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1. Discussion
The 5MBS phase 2 SID (SP-211645 approved in SA#94E) contains the following working task:
	WT#5.	Study whether there are any identified performance issues for high number of public safety UEs, and if yes study necessary enhancements to 5MBS for that scenario.


In TR 23.700-47 v0.1.0, KI#1 allows UEs in CM-CONNECTED with RRC_INACTIVE state to receive multicast MBS session data, which will also benefit public safety UEs to improve the capacity of the number of UEs a cell can serve. This paper discusses and proposes a solution which leverages the improvements in KI#1 and further improves the call setup time for high number of public safety UEs.
In SA2#149E, there are some comments that public safety UEs should stay in CM-CONNECTED and multicast MBS sessions for public safety shouldn’t be deactivated. 
In fact, SA2 has never agreed nor informed SA6 that session activation/deactivation shouldn’t be used in public safety use case. And it is well-know that keeping all UEs in CM-CONNECTED limits the number of UEs that can be served in a cell, which is a serious issue for public safety.
[Observation-1] In TS 23.289 “Mission Critical services over 5G System”, clause 7.3.3.4 “Request to activate/de-activate multicast MBS sessions” describes how MC service server utilize and benefit from multicast MBS session activation/deactivation procedures. Therefore, the comment that multicast MBS session for public safety shouldn’t be deactivated is not valid.
[Conclusion-1] Public safety use case in multicast MBS session deactivation should not be excluded.
[Observation-2] In TS 23.247, clause 7.2.8 states “If the MBS session is inactive state, the UE can go to CM-IDLE state or the user plane of the associated PDU Session may be deactivated even when the UE is in CM-CONNECTED state.” Also, in clause 7.2.5.2, when a multicast MBS session is activated, AMF may need to page CM-IDLE UEs in step 5. Therefore, public safety UEs can also go to CM-IDLE or CM-CONNECTED with RRC_INACTIVE state if multicast MBS session is inactive.
[Conclusion-2] Public safety UEs can also go to CM-IDLE or CM-CONNECTED with RRC_INACTIVE state if multicast MBS session is inactive.

In TS 23.389, it states: “In this manner, the MC service server can activate the associated multicast session once an MC group call takes place, then deactivate it once the MC group call is over.” It is important to shorten the MC group call setup time as much as possible.
When multicast MBS session is activated, network needs to bring CM-IDLE UEs back via CN-Paging and CM-CONNECTED UEs with RRC_INACTIVE state via RAN-Paging.
The current CN-Paging is triggered in a per SMF manner, which is less optimal. When receiving enableGroupReachability request from a SMF, AMF will only perform paging for the CM-IDLE UEs within the UE list provided by the SMF. Even though there are other CM-IDLE UEs in the AMF joined the MBS session, the AMF will not page them and must wait the enableGroupReachability requests from other SMFs. It results in that the CN-Paging for some UEs cannot be performed at the first time (i.e. longer delay in the CN-Paging).
In case CM-IDLE UEs within the same cells are served by different SMFs (e.g. for load balancing reason), based on the current mechanism, AMF will trigger the CN-Paging towards the same NG-RAN for multiple times, which is also less efficient.
[Proposal-1] Improve the CN-Paging mechanism to allow CM-IDLE UEs can be notified as early as possible.

When CM-CONNECTED UEs with RRC_INACTIVE state are paged, they will trigger send RRC RESUME towards NG-RAN. When radio access congestion takes place, they cannot send RRC request successfully immediately. Those UEs are not able to receive MBS session data until RAN processes RRC RESUME and re-configure those UEs.
[Proposal-2] Develop a solution to allow CM-CONNECTED UEs with RRC_INACTIVE state to receive multicast MBS session data without being RRC-CONNECTED when MBS session is activated.
2. Proposal
It is proposed to capture the following changes in TR 23.700-47.
* * * * (ALL TEXT ARE NEW) * * * *
[bookmark: _Toc500949097][bookmark: _Toc22214908][bookmark: _Toc23254041][bookmark: _Toc93582960]6.X	Solution #X: Performance Improvements for Public Safety
[bookmark: _Toc92370824][bookmark: _Toc93582961][bookmark: _Toc500949099][bookmark: _Toc22214909][bookmark: _Toc23254042]6.X.1	Introduction
This solution addresses leverages the improvements in KI#1 and further improves the call setup time for high number of public safety UEs for Key Issue #X.
[bookmark: _Toc93582962]6.X.2	Functional description
[bookmark: _Toc500949101][bookmark: _Toc22214910]This solution enables AMF to get UE join/leave information of a multicast MBS session, so that AMF can maintain the complete group paging information for the joined CM-IDLE UEs when multicast MBS session is inactive.
When the MBS session activation request is received, AMF understands the multicast MBS session is activated. The AMF sends group paging request to MBS supporting NG-RAN nodes and individual paging request for non-MBS supporting NG-RAN nodes for those joined CM-IDLE UEs in the AMF. Usually, the MBS session activation request will reach the AMF prior to the enable group reachability request. In case the enable group reachability request reaches the AMF before the MBS session activation request, AMF can also trigger the group paging and individual paging. The AMF triggers paging once for one multicast MBS session activation procedure. The enable group reachability request or MBS session activation request received afterwards will not trigger the paging again.
NOTE:	RRC_Inactive UEs will be paged using the typically quicker MBS session activation request. They will also not need to send a service request and will thus not benefit from this solution in most cases.

NG-RAN triggers RAN paging based on MBS session activation request, which is supported in Rel-17.
Editor's note:	It is up to RAN WG to determine whether RAN paging can be performed upon receiving group paging request, if the MBS session activation request has not been received.
In this way, CM-IDLE UEs and CM-CONNECTED UEs with RRC_INACTIVE state can be notified for the multicast MBS session activation as early as possible.

When multicast MBS session is activated, NG-RAN is expected to provide a method for those CM-CONNECTED UEs with RRC_INACTIVE state to enable them to receive multicast MBS session data without being RRC-CONNECTED.

Editor's note:	It is up to RAN WG to determine how the method can provided (e.g. NG-RAN updates SIBx/MCCH) when the multicast MBS session is activated.

When CM-CONNECTED UEs with RRC_INACTIVE state are notified by the RAN paging, they can utilize the method provided by NG-RAN or locally stored RRC configuration which was configured by NG-RAN before, to receive the multicast MBS session data, in parallel with sending RRC RESUME to the network.
Editor's note:	It is up to RAN WG to determine whether RRC RESUME is needed for RRC_INACTIVE UE to receive the MBS data.
[bookmark: _Toc23254043][bookmark: _Toc93582963]6.X.3	Procedures
[bookmark: _Toc68074940][bookmark: _Toc57449893][bookmark: _Toc55202917][bookmark: _Toc54729767][bookmark: _Toc50467018][bookmark: _Toc50192873][bookmark: _Toc43733122][bookmark: _Toc43297424][bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc22214911]6.X.3.1	General
NOTE:	The message names in the procedures below are descriptive. It is assumed that the names are updated with corresponding SBI based names where applicable during the normative phase.
6.X.3.2	UE join multicast MBS session


Figure 6.X.3.2-1: UE join multicast MBS session
The following additions apply compared to clause 7.2.1.3 of TS 23.247 [4]:
5. In Nsmf_PDUSession_UpdateSMContext response, the SMF includes UE join information including the associated PDU Session ID and MBS Session ID outside the N2 SM information. The AMF stores the information and maintains the joined UE list of the MBS session with its associated PDU Session ID.
Editor's note:	Different AMFs may interact with the same RAN nodes for different PDU sessions.  AMF also store information when the shared delivery is established. Thus information about the same multicast session may reside on multiple AMFs. Whether and how they synchronize their information about MBS sessions is FFS.
6.X.3.3	UE leave multicast MBS session


Figure 6.X.3.3-1: UE leave multicast MBS session
The following additions apply compared to clause 7.2.2.2 of TS 23.247 [4]:
7. In Nsmf_PDUSession_UpdateSMContext response, the SMF includes UE leave information outside the N2 SM information. The AMF remove the UE from the joined UE list of the MBS session.
6.X.3.4	Multicast session leave requested by the network or MBS session release


Figure 6.X.3.4-1: Multicast session leave requested by the network or MBS session release 
The following additions apply compared to clause 7.2.2.3 of TS 23.247 [4]:
3. In Namf_Communication_N1N2MessageTransfer request, the SMF includes UE leave information outside the N2 SM information. The AMF remove the UE from the joined UE list of the MBS session.

6.X.3.4	MBS Session Activation


Figure 6.X.3.4-1: MBS Session Activation
The following additions apply compared to clause 7.2.5.2 of TS 23.247 [4]:
Paging:
· At step 5 (enable group reachability request is received) or after step 11 (MBS session activation request is received), AMF performs group paging and individual paging based on joined UE list in the AMF, if the paging for the multicast MBS session hasn’t been performed. The paging will be performed once per MBS session activation procedure. The enable group reachability request or MBS session activation request received afterwards will not trigger the paging again.
Editor's note:	It is up to RAN WG to determine whether RAN paging can be performed upon receiving group paging request in step 5, if the MBS session activation request has not been received.
· Editor's note:	Whether a joined UE list in the AMF has any significant advantage compared to sending the UE list in step 3 (Rel-17 procedure) requires further study. The required signalling interactions may remain the same. It is FFS whether the service requests in step 6, which are separate per UE, constitute the most significant bottleneck in thís procedure.

NG-RAN provide a method to allow UEs to receive multicast MBS session data without being RRC-CONNECTED:
· After step 12, NG-RAN needs to provide a method for those CM-CONNECTED UEs with RRC_INACTIVE state to enable them to receive multicast MBS session data without being RRC-CONNECTED
Editor's note:	It is up to RAN WG to determine whether and how the method can provided (e.g. NG-RAN updates SIBx/MCCH) when the multicast MBS session is activated. 
UE receives multicast MBS Session data without being RRC-CONNECTED
· [bookmark: _Toc23254044][bookmark: _Toc93582964]The CM-CONNECTED UE with RRC_INACTIVE state is notified by CN-Paging in step 5 (if share the same Paging Occasion) or RAN-Paging in step 12. It utilizes the method provided by NG-RAN or utilizes the locally stored RRC configuration if it has such information and receives multicast MBS session data, in parallel with sending RRC RESUME to NG-RAN.

6.X.4	Impacts on services, entities and interfaces.
Functional entities defined in clause 5.3.2 of TS 23.247 [4] are reused exception for the following additions:
SMF:
-	Provide UE join information to the AMF when UE join the multicast MBS session
-	Provide UE leave information to the AMF when UE leave the multicast MBS session or when multicast session leave requested by the network or MBS session release
AMF:
-	Receive UE join/leave information from the SMF and maintain the joined UE list and the group paging information of the multicast MBS session with the associated PDU session ID.
-	Trigger group paging and individual paging, when multicast MBS session activation request or enable group reachability request is received, if the paging for the MBS session activation hasn’t been performed.
NG-RAN:
-	NG-RAN provides a method to configure those CM-CONNECTED UEs with RRC_INACTIVE state to enable UEs to receive multicast MBS session data without being RRC-CONNECTED
Editor's note:	It is up to RAN WG to determine how the method can provided (e.g. NG-RAN updates SIBx/MCCH) when the multicast MBS session is activated.
Editor's note:	It is up to RAN WG to determine whether RAN paging should be performed upon receiving group paging request, if the MBS session activation request has not been received.
UE:
-	For CM-CONNECTED UEs with RRC_INACTIVE state, when they are notified upon MBS session activation, they should utilize the method provided by NG-RAN or utilize the locally stored RRC configuration to receive multicast MBS session data, in parallel with sending RRC RESUME to NG-RAN.
Editor's note:	Other additional impacts are FFS.
* * * * End change * * * *
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