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Abstract: This contribution proposes to further evaluation update for KI#7.
1. Introduction
In S2#141E meeting, regarding KI#7 the conclusions have been achieved with three left EN. This paper proposes to address those ENs and update the evaluation for KI#7.
2. [bookmark: definitions]Discussion
Three ENs documented in the conclusions for KI#7 are all related to delivery method switching due to mobility. So only the solution of delivery method switching due to mobility are investigated in this paper, i.e.  Solution#11, #12, #26, #27, #29, #40. 
For solution#40(dual RAN), it is based on the Arch 1. During the handover procedure the AMF always communicate with the MB-SMF first. It is unclear how the AMF get the MB-SMF related information as the AMF is not require to communicate with MB-SMF before. Also if there are unicast QoS flow within the same PDU Session, why the SMF should not be communicated first? Per that consideration, it seems this solution need some further clarification. So this solution is not considered in the following solution analysis. 

Editor’s Note: It is FFS before the handover procedure, whether the associated PDU Session needs to be activated and the UE and NG-RAN need to be aware of the linkage between the MBS Session and the associated PDU Session before mobility.  If yes, 5GC needs to provide this information to UE and NG-RAN.
Solution#11 and #12 propose the associated PDU session can be established in the handover preparation phase or in the handover Execution phase. When the AMF determines the individual delivery is needed, the AMF request UE to establish the related unicast QoS flow within the associated PDU session, i.e. PDU Session modification procedure is triggered. While when a handover is ongoing the AMF always pause the non-MM related procedure. Thus indeed the PDU Session modification procedure can only be executed after the handover procedure. So the service interruption are introduced inevitably. 
Solution#29 suggests the associated PDU session is established via the MBS Session join procedure. Same as above this procedure can only be executed after the handover procedure. To solve the service interruption issue, it is proposed that the MBS traffic is first delivered via one active PDU Session. However this introduce more question, e.g. if no other active unicast PDU Session how to handle it? Whether MBS data packet can be transferred in any active PDU session? How the RAN node map the related MBS QoS flow into selected unicast PDU session DRB without UE awareness? 
Solution #26 and #27 have the same view, they all suggest the associated PDU session need to be established and keep as active before the handover procedure triggered.  By doing that the MBS traffic can be easily switched to the QoS flow of the associated PDU Session, the service interruption mentioned above does not exist. 
If the associated PDU Session need be activated, it is naturally to let the UE and RAN be aware the information of linkage between the Multicast QoS flow and the corresponding mapped unicast QoS flow. This can also avoid unnecessary service interruption due to UE/RAN is not aware that linkage.
Proposal 1: Before the inter NG-RAN node handover procedure is triggered, the PDU session which is used for related MBS Session individual delivery need be activated. The 5GC needs to provide the linkage information to UE and NG-RAN

Editor’s Note: For the switch from 5GC Individual MBS traffic delivery method to 5GC Shared MBS traffic delivery method, it is FFS which the trigger NF is since it is solution dependent.
Indeed this issue is on both direction, i.e. which 5GC NF decide the method switch between the 5GC Individual MBS traffic delivery method and 5GC Shared MBS traffic delivery method.  We do not see why two different NF are needed for each direction. That is also reflect on the related solution description. 
Solution#11 and #12 propose the AMF trigger the switch. These solution are based on the session model defined in solution#2. The AMF is the NF select the delivery method in solution 2. 
Solution#29 propose the MB-SMF trigger the switch. This solution are based on the session model defined in solution#4. The MB-SMF is the NF select the delivery method in solution 4. 
Solution#26 and #27 are based on the similar session models, which are respectively based on solution#10 and solution#3. Those two different session model all assume the SMF is the NF select the delivery method. 
One proposal raised last time on whether the MBSF can be the NF trigger this delivery method switch, i.e., solution#24. Solution#24 depend on the session model defined in solution#6 which proposes the MB-SMF performing the 5GC delivery method selection. So it is unclear how the MBSF determines which delivery method is applied and why it can not do the method selection at the MBS session establishment procedure? Also does this means each handover procedure the MBSF need be involved?  Thus MBSF is not the suitable NF to do the delivery method switch after the handover procedure. 
Proposal 2:  The 5GC NF, which select the MBS delivery method in the MBS session establishment procedure, trigger the MBS traffic delivery method between 5GC Individual MBS traffic delivery method and 5GC Shared MBS traffic delivery method.

Editor’s Note: It is FFS whether the support for lossless handover with data forwarding from source NG-RAN to the target NG-RAN is needed, which needs confirmation by RAN.
At S2#140E one LS (S2-2006044) has been sent to RAN to seek their feedback on the MBS data forwarding. Here we assume that RAN feedback is received before the SA2 meeting start, which suggest the Data Forwarding is needed. 
Solution#(11,12) does not support MBS data forwarding during handover. It claims that how to support MBS data forwarding between S-NG-RAN and T-NG-RAN is RAN dependent, i.e. wait the RAN feedback. 
Solution#(26, 27, 29) support/imply the MBS data forwarding during handover. 
Solution#(26, 27, 29) also propose the lossless packet transferring to alleviate/avoid the MBS data lost during handover. 
Solution#26 proposes two alternatives to alleviate/avoid the MBS data lost. The first alternative utilize the source RAN timer based mechanism, when the timer expires, the source RAN stops the MBS data forwarding. This mechanism has same view with solution#27 and assumes that when this timer is expired, the MBS packet gap between the two different NG-RAN nodes has been filled via the forwarding data path. The second alternative used the end marker based mechanism. For the end marker sent via the shared tunnel, it is complexity to let the NG-RAN node identify one specific MBS data packet all the time. So the end Marker via the shared tunnel is not a good way forward.  For the end Marker via the PDU Session, it is the normal handling. 
Solution#27 supports lossless handover, when the target NG-RAN supports MBS, the target NG-RAN utilize the packet sequence number comparison to do the synchronization between the forwarded MBS data and the MBS data directly from 5GC and the source RAN use a timer to terminate the MBS packets forwarding, when the target MG-RAN does not support MBS, SMF set the timer to hold the MBS data in PSA UPF and delay the associated PDU session switch to the target side. The lossless packet transferring mechanism in solution#27 can fit both the homogeneous NG-RAN case (i.e., both source NG-RAN and target NG-RAN support MBS) or non-homogeneous NG-RAN case. 
Solution#29 proposes the 5G CN delay the end marker delivery to keep the forwarding tunnel exist and delay the AMF perform the path switch procedure with the SMF until the shared tunnel between the NG-RAN and MB-UPF established. It is unclear how the SMF and NG-RAN can select the same PDU session for data forwarding and transfer the end Marker.  
  
Proposal 3: The session continuity is supported via the data forwarding tunnel established between the source NG-RAN node and target NG-RAN node. To support lossless packet transferring the mechanism defined in clause 6.27.2.3 is used as baseline for normative work.  
3. Proposal
It is proposed to capture the following changes VS. TR 23.757.
* * * * First change * * * * 
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There are 15 candidate solutions proposed to address key issue#7, i.e. solution#11/#12/#18/#22/#23/#24/#25/#26/#27/ #28/#29/#30/#31/#39/#40, these solutions can be categorized as follows:
1)	Switching between unicast and multicast: Solution #24, #28, #31, #39, and #40 (single RAN).
2)	Non inter-RAN handover / UE mobility related delivery method switching :
a)	Switching between 5GC Shared and Individual MBS traffic delivery methods: Solution #23, #24, #25, #27, #28, #31, and #40 (single RAN case).
b)	Switching between PTP and PTM delivery methods: Solution #18, #22 ,#24, #25, and #30.
3)	Inter-RAN handover / UE mobility related delivery method switching: Solution #11, #12, #26, #27, #29, and #40 (dual RANs case).
Following are the evaluations on the solutions for each category:
1)	Switching between end-to-end unicast and multicast
Solution# (28, 31, 39, and 40) propose the UE can trigger the delivery method switch.
From UE view it can only differentiate the multicast/unicast switch (or vice versa). All the proposal is that UE receive the information from application layer or RAN information, the delivery mode is triggered to be switched. This is related to application logic.
For the AF involved method switch, it is the multicast /unicast switch. It need involve UE, e.g. establish the related MBS session context at the UE side. So it is same as the UE trigger mode switch, i.e. per application logic.
As all this is related to service logic, it is not need to be specified in normative work.
2)	Non inter-RAN handover / UE mobility related delivery method switching
A)	Switching between 5GC Shared and Individual MBS traffic delivery methods
A comparison between solutions for switching between 5GC Shared and Individual MBS traffic delivery methods is shown in Table 7.8-1.
Table 7.8-1: Comparison of solutions for non-inter-RAT mobility related switching between 5GC Shared and Individual MBS traffic delivery methods
	
	Sol#23
	Sol#24
	Sol#25
	Sol#27
	Sol#28
	Sol#31
	Sol#40 (single RAN case)

	Delivery method switching triggers/ criteria
	-	Application level trigger.
-	QoS requirements.
-	UE MBS subscription changes.
-	Handover or reselection to target RAN supporting or not supporting MBS.
-	Predefined threshold (i.e. UE number)
	-	Content/ Application Server decisions.
-	Handover.
-	UE population.

	-	Number of the UEs receiving the multicast service in a certain multicast group
	-After Inter-RAN mobility. When UE move from one gNB not supporting MBS to a gNB supporting MBS, the SMF trigger the mode switch.
	-	Number of devices receiving the specific content.
-	Number of devices in a specific location area related to the specific content.
-	Measurement of multicast signalling strength
	-	MBS service related network policy, (e.g. predefined traffic threshold, network status /performance changes);
-	UE subscription for MBS service changes.
-	UE moving in or out of MBS Service Area;
-	Change of user preferences

	-	UE MBS subscription changes.
-	Number of UEs requesting the same content in a specific area

	NFs triggering delivery method switching
	UE, SMF, MSF
	RAN, MBSF, Content/Application Server
	(MB-)SMF
	SMF
	UE, (MB-)SMF
	UE, RAN, AMF, SMF, UDM, PCF, AF
	UE, SMF

	Procedures for delivery method switching
	UE or network initiated PDU Session Establishment or PDU Session Modification procedure
	MBSF initiated session update procedure
	SMF/UPF initiated new procedure
	SMF triggered MBS session establishment procedure.
	UE initiated User Multicast Session Join / User Multicast Context Update procedure
	PDU Session Modification procedure
	-	UE triggered PDU Session Modification procedure.
-	SMF triggered new procedure

	Baseline architecture used
	1
	2 
	2 
	1
	1
	1
	1



Solution# (23, 24, 2528, 31, and 40) propose the delivery method switch from the 5GC, i.e., the shared delivery method to the individual delivery method switch, or vice versa, based on other triggers than inter-RAN mobility.
Solution#23, #25, #27, #28, #31 and #40 propose that the (MB-)SMF, PCF, SMF, UDM or AMF triggers the switching between 5GC Shared and Individual MBS traffic delivery methods.
-	Solution #23, #25, #28 and #40 proposes that the (MB-)SMF triggers the switching between 5GC Shared and Individual MBS traffic delivery methods based on number of the UEs receiving the multicast service in a multicast group or in a specific location area (i.e. a UE count threshold).
-	Solution#27 introduces the SMF triggered individual delivery method to shared delivery method switch after Inter-RAN mobility. When UE move from one gNB not supporting MBS to a gNB supporting MBS, the SMF trigger the mode switch, i.e. change to the shared delivery method.
-	Solution #31 proposes that switching between 5GC Shared and Individual MBS traffic delivery methods is done via (MB-)SMF initiated session modification procedure, triggered by the (MB-)SMF's detection on changes of network status or performance, by the PCF based on its policy decision or upon AF requests, by the UDM based on change of delivery method for the subscribed service associated with the MBS session, or by the AMF upon detecting that the UE moves in or out of MBS service area.
A)	Triggered by the MSF/MBSF:
-	Solution #23 proposes that the MSF can trigger the switching between 5GC Shared and Individual MBS traffic delivery methods, based on the count of UE subscribed and utilizing the same content
-	Solution #24 introduces the MBSF can do the delivery method switch based on different optimization criteria (e.g. UE population in certain area, etc.).
From the 5GC view the mode switch means the switch between the shared tunnel and unicast tunnel.
If the shared tunnel can be used, it is unclear why the delivery method need be changed to the unicast tunnel?
When the UE move from a source gNB not supporting MBS to a target gNB supporting MBS, after the mobility the MBS individual delivery is used. It is benefit in this case to switch to shared delivery method, which can be triggered by SMF.
B)	Switching between PTP and PTM delivery methods
All the three solutions, i.e. Sol #18, #22, #24, #25, and #30 propose that the NG-RAN decides on using PTP or PTM delivery method over radio interface for MBS data, and may dynamically switch between these two delivery methods:
-	Solution#18 proposes the NG-RAN do the delivery method switch between PTP and PTM based on the MBS assistance information from 5GC.
-	Solution#22 proposes the NG-RAN do the delivery method switch between PTP and PTM totally based on RAN internal decision and no need 5GC involved. In this case there are no change between the shared delivery and the individual delivery.
-	Solution#24 propose the delivery method switch from RAN is performed with 5GC involved. In this case it also includes the change between the shared delivery and the individual delivery.
-	Solution#25 propose when the 5GC decides the shared delivery method is used, the RAN can do the PTP or PTM independently from 5GC which has the same view with solution#22.
-	Solution#30 introduces RAN initiated 5GC delivery method switch. When the RAN node detect multi same MBS session individual delivery, it trigger mode switch to shared delivery.
NOTE 1:	Solution#28 mention the mode switch triggered by RAN. However it indeed is the UE trigger mode switch.
For solution#18, one LS (S2-2006044) has been sent to RAN. It is suggested to wait the RAN feedback on whether this information is useful or not.
For solution#30, it is unclear that why the 5GC does not use the shared delivery from the beginning, i.e. the 5GC shall try to use the shard tunnel if possible. If that, it is unclear whether this scenario exist.
The difference between the solution#22/25 and solution#24 is on whether the RAN trigger mode switch also includes the switch between the shared delivery and the individual delivery. As the NG-RAN node is the MBS capable, there are no reason why if the shared tunnel can be used, it still need switch to the unicast tunnel?
Discussion
PTP-PTM switching controlled autonomously by the RAN allows for fast reaction based on number of UEs in a cell, coverage conditions, etc. It is assumed to occur frequently and avoids that the core network is flooded with related signalling. There is agreement in RAN working groups to support this procedure. Coordination with RAN groups is required to see if any core network involvement apart from setting up multicast session and multicast distribution towards RAN nodes is required.
PTP-PTM switching appears to be the best solution to address switching based on number of the UEs receiving the multicast service in a cell. The benefit of additional solutions to trigger switching based on number of UEs in the multicast session in a larger area require further discussion.
The need of additional solutions to trigger switching based on other criteria such as QoS requirements, UE preferences, subscription changes also requires further discussion. In particular, is it expected that those criteria change frequently during an ongoing session? Could they also be addressed by setting up by application level switching to/from end-to-end unicast (see bullet 1)?
3)	Inter-RAN handover / UE mobility related delivery method switching
A comparison between solutions for inter-RAN handover / UE mobility related delivery method switching is shown in Table 7.8-2.
Table 7.8-2: Comparison of solutions for Inter-RAN handover / UE mobility related delivery method switching
	
	Sol#11/#12
	Sol#26
	Sol#27
	Sol#29
	Sol#40
(dual RANs case)

	Procedures for delivery method switching
	Enhanced Xn HO: MB Session resource setup during Xn Handover preparation or completion phase

Enhanced N2 HO: MB Session resource setup during N2 Handover preparation phase

May involve switching between 5GC Shared and Individual MBS traffic delivery methods based on 5MBS capability of target gNB.
	Enhanced Xn/N2 HO:
-	Forwarding multicast data via
mapped QoS flow over PDU session from source to target RAN.
-	Associated PDU session is used for lossless handover.
	Enhanced Xn/N2 HO:
-	Shared delivery or Individual delivery established in target RAN, depending on whether target RAN supports MBS.
-	Support Forwarding MBS data to Target RAN
-	Associated PDU session is used for lossless handover or unicast fallback when source RAN or target RAN does not support MBS.

May involve switching between 5GC Shared and Individual MBS traffic delivery methods based on 5MBS capability of target gNB.
	Enhanced Xn/N2 HO with
MB Session resource setup during Xn/N2 Handover completion phase via UE initiated NAS multicast session join.

May involve switching between 5GC Shared and Individual MBS traffic delivery methods based on 5MBS capability of target gNB.
	Enhanced Xn/N2 HO:
-	Multicast or unicast transport established in target RAN, based on UE request of unicast or multicast mode in application layer.

	Baseline architecture used
	2
	2
	1
	1
	1



NOTE 2:	The evaluation may depend on the feedback from RAN WGs and the conclusion of relevant solutions to other KIs (esp. KI#1).
Solution# (11, 12, 26, 27, 29, and 40) propose the delivery method switch from the 5GC, i.e., the shared delivery method to the individual delivery method switch, or vice versa, based on inter-RAN mobility.
-	Solution #26 and #27 propose to use previously activated PDU session associated with the MB session for 5GC Shared to Individual MBS traffic delivery method switching.
-	Solution #29 proposes to use any previously activated PDU session for MBS traffic forwarding if needed for 5GC Shared to Individual MBS traffic delivery method switching, UE establishes or activates the PDU session associated with the MB session at target during handover execution phase.
-	Solution #29 also proposes to use MBS specific QoS information (e.g. range of QFI specific to MBS) for the QoS flows for MBS sessions, so that for 5GC Individual to Shared MBS traffic delivery method switching during Xn handover when source gNB is legacy, the target gNB is aware of that user is interesting in some MBS sessions. Target gNB according to the indication sends N2 message to 5GC for pulling downlink MB traffic during handover preparation/execution phase if needed. For 5GS Individual to Shared MBS traffic delivery method switching during Xn handover when source gNB is legacy, solution #29 proposes that target gNB indicates MBS capability to UE in handover command for indicating UE to initiate session join via target gNB after handover.
A)	Whether the associated PDU Session needs to be activated and the UE and NG-RAN need to be aware of the linkage between the MBS Session and the associated PDU Session before mobility?
· Solution#11 and #12 propose the associated PDU session can be established in the handover preparation phase or in the handover Execution phase. When the AMF determines the individual delivery is needed, the AMF request UE to establish the related unicast QoS flow within the associated PDU session, i.e. PDU Session modification procedure is triggered. As while a handover is ongoing the AMF always pause the non-MM related procedure, the PDU Session modification procedure can only be executed after the handover procedure. Thus the service interruption are introduced inevitably. 
· Solution#29 suggests the associated PDU session is established via the MBS Session join procedure. Same as above this procedure can only be executed after the handover procedure. To solve the service interruption issue, it is proposed that the MBS traffic is first delivered via one active PDU Session. However this introduce more question, e.g. if no other active unicast PDU Session how to handle it? Whether MBS data packet can be transferred in any active PDU session? How the RAN node map the related MBS QoS flow into DRB? 
· Solution #26 and #27 have the same view, they all suggest the associated PDU session need to be established and keep as active before the handover procedure triggered.  By doing that the MBS traffic can be easily switched to the QoS flow of the associated PDU Session, the service interruption mentioned above does not exist. 
If the associated PDU Session need be activated, it is naturally to let the UE and RAN be aware the information of linkage between the Multicast QoS flow and the corresponding mapped unicast QoS flow. This can also avoid unnecessary service interruption due to UE/RAN is not aware that linkage.
B)	Which NF trigger the switch from 5GC Individual MBS traffic delivery method to 5GC Shared MBS traffic delivery method? 
· Solution#11 and #12 propose the AMF trigger the switch. These solution are based on the session model defined in solution#2. The AMF is the NF select the delivery method in solution 2. 
· Solution#29 propose the MB-SMF trigger the switch. This solution are based on the session model defined in solution#4. The MB-SMF is the NF select the delivery method in solution 4. 
· Solution#26 and #27 are based on the similar session models, which are respectively based on solution#10 and solution#3. In those two different session model all assume the SMF is the NF select the delivery method. 
· In solution#24, the MBSF can perform the 5GC delivery method switching. Solution#24 depend on the session model defined in solution#6 which proposes the MB-SMF performing the 5GC delivery method selection and notifying MBSF. NG-RAN notifies the 5GC/MBSF when a handover requiring 5GC delivery mode switch is performed. 
C)	Whether the support for lossless handover with data forwarding from source NG-RAN to the target NG-RAN is needed, which needs confirmation by RAN. 
· Solution#(11,12) does not support MBS data forwarding during handover. It claims that how to support MBS data forwarding between S-NG-RAN and T-NG-RAN is RAN dependent, i.e. wait the RAN feedback. 
· Solution#(26, 27, 29) support/imply the MBS data forwarding during handover. 
· Solution#(26, 27, 29) also propose the lossless packet transferring to alleviate/avoid the MBS data lost during handover. 
· Solution#26 proposes two alternatives to alleviate/avoid the MBS data lost. The first alternative utilize the source RAN timer based mechanism, when the timer expires, the source RAN stops the MBS data forwarding. This mechanism has same view with solution#27 and assumes that when this timer is expired, the MBS packet gap between the two different NG-RAN nodes has been filled via the forwarding data path. The second alternative used the end marker based mechanism. For the end marker sent via the shared tunnel, it is complexity to let the NG-RAN node identify one specific MBS data packet all the time. So the end Marker via the shared tunnel is not a good way forward.  For the end Marker via the PDU Session, it is the normal handling. 
· Solution#27 supports lossless handover, when the target NG-RAN supports MBS, the target NG-RAN utilize the packet sequence number comparison to do the synchronization between the forwarded MBS data and the MBS data directly from 5GC and the source RAN use a timer to terminate the MBS packets forwarding, when the target MG-RAN does not support MBS, SMF set the timer to hold the MBS data in PSA UPF and delay the associated PDU session switch to the target side. The lossless packet transferring mechanism in solution#27 can fit both the homogeneous NG-RAN case (i.e., both source NG-RAN and target NG-RAN support MBS) or non-homogeneous NG-RAN case.
· Solution#29 proposes the 5G CN delay the end marker delivery to keep the forwarding tunnel exist and delay the AMF perform the path switch procedure with the SMF until the shared tunnel between the NG-RAN and MB-UPF established. It is unclear how the SMF and NG-RAN can select the same PDU session for data forwarding and transfer the end Marker. 
* * * * End of changes * * * *
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