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1
Discussion
This p-CR updates the clause 5.15 and other related clauses to support standalone NSSF.  It also proposed miscellaneous corrections to the existing 5.15 text which are not NSSF related. 
2
Proposal

* * * * First Change * * * *
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

5QI
5G QoS Indicator

5G-RAN
5G Radio Access Network

AF
Application Function

AMF
Access and Mobility Management Function

AS
Access Stratum

CP
Control Plane

DL
Downlink

DN
Data Network

DNN
Data Network Name

FQDN
Fully Qualified Domain Name
GFBR
Guaranteed Flow Bit Rate

LADN
Local Area Data Network

MFBR
Maximum Flow Bit Rate
MICO
Mobile Initiated Connection Only

NAI
Network Access Identifier

NEF
Network Exposure Function

NF
Network Function

NR
New Radio

NRF
Network Repository Function
NSI
Network Slice Instance
NSSF
Network Slice Selection Function
PCF
Policy Control Function

PEI
Permanent Equipment Identifier

PFDF
Packet Flow Description Function

QFI
QoS Flow Identity
QoE
Quality of Experience

SA NR
Standalone New Radio

SDSF
Structured Data Storage Function

SMF
Session Management Function

SUPI
Subscriber Permanent Identifier
UDSF
Unstructured Data Storage Function

UL
Uplink

UL CL
Uplink Classifier

UPF
User Plane Function
* * * * 2nd Change * * * *
4.2.2
Network Functions and entities

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

-
Authentication Server Function (AUSF)

-
Core Access and Mobility Management Function (AMF)

-
Data network (DN), e.g. operator services, Internet access or 3rd party services

-
Structured Data Storage network function (SDSF)

-
Unstructured Data Storage network function (UDSF)

-
Network Exposure Function (NEF)

-
NF Repository Function (NRF)
-
Network Slice Selection Function (NSSF)
-
Policy Control function (PCF)

-
Session Management Function (SMF)

-
Unified Data Management (UDM)

-
User plane Function (UPF)
-
Application Function (AF)
-
User Equipment (UE)

-
(Radio) Access Network ((R)AN)
* * * * 3rd Change * * * *
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.

Nausf:
Service-based interface exhibited by AUSF.
Nnssf:
Service-based interface exhibited by NSSF
* * * * 4th Change * * * *
5.15.1.x
Network Slicing Reference Architecture
An additional network function, Network Slice Selection Function (NSSF) is added to the basic 5GC architecture to support core part of the network slice instance selection corresponding to the AMF provided S-NSSAI. More functional overview is described in 6.2.x.
Further details on how NSSF supports the UE registration and PDU session establishment procedures in case of network slicing are described in 5.15.5.x. 
The following Figures 5.15.1.x-1 and  5.15.1.x-2 depict the non-roaming architecture with the support of NSSF in service based representation and reference point representation, respectively. 
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Figure 5.15.1.x-1: 5G System Non-roaming Service-based architecture with Network Slicing support 

Network slicing architecture introduces one new service-based interface: 

Nnssf: 
Service-based interface exhibited by NSSF
* * * * 5th Change * * * *
5.15.4
UE NSSAI configuration and NSSAI storage aspects

A UE can be configured by the HPLMN with a Configured NSSAI per PLMN. A Configured NSSAI can be PLMN-specific and the HPLMN indicates to what PLMN(s) each Configured NSSAI applies, including whether the Configured NSSAI applies to all PLMNs, i. e. the Configured NSSAI conveys the same information regardless of the PLMN the UE is accessing (e.g. this could be possible for NSSAIs containing only standardized S-NSSAIs). 
When providing a Requested NSSAI to the network upon registration, the UE in a given PLMN shall only use S-NSSAIs belonging to the Configured NSSAI, if any, of that PLMN. Upon successful completion of a UE's Registration procedure, the UE may obtain from the AMF an Allowed NSSAI for this PLMN, which may include one or more S-NSSAIs whose corresponding network slice instances have been verified as available to serve the UE at the UE’s registration area. The Allowed NSSAI shall take precedence over the Configured NSSAI for this PLMN. The UE shall use only the S-NSSAIs in the Allowed NSSAI corresponding to a Network Slice for the subsequent Session Management related procedures in the serving PLMN, as described in section 5.15.5. 
For each PLMN, the UE shall store the Configured NSSAI and, if any, the Allowed NSSAI. When the UE receives an Allowed NSSAI for a PLMN, it shall store it and override any previously stored Allowed NSSAI for this PLMN.
5.15.5
Detailed Operation Overview

5.15.5.1
General
The establishment of User Plane connectivity to a Data Network via a Network Slice instance(s) comprises two steps:

performing a RM procedure to select an AMF that supports the required Network Slices

establishing one or more PDU session to the required Data network via the Network Slice Instance(s)

5.15.5.2
Selection of a Serving AMF supporting the Network Slices

5.15.5.2.1
Registration to a Set of Network Slices

5.15.5.2.1.1
UE with Configured or Allowed NSSAI for the PLMN
When a UE registers with a PLMN, if the UE for this PLMN has a Configured NSSAI or an Allowed NSSAI, the UE shall provide to the network in RRC and NAS layer a Requested NSSAI containing the S-NSSAI(s) corresponding to the slice(s) to which the UE wishes to register, in addition to the Temporary User ID if one was assigned to the UE. 

The Requested NSSAI may be either: 

-
the Configured-NSSAI, or a subset thereof as described below, if the UE has no Allowed NSSAI for the present PLMN; or

· the Allowed-NSSAI, or a subset thereof as described below, if the UE has no configured NSSAI for the present PLMN, or

· the Allowed-NSSAI, or a subset thereof as described below, plus one or more S-NSSAIs from the Configured-NSSAI for which no corresponding S-NSSAI is present in the Allowed NSSAI and that were not previously permanently rejected (as defined below) by the network for the present registration area.

The subset of Configured-NSSAI provided in the Requested NSSAI consists of a combination of S-NSSAIs including one or more S-NSSAI(s) in the Configured NSSAI applicable to this PLMN, if the S-NSSAI was not previously permanently rejected (as defined below) by the network for the present registration area, or was not previously added by the UE in a Requested NSSAI.

The subset of Allowed NSSAI provided in the Requested NSSAI consists of a combination of S-NSSAIs including one or more S-NSSAI(s) in the last Allowed NSSAI for this PLMN.
The UE may provide in the Requested NSSAI an S-NSSAI from the Configured NSSAI that the UE previously provided to the serving PLMN in the present registration area , if the S-NSSAI was not previously permanently rejected (as defined below) by the network for the present registration area.


If the UE provides no Requested NSSAI, the network behaviour is the same as described in section 5.15.5.2.1.2. 


The serving PLMN may also return a new Allowed NSSAI identifying the Network Slices permitted by the serving PLMN for the UE. The UE shall store this new Allowed NSSAI and override any previously stored Allowed NSSAI for this PLMN, as described in sub-clause 5.15.4. 
The network may individually reject an S-NSSAI provided by the UE in the Requested NSSAI with a rejection cause. The network may also indicate if the rejection is permanent (e.g. the S-NSSAI is not supported by the PLMN in at least the present registration area) or temporary (e.g. the Network Slice corresponding to the S-NSSAI is temporarily unavailable).

NOTE: the exact details of rejection causes will be defined by stage 3.

Upon successful Registration, the UE is provided with a Temporary ID by the serving AMF. The UE shall include this Temporary ID in any RRC Connection Establishment during subsequent initial accesses to enable the RAN to route the NAS signalling between the UE and the appropriate AMF.

Editor’s Note: aspects of uniqueness of the Temporary ID are addressed in the discussion on registration management.
The UE shall include the Requested NSSAI and a Temporary ID at RRC Connection Establishment and in NAS messages. The RAN shall route the NAS signaling between this UE and an AMF selected using the Temporary ID or the Requested NSSAI obtained during RRC Connection Establishment. 
Editor's note:
Whether NSSAI in RRC and NAS are exactly the same, is to be determined. 
When receiving from the UE a Requested NSSAI and a Temporary ID in RRC, if the RAN can reach an AMF corresponding to the Temporary ID, then RAN forwards the request to this AMF. Otherwise, the RAN selects a suitable AMF based on the Requested NSSAI provided by the UE and forwards the request to the selected AMF. If the RAN is not able to select an AMF based on the Requested NSSAI, then the request is sent to a default AMF.
* * * * 6th Change * * * *
5.15.5.x
NSSF support for Network Slice instance selection 
5.15.5.x.1
Network Slice instance selection

During the UE Registration Request, if RAN selects the serving AMF based on the Requested NSSAI or a default route, the serving AMF retrieves the UE’s subscribed NSSAI , if present, from the UE’s serving UDM.  If RAN selects the serving AMF based on the Temp ID, the serving AMF retrieves the subscribed NSSAI from the stored UE’s context.  The serving AMF performs the logical AND between the Requested NSSAI and the subscribed NSSAI to verify the Requested NSSAI: each S-NSSAI in the Requested NSSAI that matches with an S-NSSAI in the subscribed NSSAI is considered as verified, whereas each S-NSSAI in the Requested NSSAI that does not match with any S-NSSAI in the subscribed NSSAI is rejected.  

If at least one S-NSSAI in the Requested NSSAI is considered as verified, the serving AMF initiates the NSI Selection Request to the NSSF that serves the UE’s local PLMN providing the verified S-NSSAI(s) and the UE’s registration area. 

Editor's note:
If other parameters (e.g. IMSI, default DNN, etc.) are to be provided to the NSSF in the NSI Selection Request is FFS
The NSSF verifies for each S-NSSAI received from the AMF if there is(are) available corresponding core part slice-specific NSI(s) (CNSI(s)): if availability is verified the S-NSSAI is marked as Allowed S-NSSAI.   The serving NSSF responds to the AMF with the list of Allowed S-NSSAI(s) at the UE’s registration area, each of them mapped with the corresponding CNSI(s), identified by CNSI ID(s), and with the list of Slice-specific NRF(s) serving the corresponding CNSI(s). If needed, i.e. if the AMF is not suitable for supporting the Allowed NSSAI, a new target AMF that can serve the selected CNSI(s) is also provided. 
If a new target AMF is provided by the NSSF, the serving AMF will then trigger the AMF relocation procedure as described in the clause 5.15.5.2.3.
The serving AMF updates the UE’s context with the received info from the NSI Selection Response.  Such info will be used to support the subsequent PDU session establishment as described in clause 5.15.5.3 or the TAU procedure as described in clause 5.15.5.2. 
5.15.5.x.2
AMF Network Slice instance(s) mapping update

When, e.g. for operational reasons, the mapping between the NSIs and their respective serving AMF(s) changes (e.g. the given AMF no longer serves the given NSSAI or NSI), the NSSF pushes the updated mapping information to the affected AMFs. When the UE sends to the network a PDU Session Establishment request the serving AMF examines its own records for its serving NSSAI(s) and NSI(s) and if it recognizes that it is no longer capable of serving the UE, it will trigger he Network Slice instance modification as described in the clause 5.15.5.2.2. 

It is operator’s deployment decision to have the AMF that always consults with NSSF for the latest NSI mapping info during the session management procedures: in such a scenario an NSI Selection Request is sent by the AMF to the NSSF each time the UE request a PDU Session Establishment for an S-NSSAI different from those for which the UE has already active PDU sessions, if any; the NSI Selection Request contains the new S-NSSAI and the S-NSSAIs for which the UE has already active PDU sessions, if any. 
5.15.6
Network Slicing Support for Roaming

For roaming scenarios, the Network Slice specific network functions in VPLMN and HPLMN are selected based on the S-NSSAI provided by the UE during PDU connection establishment as following.

-
If a standardized S-NSSAI is used, then selections of slice specific NF instances are done by each PLMN based on the provided S-NSSAI.

-
Otherwise, the VPLMN maps the S-NSSAI of HPLMN to a S-NSSAI of VPLMN based on roaming agreement (including mapping to a default S-NSSAI of VPLMN). The selection of slice specific NF instance in VPLMN are done based on the S-NSSAI of VPLMN, and the selection of any slice specific NF instance in HPLMN are based on the S-NSSAI of HPLMN.

Editor's note:
The case where the HPLMN (based on roaming agreements) configured non-standard S-NSSAI values of the VPLMN in the Configured NSSAI for that PLMN is FFS
5.15.6.1
Network Slicing Roaming Architecture
Figure 5.15.6.1-1 depicts the 5G System roaming architecture with local breakout with service-based interfaces within the Control Plane.
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Figure 5.15.6.1-1 Roaming 5G System architecture- local breakout scenario with AF in VPLMN in service-based interface representation

Figure 5.15.6.1-2 depicts the 5G System roaming architecture with local breakout with AF in HPLMN in service-based interfaces within the Control Plane.
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Figure 5.15.6.1-2 Roaming 5G System architecture - local breakout scenario with AF in HPLMN in service-based interface representation

Figure 5.15.6.1-3 depicts the 5G System roaming architecture in case of home routed scenario when service-based interfaces within the Control Plane.
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Figure 5.15.6.1-3 Roaming 5G System architecture - home routed scenario in service-based interface representation

* * * * 7th Change * * * *
6.2.6
NRF
The NF Repository Function (NRF) supports the following functionality:

-
Supports service discovery function. Receive NF Discovery Request from NF instance, and provides the information of the discovered NF instances (be discovered) to the NF instance.
-
Maintains the information of available NF instances and their supported services. In case that network slicing is supported, it maintains also the mapping for which the NSI that is served by the NF instance.
When network slicing is supported, there are two classes of NRF:

· PLMN-level NRF that supports the above functionality at the PLMN level

· Slice-specific NRF that supports the above functionality at the NSI’s subdomain level of which the scope of the subdomain is operator’s implementation decision.  Slice-specific NRF rejects any service request from the NF that is outside of the subdomain. 
NOTE:
Whether NRF is an enhancement of DNS server is to be determined during Stage 3.

Editor's note:
Whether NRF is used only for NF instance discovery or both NF discovery and selection is FFS.

Editor's note:
Whether Network repository function (NRF) is an enhancement of DNS server will be determined by CT WGs.
* * * * 8th Change * * * *
6.2.x
NSSF 
The Network Slice Selection Function (NSSF) supports the following functionality:

· Supports service discovery function.
· Awareness for every registration area in the PLMN of : 

· the set of active NSIs, and

· the list of AMFs that are the entry point(s) for their corresponding NSIs, and

· the serving Slice-specific NRF(s) for each NSI (i.e. supporting NRF delegation to serve the particular core part of the NSI).

· Mapping between any given S-NSSAI and one or more core part of the NSIs  

· Delivery to the AMF of operator configured PLMN specific slice-usage policy control. For example, policy such as priority, access security or co-existence considerations for simultaneous access to multiple NSIs.  

· Collecting the statistics of slice usage (e.g. collecting the number of S-NSSAIs that have been requested for the corresponding core part of the NSIs).
In the maintenance event, when the core part of the NSIs mapping to their serving AMF(s) changes or slice-usage policies change, the NSSF may notify the affected AMF(s) for the core part of the NSI configuration changes (e.g. core part of the NSI is out of commission or the overloaded core part of the NSI is to be replaced by another more optimal core part of the NSI, etc.)

It is operator’s deployment decision to integrate the services provided by the NSSF with the services provided by the PLMN-level NRF. In such event, NSSF and PLMN-level NRF will share the same FQDN or IP address. 

* * * * 9th Change * * * *
6.3
Network function discovery and selection
6.3.1
General
The NF discovery enables one NF discover a specific target NF type.
Unless the expected NF information is locally configured on requester NF, e.g. the expected NF is in the same PLMN the NF discovery is implemented via the NRF. The NRF is the logical function that is used to supports the functionality of NF discovery.  In case of network slicing, the NF discovery should be performed by the NRF at the corresponding domain that hosts the target NF as described in clause 6.2.6 above.
Editor's note:
It is FFS how to identify the NRF in remote PLMN.
In order to access to a requested type NF and no associated NF(s) stored on the requester NF, the requester NF initiates the NF discovery by providing the type of the NF (e.g. SMF, PCF) and other service parameters e.g. slicing related information to discover the target NF. The detail service parameter(s) used for specific NF discovery refer to the related NF discovery and selection clause.
The NRF provides the IP address or the FQDN of NF instance(s) to the requester NF for target NF instance selection. Based on that information, the requester NF can select one NF instance.
For NF discovery across PLMNs, the requester NF provides the NRF the PLMN ID of the target NF. The Local PLMN interacts with the NRF in the target PLMN to retrieve the IP address or the FQDN of the target NF instance (s).

* * * * 10th Change * * * *
6.3.x
NSSF selection function 
By referring to the PLMN Id info of the UE’s IMSI, the UE’s serving AMF selects the target NSSF (e.g. via pre-configuration or via DNS look-up) that performs the core part of the NSI selection and the Allowed S-NSSAI selection for the UE’s Requested NSSAI in the serving PLMN.
The same NSSF is applicable to serve both 3GPP access and non-3GPP access in the same PLMN.
* * * * End of Change * * * *
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