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Abstract of the contribution: This contribution proposes updates to Solution #2 of KI#1 and it also addresses the Editor’s notes related to roaming and network slices subject to Network Slice Specific Authentication and Authorisation.
1
Background
This contribution proposes the following updates to Solutuin #2 ‘Max number of UEs per Network Slice control at registration’ of Key Issue #1 ‘Support of network slice related quota on the maximum number of UEs’ in TR23.700-40 ver0.2.0
* * * * Start of Change * * * *
6.2
Solution #2: Max number of UEs per Network Slice control at registration

6.2.1
Introduction

This solution addresses the below requirements from Key Issue #1: Support of network slice related quota on the maximum number of UEs.

-
How does 5GS know about the current number of UEs accessing the network slice? Which NF(s) need to know about this information?

-
Whether and how does 5GS enforce such quota when a UE registers for the network slice and that would cause the quota to be exceeded.

6.2.2
High-level Description

This solution allows to control and restrict the number of UEs per network Slice identified by S-NSSAI.

Assumptions:

-
This solution assumes that the network slice related quota is managed by a new function NSQ (Network Slice Quota) which is represented as a new network entity in this solution however, the solution is equally valid if the NSQ is represented as a functional part of an existing network entity, e.g. NSSF.

-
The granularity of the NSQ function is per PLMN as the network slice granularity is per PLMN.

-
The solution is demonstrated for a single S-NSSAI however, it also applies if the UE registers for multiple S-NSSAIs. In case of multiple S-NSSAIs, the UE is counted for each S-NSSAI it registers for.

6.2.3
Procedures


6.2.3.1
Max number of UEs per Network Slice control at registration
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Figure 6.2.3.1: Max number of UEs per Network Slice control at registration
1)
A UE triggers registration with the network for S-NSSAI.





2)
The AMF sends Nnsq_NSQ_Check Request message to the NSQ entity in order to check for the number of UEs per network slice quota availability for S-NSSAI_1. The AMF includes in the message the UE_Id and the network slice id S-NSSAI_1 for which the UE wants to check the quota availability. The AMF also includes the control mode parameter set to ‘UE numbers per network slice’, meaning the number of UEs per network slice are to be monitored and controlled.
Editor's note:
Whether NSQ is represented as a new network entity or as a functional part of an existing network entity (e.g. NSSF) is FFS.


3)
The number of UEs per network slice quota check - The NSQ checks whether the quota for max number of UEs per S-NSSAI_1 has already been reached. If the UE is registering for multiple S-NSSAIs, the check is done per each of them. If the UE_Id is included, the NSQ checks first whether the UE has already been previously registered for S-NSSAI_1 (i.e. the UE has already been included in the list of UEs registered with S-NSSAI_1). If the UE_Id is already in the list of UEs registered with S-NSSAI_1, then no quota availability check is needed, i.e. quota is available.
4) The NSQ returns Nnsq_NSQ_Check Response in which the NSQ includes the S-NSSAI_1 for which the quota availability check is done and NSQ status parameter which indicates whether the quota is available or not. The NSQ status parameter indicates ‘no quota available’ if the max number of UEs per S-NSSAI_1 has already been reached. The NSQ status parameter indicates ‘quota available’ if the max number of UEs per S-NSSAI_1 has not been reached yet.

Editor's note:
How the NSQ entity knows about the quota is FFS.
5a) If the max number of UEs per S-NSSAI_1 has already been reached, the AMF returns the Registration Reject message to the UE where the AMF includes the rejected S-NSSAI_1 in the rejected NSSAI list, a reject cause set to ‘max number of UEs per network slice reached’ and optionally a back-off timer. 

5b)
 If the max number of UEs per S-NSSAI_1 has not been reached yet, the AMF continues with the registration procedure.

6b) Unless the S-NSSAI_1 is subject to Network Slice Specific Authentication and Authorisation, the AMF sends Nnsq_NSQ_Update Request message to the NSQ entity in order to update the NSQ quota for S-NSSAI_1. The AMF includes in the message the UE_Id, the S-NSSAI_1 and a quota_update_flag set to decrement. 
7b) The number of UEs per network slice quota update – If the UE_Id is not in the list of UEs registered with S-NSSAI_1, the NSQ entity adds the UE_Id to the list of UEs registered for S-NSSAI_1 and increases the number of the UEs registered for S-NSSAI_1, i.e. decrements the available quota. In case of multiple S-NSSAIs, the number of UEs per network slice quota update is repeated for each of them.
8b)
The NSQ confirms the NSQ quota update for S_NSSAI_1.

9b)
The AMF returns Registration Accept message to the UE. 







6.2.3.2
Max number of UEs per Network Slice control at Network Slice Specific Authentication and Authorisation (NSSAA).
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Figure 6.2.3.2: Max number of UEs per Network Slice control at NSSAA
1) Registration procedure completed with rejection of S-NSSAI_1 for pending Network Slice Specific Authentication and Authorisation (NSSAA) or the AAA server triggers Network Slice Specific Re-authentication and Re-authorisation for S-NSSAI_1.
2) AMF triggers NSSAA for S-NSSAI_1.
3) EAP-messages are exchanged with the UE to authenticate/authorise S-NSSAI_1 as per TS23.502, s4.2.9.2.
If the S-NSSAI_1 status changes (e.g. from rejected to allowed or vice versa) as a result of the NSSAA procedure, continue with steps 4 to 7.
4) The AMF sends Nnsq_NSQ_Update Request message to the NSQ entity in order to update the NSQ quota for S-NSSAI_1. The AMF includes in the message the UE_Id, the S-NSSAI_1 and a quota_update_flag set to decrement if the S-NSSAI_1 status has changed from rejected to allowed (i.e. the available quota is reduced) or set to increment if the S_NSSAI_1 status has changed from allowed to rejected (i.e. the available quota is increased). 

5) The number of UEs per network slice quota update - The NSQ entity updates the available NSQ quota per the quota_update_flag value and adds the UE_Id to the list of UEs registered for S-NSSAI_1 if the S-NSSAI_1 status has changed from rejected to allowed or removes the UE_Id from the list of UEs registered for S-NSSAI_1 if the S-NSSAI_1 status has changed from allowed to rejected. In case of multiple S-NSSAIs, the number of UEs per network slice quota update is repeated for each of them.
6)
The NSQ confirms the NSQ quota update for S_NSSAI_1.
7) The AMF triggers the UE Configuration Update procedure. The AMF sends the UE Configuration Update message to the UE in order to update the allowed NSSAI list and/or the rejected NSSAI list.
6.2.3.3
Max number of UEs per Network Slice control at deregistration.
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Figure 6.2.3.3: Max number of UEs per Network Slice control at deregistration
1) UE is registered for NSSAI_1. The UE or the network triggers deregistration.

2) The AMF sends Nnsq_NSQ_Update Request message to the NSQ entity in order to update the NSQ quota for S-NSSAI_1. The AMF includes in the message the UE_Id, the S-NSSAI_1 and the quota_update_flag set to increment. 

3) The number of UEs per network slice quota update - The NSQ entity removes the UE_Id from the list of UEs registered for S-NSSAI_1 and decreases the number of the UEs registered for S-NSSAI_1, i.e. decrements the available quota. In case of multiple S-NSSAIs, the number of UEs per network slice quota update is repeated for each of them.
4) The NSQ confirms the NSQ quota update for S_NSSAI_1.

6.2.3.4
Max number of UEs per Network Slice control in roaming.
6.2.3.4.1
Max number of UEs per Network Slice control in roaming by the vPLMN.
A local quota of ‘max number of UEs per network slice’ is allocated to the vPLMN per SLA agreement and stored in the vNSQ. In roaming, the quota monitoring and enforcement is done in the vPLMN by the vNSQ entity as per the description in s6.2.3.1 to s6.2.3.3. 
6.2.3.4.2
Max number of UEs per Network Slice control in roaming by the hPLMN.
A global quota of ‘max number of UEs per network slice’ is allocated to the hPLMN per SLA agreement and stored in the hNSQ. In roaming, the quota monitoring and enforcement is done in the hPLMN by the hNSQ entity. Figure 6.2.3.4.2 shows the interaction between the vPLMN and the hPLMN.
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Figure 6.2.3.4.2: Max number of UEs per Network Slice control in roaming by the hPLMN
1) The vAMF sends Nnsq_NSQ_Check Request message to the hUDM via the N8 roaming interface in order to check the quota availability for S-NSSAI_1 or sends Nnsq_NSQ_Update Request message in order to update the quota. The vAMF includes the UE_Id, the S-NSSAI_1 and the quota_update_flag in case of quota update. 
2) The hUDM forwards the message to the hNSQ.
3) The number of UEs per network slice quota check/update - If the request is for quota availability check, the hNSQ checks whether the ‘max number of UEs per S-NSSAI_1’ has already been reached. If the request is for quota update, depending on the quota_update_flag value the hNSQ increments or decrements the available quota and either adds the UE_Id to the list of UEs registered for S-NSSAI_1 or removes it from the list. In case of multiple S-NSSAIs, the number of UEs per network slice quota check/update is repeated for each of them.
4) The hNSQ confirms the quota check/update for S_NSSAI_1.
5) The hUDM forwards the message to the vAMF.
6.2.4
Impacts on existing entities and interfaces

Editor's note:
This clause describes impacts to existing entities and interfaces.

UE:
A new reject cause.

AMF:
Interacts with the NSQ for quota management.
New NSQ entity/function.

-
Monitors, counts and enforces the number of registered UEs per S-NSSAI quota.

-
If the NSQ is a new network entity, new service based interface definition would be required.

6.2.5
Evaluation

Editor's note:
This clause provides an evaluation of the solution.

* * * * End of Change * * * *
[image: image6.png]


[image: image7.png]



5

_1639561759.doc
[image: image1.emf]1). Registration Request (UE Id, S-NSSAI)


UE


NSQ


UDM/UDR


9a). Registration Accept (S-NSSAI)


AMF


NRF


3). Nnrf_NFDiscovery_Request (S-NSSAI, NF_Type=NSQ) 


4). Nnrf_NFDiscovery_Request Response (NSQ node address)


5). Nnsq_NSQ_Register (UE_Id, S-NSSAI, control_mode=UE numbers)


8a). Nnsq_NSQ_Register_Response


6). The NSQ checks whether the quota for 


number of UEs per S-NSSAI is reached.


2). Registration procedure as per TS23.502


9b). Registration Reject (rejected S-NSSAI, reject cause = max number of UEs reached, S-NSSAI back-off timer)


8b). Nnsq_NSQ_Register_Response (rejected S-NSSAI, reject cause = max number of UEs reached)


7b). The quota is reached


7a). the quota is not reached


Alt A


Alt B





