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Abstract of the contribution: this paper proposes to add a solution to support maximum number of concurrent sessions supported by the network slice.
Discussion
Number of connections is one attribute defined in GSMA 5GJA NG.116. The attribute describes the maximum number of concurrent sessions supported by the network slice. This pCR proposes the solution to support the attribute.
In this solution, PCF maintains the PDU Session COUNT of the S-NSSAI. When new PDU Session related to the S-NSSAI is established, PCF increases the PDU Session COUNT by one. When existing PDU Session related to the S-NSSAI is released, PCF decreases the PDU Session COUNT by one. When UE requests to establish a PDU Session, if PDU Session COUNT of the S-NSSAI reaches the maximum number, PCF triggers release of the PDU Session with UP connection deactivated and associated with the same S-NSSAI, and then accepts the PDU Session establishment.

The SMF deactivates the UP connection of the PDU Session by releasing the data radio bearer and N3 tunnel. The scenarios that the SMF triggers the operation are described in step 1 in clause 4.3.7 in TS 23.502, as follows:
The SMF determines that the UP connection of the PDU Session can be deactivated in following cases:
-	During handover procedure, if all the QoS Flows of a PDU Session are rejected by the target NG-RAN (as described in clause 4.9.1), or if a PDU Session is failed to setup indicated by the AMF (see step 7 of clause 4.9.1.3.3). SMF proceeds with step 2 and step 3, the steps 5 to 9 are skipped;
-	The UPF detects that the PDU Session has no data transfer for a specified Inactivity period as described in clause 4.4.2.2;
-	For a LADN PDU Session, the AMF notifies to the SMF that the UE moved out of the LADN service area; or
-	The AMF notifies to the SMF that the UE moved out of the Allowed Area.
As shown in Figure 1, UE1, UE2 and UE3 establish the PDU Session with the same S-NSSAI separately. UP connection of the PDU Session of UE1 is deactivated, i.e. the data radio bearer and N3 tunnel is released. UP connections of the PDU Sessions of UE2 and UE3 are activated.


Figure 1: Status of UP connection of PDU Session associated with the same S-NSSAI
When UE4 requests to establish the PDU Session associated with the same S-NSSAI (e.g. triggered by an application), SMF initiates the SM Policy Association establishment to PCF. If PCF detects that the PDU Session COUNT of the S-NSSAI reaches the maximum number, PCF requests SMF to release the PDU Session with UP connection deactivated (i.e. the PDU Session of UE1 in Figure 1) and then accepts the PDU session establish request from UE4.
Proposal
It is proposed to add a new solution for Key Issue #2.
First change
[bookmark: _Toc25971147][bookmark: _Toc25971391]6.X	Solution #<X>: PCF based solution to support maximum number of concurrent sessions per network slice
[bookmark: _Toc16839383][bookmark: _Toc21087542][bookmark: _Toc23326076][bookmark: _Toc23517597][bookmark: _Toc23519156][bookmark: _Toc25971148][bookmark: _Toc25971392]6.X.1	Introduction
[bookmark: _Toc16839384][bookmark: _Toc21087543]This solution addresses the below requirements from Key Issue #2: Support of network slice related quota on the maximum number of PDU Sessions.
[bookmark: _Toc23326077][bookmark: _Toc23517598][bookmark: _Toc23519157][bookmark: _Toc25971149][bookmark: _Toc25971393]6.X.2	High-level Description
[bookmark: _Toc16839385][bookmark: _Toc21087544]In this solution, PCF receives the quota of maximum number of concurrent sessions per S-NSSAI from OAM and enforces the quota as follows:
-	When PCF receives SM Policy Association establishment from SMF during PDU Session establishment procedure, PCF increases PDU Session COUNT associated with the S-NSSAI by one.
-	If the PDU Session COUNT reaches the maximum number of concurrent sessions of the S-NSSAI. PCF requests SMF to release the PDU Session(s) with UP connection deactivated and associated with the S-NSSAI.
-	PCF subscribes the change of the status of UP connection of PDU Session to SMF. When the status (i.e. deactivated or activated) is changed, SMF reports the event to PCF.
-	If no PDU Session with UP connection deactivated, PCF rejects SM Policy Association establishment with cause indicating PDU Session of the S-NSSAI reaches the maximum number. SMF rejects the PDU Session establishement with cause and may also provide a back-off timer.
-	When PCF receives SM Policy Association Termination from SMF during PDU Session release procedure, PCF decreases PDU Session COUNT for an S-NSSAI by one.

[bookmark: _Toc23326078][bookmark: _Toc23517599][bookmark: _Toc23519158][bookmark: _Toc25971150][bookmark: _Toc25971394]6.X.3	Procedures
[bookmark: _Toc25971128][bookmark: _Toc25971372][bookmark: _Toc16839386][bookmark: _Toc21087545]6.X.3.1	UE Requested PDU Session Establishment based on PDU Session counting


Figure 6.X.3.1-1: UE Requested PDU Session Establishment Procedure
1.	UE initiates the UE Requested PDU Session Establishment procedure by transmission of a NAS message containing a PDU Session Establishment Request within the N1 SM container.
2.	The AMF selects an SMF as described in clause 6.3.2 in TS 23.501.
3.	From AMF to SMF: Nsmf_PDUSession_CreateSMContext Request (N1 SM container (PDU Session Establishment Request)).
4.	The SMF performs an SM Policy Association establishment by sending Npcf_SMPolicyControl_Create (S-NSSAI) to the selected PCF.
5.	PCF checks the PDU Session COUNT of the S-NSSAI.
	Depending on the value of PDU Session COUNT of the S-NSSAI and the UP connection status of the PDU Session associated with the S-NSSAI, the PCF may either execute steps in box (A) or in box (B).
-	Cases to execute box (A): 
-	PDU Session COUNT of the S-NSSAI does not reach the maximum number; or
-	PDU Session COUNT of the S-NSSAI reaches the maximum number and there is PDU Session associated with the S-NSSAI and with UP connection deactivated.
-	Case to execute box (B): PDU Session COUNT of the S-NSSAI reaches the maximum number and all the PDU Session(s) associated with the S-NSSAI has activated UP connection.
Steps in box (A):
6.	[Conditional] if the PDU Session COUNT of the S-NSSAI reaches the maximum number and there is PDU Session associated with the S-NSSAI and with UP connection deactivated, PCF triggers the PDU Session Release in clause 4.3.4 in TS 23.502 to release the PDU Session with UP connection deactivated.
7.	PCF sends Npcf_SMPolicyControl_Create Response to the SMF.
8.	Steps 8 to 21 in UE Requested PDU Session Establishment Procedure in clause 4.3.2.2.1 in TS 23.502 take place.
Steps in box (B):
9.	PCF rejects the Npcf_SMPolicyControl_Create Request when the case to execute box (B) happens. In the reject message, the PCF includes the reject cause indicating the PDU Session COUNT of the S-NSSAI reaches the maximum number.
10.	The SMF rejects the PDU session establishment by including a N1 SM container with a PDU Session Establishment Reject message in Nsmf_PDUSession_CreateSMContext Response. SMF includes the reject cause received from PCF and may also provide a back-off timer in the reject message.
11.	AMF sends the PDU Session Establishment Reject to UE.
6.X.3.2	UP connection status event subscribe, notify and unsubscribe
[bookmark: _Toc20204196][bookmark: _Toc27894885]6.X.3.2.1	UP connection status event
UP connection of a PDU Session includes the data radio bearer and N3 tunnel. The UP connection can be activated or deactivated:
-	SMF deactivates (i.e. release) the UP connection of the PDU Session in the scenarios listed in clause 4.3.7 in TS 23.502, e.g. when the UPF detects that the PDU Session has no data transfer for a specified Inactivity period.
-	UE or SMF re-activate (i.e. re-establish) the UP connection of the PDU Session when there is data to be transferred via the PDU Session using Service Request procedure.
In this solution, UP connection status includes deactivated and activated. And following UP connection status event is considered:
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]-	UP connection status changes (activated or deactivated).
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]6.X.3.2.2	Subscribe and notity
PCF subscribes to the event of UP connection status changes of PDU Session associated to the S-NSSAI when the PCF detects the PDU Session COUNT of the S-NSSAI reaches the threshold smaller than or equal to the maximum number of concurrent sessions of the S-NSSAI.


Figure 6.X.3.2-1: UE Requested PDU Session Establishment Procedure
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]1.	PCF sends a request to subscribe to an Event ID in SMF in Nsmf_EventExposure_Subscribe request (Event ID, notification endpoint of PCF). Event ID represents the event of UP connection status changes.
2.	SMF acknowledges the execution of Nsmf_EventExposure_Subscribe.
3.	[Conditional - depending on the Event] The SMF detects the monitored event occurs and sends the event report by means of Nsmf_EventExposure_Notify message, to the notification endpoint of the PCF.
6.X.3.2.3	Unsubscribe
PCF unsubscribes to the event of UP connection status changes of PDU Session associated to the S-NSSAI when the PCF detects the PDU Session COUNT of the S-NSSAI does not reach the threshold smaller than or equal to the maximum number of concurrent sessions of the S-NSSAI.


Figure 6.X.3.2-2: UE Requested PDU Session Establishment Procedure
1.	PCF sends a request to unsubscribe to an Event ID in SMF in Nsmf_EventExposure_Unsubscribe request (Event ID). Event ID represents the event of UP connection status changes.
2.	SMF acknowledges the execution of Nsmf_EventExposure_Unsubscribe.
[bookmark: _Toc23326079][bookmark: _Toc23517600][bookmark: _Toc23519159][bookmark: _Toc25971151][bookmark: _Toc25971395]6.X.4	Impacts on existing services and interfaces
Editor's note:	This clause describes impacts to existing services and interfaces.
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