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Modal verbs terminology
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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

The present document defines the Stage 2 system architecture for the 5G System. The 5G System provides data
connectivity and services.

This specification covers both roaming and non-roaming scenarios in al aspects, including interworking between 5GS
and EPS, mobility within 5GS, QoS, policy control and charging, authentication and in general 5G System wide
features e.g. SM'S, Location Services, Emergency Services.

ITU-T Recommendation 1.130 [11] describes a three-stage method for characterisation of telecommunication services,
and ITU-T Recommendation Q.65 [12] defines Stage 2 of the method.

TS 23.502 [3] contains the stage 2 procedures and flows for 5G System and it is a companion specification to this
specification.

TS 23.503 [45] contains the stage 2 Policy Control and Charging architecture for 5G System and it is a companion
specification to this specification.

2 References

The following documents contain provisions which, through reference in this text, 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
a GSM document), a non-specific reference implicitly refers to 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 22.261: " Service requirements for next generation new services and markets; Stage 1".

[3] 3GPP TS 23.502: "Procedures for the 5G System; Stage 2".

[4] 3GPP TS 23.203: "Policies and Charging control architecture; Stage 2".

[5] 3GPP TS 23.040: "Technical realization of the Short Message Service (SMS); Stage 2.

[6] 3GPP TS 24.011: "Point-to-Point (PP) Short Message Service (SMS) support on mobile radio
interface: Stage 3".

[7] IETF RFC 7157: "IPv6 Multihoming without Network Address Trandation".

[8] IETF RFC 4191 "Default Router Preferences and More-Specific Routes'.

[9] IETF RFC 2131: "Dynamic Host Configuration Protocol”.

[10] IETF RFC 4862: "I1Pv6 Stateless Address Autoconfiguration”.

[11] ITU-T Recommendation 1.130: "Method for the characterization of telecommunication services
supported by an ISDN and network capabilities of an ISDN".

[12] ITU-T Recommendation Q.65: "The unified functional methodology for the characterization of
services and network capabilities’.

[13] 3GPP TS 24.301: "Non-Access-Stratum (NAS) protocol for Evolved Packet System (EPS):
Stage 3".

[14] IETF RFC 3736: " Stateless DHCP Service for |Pv6".
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IETF RFC 7542: "The Network Access |dentifier”.
3GPP TS 23.002: "Network Architecture'.

3GPP TS 23.335: "User Data Convergence (UDC); Technical realization and information flows;
Stage 2".

3GPP TS 23.221: "Architectural requirements”.
3GPP TS 22.153: "Multimedia priority service".
3GPP TS 22.011: " Service Accessibility".

3GPP TS 23.401: "General Packet Radio Service (GPRS) enhancements for Evolved Universal
Terrestrial Radio Access Network (E-UTRAN) access'.

3GPP TS 38.300: "NR; NR and NG-RAN Overall Description”.
3GPP TS 38.331: "NR; Radio Resource Control (RRC); Protocol Specification”.
3GPP TS 33.501: "Security architecture and procedures for 5G system".

3GPP TS 36.300: "Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal
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3GPP TS 23.214: " Architecture enhancements for control and user plane separation of EPC nodes;
Stage 2".
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3GPP TS 38.413: "NG-RAN; NG Application Protocol (NGAP)".
3GPP TS 33.126: "Lawful Interception Requirements".
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3GPP TS 23.379: "Functional architecture and information flows to support Mission Critical Push
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3GPP TS 32.421: "Telecommunication management; Subscriber and equipment trace; Trace
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3 Definitions and abbreviations
3.1 Definitions

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

5G Access Network: An access network comprising a NG-RAN and/or non-3GPP AN connecting to a 5G Core
Network.

5G Core Network: The core network specified in the present document. It connects to a 5G Access Network.

5G QoS Flow: Thefinest granularity for QoS forwarding treatment in the 5G System. All traffic mapped to the same
5G QoS Flow receive the same forwarding treatment (e.g. scheduling policy, queue management policy, rate shaping
policy, RLC configuration, etc.). Providing different QoS forwarding treatment requires separate 5G QoS Flow.

5G QoS I dentifier: A scalar that is used as a reference to a specific QoS forwarding behaviour (e.g. packet loss rate,
packet delay budget) to be provided to a 5G QoS Flow. This may be implemented in the access network by the 5QI
referencing node specific parameters that control the QoS forwarding treatment (e.g. scheduling weights, admission
thresholds, queue management thresholds, link layer protocol configuration, etc.).

5G System: 3GPP system consisting of 5G Access Network (AN), 5G Core Network and UE.

Allowed NSSAI: NSSAI provided by the Serving PLMN during e.g. a Registration procedure, indicating the S-NSSAIs
values the UE could use in the Serving PLMN for the current registration area.

Allowed Area: Areawhere the UE is allowed to initiate communication as specified in clause 5.3.2.3.
AMF Region: An AMF Region consists of one or multiple AMF Sets.

AMF Set: An AMF Set consists of some AMFsthat serve a given area and Network Slice(s). AMF Set is unique within
an AMF Region and it comprises of AMFs that support the same Network Slice(s). Multiple AMF Sets may be defined
per AMF Region.

Application identifier: Anidentifier that can be mapped to a specific application traffic detection rule.

AUSF Group ID: Thisrefersto one or more AUSF instances managing a specific set of SUPIs.

Configured NSSAI: NSSAI provisioned in the UE applicable to one or more PLMNSs.

DN Access | dentifier (DNAI): Identifier of auser plane access to one or more DN(s) where applications are deployed.

Emergency Registered: A UE is considered Emergency Registered over an Access Typein a PLMN when in limited
service state and registered for emergency services only over this Access Typein thisPLMN.

Endpoint Address. An address used by a NF service consumer to access the NF service (i.e. to invoke service
operations) provided by a NF service provider. An Endpoint Address is represented in the syntax of Uniform Resource
Identifier (e.g. part of Resource URI of the NF service API).

Expected UE Behaviour: Set of parameters provisioned by an external party to 5G network functions on the foreseen
or expected UE behaviour, see clause 5.20.

Forbidden Area: An areawhere the UE is not alowed to initiate communication as specified in clause 5.3.2.3.

GBR QoS Flow: A QoS Flow using the GBR resource type or the Delay-critical GBR resource type and requiring
guaranteed flow bit rate.

Initial Registration: UE registration in RM-DEREGISTERED state as specified in clause 5.3.2.

Local Area Data Network: aDN that is accessible by the UE only in specific locations, that provides connectivity to a
specific DNN, and whose availability is provided to the UE.

Local Break Out (LBO): Roaming scenario for aPDU Session where the PDU Session Anchor and its controlling
SMF are located in the serving PLMN (VPLMN).
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M obility Pattern: Network concept of determining within the AMF the UE mobility parameters as specified in
clause 5.3.2.4.

Mobility Registration Update: UE re-registration when entering new TA outside the TAI List as specified in
clause 5.3.2.

M PS-subscribed UE: A UE having aUSIM with MPS subscription.

NGAP UE association: The logical per UE association between a 5G-AN node and an AMF.

NGAP UE-TNLA-binding: The binding between a NGAP UE association and a specific TNL association for agiven
UE.

Network Function: A 3GPP adopted or 3GPP defined processing function in a network, which has defined functional
behaviour and 3GPP defined interfaces.

NOTE 2: A network function can be implemented either as a network element on a dedicated hardware, asa
software instance running on a dedicated hardware, or as a virtualised function instantiated on an
appropriate platform, e.g. on a cloud infrastructure.

Network Instance: Information identifying a domain. Used by the UPF for traffic detection and routing.
Network Slice: A logica network that provides specific network capabilities and network characteristics.

Network Sliceinstance: A set of Network Function instances and the required resources (e.g. compute, storage and
networking resources) which form a deployed Network Slice.

Non-GBR QoS Flow: A QoS Flow using the Non-GBR resource type and not requiring guaranteed flow bit rate.

NSI ID: anidentifier for a Network Slice instance.

NF instance: an identifiable instance of the NF.

NF service: afunctionality exposed by a NF through a service based interface and consumed by other authorized NFs.
NF serviceinstance: an identifiable instance of the NF service.

NF service operation: An elementary unit a NF service is composed of .

NG-RAN: A radio access network that supports one or more of the following options with the common characteristics
that it connects to 5GC:

1) Standalone New Radio.

2) New Radio isthe anchor with E-UTRA extensions.
3) Standalone E-UTRA.

4) E-UTRA isthe anchor with New Radio extensions.

Non-Allowed area: Areawhere the UE is allowed to initiate Registration procedure but no other communication as
specified in clause 5.3.2.3.

Non-Seamless Non-3GPP offload: The offload of user plane traffic via non-3GPP access without traversing either
N3IWF or UPF.

PDU Connectivity Service: A service that provides exchange of PDUs between a UE and a Data Network.

PDU Session: Association between the UE and a Data Network that provides a PDU connectivity service.

PDU Session Type: The type of PDU Session which can be IPv4, IPv6, IPv4v6, Ethernet or Unstructured.

Periodic Registration Update: UE re-registration at expiry of periodic registration timer as specified in clause 5.3.2.
(Radio) Access Network: See 5G Access Network.

Requested NSSAI: NSSAI provided by the UE to the Serving PLMN during registration.
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Routing Indicator: Indicator that allows together with SUCI/SUPI Home Network Identifier to route network
signalling to AUSF and UDM instances capable to serve the subscriber.

Service based interface: It represents how a set of servicesis provided/exposed by a given NF.

Service Continuity: The uninterrupted user experience of a service, including the cases where the 1P address and/or
anchoring point change.

Service Data Flow Filter: A set of packet flow header parameter val ues/ranges used to identify one or more of the
packet (IP or Ethernet) flows constituting a Service Data Flow.

Service Data Flow Template: The set of Service Data Flow filtersin a policy rule or an application identifier in a
policy rule referring to an application detection filter, required for defining a Service Data Flow.

Session Continuity: The continuity of aPDU Session. For PDU Session of 1Pv4 or IPv6 or IPv4v6 type "session
continuity" impliesthat the IP addressis preserved for the lifetime of the PDU Session.

Subscribed S-NSSAI: S-NSSAI based on subscriber information, which a UE is subscribed to usein a PLMN
UDM Group ID: Thisrefersto one or more UDM instances managing a specific set of SUPIs.
UDR Group ID: Thisrefersto one or more UDR instances managing a specific set of SUPIs.

UPF Service Area: The areawithin which PDU Session associated with the UPF can be served by (R)AN nodesviaa
N3 interface between the (R)AN and the UPF without need to add a new UPF in between or to remove/re-allocate the
UPF.

Uplink Classifier: UPF functionality that aims at diverting Uplink traffic, based on filter rules provided by SMF,
towards Data Network.

3.2 Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] 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].

5GC 5G Core Network

5GS 5G System

5G-AN 5G Access Network

5G-EIR 5G-Equipment Identity Register

5G-GUTI 5G Globally Unique Temporary Identifier
5G-S-TMSI 5G S-Temporary Mobile Subscription Identifier
5QI 5G QoS Identifier

AF Application Function

AMF Access and Mobility Management Function
AS Access Stratum

AUSF Authentication Server Function

BSF Binding Support Function

CAPIF Common API Framework for 3GPP northbound APIs
CP Control Plane

DL Downlink

DN Data Network

DNAI DN Access |dentifier

DNN Data Network Name

DRX Discontinuous Reception

ePDG evolved Packet Data Gateway

EBI EPS Bearer Identity

FAR Forwarding Action Rule

FQDN Fully Qualified Domain Name

GFBR Guaranteed Flow Bit Rate

GMLC Gateway Mobile Location Centre

GPSI Generic Public Subscription Identifier
GUAMI Globally Unique AMF Identifier

HR Home Routed (roaming)
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LADN Local Area Data Network
LBO Local Break Out (roaming)
LMF L ocation Management Function
LRF Location Retrieval Function
MCX Mission Critical Service
MDBV Maximum Data Burst Volume
MFBR Maximum Flow Bit Rate
MICO Mobile Initiated Connection Only
MPS Multimedia Priority Service
N3IWF Non-3GPP InterWorking Function
NAI Network Access |dentifier
NEF Network Exposure Function
NF Network Function
NGAP Next Generation Application Protocol
NR New Radio
NRF Network Repository Function
NSl ID Network Slice Instance Identifier
NSSAI Network Slice Selection Assistance Information
NSSF Network Slice Selection Function
NSSP Network Slice Selection Policy
NWDAF Network Data Analytics Function
PCF Policy Control Function
PDR Packet Detection Rule
PEI Permanent Equipment Identifier
PER Packet Error Rate
PFD Packet Flow Description
PPD Paging Policy Differentiation
PPF Paging Proceed Flag
PPI Paging Policy Indicator
PSA PDU Session Anchor
QFI QoS Flow Identifier
QoE Quality of Experience
(R)AN (Radio) Access Network
RQA Reflective QoS Attribute
RQI Reflective QoS Indication
SANR Standalone New Radio
SBA Service Based Architecture
SBI Service Based Interface
SD Slice Differentiator
SEAF Security Anchor Functionality
SEPP Security Edge Protection Proxy
SMF Session Management Function
SMSF Short Message Service Function
SN Sequence Number
S-NSSAI Single Network Slice Selection Assistance Information
SSC Session and Service Continuity
SSCMSP Session and Service Continuity Mode Selection Policy
SST Slice/Service Type
SUCI Subscription Concealed Identifier
SUPI Subscription Permanent Identifier
TNL Transport Network Layer
TNLA Transport Network Layer Association
TSP Traffic Steering Policy
UDM Unified Data Management
UDR Unified Data Repository
UDSF Unstructured Data Storage Function
UL Uplink
UL CL Uplink Classifier
UPF User Plane Function
URRP-AMF UE Reachability Request Parameter for AMF
URSP UE Route Selection Policy
VID VLAN Identifier
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VLAN Virtua Loca AreaNetwork

4 Architecture model and concepts

4.1 General concepts

The 5G System architecture is defined to support data connectivity and services enabling deployments to use techniques
such as e.g. Network Function Virtualization and Software Defined Networking. The 5G System architecture shall
leverage service-based interactions between Control Plane (CP) Network Functions where identified. Some key
principles and concept are to:

- Separate the User Plane (UP) functions from the Control Plane (CP) functions, allowing independent scalability,
evolution and flexible deployments e.g. centralized location or distributed (remote) location.

- Modularize the function design, e.g. to enable flexible and efficient network slicing.

- Wherever applicable, define procedures (i.e. the set of interactions between network functions) as services, so
that their re-useis possible.

- Enable each Network Function to interact with other NF directly if required. The architecture does not preclude
the use of an intermediate function to help route Control Plane messages (e.g. like aDRA).

- Minimize dependencies between the Access Network (AN) and the Core Network (CN). The architectureis
defined with a converged core network with acommon AN - CN interface which integrates different Access
Types e.g. 3GPP access and non-3GPP access.

- Support a unified authentication framework.
- Support "stateless’ NFs, where the "compute” resource is decoupled from the "storage”" resource.
- Support capability exposure.

- Support concurrent access to local and centralized services. To support low latency services and accessto local
data networks, UP functions can be deployed close to the Access Network.

- Support roaming with both Home routed traffic as well as Local breakout traffic in the visited PLMN.
4.2 Architecture reference model
4.2.1 General

This specification describes the architecture for the 5G System. The 5G architecture is defined as service-based and the
interaction between network functionsis represented in two ways.

- A service-based representation, where network functions (e.g. AMF) within the Control Plane enables other
authorized network functions to access their services. This representation also includes point-to-point reference
points where necessary.

- A reference point representation, shows the interaction exist between the NF servicesin the network functions
described by point-to-point reference point (e.g. N11) between any two network functions (e.g. AMF and SMF).

Service-based interfaces are listed in clause 4.2.6. Reference points are listed in clause 4.2.7.
Network functions within the 5GC Control Plane shall only use service-based interfaces for their interactions.
NOTE 1: The interactions between NF services within one NF are not specified in this Release of the specification.

NOTE 2: UPF does not provide any servicesin this Release of the specification, but can consume services provided
by 5GC Control Plane NFs.
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4.2.2 Network Functions and entities

The 5G System architecture consists of the following network functions (NF). The functional description of these
network functionsis specified in clause 6.

- Authentication Server Function (AUSF)

- Access and Mobility Management Function (AMF)
- DataNetwork (DN), e.g. operator services, Internet access or 3rd party services
- Unstructured Data Storage Function (UDSF)

- Network Exposure Function (NEF)

- Network Repository Function (NRF)

- Network Slice Selection Function (NSSF)

- Policy Control Function (PCF)

- Session Management Function (SMF)

- Unified Data Management (UDM)

- Unified Data Repository (UDR)

- User Plane Function (UPF)

- Application Function (AF)

- User Equipment (UE)

- (Radio) Access Network ((R)AN)

- 5G-Equipment Identity Register (5G-EIR)

- Security Edge Protection Proxy (SEPP)

- Network Data Analytics Function (NWDAF)

4.2.3 Non-roaming reference architecture

Figure 4.2.3-1 depicts the non-roaming reference architecture. Service-based interfaces are used within the Control

Plane.
NSSF NEF NRF PCF UDM AF
Nnssf Nnef Nnrf Npcf Nudm N&
Neusf Namf Nsmf
AUSF AMF SMF

N\ N2 N4

UE (RAN N3 UPF  —N6— DN
Lo

Figure 4.2.3-1: 5G System architecture

Figure 4.2.3-2 depicts the 5G System architecture in the non-roaming case, using the reference point representation
showing how various network functionsinteract with each other.
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NSSF AUSF —N13— UDM
NZ%NS N10
AMF  |-N11— SMF —N7—| PCF N5 AF
LN14J | / N15
N1 N2 N4

UE (R)AN N3 UPF

L] N

Figure 4.2.3-2: Non-Roaming 5G System Architecture in reference point representation

NOTE 1: N9, N14 are not shown in all other figures however they may also be applicable for other scenarios.

NOTE 2: For the sake of clarity of the point-to-point diagrams, the UDSF, NEF and NRF have not been depicted.
However, all depicted Network Functions can interact with the UDSF, UDR, NEF and NRF as necessary.

NOTE 3: The UDM uses subscription data and authentication data and the PCF uses policy data that may be stored
in UDR (refer to clause 4.2.5).

NOTE 4: For clarity, the UDR and its connections with other NFs, e.g. PCF, are not depicted in the point-to-point
and service-based architecture diagrams. For more information on data storage architectures refer to
clause 4.2.5.

NOTE 5: For clarity, the NWDAF and its connections with other NFs, e.g. PCF, are not depicted in the point-to-
point and service-based architecture diagrams. For more information on network data analytics
architecture refer to clause 4.2.9.

Figure 4.2.3-3 depi cts the non-roaming architecture for UEs concurrently accessing two (e.g. local and central) data
networks using multiple PDU Sessions, using the reference point representation. This figure shows the architecture for
multiple PDU Sessions where two SMFs are selected for the two different PDU Sessions. However, each SMF may also
have the capability to control both alocal and a central UPF within a PDU Session.
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Figure 4.2.3-3: Applying non-roaming 5G System architecture for multiple PDU Session in reference
point representation

Figure 4.2.3-4 depicts the non-roaming architecture in the case of concurrent accessto two (e.g. local and central) data
networksis provided within a single PDU Session, using the reference point representation.

NSSF AUSF  —N13 UDM
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|
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P
)
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Figure 4.2.3-4: Applying non-roaming 5G System architecture for concurrent access to two (e.g. local
and central) data networks (single PDU Session option) in reference point representation
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Figure 4.2.3-5 depicts the non-roaming architecture for Network Exposure Function, using reference point
representation.

AF
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=+ N33
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=
o
A
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>
o
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3GPP 3GPP
T Interface T " Interface
o0 e
(See (See
Note 2) Note 2)
v
NF1 NF2 NFn

Figure 4.2.3-5: Non-roaming architecture for Network Exposure Function in reference point

representation

NOTE 1: Infigure 4.2.3-5, Trust domain for NEF is same as Trust domain for SCEF as defined in TS 23.682 [36].

NOTE 2: Infigure 4.2.3-5, 3GPP Interface represents southbound interfaces between NEF and 5GC Network
Functions e.g. N29 interface between NEF and SMF, N30 interface between NEF and PCF, etc. All
southbound interfaces from NEF are not shown for the sake of simplicity.

4.2.4

Roaming reference architectures

Figure 4.2.4-1 depicts the 5G System roaming architecture with local breakout with service-based interfaces within the
Control Plane.
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Sl

(RAN
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I

Nnrf
VSEPP |—-N 2—|

Naus‘ Npcf
AUSF pcp
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Figure 4.2.4-1 Roaming 5G System architecture- local breakout scenario in service-based interface

representation
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NOTE 1: Inthe LBO architecture. The PCF in the VPLMN may interact with the AF in order to generate PCC
Rulesfor services delivered viathe VPLMN. The PCF in the VPLMN uses locally configured policies
according to the roaming agreement with the HPLMN operator asinput for PCC Rule generation. The
PCF in VPLMN has no access to subscriber policy information from the HPLMN.

Figure 4.2.4-3 depicts the 5G System roaming architecture in the case of home routed scenario with service-based
interfaces within the Control Plane.

PEEE, FrrE

VSEPP |-N32
hSEPP N smf aj N »

|
I -’ -
AMF SMF I s|\/||:
2 | |
|
A o T : “T“
|
UE (RAN LN% uPE N9 UPE |[—Ne— DN
|
Lo | Lo
|
VPLMN :HPLMN

Figure 4.2.4-3 Roaming 5G System architecture - home routed scenario in service-based interface
representation

Figure 4.2.4-4 depicts 5G System roaming architecture in the case of local break out scenario using the reference point
representation.

AUSF
I
I N13
]
NSSF N1Z
0/4*/ o
N22 N8— N1, I
AMF |-N11— SMF [—N7— VPCF —N24—/I— hPCF
T—N15 N5 I
N4 I
N1 N2 AF I
UE (R)AN N3 UPF N6 DN I
|—N9—| VPLMN I HPLMN

Figure 4.2.4-4: Roaming 5G System architecture - local breakout scenario in reference point
representation

NOTE 2: The NRF isnot depicted in reference point architecture figures. Refer to Figure 4.2.4-7 for details on
NRF and NF interfaces.
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NOTE 3: For the sake of clarity, SEPPs are not depicted in the roaming reference point architecture figures.

The following figure 4.2.4-6 depicts the 5G System roaming architecture in the case of home routed scenario using the
reference point representation.

N31
—N12 ’I“ AUSF
[
I N13
l
V-NSSF ,— V-PCF UDM H-NSSF
N15 I
N
N22 N24
I N|10
AMF —N11— V-SMF —T—Nlﬁ— H-SMF —N7— H-PCF ——N5——  AF
N4 I N4
N1 N2 I
UE (R)AN N3 UPF +——N9— UPF N6
.
Lo L o]

VPLMN § HPLMN

Figure 4.2.4-6: Roaming 5G System architecture-Home routed scenario in reference point
representation

For the roaming scenarios described above each PLMN implements proxy functionality to secure interconnection and
hide topology on the inter-PLMN interfaces.

VP,\'II';"N WNRF —N27—'I‘— hNRF

VPLMN | HPLMN

Figure 4.2.4-7: NRF Roaming architecture in reference point representation
NOTE 4: For the sake of clarity, SEPPs on both sides of PLMN borders are not depicted in figure 4.2.4-7.

4.2.5 Data Storage architectures

Asdepicted in Figure 4.2.5-1, the 5G System architecture allows any NF to store and retrieve its unstructured data
into/from a UDSF (e.g. UE contexts). The UDSF belongs to the same PLMN where the network function islocated. CP
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NFs may share a UDSF for storing their respective unstructured data or may each have their own UDSF (e.g. aUDSF
may be located close to the respective NF).

NOTE 1: Structured datain this specification refers to data for which the structure is defined in 3GPP
specifications. Unstructured data refers to data for which the structure is not defined in 3GPP
specifications.

Any NF

F——N18/Nudsf——C

) UDSF

Figure 4.2.5-1: Data storage architecture for unstructured data from any NF

NOTE 2: 3GPP will specify (possibly by referencing) the N18/Nudsf interface.

Asdepicted in Figure 4.2.5-2, the 5G System architecture allows the UDM, PCF and NEF to store datain the UDR,
including subscription data and policy databy UDM and PCF, structured data for exposure and application data
(including Packet Flow Descriptions (PFDs) for application detection, AF request information for multiple UES) by the
NEF. UDR can be deployed in each PLMN and it can serve different functions as follows:

- UDR accessed by the NEF belongs to the same PLMN where the NEF is located.

- UDR accessed by the UDM belongsto the same PLMN where the UDM islocated if UDM supports a split

architecture.

- UDR accessed by the PCF belongs to the same PLMN where the PCF is located.

NOTE 3: The UDR deployed in each PLMN can store application data for roaming subscribers.

UDM
N35
Nudr
PCF o—
N36
NEF
N37

UDR

<

Subscription Data

Data Access Provider

Policy Data

Structured Data
for exposure

Application Data

v

Figure 4.2.5-2: Data storage architecture

NOTE 4: There can be multiple UDRs deployed in the network, each of which can accommodate different data sets
or subsets, (e.g. subscription data, subscription policy data, data for exposure, application data) and/or
serve different sets of NFs. Deployments where a UDR serves a single NF and stores its data, and, thus,
can be integrated with this NF, can be possible.

NOTE 5: Theinternal structure of the UDR in figure 4.2.5-2 is shown for information only.

The Nudr interface is defined for the network functions (i.e. NF Service Consumers), such as UDM, PCF and NEF, to
access a particular set of the data stored and to read, update (including add, modify), delete, and subscribe to

notification of relevant data changesin the UDR.
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Each NF Service Consumer accessing the UDR, viaNudr, shall be able to add, modify, update or delete only the data it
is authorised to change. This authorisation shall be performed by the UDR on a per data set and NF service consumer
basis and potentially on a per UE, subscription granularity.

The following datain the UDR sets exposed via Nudr to the respective NF service consumer and stored shall be
standardized:

- Subscription Data,
- Policy Data,
- Structured Data for exposure,

- Application data: Packet Flow Descriptions (PFDs) for application detection and AF request information for
multiple UEs, as defined in clause 5.6.7.

The service based Nudr interface defines the content and format/encoding of the 3GPP defined information elements
exposed by the data sets.

In addition, it shall be possible to access operator specific data sets by the NF Service Consumers from the UDR as well
as operator specific data for each data set.

NOTE 6: The content and format/encoding of operator specific data and operator specific data sets are not subject
to standardization.

NOTE 7: The organization of the different data stored in the UDR is not to be standardized.

4.2.6  Service-based interfaces

The 5G System Architecture contains the following service-based interfaces:
Namf:  Service-based interface exhibited by AMF.
Nsmf: Service-based interface exhibited by SMF.
Nnef: Service-based interface exhibited by NEF.
Npcf: Service-based interface exhibited by PCF.
Nudm:  Service-based interface exhibited by UDM.
Naf: Service-based interface exhibited by AF.
Nnrf; Service-based interface exhibited by NRF.
Nnssf:  Service-based interface exhibited by NSSF.
Nausf:  Service-based interface exhibited by AUSF.
Nudr:  Service-based interface exhibited by UDR.
Nudsf:  Service-based interface exhibited by UDSF.
N5g-eir: Service-based interface exhibited by 5G-EIR.
Nnwdaf: Service-based interface exhibited by NWDAF.

4.2.7 Reference points

The 5G System Architecture contains the following reference points:

N1: Reference point between the UE and the AMF.
N2: Reference point between the (R)AN and the AMF.
N3: Reference point between the (R)AN and the UPF.
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N4: Reference point between the SMF and the UPF.
N6: Reference point between the UPF and a Data Network.

NOTE 1. Thetraffic forwarding details of N6 between a UPF acting as an uplink classifier and alocal data network
are not specified in this Release of the specification.

N9: Reference point between two UPFs.

The following reference points show the interactions that exist between the NF servicesin the NFs. These reference
points are realized by corresponding NF service-based interfaces and by specifying the identified consumer and
producer NF service as well astheir interaction in order to realize a particular system procedure.

N5: Reference point between the PCF and an AF.
N7: Reference point between the SMF and the PCF.
N8: Reference point between the UDM and the AMF.

N10: Reference point between the UDM and the SMF.

N11: Reference point between the AMF and the SMF.

N12: Reference point between AMF and AUSF.

N13: Reference point between the UDM and Authentication Server function the AUSF.
N14: Reference point between two AMFs.

N15: Reference point between the PCF and the AMF in the case of non-roaming scenario, PCF in the visited
network and AMF in the case of roaming scenario.

N16: Reference point between two SMFs, (in roaming case between SMF in the visited network and the SMF
in the home network).

N17: Reference point between AMF and 5G-EIR.

N18: Reference point between any NF and UDSF.

N22: Reference point between AMF and NSSF.

N23: Reference point between PCF and NWDAF.

N24: Reference point between the PCF in the visited network and the PCF in the home network.
N27: Reference point between NRF in the visited network and the NRF in the home network.

N31: Reference point between the NSSF in the visited network and the NSSF in the home network.
NOTE 2: in some cases, a couple of NFs may need to be associated with each other to serve a UE.

In addition to the reference points above, there are interfaces/reference point(s) between SMF and the CHF. The
reference point(s) are not depicted in the architectureillustrations in this specification.

NOTE 3: The functionality of these interface/reference points are defined in TS 32.240 [41].

N32: Reference point between SEPP in the visited network and the SEPP in the home network.
NOTE 4: The functionality of N32 reference point is defined in TS 33.501 [29].

N33: Reference point between NEF and AF.

N34: Reference point between NSSF and NWDAF.

N35: Reference point between UDM and UDR

N36: Reference point between PCF and UDR.
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N37: Reference point between NEF and UDR
N40: Reference point between SMF and the CHF.

NOTE 5: The reference points from N40 up to and including N49 are reserved for alocation and definitionin
TS 23.503[45].

N50: Reference point between AMF and the CBCF.
NOTE 6: The Public Warning System functionality of N50 reference point is defined in TS 23.041 [46].
The reference points to support SMS over NAS are listed in clause 4.4.2.2.

The reference points to support Location Services are listed in clause 4.4.4.2.
4.2.8 Support of non-3GPP access
4.2.8.1 General Concepts to Support Non-3GPP Access

The 5G Core Network supports the connectivity of the UE via non-3GPP access networks, e.g. WLAN access.

Only the support of non-3GPP access networks deployed outside the NG-RAN (referred to as "standalone" non-3GPP
accesses) is described in this clause.

In this Release of the specification, 5G Core Network only supports untrusted non-3GPP accesses.

Non-3GPP access networks shall be connected to the 5G Core Network via a Non-3GPP InterWorking Function
(N3IWF). The N3IWF interfaces the 5G Core Network CP and UP functions via N2 and N3 interfaces, respectively.

The N2 and N3 reference points are used to connect standalone non-3GPP accesses to 5G Core Network control-plane
and user-plane functions respectively.

A UE that accesses the 5G Core Network over a standal one non-3GPP access shall, after UE attachment, support NAS
signalling with 5G Core Network control-plane functions using the N1 reference point.

When a UE is connected viaa NG-RAN and via a standal one non-3GPP access, multiple N1 instances shall exist for the
UE i.e. there shall be one N1 instance over NG-RAN and one N1 instance over non-3GPP access.

A UE simultaneously connected to the same 5G Core Network of a PLMN over a 3GPP access and a non-3GPP access
shall be served by asingle AMF if the selected N3IWF islocated in the same PLMN as the 3GPP access.

When a UE is connected to a 3GPP access of a PLMN, if the UE selects the N3IWF and the N3IWF islocated in a
PLMN different from the PLMN of the 3GPP access, e.g. in adifferent VPLMN or in the HPLMN, the UE is served
separately by the two PLMNSs. The UE is registered with two separate AMFs. PDU Sessions over the 3GPP access are
served by V-SMFs different from the V-SMF serving the PDU Sessions over the non-3GPP access.

The PLMN selection for the 3GPP access does not depend on the N3IWF selection. If a UE isregistered over anon-
3GPP, the UE performs PLMN selection for the 3GPP access independently of the PLMN to which the N3IWF
belongs.

A UE shall establish an IPSec tunnel with the N3IWF to attach to the 5G Core Network over untrusted non-3GPP
access. The UE shall be authenticated by and attached to the 5G Core Network during the IPSec tunnel establishment
procedure. Further details for UE attachment to 5G Core Network over untrusted non-3GPP access are described in
clause 4.12.2in TS 23.502 [3].

It shall be possible to maintain the UE NAS signalling connection with the AMF over the non-3GPP access after al the
PDU Sessions for the UE over that access have been released or handed over to 3GPP access.

N1 NAS signalling over standalone non-3GPP accesses shall be protected with the same security mechanism applied
for N1 over a 3GPP access.

User plane QoS differentiation between UE and N3IWF is supported as described in clause 5.7 and TS 23.502 [ 3]
clause 4.12.5.
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4.2.8.2 Architecture Reference Model for Non-3GPP Accesses

42821 Non-roaming Architecture for Non-3GPP Accesses

3GPP
Access

AMF T SMF

N4

I UPF I Data Network
N3 N6
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Networks \

UE

3GPP Access

Y1
Figure 4.2.8.2.1-1: Non-roaming architecture for 5G Core Network with non-3GPP access

NOTE 1: The reference architecture in figure 4.2.8.2.1-1 only shows the architecture and the network functions
directly connected to non-3GPP access, and other parts of the architecture are the same as defined in
clause 4.2.

NOTE 2: Thereference architecturein figure 4.2.8.2.1-1 supports service based interfaces for AMF, SMF and other
NFs not represented in the figure.

NOTE 3: Thetwo N2 instancesin Figure 4.2.8.2.1-1 apply to asingle AMF for a UE which is simultaneously
connected to the same 5G Core Network over 3GPP access and non-3GPP access.

NOTE 4 Thetwo N3instancesin Figure 4.2.8.2.1-1 may apply to different UPFs when different PDU Sessions are
established over 3GPP access and non-3GPP access.

42822 LBO Roaming Architecture for Non-3GPP Accesses, N3IWF in same PLMN as
3GPP access

3GPP
Access

AMF T SMF

N4

I UPF I Data Network
N3 N6

Non-3GPP
Networks \

- 3GPP Access

Y1

Figure 4.2.8.2.2-1: LBO Roaming architecture for 5G Core Network with non-3GPP access - N3IWF in
the VPLMN
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NOTE 1. Thereference architecturein figure 4.2.8.2.2-1 only shows the architecture and the network functions
directly connected to support non-3GPP access, and other parts of the architecture are the same as defined
inclause 4.2.

NOTE 2: The reference architecture in figure 4.2.8.2.2-1 supports service based interfaces for AMF, SMF and other
NFs not represented in the figure.

NOTE 3: Thetwo N2 instancesin Figure 4.2.8.2.2-1 apply to asingle AMF for a UE which is connected to the 5G
Core Network over 3GPP access and non-3GPP access simultaneously.

NOTE 4: Thetwo N3 instancesin Figure 4.2.8.2.2-1 may apply to different UPFs when different PDU Sessions are
established over 3GPP access and non-3GPP access.

42823 Home-routed Roaming Architecture for Non-3GPP Accesses, N3IWF in same
PLMN as 3GPP access
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UPF

Non-3GPP
Networks

Figure 4.2.8.2.3-1: Home-routed Roaming architecture for 5G Core Network with non-3GPP access -
N3IWF in the same VPLMN as 3GPP access

NOTE 1. Thereference architecturein figure 4.2.8.2.3-1 only shows the architecture and the network functions
directly connected to support non-3GPP access, and other parts of the architecture are the same as defined
inclause 4.2.

NOTE 2: Thetwo N2 instancesin Figure 4.2.8.2.3-1 apply to asingle AMF for a UE which is connected to the 5G
Core Network over 3GPP access and non-3GPP access simultaneously.
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42824 LBO Roaming Architecture for Non-3GPP Accesses, N3IWF in different PLMN
from 3GPP access
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Figure 4.2.8.2.4-1: LBO Roaming architecture for 5G Core Network with non-3GPP access - N3IWF in
the different PLMN from the 3GPP access

NOTE 1: The reference architecture in figure 4.2.8.2.4-1 only shows the architecture and the network functions
directly connected to support non-3GPP access, and other parts of the architecture are the same as defined
inclause 4.2.

NOTE 2: The reference architecture in figure 4.2.8.2.4-1 supports service based interfaces for AMF, SMF and other
NFs not represented in the figure.

NOTE 3: Thetwo N2 instancesin Figure 4.2.8.2.4-1 apply to two different AMFs for a UE which is connected to
the 5G Core Network over 3GPP access and non-3GPP access simultaneoudly.

ETSI



3GPP TS 23.501 version 15.4.0 Release 15 33 ETSI TS 123 501 V15.4.0 (2019-03)

4.2.8.2.5 Home-routed Roaming Architecture for Non-3GPP Accesses, N3IWF in different
PLMN from 3GPP access
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Figure 4.2.8.2.5-1: Home-routed Roaming architecture for 5G Core Network with non-3GPP access -
N3IWF in the different VPLMN from the 3GPP access
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Figure 4.2.8.2.5-2: Home-routed Roaming architecture for 5G Core Network with non-3GPP access -
N3IWF in HPLMN and different PLMN in 3GPP access
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NOTE 1. Thereference architecturein figure 4.2.8.2.5-1 and figure 4.2.8.2.5-2 only shows the architecture and the
network functions directly connected to support non-3GPP access, and other parts of the architecture are
the same as defined in clause 4.2.

NOTE 2: Thetwo N2 instancesin figure 4.2.8.2.5-1 and figure 4.2.8.2.5-2 apply to two different AMFsfor aUE
which is connected to the 5G Core Network over 3GPP access and non-3GPP access simultaneously.

4.2.8.3 Non-3GPP Access Reference Points
The description of the reference points specific for the non-3GPP access:
N2, N3, N4, N6: these are defined in clause 4.2.

Y1 Reference point between the UE and the non-3GPP access (e.g. WLAN). This depends on the non-3GPP
access technology and is outside the scope of 3GPP.

Y2 Reference point between the untrusted non-3GPP access and the N3IWF for the transport of NWu traffic.

NWu Reference point between the UE and N3IWF for establishing secure tunnel(s) between the UE and
N3IWF so that control-plane and user-plane exchanged between the UE and the 5G Core Network is
transferred securely over untrusted non-3GPP access.

4.2.9 Network Analytics architecture

Asdepicted in Figure 4.2.9-1, the 5G System architecture allows any NF to request network analytics information from
NWDAF. The NWDAF belongs to the same PLMN where the network function that consumes the analytics
information is located.

Any NF Nnwdaf——O NWDAF

Figure 4.2.9-1: Network Analytics architecture
The Nnwdaf interface is defined for the network functions, such as PCF and NSSF, to request subscription to network
analytics delivery for a particular context, to cancel subscription to network analytics delivery and to request a specific

report of network analytics for a particular context. In this Release of the specification, supported network analytics are
the load level and the context is a slice instance reaching a threshold value.

4.3 Interworking with EPC

4.3.1 Non-roaming architecture

Figure 4.3.1-1 represents the non-roaming architecture for interworking between 5GS and EPC/E-UTRAN.
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Figure 4.3.1-1: Non-roaming architecture for interworking between 5GS and EPC/E-UTRAN

NOTE 1. N26 interfaceisan inter-CN interface between the MME and 5GS AMF in order to enable interworking
between EPC and the NG core. Support of N26 interface in the network is optiona for interworking. N26
supports subset of the functionalities (essential for interworking) that are supported over S10.

NOTE 2: PGW-C + SMF and UPF + PGW-U are dedicated for interworking between 5GS and EPC, which are
optional and are based on UE MM Core Network Capability and UE subscription. UEs that are not
subject to 5GS and EPC interworking may be served by entities not dedicated for interworking, i.e. by
either by PGW or SMF/UPF.

NOTE 3: There can be another UPF (not shown in the figure above) between the NG-RAN and the UPF + PGW-U,
i.e. the UPF + PGW-U can support N9 towards an additional UPF, if needed.

NOTE 4: Figures and procedures in this specification that depict an SGW make no assumption whether the SGW is
deployed as a monolithic SGW or as an SGW split into its control-plane and user-plane functionality as
described in TS 23.214 [32].

4.3.2 Roaming architecture

Figure 4.3.2-1 represents the Roaming architecture with local breakout and Figure 4.3.2-2 represents the Roaming
architecture with home-routed traffic for interworking between 5GS and EPC/E-UTRAN.
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Figure 4.3.2-1: Local breakout roaming architecture for interworking between 5GS and EPC/E-UTRAN

NOTE 1: There can be another UPF (not shown in the figure above) between the NG-RAN and the UPF + PGW-U,
i.e. the UPF + PGW-U can support N9 towards the additional UPF, if needed.

NOTE 2: S9 interface from EPC is not required since no known deployment exists.
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Figure 4.3.2-2: Home-routed roaming architecture for interworking between 5GS and EPC/E-UTRAN

4.3.3 Interworking between 5GC via non-3GPP access and E-UTRAN

connected to EPC

4331 Non-roaming architecture

Figure 4.3.3-1 represents the non-roaming architecture for interworking between 5GC via hon-3GPP access and EPC/E-
UTRAN.
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Figure 4.3.3-1: Non-roaming architecture for interworking between 5GC via hon-3GPP access and
EPC/E-UTRAN

NOTE 1. There can be another UPF (not shown in the figure above) between the N3IWF and the UPF + PGW-U,

i.e. the UPF + PGW-U can support N9 towards an additional UPF, if needed.

NOTE 2: N26 interface is not precluded, but it is not shown in the figure because it is not required for the

interworking between 5GC via non-3GPP access and EPC/E-UTRAN.

4.3.3.2 Roaming architecture

Figure 4.3.3.2-1 represents the Roaming architecture with local breakout and Figure 4.3.3.2-2 represents the Roaming
architecture with home-routed traffic for interworking between 5GC via non-3GPP access and EPC/E-UTRAN.
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Figure 4.3.3-1: Local breakout roaming architecture for interworking between 5GC via non-3GPP

NOTE 1.

NOTE 2:
NOTE 3:

access and EPC/E-UTRAN

There can be another UPF (not shown in the figure above) between the N3IWF and the UPF + PGW-U,
i.e. the UPF + PGW-U can support N9 towards the additional UPF, if needed.

S9 interface from EPC is not required since no known deployment exists.

N26 interface is not precluded, but it not shown in the figure because it is not required for the
interworking between 5GC via non-3GPP access and EPC/E-UTRAN.
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Figure 4.3.3.2-2: Home-routed roaming architecture for interworking between 5GC via non-3GPP
access and EPC/E-UTRAN

NOTE 4: N26 interface is not precluded, but it not shown in the figure because it is not required for the
interworking between 5GC via non-3GPP access and EPC/E-UTRAN.

4.3.4 Interworking between ePDG connected to EPC and 5GS

434.1 Non-roaming architecture

Figure 4.3.4.1-1 represents the non-roaming architecture for interworking between ePDG/EPC and 5GS.
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Figure 4.3.4.1-1: Non-roaming architecture for interworking between ePDG/EPC and 5GS

NOTE 1. The details of the interfaces between the UE and the ePDG, and between EPC nodes (i.e. SWm, SWX,
S2b and S6b), are documented in TS 23.402 [43].

4.3.4.2 Roaming architectures

Figure 4.3.4.2-1 represents the Roaming architecture with local breakout and Figure 4.3.4.2-2 represents the Roaming
architecture with home-routed traffic for interworking between ePDG/EPC and 5GS.
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Figure 4.3.4.2-1:

Local breakout roaming architecture for interworking between ePDG/EPC and 5GS

N11

N15

N3
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NG-RAN

N8

N1

UE

NOTE 1. The details of the interfaces between the UE and the ePDG, and between EPC nodes (i.e. SWm, SW(d,
SWx, S2b and S6b), are documented in TS 23.402 [43].
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Figure 4.3.4.2-2: Home-routed roaming architecture for interworking between ePDG/EPC and 5GS

NOTE 2: The details of the interfaces between the UE and the ePDG, and between EPC nodes (i.e. SWm, SWd,
SWx, S2b and S6b), are documented in TS 23.402 [43].

4.4 Specific services

4.4.1 Public Warning System

The Public Warning System architecture for 5G System is specified in TS 23.041 [46].
4.4.2 SMS over NAS

4421 Architecture to support SMS over NAS

Figure 4.4.2.1-1 shows the non-roaming architecture to support SMS over NAS using the Service-based interfaces
within the Control Plane.
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Figure 4.4.2.1-1: Non-roaming System Architecture for SMS over NAS

Figure 4.4.2.1-2 shows the non-roaming architecture to support SMS over NAS using the reference point representation.

to/from

UE UDM —— SMS-GMSC/IWMSC
SMS Router

N8
N1 N21

to/from IP-SM-GW

AMF N20 SMSF |/ to/from

SMS Function SMS-GMSC/IWMSC

SMS Router

Figure 4.4.2.1-2: Non-roaming System Architecture for SMS over NAS in reference point
representation

NOTE 1: SMS Function (SMSF) may be connected to the SMS-GM SC/IWM SC/SM S Router via one of the
standardized interfaces as shown in TS 23.040 [5].

NOTE 2: UDM may be connected to the SMS-GM SC/IWMSC/SM S Router via one of the standardized interfaces
as shown in TS 23.040 [5].

NOTE 3: Each UE is associated with only one SM S Function in the registered PLMN.

NOTE 4: SMSF re-allocation while the UE isin RM-REGISTERED state is not supported in this Release of the
specification. When serving AMF isre-allocated for a given UE, the source AMF includes SM SF
identifier as part of UE context transfer to target AMF.

NOTE5: To support MT SMS domain selection by IP-SM-GW/SM S Router, |P-SM-GW/SM S Router may
connect to SGs MSC, MME and SMSF via one of the standardized interfaces as shown in TS 23.040 [5].

Figure 4.4.2.1-3 shows the roaming architecture to support SMS over NAS using the Service-based interfaces within the
Control Plane.
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Figure 4.4.2.1-3: Roaming architecture for SMS over NAS

Figure 4.4.2.1-4 shows the roaming architecture to support SMS over NAS using the reference point representation.

|
UE ! UbM
N8 :
|
N1 N21 |
|
| , to/from IP-SM-GW
|
N20 SMSF { to/from
AMF (SMS Function) SMS-GMSC/IWMSC
: SMS Router
|
VPLMN | HPLMN

Figure 4.4.2.1-4: Roaming architecture for SMS over NAS in reference point representation

4.4.2.2 Reference point to support SMS over NAS
N1: Reference point for SM S transfer between UE and AMF via NAS.

Following reference points are realized by service based interfaces:
N8: Reference point for SM S Subscription data retrieval between AMF and UDM.
N20: Reference point for SM S transfer between AMF and SMS Function.

N21: Reference point for SM'S Function address registration management and SM'S Management Subscription
dataretrieval between SMS Function and UDM.

4423 Service based interface to support SMS over NAS
Nsmsf:  Service-based interface exhibited by SMSF.
4.4.3 IMS support

IMS support for 5GC is defined in TS 23.228 [15].

The 5G System architecture supports Rx interface between PCF and P-CSCF to enable IMS service. See TS 23.228 [15]
and TS 23.203 [4].
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4.4.4 Location services

4441 Architecture to support Location Services

Location Service feature is optional and restricted to regulatory servicesin this Release of the specification.
Figure 4.4.4.1-1 shows architectural support for location services for non-roaming scenarios using service-based
interface representation, where applicable. Only entities directly relevant to location services are shown.

NOTE 1. Thereference point Leis shown for completeness only.

NOTE 2: If aninter-GMLC scenario isrequired the reference points Lr defined in TS 23.271 [55] can be used.

LMF ubMm

<ﬁllmf Nudm
Lo o]

AMF vGMLC

|

LRF Le

N2

UE — NG-RAN

Figure 4.4.4.1-1: Non-roaming reference architecture for Location Services

Figure 4.4.4.1-2 shows architectural support for location services for non-roaming scenarios, using the reference point
representation showing how various network functions interact with each other.

UE LMF UDM
N NLs NLh
NG AME GMLC External
RAN N2 NLg Client
LRF
5GC

Figure 4.4.4.1-2: Non-roaming reference architecture for Location Services in reference point
representation

4.4.4.2 Reference point to support Location Services
N1: Reference point between UE and AMF viaNAS.
N2: Reference point between NG-RAN and AMF.
Le Reference point between a GMLC and a LCS Client.

Following reference points are realized by service based interfaces:
NLg: Reference point between a GMLC and an AMF.

NLs: Reference point between an AMF and LMF.
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NLh: Reference point between an GMLC and UDM.

4.4.4.3 Service Based Interfaces to support Location Services
Ngmlc:  Service-based interface exhibited by GMLC.
NImf: Service-based interface exhibited by LMF.
Namf:  Service-based interface exhibited by AMF.
Nudm:  Service-based interface exhibited by UDM.

4.4.5  Application Triggering Services
See TS 23.502 [3] clause 5.2.6.1.

Application trigger message contains information that allows the network to route the message to the appropriate UE
and the UE to route the message to the appropriate application. The information destined to the application, excluding
the information to route it, is referred to as the Trigger payload. The Trigger payload isimplementation specific.

NOTE: The application in the UE may perform actions indicated by the Trigger payload when the Triggered
payload isreceived at the UE. For example initiation of immediate or later communication with the
application server based on the information contained in the Trigger payload, which includes the PDU
Session Establishment procedure if the related PDU Session is hot aready established.

5 High level features

5.1 General

Clause 5 specifies the high level functionality and features of the 5G System for both 3GPP and Non-3GPP access and
for the interoperability with the EPC defined in TS 23.401 [26].

5.2 Network Access Control
52.1 General

Network access is the means for the user to connect to 5G CN. Network access control comprises the following
functionality:

- Network selection,

- ldentification and authentication,
- Authorisation,

- Access control and barring,

- Policy contral,

- Lawful Interception.
5.2.2 Network selection
In order to determine to which PLMN to attempt registration, the UE performs network selection. The network selection
procedure comprises two main parts, PLMN selection and access network selection. The requirements for the PLMN

selection are specified in TS 22.011 [25] and the proceduresarein TS 23.122 [17]. The access network selection part
for the 3GPP access networks is specified in TS 36.300 [30] for E-UTRAN and in TS 38.300 [27] for the NR.

5.2.3 Identification and authentication

The network may authenticate the UE during any procedure establishing a NAS signalling connection with the UE. The
security architectureis specified in TS 33.501 [29]. The network may optionally perform an PEI check with 5G-EIR.

ETSI



3GPP TS 23.501 version 15.4.0 Release 15 48 ETSI TS 123 501 V15.4.0 (2019-03)

524 Authorisation

The authorisation for connectivity of the subscriber to the 5GC and the authorization for the services that the user is
allowed to access based on subscription (e.g. Operator Determined Barrings, Roaming restrictions, Access Type and
RAT Type currently in use) is evaluated once the user is successfully identified and authenticated. This authorization is
executed during UE Registration procedure.

5.2.5  Access control and barring

When the UE needs to transmit an initial NAS message, the UE shall request to establish an RRC Connection first and
the NAS shall provide the RRC establishment related information to the lower layer. The RAN handles the RRC
Connection with priority during and after RRC Connection Establishment procedure, when UE indicates priority in
Establishment related information

Under high network load conditions, the network may protect itself against overload by using the Unified Access
Control functionality for 3GPP access specified in TS 22.261 [2], TS 24.501 [47] and TS 38.300 [27] to limit access
attempts from UEs. Depending on network configuration, the network may determine whether certain access attempt
should be allowed or blocked based on categorized criteria, as specified in TS 22.261 [2] and TS 24.501 [47]. The NG-
RAN may broadcast barring control information associated with Access Categories and Access I dentities as specified in
TS 38.300[27].

The NG-RAN node may initiate such Unified Access Control when:

- AMFsrequest to restrict the load for UEs that access the network by sending OVERLOAD START message
containing conditions defined in clause 5.19.5.2, or

- requested by OAM, or
- triggered by NG-RAN itself.

If the NG-RAN node takes a decision to initiate UAC because of the reception of the N2 interface OVERLOAD
START messages, the NG-RAN should only initiate such procedure if al the AMFs relevant to the request contained in
the OVERLOAD START message and connected to this NG-RAN node request to restrict the load for UES that access
the network.

If the UE supports both N1 and S1 modes NAS and, as defined in TS 23.401 [26], the UE is configured for Extended
Access Barring (EAB) but is not configured with a permission for overriding Extended Access Barring (EAB), when
the UE wants to access the 5GS it shall perform Unified Access Control checks for Access Category 1 on receiving an
indication from the upper layers as defined in TS 24.501 [47], TS 38.331[28], TS 36.331 [51].

If the UE supports both N1 and S1 modes NAS and, as defined in TS 23.401 [26], the UE is configured with a
permission for overriding Extended Access Barring (EAB), when the UE wants to access the 5GS it shall ignore
Unified Access Control checks for Access Category 1 on receiving an indication from the upper layers, as defined in
TS24.501 [47].

NOTE: UE signalling of Low Access Priority indication over N1 in 5GSis not supported in this release of the
specification.

Operator may provide one or more PLMN-specific Operator-defined access category definitionsto the UE using NAS
signalling, and the UE handles the Operator-defined access category definitions stored for the Registered PLMN, as
specified in TS 24.501 [47].

5.2.6 Policy control

Network access control including service authorization may be influenced by Policy control, as specified in clause 5.14.

5.2.7 Lawful Interception

For definition and functionality of Lawful Interception, please see TS 33.126 [35].
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5.3 Registration and Connection Management
53.1  General

The Registration Management is used to register or deregister a UE/user with the network, and establish the user
context in the network. The Connection Management is used to establish and rel ease the signalling connection between
the UE and the AMF.

5.3.2 Registration Management
53.2.1 General

A UE/user needsto register with the network to receive services that requires registration. Once registered and if
applicable the UE updates its registration with the network (see TS 23.502 [3]):

- periodicaly, in order to remain reachable (Periodic Registration Update); or
- upon mobility (Mobility Registration Update); or
- to updateits capahilities or re-negotiate protocol parameters (Mobility Registration Update).

The Initial Registration procedure involves execution of Network Access Control functions as defined in clause 5.2 (i.e.
user authentication and access authorization based on subscription profilesin UDM). As result of the Registration
procedure, the identifier of the serving AMF serving the UE in the access through which the UE has registered will be
registered in UDM.

The registration management procedures are applicable over both 3GPP access and Non-3GPP access. The 3GPP and
Non-3GPP RM states are independent of each other, see clause 5.3.2.4.

5.3.2.2 5GS Registration Management states

53221 General

Two RM states are used in the UE and the AMF that reflect the registration status of the UE in the selected PLMN:
- RM-DEREGISTERED.
- RM-REGISTERED.

5.3.2.2.2 RM-DEREGISTERED state

In the RM-DEREGISTERED state, the UE is not registered with the network. The UE context in AMF holds no valid
location or routing information for the UE so the UE is not reachable by the AMF. However, some parts of UE context
may still be stored in the UE and the AMF e.g. to avoid running an authentication procedure during every Registration
procedure.

In the RM-DEREGISTERED state, the UE shall:

- attempt to register with the selected PLMN using the Initial Registration procedure if it needs to receive service
that requires registration (see TS 23.502 [3] clause 4.2.2.2).

- remainin RM-DEREGISTERED state if receiving a Registration Reject upon Initial Registration (see
TS 23.502 [3] clause 4.2.2.2).

- enter RM-REGISTERED state upon receiving a Registration Accept (see TS 23.502 [3] clause 4.2.2.2).
When the UE RM state in the AMF is RM-DEREGISTERED, the AMF shall:

- when applicable, accept the Initial Registration of a UE by sending a Registration Accept to this UE and enter
RM-REGISTERED state for the UE (see TS 23.502 [3] clause 4.2.2.2); or

- when applicable, reject the Initial Registration of a UE by sending a Registration Reject to this UE (see
TS 23.502 [3] clause 4.2.2.2).
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5.3.2.2.3

RM-REGISTERED state

In the RM-REGISTERED state, the UE isregistered with the network. In the RM-REGISTERED state, the UE can
receive services that require registration with the network.

In the RM-REGISTERED state, the UE shall:

- perform Mobility Registration Update procedure if the current TAI of the serving cell (see TS 37.340 [31]) is not
inthelist of TAlsthat the UE has received from the network in order to maintain the registration and enable the
AMF to page the UE;

- perform Periodic Registration Update procedure triggered by expiration of the periodic update timer to notify the
network that the UE is still active.

perform a Mobility Registration Update procedure to update its capability information or to re-negotiate protocol

parameters with the network;

- perform Deregistration procedure (see TS 23.502 [3] clause 4.2.2.3.1), and enter RM-DEREGISTERED state,
when the UE needs to be no longer registered with the PLMN. The UE may decide to deregister from the
network at any time.

- enter RM-DEREGISTERED state when receiving a Registration Reject message or a Deregistration message.
The actions of the UE depend upon the 'cause value' in the Registration Reject or Deregistration message. See
TS23.502[3] clause 4.2.2.

When the UE RM statein the AMF is RM-REGISTERED, the AMF shall:

- perform Deregistration procedure (see TS 23.502 [3] clauses 4.2.2.3.2, 4.2.2.3.3), and enter RM-
DEREGISTERED state for the UE, when the UE needs to be no longer registered with the PLMN. The network
may decide to deregister the UE at any time;

- perform Implicit Deregistration at any time after the Implicit Deregistration timer expires. The AMF shall enter
RM-DEREGISTERED state for the UE after Implicit Deregistration;

- when applicable, accept or reject Registration Reguests or Service Requests from the UE.

5.3.2.24

5GS Registration Management State models

Registration Reject Registration Update Accept

Deregistration
Registration Reject

RM-DEREGISTERED |~ | RM-REGISTERED
Registration Accept

Figure 5.3.2.2.4-1: RM state model in UE

Registration Reject Registration Update Accept

Deregistration
Registration Reject

RM-DEREGISTERED )" | RM-REGISTERED
Registration Accept

Figure 5.3.2.2.4-2: RM state model in AMF
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5.3.2.3 Registration Area management

Registration Area management comprises the functions to allocate and reallocate a Registration areato a UE.
Registration areais managed per access typei.e., 3GPP access or Non-3GPP access.

When a UE registers with the network over the 3GPP access, the AMF allocates a set of tracking areasin TAI List to
the UE. When the AMF allocates registration areg, i.e. the set of tracking areasin TAI Ligt, to the UE it may take into
account various information (e.g. Mobility Pattern and Allowed/Non-Allowed Area (refer to clause 5.3.4.1)). An AMF
which has the whole PLMN as serving area may aternatively allocate the whole PLMN ("all PLMN") as registration
areato aUE in MICO mode (refer to clause 5.4.1.3).

The 5G System shall support alocating a Registration Area using asingle TAI List which includes tracking areas of any
NG-RAN nodesin the Registration Areafor a UE.

A single TAI dedicated to Non-3GPP access, the N3GPP TAl, isdefined in aPLMN and applies within the PLMN.

When a UE registers with the network over the Non-3GPP access, the AMF allocates a registration area that only
includes the N3GPP TAI to the UE.

When generating the TAI list, the AMF shall include only TAlsthat are applicable on the access type (i.e. 3GPP access
or Non-3GPP access) where the TAI list is sent.

NOTE: To prevent extrasignalling load resulting from Mobility Registration Update occurring at every RAT
change, it is preferable to avoid generating a RAT-specific TAI list for a UE supporting more than one
RAT.

For al 3GPP Access RATsin NG-RAN and for Non-3GPP Access, the 5G System supportsthe TAI format as
specified in TS 23.003 [19] consisting of MCC, MNC and a 3-byte TAC only.

The additional aspects for registration management when a UE is registered over one access type while the UE is
already registered over the other access type is further described in clause 5.3.2.4.

5.3.24 Support of a UE registered over both 3GPP and Non-3GPP access

For agiven serving PLMN there isone RM context for a UE for each access, e.g. when the UE is consecutively or
simultaneously served by a 3GPP access and by a non-3GPP access (via an N3IWF) of the same PLMN. UDM
manages separate/independent UE Registration procedures for each access.

When served by the same PLMN for 3GPP and non-3GPP accesses, an UE is served by the same AMF except in the
temporary situation described in clause 5.17 i.e. after amobility from EPS while the UE has PDU Sessions associated
with non-3GPP access.

An AMF associates multiple access-specific RM contexts for an UE with:
- abG-GUTI that is common to both 3GPP and Non-3GPP accesses. This 5G-GUTI is globally unique.
- aRegidtration state per access type (3GPP / Non-3GPP)

- aRegigtration Area per access type: one Registration Area for 3GPP access and another Registration Area for
non 3GPP access. Registration Areas for the 3GPP access and the Non-3GPP access are independent.

- timersfor 3GPP access:

- aPeriodic Registration timer; and

- aMobile Reachable timer and an Implicit Deregistration timer.
- timersfor non-3GPP access:

- aUE Non-3GPP Deregistration timer; and

- aNetwork Non-3GPP Implicit Deregistration timer.

The AMF shall not provide a Periodic Registration Timer for the UE over a Non-3GPP access. Consequently, the UE
need not perform Periodic Registration Update procedure over Non-3GPP access. Instead, during the Initial
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Registration procedure and Re-registration, the UE is provided by the network with a UE Non-3GPP Deregistration
timer that starts when the UE enters non-3GPP CM-IDLE state.

When the 3GPP access and the non-3GPP access for the same UE are served by the same PLMN, the AMF assigns the
same 5G-GUTI for use over both accesses. Such a 5G-GUTI may be assigned or re-assigned over any of the 3GPP and
Non-3GPP accesses. The 5G-GUTI is assigned upon a successful registration of the UE, and is valid over both 3GPP
and Non-3GPP access to the same PLMN for the UE. Upon performing an initial access over the Non-3GPP access or
over the 3GPP access while the UE is aready registered with the 5G System over another access of the same PLMN,
the UE provides the native 5G-GUTI for the other access. This enablesthe AN to select an AMF that maintains the UE
context created at the previous Registration procedure viathe GUAMI derived from the 5G-GUTI, and enables the
AMF to correlate the UE request to the existing UE context viathe 5G-GUTI..

If the UE is performing registration over one access and intends to perform registration over the other accessin the
same PLMN (e.g. the 3GPP access and the selected N3IWF are located in the same PLMN), the UE shall not initiate the
registration over the other access until the Registration procedure over first access is completed.

NOTE: To which access the UE performsregistration first is up to UE implementation.

When the UE is successfully registered to an access (3GPP access or Non-3GPP access respectively) and the UE
registers via the other access:

- if the second accessislocated in the sasme PLMN (e.g. the UE isregistered via a 3GPP access and selects a
N3IWF located in the same PLMN), the UE shall use for the registration to the PLMN associated with the new
access the 5G-GUTI that the UE has been provided with at the previous registration or UE configuration update
procedure for the first access in the same PLMN. Upon successful completion of the registration to the second
access, if the network included a 5G-GUTI in the Registration Accept, the UE shall use the 5G-GUTI received in
the Registration Accept for both registrations. If no 5G-GUTI isincluded in the Registration Accept, then the UE
uses the 5G-GUT] assigned for the existing registration also for the new registration.

- if the second accessislocated in aPLMN different from the registered PLMN of the first access (i.e. not the
registered PLMN), (e.g. the UE isregistered to a 3GPP access and selects aN3IWF located ina PLMN different
from the PLMN of the 3GPP access, or the UE isregistered over Non-3GPP and registersto a 3GPP accessin a
PLMN different from the PLMN of the N3IWF), the UE shall use for the registration to the PLMN associated
with the new access a 5G-GUTI only if it has got one previoudly received from a PLMN that is not the same as
the PLMN the UE is already registered with. If the UE does not include a 5G-GUTI, the SUCI shall be used for
the new registration. Upon successful completion of the registration to the second access, the UE has the two
5G-GUTIs (one per PLMN).

A UE supporting registration over both 3GPP and Non-3GPP access to two PLMNSs shall be able to handle two separate
registrations, including two 5G-GUTIs, one per PLMN, and two associated equivalent PLMN lists.

When a UE 5G-GUTI assigned during a Registration procedure over 3GPP (e.g. the UE registersfirst over a 3GPP
access) is location-dependent, the same UE 5G-GUTI can be re-used over the Non-3GPP access when the selected
N3IWF function isin the same PLMN as the 3GPP access. When an UE 5G-GUTI is assigned during a Registration
procedure performed over a Non 3GPP access (e.g. the UE registersfirst over a non-3GPP access), the UE 5G-GUTI
may not be location-dependent, so that the UE 5G-GUTI may not be valid for NAS procedures over the 3GPP access
and, in this case, anew AMF is allocated during the Registration procedure over the 3GPP access.

When the UE isregistered first via 3GPP access, if the UE registers to the same PLMN via Non-3GPP access, the UE
shall send the GUAMI obtained via 3GPP access to the N3IWF, which uses the received GUAMI to select the same
AMF as the 3GPP access.

The Deregistration Request message indicates whether it applies to the 3GPP access the Non-3GPP access, or both.

If the UE is registered on both 3GPP and Non-3GPP accesses and it isin CM-IDLE over Non-3GPP access, then the
UE or AMF may initiate a Deregistration procedure over the 3GPP access to deregister the UE only on the Non-3GPP
access, in which case all the PDU Sessions which are associated with the Non-3GPP access shall be released.

If the UE is registered on both 3GPP and non-3GPP accesses and it isin CM-IDLE over 3GPP access and in CM-
CONNECTED over non-3GPP access, then the UE may initiate a Deregistration procedure over the non-3GPP access
to deregister the UE only on the 3GPP access, in which case all the PDU Sessions which are associated with the 3GPP
access shall be released.

Registration Management over Non-3GPP access is further defined in clause 5.5.1.
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5.3.3 Connection Management
5.3.3.1 General

Connection management comprises the functions of establishing and releasing aNAS signalling connection between a
UE and the AMF over N1. This NAS signalling connection is used to enable NAS signalling exchange between the UE
and the core network. It comprises both the AN signalling connection between the UE and the AN (RRC Connection
over 3GPP access or UE-N3IWF connection over N3GPP access) and the N2 connection for this UE between the AN
and the AMF.

5.3.3.2 5GS Connection Management states

5.3.3.2.1 General

Two CM states are used to reflect the NAS signalling Connection of the UE with the AMF:
- CM-IDLE
- CM-CONNECTED

The CM state for 3GPP access and Non-3GPP access are independent of each other, i.e. one can bein CM-IDLE state
at the same time when the other isin CM-CONNECTED state.

5.3.3.2.2 CM-IDLE state

A UE in CM-IDLE state has no NAS signalling connection established with the AMF over N1. The UE performs cell
selection/cell reselection according to TS 38.304 [50] and PLMN selection according to TS 23.122 [17].

There are no AN signalling connection, N2 connection and N3 connections for the UE in the CM-IDLE state.

If the UE isbothin CM-IDLE state and in RM-REGISTERED state, the UE shall, unless otherwise specified in
clause 5.3.4.1:

- Respond to paging by performing a Service Request procedure (see TS 23.502 [3] clause 4.2.3.2), unless the UE
isin MICO mode (see clause 5.4.1.3);

- perform a Service Request procedure when the UE has uplink signalling or user data to be sent (see
TS 23.502 [3] clause 4.2.3.2). Specific conditions apply for LADN, see clause 5.6.5.

When the UE state in the AMF is RM-REGISTERED, UE information required for initiating communication with the
UE shall be stored. The AMF shall be able to retrieve stored information required for initiating communication with the
UE using the 5G-GUTI.

NOTE: In5GSthereisno need for paging using the SUPI/SUCI of the UE.

The UE provides 5G-S-TMSI as part of AN parameters during AN signalling connection establishment as specified in
TS38.331[28] and TS 36.331 [51]. The UE shall enter CM-CONNECTED state whenever an AN signalling
connection is established between the UE and the AN (entering RRC Connected state over 3GPP access, or at the
establishment of the UE-N3IWF connectivity over non-3GPP access). The transmission of an Initial NAS message
(Registration Request, Service Request or Deregistration Request) initiates the transition from CM-IDLE to CM-
CONNECTED state.

When the UE statesin the AMF are CM-IDLE and RM-REGISTERED, the AMF shall:

- perform a network triggered Service Reguest procedure when it has signalling or mobile-terminated data to be
sent to this UE, by sending a Paging Request to this UE (see TS 23.502 [ 3] clause 4.2.3.3), if aUE is not
prevented from responding e.g. due to MICO mode or Mobility Restrictions.

The AMF shall enter CM-CONNECTED state for the UE whenever an N2 connection is established for this UE
between the AN and the AMF. The reception of initial N2 message (e.g., N2 INITIAL UE MESSAGE) initiates the
transition of AMF from CM-IDLE to CM-CONNECTED state.

The UE and the AMF may optimize the power efficiency and signalling efficiency of the UE when in CM-IDLE state
e.g. by activating MI1CO mode (see clause 5.4.1.3).
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5.3.3.2.3 CM-CONNECTED state

A UE in CM-CONNECTED state has a NAS signalling connection with the AMF over N1. A NAS signalling
connection uses an RRC Connection between the UE and the NG-RAN and an NGAP UE association between the AN
and the AMF for 3GPP access. A UE can bein CM-CONNECTED state with an NGAP UE association that is not
bound to any TNLA between the AN and the AMF. See clause 5.21.1.2 for details on the state of NGAP UE association
for an UE in CM-CONNECTED state. Upon completion of aNAS signalling procedure, the AMF may decide to
release the NA S signalling connection with the UE.

In the CM-CONNECTED state, the UE shall:

- enter CM-IDLE state whenever the AN signalling connection is released (entering RRC Idle state over 3GPP
access or when the release of the UE-N3IWF connectivity over non-3GPP access is detected by the UE), see
TS 38.331[28] for 3GPP access.

When the UE CM state in the AMF is CM-CONNECTED, the AMF shall:

- enter CM-IDLE state for the UE whenever the logical NGAP signalling connection and the N3 user plane
connection for this UE are released upon completion of the AN Release procedure as specified in TS 23.502 [3].

The AMF may keep aUE CM state in the AMF in CM-CONNECTED state until the UE de-registers from the core
network.

A UE in CM-CONNECTED state can be in RRC Inactive state, see TS 38.300 [27]. When the UE isin RRC Inactive
state the following applies:

- UE reachability is managed by the RAN, with assistance information from core network;
- UE paging is managed by the RAN.
- UE monitors for paging with UE's CN (5G S-TMSI) and RAN identifier.

5.3.3.2.4 5GS Connection Management State models
AN signaling connection
. released
CM-IDLE ) |{ CM-CONNECTED
AN signaling connection
established

(Initial NAS message)

Figure 5.3.3.2.4-1: CM state transition in UE

P N2 Context released
CM-IDLE ) N CM-CONNECTED
N2 Context established

Figure 5.3.3.2.4-2: CM state transition in AMF

When a UE enters CM-IDLE state, the UP connection of the PDU Sessions that were active on this access are
deactivated.

NOTE: The activation of UP connection of PDU Sessions is documented in clause 5.6.8.
5.3.3.2.5 CM-CONNECTED with RRC Inactive state

RRC Inactive state applies to NG-RAN. UE support for RRC Inactive state is defined in TS 38.306 [69] for NR and
TS 36.306 [70] for E-UTRA connected to 5GC.

The AMF shall provide assistance information to the NG-RAN, to assist the NG-RAN's decision whether the UE can be
sent to RRC Inactive state except due to some exceptional cases such as.
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- PLMN (or AMF set) does not support RRC Inactive;
- TheUE needsto be kept in CM-CONNECTED State (e.g. for tracking).
The "RRC Inactive Assistance Information™ includes:
- UE specific DRX values;
- The Registration Area provided to the UE;
- Periodic Registration Update timer;
- If the AMF has enabled MICO mode for the UE, an indication that the UE isin MICO mode;

- Information from the UE identifier, as defined in TS 38.304 [50] for NR and TS 36.304 [52] for E-UTRA
connected to 5GC, that allows the RAN to calculate the UE's RAN paging occasions.

The RRC Inactive Assistance Information mentioned above is provided by the AMF during N2 activation with the
(new) serving NG-RAN node (i.e. during Registration, Service Reguest, Handover) to assist the NG RAN's decision
whether the UE can be sent to RRC Inactive state. If the AMF allocates a new Registration Areato the UE, the AMF
should update the NG-RAN with the new Registration Area by sending the RRC Inactive Assistance Information
accordingly.

RRC Inactive state is part of RRC state machine, and it is up to the RAN to determine the conditions to enter RRC
Inactive state. If any of the parameters included in the RRC Inactive Assistance Information changes as the result of
NAS procedure, the AMF shall update the RRC | nactive Assistance Information to the NG-RAN node.

When the UE isin CM-CONNECTED dtate, if the AMF has provided RRC Inactive assistance information, the RAN
node may decide to move a UE to CM-CONNECTED with RRC Inactive state.

The state and "endpoints’ (in case of Dual Connectivity configuration) of the N2 and N3 reference points are not
changed by the UE entering CM-CONNECTED with RRC Inactive state. A UE in RRC inactive state is aware of the
RAN Notification area and periodic RAN Notification Area Update timer.

The 5GC network is not aware of the UE transitions between CM-CONNECTED with RRC Connected and CM -
CONNECTED with RRC Inactive state, unless the 5GC network is notified via N2 notification procedure in
TS 23.502[3] clause 4.8.3.

At transition into CM-CONNECTED with RRC Inactive state, the NG-RAN configures the UE with a periodic RAN
Notification Area Update timer taking into account the value of the Periodic Registration Update timer value indicated
in the RRC Inactive Assistance Information, and uses a guard timer with a value longer than the RAN Notification Area
Update timer value provided to the UE.

If the periodic RAN Notification Area Update guard timer expiresin NG-RAN, the NG-RAN shall initiate AN Release
procedure as specified in TS 23.502 [3], clause 4.2.6.

When the UE isin CM-CONNECTED with RRC I nactive state, the UE performs PLMN selection procedures as
defined in TS 23.122 [17] and TS 24.501 [47].

When the UE is CM-CONNECTED with RRC Inactive state, the UE may resume the RRC Connection due to:
- Uplink data pending;
- Mobileinitiated NAS signalling procedure;
- Asaresponse to RAN paging;
- Notifying the network that it has left the RAN Notification Area;
- Upon periodic RAN Notification Area Update timer expiration.

If the UE resumes the connection in a different NG-RAN node within the sasme PLMN or equivalent PLMN, the UE AS
context is retrieved from the old NG-RAN node and a procedure is triggered towards the CN (see TS 23.502 [3],
clause 4.8.2).

NOTE 1. With Dua Connectivity configuration if the UE resumes the RRC connection in the Master RAN node,
the Secondary RAN node configuration is defined in TS 38.300 [27].
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If the RAN paging procedure, as defined in TS 38.300 [27], is not successful in establishing contact with the UE the
procedure shall be handled by the network as follows:

- If NG-RAN has at |east one pending NAS PDU for transmission, the RAN node shall initiate the AN Release
procedure (see TS 23.502 [3], clause 4.2.6,) to move the UE CM state in the AMF to CM-IDLE state and
indicate to the AMF the NAS non-delivery.

- If NG RAN has only pending user plane data for transmission, the NG-RAN node may keep the N2 connection
active or initiate the AN Release procedure (see TS 23.502 [3], clause 4.2.6) based on local configuration in NG-
RAN.

NOTE 2: The user plane data which triggers the RAN paging can be lost, e.g. in the case of RAN paging failure.

If aUE in CM-CONNECTED with RRC Inactive state performs cell selection to GERAN/UTRAN/E-UTRAN, it shall
follow idle mode procedures of the selected RAT as specified in clause 5.17.

In addition, a UE in CM-CONNECTED state with RRC Inactive state shall enter CM-IDLE state and initiates the NAS
signalling recovery (see TS 24.501 [47]) in the following cases:

- If RRC resume procedure fails,
If the UE receives Core Network paging,

- If the periodic RAN Notification Area Update timer expires and the UE cannot successfully resume the RRC
Connection,

- Inany other failure scenario that cannot be resolved in RRC Inactive state and requires the UE to move to CM-
IDLE state.

When aUE isin CM-CONNECTED with RRC Inactive state, and a trigger to change the UE's NG-RAN UE Radio
Capability information happens, the UE shall move to CM-IDLE state and initiate the procedure for updating UE Radio
Capability defined in clause 5.4.4.1.

When UE isin CM-CONNECTED with RRC Inactive state, if RAN has received Location Reporting Control message
from AMF with the Reporting Type indicating single stand-alone report, the RAN shall perform RAN paging before
reporting the location to AMF.

When UE isin CM-CONNECTED with RRC Inactive state, if RAN has received Location Reporting Control message
from AMF with the Reporting Type indicating continuously reporting whenever the UE changes cell, the RAN shall
send a Location Report message to AMF including UE's last known location with time stamp.

When the UE is CM-CONNECTED with RRC Inactive state. If the AMF receives
Nudm_UEContextM anagement_DeregistrationNotification from UDM, the AMF shall initiate AN Release procedure
as specified in TS 23.502 [3], clause 4.2.6.

When UE isin CM-CONNECTED with RRC Inactive state, if RAN has received Location Reporting Control message
from AMF with the Reporting Type of the Area Of Interest based reporting, the RAN shall send a Location Report
message to AMF including UE presence in the Area Of Interest (i.e., IN, OUT, or UNKNOWN) and the UE's last
known location with time stamp.

When the UE isin CM-CONNECTED with RRC Inactive state, if the old NG-RAN node that sents the UE into RRC
Inactive state receives the downlink N2 signalling, it initiates the RAN paging as defined in TS 38.300 [27]. If the UE
resumes the RRC Connection towards a different NG-RAN node, the old NG-RAN node includes the "UE Context
Transfer" indication into a response container to the NF (e.g. AMF or SMF) that generates such N2 downlink
signalling. Then the NF shall reattempt the same procedure when the path switch from the old NG-RAN node to the
new NG-RAN node is complete.

5.3.3.3 NAS signalling connection management

5.3.3.3.1 General

NAS signalling connection management includes the functions of establishing and releasing aNAS signalling
connection.
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5.3.3.3.2 NAS signalling connection establishment

NAS signalling connection establishment function is provided by the UE and the AMF to establish a NAS signalling
connection for aUE in CM-IDLE state. The AMF shall provide the list of recommended cells TAs/ NG-RAN node
identifiers for paging, if the NG-RAN had provided that information in an earlier AN Release Procedurein the AN (see
clause 4.2.6 of TS23.502 [3]).

When the UE in CM-IDLE state needs to transmit an NAS message, the UE shall initiate a Service Request, a
Registration or a Deregistration procedure to establish aNAS signalling connection to the AMF as specified in
TS23.502[3], clauses 4.2.2 and 4.2.3. If the NAS signalling connection is to be established via an NG-RAN node, but
the AMF detects that this UE has already established a NAS signalling connection via old NG-RAN node, the AMF
shall release the old established NAS signalling connection by triggering AN Release Procedure.

Based on UE preferences, UE subscription, Mobility Pattern and network configuration, the AMF may keep the NAS
signalling connection until the UE de-registers from the network.

5.3.3.3.3 NAS signalling connection Release

The procedure of releasing a NAS signalling connection isinitiated by the AN node (either 5G (R)AN node or N3IWF)
or the AMF. The NG-RAN node may include the list of recommended cells/ TAs/ NG-RAN node identifiers for
paging, during the AN Release Procedure in the AN (see clause 4.2.6 of TS 23.502[3]). The AMF storesthis
information, if provided by the NG-RAN.

The UE considers the NAS signalling connection isreleased if it detects