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Abstract of the contribution: Update solution 15. 
1. Introduction
This paper updates the solution #15 for KI#1 for showing the detail of the procedures.
2. Proposal
It is proposed to include following solution into TR 23.757.
FIRST CHANGE
[bookmark: _Toc43284440]6.15	Solution #15: Multicast session leg addition due to UE mobility
[bookmark: _Toc43284441]6.15.1	Functional description
This solution addresses KI#1 "MBS session management". The architecture of this solution can be based on the two architecture alternatives (see Annex A).
This solution is based on PDU Session for unicast fall-back may not have been established or activated in advance. 
This solution addresses the case when shared delivery method is used, as well as source gNB and target gNB are enhanced to support 5G MBS if individual delivery method is used, normal HO procedure is used, and mode switch can be done after HO. 
The source gNB and target gNB shall be enhanced, the AMF can be legacy if PDU Session related to the multicast session is always involved and UE is not in CM-IDLE without suspend state. 
The following procedures describes the method that, when UE has active PDU Sessions (i.e. is in connected state), the UE hands over with MBS session information for service continuity. If UE is in idle state, the UE needs to initiate multicast session join via target cell, and lossless service continuity is not supported, hence if lossless service continuity is required, the UE shall keep some PDU Sessions active (i.e. stay in connected state). 
[bookmark: _Toc43284442]6.15.2	Procedures

6.15.2.1	Xn based leg addition
The following Figure 6.15.2.1-1 illustrates the Xn based procedure of multicast session path addition due to UE mobility. Precondition of this solution is that multicast session leg addition is on-demand established by UE interesting and shared delivery method is used. 
The difference between this procedure and Xn-HO procedure is that the source gNB additionally sends interest TMGI/MBS Session IDs and associated QoS profile to the target gNB, the target gNB additionally responses multicast radio transmission resources information to the source gNB and additionally sends TMGIs/MBS Session IDs to the 5G CN to reserve shared CN tunnel resource. 




Figure 6.15.2.1-1: Xn based multicast session leg addition due to UE mobility
1.	The source gNB is involved in the multicast session with shared delivery method. The UE has active PDU Sessions (if the MBS session requests lossless service continuity, the UE can keep any PDU session active). The PDU Session for unicast fallback may be active but only serves unicast traffic, hence the PDU Session for unicast fallback does not associate with any MBS session. 
1.	The source gNB is involved in the multicast session with shared delivery method. The UE finds out there's no neighbor cell transmitting the IP multicast data. The UE is in RRC_CONNECTED state, e.g. source gNB uses PTP method to serve the UE, or UE sets up RRC connection when signal is weak (AMF needs to be enhanced if source gNB cannot get UE AS context), or UE has other active PDU Sessions. 
Editor's note:	It is FFS how the UE detect that there are no neighbour cell transmitting the multicast session data.
2.	The UE to source gNB: AN message (interest TMGIs/MBS Session IDs, measurement report). The AN message could be an enhanced Measurement Report. 
Editor's note:	It is FFS why the UE needs to send the interested TMGI/MBS Session ID if the RAN is already in possession of the UE context and knows which MBS session the UE wants to join.
3.	Source gNB to target gNB: Xn message (List of <interest TMGI/MBS Session ID, QoS profile>, [SMF IDs]).
The source gNB determines the target gNB based on the measurement report and TMGIs received from the UE whether the target gNB is in the service area. The source gNB determines to send the enhanced Xn message to the target gNB when the target gNB is enhanced to support MBS (e.g. determined based on pre-configuration). 
If the source gNB stores the SMF ID of the SMF serves the multicast session (e.g. provisioned by SMF during previous multicast operations), the SMF ID is included. 
4a.	Target gNB to source gNB: Xn message ([Direct Forwarding Tunnel Info], [Forwarding TMGIs], Multicast Radio Transmission Resource Info).
The target gNB may include Direct Forwarding Tunnel Info in the response. Besides the PDU Session radio transmission resource information, the target gNB also includes Multicast Radio Transmission Resource Info in the Xn message if some of the TMGIs are served with shared delivery method at target gNB. The Multicast Radio Transmission Resource Info may indicate PTP or PTM will be used by the target gNB. 
If not all of the interest MBS sessions are served by the target gNB with shared delivery method, the Multicast Radio Transmission Resource Info will not include information for those TMGIs not served at target gNB. In order to multiplex forwarded traffic of those TMGIs with the PDU traffic, the target gNB may take into account of the QoS profile of those TMGIs for reserving the PDU Session radio transmission resource. 
4b.	target gNB to AMF: N2 message ([SMF ID], N2 MB Info (interest TMGIs/MBS Session IDs))
The AMF selects SMF based on the SMF ID received in the N2 message (enhanced) or SMF ID related to a PDU Session ID.
5.	Source gNB to UE: AN message (target info, Multicast Radio Transmission Resource Info)
The target info indicates the UE to tunes to the target gNB. The source gNB may replicate multicast data corresponding to the List of Forwarding TMGIs/MBS Session IDs and sends them to the target gNB via the Direct Forwarding Tunnel, which is dedicated for the MBS sessions.
6.	UE to the target gNB: AN message (). 
If multicast radio resource information related to all interest TMGIs is received, the UE sends AN message to target gNB, otherwise, the UE sends AN message as well as NAS Multicast Session Join message to the target gNB. 
The NAS Multicast Session Join message (e.g. Service Request/PDU Session Establishment Request) includes the interest TMGIs. 
7.	If the forwarded MBS traffic belongs to a MBS session served by the target gNB with shared delivery method, if the forwarded packets need to be delivered to the UE, the target gNB forwards them to the UE via radio resource of a PDU Session. 
Editor's note:	The need for MBS packet forwarding needs to be confirmed by RAN. RAN also needs to decide if such forwarded packets can be delivered to the UE.
8.	Target gNB to AMF: N2 message (). 
9.	[Conditional] If the NAS Multicast Session Join message is received, the AMF initiates multicast session join procedure with the (MB-)SMF and (MB-)UPF to add the target gNB into the multicast session, e.g. uses step 2~9 of "User Multicast Session Join via CN" as described in solution 4. The (MB-)SMF selects delivery method for the UE. In case of shared delivery method is selected, the (MB-)SMF instructs the (MB-)UPF to reserve resources for the shared CN tunnel.
The target gNB stops forwarding MBS traffic received in the Direct Forwarding Tunnel based on the NG UP SN matching. 
10.	The AMF continues Path Switch procedure for PDU Sessions. 
11.	The target gNB stops forwarding MBS data received in the Direct Forwarding Tunnel based on the NG UP SN matching. If the target gNB stops forwarding MBS data, it sends Xn message to the source gNB to indicate stop forwarding. 
After receiving the AN message, the UE tunes to access the target gNB and receives the multicast data over radio according to the received Multicast Radio Transmission Resource Info. The target gNB may use PTP or PTM method to deliver the IP multicast data to the UE (forwarded data or not).
Editor's note:	It is FFS how the SMF determines whether the shared or individual tunnel need be established. 
The target gNB shall make sure the UE will not receive dual DL stream for the same TMGI/MBS Session IDs.
11.	[Conditional] After the target gNB has joined into the TMGIs//MBS Session IDs and received corresponding multicast data from the UPF, the target gNB releases the Forwarding Tunnel and may interact with the source gNB to stop data forwarding.
6.15.2.2	N2 based leg addition
The following Figure 6.15.2.2-1 illustrates the N2 based procedure of multicast session path addition due to UE mobility. Precondition of this solution is that multicast session leg addition is on-demand established by UE interesting and shared delivery method is used. 
The difference between this procedure and N2-HO procedure is that the source gNB additionally sends interest TMGI/MBS Session ID and associated QoS profile to the target gNB via AMF and additionally sends interest TMGIs/MBS Session IDs to the 5G CN to reserve shared CN tunnel resource, the target gNB additionally responses multicast transmission resources information to the source gNB via AMF. 




Figure 6.15.2.2-1: N2 based multicast session leg addition due to UE mobility
1.	The source gNB is involved in the multicast session with shared delivery method. The UE has active PDU Sessions (if the MBS session requests lossless service continuity, the UE can keep any PDU session active). The PDU Session for unicast fallback may be active but only serves unicast traffic, hence the PDU Session for unicast fallback does not associate with any MBS session. 
1.	The source gNB is involved in the multicast session. The UE is receiving the IP multicast data not in a PDU Session under the coverage of source gNB. The UE finds out there's no neighbor cell transmitting the IP multicast data. The UE is in RRC_CONNECTED state, e.g. source gNB uses PTP method to serve the UE, or UE sets up RRC connection when signal is weak (AMF needs to be enhanced if source gNB cannot get UE AS context), or UE has other active PDU Sessions. 
Editor's note:	It is FFS how the UE detect that there are no neighbour cell transmitting the multicast session data.
2.	UE to source gNB: AN message (interest TMGIs/MBS Session IDs, measurement report). The AN message could be an enhanced Measurement Report. 
Editor's note:	It is FFS why the UE needs to send the interested TMGI/MBS Session ID if the RAN is already in possession of the UE context and knows which MBS session the UE wants to join.
If the UE does not have PDU Session for the multicast session, the UE may not include any UE ID in the AN message (e.g. UE moves to the source gNB in idle without suspend state).
3.	Source gNB to AMF: N2 message (target info, Source to Target Transparent Container (List of <interest TMGI/MBS Session ID, QoS profile>, [SMF IDs]), [SMF ID], N2 MB Info ([interest TMGIs/MBS Session IDs])).
The source gNB determines the target gNB based on the measurement report and TMGIs received from the UE. The source gNB determines to send the enhanced N2 message to the target gNB when the target gNB is enhanced to support MBS (e.g. determined based on pre-configuration). 
If the source gNB stores the SMF IDs of the SMF serves the multicast session (e.g. provisioned by SMF during previous multicast operations), the SMF IDs is are included. 
The enhanced N2 message does not include any UE context if the source gNB cannot get the UE AS context (e.g. UE moves to the source gNB in idle without suspend state). The N2 SM Info may include interest TMGIs/MBS Session IDs if PDU Session is not indicated, if PDU Session ID is indicated, The SMF determines the interest TMGIs/MBS Session IDs based on the PDU Session ID and previous session join procedure of the user. 
The AMF also performs step 4-8 of normal N2 based handover procedure for all PDU Sessions as described in clause 4.9.1.3.2 of 3GPP TS 23.502 [8]. 
The indirect forwarding is not used in this case. 
4~5. The AMF forwards the N2 MB Info to the SMF according the SMF ID received in the N2 message (enhanced) or SMF ID corresponding to a PDU Session ID, the SMF responses with a N2 SM Info to trigger shared tunnel resource reservation, which includes the SMF ID. 
46.	The AMF to target gNB: N2 message (Source to Target Transparent Container, N2 SM Info).
57.	Target gNB to AMF: N2 message (Target to Source Transparent Container ([Direct Forwarding Tunnel Info], [Forwarding TMGIs], Multicast Radio Transmission Resource Info), [SMF IDs], N2 MB Info (Forwarding Tunnel Info)).
The target gNB may include Direct Forwarding Tunnel Info dedicated for MBS sessions in the response. Besides the PDU Session radio transmission resource information, the target gNB also includes Multicast Radio Transmission Resource Info in the Transparent Container if some of the TMGIs are served with shared delivery method at target gNB. The Multicast Radio Transmission Resource Info may indicate PTP or PTM will be used by the target gNB. 
If not all of the interest MBS sessions are served by the target gNB with shared delivery method, the Multicast Radio Transmission Resource Info will not include information for those TMGIs not served at target gNB. In order to multiplex forwarded traffic of those TMGIs with shared delivery method with the PDU traffic, the target gNB may take into account of the QoS profile of those TMGIs for reserving the PDU Session radio transmission resource. 
68~10. The AMF forwards the N2 MB Info to the (MB-)SMF according the SMF ID received in step 5 for reserving forwarding resources, e.g. uses step 13~15 of "User Multicast Session Join via AN" as described in solution 4. 7 (enhanced) or SMF ID corresponding to a PDU Session ID., 
the SMF and UPF reserve shared tunnel transmission resources and add the target gNB into the multicast session according to the received interest TMGIs/MBS Session IDs in step 4.
The target gNB shall make sure the UE will not receive dual DL stream for the same TMGI/MBS Session IDs. 
The AMF also performs step 11 of normal N2 based handover procedure for all PDU Sessions as described in clause 4.9.1.3.2 of 3GPP TS 23.502 [8]. 
Editor's note:	The need for MBS packet forwarding needs to be confirmed by RAN. RAN also needs to decide if such forwarded packets can be delivered to the UE.
[bookmark: _GoBack]711.	AMF to source gNB: N2 message (Target to Source Transparent Container, N2 SM Info, [N2 MB Info]).
812.	Source gNB to UE: AN message (target info, Multicast Radio Transmission Resource Info)
The target info indicates the UE to tunes to the target gNB. The source gNB may replicate multicast data corresponding to the interest Forwarding TMGIs/MBS Session IDs and sends them to the target gNB via the Direct/Indirect Forwarding Tunnel, which is dedicated for the MBS sessions.
9.	UE to target gNB: AN message (). 
If multicast radio resource information related to all interest TMGIs is received, the UE sends AN message to target gNB, otherwise, the UE sends AN message as well as NAS Multicast Session Join message to the target gNB. 
The NAS Multicast Session Join message (e.g. Service Request/PDU Session Establishment Request) includes the interest TMGIs. 
10.	If the forwarded MBS traffic belongs to a MBS session served by the target gNB with shared delivery method, if the forwarded packets need to be delivered to the UE, the target gNB forwards them to the UE via radio resource of a PDU Session. 
11.	Target gNB to AMF: N2 message (). 
12.	[Conditional] If the NAS Multicast Session Join message is received, the AMF initiates multicast session join procedure with the (MB-)SMF and (MB-)UPF to add the target gNB into the multicast session, e.g. uses step 2~9 of "User Multicast Session Join via CN" as described in solution 4. The (MB-)SMF selects delivery method for the UE. In case of shared delivery method is selected, the (MB-)SMF instructs the (MB-)UPF to reserve resources for the shared CN tunnel. 
The target gNB stops forwarding MB data received in the Direct/Indirect Forwarding Tunnel based on the NG UP SN matching. The source gNB stops data forwarding after a specific time. 
After receiving the AN message, the UE tunes to access the target gNB and receives the multicast data using multicast radio technology according to the received Multicast Radio Transmission Resource Info. The target gNB may use PTP or PTM method to deliver the IP multicast data to the UE (forwarded or not). 
After the target gNB has joined into the TMGIs/MBS Session IDs and received corresponding multicast data from the UPF, the target gNB releases the Direct Forwarding Tunnel. The source gNB stops data forwarding after a specific time. 
[bookmark: _Toc43284445]13.	The AMF continues handover execution procedure for PDU Sessions. 
6.15.3	Impacts on services, entities and interfaces
UE:
-	Support sending Measurement Report AN message including interest TMGIs/MBS Session IDs and measurement report. 
-	Support handling AN message including multicast radio resource information and target information.
RAN node:
-	(Source) Support sending TMGI/MBS Session ID and associated multicast QoS profile to the target RAN node. 
-	(Source) May support replicating multicast data via shared delivery method and forwarding to target RAN node.
-	(Source) May sSupport sending TMGI/MBS Session ID to the 5G CN.
-	(Target) Support responding multicast radio resource information to the source RAN node.
-	(Target) Support multiplexing forwarded multicast traffic with forwarded PDU traffic over radio. 
END OF CHANGES
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