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Abstract: This contribution proposes solutions for Key Issue #2 - Support of network slice related quota on maximum number of PDU sessions in TR 23.700-40.
1. Introduction
This solution is for Key Issue 2 – Support of network slice related quota on maximum number of PDU sessions.
START of CHANGE
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6.X.1	Introduction
This solution is for Key Issue 2 – Support of network slice related quota on maximum number of PDU sessions.
The solution proposes the introduction of NSQM (Network Slice Quota Management) function which is used for maintaining the quota for the maximum number of PDU sessions established per network slice, as well as the count of the number of established PDU sessions that are active (RRC-CONNECTED) and dormant (RRC-INACTIVE).
6.X.2	Functional Description
The NSQM keeps track of the number of PDU sessions established in a S-NSSAI, the number of Active PDU sessions (RRC-CONNECTED) and the number of Dormant PDU sessions (RRC-INACTIVE, RRC-IDLE). The NSQM provides the current count and the available quota to the AMF when a UE tries to establish a new PDU Session to a network slice (S-NSSAI). The AMF takes the final decision for the PDU Session Establishment of the UE to the S-NSSAI. 
Figure 6.X.2-1 shows the addition of the NSQM to the reference architecture:



Figure 6.X.2-1 – Addition of NSQM to the reference architecture
NOTE: 	Some network functions are excluded from the figure for easier reference.

6.X.3	Procedures
6.X.3.1		PDU Session Count Management - success case
The procedure in Figure 6.X.3.1-1 shows the success case when there is quota available for a UE to establish a new PDU session to a S-NSSAI. 



Figure: 6.X.3.1-1 – Established PDU Session count management by NSQM - success case
1. 	The NSQM subscribes to the SMF to keep track of the count of PDU sessions established with a S-NSSAI and DNN.
NOTE: The NSQM keeps the count of the PDU sessions of the S-NSSAI which have this requirement.
2.	The UE initiates a PDU Session Establishment Request to a S-NSSAI and DNN. 
3. 	The AMF receives the PDU Session Establishment and checks the S-NSSAI if any of the slices have the quota limitation. In case any slice has the quota limitation enabled, the AMF retrieves the address of the NSQM from the NRF.
4.	The NRF provides the address of the NSQM to the AMF.
5. 	The AMF queries the available quota for the Established PDU sessions count from the NSQM for the S-NSSAI by sending a Nnsqm_PDUCount_AvailabilityCheck_Request message. 
6. 	The NSQM checks its database for the PDU session establishment quota availability for the S-NSSAI.
7. 	The NSQM has quota available to accept a new PDU session to the S-NSSAI. The NSQM sends a success code to the AMF in the Nnsqm_PDUCount_AvailabilityCheck_Response message. Success code can be an output value, e.g. a "Result" binary flag with value 1 can indicate quota availability in the Nnsqm_PDUCount_AvailabilityCheck_Response message. 
8. 	On receiving the success code, the AMF requests the SMF to setup the PDU session for the UE.
9.  The SMF sets up the PDU session for the UE and responds to the AMF.
10.	The AMF sends the PDU Session Establishment Accept message to the UE. 

6.X.3.2		PDU Count Management - failure case
The procedure in Figure: 6.X.3.2-1 shows the failure case when there is no quota available for a UE to establish a new PDU session to a S-NSSAI. 



Figure: 6.X.3.2-1 – Established PDU Session count management by NSQM - failure case
1.	The NSQM subscribes to SMF to keep track of the count of PDU sessions established with a S-NSSAI and DNN.
NOTE: The NSQM keeps the count of the PDU sessions of the S-NSSAI which have this requirement.
2.	The UE initiates a PDU Session Establishment Request with S-NSSAI and DNN. 
3. 	The AMF receives the PDU Session Establishment and checks the S-NSSAI if any of the slices have the quota limitation. In case any slice has the quota limitation enabled, the AMF retrieves the address of the NSQM from the NRF.
4. 	The NRF provides the addresss of the NSQM to the AMF.
5. 	The AMF queries the available quota for the Established PDU sessions count from the NSQM for the S-NSSAI by sending a Nnsqm_PDUCount_AvailabilityCheck_Request message. 
6. 	The NSQM checks its database for the PDU session establishment quota availability for the S-NSSAI.
7. 	The NSQM has no quota available to accept a new PDU session to the S-NSSAI. The NSQM sends a failure code to the AMF in the Nnsqm_PDUCount_AvailabilityCheck_Response message. Failure code can be an output value, e.g. a "Result" binary flag with value 0 can indicate no quota availability in the Nnsqm_PDUCount_AvailabilityCheck_Response message. 
8. 	On receiving the failure code, the AMF sends the PDU Session Establishment Reject to the UE with failure cause code "Maximum PDU session Quota reached for the S-NSSAI".

6.X.3.3		Honouring new PDU session request with proactive release of dormant PDU session (RRC-INACTIVE) 
The procedure in Figure 6.X.3.3-1 shows a failure case when the NSQM assists the AMF with the count of active and dormant PDU sessions established with a S-NSSAI and the AMF takes a decision to proactively release a dormant PDU session to honour a new PDU session establishment request.



Figure: 6.X.3.3-1 – Honouring new PDU session request with proactive release of dormant PDU session (RRC-INACTIVE)
Pre-Conditions:
-	The NSQM subscribes to the SMF to keep track of the number of PDU sessions established for a S-NSSAI. 
-	The NSQM subscribes to the AMF to keep track of the RRC state. 
- 	The AMF knows the RRC state of the UE from RAN.
Based on this, the NSQM can maintain the count of established PDU sessions with the following details:
-	Number of PDU sessions that are active for a S-NSSAI (RRC-CONNECTED).
-	Number of PDU sessions that are dormant for a S-NSSAI (RRC-INACTIVE)
Procedure:
1-5. 	These steps are the same as in subclause 6.X.3.2, steps 2-5.
6. 	The NSQM has no quota available to accept a new PDU session to the S-NSSAI. The NSQM sends a failure code with appropriate reject cause value. Along with the failure code and cause value, the NSQM also sends the number of Dormant PDU sessions and the corresponding 5G-GUTIs.
7.	Since the establishment of a new PDU session is more important than maintaining resources for a dormant PDU session, the AMF takes a decision to release a dormant PDU session of a UE to provide resources to the PDU request from UE at step 1. The UE with the new PDU session is called UE “a” and the UE with the dormant PDU session is called UE “x”. 
8. 	The AMF informs the RAN to release the dormant PDU session of UE “x” in Namf_Communication_UEContextReleaseRequest” message and also provides the 5G-GUTI of UE “x”. 
9. 	The RAN sends RRC Connection Release to UE “x” releasing the dormant PDU session and moving the UE to RRC-IDLE.
10. The RAN acknowledges the AMF the dormant PDU session has been released.
11-12. The AMF and SMF establish the PDU session for UE “a”.
13. The AMF informs the NSQM to increment the count for the established Active PDU sessions for UE “a” and decrement the count for the established dormant PDU sessions for UE “x”  in Nnsqm_PDUCount_Modification_Request message.
14. The NSQM acknowledges the modification of the updated counts.
15. The AMF sends the PDU Session Establishment Accept message to UE “a”.

6.X.3.4		Honouring New PDU session request without proactive Release of dormant PDU session (RRC-INACTIVE) 
The procedure in Figure: 6.X.3.4-1 shows a failure case where the NSQM assists the AMF with count of active and dormant PDU sessions established with a S-NSSAI and the AMF takes a decision to release a dormant PDU session to honour a new PDU session establishment Request. However, in this case, the AMF does not inform the dormant UE.




Figure: 6.X.3.1.3b.1 – Honouring New PDU session request without proactive release of dormant PDU session (RRC_Inactive)

Pre-Conditions:
-	The NSQM subscribes to the SMF to keep track of the number of PDU sessions established for a S-NSSAI. 
- 	The NSQM subscribes to the AMF to keep track of the RRC state.
- 	The AMF knows the RRC state of the UE from RAN.
Based on this, the NSQM can maintain the count of established PDU sessions with the following details:
-	Number of PDU sessions that are active for a S-NSSAI (RRC-CONNECTED).
-	Number of PDU sessions that are dormant for a S-NSSAI (RRC-INACTIVE)


Procedure:
1-5. 	These steps are the same as in subclause 6.X.3.2, steps 2-5.
6. 	The NSQM has no quota available to accept a new PDU session to the S-NSSAI. The NSQM sends a failure code with appropriate reject cause value. Along with the failure code and cause value, the NSQM also sends the number of Dormant PDU sessions and the corresponding 5G-GUTIs.
7.	Since the establishment of a new PDU session is more important than maintaining resources for a dormant PDU session, the AMF takes a decision to release a dormant PDU session of a UE to provide resources to the PDU request from UE at step 1. The UE with the new PDU session is called UE “a” and the UE with the dormant PDU session is called UE “x”. 
8-9. The AMF and SMF establish the PDU session for UE “a”.
10. The AMF informs the NSQM to increment the count for the established Active PDU sessions for UE “a” and decrement the count for the established dormant PDU sessions for UE “x”  in Nnsqm_PDUCount_Modification_Request message.
11. The NSQM acknowledges the modification of the updated counts.
12. The AMF sends the PDU Session Establishment Accept message to UE “a”.
13-16. These steps show that whenever UE “x” tries to resume the dormant PDU session, the RAN will reject the PDU resume request. 
NOTE: 	The RRCResumeRequest from UE “x” at step 14 could be a success if any other UE, e.g. UE “y”, has released an active or dormant PDU session and the NSQM has updated the AMF that quota is available for the S-NSSAI. In this case, the RAN replies with an RRCSetup request and a PDU session is established for UE “x”. 

6.X.4	Impacts on existing entities and interfaces
-	A new network function to be added for maintaining the quota for the maximum number of PDU sessions established per network slice, as well as count of the number of established PDU sessions that are active (RRC-CONNECTED) and dormant (RRC-INACTIVE).
-	AMF <--> NSQM communication should be defined.
-	AMF <--> RAN communication should be defined.
End of CHANGES
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