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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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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".
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3 Definitions, abbreviations and measurement family

3.1 Definitions

For the purposes of the present document, the terms and definitions given in 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 aDRB 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 timeit takes to transfer any packet from one point to another.
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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.

Packet lossrate: share of packets that could not be received by the target, including packets dropped, packetslost in
transmission and packets received in wrong format.

Performanceindicators: The performance data aggregated over a group of NFswhich 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 containing 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 |P Management).
- PA (measurements related to Policy Association).

- MM (measurements related to Mobility Management).
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- VR (measurements related to Virtualized Resource).

- CARR (measurements related to Carrier).

- 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 nameisin the
following form:

<Performance measurement>_<Filter>

For appending Filter, the separator ' " is used to append the filter to a given Performance measurement name. Vendor
may also define any other separator.

If appending multiple Filters, the nameisin the following form:
<Performance measurement>_<Filter1>_<Filter2>

The separator * ' or vendor specific separator is used between filters. The order is nhot important.
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If no Filter isused, the nameisin the form:
<Performance measurement>

The Filter isin the form: NameV alue(s) where the name could be any of the possible Filter name defined for the
performance measurement. When multiple values are provided for a given Filter name, values are separated by ‘| .
Valueranges are defined as ‘x-y’. Combination of using ‘| and ranges for the values of a given Filter nameis possible.
The order of the valuesis not important. Any other vendor specific multiple value form is allowed for the combination.

Examples:
- single Filter name with single value: DRB.PdcpF1DelayDI_5QI22
- single Filter name with multiple values: DRB.PdcpF1DelayDI_5QI32|35-40
- multiple (two) Filter names with single value per Filter name: DRB.PdcpF1DelayDl_PLMN12_5QI20
- multiple (two) Filter names and multiple values per Filter name: DRB.PdcpF1DelayDl_PLMN2|5_5QI20-25
- without any Filter: DRB.PdcpF1DelayDlI

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
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d)

f)
9)
h)

total number of RLC SDUSs 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.

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 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.AIirlIfDelayDI_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.

NRCellDU
Valid for packet switched traffic
5GS

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)

b)
c)

d)

€)

f)
9)
h)

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-NSSAII.

DER (n=1)

This measurement 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.

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-NSSAIls.

[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.

NRCellIDU
Valid for packet switched traffic
5GS

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

b)
<)

d)

€)

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.

DER (n=1)

This measurement is obtained according to the definition in 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 is areal representing the mean delay in 0.1 millisecond. The number 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 all measurements] (DL and UL) < 100.
The measurement name has the form DRB.AirIfDelayUl_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) Validfor packet switched traffic.
h) 5GS.
i) One usage of this measurement is for performance assurance within integrity area (user plane connection
quality).
5.1.1.1.4 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

b)
<)

d)

f)
9)
h)

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.

DER (n=1)

This measurement is obtained according to the definition in 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.

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 all 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.

NRCellDU.
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).

5.1.1.1.5 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)

¢) This measurement is obtained according to the definition in 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.

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 all 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.

f) GNBCUUPFunction

g) Vadlid for packet switched traffic.

h) 5GS.

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

5.1.1.1.6 Distribution of DL delay between NG-RAN and UE

a) This measurement provides the distribution of DL packet delay between NG-RAN and UE, which isthe 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.

b) 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 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 DRdI in the
present document);

- The5QIl and S-NSSAI associated to the GTP PDU monitoring response packet.

The gNB increments the corresponding bin with the delay range where the DRd! 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.
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d)

f)

9)
h)

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 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.

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

Valid for packet switched traffic.
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)

b)
<)

d)

f)

9)
h)

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.

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.

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-NSSAISs.

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

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.

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

Valid for packet switched traffic.
5GS.
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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:

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 isincluded (see 23.501 [4] and 38.415 [31]):

- The UL Delay Result from UE to NG-RAN indicating the uplink delay measurement result whichisthe
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);

- 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 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-NSSAISs.

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

e) 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) Validfor packet switched traffic.

h) 5GS.
5.1.1.1.8 DL packet delay between NG-RAN and PSA UPF
5.1.1.1.81 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 SNSSAI and different 5QIs, and the specific sampling rate isup
to implementation unless given by the QoS monitoring policy.
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d)

€)

f)

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.

The gNB counts the number (N) of DL GTP PDUs encapsul ated 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-
NSSAL:

(T2, —T1y)
N

Each measurement is areal representing the average delay in microseconds.

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

EP_N3 (contained by GNBCUUPFunction).

g) Valid for packet switched traffic.
h) 5GS.
5.1.1.1.8.2 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.

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.

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;

d) Each measurement isan integer representing the number of GTP PDUs measured with the delay within the range

of the bin.

€) GTP.DelayDIPsaUpfNgranDist.5QI.Bin, Where Bin indicates a delay range which is vendor specific, and 5QI

identifies the 5QlI;
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f)
9)
h)

GTP.DelayDIPsalUpfNgranDist. 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.

51.1.2 Radio resource utilization

5.1.1.2.1 DL Total PRB Usage

a)

b)

©)

d)

€)

f)
9)
h)
i)

This measurement provides the usage (in percentage) of physical resource blocks (PRBs) on the downlink for
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)

This measurement is obtained as: M (T) ={ P(T) >*<100J , where M (T) isthe DL PRB usage, whichis

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 isthe time period during which the measurement is performed.

A singleinteger value from 0 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
optionally RRU.PrbDI.PLMN, where the PLMN identifies the PLMN ID, or optionally RRU.PrbDI.SNSSAI,
where the SNSSAI identifies the SSNSSAI, or optionally RRU.PrbDI.SNSSAI.ResType, where the ResType
identifies the resource type of 5G QoS characteristics.

NRCellIDU
Valid for packet switched traffic
5GS

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

5.1.1.2.2 UL Total PRB Usage

a)

b)

©)

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 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

M
This measurement is obtained as: M (T) = {W]ﬂ;)*lo% , where M (T) isthe UL PRB usage, whichis

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 isthe time period during which the measurement is performed
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d)

f)
9)
h)
i)

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

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

Each measurement sampleis obtained as: M[n] = [%7[3] * 100J, 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.

Distribution of total PRB usage is calculated in the time-frequency domain only. The reference point isthe
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 defined by the vendor.

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.
NRCelIDU

Valid for packet switched traffic

5GS

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

5.1.1.2.4 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. inamillisecond) and recover to normal very quickly.

CcC

1\21[5]1] * lOOJ, where M[n] istotal PRB usage at sample

n for UL, which is a percentage of PRBs used, averaged during time period t» (e.g. a millisecond) with value

Each measurement sampleiis obtained as: M[n] = l
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d)

€)
f)
)
h)
i)

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.

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 is increased. The number of samples during
one measurement period is defined by the vendor.

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 al traffic.
NRCelIDU

Valid for packet switched traffic

5GS

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

5.1.1.25 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 PRBsused for DL datatraffic
transmission per S-NSSAI and per PLMN ID during atime period T.

Each measurement isa single integer value. If the optional measurements are performed, 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 QoS identifies the target quality of service class
and RRU.PrbUsedDI.SNSSAI, where SNSSAI identifies the S-NSSAI, and RRU.PrbUsedDI.PLMN, where
PLMN identifiesthe PLMN ID.

NRCellDU.
Valid for packet switched traffic.
5GS.

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

5.1.1.2.6 DL total available PRB

a)
b)
©)

d)
f)
9)

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

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.
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h) 5GS.

i) 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) 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.

b) Sl

¢) 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.

d) Each measurement (number of PRBS) isasingle integer value. If the optional measurements are performed, 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.

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

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

¢) 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.

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

f) NRCellDU.

g) Vadlid for packet switched traffic.

h) 5GS.

i) 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) 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.

b) SI.

c) 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.
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d)

f)
9)
h)

Each measurement isa single integer value. If the optional measurements are performed, 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.

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 performed, 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.

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 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:

22, RM

P GIOEEYI M

M E(T) =
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;
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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

d)
€)
f)
)
h)
i)

collected as a sampling value and at the end of statistical duration the average of all 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,;

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.

A singleinteger value from 0 to 100.

RRU.PrbTotDIMimo, which indicates the PDSCH PRB Usage per cell for MIMO
NRCellIDU

Valid for packet switched traffic

5GS

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)

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 uplink.

Sl

This measurement is obtained as:

22, RM

DS rmr M

*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 clause 5.1.1.30.4 of the present document;

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

d)

€)

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 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.

A single integer value from O to 100.

RRU.PrbTotUIMimo, which indicates the PUSCH PRB Usage per cell for MIMO
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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.
5.1.1.2.13 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
(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.
b) Sl
¢) This measurement is defined according to "PDSCH PRB Usage based on statistical MIMO layer in the DL per
cell "in TS 38.314 [29] as:
| 2w B {M1(T1)=L;(T1)} .
M(T1) = TujlPj(T1}+B 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.

d) A singleinteger value from O to 100.

e) RRU.PrbTotSdmDI, which indicates the DL SDM PRB Usage in a Cell supporting MIMO.
f) NRCellDU

g) Vadlid for packet switched traffic

h) 5GS
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i)

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)
©)

d)
€)
)
a)
h)
i)

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-caseiswireless network workload observation.

Sl

This measurement 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;jj(T1)}

M) = =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.

Jj 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,
etc.

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  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.
A single integer value from O to 100.

RRU.PrbTotSdmUI, which indicates the UL SDM PRB Usage in a Cell supporting MIMO.
NRCellIDU

Valid for packet switched traffic

5GS

One usage of this measurement is for monitoring the UL Radio Resource Utilization in a cell supporting MIMO.
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5.1.1.2.15 DL PRB Usage per SSB

a)

b)

©)

d)

€)

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]).

Sl

M1(T)
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 PDSCH PRBs used for DL traffic transmission for the SSB beam per QoS resource type; P(T) is

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

This measurement is obtained as: M (T) = { *100J , where M (T) isthe DL total PDSCH PRB

A single float value from 0 to 100. If the optional measurements are performed, the number of measurementsis
egual 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) Validfor packet switched traffic

h) 5GS

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

_ T _| MI(T) _

¢) This measurement isobtained as: M (T) = P—m*loo , where M (T) isthe UL total PUSCH 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 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 isthe 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
egual 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)
9)
h)

Beam
Valid for packet switched traffic
5GS
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i) One usage of this measurement is for radio resource status, which may be used as the input for AI/ML model
training at OAM, such asload 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 is obtained as. P, (T) = l * 100],

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 Cl feature during the time period T, CI(T) =
% CI(T);

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

Nyr(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.
T denotes the time period during which measurement is performed;
i denotes sampling occasion (e.g. 1 slot) during time period T

d) A singleinteger value from 0 to 100.

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

f) NRCellDU

g) Vadlid for packet switched traffic

h) 5GS

i) One usage of this measurement is for evaluating the resource load of URLLC services under eMBB and URLLC
multiplexing scenarios.

5.1.1.2.18 Distribution of PDCCH CCE PRB Usage

a) This measurement provides the distribution of samples with PDCCH usage (in percentage) of physical resource
blocks (PRBs) in different ranges. This measurement is a useful indicator of whether a cell isunder high load in
scenarios where a cell on the PDCCH may experience high load in certain short times (e.g. in a millisecond) and
recoversto normal very quickly.

b) CC

1\21[5]1] * lOOJ, where M [n] is PRB usage at sample n for
PDCCH CCE, which is a percentage of PRBs used, averaged during 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 PDCCH

c) Each measurement sampleis obtained as: M[n] = l
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transmission shall be included; P(n) isthe total number of PRBs available for PDCCH transmission during time
period t, and n is the sample with time period t, during which the measurement is performed.

d) Distribution of PDCCH CCE 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 PDCCH CCE 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 defined by the vendor.

f) A set of integers. Each representing the (integer) number of samples with a PDCCH CCE PRB percentage usage
in the range represented by that bin.

g) RRU.PrbPdcchDist.BinX, which indicates the distribution of PDCCH CCE PRB Usage for a cell.
h) NRCellIDU
i) Validfor packet switched traffic

j) 5GS
5.1.1.2.19 PDCCH CCE Usage
5.1.1.2.19.1 PDCCH CCE Usage per cell

a) This measurement provides the total usage (in percentage) of PDCCH control-channel elements (CCES) per cell.
The objective of the measurement is to measure usage of time, frequency and space resources.

b) S
¢) This measurement is defined:

Yvi Xy j{M1;(T)*Lij(T)} "
Xvj{Pj(T)}+Alpha

M(T) = [ 100|,

where M (T) denotes total PDCCH CCE usage per cell which is percentage of CCEs used for MIMO and non-
MIMO, averaged during time period T with integer value range: 0-100.

M1;;(T) denotes a count of PDCCH CCEs used for control information transmission for UE i on each MIMO layer
per cell at sampling occasion j for MIMO scenario, or a count of PDCCH CCEs used for control information
transmission for UE i per cell at sampling occasion j for non-MIMO scenario.

L;;(T) denotes the number of MIMO layers scheduled for UE i at sampling occasion j for MIMO scenario or equals
1 for non-MIMO scenario.

i denotesa UE i that is scheduled during time period T
Jj denotes sampling occasion during time period T. A sampling occasion is 1 symbol.

P;(T) denotestotal number of PDCCH CCEs available for sampling occasion j on each MIMO layer per cell for
MIMO scenario, or total number of PDCCH CCEs available for sampling occasion j per cell for non-MIMO
scenario.

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

Alpha isa constant value of available MIMO layers configured by OAM during time period T with float value 1.00-
100.00 for MIMO scenario, or a constant value configured by OAM during time period T with float value 1.00
for non-MIMO scenario. With this parameter, M (T) should not be larger than 100.

d) A singleinteger value from 0 to 100.
€) RRU.CceTot, which indicates the PDCCH CCE Usage per cell.
f) NRCellDU
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g) Vadlid for packet switched traffic
h) 5GS
i) One usage of this measurement is for monitoring the PDCCH Usage in a cell.
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 isintended 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 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 " 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.
. YuEsX ThpVolDl .
If YXygs Y ThpTimeDl > 0, mxlooo [Kbit/g]
If Y yes > ThpTimeDl = 0, O [kbit/g]
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
ThoTimeDI transmitted in the slot when the buffer is emptied. A sample
P of "ThpTimeDI" for each time the DL buffer for one
DataRadioBearer (DRB) is emptied.
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
ThpVol DI 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).
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 1D subcounter and
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€)

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.

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).
5.1.1.3.2 Distribution of DL UE throughput in gNB
a) This measurement provides the distribution of the UE throughput in downlink. This measurement is intended for

b)
c)

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-NSSA, and subcounters per PLMN ID.

DER(N=1)

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 Yyps X ThpTimeDl = 0, 0 [Kbit/s]

For small data bursts, where all buffered dataisincluded 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 several dots excluding transmission of the last piece of the datain a data burst does
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not apply). where all buffered datais included in one initial HARQ transmission, fraction of the slot time
(ThpTimeDL) may be counted and obtained by the formula:

ThpTimeD! =sot x (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 aDL 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 identifiesthe 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) Vadlid for packet switched traffic

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

a) This measurement provides the average UE throughput in uplink. This measurement isintended 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 refersto 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.

. YuEsX ThpVolUl .
It Zygs X ThpTimeUl > 0, = mie <1000 [kbit/s]

If Xyes 2 ThpTimeUl = 0, O [kbit/g]
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For small data bursts, where all buffered dataisincluded in oneinitial HARQ transmission ThpTimeUl =0

otherwise:

ThpTimeUl =T1-T2 [ms]

d)

€)

The time to transmit a data burst excluding the data
transmitted in the slot when the buffer is emptied. A sample
of "ThpTimeUl" 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 ThpVolUI 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).

Each measurement is areal 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
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).
5.1.1.34 Distribution of UL UE throughput in gNB
a) This measurement provides the distribution of the UE throughput in uplink. This measurement is intended for

b)
©)

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 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.

DER(N=1)

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 formulafor a measurement period tn:

. YuEs X ThpVolUl .
It Zygs X ThpTimeUl > 0, =i mm <1000 [kbit/s]

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

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

otherwise:
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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 "ThpTimeUl" 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
ThpVolUL 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).

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 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 slot time
(ThpTimeUL) may be counted and obtained by the formula:

ThoTimeUl =sot x (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 UL 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, 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) Vadid for packet switched traffic

h) 5GS
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i) One usage of this measurement is for performance assurance within integrity area (user plane connection
quality).

5.1.1.35 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 volume is 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 periodswhen no dataistransferred at al Percentage Unrestricted Volume DL = 0, otherwise:

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
ThpVolDl 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 ID 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.UEUnNresVolDI or optionally DRB.UEUnNresVolDI.QOS, where QOSidentifies the target quality of service
class, or DRB.UEUnNresVolDI.SNSSAI, where SNSSAI identifies the SSNSSAI, and DRB.UEUnNresV ol DI.PLMN,
where PLMN identifiesthe PLMN ID.

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).
5.1.1.3.6 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 volume is 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
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subcounters per QoS level (mapped 5QI or QCI in NR option 3) and subcounters per supported S-NSSAI, and
subcounters per PLMN ID.

b) Sl

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

2 tage Unrestricted Vol UL 2z ThpUinresVolul 100
» . = *
SSRGS R 2ug(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
UE throughput measurement. A sample for ThpUnresVolUI
is the data volume counted on RLC SDU level in kbits
received in UL for one DRB.

ThpUnresVolUl

The 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 in
kbits received in UL for one DRB.

ThpVolUl

a)

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

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).
5.1.1.3.7 Average DL UE buffered Throughput per DRB

a) 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 timein 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.

b) DER(N=1);

¢) Thismeasurement is obtained by the following formula for a measurement period:
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Y. ThroughputVolume

kbit
Y ThroughputTime [bits/s]

where each ThroughputV olume and ThroughputTime isintended to represent one DL burst as explained in the
Fig. 5.1.1.3.7-1, Fig. 5.1.1.3.7-3, Fig. 5.1.1.3.7-5and 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).

A
v
§
PDCP SDU 3 S PDCP SDU 4
PDCP SDU 2 =
PDCP SDU 1
cU up v PDCP PDU 3 PDCP PDU 4
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:‘\ i i i
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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 | Purst (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. 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 | Purst (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 PDU; 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 performed, 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 a single integer value. If the optional measurement is performed, 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 performed, 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

ETSI



3GPP TS 28.552 version 18.7.0 Release 18 68 ETSI TS 128 552 V18.7.0 (2024-07)

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.

ETSI



3GPP TS 28.552 version 18.7.0 Release 18 71 ETSI TS 128 552 V18.7.0 (2024-07)

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.

ETSI



3GPP TS 28.552 version 18.7.0 Release 18 87 ETSI TS 128 552 V18.7.0 (2024-07)

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;

ETSI



3GPP TS 28.552 version 18.7.0 Release 18 88 ETSI TS 128 552 V18.7.0 (2024-07)

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.

ETSI



3GPP TS 28.552 version 18.7.0 Release 18 91 ETSI TS 128 552 V18.7.0 (2024-07)

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
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©)

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} .
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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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¢) 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]).

d) 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.
f) EUtranCellRelation
g) Validfor packet switched traffic
h) 5GS

i) One usage of this performance measurementsis to support MDA.

5.1.1.22.4 SRS-RSRP measurement

a) 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]).

b) 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].

d) 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) NRCellCU

g) Vadlid for packet switched traffic

h) 5GS

5.1.1.23 Number of Active UESs

5.1.1.23.1 Mean number of Active UEs in the DL per cell

a) This measurement provides the mean number of active UEsin the DL in an NRCellDU. 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 "M ean number of Active UEsin the DL per
DRB per cell” (see clause 4.2.1.3.2in 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-NSSAII.

d) Each measurement isasingle integer value. The number of measurementsis equal to the number of PLMNs
multiplied by the number of QoS levels 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.
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€) The measurement name has the form DRB.MeanActiveUeDI_Filter,
where filter isacombination of PLMN ID and QoS level and S NSSAI,

where PLMN ID represents the PLMN ID, QoS represents 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 UEsin the DL in 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 defined according to measurement "Max number of Active UEsin the DL per DRB per
cell" (seeclause 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 isasingle integer value. The number of measurementsis equal to the number of PLMNs
multiplied by the number of QoS levels 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 DRB.MaxActiveUeDI_Filter,
where filter isacombination of PLMN ID and QoS level and SNSSAI,

where PLMN ID represents the PLMN ID, QoS represents 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).
5.1.1.23.3 Mean number of Active UEs in the UL per cell

a) This measurement provides the mean number of active UEsin the UL in 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)

¢) Thismeasurement 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 ID and per
QoS level (mapped 5QI or/fand QCI in NR option 3) and per supported S-NSSAI.

d) Each measurement isasingle integer value. The number of measurementsis equal to the number of PLMNs
multiplied by the number of QoS levels 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 DRB.MeanActiveUeUl_Filter,
where filter isacombination of PLMN ID and QoS level and SNSSAI,
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where PLMN ID represents the PLMN 1D, QoS represents the mapped 5QI or/and QCI level, and S NSSAI
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 UEsin the UL in an NRCellIDU. The measurement is

b)
©)

d)

calculated per PLMN ID and per QoS level (mapped 5QI or/and QCI in NR option 3), subcounters per S-NSSAI
and per supported PLMN ID.

DER (n=1)

This measurement is defined by the measurement "Max number of Active UEsin the UL per DRB per cell" (see
clause 4.2.1.3.5in 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.

Each measurement is a single integer value. The number of measurements is equal to the number of PLMNs
multiplied by the number of QoS levels multiplied by the number of supported S-NSSAIs.
[Total No. of measurement instances] x [No. of filter valuesfor all measurements] (DL and UL) < 100.

The measurement name has the form DRB.MaxActiveUeUl_Filter,

where filter isacombination of PLMN ID and QoSlevel and S NSSAI,

where PLMN ID represents the PLMN ID, QoS represents 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).
5.1.1.23.5 Mean number of Active UEs per cell
a) This measurement provides the mean number of active UEsin an NRCelIDU. This measurement refersto UES

b)
©)

d)

f)

for which there is data available for transmission for the UL for DRBS, or there is data available for transmission
for the DL for DRBs, or both. This measurement can’t be calculated from the Mean number of active UEsin the
DL per cell and Mean number of active UEsin the UL per cell according to 2 out of 3 approach. The
measurement is calculated per PLMN 1D and per supported S-NSSAI.

DER (n=1).

This measurement is obtained by aggregating the measurement "Mean number of Active UEs per cell” (see
clause 4.2.1.3.6 in TS 38.314 [29]). The measurement is performed per PLMN ID and per supported S-NSSAI.

Each measurement is a single integer value. The number of measurementsis equal to the number of PLMNs
multiplied by the number of supported S-NSSAIs.

[Total No. of measurement instances] x [No. of filter values for all measurements] < 100.

The measurement name has the form DRB.MeanActiveUe Filter,
where filter is a combination of PLMN ID and S NSSAI,
where PLMN ID represents the PLMN ID, and SNSSAI represents SSNSSAI.

NRCelIDU.
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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).

5.1.1.23.6 Max number of Active UEs per cell

a)

b)
c)

d)

€)

f)
9)
h)
i)

This measurement provides the max number of active UEsin an NRCellIDU. This measurement refersto UEs for
which there is data available for transmission for the UL for DRBS, or thereis data available for transmission for
the DL for DRBSs, or both. This measurement can’'t be calculated from the Max number of active UEsin the DL
per cell and Max number of active UEsin the UL per cell according to 2 out of 3 approach. The measurement is
calculated per PLMN ID and per supported S-NSSAI.

DER (n=1).

This measurement is defined according to measurement "Max number of Active UEs per cell " (see clause
4.2.1.3.7in TS 38.314 [29]). The measurement is performed per PLMN ID and per supported S-NSSAI.

Each measurement isasingle integer value. The number of measurementsis equal to the number of PLMNs
multiplied by the number of supported S-NSSAIs.

[Total No. of measurement instances] x [No. of filter values for all measurements] < 100.

The measurement name has the form DRB.MaxActiveUe Filter,
where filter is a combination of PLMN ID and S-NSSAI,
where PLMN ID represents the PLMN 1D, and SNSSAI represents S-NSSAI.

NRCelIDU.
Valid for packet switched traffic.
5GS.

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

5.1.1.24 Void

5.1.1.25 Measurements related to MRO

5.1.1.25.1 Handover failures related to MRO for intra-system mobility

a)

b)

€)

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”.

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.

Each measurement is an integer value.

HO.IntraSys.TooEarly
HO.IntraSys. TooL ate
HO.IntraSys. ToWrongCell
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f)NRCelICU

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)
c)

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)

b)
©)

d)
€)

f)

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.

One usage of this measurement is to support MRO (see TS 28.313[30]).
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5.1.1.25.4 Handover ping-pong for inter-system mobility

a)

b)

©)

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 a cell in a source system (e.g. NG-RAN) to acell 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 eventsis 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 are identified by their NR Cell Identity (NCI).

Each measurement is an integer value.

HO.IntraSys.bTooEarly.NCI
HO.IntraSys.bTooLate.NClI
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 5GS to 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 t