.2 Number of successful NIDD configuration creations

a)
b)
©)

d)
€)
f)
)
h)

This measurement provides the number of successful NIDD configuration creations by the NEF.
CC.

Transmission by the NEF of an Nnef_NIDDConfiguration_Create response message to AF indicating a
successful NIDD configuration creation (see TS 29.522 [44].

A single integer value.
NIDD.NbrConfigCreatSucc
NEFFunction.

Valid for packet switched traffic.
5GS.

5.9.3.1.3 Number of failed NIDD configuration creations

a)
b)
©)

d)

This measurement provides the number of failed NIDD configuration creations by the NEF.

CC.

Transmission by the NEF of an Nnef_NIDDConfiguration_Create response message to AF indicating afailed
NIDD configuration creation (see TS 29.522 [44]), each message increments the relevant subcounter per failure
cause by 1.

Each measurement is an integer value.
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€) NIDD.NbrConfigCreatFail.cause
Where cause indicates the failure cause of the NIDD configuration creation.
f) NEFFunction.
g) Vadlid for packet switched traffic.
h) 5GS.

59314 Number of NIDD configuration trigger requests
a) This measurement provides the number of requests sent by the NEF to ask AF to create NIDD configuration.
b) CC.
¢) Transmission by the NEF of an Nnef_NIDDConfiguration_TriggerNotify message to AF (see TS 23.502 [7]).
d) Each measurement is an integer value.
€) NIDD.NbrConfigCreatTriggerNotify.
f) NEFFunction.
g) Valid for packet switched traffic.
h) 5GS.

5.9.3.1.5 Number of NIDD configuration update notifications
a) This measurement provides the number of NIDD configuration update notifications sent by the NEF to AF.
b) CC.
¢) Transmission by the NEF of an Nnef_NIDDConfiguration_UpdateNotify message to AF (see TS 23.502 [7]).
d) Each measurement is aninteger value.
€) NIDD.NbrConfigUpdateNotify.
f) NEFFunction.
g) Vadlid for packet switched traffic.

h) 5GS.
5.9.3.2 NIDD configuration deletion
5.9.3.2.1 Number of NIDD configuration deletion requests

a) This measurement provides the number of NIDD configuration deletion requests received by the NEF from AF.
b) CC.

c) Receipt by the NEF of an Nnef_NIDDConfiguration_Delete request message from AF (see TS 23.502 [7]).

d) A singleinteger value.

€) NIDD.NbrConfigDelReq

f) NEFFunction.

g) Valid for packet switched traffic.

h) 5GS.
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5.9.3.2.2 Number of successful NIDD configuration deletions

a)
b)
©)

d)
€)
f)
)
h)

This measurement provides the number of NIDD configuration deletions by the NEF.
CC.

Transmission by the NEF of an Nnef_NIDDConfiguration_Delete response message to AF indicating a
successful NIDD configuration deletion (see TS 29.522 [44]).

A singleinteger value.
NIDD.NbrConfigDel Succ
NEFFunction.

Valid for packet switched traffic.
5GS.

5.9.3.2.3 Number of failed NIDD configuration deletions

a)
b)
<)

d)

€)

f)
9)
h)

This measurement provides the number of failed NIDD configuration deletions by the NEF.
CC.

Transmission by the NEF of an Nnef_NIDDConfiguration_Delete response message to AF indicating a failed
NIDD configuration deletion (see TS 29.522 [44]), each message increments the relevant subcounter per failure
cause by 1.

Each measurement is an integer value.

NIDD.NbrConfigDelFail.cause
Where cause indicates the failure cause of the NIDD configuration deletion.

NEFFunction.
Valid for packet switched traffic.
5GS.

594 NIDD service related measurements

5941 Mobile originated NIDD delivery

59411 Number of mobile originated NIDD delivery requests

a)

b)
c)
d)
€)
f)
9
h)

This measurement provides the number of mobile originated NIDD delivery requests received by the NEF from
SMF.

CC.

Receipt by the NEF of an Nnef_NIDD_Delivery request message from SMF (see TS 23.502 [7]).
A single integer value.

NIDD.NbrMODsliveryReq

NEFFunction.

Valid for packet switched traffic.

5GS.
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5.9.4.1.2 Number of successful mobile originated NIDD deliveries

a)
b)
©)

d)
€)
f)
9
h)

This measurement provides the number of successful mobile originated NIDD deliveries by the NEF.
CC.

Transmission by the NEF of an Nnef_NIDD_Delivery response message to SMF indicating a successful mobile
originated NIDD delivery (see TS 29.541 [45]).

A singleinteger value.
NIDD.NbrMODeliverySucc.
NEFFunction.

Valid for packet switched traffic.
5GS.

5.9.4.1.3 Number of failed mobile originated NIDD deliveries

a)
b)
<)

d)

€)

f)
9)
h)

This measurement provides the number of failed mobile originated NIDD deliveries by the NEF.
CC.

Transmission by the NEF of an Nnef_NIDD_Delivery response message to SMF indicating aindicating afailed
mobile originated NIDD delivery (see TS 29.541 [45]), each message increments the relevant subcounter per
failure cause by 1.

A single integer value.

NIDD.NbrMODéliveryFail.cause
Where cause indicates the failure cause of the NIDD delivery.

NEFFunction.
Valid for packet switched traffic.
5GS.

5.9.4.2 Mobile terminated NIDD delivery

59421 Number of mobile terminated NIDD delivery requests

a)

b)
c)
d)
€)
f)
)
h)

This measurement provides the number of mobile terminated NIDD delivery requests received by the NEF from
AF.

CC.

Receipt by the NEF of an Nnef NIDD_Delivery request message from AF (see TS 23.502 [7]).
A single integer value.

NIDD.NbrMTDeliveryReq.

NEFFunction.

Valid for packet switched traffic.

5GS.

59422 Number of successful mobile terminated NIDD deliveries

a)

This measurement provides the number of successful mobile terminated NIDD deliveries by the NEF.

ETSI



3GPP TS 28.552 version 18.6.0 Release 18 270 ETSI TS 128 552 V18.6.0 (2024-05)

b) CC.

¢) Transmission by the NEF of an Nnef_NIDD_Delivery response message to AF indicating a successful mobile
terminated NIDD delivery (see TS 29.522 [44]).

d) A singleinteger value.

€) NIDD.NbrMTDeliverySucc

f) NEFFunction.

g) Vadlid for packet switched traffic.
h) 5GS.

5.9.4.2.3 Number of failed mobile terminated NIDD deliveries
a) This measurement provides the number of failed mobile terminated NIDD deliveries by the NEF.
b) CC.

¢) Transmission by the NEF of an Nnef_NIDD_Delivery response message to AF indicating aindicating a failed
mobile terminated NIDD delivery (see TS 29.522 [44]), each message increments the relevant subcounter per
failure cause by 1.

d) A singleinteger value.

€) NIDD.NbrMTDeliveryFail.cause
Where cause indicates the failure cause of the NIDD delivery.

f) NEFFunction.
g) Validfor packet switched traffic.
h) 5GS.

595 AF traffic influence related measurements

5951 AF traffic influence creation

5.95.1.1 Number of AF traffic influence creation requests
a) This measurement provides the number of traffic influence creation requests received by the NEF from AF.
b) CC.
c) Receipt by the NEF of an Nnef_Trafficlnfluence_Create request message from AF (see TS 23.502 [7]).
d) A singleinteger value.
€) TI.NbrAfCreatReq
f) NEFFunction.
g) Valid for packet switched traffic.
h) 5GS.

5.95.1.2 Number of successful AF traffic influence creations
a) This measurement provides the number of successful AF traffic influence creations by the NEF.

b) CC.
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¢) Transmission by the NEF of an Nnef_Trafficlnfluence Create response message to AF indicating a successful
AF traffic influence creation (see TS 29.522 [44]).
d) A singleinteger value.
€) TI.NbrAfCreatSucc
f) NEFFunction.
g) Vadlid for packet switched traffic.
h) 5GS.

5.9.5.1.3 Number of failed AF traffic influence creations
a) This measurement provides the number of failed AF traffic influence creations by the NEF.
b) CC.

¢) Transmission by the NEF of an Nnef_Trafficlnfluence_Create response message to AF indicating afailed AF
traffic influence creation (see TS 29.522 [44]), each message increments the relevant subcounter per failure
cause by 1.

d) Each measurement is an integer value.

€) TI.NbrAfCreatFail.cause
Where cause indicates the failure cause of the AF traffic influence creation.

f) NEFFunction.
g) Vadlid for packet switched traffic.

h) 5GS.
5.9.5.2 AF traffic influence update
5.95.2.1 Number of AF traffic influence update requests

a) This measurement provides the number of traffic influence update requests received by the NEF from AF.
b) CC.

¢) Receipt by the NEF of an Nnef_Trafficlnfluence_Update request message from AF (see TS 23.502 [7]).
d) A singleinteger value.

e) TI.NbrAfUpdateReq

f) NEFFunction.

g) Valid for packet switched traffic.

h) 5GS.

5.95.2.2 Number of successful AF traffic influence updates
a) This measurement provides the number of successful AF traffic influence updates by the NEF.
b) CC.

¢) Transmission by the NEF of an Nnef_Trafficlnfluence_Update response message to AF indicating a successful
AF traffic influence update (see TS 29.522 [44]).

d) A singleinteger value.
€) TI.NbrAfUpdateSucc
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f)
9
h)

NEFFunction.
Valid for packet switched traffic.
5GS.

5.9.5.2.3 Number of failed AF traffic influence updates

a)
b)
©)

d)

€)

f)
9)
h)

This measurement provides the number of failed AF traffic influence updates by the NEF.
CC.

Transmission by the NEF of an Nnef_Trafficlnfluence_Update response message to AF indicating a failed AF
traffic influence update (see TS 29.522 [44]), each message increments the relevant subcounter per failure cause
by 1.

Each measurement is an integer value.

T1.NbrAfUpdateFail.cause
Where cause indicates the failure cause of the AF traffic influence update.

NEFFunction.
Valid for packet switched traffic.
5GS.

5953 AF traffic influence deletion

5.9.5.3.1 Number of AF traffic influence deletion requests

a)
b)
c)
d)
€)
)
)
h)

This measurement provides the number of traffic influence deletion requests received by the NEF from AF.
CC.

Receipt by the NEF of an Nnef_Trafficlnfluence_Delete request message from AF (see TS 23.502 [7]).

A single integer value.

TI.NbrAfDelReq

NEFFunction.

Valid for packet switched traffic.

5GS.

5.9.5.3.2 Number of successful AF traffic influence deletions

a)
b)
©)

d)
€)
f)
9
h)

This measurement provides the number of successful AF traffic influence deletions by the NEF.
CC.

Transmission by the NEF of an Nnef_Trafficlnfluence_Delete response message to AF indicating a successful
AF traffic influence deletion (see TS 29.522 [44]).

A singleinteger value.
T1.NbrAfDel Succ

NEFFunction.

Valid for packet switched traffic.
5GS.

ETSI



3GPP TS 28.552 version 18.6.0 Release 18 273 ETSI TS 128 552 V18.6.0 (2024-05)

5.9.5.3.3 Number of failed AF traffic influence deletions
a) This measurement provides the number of failed AF traffic influence deletions by the NEF.
b) CC.

¢) Transmission by the NEF of an Nnef_Trafficlnfluence_Delete response message to AF indicating afailed AF
traffic influence deletion (see TS 29.522 [44]), each message increments the relevant subcounter per failure
cause by 1.

d) Each measurement is aninteger value.

e) TI.NbrAfDelFail.cause
Where cause indicates the failure cause of the AF traffic influence deletion.

f) NEFFunction.
g) Validfor packet switched traffic.
h) 5GS.

5.9.6 External parameter provisioning related measurements

5.9.6.1 External parameter creation

5.9.6.1.1 Number of external parameter creation requests
a) This measurement provides the number of external parameter creation requests received by the NEF from AF.
b) CC.
¢) Receipt by the NEF of an Nnef_ParameterProvision_Create request message from AF (see TS 23.502 [7]).
d) A singleinteger value.
€) EPP.NbrCreatReq
f) NEFFunction.
g) Valid for packet switched traffic.
h) 5GS.

5.9.6.1.2 Number of successful external parameter creations
a) This measurement provides the number of successful external parameter creations by the NEF.
b) CC.

¢) Transmission by the NEF of an Nnef _ParameterProvision_Create response message to AF indicating a
successful external parameter creation (see TS 29.522 [44]).

d) A singleinteger value.

€) EPP.NbrCreatSucc

f) NEFFunction.

g) Vadlid for packet switched traffic.
h) 5GS.

5.9.6.1.3 Number of failed external parameter creations

a) This measurement provides the number of failed external parameter creations by the NEF.

ETSI



3GPP TS 28.552 version 18.6.0 Release 18 274 ETSI TS 128 552 V18.6.0 (2024-05)

b) CC.

¢) Transmission by the NEF of an Nnef _ParameterProvision_Create response message to AF indicating a failed AF
external parameter creation (see TS 29.522 [44]), each message increments the relevant subcounter per failure
cause by 1.

d) Each measurement is an integer value.

€) EPP.NbrCreatFail.cause
Where cause indicates the failure cause of the external parameter creation.

f) NEFFunction.
g) Vadlid for packet switched traffic.

h) 5GS.
5.9.6.2 External parameter update
5.9.6.2.1 Number of external parameter update requests

a) This measurement provides the number of external parameter update requests received by the NEF from AF.
b) CC.

¢) Receipt by the NEF of an Nnef_ParameterProvision_Update request message from AF (see TS 23.502 [7]).
d) A singleinteger value.

€) EPP.NbrUpdateReq

f) NEFFunction.

g) Valid for packet switched traffic.

h) 5GS.

5.9.6.2.2 Number of successful external parameter updates
a) This measurement provides the number of successful external parameter updates by the NEF.
b) CC.

¢) Transmission by the NEF of an Nnef _ParameterProvision_Update response message to AF indicating a
successful external parameter update (see TS 29.522 [44]).

d) A singleinteger value.

€) EPP.NbrUpdateSucc

f) NEFFunction.

g) Vadlid for packet switched traffic.
h) 5GS.

5.9.6.2.3 Number of failed external parameter updates
a) This measurement provides the number of failed external parameter updates by the NEF.
b) CC.

¢) Transmission by the NEF of an Nnef_ParameterProvision_Update response message to AF indicating a failed
external parameter update (see TS 29.522 [44]), each message increments the relevant subcounter per failure
cause by 1.
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d) Each measurement is an integer value.

€) EPP.NbrUpdateFail.cause
Where cause indicates the failure cause of the external parameter update.

f) NEFFunction.

g) Validfor packet switched traffic.

h) 5GS.
5.9.6.3 External parameter deletion
5.9.6.3.1 Number of external parameter deletion requests

a) This measurement provides the number of external parameter deletion requests received by the NEF from AF.
b) CC.

c) Receipt by the NEF of an Nnef_ParameterProvision_Delete request message from AF (see TS 23.502 [7]).

d) A singleinteger value.

e) EPP.NbrDelReqg

f) NEFFunction.

g) Vadlid for packet switched traffic.

h) 5GS.

5.9.6.3.2 Number of successful external parameter deletions
a) This measurement provides the number of external parameter deletions by the NEF.
b) CC.

¢) Transmission by the NEF of an Nnef _ParameterProvision_Delete response message to AF indicating a
successful external parameter deletion (see TS 29.522 [44]).

d) A singleinteger value.

€) EPP.NbrDelSucc

f) NEFFunction.

g) Valid for packet switched traffic.
h) 5GS.

5.9.6.3.3 Number of failed external parameter deletions
a) This measurement provides the number of failed external parameter deletions by the NEF.
b) CC.

¢) Transmission by the NEF of an Nnef_ParameterProvision_Delete response message to AF indicating a failed
external parameter deletion (see TS 29.522 [44]), each message increments the relevant subcounter per failure
cause by 1.

d) Each measurement is aninteger value.

€) EPP.NbrDelFail.cause
Where cause indicates the failure cause of the external parameter deletion.

f) NEFFunction.
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g) Vadlid for packet switched traffic.
h) 5GS.

597 Connection establishment related measurements

5.9.7.1 SMF-NEF connection creation
5.9.7.1.1 Number of SMF-NEF connection creation requests
a) This measurement provides the number of SMF-NEF connection creation requests received by the NEF from
SMF.
b) CC.

¢) Receipt by the NEF of an Nnef_SMContext_Create request message from SMF (see TS 23.502 [7]).
d) A singleinteger value.

€) CE.NbrSmfNefCreatReq

f) NEFFunction.

g) Vadlid for packet switched traffic.

h) 5GS.

5.9.7.1.2 Number of successful SMF-NEF connection creations
a) This measurement provides the number of successful SMF-NEF connection creations by the NEF.
b) CC.

¢) Transmission by the NEF of an Nnef SM Context_Create response message to SMF indicating a successful
SMF-NEF connection creation (see TS 29.541 [45]).

d) A singleinteger value.

€) CE.NbrSmfNefCreatSucc

f) NEFFunction.

g) Valid for packet switched traffic.
h) 5GS.

5.9.7.1.3 Number of failed SMF-NEF connection creations
a) This measurement provides the number of failed SMF-NEF connection creations by the NEF.
b) CC.

¢) Transmission by the NEF of an Nnef _SM Context_Create response message to SMF indicating afailed SMF-
NEF connection creation (see TS 29.541 [45]), each message increments the relevant subcounter per failure
cause by 1.

d) Each measurement is aninteger value.

€) CE.NbrSmfNefCreatFail.cause
Where cause indicates the failure cause of the SMF-NEF connection creation.

f) NEFFunction.

g) Vadlid for packet switched traffic.
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h) 5GS.
5.9.7.2 SMF-NEF Connection release
5.9.7.2.1 Number of SMF-NEF Connection release requests
a) This measurement provides the number of SMF-NEF Connection release requests received by the NEF from

b)
c)
d)
€)
)
9
h)

SMF.

CC.

Receipt by the NEF of an Nnef_SMContext_Delete request message from SMF (see TS 23.502 [7]).
A single integer value.

CE.NbrSmfNefRelReq

NEFFunction.

Valid for packet switched traffic.

5GS.

5.9.7.2.2 Number of successful SMF-NEF Connection releases

a)
b)
©)

d)
€)
f)
)
h)

This measurement provides the number of successful SMF-NEF Connection releases by the NEF.
CC.

Transmission by the NEF of an Nnef_SM Context_Delete response message to AF indicating a successful SMF-
NEF Connection release (see TS 29.541 [45]).

A singleinteger value.
CE.NbrSmfNefRel Succ
NEFFunction.

Valid for packet switched traffic.
5GS.

5.9.7.2.3 Number of failed SMF-NEF Connection releases

a)
b)
©)

d)

€)

f)
9)
h)

This measurement provides the number of failed SMF-NEF Connection releases by the NEF.
CC.

Transmission by the NEF of an Nnef_SM Context_Delete response message to AF indicating a failed SMF-NEF
Connection release (see TS 29.541 [45]), each message increments the relevant subcounter per failure cause by
1

Each measurement is an integer value.

CE.NbrSmfNefRelFail .cause
Where cause indicates the failure cause of the SMF-NEF Connection release.

NEFFunction.
Valid for packet switched traffic.
5GS.
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5.9.8  Service specific parameters provisioning related measurements
5.9.8.1 Service specific parameters creation

5.9.8.1.1 Number of service specific parameters creation requests

a) This measurement provides the number of service specific parameters creation requests received by the NEF
from AF.

b) CC.

¢) Receipt by the NEF of an Nnef_ServiceParameter_Create request message from AF (see TS 23.502 [7]).
d) A singleinteger value.

€) SPP.NbrCreatReq

f) NEFFunction.

g) Valid for packet switched traffic.

h) 5GS.

5.9.8.1.2 Number of successful service specific parameters creations
a) This measurement provides the number of successful service specific parameters creations by the NEF.
b) CC.

¢) Transmission by the NEF of an Nnef_ServiceParameter_Create response message to SMF indicating a
successful service specific parameters creation (see TS 29.522 [44]).

d) A singleinteger value.

€) SPP.NbrCreatSucc

f) NEFFunction.

g) Vadlid for packet switched traffic.
h) 5GS.

5.9.8.1.3 Number of failed service specific parameters creations
a) This measurement provides the number of failed service specific parameters creations by the NEF.
b) CC.

¢) Transmission by the NEF of an Nnef_ServiceParameter_Create response message to AF indicating afailed
service specific parameters creation (see TS 29.522 [44]), each message increments the relevant subcounter per
failure cause by 1.

d) Each measurement isan integer value.

€) SPP.NbrCreatFail.cause
Where cause indicates the fail ure cause of the service specific parameters creation.

f) NEFFunction.
g) Vadlid for packet switched traffic.
h) 5GS.
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5.9.8.2 Service specific parameters update

5.9.f2.1 Number of service specific parameters update requests

a)

b)
c)
d)
€)
f)
)
h)

This measurement provides the number of service specific parameters update requests received by the NEF from
AF.

CC.

Receipt by the NEF of an Nnef _ServiceParameter Update request message from AF (see TS 23.502 [7]).
A singleinteger value.

SPP.NbrUpdateReq

NEFFunction.

Valid for packet switched traffic.

5GS.

5.9.8.2.2 Number of successful service specific parameters updates

a)
b)
<)

d)
€)
f)
)
h)

This measurement provides the number of successful service specific parameters updates by the NEF.
CC.

Transmission by the NEF of an Nnef_ServiceParameter _Update response message to AF indicating a successful
service specific parameters update (see TS 29.522 [44]).

A single integer value.
SPP.NbrUpdateSucc
NEFFunction.

Valid for packet switched traffic.
5GS.

5.9.8.2.3 Number of failed service specific parameters updates

a)
b)
©)

d)

€)

f)
9
h)

This measurement provides the number of failed service specific parameters updates by the NEF.
CC.

Transmission by the NEF of an Nnef_ServiceParameter_Update response message to AF indicating a failed
service specific parameters update (see TS 29.522 [44]), each message increments the relevant subcounter per
failure cause by 1.

Each measurement is an integer value.

SPP.NbrUpdateFail.cause
Where cause indicates the failure cause of the service specific parameters update.

NEFFunction.
Valid for packet switched traffic.
5GS.
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5.9.8.3 Service specific parameters deletion

5.9.8.3.1 Number of service specific parameters deletion requests

a) This measurement provides the number of service specific parameters deletion requests received by the NEF
from AF.

b) CC.

c) Receipt by the NEF of an Nnef_ServiceParameter Del ete request message from AF (see TS 23.502 [7]).
d) A singleinteger value.

e) SPP.NbrDelReq

f) NEFFunction.

g) Vadlid for packet switched traffic.

h) 5GS.

5.9.8.3.2 Number of successful service specific parameters deletions
a) This measurement provides the number of successful service specific parameters deletions by the NEF.
b) CC.

¢) Transmission by the NEF of an Nnef_ServiceParameter _Del ete response message to AF indicating a successful
service specific parameters deletion (see TS 29.522 [44]).

d) A singleinteger value.

€) SPP.NbrDelSucc

f) NEFFunction.

g) Vadlid for packet switched traffic.
h) 5GS.

5.9.8.3.3 Number of failed service specific parameters deletions
a) This measurement provides the number of failed service specific parameters deletions by the NEF.
b) CC.

¢) Transmission by the NEF of an Nnef _ServiceParameter_Del ete response message to AF indicating a failed
service specific parameters deletion (see TS 29.522 [44]), each message increments the rel evant subcounter per
failure cause by 1.

d) Each measurement is aninteger value.

€) SPP.NbrDelFail.cause
Where cause indicates the failure cause of the service specific parameters deletion.

f) NEFFunction.
g) Validfor packet switched traffic.
h) 5GS.
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5.9.9 Background data transfer policy related measurements

5.9.9.1 Background data transfer policy negotiation

5.9.9.1.1 Number of background data transfer policy negotiation creation requests

a)

b)
c)
d)
€)
)
9
h)

This measurement provides the number of background data transfer policy negotiation creation requests received
by the NEF from AF.

CC.

Receipt by the NEF of an Nnef_BDTPNegotiation_Create request message from AF (see TS 23.502 [7]).
A single integer value.

BDTP.NbrNegCreatReq

NEFFunction.

Valid for packet switched traffic.

5GS.

5.9.9.1.2 Number of successful background data transfer policy negotiation creations

a)

b)
c)

d)
€)
f)
9)
h)

This measurement provides the number of successful background data transfer policy negotiation creations by
the NEF.

CC.

Transmission by the NEF of an Nnef_BDTPNegotiation Create response message to SMF indicating a
successful background data transfer policy negotiation creation (see TS 29.522 [44]).

A singleinteger value.
BDTP.NbrNegCreatSucc
NEFFunction.

Valid for packet switched traffic.
5GS.

5.9.9.1.3 Number of failed background data transfer policy negotiation creations

a)
b)

©)

d)

f)
9)
h)

This measurement provides the number of failed background data transfer policy negotiation creations by the
NEF.

CC.

Transmission by the NEF of an Nnef_BDTPNegotiation Create response message to AF indicating a failed
background data transfer policy negotiation creation (see TS 29.522 [44]), each message increments the relevant
subcounter per failure cause by 1.

Each measurement is an integer value.

BDTP.NbrNegCrestFail.cause
Where cause indicates the failure cause of the background data transfer policy negotiation creation.

NEFFunction.
Valid for packet switched traffic.
5GS.
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59.9.14 Number of background data transfer policy negotiation update requests

a)

b)
c)
d)
€)
f)
9
h)

This measurement provides the number of background data transfer policy negotiation update requests received
by the NEF from AF.

CC.

Receipt by the NEF of an Nnef_BDTPNegotiation Update request message from AF (see TS 23.502 [7]).
A singleinteger value.

BDTP.NbrNegUpdateReq

NEFFunction.

Valid for packet switched traffic.

5GS.

5.9.9.1.5 Number of successful background data transfer policy negotiation updates

a)

b)
c)

d)
€)
f)
9)
h)

This measurement provides the number of successful background data transfer policy negotiation updates by the
NEF.

CC.

Transmission by the NEF of an Nnef_BDTPNegotiation Update response message to AF indicating a successful
background data transfer policy negotiation update (see TS 29.522 [44]).

A single integer value.
BDTP.NbrNegUpdateSucc
NEFFunction.

Valid for packet switched traffic.
5GS.

5.9.9.1.6 Number of failed background data transfer policy negotiation updates

a)

b)
©)

d)
€)

f)
9)
h)

This measurement provides the number of failed background data transfer policy negotiation updates by the
NEF.

CC.

Transmission by the NEF of an Nnef_BDTPNegotiation Update response message to AF indicating a failed
background data transfer policy negotiation (see TS 29.522 [44]), each message increments the relevant
subcounter per failure cause by 1.

Each measurement is an integer value.

BDTP.NbrNegUpdateFail .cause
Where cause indicates the failure cause of the failed background data transfer policy negotiation update.

NEFFunction.
Valid for packet switched traffic.
5GS.
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5.9.9.2 Background data transfer policy application

5.9.9.2.1 Number of background data transfer policy application requests

a)

b)
c)
d)
€)
f)
9
h)

This measurement provides the number of background data transfer policy application requests received by the
NEF from AF.

CC.

Receipt by the NEF of an Nnef_ApplyPolicy_Create request message from AF (see TS 23.502 [7]).
A singleinteger value.

BDTP.NbrApplyCreatReq

NEFFunction.

Valid for packet switched traffic.

5GS.

5.9.9.2.2 Number of successful background data transfer policy applications

a)
b)
c)

d)
€)
f)
9
h)

This measurement provides the number of successful background data transfer policy applications by the NEF.
CC.

Transmission by the NEF of an Nnef_ApplyPolicy_Create response message to SMF indicating a successful
background data transfer policy application (see TS 29.522 [44]).

A single integer value.
BDTP.NbrApplyCreatSucc
NEFFunction.

Valid for packet switched traffic.
5GS.

5.9.9.2.3 Number of failed background data transfer policy applications

a)
b)
©)

d)

€)

f)
9
h)

This measurement provides the number of failed background data transfer policy applications by the NEF.
CC.

Transmission by the NEF of an Nnef_ApplyPolicy_Create response message to AF indicating a failed
background data transfer policy application (see TS 29.522 [44]), each message increments the relevant
subcounter per failure cause by 1.

Each measurement is an integer value.

BDTP.NbrApplyCreatFail.cause
Where cause indicates the failure cause of the background data transfer policy application.

NEFFunction.
Valid for packet switched traffic.
5GS.

5.99.24 Number of background data transfer policy update requests

a)

This measurement provides the number of background data transfer policy update requests received by the NEF
from AF.
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b) CC.

¢) Receipt by the NEF of an Nnef_ApplyPolicy _Update request message from AF (see TS 23.502 [7]).
d) A singleinteger value.

€) BDTP.NbrApplyUpdateReq

f) NEFFunction.

g) Valid for packet switched traffic.

h) 5GS.

5.9.9.25 Number of successful background data transfer policy updates
a) This measurement provides the number of successful background data transfer policy updates by the NEF.
b) CC.

¢) Transmission by the NEF of an Nnef _ApplyPolicy Update response message to AF indicating a successful
background data transfer policy update (see TS 29.522 [44]).

d) A singleinteger value.

€) BDTP.NbrApplyUpdateSucc

f) NEFFunction.

g) Valid for packet switched traffic.
h) 5GS.

5.9.9.2.6 Number of failed background data transfer policy updates
a) This measurement provides the number of failed background data transfer policy updates by the NEF.
b) CC.

¢) Transmission by the NEF of an Nnef_ApplyPolicy_Update response message to AF indicating a failed
background data transfer policy update (see TS 29.522 [44]), each message increments the relevant subcounter
per failure cause by 1.

d) Each measurement isan integer value.

€) BDTP.NbrApplyUpdateFail.cause
Where cause indicates the failure cause of the failed background data transfer policy update.

f) NEFFunction.
g) Vadlid for packet switched traffic.

h) 5GS.
5.9.9.2.7 Number of background data transfer policy deletion requests
a) This measurement provides the number of background data transfer policy deletion requests received by the NEF
from AF.
b) CC.

¢) Receipt by the NEF of an Nnef_ApplyPolicy_Delete request message from AF (see TS 23.502 [7]).
d) A singleinteger value.
e) BDTP.NbrApplyDelReq
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f)
9
h)

NEFFunction.
Valid for packet switched traffic.
5GS.

5.9.9.2.8 Number of successful background data transfer policy deletions

a)
b)
©)

d)
€)
f)
)
h)

This measurement provides the number of successful background data transfer policy deletions by the NEF.
CC.

Transmission by the NEF of an Nnef_ApplyPolicy_Delete response message to AF indicating a successful
background data transfer policy deletion (see TS 29.522 [44]).

A single integer value.
BDTP.NbrApplyDel Succ
NEFFunction.

Valid for packet switched traffic.
5GS.

5.9.9.29 Number of failed background data transfer policy deletions

a)
b)
©)

d)

€)

f)
9)
h)

This measurement provides the number of failed background data transfer policy deletions by the NEF.
CC.

Transmission by the NEF of an Nnef_ApplyPolicy_Delete response message to AF indicating a failed
background data transfer policy deletion (see TS 29.522 [44]), each message increments the rel evant subcounter
per failure cause by 1.

Each measurement is an integer value.

BDTP.NbrApplyDelFail.cause
Where cause indicates the failure cause of the failed background data transfer policy deletion.

NEFFunction.
Valid for packet switched traffic.
5GS.

5.9.10 AF session with QoS

5.9.10.1 Creation of AF session with QoS

5.9.10.1.1 Number of AF session with QoS creation requests

a)
b)
©)
d)
€)

f)

This measurement provides the number of AF session with QoS creation requests received by the NEF.
CcC

Receipt of an Nnef_AFsessionWithQoS_Create request by the NEF from an AF (see TS 23.502 [7]).
Aninteger value

AFQ.CreateReq

NEFFunction
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9)
h)

Valid for packet switched traffic
5GS

5.9.10.1.2 Number of successful AF session with QoS creations

a)
b)
©)

d)
€)
f)
)
h)

This measurement provides the number of successful AF session with QoS creations at the NEF.
cC

Transmission of an Nnef_AFsessionWithQoS_Create response by the NEF to an AF indicating a successful AF
session with QoS creation (see TS 29.522 [44]).

Aninteger value
AFQ.CreateSucc

NEFFunction

Valid for packet switched traffic
5GS

5.9.10.1.3 Number of failed AF session with QOS creations

a)
b)
©)

d)

€)

f)
9)
h)

This measurement provides the number of failed AF session with QoS creations at the NEF.
CcC

Transmission of an Nnef_ AFsessionWithQoS_Create response by the NEF to an AF indicating afailed AF
session with QoS creation (see TS 29.522 [44]), each message increments the relevant subcounter per failure
cause by 1.

Each subcounter is an integer value

AFQ.CreateFail .cause
Where cause indicates the failure cause of the AF session with QoS creation.

NEFFunction
Valid for packet switched traffic
5GS

5.9.10.2 Update of AF session with QoS

5.9.10.2.1 Number of AF session with QoS update requests

a)
b)
c)
d)
€)
f)
)
h)

This measurement provides the number of AF session with QoS update requests received by the NEF.
CcC

Receipt of an Nnef_AFsessionWithQoS_Update request by the NEF from an AF (see TS 23.502 [7]).
Aninteger value

AFQ.UpdateReq

NEFFunction

Valid for packet switched traffic

5GS
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5.9.10.2.2 Number of successful AF session with QoS updates
a) This measurement provides the number of successful AF session with QoS updates at the NEF.
b) CC

¢) Transmission of an Nnef_AFsessionWithQoS_Update response by the NEF to an AF indicating a successful AF
session with QoS update (see TS 29.522 [44]).

d) Aninteger value

€) AFQ.UpdateSucc

f) NEFFunction

g) Vadlid for packet switched traffic
h) 5GS

5.9.10.2.3 Number of failed AF session with QoS updates
a) This measurement provides the number of failed AF session with QoS updates at the NEF.
b) CC

¢) Transmission of an Nnef AFsessionWithQoS_Update response by the NEF to an AF indicating afailed AF
session with QoS update (see TS 29.522 [44]), each message increments the relevant subcounter per failure
cause by 1.

d) Each subcounter is an integer value

€) AFQ.UpdateFail.cause
Where cause indicates the failure cause of the AF session with QoS update.

f) NEFFunction
g) Vadlid for packet switched traffic
h) 5GS

5.9.10.3 Revocation of AF session with QoS

5.9.10.3.1 Number of AF session with QoS revocation requests
a) This measurement provides the number of AF session with QoS revocationrequests received by the NEF.
b) CC
c) Receipt of an Nnef_AFsessionWithQoS_Revoke request by the NEF from an AF (see TS 23.502[7]).
d) Aninteger value
e) AFQ.RevokeReq
f) NEFFunction
g) Valid for packet switched traffic
h) 5GS

5.9.10.3.2 Number of successful AF session with QoS revocations
a) This measurement provides the number of successful AF session with QoS revocations at the NEF.

b) CC
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c)

d)
€)
f)
9)
h)

Transmission of an Nnef_AFsessionWithQoS_Revoke response by the NEF to an AF indicating a successful AF
session with QoS revocation (see TS 29.522 [44]).

Aninteger value
AFQ.RevokeSucc

NEFFunction

Valid for packet switched traffic
5GS

5.9.10.3.3 Number of failed AF session with QoS revocations

a)
b)
c)

d)
€)

f)
9)
h)

This measurement provides the number of failed AF session with QoS revocations at the NEF.
CC

Transmission of an Nnef_AFsessionWithQoS_Revoke response by the NEF to an AF indicating afailed AF
session with QoS revocation (see TS 29.522 [44]), each message increments the relevant subcounter per failure
cause by 1.

Each subcounter is an integer value

AFQ.RevokeFail.cause
Where cause indicates the failure cause of the AF session with QoS revocation.

NEFFunction
Valid for packet switched traffic
5GS

5.9.10.4 Notification of AF session with QoS

5.9.104.1 Number of AF session with QoS notifications

a)
b)
c)
d)
€)
f)
)
h)

This measurement provides the number of AF session with QoS notifications sent by the NEF to AF.

CcC

Transmission of an Nnef_AFsessionWithQoS_Notify message by the NEF to an AF (see TS 23.502 [7]).
Aninteger value

AFQ.NbrNotify

NEFFunction

Valid for packet switched traffic

5GS

5.9.11 UCMF provisioning

5.9.11.1 UCMF dictionary entry creation

5.9.11.1.1 Number of UCMF dictionary entry creation requests

a)

b)

This measurement provides the number of UCMF dictionary entry creation regquests received by the NEF.
cC
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c) Receipt of an Nnef_UCMFProvisioning_Create request by the NEF from an AF (see TS 23.502 [7]).
d) Aninteger value

€) UCM.EntryCreateReq

f) NEFFunction

g) Vadlid for packet switched traffic

h) 5GS

5.9.11.1.2 Number of successful UCMF dictionary entry creations
a) This measurement provides the number of successful UCMF dictionary entry creations at the NEF.
b) CC

¢) Transmission of an Nnef UCMFProvisioning_Create response by the NEF to an AF indicating a successful
UCMF dictionary entry creation (see TS 29.522 [44]).

d) Aninteger value

€) UCM.EntryCreateSucc

f) NEFFunction

g) Valid for packet switched traffic
h) 5GS

5.9.11.1.3 Number of failed UCMF dictionary entry creations
a) This measurement provides the number of failed UCMF dictionary entry creations at the NEF.
b) CC

¢) Transmission of an Nnef_UCMFProvisioning_Create response by the NEF to an AF indicating afailed UCMF
dictionary entry creation (see TS 29.522 [44]), each message increments the relevant subcounter per failure
cause by 1.

d) Each subcounter is an integer value

€) UCM.EntryCreateFail.cause
Where cause indicates the failure cause of the UCMF dictionary entry creation.

f) NEFFunction
g) Validfor packet switched traffic
h) 5GS

5.9.11.2 UCMF dictionary entry update

5.9.11.2.1 Number of UCMF dictionary entry update requests
a) This measurement provides the number of UCMF dictionary entry update requests received by the NEF.
b) CC
c) Receipt of an Nnef_UCM FProvisioning_Update request by the NEF from an AF (see TS 23.502 [7]).
d) Aninteger value
€) UCM.EntryUpdateReq
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f)
9
h)

NEFFunction
Valid for packet switched traffic
5GS

5.9.11.2.2 Number of successful UCMF dictionary entry updates

a)
b)
©)

d)
€)
f)
)
h)

This measurement provides the number of successful UCMF dictionary entry updates at the NEF.

CcC

Transmission of an Nnef _UCMFProvisioning_Update response by the NEF to an AF indicating a successful
UCMF dictionary entry update (see TS 29.522 [44]).

Aninteger value
UCM.EntryUpdateSucc
NEFFunction

Valid for packet switched traffic
5GS

5.9.11.2.3 Number of failed UCMF dictionary entry updates

a)
b)
©)

d)

€)

f)
9)
h)

This measurement provides the number of failed UCMF dictionary entry updates at the NEF.
cC

Transmission of an Nnef_UCMFProvisioning_Update response by the NEF to an AF indicating a failed UCMF
dictionary entry update (see TS 29.522 [44]), each message increments the relevant subcounter per failure cause
by 1.

Each subcounter is an integer value

UCM .EntryUpdateFail .cause
Where cause indicates the failure cause of the UCMF dictionary entry update.

NEFFunction
Valid for packet switched traffic
5GS

5.9.11.3 UCMF dictionary entry delection

5.9.11.3.1 Number of UCMF dictionary entry deletion requests

a)
b)
c)
d)
€)
f)
9)

This measurement provides the number of UCMF dictionary entry deletion requests received by the NEF.
CcC

Receipt of an Nnef_UCMFProvisioning_Delete request by the NEF from an AF (see TS 23.502 [7]).
Aninteger value

UCM.EntryDelReq

NEFFunction

Valid for packet switched traffic
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h) 5GS

5.9.11.3.2 Number of successful UCMF dictionary entry deletions
a) This measurement provides the number of successful UCMF dictionary entry deletions at the NEF.
b) CC

¢) Transmission of an Nnef UCMFProvisioning_Delete response by the NEF to an AF indicating a successful
UCMF dictionary entry deletion (see TS 29.522 [44]).

d) Aninteger value

€) UCM.EntryDelSucc

f) NEFFunction

g) Vadlid for packet switched traffic
h) 5GS

5.9.11.3.3 Number of failed UCMF dictionary entry deletions
a) This measurement provides the number of failed UCMF dictionary entry deletions at the NEF.
b) CC
¢) Transmission of an Nnef_UCMFProvisioning_Delete response by the NEF to an AF indicating afailed UCMF
g;ﬁégrgyl .entry deletion (see TS 29.522 [44]), each message increments the relevant subcounter per failure

d) Each subcounter is an integer value

€) UCM.EntryDelFail.cause
Where cause indicates the failure cause of the UCMF dictionary entry deletion.

f) NEFFunction
g) Validfor packet switched traffic
h) 5GS

5.10 Performance measurements for NRF

5.10.1 NF service registration related measurements

5.10.1.1 Number of NF service registration requests
a) This measurement provides the number of NF service registration requests received at the NRF.
b) CC.
¢) Receipt by the NRF of an Nnrf_NFManagement_NFRegister Request message (see TS 23.502 [7]).
d) A singleinteger value.
€) NFS.RegReq
f) NRFFunction.

g) Valid for packet switched traffic.
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h) 5GS.

5.10.1.2 Number of successful NF service registrations
a) This measurement provides the number of successful NF service registrations at the NRF.
b) CC.

¢) Transmission by the NRF of an Nnrf_NFManagement_NFRegister Response message (see TS 23.502 [7])
indicating a successful NF service registration.

d) A singleinteger value.

€) NFS.RegSucc

f) NRFFunction.

g) Vadlid for packet switched traffic.
h) 5GS.

5.10.1.3 Number of failed NF service registrations due to encoding error of NF profile

a) This measurement provides the number of failed NF service registrations at the NRF due to encoding error of the
received NF profile.

b) CC.

¢) Transmission by the NRF of an Nnrf_NFManagement_NFRegister Response message (see TS 23.502 [7])
indicating a failed NF service registration due to encoding error of NF profile (see TS 29.510 [28]).

d) A singleinteger value.

€) NFS.RegFailEncodeErr

f) NRFFunction.

g) Vadlid for packet switched traffic.
h) 5GS.

5.10.1.4 Number of failed NF service registrations due to NRF internal error
a) This measurement provides the number of failed NF service registrations at the NRF due to NRF internal error.
b) CC.

¢) Transmission by the NRF of an Nnrf_NFManagement_NFRegister Response message (see TS 23.502 [7])
indicating a failed NF service registration due to NRF internal error (see TS 29.510 [28]).

d) A singleinteger value.

€) NFS.RegFalNrfErr

f) NRFFunction.

g) Valid for packet switched traffic.
h) 5GS.
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5.10.2 NF service update related measurements

5.10.2.1 Number of NF service update requests
a) This measurement provides the number of NF service update requests received at the NRF.
b) CC.
¢) Receipt by the NRF of an Nnrf_NFManagement_ NFUpdate Request message (see TS 23.502 [7]).
d) A singleinteger value.
e) NFS.UpdateReq
f) NRFFunction.
g) Valid for packet switched traffic.
h) 5GS.

5.10.2.2 Number of successful NF service updates
a) This measurement provides the number of successful NF service updates at the NRF.
b) CC.

¢) Transmission by the NRF of an Nnrf_NFManagement NFUpdate Response message (see TS 23.502 [7])
indicating a successful NF service update.

d) A singleinteger value.

€) NFS.UpdateSucc

f) NRFFunction.

g) Valid for packet switched traffic.
h) 5GS.

5.10.2.3 Number of failed NF service updates due to encoding error of NF profile

a) This measurement provides the number of failed NF service updates at the NRF due to encoding error of the
received NF profile.

b) CC.

¢) Transmission by the NRF of an Nnrf_NFManagement NFUpdate Response message (see TS 23.502 [7])
indicating a failed NF service update due to encoding error of NF profile (see TS 29.510 [28]).

d) A singleinteger value.

€) NFS.UpdateFailEncodeErr

f) NRFFunction.

g) Validfor packet switched traffic.
h) 5GS.

5.10.24 Number of failed NF service updates due to NRF internal error
a) This measurement provides the number of failed NF service updates at the NRF due to NRF internal error.

b) CC.
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c)

d)
€)
f)
9)
h)

Transmission by the NRF of an Nnrf_NFManagement_NFUpdate Response message (see TS 23.502 [7])
indicating a failed NF service update due to NRF internal error (see TS 29.510 [28]).

A singleinteger value.
NFS.UpdateFailNrfErr
NRFFunction.

Valid for packet switched traffic.
5GS.

5.10.3 NF service discovery related measurements

5.10.3.1 Number of NF service discovery requests

a)
b)
c)
d)
€)
f)
)
h)

This measurement provides the number of NF service discovery requests received at the NRF.
CC.

Receipt by the NRF of an Nnrf_NFDiscovery Request message (see TS 23.502 [7]).

A singleinteger value.

NFS.DiscReq

NRFFunction.

Valid for packet switched traffic.

5GS.

5.10.3.2 Number of successful NF service discoveries

a)
b)
©)

d)
€)
f)
9
h)

This measurement provides the number of successful NF service discoveries at the NRF.
CC.

Transmission by the NRF of an Nnrf_NFDiscovery Request Response message (see TS 23.502 [7]) indicating a
successful NF service discovery.

A singleinteger value.
NFS.DiscSucc

NRFFunction.

Valid for packet switched traffic.
5GS.

5.10.3.3 Number of failed NF service discoveries due to unauthorized NF Service

a)

b)
c)

d)

consumer

This measurement provides the number of failed NF service discoveries due to the NF consumer is not allowed
to discover the NF service(s).

CC.

Transmission by the NRF of an Nnrf_NFDiscovery Request Response message (see TS 23.502 [7]) indicating a
failed NF service registration due to the NF consumer is not allowed to discover the NF service(s) (see TS
29.510[28]).

A single integer value.
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€) NFS.DiscFailUnauth

f) NRFFunction.

g) Vadlid for packet switched traffic.
h) 5GS.

5.10.34 Number of failed NF service discoveries due to input errors

a) This measurement provides the number of failed NF service discoveries at the NRF due to errorsin the input
datain the URI query parameters.

b) CC.

¢) Transmission by the NRF of an Nnrf_NFDiscovery Reguest Response message (see TS 23.502 [7]) indicating a
failed NF service registration due to errorsin the input datain the URI query parameters (see TS 29.510 [28]).

d) A singleinteger value.

€) NFS.DiscFaillnputErr

f) NRFFunction.

g) Vadlid for packet switched traffic.
h) 5GS.

5.10.3.5 Number of failed NF service discoveries due to NRF internal error
a) This measurement provides the number of failed NF service discoveries at the NRF due to NRF internal error.
b) CC.

¢) Transmission by the NRF of an Nnrf_NFDiscovery Reguest Response message (see TS 23.502 [7]) indicating a
failed NF service discoveries due to NRF internal error (see TS 29.510 [28]).

d) A singleinteger value.

€) NFS.DiscFailNrfErr

f) NRFFunction.

g) Valid for packet switched traffic.
h) 5GS.

5.11 Performance measurements for NSSF

5.11.1 Network slice selection related measurements

5.11.1.1 Number of network slice selection requests
a) This measurement provides the number of network dlice selection requests received by the NSSF.
b) CC.
c) Receipt by the NSSF of an Nnssf_NSSelection_Get request message from AMF (see TS 23.502 [7]).
d) A singleinteger value.
€) NSS.NbrGetReq
f) NSSFFunction.
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9)
h)

Valid for packet switched traffic.
5GS.

5.11.1.2 Number of successful network slice selections

a)
b)
c)

d)
€)
f)
)
h)

This measurement provides the number of successful network slice selections made by the NSSF.

CC.

Transmission by the NSSF of an Nnssf_NSSelection_Get response message indicating a successful network slice
selection to AMF (see TS 29.531 [41]).

A single integer value.
NSS.NbrGetSucc
NSSFFunction.

Valid for packet switched traffic.
5GS.

5.11.1.3 Number of failed network slice selections

a)

b)
©)

d)

€)

f)
9
h)

This measurement provides the number of failed network slice selections made by the NSSF. This measurement
is split into subcounter per failure cause.

CC.

Transmission by the NSSF of an Nnssf_NSSelection_Get response message indicating a failed network slice
selection to AMF (see TS 29.531 [41]), each message increments the relevant subcounter per failure cause by 1.

Each measurement is an integer value.

NSS.NbrGetFail.cause
Where cause indicates the failure cause of the network slice selection.

NSSFFunction.
Valid for packet switched traffic.
5GS.

5.11.2 S-NSSAI availability related measurements

5.11.2.1 S-NSSAI availability update

5.11.2.1.1 Number of S-NSSAI availability update requests

a)
b)
c)
d)
€)
f)
)

This measurement provides the number of S-NSSAI availability update requests received by the NSSF.

CC.

Receipt by the NSSF of an Nnssf_NSSAIAvailability Update request message from AMF (see TS 23.502 [7]).
A singleinteger value.

NSS.NbrNSSAIAvailUpdateReq

NSSFFunction.

Valid for packet switched traffic.
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h) 5GS.

5.11.2.1.2 Number of successful S-NSSAI availability updates
a) This measurement provides the number of successful S-NSSAI availability updates made by the NSSF.
b) CC.

¢) Transmission by the NSSF of an Nnssf_NSSAIAvailability Update response message indicating a successful S-
NSSAI availability update to AMF (see TS 29.531 [41]).

d) A singleinteger value.

€) NSS.NbrNSSAIlAvailUpdateSucc
f) NSSFFunction.

g) Vadlid for packet switched traffic.
h) 5GS.

5.11.2.1.3 Number of failed S-NSSAI availability updates
a) This measurement provides the number of failed S-NSSAI availability updates made by the NSSF.
b) CC.

¢) Transmission by the NSSF of an Nnssf_NSSAIAvailability_Update response message indicating afailed S-
NSSAI availability update to AMF (see TS 29.531 [41]), each message increments the relevant subcounter per
failure cause by 1.

d) A singleinteger value.

€) NSS.NbrNSSAIlAvailUpdateFail.cause
Where cause indicates the failure cause of S-NSSAI availability update.

f) NSSFFunction.
g) Validfor packet switched traffic.
h) 5GS.

5.11.2.2 S-NSSAI availability notification

5.11.2.2.1 Number of S-NSSAI availability notification subscription requests
a) This measurement provides the number of S-NSSAI availability notification subscription requests received by
the NSSF.
b) CC.

¢) Receipt by the NSSF of an Nnssf_NSSAIAvailability Subscribe request message from AMF (see TS 23.502
[7D).

d) A singleinteger value.

€) NSS.NbrNSSAlAvail SubscribeReq
f) NSSFFunction.

g) Vadlid for packet switched traffic.

h) 5GS.
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5.11.2.2.2 Number of successful S-NSSAI availability notification subscriptions

a) This measurement provides the number of successful S-NSSAI availability notification subscriptions made by
the NSSF.

b) CC.

¢) Transmission by the NSSF of an Nnssf_NSSAI Availability Subscribe response message indicating a successful
S-NSSAI availability notification subscription to AMF (see TS 29.531 [41]).

d) A singleinteger value.

€) NSS.NbrNSSAlAvail SubscribeSucc
f) NSSFFunction.

g) Validfor packet switched traffic.

h) 5GS.
5.11.2.2.3 Number of failed S-NSSAI availability notification subscriptions
a) This measurement provides the number of failed S-NSSAI availability notification subscriptions made by the
NSSF.
b) CC.

¢) Transmission by the NSSF of an Nnssf_NSSAIAvailability Subscribe response message indicating a S-NSSAI
availability notification subscription to AMF (see TS 29.531 [41]), each message increments the relevant
subcounter per failure cause by 1.

d) A singleinteger value.

€) NSS.NbrNSSAlAvail SubscribeFail.cause
Where cause indicates the failure cause of S-NSSAI availability notification subscription.

f) NSSFFunction.
g) Vadlid for packet switched traffic.
h) 5GS.

5.11.2.2.4 Number of S-NSSAI availability notifications
a) This measurement provides the number of S-NSSAI availability notifications sent by the NSSF.
b) CC.
c) Transmission by the NSSF of an Nnssf_NSSAIAvailability Notify message to AMF (see TS 23.502 [7]).
d) A singleinteger value.
e) NSS.NbrNSSAIAvailNotify
f) NSSFFunction.
g) Valid for packet switched traffic.
h) 5GS.
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5.12 Performance measurements for SMSF

5.12.1 MO SMS message delivery related measurements

5.12.1.1 Number of MO SMS delivery procedure requests

a) This measurement provides the number of MO SMS delivery procedure requests received by the SMSF from
AMF.

b) CC

c) SMSF receivesthe MO SM S delivery procedure (POST) operation reguest sent by AMF for the " /ue-
contexts/{ supi}/sendsms’ resource URL (see clause 5.2.2.4 of TS 29.540 [43]). Each request is added to the
relevant subcounter per SSNSSAI.

d) Each subcounter is an integer value
6) SMSF.MoReq. SNSSAI
Where SNSSAI identifies the S-NSSAI;
f) SMSFFunction
g) Validfor packet switched traffic
h) 5GS

i) One usage of this performance measurementsis for performance assurance.

5.12.1.2 Number of successful MO SMS delivery procedures
a) This measurement provides the number of successful MO SM S delivery procedures at the SM SF.
b) CC

c) SMSF returns 200 OK" response message (see clause 5.2.2.4 of TS 29.540 [43]). Each successful delivery
procedure is added to the relevant subcounter per S-NSSAI.

d) Each subcounter is an integer value
€) SMSF.MoSucc.SNSSAI
Where SNSSAI identifies the SSNSSAL;
f) SMSFFunction
g) Vadlid for packet switched traffic
h) 5GS

i) One usage of this performance measurementsis for performance assurance.

5.12.2 MT SMS message delivery related measurements

5.12.2.1 Number of MT SMS delivery procedure requests

a) This measurement provides the number of MT SMS delivery procedure requests received by the SM SF from
SC/ISMS-GMSC.

b) CC
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c) SMSF receives"Forward MT SM" (see 4.13.3.6-4.13.3.8 of TS 23.502 [7]) from SC/SMS-GM SC. Each request
is added to the relevant subcounter per S-NSSAI.

d) Each subcounter is an integer value

e) SMSF.MtReq.SNSSAI
Where SNSSAI identifies the S-NSSAL;

f) SMSFFunction

g) Vadlid for packet switched traffic

h) 5GS

i) One usage of this performance measurementsis for performance assurance.

5.12.2.2 Number of successful MT SMS delivery procedures
a) This measurement provides the number of successful MT SMS delivery procedures at the SM SF.
b) CC

c) SMSFreturns™ Delivery Rpt " message (see clause 4.13.3.6-4.13.3.8 of TS 23.502 [7]) to SC/SMS-GMSC.
Each successful delivery procedure is added to the relevant subcounter per SSNSSAI.

d) Each subcounter is an integer value
€) SMSF.MtSucc. SNSSAI
Where SNSSAI identifies the SSNSSA;
f) SMSFFunction
g) Valid for packet switched traffic
h) 5GS

i) One usage of this performance measurementsis for performance assurance.
5.12.3 Registration procedure related measurements

5.12.3.1 Number of registration requests
a) This measurement provides the number of registration requests received by the SM SF from AMF.
b) CC

c) SMSF receivesthe registration (PUT) operation request sent by AMF for the " /ue-contexts/{ supi}" resource
URL (seeclause 5.2.2.2 of TS29.540 [43]). Each registration request is added to the relevant subcounter per S-
NSSAI.

d) Each subcounter is an integer value
€) SMSF.ActivateReq.SNSSAI
Where SNSSAI identifies the S-NSSAI;
f) SMSFFunction
g) Vadlid for packet switched traffic
h) 5GS
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i)

One usage of this performance measurementsiis for performance assurance.

5.12.3.2 Number of successful registrations

a)
b)
©)

d)
€)

f)
9)
h)
i)

This measurement provides the number of successful registrations at the SMSF.
CcC

SMSF returns " 201 Created" or "204 No Content" response message (see clause 5.2.2.2 of TS 29.540 [43]). Each
successful registration is added to the relevant subcounter per S-NSSAI.

Each subcounter is an integer value
SMSF.ActivateSucc.SNSSAI

Where SNSSAI identifies the SSNSSA;
SMSFFunction

Valid for packet switched traffic

5GS

One usage of this performance measurementsis for performance assurance.

5.12.3.3 Number of de-registration requests

a)
b)
©)

d)

f)
9)
h)
i)

This measurement provides the number of de-registration requests received by the SMSF from AMF.
cC

SMSF receives the de-registration (DELETE) operation request sent by AMF for the " /ue-contexts/{ supi} "
resource URL (see clause 5.2.2.3 of TS 29.540 [43]). Each de-registration request is added to the relevant
subcounter per S-NSSAI.

Each subcounter is an integer value
SM SF.DeactivateReq.SNSSAI

Where SNSSAI identifies the S-NSSAI;
SMSFFunction

Valid for packet switched traffic

5GS

One usage of this performance measurementsis for performance assurance.

5.12.3.4 Number of successful de-registrations

a)
b)
©)

d)
€)

This measurement provides the number of successful de-registrations at the SM SF.
CcC

SMSF returns "204 No Content” response message (see clause 5.2.2.3 of TS 29.540 [43]). Each successful de-
registration is added to the relevant subcounter per SSNSSAI.

Each subcounter is an integer value
SM SF.DeactivateSucc. SNSSAI
Where SNSSAI identifies the SSNSSA;
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f) SMSFFunction
g) Validfor packet switched traffic
h) 5GS

i) One usage of this performance measurementsis for performance assurance.

5.13 Performance measurements for UDR

5.13.1 Data management related measurements
5.13.1.1 Data set query

5.13.1.1.1 Number of data set query requests
a) This measurement provides the number of data set query requests received by the UDR.
b) CC
¢) Receipt of an Nudr_DM_Query request by the UDR from an NF service consumer (see TS 23.502 [7]).
d) Aninteger value
e) DM.QueryReq
f) UDRFunction
g) Vadlid for packet switched traffic
h) 5GS

5.13.1.1.2 Number of successful data set queries
a) This measurement provides the number of succesful data set queries at the UDR.
b) CC

¢) Transmission of an Nudr_DM_Query response by the UDR to an NF service consumer indicating a successful
data set query (see TS 29.504 [47]).

d) Aninteger value

€) DM.QuerySucc

f) UDRFunction

g) Vadlid for packet switched traffic
h) 5GS

5.13.1.1.3 Number of failed data set queries
a) This measurement provides the number of failed data set queries at the UDR.
b) CC

¢) Transmission of an Nudr_DM_Query response by the UDR to an NF service consumer indicating a failed data
set query (see TS 29.504 [47]), each message increments the rel evant subcounter per failure cause by 1.

d) Each subcounter is an integer value

ETSI



3GPP TS 28.552 version 18.6.0 Release 18 303 ETSI TS 128 552 V18.6.0 (2024-05)
€) DM.QueryFail.cause
Where cause indicates the failure cause of the data set query.
f) UDRFunction

g) Vadlid for packet switched traffic

h) 5GS
5.13.1.2 Data record creation
5.13.1.2.1 Number of data record creation requests

a) This measurement provides the number of data record creation requests received by the UDR.

b) CC

¢) Receipt of an Nudr_DM_Create request by the UDR from an NF service consumer (see TS 23.502 [7]).
d) Aninteger value

€) DM.CreateReq

f) UDRFunction

g) Valid for packet switched traffic

h) 5GS

5.13.1.2.2 Number of successful data record creations
a) This measurement provides the number of succesful datarecord creations at the UDR.
b) CC

¢) Transmission of an Nudr_DM_ Create response by the UDR to an NF service consumer indicating a successful
data record creation (see TS 29.504 [47]).

d) Aninteger value

€) DM.CreateSucc

f) UDRFunction

g) Vadlid for packet switched traffic
h) 5GS

5.13.1.2.3 Number of failed data record creations
a) This measurement provides the number of failed data record creations at the UDR.
b) CC

¢) Transmission of an Nudr_DM _Create response by the UDR to an NF service consumer indicating a failed data
record creation (see TS 29.504 [47]), each message increments the relevant subcounter per failure cause by 1.

d) Each subcounter is an integer value

€) DM.CreateFail.cause
Where cause indicates the failure cause of the datarecord creation.

f) UDRFunction

g) Vadlid for packet switched traffic
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h) 5GS
5.13.1.3 Data record deletion

5.13.1.3.1 Number of data record deletion requests
a) This measurement provides the number of data record deletion requests received by the UDR.
b) CC
¢) Receipt of an Nudr_DM_Delete request by the UDR from an NF service consumer (see TS 23.502 [7]).
d) Aninteger value
€) DM.DeleteReq
f) UDRFunction
g) Valid for packet switched traffic
h) 5GS

5.13.1.3.2 Number of successful data record deletions
a) This measurement provides the number of succesful datarecord deletions at the UDR.
b) CC

¢) Transmission of an Nudr_DM_Delete response by the UDR to an NF service consumer indicating a successful
data record deletion (see TS 29.504 [47).

d) Aninteger value

e) DM.DeleteSucc

f) UDRFunction

g) Valid for packet switched traffic
h) 5GS

5.13.1.3.3 Number of failed data record deletions
a) This measurement provides the number of failed data record deletions at the UDR.
b) CC

¢) Transmission of an Nudr_DM_Delete response by the UDR to an NF service consumer indicating a failed data
record deletion (see TS 29.504 [47]), each message increments the relevant subcounter per failure cause by 1.

d) Each subcounter is an integer value

e) DM.DeleteFail.cause
Where cause indicates the failure cause of the data record deletion.

f) UDRFunction
g) Vadlid for packet switched traffic
h) 5GS
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5.13.1.4 Data record update

5.13.1.4.1 Number of data record update requests
a) This measurement provides the number of data record update requests received by the UDR.
b) CC
¢) Receipt of an Nudr_DM_Update request by the UDR from an NF service consumer (see TS 23.502 [7]).
d) Aninteger value
€) DM.UpdateReq
f) UDRFunction
g) Vadlid for packet switched traffic
h) 5GS

5.13.1.4.2 Number of successful data record updates
a) This measurement provides the number of succesful data record updates at the UDR.
b) CC

¢) Transmission of an Nudr_DM_Update response by the UDR to an NF service consumer indicating a successful
datarecord update (see TS 29.504 [47]).

d) Aninteger value

e) DM.UpdateSucc

f) UDRFunction

g) Valid for packet switched traffic
h) 5GS

5.13.1.4.3 Number of failed data record updates
a) This measurement provides the number of failed data record updates at the UDR.
b) CC

¢) Transmission of an Nudr_DM_Update response by the UDR to an NF service consumer indicating a failed data
record update (see TS 29.504 [47]), each message increments the relevant subcounter per failure cause by 1.

d) Each subcounter is an integer value

e) DM.UpdateFail.cause
Where cause indicates the fail ure cause of the data record update.

f) UDRFunction

g) Validfor packet switched traffic

h) 5GS
5.13.1.5 Data modification notification subscription
5.13.1.5.1 Number of data modification notification subscribing requests

a) This measurement provides the number of data modification (including change on existing data record and
addition of data record) notification subscribing requests received by the UDR.
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b)
c)
d)
€)
)
a)
h)

CcC

Receipt of an Nudr_DM _Subscribe request by the UDR from an NF service consumer (see TS 23.502 [7]).
Aninteger value

DM.SubscribeReq

UDRFunction

Valid for packet switched traffic

5GS

5.13.1.5.2 Number of successful data modification notification subscribings

a)

b)
©)

d)
€)
f)
9)
h)

This measurement provides the number of succesful data modification (including change on existing data record
and addition of data record) notification subscribings at the UDR.

CcC

Transmission of an Nudr_DM _ Subscribe response by the UDR to an NF service consumer indicating a
successful data modification notification subscribing (see TS 29.504 [47]).

Aninteger value

DM . SubscribeSucc
UDRFunction

Valid for packet switched traffic
5GS

5.13.1.5.3 Number of failed data modification notification subscribings

a)

b)
c)

d)
€)

f)
9)
h)

This measurement provides the number of failed data modification (including change on existing data record and
addition of data record) notification subscribings at the UDR.

CcC

Transmission of an Nudr_DM _Subscribe response by the UDR to an NF service consumer indicating afailed
data modification notification subscribing (see TS 29.504 [47]), each message increments the relevant
subcounter per failure cause by 1.

Each subcounter is an integer value

DM .SubscribeFail.cause
Where cause indicates the failure cause of the data modification notification subscribing.

UDRFunction
Valid for packet switched traffic
5GS
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5.14 Performance measurements for ECS

5.14.1 EES Registration procedure related measurements

5.14.1.1 Number of registration requests

a) This measurement provides the number of EES registration requests (see clause 8.4.4 of TS 23.558 [52])
received by the ECS.

b) CC

¢) On receipt by the ECS from the EES of EES Registration Request. Each initial registration request is added.
d) Each subcounter is an integer value

€) RM.EesRegReq

f) ECSFunction

g) Valid for packet switched traffic

h) 5GS

i) One usage of this performance measurementsis for ECS performance assurance.

5.14.1.2 Number of successful registrations
a) This measurement provides the number of successful EES registration request at the ECS.
b) CC

¢) Ontransmission of EES Registration Response (see clause 8.4.4 of TS 23.558 [52]) by the ECS to the EES that
sent the registration request. Each accepted initial registration is added.

d) Each subcounter is an integer value
€) RM.EesRegSucc

f) ECSFunction

g) Vadlid for packet switched traffic

h) 5GS

i) One usage of this performance measurementsis for ECS performance assurance.
5.14.2  Service provisioning procedure related measurements

5.14.2.1 Number of service provisionig requests

a) This measurement provides the number of Service provisioning requests (see clause 8.3.3 of TS 23.558 [55])
received by the ECS.

b) CC

c) On receipt by the ECS from the EEC of Service provisioning request. Each provisioning request is added.
d) Each subcounter is an integer value.

€) SP.SerProvReq.

f) ECSFunction.

g) Vadlid for packet switched traffic.
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h)
i)

5GS.

One usage of this performance measurements is for ECS performance assurance.

5.14.2.2 Number of successful discovery

a)
b)
©)

d)
€)
f)
)
h)
i)

This measurement provides the number of successful Service provisioning request at the ECS.
cC

On transmission of Service provisioning response (see clause 8.3.3 of TS 23.558 [55]) by the ECSto the EEC
that sent the provisioning request. Each accepted request is added.

Each subcounter is an integer value.
SP.SerProvSucc.

ECSFunction.

Valid for packet switched traffic.
5GS.

One usage of this performance measurementsis for ECS performance assurance.

5.15 Performance measurements for EES

5.15.1 EAS Discovery procedure related measurements

5.15.1.1 Number of discovery requests

a)

b)
c)
d)
€)
)
)
h)
i)

This measurement provides the number of EAS discovery requests (see clause 8.5.2 of TS 23.558 [52]) received
by the EES.

CcC

On receipt by the EES from the EEC of EAS Discovery Request. Each discovery request is added.
A single integer value

DIS.EasDisReq

EESFunction

Valid for packet switched traffic

5GS

One usage of this performance measurementsis for EES performance assurance.

5.15.1.2 Number of successful discovery request

a)
b)
©)

d)
€)

f)

This measurement provides the number of successful EAS discovery request at the EES.
CcC

On transmission of EAS Discovery Response (see clause 8.5.2 of TS 23.558 [52]) by the EES to the EEC that
sent the registration request. Each accepted request is added.

A singleinteger value
DIS.EasDisSucc
EESFunction
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9)
h)

i)

Valid for packet switched traffic
5GS

One usage of this performance measurementsis for EES performance assurance.

5.15.1.3 EAS discovery failure

a)

b)
c)

d)

€)

This measurement provides the number of EAS discovery failures when EES fails to discover and select a
suitable EAS under its service area.

CcC

On transmission of EAS discovery response (see clause 8.5.2in TS 23.558 [52]) by the EES to the EEC that
indicates the EAS discovery failure, the measurement is obtained by incrementing the appropriate subcounters.
Some the examples are shown below:

- Uel.ocation (seetable 8.5.3.2-1in TS 23.558 [52]), as contained in the corresponding EAS discovery request
(seeclause 8.5.2in TS 23.558 [52]). Thiswill give the total number of EAS discovery Request got failed
containing the given UE location.

- EasType (seetable 8.5.3.2-2in TS 23.558 [52]), as contained in the corresponding EAS discovery request (see
clause 8.5.2in TS 23.558 [52]). Thiswill give thetotal number of EAS discovery Request got failed
containing the given EasType as EAS discovery filter.

- EasSchedule (see table 8.5.3.2-2 in TS 23.558 [52]), as contained in the EAS Discovery request (see clause
8.5.2in TS 23.558 [52]). Thiswill give the total number of EAS discovery Request got failed containing the
given EasSchedule as EAS discovery filter.

This measurement is performed per EAS Discovery Filter (seetable 8.5.3.2-2in TS 23.558 [52]).
Each subcounter is an integer value

DIS.EasDisFail.Uelocation

where Uel ocation: identifies where the UE is connected to the network or the position of the UE (see clause
7.3.2in TS 23.558 [52]), and is represented by the cell 1D.

DIS.EasDisFail.provider
where provider isthe EAS provider identifier of EAS Discovery Filter (seetable 8.5.3.2-2in TS 23.558 [52]).

DIS.EasDisFail.id
whereid isthe EASidentifier of EAS Discovery Filter (seetable 8.5.3.2-2in TS 23.558 [52]).

DIS.EasDisFail.type
where type isthe EAS type of EAS Discovery Filter (seetable 8.5.3.2-2in TS 23.558 [52]).

DIS.EasDisFail.schedule
where schedule is the EAS schedule of EAS Discovery Filter (seetable 8.5.3.2-2in TS 23.558 [52]).

DIS.EasDisFail.geoloc

where geoloc isthe EAS Geographical Service Area of EAS Discovery Filter (seetable 8.5.3.2-2in TS 23.558
[52]).

DIS.EasDisFail.toploc

where toploc isthe EAS Topological Service Area of EAS Discovery Filter (see table 8.5.3.2-2in TS 23.558
(52)).

DIS.EasDisFail.srvCont
where srvCont is the Service continuity support of EAS Discovery Filter (seetable 8.5.3.2-2in TS 23.558 [52]).

DIS.EasDisFail.srvPerm
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where srvPermis the required level of service permissions e.g. trial, gold-class of EAS Discovery Filter (see
table 8.5.3.2-2in TS 23.558 [52]).

DIS.EasDisFail.srvFeature

where srvFeature is the required service features e.g. single vs. multi-player gaming service of EAS Discovery

Filter (seetable 8.5.3.2-2in TS 23.558 [52]).
f) EESFunction
g) Validfor packet switched traffic
h) 5GS

i) One usage of this performance measurementsis for EES performance assurance.

5.15.2 EEC Registration procedure related measurements

5.15.2.1 Number of registration requests

a) This measurement provides the number of EEC registration requests (see clause 8.4.2 of TS 23.558 [52])
received by the EES.

b) CC

¢) On receipt by the EES from the EEC of EEC Registration Request. Each initial registration request is added.
d) Each measurement is an integer value

€) RM.EecRegReq

f) EESFunction

g) Vadlid for packet switched traffic

h) 5GS

i) One usage of this performance measurementsis for EES performance assurance.

5.15.2.2 Number of successful registrations
a) This measurement provides the number of successful EEC registration request at the EES.
b) CC

¢) On transmission of EEC Registration Response (see clause 8.4.2 of TS 23.558 [52]) by the EES to the EEC that

sent the registration request. Each accepted initial registration is added.
d) Each measurement is aninteger value
€) RM.EecRegSucc
f) EESFunction
g) Vadlid for packet switched traffic
h) 5GS

i) One usage of this performance measurementsis for EES performance assurance.

5.15.2.3 Number of registration update requests

a) This measurement provides the number of EEC registration update requests received by the EES.
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b)
<)

d)
€)
)
9
h)
i)

CcC

On receipt by the EES from the EEC of EEC registration update request (see clause 8.4.3.3.4 of TS 23.558 [52]),
this measurement is incremented by 1.

Each measurement is an integer value
RM.EecRegUpdReq

EESFunction

Valid for packet switched traffic

5GS

One usage of this performance measurementsis for EES performance assurance.

5.15.24 Number of successful registration update

a)
b)
©)

d)
€)
f)
9)
h)
i)

This measurement provides the number of successful EEC registration update request at the EES.
CcC

On transmission of EEC registration update response (see clause 8.4.3.3.4 of TS 23.558 [52]) by the EES to the
EEC that contains the successful response |E, this measurement isincremented by 1.

Each measurement is an integer value
RM.EecRegUpdSucc

EESFunction

Valid for packet switched traffic

5GS

One usage of this performance measurementsis for EES performance assurance.

5.15.2.5 Number of de-registration requests

a)
b)
c)

d)
€)
f)
)
h)
i)

This measurement provides the number of EEC de-registration requests received by the EES.
CcC

On receipt by the EES from the EEC of EEC de-registration request (see clause 8.4.3.3.6 of TS 23.558 [52)), this
measurement isincremented by 1.

Each measurement is an integer value
RM.EecDeRegReq

EESFunction

Valid for packet switched traffic

5GS

One usage of this performance measurementsis for EES performance assurance.

5.15.2.6 Number of successful de-registration

a)

b)

This measurement provides the number of successful EEC de-registration request at the EES.
CcC
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¢) On transmission of EEC de-registration response (see clause 8.4.3.3.7 of TS 23.558 [52]) by the EES to the EEC

that contains the successful response | E, this measurement is incremented by 1.
d) Each measurement is aninteger value
€) RM.EecDeRegSucc
f) EESFunction
g) Vadlid for packet switched traffic
h) 5GS

i) One usage of this performance measurementsis for EES performance assurance.
5.15.3 EAS Registration procedure related measurements

5.15.3.1 Number of registration requests

a) This measurement provides the number of EAS registration requests (see clause 8.4.3 of TS 23.558 [52])
received by the EES.

b) CC

¢) On receipt by the EES from the EAS of EAS Registration Request. Each initial registration request is added.
d) Each subcounter is an integer value

e) RM.EasRegReq

f) EESFunction

g) Vadlid for packet switched traffic

h) 5GS

i) One usage of this performance measurementsis for EES performance assurance.

5.15.3.2 Number of successful registrations
a) This measurement provides the number of successful EAS registration request at the EES.
b) CC

¢) On transmission of EAS Registration Response (see clause 8.4.3 of TS 23.558 [52]) by the EES to the EAS that

sent the registration request. Each accepted initial registration is added.
d) Each subcounter is an integer value
€) RM.EasRegSucc
f) EESFunction
g) Valid for packet switched traffic
h) 5GS

i) One usage of this performance measurementsis for EES performance assurance.
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5.16 Performance measurements for LMF

5.16.1 Location determination related measurements

5.16.1.1 Number of location determination requests
a) This measurement provides the number of location determination requests received by the LMF.
b) CC

¢) Receipt of an NImf_Location_DeterminelL ocation request by the LMF from an NF service consumer (see TS
23.273[53]).

d) Aninteger value

€) LM.LocationDeterReq

f) LMFFunction

g) Valid for packet switched traffic
h) 5GS

5.16.1.2 Number of successful location determinations
a) This measurement provides the number of successful location determinations provided by the LMF.
b) CC

¢) Transmission of an NImf_Location_DeterminelL ocation response by the LMF to an NF service consumer
indicating a successful location determination (see TS 29.572 [54]).

d) Aninteger value

€) LM.LocationDeterSucc

f) LMFFunction

g) Valid for packet switched traffic
h) 5GS

5.16.1.3 Number of failed location determinations
a) This measurement provides the number of failed location determinations provided by the LMF.
b) CC

¢) Transmission of an NImf_L ocation_Determinel ocation response by the LMF to an NF service consumer
indicating a failed location determination, each message increments the relevant subcounter per failure case by 1
(see TS29.572 [54]).

d) Aninteger value

€) LM.LocationDeterFail.Cause,
Where Cause indicates the failure cause of the location determination.

f) LMFFunction
g) Validfor packet switched traffic
h) 5GS
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5.16.2 Location notification related measurements

5.16.2.1 Number of location notifications for successful activation

a)
b)
<)

d)
€)
f)
9)
h)

This measurement provides the number of location notifications for successful activation provided by the LMF.
CC

Transmission of an NImf_Location EventNotify message by the LMF from an NF service consumer indicating
the (periodic or triggered) location was successfully activated in the target UE (see TS 29.572 [54]).

Aninteger value
LM.LocationNotifSucc
LMFFunction

Valid for packet switched traffic
5GS

5.16.2.2 Number of location notifications for failed activation

a)
b)
©)

d)

€)

f)
9
h)

This measurement provides the number of location notifications for failed activation provided by the LMF.
CcC

Transmission of an NImf_Location EventNotify message by the LMF from an NF service consumer indicating
the (periodic or triggered) location was failed to be activated in the target UE (see TS 29.572 [54]).

Aninteger value

LM.LocationNotifFail.Cause,
Where Cause indicates the failure cause of failed location activation in the target UE.

LMFFunction
Valid for packet switched traffic
5GS

5.16.3 Location context transfer related measurements

5.16.3.1 Number of location context transfer requests

a)
b)
©)

d)
€)
f)
9
h)

This measurement provides the number of location context transfer requests received by the LMF.
CcC

Receipt of an NImf_L ocation_L ocationContextTransfer request by the LMF from an NF service consumer (see
TS 23.273[53]).

Aninteger value
LM.LocationContextTranReq
LMFFunction

Valid for packet switched traffic
5GS
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5.16.3.2 Number of successful context transfers
a) This measurement provides the number of successful context transfers provided by the LMF.
b) CC
¢) Transmission of an NImf_L ocation_L ocationContextTransfer response by the LMF to an NF service consumer
indicating a successful location context transfer (see TS 29.572 [54]).
d) Aninteger value
€) LM.LocationContextTranSucc
f) LMFFunction
g) Valid for packet switched traffic
h) 5GS
5.16.3.3 Number of failed location context transfers
a) This measurement provides the number of failed location context transfers provided by the LMF.
b) CC
¢) Transmission of an NImf_L ocation_L ocationContextTransfer response by the LMF to an NF service consumer
indicating a failed location context transfer, each message increments the relevant subcounter per failure case by
1 (see TS 29.572 [54]).
d) Aninteger value
e) LM.LocationContextTranFail.Cause,
Where Cause indicates the failure cause of the location context transfer.
f) LMFFunction
g) Validfor packet switched traffic
h) 5GS
5.17 Void

5.18 Performance measurements for NWDAF

5.18.1 Measurements related to the NWDAF analytics service

5.18.1.1 Time consumption of NWDAF providing analytics service information

a)

b)
©)

This measurement provides the time consumed by the NWDAF to generate and provide the analytics service
information. The measurement is calculated per Analytics ID (see clause 5.1.6.2.42 and 5.1.6.3.4in TS 29.520
[58]).

DER (n=1)
This measurement is obtained by the following method:

- the time when the NWDAF sends the notification related to the anal ytics service subscription to the NWDAF
service consumer, minus the time when the NWDAF receives the corresponding analytics service
subscription from the NWDAF service consumer (See TS 23.288 [59]). In the case where there are multiple
notifications for single subscription, this measurement is obtained by cal culating the time when the NWDAF
sends the first notification related to the anal ytics service subscription to the NWDAF service consumer,
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d)

f)
9
h)

minus the time when the NWDAF receives the corresponding anal ytics service subscription from the
NWDAF service consumer, or

- the time when the NWDAF sends the response related to the analytics service request to the NWDAF service
consumer, minus the time when the NWDAF receives the corresponding analytics service request from the
NWDAF service consumer (See TS 23.288 [59]).

A real value in milliseconds

The measurement name has the form DANS.AnalyticsSer TimeCons, and
DANS.AnayticsSerTimeCons.Analyticsl D, where Analyticsl D identifies different analytics.
NWDAFFunction.

Valid for packet switched traffic.

5GS.

5.18.2 Measurements related to the coordination between multiple

NWDAFs

5.18.2.1 Number of analytics service subscription from Aggregator NWDAF

a)
b)
©)

d)

€)

f)
0)
h)

This measurement provides the number of anal ytics service subscriptions generated by the Aggregator NWDAF.

CC

On sending the service analytics subscription by the Aggregator NWDAF to other NWDAFs to subscribe
analyticsinformation for analytics aggregation (See TS 23.288 [59]), each subscription is added to the
corresponding counter. The measurement can be split into subcounters per Analytics ID (see clause
5.1.6.2.42 and 5.1.6.3.4 in TS 29.520 [58]) and subcounters per S-NSSAI.

Aninteger value

The measurement name has the form DANS.AnalyticsSerSubGenerated, and

DANS.AnalyticsSer SubGenerated.AnalyticsID, where AnalyticsID identifies different analytics, and
DANS.AnayticsSer SubGenerated. SNSSAI, where SNSSAI identifies the S-NSSAL.
NWDAFFunction

Valid for packet switched traffic

5GS

5.18.2.2 Number of analytics service requests from Aggregator NWDAF

a)
b)
©)

d)

€)

This measurement provides the number of analytics service requests generated by the Aggregator NWDAF.
CcC

On sending the analytics service request by the Aggregator NWDAF to other NWDAFsto request analytics
information for analytics aggregation (See TS 23.288 [59]), each request is added to the corresponding counter.
The measurement can be split into subcounters per Analytics ID (see clause 5.1.6.2.42 and 5.1.6.3.4in TS
29.520 [58]) and subcounters per S-NSSAI.

Aninteger value

The measurement name has the form DANS.SerRegGenerated, and
DANS.AnalyticsSerRegGenerated.Analyticsl D, where AnalyticsI D identifies different analytics, and
DANS.AnalyticsSerRegGenerated. SNSSAI, where SNSSAI identifies the S-NSSAL.
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f) NWDAFFunction
g) Validfor packet switched traffic
h) 5GS

5.18.2.3 Number of analytics service notifications received by the Aggregator NWDAF
a) This measurement provides the number of analytics service notifications received by the Aggregator NWDAF.
b) CC

c) Onreceipt by the Aggregator NWDAF of the notification corresponding to the analytics service subscription
from Aggregator NWDAF (See TS 23.288 [59]), each transmitted notification is added to the corresponding
counter. The measurement can be split into subcounters per Analytics ID (see clause 5.1.6.2.42 and 5.1.6.3.4
in TS 29.520 [58]) and subcounters per S-NSSAI.

d) Aninteger value

€) The measurement name has the form DANS.Anal yticsSerNotificationReceived, and
DANS.AnalyticsSerNotificationReceived.Analytics| D, where Analyticsl D identifies different analytics, and
DANS.AnalyticsSerNotificationReceived. SNSSAI, where SNSSAI identifies the S-NSSAL.

f) NWDAFFunction

g) Valid for packet switched traffic

h) 5GS

5.18.2.4 Number of analytics service responses received by the Aggregator NWDAF
a) This measurement provides the number of analytics service responses received by the Aggregator NWDAF.
b) CC

c) Onreceipt by the Aggregator NWDAFs of the response corresponding to the anal ytics service request from
Aggregator NWDAF (See TS 23.288 [59]), each received response is added to the corresponding counter. The
measurement can be split into subcounters per Analytics ID (see clause 5.1.6.2.42 and 5.1.6.3.4 in TS 29.520
[58]) and subcounters per S-NSSAI.

d) Aninteger value

€) The measurement name has the form DANS.AnalyticsSerResponseReceived, and
DANS.AnalyticsSerResponseReceived.AnalyticsI D, where Analyticsl D identifies different analytics, and
DANS.AnalyticsSerResponseReceived. SNSSAI, where SNSSAI identifies the SSNSSAL.

f) NWDAFFunction

g) Vadlid for packet switched traffic

h) 5GS

5.18.2.5 Number of ML model training service subscription from FL Server NWDAF

a) This measurement provides the number of ML model training service subscription generated by the FL Server
NWDAF.

b) CC

¢) On sending the ML model training service subscription by the FL Server NWDAF to FL client NWDAFsto
subscribe ML model training information for FL. model aggregation (See TS 23.288 [2]), each subscription is
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added to the corresponding counter. The measurement can be split into subcounters per Analytics ID (see
clause5.1.6.2.42 and 5.1.6.3.4 in TS 29.520 [58]) and subcounters per S-NSSAI.

d) Aninteger value

€) The measurement name has the form DANS.TrainingSerSubGenerated, and
DANS.TrainingSerSubGenerated.Analyticsl D, where AnalyticsI D identifies different analytics, and
DANS.TrainingSerSubGenerated. SNSSAI, where SNSSAI identifies the S-NSSAI.

f) NWDAFFunction

g) Valid for packet switched traffic

h) 5GS

5.18.2.6 Number of ML model training service notifications received by the FL Server
NWDAF

a) This measurement provides the number of ML model training service notifications received by the FL Server
NWDAF.

b) CC

¢) Onreceipt by the FL Server NWDAF of the notification corresponding to the ML model training service
subscription from FL Server NWDAF (See TS 23.288 [2]), each transmitted notification is added to the
corresponding counter. The measurement can be split into subcounters per Analytics ID (see clause
5.1.6.2.42 and 5.1.6.3.4 in TS 29.520 [ X]) and subcounters per S-NSSAI.

d) Aninteger value

€) The measurement name has the form DANS. TrainingSerNotificationReceived, and
DANS.TrainingSerNotificationReceived.AnalyticsI D, where AnalyticsI D identifies different analytics, and
DANS.TrainingSerNoatificationRecei ved. SNSSAI, where SNSSAI identifies the S-NSSAL.

f) NWDAFFunction

g) Valid for packet switched traffic

h) 5GS

5.18.3 Measurements related to the NWDAF service provisioning

5.18.3.1 NWDAF service provisioning subscription

5.18.3.1.1 Number of service subscription
a) This measurement provides the number of service subscriptions received by the NWDAF.
b) CC

c) On receipt by the NWDAF of the subscription to NWDAF service (See clause 7in TS 23.288 [59]), each
received subscription is added to the corresponding counter. The measurement can be split into subcounters
per service name (see clause 4.1 in TS 29.520 [58]), subcounters per Analytics ID (see clause 5.1.6.2.42 and
5.1.6.3.4in TS 29.520 [58]) and subcounters per S-NSSAI.

d) Aninteger value
€) The measurement name has the form DANS.SerSubReceived, and

DANS.SerSubReceived.ServiceName, where ServiceName identifies different services, and
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DANS.SerSubReceived.Analyticsl D, where Analyticsl D identifies different analytics, and
DANS.SerSubReceived. SNSSAI, where SNSSAI identifies the SNSSAI.

f) NWDAFFunction

g) Validfor packet switched traffic

h) 5GS

5.18.3.1.2 Number of successful service subscription
a) This measurement provides the number of service subscriptions received and accepted by the NWDAF.
b) CC

c) On receipt by the NWDAF of the subscription to NWDAF service (See clause 7in TS 23.288 [59]), each
accepted subscription is added to the corresponding counter. The measurement can be split into subcounters
per service name (see clause 4.1 in TS 29.520 [58]), subcounters per Analytics ID (see clause 5.1.6.2.42 and
5.1.6.3.4in TS 29.520 [58]) and subcounters per S-NSSAI.

d) Aninteger value

€) The measurement name has the form DANS.SerSubAccepted, and
DANS.SerSubA ccepted. ServiceName, where ServiceName identifies different services, and
DANS.SerSubA ccepted.AnalyticsI D, where Analyticsl D identifies different analytics, and
DANS.SerSubA ccepted. SNSSAI, where SNSSAI identifies the S-NSSAL.

f) NWDAFFunction

g) Vadlid for packet switched traffic

h) 5GS

5.18.3.1.3 Number of failed service subscription
a) This measurement provides the number of service subscriptions received but rejected by the NWDAF.
b) CC

c) On receipt by the NWDAF of the subscription to NWDAF service (See clause 7in TS 23.288 [59]), each
rejected subscription is added to the corresponding counter. The measurement can be split into subcounters per
service name (see clause 4.1 in TS 29.520 [58]), subcounters per Analytics ID (see clause 5.1.6.2.42 and
5.1.6.3.4in TS 29.520 [58]) and subcounters per S-NSSAI.

d) Aninteger value

€) The measurement name has the form DANS.SerSubRejected, and
DANS.SerSubRejected. ServiceName where ServiceName identifies different services, and
DANS.SerSubRej ected.AnalyticsI D, where AnalyticslD identifies different analytics, and
DANS.SerSubRejected. SNSSAI, where SNSSAI identifies the S NSSAL.

f) NWDAFFunction

g) Valid for packet switched traffic

h) 5GS
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5.18.3.2 NWDAF service provisioning request

5.18.3.2.1 Number of service requests
a) This measurement provides the number of service requests received by the NWDAF.
b) CC

c) On receipt by the NWDAF of the request to NWDAF service (See clause 7in TS 23.288 [59]), each received
request is added to the corresponding counter. The measurement can be split into subcounters per service
name (see clause 4.1 in TS 29.520 [58]), subcounters per Analytics ID (see clause 5.1.6.2.42 and 5.1.6.3.4 in
TS 29.520 [58]) and subcounters per S-NSSAI.

d) Aninteger value

€) The measurement name has the form DANS.SerRegReceived, and
DANS.SerRegReceived. ServiceName, where ServiceName identifies different services, and
DANS.SerRegReceived.AnalyticsI D, where Analyticsl D identifies different analytics, and
DANS.SerRegReceived. SNSSAI, where SNSSAI identifies the S NSSAL.

f) NWDAFFunction

g) Vadlid for packet switched traffic

h) 5GS

5.18.3.2.2 Number of successful service requests
a) This measurement provides the number of service requests received and accepted by the NWDAF.
b) CC

c) Onreceipt by the NWDAF of the request to NWDAF service (See clause 7 in TS 23.288 [59]), each accepted
request is added to the corresponding counter. The measurement can be split into subcounters per service
name (see clause 4.1in TS 29.520 [58]), subcounters per Analytics ID (see clause 5.1.6.2.42 and 5.1.6.3.4 in
TS 29.520 [58]) and subcounters per S-NSSAI.

d) Aninteger value

€) The measurement name has the form DANS.SerRegA ccepted, and
DANS.SerRegA ccepted. ServiceName, where ServiceName identifies the different services, and
DANS.SerRegAccepted.AnalyticsID, where AnalyticsiD identifies different analytics, and
DANS.SerRegAccepted. SNSSAI, where SNSSAI identifies the S-NSSAL.

f) NWDAFFunction

g) Valid for packet switched traffic

h) 5GS

5.18.3.2.3 Number of failed service requests
a) This measurement provides the number of service requests received but rejected by the NWDAF.
b) CC

c) Onreceipt by the NWDAF of the request to NWDAF service (See clause 7 in TS 23.288 [59]), each rejected
request is added to the corresponding counter. The measurement can be split into subcounters per service
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d)

f)
0)
h)

name (see clause 4.1 in TS 29.520 [58]), subcounters per Anaytics ID (see clause 5.1.6.2.42 and 5.1.6.3.4 in
TS 29.520 [58]) and subcounters per S-NSSAI.

Aninteger value

The measurement name has the form DANS.SerReqRej ected, and

DANS.SerRegRejected. ServiceName, where ServiceName identifies different services, and
DANS.SerRegRejected.Analyticsl D, where Analyticsi D identifies different analytics, and
DANS.SerRegRejected. SNSSAI, where SNSSAI identifies the SSNSSAL.

NWDAFFunction

Valid for packet switched traffic

5GS

5.18.3.3 Successful NWDAF service provisioning

5.18.3.3.1 Number of service notifications generated by the NWDAF

a)
b)
<)

d)

f)
9)
h)

This measurement provides the number of service subscriptions notified by the NWDAF.
CC

On transmission by the NWDAF of the notification corresponding to the service subscription (Seeclause 7in TS
23.288 [59]), each transmitted notification is added to the corresponding counter. The measurement can be split
into subcounters per service name (see clause 4.1 in TS 29.520 [58]), subcounters per Analytics ID (see
clause 5.1.6.2.42 and 5.1.6.3.4 in TS 29.520 [58]) and subcounters per S-NSSAI.

Aninteger value

The measurement name has the form DANS.SerNotificationGenerated, and
DANS.SerNotificationGenerated. ServiceName, where ServiceName identifies different services, and
DANS.SerNotificationGenerated.Analyticsl D, where Analyticsl D identifies different analytics, and
DANS.SerNotificationGenerated. SNSSAI, where SNSSAI identifies the S-INSSAL.

NWDAFFunction

Valid for packet switched traffic

5GS

5.18.3.3.2 Number of service responses generated by the NWDAF

a)
b)
©)

d)

This measurement provides the number of service requests responsed by the NWDAF.
CcC

On transmission by the NWDAF of the response corresponding to the service request (See clause 7in TS 23.288
[59]), each transmitted response is added to the corresponding counter. The measurement can be split into
subcounters per service name (see clause 4.1 in TS 29.520 [58]), subcounters per Analytics ID (see clause
5.1.6.2.42 and 5.1.6.3.4 in TS 29.520 [58]) and subcounters per S-NSSAI.

Aninteger value

The measurement name has the form DANS.SerResponseGenerated, and
DANS.SerResponseGenerated. ServiceName, where ServiceName identifies different services, and
DANS.SerResponseGenerated.Analyticsl D, where Analyticsl D identifies different analytics, and
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DANS.SerResponseGenerated. SNSSAI, where SNSSAI identifies the S-NSSAL.
f) NWDAFFunction
g) Vadlid for packet switched traffic
h) 5GS

5.18.4 Measurements related to the NWDAF analytics service failure

5.18.4.1 Number of analytics events for time misconfiguration

a) This measurement provides the number analytics of eventsin which the "Time when Analyticsinformation is
needed" is lower than the " Supported Analytics Delay". The measurement is calculated per Analytics ID (see
clause5.1.6.2.42 and 5.1.6.3.4in TS 29.520 [58]).

b) CC

¢) When the "Time when Analyticsis needed" islower than the " Supported Analytics Delay", the related event will
be added to the corresponding counter.

d) Aninteger value

€) The measurement name has the form DANS.TimeMisconfigAnalyticsEve, and
DANS.TimeMisconfigAnalyticsEve.AnalyticsiD, where AnalyticsID identifies different analytics.

f) NWDAFFunction

g) Vadlid for packet switched traffic

h) 5GS

5.18.4.2 Number of analytics events for late delivery

a) This measurement provides the number of analytics eventsin which the " Time when Analyticsinformation is
needed” islower than the "Time when Analyticsis delivered to the consumer”. The measurement is cal cul ated
per Analytics ID (see clause 5.1.6.2.42 and 5.1.6.3.4 in TS 29.520 [58]).

b) CC

¢) When the "Time when Analytics information is needed" is lower than the "Time when Analyticsis delivered to
the consumer”, the related event will be added to the corresponding counter.

d) Aninteger value

€) The measurement name has the form DANS.LateDeliveryAnalyticsEve, and
DANS.LateDeliveryAnalyticsEve.Analytics| D, where Analyticsl D identifies different analytics.

f) NWDAFFunction

g) Valid for packet switched traffic

h) 5GS

5.18.4.3 Number of analytics events for late analytics generating

a) This measurement provides the number of analytics eventsin which the " Supported Analytics Delay” is lower
than the "Time when Analyticsis delivered to the consumer”. The measurement is calculated per Analytics 1D
(seeclause5.1.6.2.42 and 5.1.6.3.4in TS 29.520 [58]).

b) CC
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©)

d)

€)

When the " Supported Analytics Delay" is lower than the " Time when Analyticsis delivered to the consumer”,
the related event will be added to the corresponding counter.

Aninteger value
The measurement name has the form DANS.L ateAnaGenerating, and

DANS.LateAnaGenerating.Analyticsli D, where AnalyticsI D identifies different analytics.

f) NWDAFFunction

g) Vadlid for packet switched traffic

h) 5GS

5.18.4.4 Number of successful analytics events during time misconfiguration

a) This measurement provides the number of analytics eventsin which the "Time when Analyticsinformation is
needed" islower than the " Supported Analytics Delay" but the "Time when Analyticsis delivered to the
consumer” islower than the "Time when Analytics information is needed". The measurement is calculated per
AnalyticsID (see clauses5.1.6.2.42 and 5.1.6.3.4 in TS 29.520 [58]).

b) CC.

¢) When the "Time when Analytics information is needed" is lower than the " Supported Analytics Delay" but the
"Time when Analyticsis delivered to the consumer"” is lower than the " Time when Analyticsinformation is
needed", the related event will be added to the corresponding counter.

d) Aninteger value.

€) The measurement name has the form DANS.TimeMisconfigSuccessful AnalyticsEve, and
DANS.TimeMisconfigSuccessful AnalyticsEve.Analyticsi D, where Analyticsl D identifies different analytics.

f) NWDAFFunction.

g) Validfor packet switched traffic.

h) 5GS.

5.18.4.5 Number of late delivery analytics events during time misconfiguration

a) This measurement provides the number of analytics eventsin which the "Time when Analyticsinformation is
needed" islower than the " Supported Analytics Delay" and the "Time when Analyticsinformation is needed” is
lower than the "Time when Analyticsis delivered to the consumer". The measurement is cal culated per
Analytics ID (see clauses5.1.6.2.42 and 5.1.6.3.4 in TS 29.520 [58]).

b) CC.

¢) When the "Time when Analytics information is needed" islower than the " Supported Analytics Delay” and the
"Time when Analyticsinformation is needed” is lower than the "Time when Analyticsis delivered to the
consumer", the related event will be added to the corresponding counter.

d) Aninteger value.

€) The measurement name has the form DANS.TimeMisconfigLateDeliveryAnalyticsEve, and
DANS.TimeMisconfigL ateDeliveryAnalyticsEve.AnalyticsI D, where AnalyticslD identifies different analytics.

f) NWDAFFunction.

g) Validfor packet switched traffic.

h) 5GS.
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5.18.5 Measurements related to the NWDAF Data Collection

5.185.1 Number of notifications for NWDAF Data Collection

a)

b)
c)

d)

€)

f)
o)
h)

This measurement provides the number of notifications received by NWDAF for Data Collection from NFs or
from AF viaNEF.This measurement is split into subcounters per data source, the data source can be NF such as
AMF, SMF, PCF, UDM, AF, UPF or OAM, as abasis of the computation of network analytics (See TS 23.288
[59]).

CcC
This measurement is obtained by the following method:

- on receipt of an Nnf_EventExposure_Notify response from NF (See TS 23.288 [59]). Each received
Nnf_EventExposure Notify response increments the relevant subcounter per data source by 1.

- onreceipt of an Nnef_EventExposure_Notify response from NEF (See TS 23.288 [59]). Each received
Nnef EventExposure Notify response increments the relevant subcounter per data source by 1.

Each subcounter is an integer value.

The measurement name has the form DANS.DataCollectNotifyRes.DataSourcel D, where DataSourcel D
identifies the data source (See TS 23.288 [59]).

NWDAFFunction
Valid for packet switched traffic
5GS

5.18.5.2 Number of subscriptions for NWDAF Data Collection

a)

b)

d)

€)

f)
9)
h)

This measurement provides the number of subscriptions generated by NWDAF for Data Collection from NFs or
from AF via NEF.This measurement is split into subcounters per data source, the data source can be NF such as
AMF, SMF, PCF, UDM, AF, UPF or OAM, as a basis of the computation of network analytics (See TS 23.288
[59)).

CcC
This measurement is obtained by the following method:

- on transmission of an Nnf_EventExposure_Subscribe request by the NWDAF to NF (See TS 23.288 [59]).
Each transmitted Nnf_EventExposure_Subscribe request increments the relevant subcounter per data source
by 1.

- on transmission of an Nnef _EventExposure_Subscribe request by the NWDAF to NEF (See TS 23.288 [59]).
Each transmitted Nnef_EventExposure _Subscribe request increments the relevant subcounter per data source
by 1.

Each subcounter is an integer value.

The measurement name has the form DANS.DataCollectSubscribeReq.DataSour cel D, where DataSourcel D
identifies the data source (See TS 23.288 [59]).

NWDAFFunction
Valid for packet switched traffic
5GS
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5.18.6 Measurements related to NWDAF ML model provision service

5.18.6.1 Time consumption of NWDAF providing ML model information

a) This measurement provides the time consumed by the NWDAF to generate and provide the ML model
information. The measurement is calculated per Analytics ID (see clause 5.1.6.2.42 and 5.1.6.3.4 in TS 29.520
[58]).

b) DER (n=1)
€) This measurement is obtained by the following method:

- the time when the NWDAF sends the response related to the ML model provision service request to the
NWDAF service consumer, minus the time when the NWDAF receives the corresponding ML model
provision service request from the NWDAF service consumer.

d) A real valuein milliseconds

€) The measurement name has the form DANS.Model ProvisionSerTimeCons, and

DANS. ModelProvisionSer TimeCons.Analyticsl D, where Analyticsl D identifies different analytics.
f) NWDAFFunction.

g) Valid for packet switched traffic.

h) 5GS.

5.18.6.2 Estimated Number of ML model training process triggered

a) This measurement provides the estimation of the total number of ML model training processtriggered. The
measurement is calculated per Analytics ID (see clause 5.1.6.2.42 and 5.1.6.3.4 in TS 29.520 [58]).

b) CC.

¢) When the time consumption of NWDAF providing ML model information is greater than a preconfigured
threshold related to the model training, the related event will be added to the corresponding counter.

d) Each measurement isasingle integer value.
€) The measurement name has the form DANS.Model TrainingTriggered, and
DANS.Model TrainingTriggered.Analytics| D, where AnalyticsI D identifies different analytics.
f) NWDAFFunction.
g) Valid for packet switched traffic.
h) 5GS.

5.18.7 NWDAF ML Model related measurements

5.18.7.1 Usage of ML models in NWDAF

5.18.7.1.1 Distribution of ML models usage in NWDAF

a) This measurement provides the distribution of usage of ML modelsin NWDAF to generate and provide
analytics for a specific time interval. This measurement is applicable when ML models are stored in the
NWDAF rather than in a central repository

b) CC

¢) This measurement is obtained by the following method:
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d)

€)

f)
9)
h)

- for each ML model its usage is determined for a specific time interval;
- the bin with the range corresponding to the ML model usage is selected;
- the value of the counter for the selected bin isincremented by 1

E.g., for aML model that was used 25 times to generate and provide analytics between time t and t-60 minutes,
the counter corresponding to the bin "15-30" isincremented by one

Each measurement is an integer representing the count of ML model usage within the range of the bin

The measurement name has the form DANS.MLM odel UsageCount.Bin where Bin indicates the size range
which is vendor specific

NWDAFFunction
Valid for packet switching
5GS

5.18.7.1.2 Mean usage of ML models in NWDAF

a)

This measurement provides the mean usage of ML modelsin NWDAF to generate and provide analytics for a
specific time interval. This measurement is applicable when ML models are stored in the NWDAF rather than in
acentral repository

Sl

This measurement is obtained by inspecting the usage of ML modelsin NWDAF and then taking their arithmetic
mean

A single integer value

The measurement name has the form DANS. MLModelsUsageMean
NWDAFFunction

Valid for packet switching

5GS

5.18.8 Measurements related to the NWDAF ML model training service

failure

5.18.8.1 Number of ML model training events for late delivery

a)

b)

f)
9)

This measurement provides the number of ML model training events in which the "Maximum response time” is
lower than the "Time when ML model training information is delivered to the consumer™ and "Time when ML
model training information is delivered to the consumer™” islower than the “Extended maximum response time”.
The measurement is calculated per Analytics ID (see clauses 5.1.6.2.42 and 5.1.6.3.4 in TS 29.520 [58]).

CC.

When the “Maximum response time” is lower than the "Time when ML model training information is delivered
to the consumer" and "Time when ML model training information is delivered to the consumer" is lower than the
“Extended maximum response time”, the related event will be added to the corresponding counter.

Aninteger value.

The measurement name has the form DANS.LateDeliveryTrainingEve, and
DANS.LateDeliveryTrainingEve.AnalyticsiD, where AnalyticsID identifies different analytics.

NWDAFFunction.
Valid for packet switched traffic.
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h) 5GS.
6 Measurements related to end-to-end 5G network and
network slicing
6.1 Void

6.2 Virtualised resource usage measurement

a) This measurement provides the mean usage of virtualised resource (e.g. processor, memory, disk) in single
network glice instance during the granularity period.

b) OM

¢) This measurement is generated with .sum suffix for the usage of each virtualised NF (see TS 32.426 [1]) related
to single network dice instance by taking the weighted average. The algorithm of the weighted average is vendor
specific.

d) Each measurement is an real value (Unit:%).
€) MeanProcessorUsage

MeanMemoryUsage

MeanDiskUsage

f) Performance measurement service.

g) Packet Switched.

h) 5GS

NOTE: The name of servicein f) needsto align with the TS (e.g., 28.550) defining the management
service.

ETSI



3GPP TS 28.552 version 18.6.0 Release 18 328 ETSI TS 128 552 V18.6.0 (2024-05)

Annex A (informative):
Use cases for performance measurements

A.1  Monitoring of UL and DL user plane latency in NG-
RAN

Satisfying low latency expectations for 5G services, such as URLLC, is one of the key tasks for the operator to meet
service performance expectations. As the performancein UL and DL differs, it isimportant for operatorsto be able to
monitor the UL and DL user plane latencies separately. With performance measurements allowing the operator to
obtain or derive the UL and DL user plane latency information separately, the operators can pinpoint the services
performance problems to specific problemsin UL or DL.

The DL IP latency monitoring in NG-RAN refers to the transmission within gNB of |P packets arriving when there is
no other prior data to be transmitted to the same UE in the gNB.

The average DL latency needs to be measured to give an general indication of the latency performance; further more the
latency distributions (into bins with latency ranges) need to be measured, to tell the occurrences about the packets with
each certain range of latency and better reflect the user experience.

Different network slices may have different requirements on the delay, so the delay needs to be measured for each S-
NSSAI.

To further pinpoint performance problem detected, separate counters may be provided per mapped 5QI (which are
particularly useful when the mapped 5QlI is used by few services and users and the packet size does not vary much).

A.2  Monitoring of UL and DL packet loss in NG-RAN

Keeping track of UL and DL packet lossin the NG-RAN is essential, since for certain services packets that are lost
along the way through the system may have a noticeable impact on the end user. UL and DL packet |oss measurements
(associated with packets measurements at the same time) can be useful for evaluation, optimization and for performance
assurance within the integrity area (user plane connection quality). Subcounters per QoS Level as well as per supported
S-NSSAI is helpful for operator to pinpoint the reason for high packet loss rate.

UL packet lossis a measure of packets dropped in the UE and the packets lost on the interfaces (air interface and F1-U
interface). DL packet lossis a measure of packets lost on the interfaces (air interface and F1-U interface). If parts of the
gNB are deployed in avirtualized environment, it isimportant to measure the packet loss on air interface and F1-U
interface in a separate measurements, to be able to pinpoint the reason for high packet loss.

A.3  Monitoring of DL packet drop in NG-RAN

Keeping track of DL packet dropsin the NG-RAN is essential, since for certain services packets that are dropped along
the way through the system may have a noticeable impact on the end user. DL packet drop measurements (associated
with total packets measurements at the same time) can be useful for evaluation, optimization and for performance
assurance of the network. Subcounters per QoS Level as well as per supported S-NSSAI is helpful for operator to
pinpoint the reason for high packet drop rate.

For gNBs that are deployed in a split architecture, e.g. when parts of agNB are deployed in avirtualized environment,
the DL packet drops may occur in two parts; the gNB CU-UP and the gNB DU. Therefore, it isimportant to measure
this separately.
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A.4  Monitoring of UL and DL user plane delay in NG-
RAN

Satisfying low packet delay is of prime concern for some services, particularly conversational services like speech and
instant messaging. As the performance in UL and DL differs, it isimportant for operators to be able to monitor the UL
and DL user plane delay separately. With performance measurements allowing the operator to obtain or derive the UL
and DL user plane delay information separately, the operators can pinpoint the services performance problemsto
specific problemsin UL or DL.

The DL delay monitoring in gNB refersto the delay of any packet within NG-RAN, including air interface delay until
the UE receives the packet. A gNB deployed in a split architecture, the user plane delay will occur in gNB-CU-UP, on
the F1 interface, in gNB-DU and on the air interface. Therefore, the delay measurements related to the four segments
needs to be monitored for the DL delay to pinpoint where end user impact from packet delay occurs.

The average DL delay needs to be measured to give a genera indication of the delay performance; further more the
delay distributions (into bins with delay ranges) need to be measured, to tell the occurrences about the packets with each
certain range of delay and better reflect the user experience.

The UL delay monitoring in gNB refers to the delay of any packet within NG-RAN, including air interface delay until
the packet leaves gNB-CU-UP. There are 4 components associated to UL delay (UL over-the-air interface delay, gNB-
DU delay, F1-U delay, CU-UP delay). Therefore, the delay measurements related to these four segments needs to be
monitored for the UL delay to pinpoint where end user impact from packet delay occurs. The beamforming capabilities
of the NRCelIDU and of the UE can be different. This might create a difference in the successful reception probability
of the DL data transmitted by the gNB-DU, versus the UL data transmitted by the UE as the later might involve more
retransmission than the former one. Thiswill increase the UL over-the-air delay compared to the DL over-the-air delay.

For multi-operator RAN sharing scenario, different operators may have different requirements on the packet delay. Itis
of great importance to enable each operator to monitor the packet delay withinits PLMN, aso it helps the operators to
pinpoint the network and service performance problemsin a specific PLMN.

Different network slices may have different requirements on the delay, so the delay needs to be measured for each S-
NSSAI.

To further pinpoint a detected delay performance problem, the packet delay measurement separation may be based on
mapped 5QI (or for QCI in case of NR option 3).

NOTE: It isan asumtion that the DL/UL delay on the F1 interface is equal, only DL measurement is defined.

A.5  Monitoring of UE Context Release Request (QNB-DU
initiated)

In order to monitor the stability of the network and detect the service/connection interruption caused by NGRAN,
monitoring the UE Context Release Request initiated by gNB-DU is an effective method. Collecting the measurements
for these events and analysing the releasing cause conveyed in the message, operators could detect the stability of NG-
RAN, and could decide a specific means to improve the NG-RAN performance. Moreover, measuring the UE Context
Releases on the SSB beam from where the UE CONTEXT isreleased is useful for analyzing the coverage problem.

A.6  Monitoring of physical radio resource utilization

The physical radio resource utilization measurements could provide operators the load information of the radio network
during the measurement time period. The physical radio resource utilization measurements should reflect the average
usage and the usage distribution of the radio resource of the physical layer. The measurements can make the operator to
be aware of whether a cell has ever experienced high load or not in the monitoring period, and is a key input to network
capacity planning and load balancing.

Network slicing is an important feature in 5GS, monitoring physical radio resource utilization per S NSSAI is helpful
for opeators to be aware of the load.
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A.7  Monitoring of RRC connection number

The number of the usersin RRC connected and inactive mode need to be monitored asiit reflects the load of the radio
network, the operators can use this information for dynamic frequency resource allocation or load balance purpose.
Moreover, it isan important factor to be evaluated in the radio network capacity enhancement decision-making.

A.8 Monitoring of UE Context Release (gNB-CU initiated)

In order to monitor the stability of the network and detect the service/connection interruption caused by NG-RAN,
monitoring the UE Context Release Command initiated by gNB-CU is an effective method. Collecting the
measurements for these events and analysing the releasing cause conveyed in the message, operators could detect the
stability of NG-RAN, and could decide a specific means to improve the NG-RAN performance. Moreover, measuring
the UE Context Releases on the SSB beam from where the UE CONTEXT is released is useful for analyzing the
coverage problem.

A.9  Monitoring of UE Throughput in NG-RAN

Keeping track of UL and DL UE throughput in the NG-RAN is essential, to ensure end user satisfaction and well-
functioning and well configured cells and scheduling features.

The restricted UE throughput per mapped 5QI will show the scheduling efficiency and QoS priority handling in the
gNB and the ratio between unrestricted and restricted volume will show the gNB ability to handle small data transfers
efficiently.

To be able to monitor the spread of throughput within the cell, and estimate the ratio of satisfied users, the throughput
distribution measurement can be used.

When network dlicing is supported by the NG-RAN, multiple s SSNSSAIs may be supported. The UL and DL UE
throughput for each S-NSSAI isthen of importance to the operator to pinpoint a specific performance problem.

For RAN sharing scenarios, the UL and DL UE throughput in each PLMN is of importance to pinpoint performance
problem in a specific PLMN.

A.10 Monitoring of Unrestricted volume in NG-RAN

M easuring the share of unrestricted user data volume in the NG-RAN isimportant, to show the gNB ability to handle
small data transfers efficiently and to see how large share of the volume that is part of the UE throughput measurement.
It is not meaningful to measure throughput for data transfers so small that they fit in one single slot but it is till
important to know how much such transfers can be handled by the gNB.

When network dlicing is supported by the NG-RAN, multiple s SSNSSAIs may be supported. The share of unrestricted
volume for each S-NSSAIl isthen of importance to the operator to pinpoint a specific performance problem.

A.11 N3 data volume related measurements

N3 related measurements are used to measure data volume on N3 interface including incoming and outgoing of GTP
data packets in total and per QoS level without counting the mandatory part of the GTP-U header

Itisuseful to analyse transport bandwidth usage of N3 interface in total and QoS level granularity. If the transport
bandwidth usage is too high, more bandwidth should be deployed, or load balance should be considered according to
core network dimension if there are multiple UPFs connected to multiple gNodeBs. Decision on the additional
bandwidth provisioning or load balancing can be made in more fine grained level due to the QoS level measurement.

So it is necessary to define N3 related measurements.
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A.12 NG related measurements

N6 related measurements are used to measure data volume on N6 interface including incoming and outgoing of 1P data
packets.

It isuseful to analyse transport bandwidth usage of N6 interface. If the transport bandwidth usage is too high, more
bandwidth should be deployed.

So it is necessary to define N6 related measurements.

A.13 Registration related measurements

A UE needs o register with the 5GS to get authorization to receive services, to enable mobility tracking and to enable
reachability. The following registration types are defined:

- Initia Registration to the 5GS;

- Mobility Registration Update (upon changing to a new Tracking Area (TA) outside the UE's Registration Areain
both CM-CONNECTED and CM-IDLE state, or when the UE needs to update its capabilities or protocol
parameters that are negotiated in Registration procedure with or without changing to anew TA);

- Periodic Registration Update (due to a predefined time period of inactivity); and
- Emergency Registration (i.e. the UE isin limited service state).
The registration may be via 3GPP access, or via untrusted or trusted non-3GPP access.

The performance of registration for each registration type needs to be monitored by the operator sinceit is relevant to
whether the end user can use the service of 5GS or a specific network slice. The performance of registration via 3GPP
access and non-3GPP access (including untrusted and trusted non-3GPP access) needs to be monitored respectively.

A.14 PDU session establishment related measurements

The PDU session establishment is one of essential procedures for 5G network. The performance of PDU session
establishment directly impacts the QoS of the network and the QOE of the end users. Therefore, the performance
measurements are needed to reflect the performance of the PDU session establishment.

The PDU sessions are created in two scerarios, Non-roaming/LBO-roaming and HR-roaming, and are created by
(V-)SMF and H-SMF respectively.

On receipt by the (V-)SMF from AMF of Nsmf_PDUSession_CreateSM Contex Request, the PDU session is created in
non-roaming/LBO-roaming scenario and HR-roaming scenario.

On receipt by the H-SMF from V-SMF of Nsmf_PDUSession_Create Request, the PDU session is created in HR-
roaming scenario.

The number and success rate of PDU session creations, the number of PDU sessions running on the SMF are some of
the basic performance measurements to monitor the performance of the PDU session establishment. And the
performance measurements of failed PDU session creations are helpful to solve the network issuesin case the
performance is below the expectation.

A.15 Policy association related measurements

To ensure the UE properly use the services provided by 5GS, the UE needs to be associated with a set of policies. The
policies are categorized into AM policy, SM policy and UE policy and these kinds of policies are provisioned by PCF.
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The AM policy association needs to be established in case the UE initially registers to the network or the UE needs the
AMF re-allocation. The AM policy association needs to be updated when the policy control request trigger is met or the
AMF isrelocated due to the UE mobility and the old PCF is selected (see clause 4.2 in TS 29.507[39]).

The SM policy association needs to be established when the UE requests a PDU Session Establishment. The SM policy
association needs to be updated when Policy Control Request Trigger condition is met (see clause4.2in TS
29.512[40]).

The UE policy association needs to be established in the following scenarios:
1. UEinitia registration with the network when a UE Policy Container is received.
2. The AMF relocation with PCF change in handover procedure and registration procedure.

3. UE registration with 5GS when the UE moves from EPS to 5GS and there is no existing UE Policy Association
between AMF and PCF for this UE.

The policy association establishment is the essential steps allowing the UE to be served by the 5GS under the designed
policies, therefore it needs to be monitored.

A.16 Monitoring of PDU session resource setup in NG-
RAN

The PDU Session Resource Setup procedure in NG-RAN is to assign resources on Uu and NG-U for one or severa
PDU session resources and the corresponding QoS flows, and to setup corresponding Data Radio Bearers for a given
UE.

The PDU Session Resource Setup is one of the most key procedure to allocate resources in the NG-RAN to the UE per
the QoS requirements for the NSSAI(s). Whether or not the PDU Session Resource is successfully setup for the
NSSAI(s) has direct impact to the user experience. The failed PDU Session Resource Setup may directly cause the
service failure for an end user. So, the performance related to the PDU Session Resource Setup for the gNB needsto be
monitored.

A.17 Monitoring of handovers

Mobility is one of the most significant feature of the mobile networks, and handover is one typical action of the
mobility. The handover failure would cause service discontinuation, thus the performance of the handover has direct
impact to the user experience. The handover procedure includes handover preparation, handover resource allocation and
handover execution, and the performance related to handover needs to be monitored for each phase. The resources (e.g.,
PDU Session Resource) need to be prepared and allocated for a handover according to the QoS requirements for each S-
NSSAI.

The handover could occur intra-gNB and inter-gNB for 5G networks, and for inter-gNB case the handover could
happen via NG or Xn interface. The handover could occur Intra-frequency and Inter-frequency for 5G networks. The
handover could also occur between 5GS and EPS.

It is also important to have information about the used beams in the source and target cellsin order to optimize the
handover performance taking beam ids into account.

For the handover failures, the measurements with specific causes are required for trouble shooting.

The handover parameters setting could be specific for each NCR, and the handover performance could vary
significantly for different NCRs, therefore the performance needs to be measured per NCR to support handover
parameters optimization when necessary.

ETSI



3GPP TS 28.552 version 18.6.0 Release 18 333 ETSI TS 128 552 V18.6.0 (2024-05)

A.18 Monitor of BLER performance

The TB Error Ratein UL/DL can directly reflect the BLER, and has an influence on MCS selection and user
throughput. It can be helpful to estimate the performance of radio resource management like radio resource schedulein
transport layer and be helpful in trouble shooting. Furthermore, they should be taken into account to optimize the
system performance. To obtain TB Error Rate by calculating, the number of total and error TBs transmitted in a cell
should be monitored.

A.19 Monitor of ARQ and HARQ performance

Reliable Packet Delivery is one of the important Performance factor for a better User experience. HARQ re-
transmissions at the MAC layer ensure reliable packet delivery

In addition, RLC can be configured to operate in acknowledged mode for those applications that need very low packet
drops and can tolerate a dlightly higher delay from RLC re-transmissions.

If aMAC PDU is not delivered, HARQ takes care of re-transmitting (up to a maximum configurable number). If all the
re-transmissions fail at MAC layer, and if RLC is configured to operate in acknowledged mode, RLC's ARQ
mechanism will take care of any residual packet errors.

It isimportant to:
a) Maintain the block error rate or packet error rate within tolerable limits.

b) Ensure that HARQ re-transmissions take care of most packet errors, instead of relying on RLC layer re-
transmissions (which would increase the delay).

So, it isimportant to monitor the performance of these schemes.

HARQ Performance if viewed at MCS (M odulation Coded Scheme) can help in monitoring the MCS Performance al so.

A.20 Monitoring of PDU session modifications

The PDU session may need to be modified by various causes (see TS 29.502 [14]), whether a PDU session can be
successful modified may impact the communication services supported by the PDU session. Therefore the performance
of PDU session modification procedures need to be monitored. Besides PDU session modification requests and
successes, the PDU session modification failures with specific causes need to be monitored for trouble shooting.

A.21 Monitoring of PDU session releases

The PDU session release may be released by the UE, SMF or AMF. When a PDU session is released by an unexpected
reason, the user service would be impacted. The PDU session releases initiated by the UE and SMF are usualy
triggered by normal reason (e.g., UE deregistration, under request from DN, etc.). The PDU session releases initiated by
AMF may be due to an abnormal reason (e.g., mismatch of PDU Session status between UE and AMF). Therefore the
PDU session releases initiated by AMF need to be monitored.

A.22 Monitoring of N4 session management

UPF handles the user plane path of PDU Sessions. UPF selection is performed by SMF, and deployments where a UPF
is controlled either by asingle SMF or multiple SMFs (for different PDU Sessions) are supported.

The SMF uses N4 session management procedures to control the traffic detection, traffic reporting, QoS enforcement
and traffic routing of the UPF.
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The N4 session management procedures include N4 Session Establishment procedure, N4 session Modification
procedure and N4 session release procedure.

If PDF failsto handle the user plane path for a PDU session, the user service will be impacted. So the performance
about N4 session management needs to be monitored.

A.23 Use case of VR measurements for NF

In case the NF is virtualized, the performance of an NF may be impacted by the underlying VRs (i.e., virtual CPUs,
virtual memories, virtual storages, and connection data volumes). To enable the operator to analyze the impact of the
VRs to the performance of the NF, the performance of the virtual compute, virtual memory and virtual disk also needs
to be monitored. The usage is the key measurement for the performance of the VR, it can tell whether the VR is
overloaded and whether the VR is efficiently utilized. By correlating the VR related measurements with the
performance measurement of the NF, the operator can know whether the NF performance issue is caused by the VRs or
not. When necessary, the operator may take appropriate action to solve the performance issue of the NF, for example, to
scale infout the VNF instance(s) that realizes the NF, or switch on/off the auto-scaling for the VNF instance(s).

A.24 Monitoring of DRB Setup in NG-RAN

The DRB setup procedure in NG-RAN isto assign resources in gNB and on the air interface (Uu) for one or severa
DRBs that will handle the QoS flows requested to setup by the core network. The gNB may map several QoS flowsto
the same DRB so there is no one-to-one mapping between the flows and DRBs.

At DRB setup, the gNB will handle al QoS flows mapped to one DRB the same (mapped 5QI). A QoS flow that isat a
later stage mapped to an already setup existing DRB will not increment the DRB setup counters.

The DRB setup is one of the most key procedures to allocate resources in the NG-RAN to the UE per the QoS
requirements. Whether or not the DRB is successfully setup has direct impact to the user experience. A failed DRB
setup may directly cause service failure or degradation for an end user. So, the performance related to the DRB setup
for the gNB needs to be monitored per supported mapped 5QI and per S-NSSAI.

A.25 Monitoring of PDCP data volume measurements

In 5GS, Cell PDCP data volume is a useful measurement which represents the real data traffic for each cell. The
monitor of the Cell PDCP data volume could provide operators the traffic information and is useful for operatorsto do
cell load evaluation, load balancing and cell capacity planning.

In addition, in scenarios of dual connectivity, for split bearers, PDCP datais transferred between the MN and the SN via
the MN-SN user plane interface. To monitor the real PDCP data volume transmitted in MN and SN in MR-DC
scenarios, the data volume transferred between MN and SN should be counted.

A.26 Monitoring of RF performance

RF Performance includes performance of Power Resource Utilization, RF signal, TA, interference and etc. Monitoring
of the performance measurements can help to reflect the cell loading information and abnormal conditions.

Monitoring of the quality of RF signal in the cell is useful for the purpose of network planning and overall service
quality assessment. Measurements of Channel Quality Indicator (CQI) reported by UEsis a useful metric reflecting RF
signal quality and service quality.

A.27 Monitoring of RF measurements

MCS represents the modul ation and coding schemes scheduled for the physical resources by NG-RAN. The
measurements of MCS distribution is a useful metric reflecting the efficiency for PDSCH and PUSCH RBs. It is helpful
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for operator to optimize the scheduling of physical resources to improve the network efficiency and overall service
quality.

The MCS scheduling strategies of MU-MIMO and SU-MIMO are different due to factors such as user pairing and
interference. So it is necessary to distinguish statistics and measurements of MCS distribution for MU-MIMO and SU-
MIMO.

A.28 Monitor of QoS flow release

QoS flow isthe key and limited resource for 5G RAN (including NG-RAN and non-3GPP access) to deliver services.
The release of the QoS flow needs to be monitored as:

- anabnormal release of the QoS flow will cause the call(/session) drop, which directly impacts the QoS delivered
by the networks, and the satisfaction degree of the end user;

- asuccessfully released QoS flow can be used to setup other requested calls(/sessions). The QoS flow failed to be
released will still occupy the limited resource and hence it can not be used to admit other requested
calls(/sessions).

From aretainability measurement aspect, QoS flows do not need to be released because they are inactive, they can be
kept to give fast access when new data arrives.

To define (from a QoS flow release measurement point of view) if a QoS flow is considered active or not, the QoS flow
can be divided into two groups:

For QoS flows with bursty flow, a UE is said to be "in session” if there is user datain the PDCP queue in any of the
directions or if any QoS flow data on a Data Radio Bearer (UL or DL) has been transferred during the last 100 ms.
For QoS flows with continuous flow, the QoS flow (and the UE) is seen as being "in session” in the context of this
measurement as long as the UE isin RRC connected state, and the session time is increased from the first data
transmission on the QoS flow until 100 ms after the last data transmission on the QoS flow.

A particular QoS flow is defined to be of type continuous flow if the 5QI isany of {1, 2, 65, 66} .

The specific reason causing the abnormal and failed release of the QoS flow is required in order to find out the problem
and ascertain the solutions. And due to different priority and tolerance for different service type with different QoS level
in the networks, the monitor needs to be opened on each service type with QoS level.

The QoS flow can be released by PDU Session Resource Rel ease procedure, UE Context Release procedure, Reset
procedure either initiated by 5G RAN (including NG-RAN and non-3GPP access) or AMF and NG Path Switch
procedure (see TS 38.413 [11)).

So performance measurements related to QoS flow Release (see TS 38.413 [11]) and UE Context Release (see TS
38.413 [11]) procedure for each service type with QoS level are necessary to support the monitor of QoS flow release.

The abnormal rel ease of the QoS flow has potential scenario where, regardless of receiving the UE Context Release
Command with the cause related to abnormal release, the end user does not perceive it as abnormal. This scenario is
explicitly related to 5QI 1 calls, for other servicesit is not possible to determine the reason behind the cause code. It is
typical to encounter such scenario, a so called "double UE Context", when Radio Link Failure occurs during an ongoing
5QI 1 call and RRC Connection Re-establishment attempt fails on target or other cell. If then the UE does a new RRC
Connection the 5QI 1 QoS flow is set-up during Initial Context Setup in the target or other cell. However, when AMF
receives that service request with the Initial UE message through the target or other cell, it realizes that it already has
the same UE Context but from the source cell (it has not been released yet). In such case, AMF sends UE Context
Release Command to the source cell. Asthe 5QI 1 QoS flow has been successfully setup in the target or other cell, the
5QI 1 QoS flow release in the source cell may not be perceived as a drop (abnormal release) by the end user, asthe
service has been sustained with some interruption time, and can't be considered asa drop in the 5QI 1 QoS flow Drop
Ratio. Thisinterruption time may be monitored in order to evaluate how it can impact the QoS of the 5QI 1 Flows due
to double NG (double UE context)". Moreover, the 5QI 1 QoS Flows that can be immediately released due to radio
reasons with UE connectivity lost (when T-RLF timer was not started) may be delayed by time interval based on this
average interruption time to possibly transform them to double NG scenario to keep the calls active and reduce further
the 5QI 1 QoS flow Drop Ratio.
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From QoS perspective it isimportant to focus also on call duration as in some cases wrong quality perceived by the end
user is not fully reflected by drop ratio nor retainability KPI. Typical case is when due to poor radio conditions the end
user redials (the call was terminated normally) to the same party to secure the quality. But in this case the drop ratio KPI
will not show any degradation. Secondly, although the call is dropped the end user may or may not redial depending on
dropped call duration compared to the case when the call would be normally released. It istherefore highly
recommended to monitor average and distribution of duration of normally and abnormally released calls.

A.29 Monitor of call (/session) setup performance

Call(/session) setup is one of most important step to start delivering services by the networks to users.

The success or failure of a call(/session) setup directly impacts the quality level for delivering the service by the
networks, and also the feeling of the end user. So the success or failure of call(/session) setup needs be monitored, this
can be achieved by the calculation of call setup success rate which gives adirect view to evaluate the call setup
performance, and the analysis of the specific reason causing the failure to find out the problem and ascertain the
solutions.

In addition, the time duration of the call(/session) setup need to be monitored as it impacts the end user experience, and
by comparison with operator's benchmark requirements, the optimization may be required according the performance.

To support the monitor of success or failure of the call(/session) setup, the performance measurements related toPDU
Session Resource Setup/modify (See TS 38.413[11]) in NG-RAN or viatrusted/untrusted non-3GPP access and Initial
Context Setup (See TS 38.413[11]) procedures for each QoS level and each S-NSSAI are needed.

A.30 Void

A.31 Monitoring of QoS flows for SMF

To support aservice for a UE, the QoS flow supporting the specific QoS needs to be added or modified. If the QoS flow
failsto be added or modified, the user service cannot be conducted or the QoS cannot be met. So the QoS flow addition
and modification need to be monitored.

Furthermore, in order to know the UE traffic pattern at SMF, it is necessary to monitor the peak and mean number of
ongoing QoS flows for each granularity period.

A.32 Monitoring of service requests

The Service Request procedure isinitiated via 3GPP access:

by the UE in CM-IDLE state in order to send uplink signalling messages, user data, or as aresponse to a network
paging request; or

by the network when the network needsto signal (e.g. N1 signalling to UE, Mobile-terminated SM S, User Plane
connection activation for PDU Session(s) to deliver mobile terminating user data) with a UE.

The Service Request procedure via non-3GPP Access (including untrusted and trusted non-3GPP access) is used by a
UE:

- inCM-IDLE state over non-3GPP access to request the re-establishment of the NAS signalling connection and
the re-establishment of the user plane for all or some of the PDU Sessions which are associated to non-3GPP
access, and

- inCM-CONNECTED state over non-3GPP access to request the re-establishment of the user plane for one or
more PDU Sessions which are associated to non-3GPP access.

The Service Request procedures via 3GPP access and via untrusted/trusted non-3GPP Access need to be monitored
respectively in order to know the performance of the 5G network in terms of providing services to the UEs.
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A.33 Monitoring of DL PDCP UE buffered throughput

To monitor DL PDCP buffered throughput per UE and bearer is essential, to ensure end user satisfaction and well
functioning and well configured cells. 1f an end user often experiences low quality during use of a service, the end-user
might change wireless subscription provider, i.e. loss of income for the network operator.

A.34 Monitoring of RRC connection setup in NG-RAN

RRC connection setup is one of most important step to start delivering services by the networksto users, (see TS 38.331
[20]).

Whether or not the RRC connection is successfully setup has direct impact to the user experience. A failed RRC
connection setup may cause service failure or failure in updating tracking area information for an end user. So, the
performance related to the RRC connection setup for the gNB needs to be monitored. This can be achieved by the
calculation of RRC connection setup success (or failure) rate (number of successful (or failed) / number of attempt)
which gives adirect view to evaluate the RRC connection setup performance, and the analysis of the specific reason
causing the failure to find out the problem and ascertain the solutions.

Since the intended service is not yet know when establishing the RRC connection, it is not possible to do separation
between QoS classes or S-NSSAIs.

A.35 Monitoring of UE associated NG signalling
connection setup in NG-RAN

The NG signalling connection setup procedure in NG-RAN isto establish signalling connection between gNB and
AMF for agiven UE.

Whether or not the NG signalling connection is successfully setup has direct impact on the user experience. A failed
NG signalling connection setup may directly cause service failure or failure in updating tracking areainformation for an
end user. So, the performance related to the NG signalling connection setup for the gNB needs to be monitored. This
can be achieved by the calculation of success rate for UE associated NG signalling connection (number of successful /
number of attempted) which gives adirect view to evaluate the setup performance.

Since the intended serviceis not yet know when establishing the UE associated NG signalling connection, it is not
possible to do separation between QoS classes or S-NSSAI.

A.36 Monitoring of PDCP data volume per interface

In 5GS, PDCP data volume is a useful measurement which represents the real data traffic towards each
GNBDUFunction (F1-U interface), each external gNB-CU-UP (Xn-U interface) and each external eNB (X2-U
interface). The monitoring of the PDCP data volume could provide operators with traffic information and is a useful
measure in performance assurance within integrity area (user plane connection quality) and in energy efficiency
evaluation.

A.37 Monitoring of RRC connection re-establishment

The failed RRC connection re-establishment will cause the call (/session) drop, which directly impacts the QoS
delivered by the networks.
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A.38 Monitoring of RRC connection resuming

RRC connection resuming is one of important step to start delivering services by the networks to users or for RNA
update.

The success or failure of a RRC connection resuming directly impacts the quality level for delivering the service by the
networks, and also the feeling of the end user. So the success or failure of RRC connection resuming needs be
monitored, this can be achieved by the calculation of RRC connection resuming success rate which gives a direct view
to evaluate the resume performance, and the analysis of the specific reason causing the failure to find out the problem
and ascertain the solutions.

A.39 Monitoring of inter-AMF handovers

The handover could occur from a source NG-RAN to the target NG-RAN that are served by different AMFs. During the
handover, the PDU sessions and QoS flows need to be setup in the target side. The failure of the PDU session setup or
QoS flow setup during the inter-AMF handover has direct impact to the user's experience. Therefore, it is necessary to
monitor the performance related to PDU session setup or QoS flow setup for the Inter-AMF handover.

A.40 Monitoring of incoming/outgoing GTP packet loss on
N3

Keeping track of GTP data packet |oss over N3 is essential, since for certain services packets that are lost along the way
through the system may have a noticeable impact on the end user. Incoming/outgoing GTP data packet loss
measurements can be useful for evaluation, optimization, and performance assurance between gNB and UPF in the
core. Itisalsoimportant for the performance measurement of end-to-end point of view from UE to UPF. Performance
degradation can happen any point although the focusis centered more at UE and RAN. When the monitoring
incoming/outgoing GTP packet loss on N3 requires specific measurements per GTP tunnel, the monitoring of
incoming/outgoing GTP packet loss on N3 can use subcounters per TEID to provide the measurements within a GTP
tunnel.

A.41 Monitoring of round-trip GTP packet delay on N3

Keeping track of GTP data packet delay over N3 is essential, since for certain services packet delay along the way
through the system may have a noticeable impact on the end user. Incoming/outgoing GTP data packet delay
measurements can be useful for evaluation, optimization, and performance assurance between gNB and UPF in the
core. Itisalsoimportant for the performance measurement of end-to-end point of view from UE to UPF. Performance
degradation can happen any point although the focusis centered more at UE and RAN.

A.42 Monitoring of PDU session resource management for
untrusted non-3GPP access

The PDU Session Resource management procedure for Untrusted non-3GPP Access is to manage resourcesin
Untrusted non-3GPP Access for the PDU sessions.

The PDU Session Resource needs to be setup or modified via the Untrusted non-3GPP Access for the UE per the QoS
requirements for the NSSAI(S).

The PDU Session Resource setup and modification via the Untrusted non-3GPP Access have direct impact to the user
experience. So, the performance related to the PDU Session Resource setup and modification via the Untrusted non-
3GPP Access needs to be monitored.
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A.43 Monitor of DRB release

DRB isthe key and limited resource for NG-RAN to deliver services. Once a QoS flow reaches agNB it will trigger
setup of anew DRB or it will be mapped to an existing DRB. The decision on how to map QoS flows into new or
existing DRBs s taken at the CU-CP. CU-CP also defines one set of QoS parameters (one 5QI) for the DRB. If a QoS
flow is mapped to an existing DRB, the packets belonging to that QoS flow are not treated with the 5QI of the QoS
flow, but they are treated with the mapped 5QI of the DRB.

The release of the DRB needs to be monitored as:

- an abnormal release of the DRB will cause the call(/session) drop, which directly impacts the QoS and dlice
delivered by the network, and the satisfaction degree of the end user;

- asuccessfully released DRB can be used to setup other requested calls(/sessions). The DRB failed to be released
will still occupy the limited resource and hence it can not be used to admit other requested calls(/sessions).

From aretainability measurement aspect, DRBs do not need to be released because they are inactive, they can be kept
to give fast access when new data arrives.

To define (from a DRB release measurement point of view) if a DRB is considered active or not, the DRB can be
divided into two groups:

- For DRBswith bursty flow, a DRB is said to be active if there is user datain the PDCP queue in any of the
directions or if any data (UL or DL) has been transferred during the last 100 ms.

- For DRBs with continuous flow, the DRB is seen as being active in the context of this measurement aslong as
the UE isin RRC connected state, and the session time isincreased from the first data transmission on the DRB
until 100 ms after the last data transmission on the DRB.

A particular DRB is defined to be of type continuous flow if the mapped 5QI isany of {1, 2, 65, 66}.

Dueto different priority and tolerance for different service type with different QoS level in the DRB, the measurement
needs to be performed per mapped 5Ql, to be able to judge the result.

Similarly, the abnormal and failed DRB releases will affect different Service Level Agreementsin the networks.
Therefore, each S-NSSAI needs to be monitored.

The DRB can be released by PDU Session Resource Release procedure, UE Context Release procedure, Reset
procedure either initiated by NG-RAN or AMF and NG Path Switch procedure (see TS 38.413 [11]).

Therefore, performance measurements related to DRB Release (see TS 38.413 [11]) and UE Context Release (see TS
38.413 [11]) procedure for each QoS level (mapped 5QI) and each S-NSSAI are necessary to support the monitor of
DRB release.

A.44 Monitoring of application triggering

When the AF needs to trigger the UE for some actions, the AF requests the NEF to send an application trigger to the
UE.

The application in the UE may perform actions as indicated by the Trigger payload when the Triggered payload is
received at the UE. For example initiation of immediate or later communication with the application server based on the
information contained in the Trigger payload, which includes the PDU Session Establishment procedure if the related
PDU Session is not already established.

Therefore, to ensure the application run normally, the network needs to successfully deliver the application trigger to
the UE.
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A.45 Monitoring of SMS over NAS

The SMS can be transferred over NAS in 5G networks. To enable SMS over NAS transporting, the UE includes an
"SM S supported" indication in Registration Request indicating the UE's capability for SMS over NAS transport, and in
the Registration Accept the networks indicates to the UE whether the network allows the SM S message delivery over
NAS. If the SMS over NAS is allowed by the network, the SM'S messages can be originated or terminated by the UE,
via 3GPP or non-3GPP access.

The performance of SMS over NAS, as a service provided to the end users, has direct impact to user experience and
user satisfaction, and thus needs to be monitored. For this purpose, the measurements for the following aspects are
needed:

- registration procedure for SMS over NAS to reflect whether the UEs are allowed or disallowed to send or
receive SMS messages over NAS;

- the number of SM'S messages requested to be sent or received over NAS and the number of SM'S messages
successfully delivered over NAS, which can directly reflect whether the services can be successfully delivered to
the users.

A.46 Monitoring of round-trip GTP packet delay on N9

When |-UPF exists, the delay over N9 interface for DL/UL data packetsis essential as part of the e2e packet delay,
since for certain services packet delay aong the way through the system may have a noticeable impact on the end user.
RTT GTP data packet delay measurements for DL/UL data packets can be useful for evaluation, optimization, and
performance assurance for the N9 interface between PSA UPF and I-UPF. It isalso important for the performance
measurement of end-to-end point of view from UE to PSA UPF. Performance degradation can happen any point, so the
RTT N9 delay needs to be measured at PSA UPF and I-UPF respectively. The GTP packets are prioritized for
transmitting using DSCPs, so it is necessary to measure the round-trip GTP packet delay per DSCP.

A.47 Monitoring of GTP packets delay in UPF

The GTP packets may be delayed on the interfaces and in the NFs. For some services (such as URLLC sevices), the end
to end packet delay in the network has clear impact to users' experience. The GTP packets delay in the UPF, as one
segment of the end to end delay in the network, needs to be measured in order to indicate where the performance
degradation happens. The GTP packets are prioritized for transmitting for different 5QIs and S-NSSAIs, so the
measurements per 5QI and S-NSSAI are needed.

A.48 Monitoring of round-trip delay between PSA UPF and
UE

The end to end delay in 5G networks between UE and PSA UPF has direct impact to users' experience for some types
of services (e.g., URLLC). In case the PSA UPF and NG-RAN are not time synchronised, the round-trip delay between
PSA UPF and UE can be measured at PSA UPF.

The measurements on the round-trip delay between PSA UPF and NE can be used to evaluate the user plane delay
performance in 5G networks and users' experience.

A.49 Monitoring of Power, Energy and Environmental
(PEE) parameters

Power, Energy and Environmental (PEE) parameters, combined with data volume measurements, are valuable
information for operators to measure the energy efficiency of their 5G network. Hence it is necessary to define PEE
parameters related to 5G network such as power, energy, temperature, voltage, current and humidity.
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A.50 Monitoring of UE configuration update

To ensure the UE properly use the services provided by 5GS, the UE needs to update access and mobility management
related parameters decided and provided by the AMF.

The UE configuration update is the essential steps allowing the UE to be served by the 5GS under the changed
configuration, therefore it needs to be monitored.

A.51 Monitoring of subscriber's number for UDM

The number of subscribersincluding registered and unregistered subscribers for UDM need to be monitored asit
reflects the service load of the UDM, the operators can use thisinformation for resource allocation or load balance
purpose.

A.52 Monitoring of QoS flow modification

The QoS flow may need to be modified to fulfil the updated QoS requirements for the UE. The QoS modification
success or failure has direct impact to the users about the QoS that the network can provide. The performance
measurements related to QoS flow modification are needed to evaluate the performance that whether or not the UE's
updated QoS requirements are fulfilled by the network, and to support finding the causes of the failures for
troubleshooting.

The QoS flows, within the PDU session, may be established in NG-RAN or untrusted/trusted non-3GPP access, so
separate performance measurements are needed to monitor the QoS flow modifications respectively in NG-RAN and
untrusted or trusted non-3GPP access.

A.53 Monitoring of handovers between 5GS and EPS

The handover could occur between 5GS and EPS with or without N26 interface. The success or failure of the handover
between 5GS and EPS directly impacts the users' experience, especially for the service of voice over IMS. When the
handover occurs viathe N26 interface, the handover may succeed or fail on the N26 interface. The performance of
handover between 5GS and EPS needs to be monitored, and for failure cases the measurements with specific causes are
needed for trouble shooting.

A.54 Monitoring of NF service registration and update

The NRF maintains the information of available NF instances and their supported services, and each NF instance
informs the NRF of the list of NF services that it supports.

The NF instance may make this information available to NRF when the NF instance becomes operative for the first time
(registration) or upon individual NF service instance activation/de-activation within the NF instance (update operation)
e.g. triggered after a scaling operation. The NF instance while registering the list of NF servicesit supports, for each NF
service, may provide a notification endpoint information for each type of notification service that the NF serviceis
prepared to consume, to the NRF during the NF instance registration. The NF instance could also update or delete the
NF service related parameters (e.g. to delete the notification endpoint information). Registration with the NRF includes
capacity and configuration information of the NF instances and at time of instantiation.

The failed NF service registration or update would result in that 1) the NF service cannot be discovered or consumed by
the consumer, and 2) the NF service may not be able to receive the notifications for the other NF servicesit needs to
consume, such failures would impact many users who need to be supported by the NF services. Therefore, the
performance of the NF service registration or update need to be monitored, especially for the failure cases which need
to trigger trouble shooting.
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A.55 Monitoring of NF service discovery

An NF serviceis one type of capability exposed by an NF (NF Service Producer) to other authorized NF (NF Service
Consumer) through a service-based interface. A Network Function could expose one or more NF services.

The NF discovery and NF service discovery enable Core Network entities (NFs or Service Communication Proxy
(SCP)) to discover a set of NF instance(s) and NF service instance(s) for a specific NF service or an NF type. Unless the
expected NF and NF service information islocally configured on the requester NF, e.g. when the expected NF service
or NFisinthe same PLMN as the requester NF, the NF and NF service discovery isimplemented via the Network
Repository Function (NRF).

If the NF service instance(s) cannot be discovered by the NF consumer, the network feature may not be fully supported
thus the uses may suffer from service failures. Therefore, the performance of the NF service discovery needs to be
monitored.

A.56 Monitoring of PFD management

The Packet Flow Description (PFD) describes the packet flow for the UL/DL application traffic by atuple of protocol,
server-side IP and port number.

Management of Packet Flow Descriptions (PFDs) refers to the capability to create, update or delete PFDsin the NEF
(PFDF) for the applications under the request of AF, and the distribution from the NEF (PFDF) to the SMF and finally
to the UPF.

The 5G network needs to have the up-to-date PFDs in order to deliver the user data to the destination for the
applications, and the applications cannot be fulfilled without PFDs or with wrong or obsolete PFDs. Therefore, the
performance of PFD management, including PFD creation, update, deletion, fetch and subscription, needs to be
monitored.

A.57 Monitoring of incoming GTP packet out-of-order on
N3 interface

If the sequence is out-of-order during the link transmission between gNB and UPF, especially for the TCP-type service,
fast retransmission and even the exponential back-off process of the TCP occur, it will have a great impact on the
terminal service rate. Adding the out-of-order packet measurement metrics on the N3 interface is helpful to better
observe and evaluate the transmission quality of the data link between the gNB and the UPF. It is of significance to the
high-rate and high-reliability services.

A.58 Monitoring of PCI to detect PCI collision or confusion

Each NR cell is assigned a PCI that enables UE to uniquely identify the cell. PCI values need to be reused,
as there are only 1008 PCI values. Typically, operators use network planning tool to assign PClsto cells when the
network is deployed to insure al neighbouring cells have different PCls. However, due to the addition of new cells or
changes of neighbour relations from ANR functions, issues can arise, such as PCI collision, PCI confusion.

The measurement of PCI values for candidate cells can be used by C-SON to detect potential PCI issues. The
examplein Fig A.x.-1 show the PCI values assigned to neighboring cells, where

- Cell #6: PCI =7
- Cell #10: PCI =9
-Cel #7: PCI =1
- Cell #8: PCI =7
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C-SON PCI configuration function can collect and anaylze the measurements to detecet the PCI issue between cell #6
and cell #8.

Extended coverage

Cell-8
PCI=7 _

Ce||-%§ée||-7
PCI=1 PCl=2

N Cell-10 T
I~ PCI=9 7 B

Ce||-1igbell-12
pci=2 & pci=5

Figure A.58-1: PCI configuration example

A.59 Monitoring of RACH usage

The RACH plays avital role in the following procedures:
- Initia accessfrom RRC _IDLE;
- Initial access after radio link failure;
- Handover requiring random access procedure;
- DL dataarrival during RRC_CONNECTED requiring random access procedure;
- UL dataarrival during RRC_CONNECTED requiring random access procedure;
Furthermore, the random access procedure takes two distinct forms:
- Contention based using a randomly selected preamble (applicable to all five events);
- Non-contention based using a dedicated preamble (applicable to only handover and DL data arrival).

In the use-case of RACH configuration optimization, received Random Access Preambles and a contention indicator are
signalled across an OAM interface.

Monitoring of the preamble usage in a cell allows the operator to determine if the resources allocated to the RACH by
the gNodeB are appropriate for the number of random access attempts. If the resources are underutilised, then the
operator may reconfigure the gNodeB (via CM) to allocate less resource to RACH thereby freeing up resource for other
uplink transmissions. Alternatively, if the resources are heavily utilised then thisis indicative of RACH congestion
leading to increased latency for the procedures listed above. To this effect, measurements directly reflecting RACH
congestion experienced by the gNodeB and by the UEs are useful.

The gNodeB can partition the RACH resource between dedicated preambles, randomly selected preamblesin group A
and randomly selected preamblesin group B. This partitioning can be eval uated when usage measurements are made
on each set separately. In acell configured with multiple SSBs, it isimportant to get the measurements per SSB.
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A.60 Monitoring of the number of active UEs in NG-RAN

The number of the active UESs per direction in each cell is avaluable measurement for operators to know how many
DRBs are running with buffered data per cell and QoS or S-NSSAI basis. For multi-operator RAN sharing scenario,
PLMN basisis needed, too. This kind of information can help operators to tune the admission control parameters for the
cell and to estimate load in neighbour cells, to ensure that the UES admitted achieve the target QoS and that capacity is
not over-estimated when distributing load between cells and gNBs.

A.61 Monitoring of one way delay between PSA UPF and
NG-RAN

The DL and UL one way delay has direct impact to users experience for some types of services (e.g., URLLC). The one
way delay between PSA UPF and NG-RAN is part of the end to end one-way delay and is not expected very long
comparing to the delay in between NG-RAN and UE.

In case the PSA UPF and NG-RAN are time synchronised, the UL or DL one way delay can be measured by PSA UPF
and the DL one way delay can be measured by NG-RAN.

The measurements on the one way DL and UL delay between PSA UPF and NG-RAN can be used to evaluate and
optimize the DL and UL user plane delay performance between 5GC and NG-RAN.

A.62 Monitoring of round-trip delay between PSA UPF and
NG-RAN

The end to end delay in 5G networks between UE and PSA UPF has direct impact to users' experience for some types
of services (e.g., URLLC). The delay between PSA UPF and NG-RAN is part of the end to end one-way delay and is
not expected very long comparing to the delay in between NG-RAN and UE.

In case the PSA UPF and NG-RAN are not time synchronised, the round-trip delay can be measured at PSA UPF.

The measurements on the round-trip delay between PSA UPF and NG-RAN can be used to evaluate and optimize the
DL and UL user plane delay performance between 5GC and NG-RAN.

A.63 Monitoring of beam switches

Beam is an important feature in 5G networks. In case the intra-beam switch function is enabled (see TS 38.331 [20]),
due to the complexity of the radio environment, especialy when UE moves quickly and frequently, it is possible to have
problems such as pointing deviation, which can lead to switch failure. The success rate of beam switch can help to
reflect whether thereis a problem in beam related parameter configuration. Furthermore, low beam switch success rate
will impact user experience. Therefore, it is essential in network operations to monitor the success rate of beam switch
and to define the related measurements.

A.64 Monitoring of RF performance

Monitoring of the quality of RF signal in the cell is useful for the purpose of network planning and network
optimization.

In case the L1-RSRP report function is enabled, measurements of RSRP per beam reported by UEs is a useful metric
reflecting RF signal strength. In 5G NR, gNB cells transmit many narrow beams targeting UEsin the cell that result in
better link budget and lower interference. However, some areas between beams of neighbouring NR cells, or between
the NR cell and the neighbor E-UTRA cell may experience poor coverage or coverage holes. Therefore, it is necessary
to optimize the beam coverage by coordinating the beam management function across multiple neighboring NR cells.
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The Absolute Timing Advance reflects the distance of the UE from the cell antenna. The distribution of Absolute
Timing Advance reflects UE distribution in the NR cell, thus it is helpful for analyzing the coverage and the capacity.

The Average Vaue of Timing Advance per SS-RSRP and AOA ranges reflects the UE distribution in NR cell with
different coverage qualities. It is helpful for analyzing the cell coverage and the capacity more clearly. Thus, it can help
the network planning and optimization.

A.65 Monitoring of one way delay between PSA UPF and
UE

The end to end DL/UL delay in 5G networks between UE and PSA UPF has direct impact to users experience for some
types of services (e.g., URLLC). In case the PSA UPF and NG-RAN are time synchronised, the DL/UL delay between
PSA UPF and UE can be measured at PSA UPF.

For UL specificaly, the UL packet delay in NG-RAN may be measured by the gNB with or without D1 UL PDCP
delay occurred in the UE included (see TS 38.415 [31]), therefore separate measurements are needed to monitor the
integrated UL packet delay between PSA UPF and UE for the cases of including and exluding D1 respectively.

The measurements on the DL/UL delay between PSA UPF and NE can be used to eval uate the user plane delay
performance in 5G networks and users' experience.

A.65a Use case of measurements on one way delay
between PSA UPF and UE when 5GS supports
satellite backhaul

While using satellites as the backhaul, a NG-RAN node may be subject to variable backhaul delay if the backhaul
connection involves varying inter-satellite links or the backhaul connect is of the different satellite backhaul category.
The change of satellite backhaul delay has impact to user plane delay performance. In case the PSA UPF and NG-RAN
are time synchronised, the DL/UL delay between PSA UPF and UE can be measured at PSA UPF.

The measurements on the DL/UL delay between PSA UPF and UE can be used to evaluate the user plane delay
performance in 5GS supporting satellite backhaul scenario where the UPF is deployed on a GEO satellite, if the PSA
UPF and NG-RAN are time synchronised.

A.66 Monitoring of MRO performance

5G NR cells may experience issues, such astoo early or too late handover, handover to wrong cell, ping-pong handover,
that not only impact user experience, but also waste network resources, if handover parameters are not set properly.
MRO isintended to automatically detect the handover issues, and determine actions to configure the handover
parametersin cellsin order to improve the handover performance.

It is also important to have information about the used beams in the source in order to optimize the handover
performance taking beam IDsinto account.

The MRO related measurements are used to support the mobility roburstness optimization SON function.

A.67 Monitoring of distribution of integrated delay in NG-
RAN

Theintegrated DL/UL packet delay in NG-RAN, i.e., the delay between NG-RAN and UE (including the delay at gNB-
CU-UP, on F1-U and on gNB-DU for split scenario and the delay over Uu interface) is one significant part of the e2e
delay that has direct impact to users' experience for some types of services (e.g., URLLC).
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Besides the average integrated delay in NG-RAN which can reflect whether or not the users experience can be met on
average, it isvery useful for operator to know how many (percents of) data packets are with satfistfied delay
perfomance, and how many are not with satisfied performance and how far they are from the satisfied performance.
Therefore, the distribution of integrated delay in NG-RAN needs to be monitored.

For UL specificaly, the integrated packet delay in NG-RAN may be measured by the gNB with or without D1 UL
PDCP delay occurred in the UE included (see TS 38.415 [31]), therefore separate measurements are needed to monitor
theintegrated UL packet delay in NG-RAN for the cases of including and exluding D1 respectively.

As each S-NSSAI or 5QI has different requirements on the delay, so the distribution of integrated delay in NG-RAN
needs to be monitored per S-NSSAI and per 5QI.

For multi-operator RAN sharing scenario, different operators may have different S-NSSAI or 5QI requirements on the
packet delay, so the distribution of integrated delay in NG-RAN per S-NSSAI and per 5QI for each PLMN needsto be
monitored, too.

A.68 Monitoring of GTP data packets and volume on N9
interface

In 5GC, the user plane data traffic is transmitted on N9 interface between PSA UPF and I-UPF. The data volume of
GTP data packets on N9 interface is helpful for operators to understand the traffic distribution of the 5GC, and evaluate
and optimize the bandwidth of the N9 interface. The number of GTP packets on the N9 interface isrelevant to the
packets processing that may result in larger or smaller packet delay on the interface.

Therefore, the data volume and number of GTP data packets on the N9 interface need to be monitored.

To support the resource allocation and optimization on N9 interface for the network dicing, the data volume and GTP
data packets need to be monitored for each S-NSSAI.

A.69 Use case of UE power headroom

UE power headroom measurement is important for analyzing UE power distribution, to learn whether the uplink signal
strength can be increased or not. So it is very useful to do trouble shooting of coverage hole and coverage balance for
uplink. It is also used to evaluate the power control performance and increase UE power headroom as possible with
QoS is guaranteed for the purpose of energy saving. These questions are determined by the ratio of the number of larger
or less than threshold to the total number of it and the threshold is configurable.

A.70 Monitor of paging performance

In NR, Paging is under the control of the 5GC or NG-RAN (aka RAN initiated paging and CN initiated paging). When
the 5GC wants to page (CN initiated paging) a UE, it hasto pageit in al cellsthat belong to the TA(S) to which the UE
isregistered.

The paging load per cell and gNB is an important measure for the operator as it allows the operator to properly
dimension the resources for paging in the NR Cell and gNB.

At an NR Cell and gNB it makes sense to measure the number of discarded paging messagesif thisis due to some
problem in the gNB, such as paging occasion overflow. In that scenario the periodicity of paging occasions can be
reconfigured in order to ensure that all paging messages are transmitted by the gNB in the first available paging
occasion, thereby avoiding paging delays and extended call setup delay.

Operators need to know when such an event occurs, in order to identify if the problem is at the NR cell or gNB level or
not.

In addition to discarded paging records measurement, it isimportant to know total paging records received so that
discarded paging records ratio can be derived.
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Total number of paging records received isimportant in the sense that, it may be fine if the discarded paging records are
high if discarded paging recordsratio is small. On the other hand, it may be problematic if discarded paging records are
low, if discarded paging records ratio turn out to be high.

In RRC_INACTIVE state, RAN paging is based on RNA which isintroduced in order to resume a suspended RRC
connection fastly. In this scenario, the gNB who triggered the RAN Paging can know if the paging is success or not by
the response from UE or other gNB. Measurements for NG-RAN initiated paging sent by gNB-CU can avoid duplicate
counts of RAN Paging and improve accuracy of RAN paging success rate statistics. The total paging number and
successful paging number of NG-RAN initiated paging sent by the gNB-CU can derive RAN paging success rate,
which can be used to optimize the RNA range configuration. It is helpful and important for operators.

A.71 UE and traffic per SSB beam related measurements

UE and traffic per SSB beam related measurements is helpful for analyzing users and services under different
SSB beam coverage, and for network optimization and adjustment of SSB beam coverage or balancing of users
and traffic under different SSB BEAM beams. Through the statistics, operator can learn about user distribution
and service distribution which is the important information for network planning.

A.72 Monitoring of network slice selection

The network slice selection service enables the network to select the network dlice to serve the UE, and enables the
NSSF to provide the AMF the Allowed NSSAI and the Configured NSSAI for the Serving PLMN.

The network dlice selection service may be consumed during Registration procedure, during inter-PLMN mobility
procedure, PDU session establishment and UE configuration update, etc.

The network dlice selection is the primary step enabling the 5G networks to support network dlicing, therefore the
performance of network slice selection needs to be monitored.

A.73 Use case of EPS fallback monitor

Under the constraints of UE and network coverage, EPS fallback is an important means to guarantee voice continuity.
Restricted by the UE capability and network configuration, the EPS fallback supports the modes of handover and
redirection. The measurement related to EPS fallback is helpful for evaluating voice continuity and for the operator's
network planning and optimization.

A.74 Use case of EPS fallback handover time monitor

The measurement statistics of EPS fallback handover time include the total time consumed by the whole handover time
or the time in the execution phase. The EPS fallback handover time directly affects user perception, and the timein the
execution phase helps to optimize the performance of different systems.

A.75 Use case of MU-MIMO measurements

The application of MU-MIMO greatly improves the network capacity. Whether MU-MIMO getting the most out
of itself will impact the improvement of network capacity and performance. MU-MIMO related statistics can
reflect the disparity between the actual effect of MU-MIMO and the maximum layers supported by the network,
and help to fix and improve the MU-MIMO algorithm.
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A.76 Monitoring of subscriber profile sizes in UDM

The subscriber profiles maintained by UDM have two parts - static and dynamic data. Dynamic part of the
subscriber profile grows over time (e.g. due to roaming conditions, dynamic dereferencing of provisioning data,
addition/enabling of new features). The uncontrolled and unnoticed growth of subscriber profiles may result in
degraded system performance and lead to service impacts.

Various corrective actions varying from subscriber profile optimization (clean-up/compression/re-structuring) to
applying configuration changes and scaling may be applied to resolve/mitigate the issue.

Operators need to be aware of the subscriber profile size dynamicsin order to be able to mitigate potential
network-wide problems before they occur.

A.77 Monitoring of SS-RSRQ

SS-RSRQ isused in 5G NR networks to determine the quality of the radio channel. RSRQ, unlike RSRP (wanted signal
strength), also includes interference level due to the inclusion of RSSI in calculation. This measurement is usefule to
eveluate the qulity of cell coverage through the SS-RSRQ distribution,especially to optimize cell selection and
handover related parameters configration, mainly in border parts of cell.

A.78 Monitoring of SS-SINR

SS-SINR isthe ratio of the received signal level and the sum of interference and noise, whichisused in 5G NR
networks to determine the quality of the radio channel. This measurement is useful to evel uate the QoS of
Synchronization Signal through the SS-SINR distribution for each cell. It is helpful to troubleshooting weak coverage
cell or low NR access rate cell according to the ratio of SS-SINR bins that is below predefined threshold and all of the
SS-SINR hins.

A.79 Monitoring of S-NSSAI availability update and
notification

The S-NSSAI(s) supported by the AMF on aper TS basis may be changed and the change needs be updated to NSSF.
The AMF may subscribe to the notification of any changes to the NSSAI availability information updated by another
AMF on aper TA basis.

The up-to-date and effective S-NSSAI availability information are fundamental to support network dlicing for 5G,
therefore the performance of S-NSSAI availability service needs to be monitored.

A.80 Monitoring of SMS delivery procedures

SMS delivery is one of the essential procedures for SM S service. The performance of SMS delivery procedures reflect
the quality of SMS service for users. The monitoring of SMS delivery request and success is needed for SMS service
evaluation.

A.81 Monitoring of registration and de-registration
procedure for SMS

In order to activate SM S service for a given service user, aregistration procedure for SMS over NAS is heeded.
Registration procedure related measurements can reflect the success ratio for access to 5GS of SMS users.
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De-registration procedure is invoked to deactivate SM S service for a given service user, which resultsin deleting an
individual UE Context for SM S in the SMSF. De-registration procedure related measurements can reflect the success
ratio for deactivating SMS service.

A.82 Monitoring of NIDD (Non-IP Data Delivery)

NIDD service may be used to handle Mobile Originated (MO) and Mobile Terminated (MT) communication with UES
to AF, where the data used for the communication is considered unstructured (a.k.a., Non-1P).

NIDD is handled using an Unstructured PDU session to the NEF, and NIDD API may be used for a PDU session based
on the configuration in the subscription.

The NIDD configuration service can be used for AF to update the NEF ID for the NIDD service, and to indicate which
seriaization formats it supports for mobile originated and mobile terminated traffic in the Reliable Data Server
Configuration.

Therefore, for evaluation of NIDD performance, the NIDD configuration and NIDD service need to be monitored with
the relevant performance measurements.

A.83 Monitoring of AF traffic influence

Asdescribed in TS 23.501 [4], an Application Function may send requests to influence SMF routeing decisions for
User Plane traffic of PDU Sessions. The AF requests may influence UPF (re)selection and allow routeing of user traffic
to alocal access (identified by a DNAI) to a Data Network. The AF may request the traffic influence via NEF.

The fulfilment of traffic influence per the request from AF means that the user data traffic is routed according to the
requirements from the application, therefore performance measurements are needed to indicate whether the AF traffic
influence requests are fulfilled.

A.84 Monitoring of external parameter provisioning

The NEF alows an external party (AF) to provision the information, such as expected UE behaviour (regarding UE
movement or communication characteristics) and service specific parameters, or the 5G VN (Virtual Network) group
information to 5G network functions, see TS 23.501 [4].

The failed external parameter provisioning would impact the UE behaviour or service fulfilment; therefore, the
performance of external parameter provisioning needs to be monitored.

A.85 Monitoring of SMF-NEF connection establishment

For delivering the NIDD service, the SMF-NEF connection needs to be established for aPDU Session for a UE. NEF
provides the capabilities to create, update and rel ease the SMF-NEF connection.

The SMF-NEF connection is used for transferring the NIDD data, therefore the performance of the SMF-NEF
connection establishment impacts users' experience about the NIDD service.

A.86 Monitoring of service specific parameters
provisioning

AF may need to provide service specific parameters to 5G system via NEF in order to support the service not provided
by the PLMN. The 5GS, after receiving via NEF, delivers the service specific parametersto the target UEs.
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The service specific parameter provisioning service provided by NEF is critical for the 5GS (including the UEs) to
support these services. Therefore, it would be necessary for the operators to monitor the performance of the service
specific parameter provisioning.

A.87 Monitoring of background data transfer policy
negotiation and application

AF may need to negotiate the policies for future background data transfer with 5GS via NEF, before the UE's PDU
Session establishment. Per the request from AF, the NEF negotiates with H-PCF about the transfer policies for the
future background data transfer. The transfer policies may contain a desired time window for the background data
transfer, areference to a charging rate for the time window, network areainformation, and optionally a maximum
aggregated hitrate, as described in clause 6.1.2.4 of TS 23.503 [46].

The AF may apply the negotiated policies for afuture PDU Session at some point.

The policies for the background data transfer have strong relevance to users experience, therefore the measurements are
needed to monitor the performance of policy negotiation and application for background data transfer.

A.88 Monitoring of data management for UDR

UDR provides data management services for the subscriber and application related data, including:
- Subscription Data,
- Policy Data,
- Structured Data for exposure,

- Application data: Packet Flow Descriptions (PFDs) for application detection and AF request information for
multiple UEs;

- NF Group ID corresponding to subscriber identifier (e.g. IMPI, IMPU, SUPI).

The data management services provided by UDR alow to its consumer (e.g., UDM, PCF and NEF) to read, create,
update, delete a particular set of data and subscribe/unsubscribe to notification of relevant data changes.

Users' service may not be fulfilled due to a poorly performing (e.g. overloaded) data management service, thereforeit is
indispensable that the performance of data management services can be monitored.

A.89 Monitoring of background data transfer policy control

For background data transfer, AF may need to negotiate the policies for with 5GS via NEF, and apply the
negotiated policies for a future PDU Session.

PCF provides the services for NEF to control the background data transfer polices, including creation and
update of the background data transfer policies.

The fulfilment of background data transfer related services for the users rely on background data transfer
policy. Therefore it is necessary to monitor the performance of background data transfer policy control.

A.90 Monitoring of AF session with QoS

To support a specific QoS requirements for an application, the AF may provide the required QoS information when
setting up the connection with the UE. NEF offers the " AF session with QoS service allowing the AF to send the QoS
information for the session, and then interacts with 5GC NFs to apply the QoS requirements to the session.
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If the 5GC fails to meet required QoS for an application for the UE, the user’s experience is directly impacted.
Therefore, the performance of "AF session with QoS" needs to be monitored.

A.91 Monitoring of UCMF provisioning

The UCMF is used for storage of dictionary entries corresponding to either PLMN-assigned or Manufacturer-assigned
UE Radio Capability IDs.

Provisioning of Manufacturer-assigned UE Radio Capability ID entriesin the UCMF is performed from an AF that
interacts with the UCMF either directly or viathe NEF.

Knowing the UE radio capabilitiesis critical for the 5G system to provide the appropriate control for the UE, missing
the UE radio capabilities may cause discretional control for the UEs thus result in failures or performance degradation.
Therefore, the performance measurements are needed to assess the performance of UCMF provisioning.

A.92 Monitoring of Time-domain average Maximum
Scheduled Layer Number for MIMO scenario

The Time-domain average maximum scheduled layer number for MIM O scenario measurement could provide operators
the scheduled layer number, the actural spatial capability of a cell under MIMO scenario and can help operatorsto
calculate the radio resource untilization rate.

A.93 Monitoring of Average value of scheduled MIMO
layers per PRB

The average value of scheduled MIMO layers per PRB should be monitored, as it reflects the capacity improvement
brought by MIMO in the 5G business network, quantitatively. The operators can use thisinformation to compare cell
capacity among different areas and support capacity enhancement decision-making. Besides, the information can be
used to optimize the MIMO equipment performance and other OAM works.

A.94 Monitoring of policy authorization

To ensure the 5GS has proper AM and SM polices supporting an external application, the AF may need to query, create,
or change the AM and SM policiesfor a UE in the 5GS.

The PCF may authorize the AF to, directly or indirectly via NEF, query, create or change the AM and SM policies.

The performance of AM and SM policy management authorization to AF may directly impact the user’s experience
when using the subject applications, therefore the policy authorization needs to be monitored.

A.95 Monitoring of event exposure

An NF (e.g., NEF or NWDAF) may need to subscribe and get notified about PCF events for a group of UE(s) or any
UE accessing a combination of (DNN, S-NSSAI).

The events can be subscribed by a NF consumer from PCF are described in clause 6.1.3.18 of TS 23.503 [46].

The NF consumer may use the events exposed by PCF for controlling the UE, hence the performance of event exposure
needs to be monitored.
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A.96 Monitoring of PRB Usage for MIMO in NG-RAN

The PRB Usage for MIMO with dynamic factor measurement could provide operators the load information of radio
network in MIMO scenario taking spatial resource into consideration. In the early stage of network development, the
measurements with a dynamic spatial factor can reflect the actual frequency and space resource utilization of a cell after
MU-MIMO is activated. In the | ate stage of network development, the measurements can help operators be aware of
whether a cell has experienced high load.

The SDM PDSCH/PUSCH PRB Usage considers all subscribers MIMO layersin acell. Correspondingly, it is based
on the average value of all scheduled MIMO layers. When subscribersin acell spread over (e.g. distribute randomly),
operators can use SDM PDSCH/PUSCH PRB Usage to evaluate the usage of cell capacity in this scenario.

A.97 Monitoring of subscriber data management at UDM

The subscribe data are managed in UDM, and provided to other consumer NFs (e.g., AMF, SMF, SMSF, NEF, and 5G
DDNMF, etc) in 5GS to provide the network services to the users. The subscriber data management in UDM alows
some consumer NFsto get the subscriber data, and some consumer NFs to subscribe to the notifications of the updates
of the subscriber data. It isimportant to monitor the performance of the subscriber data management.

A.98 Monitoring of parameter provisioning at UDM

The UDM allows provision, by the consumer NF (e.g., NEF), of information which can be used for the UE in 5GS, such
as expected UE behaviour (regarding UE movement or communication characteristics) and service specific parameters,
or the 5G VN (Virtual Network) group information to 5G network functions, see TS 23.501 [4].

The failed parameter provisioning would impact the UE behaviour or service fulfilment; therefore, it is needed to
monitor the performance of parameter provisioning.

A.99 Use case of measurements for ECS.

ECS related measurements are used to measure the performance of an ECS on each of the supported functionality.

The EES Registration procedure allows an EES to provide its information to an ECS to be used during service
provisioning. It is useful to analyse the EES registration success rate in order to assess ECS performance. If the failure
rate increases beyond a defined threshold, corrective actions can be taken by the OAM systems. Hence, it is necessary
to collect measurement related with EES Registration procedures.

A.100 Use case of measurements for EES

EES related measurements are used to measure the performance of an EES on each of the supported functionality.

Discovery procedures enable entities in an edge deployment to obtain information about EAS and their available
services, based on specified criteria of interest. It is useful to analyse the EAS discovery success rate in order to assess
EES performance. The discovery procedure may fail due to the unavailability of the relavant EAS. If the number of
failures within atime period increases beyond a defined threshold, corrective actions (e.g instantiating the required EAS
instance(s) in an appropriate EDN) can be taken by MnS consumer (e.g. ASP). Hence, it is hecessary to collect
measurement related with EAS discovery procedures. EAS discovery failure measurement can be used to mitigate the
EAS discovery failure issue, based on the UE locations, application characteristics, and number of EAS discovery
failures.

An EEC performs registration, registration update, and de-registration with an EES in order to provide information that
can be used by the EES in Edge Computing services. It is useful to analyse the success rate of registration, registration
update, and de-registration in order to assess EES performance. If the number of failures within atime period increases
beyond a defined threshold, corrective actions can be taken by the OAM systems. Hence, it is hecessary to collect
measurement related with EEC registration, registration update, and de-registration procedures.
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The EAS Registration procedure allows an EASto provide itsinformation to an EESin order to enable its discovery. It
is useful to analyse the EAS registration success rate in order to assess EES performance. If the number of failures
within atime period increases beyond a defined threshold, corrective actions can be taken by the OAM systems. Hence,
it is necessary to collect measurement related with EAS Registration procedures.

A.101 Monitoring of location management

The UE location is required for various purposes, e.g., location-based applications, lawful interception, emergency calls,
as well as the positioning services, etc.

The LMF manages the overall co-ordination and scheduling of resources required for the location of a UE for 5G. It
also calculates or verifies afinal location and any velocity estimate and may estimate the achieved accuracy. The LMF
determine the result of the positioning in geographical co-ordinates.

The LMF provides location management related NF services (such as location determination, |ocation notification, and
location context transfer) in order for the consumer to get the location of the UES. Therefore, the performance of
location management related NF services need to be monitored in order to evaluate whether it can fulfil the consumer’s
requirements, and to figure out the causes for the failures to derive the remedy solutions.

A.102 Monitoring of DRBs undergoing GTP User Plane
Path failures

The DRB setup procedurein NG-RAN isto assign resourcesin gNB and on the air interface (Uu) for one or several DRBs
that will handle the QoS flows requested to setup by the core network. The gNB may map several QoS flowsto the same
DRB so there is no one-to-one mapping between the flows and DRBs.

At DRB setup, the gNB will handle all QoS flows mapped to one DRB the same (mapped 5QI1). A QoS flow that isat a
later stage mapped to an aready setup existing DRB will not increment the DRB setup counters.

The DRB setup is one of the most key procedures to alocate resources in the NG-RAN to the UE per the QoS
requirements. Whether or not the DRB is successfully setup has direct impact to the user experience. A failed DRB setup
may directly cause service failure or degradation for an end user. So, the performance related to the DRB setup for the
gNB needsto be monitored per supported mapped 5QI and per S-NSSAI.

During transient path failures (e.g. path failures not exceeding few minutes at most), maintaining the PDU session contexts
associated with the peer's | P address enables the delivery of end user services (when the path is re-established again) and
this also avoids unnecessary signaling in the network for restoring those PDU  sessions.
It is not intended to maintain PDU session contexts during long path failures (e.g. exceeding few minutes at most) asthis
would imply undesirable effects like undue charging.

The total number of active transient path failures irrespective of whether this path restores into PDU session or not is
measured with this use case.

A.103 Use case of measurements for ECS.

ECS related measurements are used to measure the performance of an ECS on each of the supported functionality.

Service provisioning procedures enable EEC to discover the available edge service. It is useful to analyse the service
provisioning success rate in order to assess ECS performance. The provisionig procedure may fail dueto the
unavailability of the relavant EES. If the failure rate increases beyond a defined threshold, corrective actions (e.g
instantiating the required EES) can be taken by the OAM systems. Hence, it is necessary to collect measurement rel ated
with service provisioning procedures.
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A.104 Use case of UL remote interference identification

When atmospheric ducting phenomenon happens, radio signals can travel arelatively long distance, and the propagation
delay goes beyond the gap. In this case, the downlink signals of an aggressor base station can travel along distance and
interfere with the uplink signals of a victim base station that is far away from the aggressor. Such interference is termed
as 'remote interference’. When it happens, the [oT of the victim base station demonstrates a"doping” characteristic, the
closer the uplink symbol isto gap, the higher interference it experienced. The reason behind thisis that, the remote
interference is caused by accumulated signals from a number of remote base stations with different distances.

Thistype of interference affects the effective reception of SRSs, resulting in a series of problems affecting user
experience, such as call drops, access failures, and low rates. Therefore, some related measurements, such as GP symbol
interference, SRS symbol interference and PUSCH symbol interference measurement, are needed to monitor/detect
remote interference.

A.105 Monitoring of UE throughput per BWP in NG-RAN

UE throughput is one of the key indicatorsto reflect cell quality. Keeping track of UE throughput in NG-RAN is helpful
for cell configurations and features scheduling to ensure user satisfaction and network performance.

With Bandwidth Adaptation (BA), the receive and transmit bandwidth of a UE needs not to be as large as the bandwidth
of the cell and can be adjusted (e.g., to shrink the bandwidth during the period of low activity to save power). A subset
of thetota cell bandwidth isreferred to as a Bandwidth Part (BWP) and BA is achieved by configuring the UE with
BWP(s) and telling the UE which of the configured BWPs is currently the active one. The value of the activated BWP
of the UE will affect the UE throughput and thus the cell throughput. The larger BWP is activated, the higher the
throughput will achieve.

When monitoring the quality of a cell with a 100MHz bandwidth, in case that all UEs are activated with 100 MHz
BWHP, it is reasonable to consider the cell as a poor-quality cell if the UE throughput is lower than afixed threshold.
However, when small bandwidth BWP is activated, for example, to save power, some UEsin the cell are activated with
20 MHz Dedicated BWP, other UEs are activated with 100Mhz Dedicated BWP, the previous fixed threshold for
judging poor-quality cell is not applicable since peak throughput of some usersis limited by the small active BWP. In
this case, the UE throughput per BWP needs to be considered to set the proper threshold, so asto correctly estimate
whether the cell quality is poor or not. Therefore, measurements and monitoring of UE throughput per BWP are needed.

A.106 Monitoring of available MIMO layers coverage map
per UE and per PRB

The Available MIMO Layers Coverage Map per UE and per PRB should be monitored, asiit reflects possible
improvement brought by MIMO with the increased number of layersin the 5G business network. The operators can use
thisinformation to monitor what may be the limitations from the number of assigned layers per UE and PRB in the
observed cell based on UE distance from the base station. Besides, filling up the bins of the Available MIMO Layers
Coverage Map with the number of scheduled PRBs of the UE on distance from the base station falling into the given
bin may provide the information that may be used to optimize the MIMO equipment performance and other OAM
works.

A.107 Use case of monitoring of MA PDU session
management for ATSSS

The ATSSS feature enables a multi-access PDU Connectivity Service, which can exchange PDUs between the UE and
adata network by simultaneously using one 3GPP access network and one non-3GPP access network. The multi-access
PDU Connectivity Serviceisrealized by a Multi-Access PDU (MA PDU) Session.

When establishing an MA PDU session, the AMF informs the SMF that the request isfor aMA PDU Session. The
number and success rate of MA PDU session creations, and the number of MA PDU sessions running on the SMF are
some of the basic performance measurements for monitoring the performance of MA PDU session establishment and
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reflecting the effect of ATSSS. And the failed MA PDU session creations measured per cause are helpful to pinpoint
and solve the network issues in case the performance is below the expectation.

When an AT SSS-capable UE requests to establish a single-access PDU Session, but no policy in the UE and no local
restrictions mandate a single access, the 5GC network may decide to modify it to a Multi-Access PDU (MA PDU)
Session. This decision may be taken when e.g. the SMF wants to offload some traffic of the requested PDU Session to
non-3GPP access or when the SMF wants to apply MPTCP and/or MPQUIC to provide bandwidth aggregation for the
requested PDU Session(see TS 23.502 [7]). Whether arequested PDU Session can be successful converted to aMA
PDU Session by the network may help the analysis and update of ATSSS policy. Therefore the performance of UE
requested PDU session establishment with network modification to MA PDU session procedures need to be monitored.

A.108 Use case of cross link interference identification

When different TDD DL/UL patterns are used between neighbouring cells, UL transmission in one cell may interfere
with DL reception in another cell: thisisreferred to as Cross Link Interference (CL1).

The measurements of SRS-RSRP reported by UEsis a useful metric reflecting interference strength. This measurement
is usefule to optimize DL/UL subframe pattern through the SRS-RSRP distribution and to mitigate CLI.

A.109 Monitoring of NWDAF providing analytics service
information

NWDAF service consumers may have requirements on the time consumed by NWDAF to provide analytics
information. In such cases, the analytics information provided by the NWDAF may be time sensitive, and the
consumers may expect to receive the analytics information before a specific time. Therefore, the time consumption of
NWDAF providing the requested service is an important factor that reflects the NWDAF service performance. It is
important in decision-making for management of NWDAF.

The time taken by NWDAF to provide analytics information needs to be monitored. This measurement reflects how
much time is consumed by an NWDAF to prepare and provide the analytics information. The analytics type isidentified
by Analytics ID (see TS 23.288 [59]). The time consumption related to different types of analytics needsto be
monitored respectively to know the performance of NWDAF when providing different analytics. With these
measurements, operators can analyse and evaluate the performance of the NWDAF and make correct decisions on
whether they need to take management actions to optimize the NWDAF service performance.

A.110 Monitoring of coordination between multiple
NWDAFs

There are two cases where coordination between multiple NWDAFs are required: (i) when NWDAF is able to act asan
Aggregator NWDAF (the NWDAF with analytics aggregation capability); and (ii) when NWDAF is able to act as FL
Server NWDAF (the NWDAF with ML model aggregation capability).

In the case where an NWDAF analytics service consumer requests Analytics 1D(s) that requires multiple NWDAFsto
collectively serve the request, the Aggregator NWDAF may act as the analytics service consumer to request the
analytics information from other NWDAFs. After collecting analytics information from other NWDAFs, the
Aggregator NWDAF may act as the analytics service producer to provide the aggregated anal ytics information.

In the case where a NWDAF training service consumer requests ML model training that requires multiple NWDAFsto
perform ML model training to collectively serve the request, the FL Server NWDAF may act as the ML training service
consumer to request the ML model training information from other NWDAFs (acting as FL clients). After several such
iterations of collecting ML model training information from other NWDAFs, the FL server NWDAF provides an
aggregated trained ML model to the NWDAF training service consumer[59].

The coordination between multiple NWDAFs may directly impact the performance of service provided by the
Aggregator NWDAF or the FL Server NWDAF and resource management between multiple NWDAFs. Therefore, the
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measurements related to the coordination between multiple NWDAFs are needed to reflect the performance of NWDAF
service. These measurements are important in decision-making for the management of NWDAF.

The number of SBA interaction activities needs to be monitored. It reflects how many NFs the Aggregator NWDAF or
the FL Server NWDAF coordinates with and how busy the Aggregator NWDAF or the FL Server NWDAF ison
aggregation operation. The SBA interaction activity may include the subscription, request, notification and response
received and/or generated by the Aggregator NWDAF or the FL Server NWDAF (see TS 23.288 [59]). In order to
know the performance of Aggregator NWDAF or FL Server NWDAF when providing different types of servicesto the
consumers, the number of SBA interaction activities related to different types of analytics need to be monitored
respectively. The anayticstypeisidentified by Analytics ID (see TS 23.288 [59]).

The measurements described above are some of the basic statistic information to monitor the performance of
Aggregator NWDAF or FL Server NWDAF on coordination with other NWDAFs. Operators can use this statistic
information to analyse and eval uate the performance of multiple NWDAFs, and make configuration and resource
allocation among multiple NWDAFs.

A.111 Monitoring of NWDAF service provisioning

The NWDAF can provide different services on demand of NWDAF service consumers (e.9. NFS'OAM), including
analytics service, ML model provisioning service and data management service, etc. In the case that NWDAF supports
logical decomposition, the NWDAF can be decomposed into Analytics logical function (AnLF) and Model Training
logical function (MTLF). The NWDAF may contain the AnLF only, contain MTLF only, or contain both AnLF and
MTLF. NWDAFs containing different logical functions support different services.

The performance of NWDAF on service provisioning directly impacts the service experience of the NWDAF service
consumers. The service provisioning related measurements are needed to reflect the performance of the NWDAF. In
order to know the performance of NWDAF in terms of providing different services to the consumers, the different
services provided by NWDAF or NWDAF with different logical functions need to be monitored respectively. These
measurements are important in decision-making for the management of NWDAF.

The NWDAF follows the service-based architecture (SBA). The number of SBA interaction activities related to the
specific NWDAF service need to be monitored asit reflects how busy the NWDAF is on the specific service
provisioning. The SBA interaction activity between the NWDAF and NWDAF service consumer may include the
subscription, request, notification and response received and/or generated by NWDAF (see TS 23.288 [59]).

The number of subscriptions, requests, notifications and responses are some of the basic statistic information to monitor
the performance of NWDAF on specific service provisioning. These basic measurements can be used to derive the other
performance of NWDAF such as service successful and/or failed rate, etc. With these measurements, operators can
analyse and evaluate the performance of the NWDAF. Operators can use these measurements to take management
actions for configuration, resource allocation or load balance purpose.

A.112 Monitoring of NWDAF service failure

The NWDAF can provide services on demand of NWDAF service consumers. For example, the consumers of analytics
service may indicate to the NWDAF the latest time that they expect to receive the requested analytics information. This
time can be specified by "Time when analyticsinformation is needed”.

The "Time when analytics information is needed" will not be set to a value less than the " Supported Analytics Delay"
specified in the NWDAF profile. Otherwise, it means that the time parameters are misconfigured. In that case, the
NWDAF may not be able to provide the requested servicein time. Meanwhile, if the "Time when analytics information
is needed" isreached but the analytics information is not available, the NWDAF may send an error response or error
notification to the consumer.

Moreover, the "Time when Analyticsis delivered to the consumer” will not be greater than the "Time when analytics
information is needed”. Otherwise, it means that the NWDAF delivers the requested analytics information too late. And
the "Time when Analyticsis delivered to the consumer" will not be greater than the " Supported Analytics Delay".
Otherwise, it means that the NWDAF generates the requested analytics information too | ate.

Similarly, the consumers of ML model training service, e.g., FL server NWDAF, may indicate to the FL client NWDAF
the maximum response time that they expect to receive the requested ML model training information. This time can be
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specified by "Maximum response time”. If the maximum response time is violated, the consumers of ML model
training service, e.g., FL server NWDAF, may indicate to the FL client NWDAF an extended maximum response time
that they expect to receive the requested ML model training information. This time can be specified by “Extended
maximum response time”.

The"Time when ML model training information is delivered to the consumer” will not be greater than the “Maximum
response time”. Otherwise, it means that the NWDAF delivers the requested ML model training information too late. In
that case, the “Time when ML model training information is delivered to the consumer” will not be greater than the
“Extended maximum response time”. Otherwise, it means that the NWDAF cannot deliver the requested ML model
training information and may send an error response or error notification to the consumer.

Keeping track of events described above is needed to reflect the performance of NWDAF on service failure aspect,
which includes tracking the number of events for time misconfiguration, the number of analytics events for late delivery
and the number of events for late anal ytics generating, number of ML model training information events delivery, etc.
These measurements reflect how many or how often the NWDAF service errors happen in various cases. It isimportant
in decision-making for the management of NWDAF. With these measurements, the operators are able to understand the
working status of the NWDAF instance under monitoring and make correct decisions on whether they need to take the
management actions to solve the problem or to optimize the situation.

A.113 Use case of measurements for 5G LAN-type
services.

5G LAN-type services-related measurements are used to measure the performance of 5G LAN-type services on each of
the supported functionality.

The performance of 5G L AN-type services needs to be monitored on the 5G VN group level by the operator sinceitis
relevant to whether the end users can use the service of 5G LAN and scale up/down a 5G VN based on the capacity for
efficient consumption of network resources.

The performance measurement of 5G LAN-type services may include the measurements of 5G VN group status, the
number of subscribersin 5G VN groups, and the duration of 5G VN group communication which information can be
gathered from NFs supporting 5G LAN-type services.

The 5G VN group performance measurement would impact end-user experience and service fulfillment, hence,
measurements and monitoring of 5G L AN-type services are needed.

A.114 Monitoring of NWDAF data collection

The Data Collection feature permits NWDAF to retrieve data from various data sources, which can be NF such as
AMF, SMF, PCF, UDM, AF, UPF or OAM, as abasis of network analytics (See TS 23.288 [59]). Data Collection
related measurements, such as the amount and the frequency of the data collection from different data sources, can be
used to optimize the deployment of NWDAF and improve the other services provided by NWDAF. For example, based
on the Data Collection related measurements, the NWDAF instance may be recommended to be geographically
deployed closer to its mgjor data source to reduce the latency and save network resources.

Therefore, the Data Collection related measurements are important factors that reflect the NWDAF Data Collection
performance. Since the Data Source and the services used are different, the measurements related to different data
sources heed to be monitored respectively. By monitoring the number of subscriptions/notifications for Data Collection
servicesin a period, the operators can know how often the NWDAF collects data from the same data source and the
differences from different data sources . These measurements can be used to infer the performance of NWDAF on data
collection.

A.115 Inter SN CPC preparation related measurements

The SCG mohility is extended to Conditional PSCell Change (CPC). In case of CPC Execution to wrong PSCell related
to SN initiated inter- SN CPC the root cause can be on Source SN (S-SN), target SN (T-SN) or in MN side.
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For SN initiated inter-SN CPC the Master Node (MN) inttiates SN Addition procedure to each candidate T-SN to
prepare the list of candidate PSCells selected by the S-SN. After that MN provides CPC configuration to UE. For fast
moving UEs when due to extensive delay in configuring the CPC to UE the list of candidate PSCells selected by the S-
SN may be outdated.

For proper identification of an issuein MN side it isimportant to measure "Average Time Interval for Preparation of the
SN initiated inter-SN CPC" to optimize the list of candidate PSCellsin S-SN.

A.116 Monitoring of machine learning model provisioning at
NWDAF

The NWDAF containing Model Training Logical Function (MTLF) can train Machine Learning (ML) models and
provides ML model provisioning service.

From operators point of view, in most of the cases, the model provisioning services provided by NWDAF are based on
the implementation. It may not be feasible to identify the internal working procedure of NWDAF related to the ML
model provisioning services. However, it is possible to monitor the overall time consumed by the NWDAF on model
provisioning services.

If it is measured that the overall time consumed by the NWDAF to response the model provisioning services request
exceeds atime length threshold which is provided based on experience, it may indicate that the NWDAF is requesting,
using or calling for more resource to perform model provisioning related operations, for example, model training, and
the amount of resource or the workload of NWDAF exceeds certain level, and they are not negligible. As aresult, the
performance can be estimated based on this measurement.

Moreover, based on the deployment, if the NWDAF instance is able to perform the model training, with the help of the
smart classifying criteria used as the threshold, it is aso possible to detect the model training and it is even possible to
estimate the number of the model training performed by NWDAF with acceptable accuracy.

The ML model trained by NWDAF is available for one or more Analytics ID(s) (see TS 23.288 [59]). There, the time
consumption of model provisioning services can be further associated with the Analytics | Ds based on the model used
to provide the analytic report.

Monitoring of machine learning model provisioning at NWDAF is essential for the management of NWDAF. Operators
can use these measurements for configuration, resource allocation or load balance purpose related to the management of
NWDAF.

A.117 Monitoring of ML models in NWDAF

NWDAF containing Model Training Logical Function (MTLF) can train ML models for a particular analytics 1D
(specified in [59]) based on the request from multiple training consumers. NWDAF Analytics Logica Function (AnLF)
can deploy trained ML models for generating analytics based on the request from multiple analytics consumers.
Considering that the NWDAF AnLF may host several ML models for generating analytics for multiple analytics IDs at
the same time, thereisaneed for monitoring the usage of ML models deployed in NWDAF AnLF asit reflects the service
load of the NWDAF AnLF. The operators can use thisinformation for resource optimization or load balancing of NWDAF
AnLF.

A.118 Monitoring for Network and Service Operations for
Energy Ultilities (NSOEU)

To monitor and control its distribution grid, the DSO uses thousands of 3GPP compatible UEs. These UEs are spread
across awide geographical area, just like the distribution grid the UEs support. The DSO uses the UEs to provide
connectivity to the monitor and control infrastructure of the distribution grid. Thisinfrastructure has very high
availability service requirements. To fulfil these requirements, highly available communication isrequired. To achieve
this highly available communication, the DSO monitors performance of communications services they use. If and when
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the DSO deems it necessary, the DSO proactively activates additional communication services. See more detailsin TS
28.318 [63].

The 3GPP management system shall, subject to mobile network operator policy, regulatory requirements and
contractual obligations, allow the DSO to request collection and reporting of NSOEU related cell service status PM
data.

A.119 NgU data volume related measurements

There is no way to measure and monitor the data volume on NgU interface (i.e. RAN end of N3 interface). For example
in case of network dicing, RAN dlice subnet MnS producer is not able to determine how much throughput on NgU is
being served by constituent gNBs/CU-UPs for that dlice. This could be helpful for better gNB/CU-UP capacity
planning.

A.120 Use case for connected mode power saving Wake-
Up Signal functionality related measurements.

The above newly proposed performance measurementsin 5.1.1.38 (RRC.WUS.DEPLOYMENT) and 5.1.1.39
(RRC.WusScheduled) are needed for the assessment of the usefulness of the 3GPP defined connection mode power
saving mechanisms (WUS specificaly). If implemented, these will measure the impact of the applying these
mechanisms on the UE power consumption from the standpoint of being able to spend the whole day on minimal
number of charge cycles.

A.121 Use case for NR-NR Dual Connectivity

NR-NR Dual connectivity (NR-NR-DC) is a promosing feature that enables on demand high data rates in hotspot aress
like staduims and shopping malls. This feature is expected to have a great impact on UE’s perceived peak throughput
figures. When deployed, it is of paramount importance to define a way to measure how often networks enable it. The
newly defined countersin clauses 5.1.1.40 (i.e RRC.RRCRECONF.Scg.Nr) and 5.1.1.41 (i.e
RRC.RRCRESUME.Scg.Nr), namely the number of RRCReconfiguration or RRCResume messages successfully
configuring NR-NR Dua Connectivity (NR-NR-DC), will help address this need, by allowing to derive the percentage
of the RRC connections which are enabled to potentially use this feature.

A.122 Use case for UE assistance with release preference
information related measurements

The above newly proposed performance measurementsin clauses 5.1.1.42
(RRC.OtherConfig.UAl.releasePreferenceConfig) and 5.1.1.43 (RRC.UAI.releasePreference.) are needed for the
assessment of the usefulness of the 3GPP defined connection mode power saving mechanisms (UE Assistance with
release preference specifically). If implemented, these will measure the impact of the applying these mechanisms on the
UE’ s daily battery consumption.
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Change history

Date | Meeting TDoc CR |Rev| Cat Subject/Comment New
version

2018-09 |SA#81 Upgrade to change control version 15.0.0

2018-12 |SA#82 SP-181047|0002 |1 F Remove the redundant measurement of end-to-end 15.1.0
latency KPI

2018-12 |SA#82 SP-181047({0024 |1 F Correction of the Packet loss measurements 15.1.0

2018-12 |SA#82 SP-181048|0004 |2 B Add PDU Session Resource setup related 16.0.0
measurements for gNB

2018-12 |SA#82 SP-181048|0005 |2 B Add inter-gNB handover related measurements 16.0.0

2018-12 |SA#82 SP-181048(0011 |1 B Add use case and definitions of TB related 16.0.0
measurements

2018-12 |SA#82 SP-181048(0016 |1 |F PM terms for NSI and NSSI 16.0.0

2018-12 |SA#82 SP-181048|0017 |1 B Add PDU session modification related measurements [16.0.0
for SMF

2018-12 |SA#82 SP-181048(0018 |1 B Add PDU session release related measurements for 16.0.0
SMF

2018-12 |SA#82 SP-181048|0019 |- B Add N4 Session Establishment related measurements (16.0.0
for UPF

2018-12 |SA#82 SP-181048|0020 |1 B Add NF performance measurements related to VR 16.0.0

2018-12 |SA#82 SP-181048({0034 |1 |B Add DRB setup related measurements and UC for gNB [16.0.0

2018-12 |SA#82 SP-181048|0036 |- B Add use case and definitions of PDCP data volume 16.0.0
measurements

2019-03 |SA#83 SP-190111)0043 |1 B Add measurements of CQI distribution 16.1.0

2019-03 |SA#83 SP-190111|0044 |1 B Add measurements of MCS distribution 16.1.0

2019-03 |SA#83 SP-190111{0045 |1 |B Add measurements related to QoS flow retainability 16.1.0

2019-03 |SA#83 SP-190111(0046 |1 B Add measurements of PDCP data volume in DC- 16.1.0
scenarios

2019-03 |SA#83 SP-190111{0047 |1 |B Add QoS flow related performance measurements 16.1.0

2019-03 |SA#83 SP-190111({0049 |1 |F Clean-up 16.1.0

2019-03 |SA#83 SP-190111|0050 |1 B Add QoS flow related measurements for SMF 16.1.0

2019-03 |SA#83 SP-190111{0051 |1 |B Add service requests related measurements for AMF  [16.1.0

2019-03 |SA#83 SP-190111(0052 |1 |B Add use case for PDCP end user throughput 16.1.0
measurements

2019-03 |SA#83 SP-190111(0053 |1 B Add measurements and UC related to RRC connection [16.1.0
establishment

2019-03 |SA#83 SP-190111|0054 |- B Add measurements and UC related to setup of UE 16.1.0
associated NG signalling connection

2019-03 |SA#83 SP-190119|0055 |1 B Add PDCP data volume measurements for EE 16.1.0

2019-03 |SA#83 SP-190111(0060 |1 B Add measurements of RRC connection re- 16.1.0
establishment

2019-03 |SA#83 SP-190111|0061 |1 B Add measurements of RRC connection resuming 16.1.0

2019-03 |SA#83 SP-190111|0065 |- B Add use case and definitions of QoS level 16.1.0
measurement over N3

2019-03 |SA#83 SP-190111|0067 |- B Add measurements related to registration via untrusted (16.1.0
non-3GPP Access for AMF

2019-03 |SA#83 SP-190111)|0068 |1 B Add measurements related to inter-AMF handover 16.1.0

2019-03 |SA#83 SP-190111|0070 |2 B Add radio resource utilization of network slice instance [16.1.0
measurements

2019-03 |SA#83 SP-190122|0072 |1 |A Correction of percentage unrestricted volume 16.1.0
measurements

2019-06 |SA#84 SP-190371(0074 |1 |B Add use case and definitions of packet loss 16.2.0
measurement over N3

2019-06 |SA#84 SP-190371(0075 |1 |B Add use case and definitions of packet delay 16.2.0

measurement over N3

2019-06 |SA#84 SP-190371|0076 |1 B Add measurements related to Service Requests via 16.2.0
Untrusted non-3GPP Access

2019-06 |SA#84 SP-190371|0077 |- B Add measurements related to PDU session resource 16.2.0
management via Untrusted non-3GPP Access

2019-06 |SA#84 SP-190371|0079 |1 B Add measurements related to inter gNB Handover 16.2.0

2019-06 |SA#84 SP-190371{0080 |1 |B Add measurements related to intra gNB Handover 16.2.0

2019-06 |SA#84 SP-190371{0082 |- F Correct DRBs successfully setup measurement 16.2.0

2019-06 |SA#84 SP-190375|0084 |- A Correction of F1 measurements 16.2.0

2019-06 |SA#84 SP-190371|0085 |1 F Correction of monitoring of PDCP data volume 16.2.0
measurements
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2019-06 |SA#84 SP-190371({0086 |2 F Correction of PRB measurements 16.2.0
2019-09 |SA#85 SP-190746(0081 |3 |B Add measurements related to DRB retainability 16.3.0
2019-09 |SA#85 SP-190746(0088 |- B Add measurements related to application triggering 16.3.0
2019-09 |SA#85 SP-190746]0089 |1 B Add measurements related to SMS over NAS 16.3.0
2019-09 |SA#85 SP-190746 {0090 |- F Correction of clause titles 16.3.0
2019-09 |SA#85 SP-190748|0092 |- A Correct the definition of Average delay DL air-interface |16.3.0
measurement
2019-09 |SA#85 SP-190751(0094 |1 |A Caorrection on kbits abbreviation 16.3.0
2019-09 |SA#85 SP-190746(0095 |1 |B Add measurement of SMF for N4 interface 16.3.0
2019-09 |SA#85 SP-190746 (0096 |- B Add measurement of UPF for N4 interface 16.3.0
2019-09 |SA#85 SP-190746|0097 |1 B Add measurement of paging 16.3.0
2019-09 |SA#85 SP-190746]0098 |1 F Update performance measurements for UDM 16.3.0
2019-09 |SA#85 SP-190746|0101 |2 B Update and add delay related measurements for NG- [16.3.0
RAN
2019-09 |SA#85 SP-190746|0102 |2 B Update and add latency related measurements for NG- [16.3.0
RAN
2019-09 |SA#85 SP-190746|0104 |1 B Update and add measurements related to RTT N3 16.3.0

delay for DL data packets on UPF

2019-09 |SA#85 SP-190746|0105 |2 B Add measurements related to RTT N9 delay for DL and [{16.3.0
UL data packets

2019-09 |SA#85 SP-190746(0106 |2 |B Add measurements related to GTP packet delay within [16.3.0
UPF

2019-09 |SA#85 SP-190746(0109 |1 |B Add measurements related to round-trip delay between [16.3.0
PSA UPF and UE

2019-09 |SA#85 SP-190755|0111 |2 B Add Power, Energy and Environmental (PEE) 16.3.0
measurements and related use case description

2019-09 |SA#85 SP-190747|0112 |1 B Add Number of PDU session creation in HR roaming 16.3.0
scenario

2019-09 |SA#85 SP-190747|0113 |1 F Update the measurement related to Number of PDU 16.3.0
session creation

2019-09 |SA#85 SP-190747|0114 |1 B Add UE Configuration Update procedure related 16.3.0
measurements

2019-09 |SA#85 SP-190748|0117 |- F Correction of QoS flow monitoring for SMF 16.3.0

2019-09 |SA#85 SP-190747]0122 |1 F Modify PM definition for non-split NG-RAN scenario 16.3.0

2019-09 |SA#85 SP-190747(0123 |1 |F Modify DRB setup management related measurements [16.3.0

2019-09 |SA#85 SP-190747(0124 |1 |F Modify PDU Sessions setup related measurements 16.3.0

2019-09 |SA#85 SP-190747|0127 |2 B Add a description of Inter-gNB handover Execution time [16.3.0
measurement

2019-09 |SA#85 SP-190747(0128 |2 |B Add a description of PDU session establishment time  [16.3.0
measurement

2019-09 |SA#85 SP-190747|0129 |2 B Add measurements related to extended monitoring of [16.3.0
the retainability for the 5QI 1 QoS Flow services

2019-09 |SA#85 SP-190747)|0131 |- B Add new definition of measurements related to AMF 16.3.0
registration procedure set-up time measurement

2019-12 |SA#86 SP-191149|0131 |1 B Add new Use case related to extended 5QI 1 QoS Flow (16.4.0
A Retainability monitoring into A30-> not implemented
due to CR clash (MCC)

2019-12 |SA#86 SP-191149|0132 |2 B Add new measurements related to QoS Flow Setup via (16.4.0
Initial Context Setup

2019-12 |SA#86 SP-191149|0133 |2 B Add new Use case related to extended 5QI 1 QoS Flow (16.4.0
establishment via Initial Context Setup into A30

2019-12 |SA#86 SP-191174|0135 |- A Correction of Registered subscribers measurement for |16.4.0
AMF

2019-12 |SA#86 SP-191149]0139 |1 B Add Unregistered subscribers measurements for UDM [16.4.0

2019-12 |SA#86 SP-191171|0140 |1 B Add performance measurements extension to support (16.4.0
multiple tenants environment

2019-12 |SA#86 SP-191149|0142 |1 B Add measurements related to handover between 5GS (16.4.0

and EPS

2019-12 |SA#86 SP-191149|0143 |- B Add measurements related to registration via trusted 16.4.0
non-3GPP access

2019-12 |SA#86 SP-191149(0144 |- B Add measurements related to service requests via 16.4.0

trusted non-3GPP access

2019-12 |SA#86 SP-191149|0145 |2 B Add measurements related to QoS flow modification in [16.4.0
NG-RAN

2019-12 |SA#86 SP-191149(0146 |1 |B Add measurements related to QoS flow setup via 16.4.0
untrusted non-3GPP access
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2019-12 |SA#86 SP-191149|0147 |1 B Add measurements related to QoS flow modification via [16.4.0
untrusted non-3GPP access

2019-12 |SA#86 SP-191149|0148 |1 B Add measurements related to handover between 5GS (16.4.0
and EPS via N26 interface

2019-12 |SA#86 SP-191149|0151 |- B Add measurements related to NF service registration 16.4.0
and update

2019-12 |SA#86 SP-191149(0152 |- B Add measurements related to NF service discovery 16.4.0

2019-12 |SA#86 SP-191149(0153 |- B Add measurements related to UE policy association 16.4.0

2019-12 |SA#86 SP-191149|0154 |- B Add measurements related to PFD management 16.4.0

2019-12 |SA#86 SP-191149|0155 |- B Add measurements related to QoS flow release via 16.4.0
untrusted non-3GPP access

2019-12 |SA#86 SP-191149|0156 |1 C Add measured object NRCellRelation to the handover (16.4.0
related measurements.

2019-12 |SA#86 SP-191149(0157 |3 |B Add measurements of packets out-of-order 16.4.0

2019-12 |SA#86 SP-191149|0158 |1 B Packet Drop Rate measurements update 16.4.0

2019-12 |SA#86 SP-191149(0159 |1 |B Packet Loss Rate measurements update 16.4.0

2019-12 |SA#86 SP-191149(0160 |1 |B PDCP Data Volume measurements update 16.4.0

2019-12 |SA#86 SP-191149|0161 |1 B UE Throughput measurements update 16.4.0

2019-12 |SA#86 SP-191180|0163 |- B Add use case of monitoring of PCI to detect PCI 16.4.0

collision or confusion

2020-03 |SA#87E |SP-200162|0173 |- F Correction of PDCP Data Volume measurement name |16.5.0
2020-03 |SA#87E |SP-200162|0174 |- F Correction of text color 16.5.0
2020-03 |SA#87E [SP-200162)|0175 |1 F Correction of UE throughput measurements 16.5.0
2020-03 |SA#87E |SP-200162(0176 |1 |F Correction of Packet Drop Rate measurements 16.5.0
2020-03 |SA#87E |SP-200162|0177 |1 F Correction of Packet Loss Rate measurements 16.5.0
2020-03 |SA#87E ([SP-200162|0181 |1 B Add new measurements related to DRB Setup via Initial [16.5.0

Context Setup

2020-03 |SA#87E [SP-200162)0182 |1 F Correct measurements related to QoS flows 16.5.0

2020-03 |SA#87E |SP-200162(0184 |1 |B Add reference to RAN L2 measurement specification 16.5.0

2020-03 |SA#87E |SP-200162(0185 |1 B Add Random Access Preambles measurements 16.5.0

2020-03 |SA#87E |SP-200162(0186 |1 |B Add measurement Average delay UL on over-the-air 16.5.0
interface

2020-03 |SA#87E [SP-200162|0187 |1 B Add Number of Active UEs measurements 16.5.0

2020-03 |SA#87E [SP-200162|0188 |1 B Add measurements related to DL delay between PSA [16.5.0
UPF and NG-RAN

2020-03 |SA#87E |SP-200162(0189 |1 |B Add measurements related to UL delay between PSA [16.5.0
UPF and NG-RAN

2020-03 |SA#87E [SP-200162|0190 |1 B Add measurements related to round-trip delay between [16.5.0
PSA UPF and NG-RAN

2020-03 |SA#87E |SP-200162({0194 |1 B Add measurements for SSB beam switch 16.5.0

2020-03 |SA#87E [SP-200162)|0197 |1 B Add use case and definitions of RSRP measurements |[16.5.0

2020-03 |SA#87E [SP-200162]0200 |- B Add new Use cases into A.28 according to agreed CRs:[16.5.0

2020-07 |SA#88-E [SP-200502|0191 |3 B Add measurements related to DL delay between PSA [16.6.0
UPF and UE

2020-07 |SA#88-E [SP-200502|0192 |3 B Add measurements related to DL delay between PSA [16.6.0
UPF and UE

2020-07 |SA#88-E [SP-200502|0201 |1 B Add new measurements for Average Normally 16.6.0
Released Call (5QI 1 QoS Flow) Duration and Average
Abnormally Released Call (5QI 1 QoS Flow) Duration.

2020-07 |SA#88-E |SP-200502(0203 |- A Adding Per Slice N3 measurements 16.6.0

2020-07 |SA#88-E [SP-200502]0204 |- F Corrections of Number of Active UEs measurements 16.6.0

2020-07 |SA#88-E |SP-200502(0206 |1 |B Add measurement Average RLC packet delay in the UL [16.6.0

2020-07 |SA#88-E [SP-200502|0207 |1 B Add measurement Average PDCP re-ordering delay in [16.6.0
the UL

2020-07 |SA#88-E |SP-200502(0208 |- B Add Number of stored inactive UE contexts 16.6.0
measurements

2020-07 |SA#88-E [SP-200493]0210 |- B Add handover measurements related to MRO 16.6.0

2020-07 |SA#88-E [SP-200493|0211 |1 F Update the measurements related to the delay of DL 16.6.0
air-interface

2020-07 |SA#88-E |SP-200493(0212 |1 |F Update the precision of packet delay 16.6.0

2020-07 |SA#88-E [SP-200503|0215 |2 B Add measurements related to DL packet delay between [16.6.0
NG-RAN and UE

2020-07 |SA#88-E [SP-200503|0216 |2 B Add measurements related to UL packet delay between [16.6.0
NG-RAN and UE

2020-07 |SA#88-E |SP-200497(0220 |1 |B Clarify performance indicators exposed to a tenant 16.6.0
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2020-07 |SA#88-E |SP-200502(0223 |1 |B Modify PRB usage measurements 16.6.0

2020-07 |SA#88-E |SP-200502(0226 |2 F Editorial correction 16.6.0

2020-07 |SA#88-E [SP-200502|0227 |1 F Update the definition of UE throughput related 16.6.0
measurements

2020-07 |SA#88-E [SP-200503|0229 |1 B Add measurements on N9 interface for UPF 16.6.0

2020-07 |SA#88-E |SP-200503(0231 |1 B Addition of authentication measurements for AMF 16.6.0

2020-07 |SA#88-E |SP-200503(0234 |1 |B Add UE power headroom measurement 16.6.0

2020-07 |SA#88-E [SP-200503)|0235 |1 B Addition of QoS flow measurements for UPF 16.6.0

2020-07 |SA#88-E |SP-200503(0236 |- F Modify DL Cell PDCP SDU Data Volume on Xn 16.6.0
Interface measurement

2020-07 |SA#88-E |SP-200503(0237 |1 |B Add Paging measurement 16.6.0

2020-07 |SA#88-E [SP-200503|0238 |1 B Addition of AM policy association update 16.6.0
measurements for PCF

2020-07 |SA#88-E [SP-200503|0239 |1 B Add Number of UE related SSB beam index 16.6.0
Measurement

2020-07 |SA#88-E |SP-200503{0240 |1 B Add Power utilization measurements 16.6.0

2020-07 |SA#88-E [SP-200503)0241 |1 F Update the descriptions of PRB related measurements [16.6.0

2020-07 |SA#88-E [SP-200485)|0242 |1 F Cleanup based on refined slice definitions 16.6.0

2020-09 |SA#89E ([SP-200738|0251 |1 F Addition of AM policy association update notify 16.7.0
measurements for PCF

2020-09 |SA#89E |SP-200738(0252 |- F Addition of SM policy association update 16.7.0
measurements for PCF

2020-09 |SA#89E |SP-200738(0253 |1 |F Update the description of RRC connection re- 16.7.0
establishment related measurements

2020-09 |SA#89E |SP-200738(0254 |1 |F Modify MCS related Measurements 16.7.0

2020-09 |SA#89E ([SP-200732|0262 |3 B Add measurements for RACH optimization 16.7.0

management for NR

2020-09 |SA#89E ([SP-200751)|0265 |1 F Deleting Round-trip packet delay between PSA UPF 16.7.0
and UE

2020-09 |SA#89E ([SP-200747|0243 |1 B Movement of "Distribution of Normally Released Call 17.0.0
(5QI 1 QoS Flow) Duration" and "Distribution of
Abnormally Released Call (5QI 1 QoS Flow) Duration"
measurements to chapter 5.1.1.24.

2020-09 |SA#89E ([SP-200747)|0244 |1 B Add PLMN granularity for UE throughput 17.0.0
measurements
2020-09 |SA#89E |SP-200747(0245 |1 B Add RRC establishment failure measurements 17.0.0
2020-09 |SA#89E |SP-200747(0249 |- B Add measurements on network slice selection 17.0.0
2020-09 |SA#89E [SP-200747)0250 |- B Add measurements on NSSAI availability service 17.0.0
2020-09 |SA#89E |SP-200747]0255 |1 B ADD EPS fallback handover related Measurement 17.0.0
2020-09 |SA#B89E |SP-200747(0256 |1 |B Add incoming and outgoing GTP data packet loss TEID [17.0.0
2020-09 |SA#89E |SP-200747(0257 |1 B ADD EPS fallback redirection related Measurement 17.0.0
2020-09 |SA#89E |SP-200747]0258 |1 B Add EPS fallback handover mean time measurement  [17.0.0
2020-09 |SA#89E ([SP-200747)|0259 |1 B Add measurements for RB distribution per layer of MU- [17.0.0
MIMO
2020-09 |SA#89E |SP-200747(0260 |- B Add UDM subscriber profile measurements 17.0.0
2020-09 |SA#89E |SP-200747(0261 |1 B Add MCS distribution measurement of MU-MIMO 17.0.0
2020-09 |SA#89E |SP-200747]0263 |1 B Addition of RSRQ measurement 17.0.0
2020-09 |SA#89E |SP-200747|0264 |- B Addition of SINR measurement 17.0.0
2020-12 |SA#90e ([SP-201058|0266 |1 F Add to A.28 new part related to interruption time interval {17.1.0
for 5QI 1 QoS Flow released due to double NG (double
UE context) monitoring
2020-12 |SA#90e [SP-201054)0278 |1 [A Correction of paging measurements 17.1.0
2020-12 |SA#90e [SP-201054)0279 |- A Add missing paging discard measurements 17.1.0
2020-12 |SA#90e ([SP-201054|0281 |- A Correct measurements related to QoS Flow release 17.1.0
and DRB release
2021-03 |SA#91e ([SP-210156|0282 |- B Addition of SMS message delivery related 17.2.0
measurements for SMSF
2021-03 |SA#91e [SP-210156)0283 |- B Addition of Registration measurements for SMSF 17.2.0
2021-03 |SA#91e ([SP-210141|0284 |1 B Add PLMN granularity for number of active UEs 17.2.0
measurements

2021-03 |SA#91e [SP-210141)|0285 |1 B Add PLMN granularity for packet delay measurements [17.2.0

2021-03 |SA#91e ([SP-210141)|0286 |1 B Add PLMN granularity for Radio resource utilization 17.2.0
measurements

2021-03 |SA#91e ([SP-210156|0288 |1 B CR for WI ePM_KPI_5G converted from draftCR S5- 17.2.0
211355
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2021-03 |SA#91e |SP-210156(0289 |1 |B Add measurements related data management for UDR [17.2.0

2021-03 |SA#91e ([SP-210156|0290 |- B Add measurements related to background data transfer (17.2.0
policy control for PCF

2021-03 |SA#91e |SP-210156(0291 B Add measurements to cover all accessibility types 17.2.0

2021-03 |SA#91e ([SP-210150|0293 |- A Update measurements to consider abnormal releases [17.2.0

in RRC connected state

2021-03 |SA#91e ([SP-210141|0294 |1 B Add PLMN granularity for RRC connection number 17.2.0

measurements

2021-03 |SA#91e ([SP-210141|0295 |- B Add PLMN granularity for packet delay measurements [17.2.0
in split gNB scenario

2021-03 |SA#91le |SP-210141(0296 |- B Add Filter and Filter naming description 17.2.0

2021-03 |SA#91e [SP-210150)0298 |- A Message names correction 17.2.0

2021-04 |SA#91e Removing revision marks 17.2.1

2021-06 |SA#92e [SP-210404)0287 |3 B CHO measurements 17.3.0

2021-06 |SA#92e |SP-210412(0299 |- B Add measurements related to data record creation for [17.3.0
UDR

2021-06 |SA#92e |SP-210412(0300 |- B Add measurements related to data record deletion for [17.3.0
UDR

2021-06 |SA#92e |SP-210412(0301 |- B Add measurements related to data record update for 17.3.0
UDR

2021-06 |SA#92e |SP-210412(0302 |- B Add measurements related to data modification 17.3.0

notification subscription for UDR

2021-06 |SA#92e ([SP-210412|0303 |1 B New measurements for the number of attempted and |17.3.0
successfully resumed DRBs

2021-06 |SA#92e [SP-210406|0305 |- A Fix definition of measurement Average delay DL on F1- |17.3.0
U

2021-06 |SA#92e ([SP-210412|0306 |1 B Add PMs on inter-gNB successful and failed handover (17.3.0
execution per beam pair

2021-06 |SA#92e Removing revision marks (MCC) 17.3.1
2021-09 |SA#93e [SP-210874)|0308 |1 B Add RRM related measurements 17.4.0
2021-09 |SA#93e |SP-210874)|0309 |- F Correction for the Number of Active Ues measurements [17.4.0
2021-09 |SA#93e [SP-210872|0311 |1 B Add measurements related to AF session with QoS for (17.4.0
NEF
2021-09 |SA#93e [SP-210872)|0312 |- B Add measurements related to applying policy for NEF  [17.4.0
2021-09 |SA#93e ([SP-210872|0313 |1 B Add measurements related to UCMF provisioning for 17.4.0
NEF
2021-09 |SA#93e [SP-210872|0315 |- F Add PLMN granularity to PDCP SDU data volume 17.4.0
measurement per interface for split gNB deployment
scenario

2021-09 |SA#93e ([SP-210862|0316 |1 |A Revise the calculation for average round-trip packet 17.4.0
delay between PSA UPF and NG-RAN

2021-09 |SA#93e |SP-210884(0318 |- A Replace Editor's notes with references 17.4.0

2021-12 |SA#94e |SP-211476(0321 |- F Correction of the typo within the update field of the 17.5.0
5.1.1.24.2 Average Abnormally Released Call (5QI 1
QoS Flow) Duration measurement.

2021-12 |SA#94e ([SP-211476|0322 |1 B Add Time-domain average Maximum Scheduled Layer (17.5.0
Number for MIMO scenario

2021-12 |SA#94e ([SP-211476|0324 |- B Introduction of average value of scheduled MIMO 17.5.0
layers per PRB

2021-12 |SA#94e |SP-211477]0326 |1 A Correct handover execution failure measurement 17.5.0

2021-12 |SA#94e [SP-211477]10328 |1 [A Update handover measurements 17.5.0

2021-12 |SA#94e ([SP-211476|0329 |- B Add measurements related to AM policy authorization (17.5.0
for PCF

2021-12 |SA#94e [SP-211476|0330 B Add measurements related to SM policy authorization [17.5.0
for PCF

2021-12 |SA#94e [SP-211476]0331 |- B Add measurements related to event exposure for PCF [17.5.0

2021-12 |SA#94e |SP-211457(0332 |1 B Add EAS data volume measurements 17.5.0

2021-12 |SA#94e |SP-211476(0333 |1 |B Add enhanced MIMO PRB Usage for cell 17.5.0

2021-12 |SA#94e |SP-211477|0335 |- A Correct definition of Distribution of UL UE throughput in |17.5.0
gNB.

2021-12 |SA#94e |SP-211474|0336 |- B DAPS handover Performance Measurements 17.5.0

2021-12 |SA#94e |SP-211476|0338 |- B Add measurements related to subscriber data 17.5.0
management for UDM

2021-12 |SA#94e |SP-211476|0339 |- B Add measurements related to parameter provision for [17.5.0
UDM
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2021-12 |SA#94e ([SP-211452|0340 |1 B Add PM on Handover failures per beam related to MRO (17.5.0
for intra-system mobility

2022-03 |SA#95e |SP-220180(0341 |1 |B Add Space Division Multiplexing PRB Usage for MIMO [17.6.0

cell

2022-03 |SA#95e |SP-220180|0342 |- F Remove the number of failed conditional handover 17.6.0
executions which is not implementable

2022-03 |SA#95e [SP-220180|0343 |- F Add one more trigger point to the number of failed 17.6.0
DAPS handover preparations performance
measurement

2022-03 |SA#95e [SP-220180)|0344 |1 F Modify Description of MIMO PRB Usage for Cell 17.6.0

2022-03 |SA#95e [SP-220180|0345 |1 F Modify description of sampling occasion of scheduled [17.6.0
layers

2022-03 |SA#95e |SP-220173(0348 |1 B Performance measurements for ECS - EES 17.6.0

Registration

2022-03 |SA#95e [SP-220173)|0349 |1 B Performance measurements for EES - EAS Discovery [17.6.0

2022-03 |SA#95e |SP-220173|0350 |1 B Performance measurements for EES - EEC 17.6.0
Registration
2022-03 |SA#95e |SP-220173|0351 |1 B Performance measurements for EES - EAS 17.6.0

Registration

2022-03 |SA#95e |SP-220177(0352 |1 |B Add beam and TA related measurements to support 17.6.0
coverage problem analysis

2022-03 |SA#95e |SP-220180|0353 |1 B Add location context transfer related measurements for (17.6.0

LMF

2022-03 |SA#95e |SP-220180(0354 |1 B Add location determination and notification related 17.6.0
measurements for LMF

2022-03 |SA#95e |SP-220161(0356 |- A Correct wording and header 17.6.0

2022-03 |SA#95e |SP-220172|0357 |1 B Conditional handover measurements 17.6.0

2022-03 |SA#95e [SP-220180|0358 |- B Enhance PM on Handover failures per beam related to |{17.6.0
MRO for intra-system mobility

2022-03 |SA#95e |SP-220180(0360 |1 |B Adding new packets based performance 17.6.0
measurements

2022-03 |SA#95e [SP-220180|0361 |1 B Updating packets based performance 17.6.0
measurements

2022-06 |SA#96 SP-220512|0363 |- F Correct implementation mistakes 17.7.0

2022-06 |SA#96 SP-220513|0364 |- F Correct the definition of DRB setup related counters 17.7.0

2022-06 |SA#96 SP-220496(0365 |1 [F EditorialCorrections 17.7.0

2022-06 |SA#96 SP-220513|0366 |- F Correct handover execution failure per beam pair 17.7.0
measurement

2022-06 |SA#96 SP-220513(0368 |- A Clean up of PM related to MRO 17.7.0

2022-06 |SA#96 SP-220514|0369 |- B Mean number of DRBs undergoing from User Plane 17.7.0
Path Failures

2022-06 |SA#96 SP-220514(0373 |- B Enhance UE Context Release measurements for MDA [17.7.0

2022-06 |SA#96 SP-220506 (0374 |- B Performance measurements for ECS - Service 17.7.0
Provisioning

2022-06 |SA#96 Editorials 17.7.1

2022-09 |SA#97e |[SP-220853|0378 |1 |A Clarification of inter-system too early and too late 17.8.0

handover failures and unnecessary handovers for inter-
system mobility

2022-09 |SA#97e |SP-220862|0375 |- B Add use case of remote interference related 18.0.0
performance measurement

2022-09 |SA#97e ([SP-220862|0379 |1 B Add beam specific inter-system handover counters 18.0.0
related to MRO

2022-09 |SA#97e |SP-220862(0380 |- B Add the per SSB RSRQ and SINR measurements 18.0.0

2022-09 |SA#97e ([SP-220862|0381 |1 B Add measurements for UE throughput of Dedicated 18.0.0
BWP

2022-09 |SA#97e |SP-220846(0383 |1 |B Add a EAS discovery failure measurement 18.0.0

2022-12 |SA#98e ([SP-221183|0385 |2 B New measurement Mean interruption time interval for {18.1.0
5QI 1 QoS Flow released due to double NG (double UE

context).
2022-12 |SA#98e [SP-221184)|0387 |1 B Add EEC registration related measurements 18.1.0
2022-12 |SA#98e 0393 |2 A Correction of Wideband CQI distribution 18.1.0
2023-03 |SA#99 SP-230209|0396 |- F Modify the counter name for Total error number of 18.2.0
DL/UL TBs
2023-03 |SA#99 SP-230209|0397 |- F Modify the criteria for incrementing counters of Intra- 18.2.0

GNB Handover Preparation
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2023-03 |SA#99 SP-230209|0398 |1 B New measurement DL PDCP buffered throughput per [18.2.0
UE per DRB.

2023-03 |SA#99 SP-230209|0399 |1 B Add measurements for distribution of UL delay between (18.2.0
NG-RAN and UE (including D1)

2023-03 |SA#99 SP-230209(0401 |1 |B Add measurements for DL packet loss rate on Uu 18.2.0
2023-03 |SA#99 SP-230201 (0404 |- D editorial corrections 18.2.0
2023-03 |SA#99 SP-23024410406 |1 |A Correct conditions of Number of UEs configured with 18.2.0

conditional handover

2023-03 |SA#99 SP-230244|0407 |- A Correct Mean and Max Time of requested conditional |18.2.0
handover executions

2023-03 |SA#99 SP-230244|0408 |- A Correct Mean and Max Time of requested legacy 18.2.0
handover executions

2023-03 |SA#99 SP-230201{0409 |- F editorial Corrections 18.2.0

2023-06 |SA#100 |SP-230659(0410 |2 |B Addition of Available MIMO Layers Coverage Map per [18.3.0
UE and per PRB measurement

2023-06 |SA#100 ([SP-230659|0411 |1 B Addition of Distribution of Scheduled PUSCH/PDSCH [18.3.0
PRBs based on MIMO Layers Coverage Map
measurement

2023-06 |SA#100 ([SP-230659|0412 |1 F Add Reference for DL PDCP buffered throughput per  [18.3.0
UE per DRB

2023-06 |SA#100 |SP-230659|0414 |- B Add MA PDU session creation measurements for 18.3.0
ATSSS

2023-06 |SA#100 ([SP-230659|0415 |1 B Add Cross Link Interference related performance 18.3.0
measurement

2023-06 |SA#100 |SP-230663(0416 |1 |B Add internal group ID to 5G LAN related performance [18.3.0
measurements for SMF

2023-06 |SA#100 ([SP-230663|0417 |1 B Add internal group ID to 5G LAN related performance [18.3.0
measurements for UPF

2023-06 |SA#100 ([SP-230661|0419 |1 B Add use case of time consumption of NWDAF providing (18.3.0
analytics service information

2023-06 |SA#100 ([SP-230661|0420 |1- |B Add time consumption of NWDAF providing analytics [18.3.0
service information

2023-06 |SA#100 |SP-230661|0421 |- B Add use case of measurements related to the 18.3.0
coordination between multiple NWDAFs

2023-06 |SA#100 |SP-230661|0422 |1 B Add measurements related to the coordination between (18.3.0
multiple NWDAFs

2023-06 |SA#100 |SP-230661|0423 |1 B Add use case of measurements related to the NWDAF (18.3.0
service provisioning

2023-06 |SA#100 |SP-230661|0424 |1 B Add measurements related to the NWDAF service 18.3.0
provisioning

2023-06 |SA#100 |SP-230661(0425 [1- |B Add use case of measurements related to the NWDAF |18.3.0
service failure

2023-06 |SA#100 |SP-230661|0426 |1 B Add measurements related to the NWDAF service 18.3.0
failure

2023-06 |SA#100 |SP-230663(0427 |1 B Add a use case for 5GLAN measurements 18.3.0

2023-06 |SA#100 ([SP-230663|0428 |1 B Update group-level N4 session measurements of SMF [18.3.0
for 5GLAN

2023-06 |SA#100 [SP-230663]|0429 |- B Update N19 related measurements of UPF for 5GLAN [18.3.0

2023-06 |SA#100 ([SP-230663|0430 |1 B Update QoS flow related measurements of UPF for 18.3.0
5GLAN

2023-06 |SA#100 |SP-230661(0431 |1 |B Add performance measurement related with number of [18.3.0
notifications for NWDAF data collection

2023-06 |SA#100 |SP-230661(0432 |1 |B Add performance measurement related with number of [18.3.0
subscriptions for NWDAF data collection

2023-06 |SA#100 ([SP-230661|0433 |1 B Add use case of the performance measurement for 18.3.0
NWDAF data collection

2023-06 |SA#100 ([SP-230659|0437 |1 B Adding new DRB measurements in case of Dual 18.3.0
Connectivity

2023-09 |SA#101 [SP-230974)|0440 |2 B New measurement Number of Idle State RRC release [18.4.0

2023-09 |SA#101 |SP-230941(0444 |1 |A Clarification of Average delay over F1U measurement |18.4.0

2023-09 |SA#101 ([SP-230974|0446 |1 B Addition of measurement for Average Time Interval for (18.4.0
Preparation of the SN initiated inter-SN CPC.

2023-09 |SA#101 |SP-230974|0447 |- B Add number of MA PDU sessions for ATSSS 18.4.0

2023-09 |SA#101 |SP-230974(0448 |- B Add MA PDU session conversion measurements 18.4.0

2023-09 |SA#101 |SP-230974(0449 |- B Add MA PDU session creation measurements in HR 18.4.0

roaming scenario for ATSSS
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2023-09 |SA#101 ([SP-230974|0451 |1 B Add Total number of UL PDCP SDU Packets for split  [(18.4.0
gNB deployment scenario

2023-09 |SA#101 ([SP-230974|0456 |1 B Add measurements for UL delay between PSA UPF 18.4.0
and UE (including D1)

2023-09 |SA#101 ([SP-230950|0457 |1 F Update EAS Discovery procedure related 18.4.0
measurements

2023-09 |SA#101 ([SP-230967|0459 |- B Add use case on monitoring of machine learning model (18.4.0
provisioning at NWDAF

2023-09 |SA#101 |SP-230967|0461 |- B Add measurements related to NWDAF ML model 18.4.0
provision service

2023-09 |SA#101 ([SP-230967|0462 |- F Update use case related to performance measurements|18.4.0
of NWDAF

2023-12 |SA#102 [SP-231484|0465 |1 B Rel-18 CR TS 28.552 Add DL/UL PRB Usage per SSB |18.5.0
to support AI/ML enabled NG-RAN

2023-12 |SA#102 ([SP-231484|0466 |1 B Rel-18 CR TS 28.552 Update DL/UL Total PRB Usage |18.5.0
to support AlI/ML enabled NG-RAN

2023-12 |SA#102 ([SP-231484|0467 |- B Rel-18 CR TS 28.552 Add measurements for NG-RAN [18.5.0
Initiated paging sent by gNB-CU

2023-12 |SA#102 ([SP-231483|0468 |1 C Rel-18 CR TS 28.552 Adapt the packet delay to support|18.5.0
cases for NTN

2023-12 |SA#102 |SP-231478|0469 |1 B Rel-18 TS 28.552 Add use case on NWDAF ML Model |18.5.0
related monitoring

2023-12 |SA#102 ([SP-231478|0472 |1 B Add measurements related to usage of ML models in  [18.5.0
NWDAF

2023-12 |SA#102 |SP-231478(0474 |1 |C Update measurements related to coordination among |18.5.0
multiple NWDAFs

2023-12 |SA#102 |SP-231478(0476 |1 |D Removing duplicate clauses for measurements related |18.5.0
to NWDAF data collection

2023-12 [SA#102 SP-23147110478 (1 A Rel-18 CR 28.552 Correction of PDSCH MCS 18.5.0
distribution measurement
2023-12 [SA#102 SP-23147710482 (1 B Rel-18 CR TS 28.552 Add PLMN granularity for 18.5.0

performance measurements for NG-RAN MOCN
network sharing scenario — MCC: Partially
implemented, clauses 5.1.1.5.1 and 5.1.1.5.2 could not
be deleted due to a clash with CR0497.

2023-12 |SA#102 |SP-231487(0484 |1 |A Rel-18 CR TS28.552 Fix Packet Drop Rate 18.5.0

2023-12 |SA#102 |SP-231484(0485 |1 |B Rel-18 CR TS28.552 Add Total number of DL PDCP 18.5.0
SDU Packets in gNB-CU-UP for split gNB deployment
scenario

2023-12 |SA#102 |SP-23148410486 |1 B Rel-18 CR TS28.552 Add Total number of DL RLC 18.5.0
SDU Packets in gNB-DU for split gNB deployment
scenario
2023-12 |SA#102 |SP-231494|0488 |- D Rel-18 CR TS28.552 editorial Corrections 18.5.0
2023-12 |SA#102 [SP-231464]0492 |- A Remove duplicated clause for ECS meansurement 18.5.0
2023-12 |SA#102 |SP-231468(0493 |- B Update connection data volumes meansurement 18.5.0
2023-12 |SA#102 |SP-231487(0496 |- A Fix error related to number of PDU session creation 18.5.0
measurement
2023-12 |SA#102 |SP-231477|0497 |- B Rel-18 CR TS 28.552 Add PLMN granularity for PDU 18.5.0

sessions related measurements for NG-RAN MOCN
network sharing scenario — MCC: not implemented due
to a clash with CR0482.

2023-12 |SA#102 ([SP-231477|0498 |- B Rel-18 CR TS 28.552 Add PLMN granularity for peak [18.5.0
PRB used for data traffic measurements for NG-RAN
MOCN network sharing scenario

2023-12 |SA#102 |SP-231484|0499 (1 B Rel-18 CR TS 28.552 Add new measurement on 18.5.0
Average DL GTP packet delay

2023-12 |SA#102 |SP-231484(0500 |1 B Rel-18 CR TS 28.552 Add new measurement on 18.5.0
distribution of DL GTP packet delay

2023-12 |SA#102 |SP-231484(0501 |1 B Rel-18 CR TS 28.552 Add new measurement for 18.5.0
average value of Timing Advance per SS-RSRP and
AOA ranges

2023-12 |SA#102 [SP-231478|0502 |- F Editorial modification for the use case of performance [18.5.0
measurements for NWDAF

2023-12 |SA#102 ([SP-231478|0503 |- D Editorial modification for the performance 18.5.0

measurements of NWDAF
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2023-12 |SA#102 ([SP-231478|0504 |1 B Add measurements related to NWDAF analytics service [18.5.0

failure

2023-12 |SA#102 |SP-231478(0506 |2 B Add measurements related to NWDAF ML model 18.5.0
training service failure

2024-03 |SA#103 [SP-240172|0509 B Rel-18 CR 28.552 Add new measurements related to  [18.6.0
coordination among multiple NWDAFs

2024-03 |SA#103 [SP-240185|0520 A Rel-18 CR TS28.552 Fix collecting method for UE 18.6.0
Context Release

2024-03 |SA#103 [SP-240180|0525 B New performance measurements for the UE assistance |18.6.0

information (UAI) with release preference feature

2024-03 |SA#103 |SP-240172(0510 |1 |B Rel-18 CR 28.552 Update use case on coordination 18.6.0
among multiple NWDAFs

2024-03 |SA#103 |SP-240188|0514 |2 B Rel-18 TS 28.552 Add new measurements for UL CI 18.6.0
Time Domain Proportion

2024-03 |SA#103 [SP-240149|0507 |1 B Rel-18 CR TS 28.552 Add satellite backhaul category [18.6.0
for performance measurements for UPF

2024-03 |SA#103 [SP-240180)|0522 |1 B Rel-18 CR TS 28.552 Octet Measurements at gNB end [18.6.0

2024-03 |SA#103 [SP-240180|0523 |1 B New performance measurements for connected mode |18.6.0
power saving mechanisms

2024-03 |SA#103 ([SP-240180|0524 |1 B New performance measurements for NR-NR Dual 18.6.0
Connectivity

2024-03 |SA#103 [SP-240176|0508 |1 B Rel-18 CR TS 28.552 Add performance measurements |(18.6.0
for NSOEU

2024-03 |SA#103 [SP-240180|0521 |1 B Rel-18 CR TS 28.552 Measurement Family update for |18.6.0
NSOEU measurements

2024-03 |SA#103 ([SP-240166|0512 |1 A Rel-18 28.552 Correct measurement definition "SS- 18.6.0
RSRP distribution per SSB of neighbor cell"
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