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Abstract: This contribution contains the evaluation and conclusion for KI#7.
1. Introduction
The following key issue #7 is documented in TR 23.757, this contribution propose evaluation and conclusion for KI#7.
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This key issue aims at providing support for dynamic delivery method switching between unicast and multicast in the 5GS. Depending on the number of devices receiving a specific content, their location, and RAN considerations, it may be necessary to support reliable and efficient delivery method switching between unicast and multicast. In addition, when a UE is receiving a multicast session, it may move across NG-RAN nodes and it is possible that the UE moves from a NG-RAN node that supports MBS to one that does not support MBS, or vice versa.
The following aspects will be studied:
-	Triggers for delivery method switching between unicast and multicast.
-	How switching between unicast delivery method and multicast delivery method is performed in the 5GS (including the UE) while supporting service continuity.
NOTE 1:	The terms unicast delivery and multicast delivery methods may have different meaning depending on which part of the 5G system a solution is referring to as defined in clause 4.4, e.g. over-the-air it may mean PTP vs. PTM, between UPF and RAN it may mean shared tunnel vs unicast tunnel, etc.
NOTE 2:	Towards application, the terms unicast delivery and multicast delivery methods may also the application is using multicast session vs PDU session, which is in SA6 scope.
NOTE 3:	During the study of this key issue, RAN WGs, SA4 and SA6 will be involved, if needed.


2. Discussion
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. 
Among the candidates solution, 6 solutions illustrates the delivery method switching incurred by the inter-RAN mobility, and 9 solutions introduce the delivery method switching caused by non-inter-RAN mobility. These solutions can be further categorized into the following two sets. 
	Number
	Category
	Solution

	1
	Delivery Method Switching due to Inter-RAN Mobility 
	#11, #12, #26, #27, #29,#40

	2
	Delivery Method Switching due to Non-Inter-RAN Mobility
	#18, #22, #23, #24, #25, #27,#28, #30, #31,#39, #40



(1) For category#1 related solution , the evaluation are described from two aspects, including 
· How to support the switch between 5GC shared delivery method and individual delivery method when the UE moves between different MBS capability support NG-RAN node(s)?  
· Whether the candidate solution supports the MBS data forwarding during handover?
(a)  How to do delivery method switching?
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 has not communicated 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 clarified/updated.
Observation #1: Solution #40(dual RAN) need some further clarification and update. 

Solution#11/#12/#29 all assume that the UE unicast PDU Session handling and the MBS session handling are separately, i.e. the unicast PDU Session follow the normal handover procedure and MBS Session is added in target side via separated procedure. 
The difference is that how the MBS Session establishment procedure is triggered.  In solution#11/#12, this is triggered by AMF per the pre-configured NG-RAN MBS capability. In solution#29, the MBS Session is triggered by the UE reporting. Then the anchor MB-SMF do the delivery method selection (i.e., shared delivery method or individual delivery method). As the MBS Session is separately from the unicast PDU Session, 5GC can not reuse the information from the unicast PDU Session, e.g. N2 response. So how does 5GC be aware the NG-RAN MBS capability?  It is unsuitable to be aware this capability by configuration. 		 
The commonality of these two solution is that if the NG-RAN does not support MBS, the MBS Session is changed to QoS flow within one PDU Session. So finally the MBS Session always need be linked with one PDU Session. Then which PDU Session per which criteria is to be chosen for this linkage?  Also as the SM procedure need be held until handover procedure is finished, the latency for receiving MBS Session packet in this case is inevitable.  In addition in the solution 29 there are two PDU sessions appears when the 5GC do the shared delivery method to individual delivery method switch. One is temporarily used to forward the MBS data and the other is established during the handover completion phase. It is unclear how to coordinate these two PDU session? 
Observation #2: In solution#11/#12/#29 the latency for receiving MBS Session packet, i.e. packet loss, is inevitable. Also the trigger for Individual MBS traffic delivery and how to link with one PDU Session to add MBS Session related QoS flow within that PDU Session need be further clarified? 

Solution#26#27 all assume that the UE unicast PDU Session handling and the MBS session handling are linked together.  The difference is that they assume different architecture, i.e. MBSF is necessary or not. 
The UE/NG-RAN get the linkage between the MBS Session and unicast PDU Session before the handover is executed. So the MBS Session information is transmitted together with the unicast PDU Session. If the target  NG-RAN does not support MBS Session, the only action at 5GC is to activate the related unicast QoS flow user plane. As the activate of MBS Session(via individual delivery) UP is combined with the unicast PDU Session handover procedure, the above additional latency due to the SM procedure need on hold do not exist. Also the problem on how to trigger the individual delivery does not exist as it is the per the RAN response.  
Observation #3: If the UE/NG-RAN can get the linkage between the MBS Session and unicast PDU Session before the handover is executed, the establishment of MBS Session UP can be combined with the unicast PDU Session handover procedure. Thus the additional latency and trigger point for the establishment procedure can be avoided. 

(b) MBS data forwarding during handover
Solution# (11, 12, and 40) does not support MBS data forwarding from S-RAN to the T-RAN during handover. It claim that how to support MBS data forwarding between S-NG-RAN and T-NG-RAN is RAN dependent. Solution#40 does not mention the MBS data forwarding, it is unclear whether it support.
Solution#26/#27/#29 all support/imply the MBS data forwarding during handover procedure. They all give mechanism on how to alleviate/avoid the MBS data lost during handover. 
At S2#140E one LS (S2-2006044) has been sent to RAN to seek their feedback on the MBS data forwarding. The final decision on the MBS data forwarding need be confirmed by RAN. However with the data forwarding it can support lossless service continuity and better user experience for some stringent requirement use cases, e.g., V2X, public safety. Therefore, if the MBS data forwarding from source NG-RAN to the target NG-RAN is supported based on RAN WGs progress/decision, the lossless service continuity should be considered.

Based on above analysis we propose that:  
· Proposal 1: Considering that the UE may move from a NG-RAN node that supports MBS to one that does not support MBS, the 5GC shared delivery method to individual delivery method switch need to be supported. 
· Proposal 2: To support the inter NG-RAN node delivery method switching, the UE/NG-RAN need be aware the linkage between the MBS Session and unicast PDU Session before mobility.  5GC need provide this information to UE and NG-RAN. 
· Proposal 3: Based on the received RAN message, 5GC shall be possible to directly determine whether delivery method need be switched without any other assistance information. 
· Proposal 4: If support of MBS data forwarding from source NG-RAN to the target NG-RAN is confirmed by RAN, the lossless service continuity should be considered.  
·  
(2) For category#2 related solution, the solution is related to UE camp in the same cell but the delivery mode is switched. Depending on which entity trigger this mode switch, it can be differentiated as  following: 
(a) Delivery method switch triggered from UE, i.e. multicast vs unicast switch
Solution# (28, 31, 39, and 40(single RAN)) 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 service logic.
In solution 28, there are also discussion about unicast/multicast switch by SMF and RAN. It is unclear why the RAN need trigger the UE change from multicast to unicast? How the RAN can trigger UE establish a PDU Session? For the SMF trigger the multicast switch to unicast, it can be regarded just as the UE leave the MBS session triggered by network. It can be considered in KI#1.  
Proposal#5:  UE may initiate switch between the multicast and unicast per application logic.  

(b) Delivery method switch triggered from RAN, , i.e. PTP vs PTM with some additional tunnel type consideration
Solution# (18, 22, 24, 25, and 30) propose the delivery method switch from the RAN, i.e., the PTP to PTM switch (or vice versa) is used. 
· 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:  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?  
Proposal 6: If the NG-RAN node support the MBS, the network should use the shared tunnel between the MB-UPF and the NG-RAN node for MBS Session packet transferring. How the RAN do the delivery method switch (i.e., PTP to PTM (or vice versa)) is the RAN internal decision. 

(c) Delivery method switch triggered from 5GC
Solution# (23, 24, 25, 27, 28, 31, and 40) propose the delivery method switch from the 5GC, i.e., the shared delivery method to the individual delivery method switch. 
· Solution#23 proposes the SMF triggers the shared delivery method to individual delivery method switch (or vice versa) based on the predefined UE threshold count or MSF do the delivery method switch based on the UE subscribed count and utilizing the same content over a certain threshold. 
· Solution#24 introduces the MBSF can do the delivery method switch based on different optimization criteria.
· Solution#25 introduces the SMF triggered shared delivery method to individual delivery method switch (or vice versa), which is based on the number of the UEs receiving the multicast service in a certain multicast group. 
· 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#28 illustrates the SMF triggered delivery method switch in different case.
· Solution#31 introduces SMF/PCF/UDM/AMF triggered 5GC delivery method switch.  
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.  
Proposal 7: SMF trigger the individual MBS delivery to shared MBS delivery switch in case UE move from a source NG-RAN node which does not support MBS to a target NG-RAN node which support MBS. 

(d) Delivery method switch from AF
Solution#24 propose the delivery method switch from the AF, i.e., the IP multicast to IP unicast switch (or vice versa).
Solution#24 gives a high level description that AF can alternatively do the delivery method switch between IP multicast and IP unicast, The detailed information of how the AF do the switch need to be further clarified/updated, For example the procedure in solution 24 is the switch between the shared delivery and individual delivery.  How the AF can be aware this difference?  
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. 
 Proposal 8: AF may trigger UE initiate switch between the multicast and unicast per application logic. 
3. Text Proposal
It is proposed to capture the following changes VS. TR 23.757.

* * * * First change * * * *
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7.X	Key Issue #7: Reliable delivery method switching between unicast and multicast
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. 
Among the candidates, 6 solutions illustrates the delivery method switching incurred by the inter-RAN mobility, and 9 solutions introduce the delivery method switching caused by non-inter-RAN mobility. These solutions can be further categorized into the following sets. 
	Number
	Category
	Solution

	1
	Delivery Method Switching due to Inter-RAN Mobility 
	#11, #12, #26, #27, #29, #40

	2
	Delivery Method Switching due to Non-Inter-RAN Mobility
	#18, #22, #23, #24, #25, #27, #28, #30, #31,#39



(1) For category#1 related solution , the evaluation are described from two aspects, including 
(a) How to do delivery method switching?
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 has not communicated 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 clarified/updated.

Solution#11/#12/#29 all assume that the UE unicast PDU Session handling and the MBS session handling are separately, i.e. the unicast PDU Session follow the normal handover procedure and MBS Session is added in target side via separated procedure. 
The difference is that how the MBS Session establishment procedure is triggered.  In solution#11/#12, this is triggered by AMF per the pre-configured NG-RAN MBS capability. In solution#29, the MBS Session is triggered by the UE reporting. Then the anchor MB-SMF do the delivery method selection (i.e. shared delivery method or individual delivery method). As the MBS Session is separately from the unicast PDU Session, 5GC can not reuse the information from the unicast PDU Session, e.g. N2 response. So how does 5GC be aware the NG-RAN MBS capability?  It is unsuitable to be aware this capability by configuration.  
The commonality of these two solution is that if the NG-RAN does not support MBS, the MBS Session is changed to QoS flow within one PDU Session. So finally the MBS Session always need be linked with one PDU Session. Then which PDU Session per which criteria is to be chosen for this linkage?  Also as the SM procedure need be held until handover procedure is finished, the latency for receiving MBS Session packet in this case is inevitable.  In addition in the solution 29 there are two PDU sessions appears when the 5GC do the shared delivery method to individual delivery method switch. One is temporarily used to forward the MBS data and the other is established during the handover completion phase. It is unclear how to coordinate these two PDU session? 

Solution#26#27 all assume that the UE unicast PDU Session handling and the MBS session handling are linked together.  The difference is that they assume different architecture, i.e. MBSF is necessary or not. The UE/NG-RAN get the linkage between the MBS Session and unicast PDU Session before the handover is executed. So the MBS Session information is transmitted together with the unicast PDU Session. If the target  NG-RAN does not support MBS Session, the only action at 5GC is to activate the related unicast QoS flow user plane. As the activate of MBS Session(via individual delivery) UP is combined with the unicast PDU Session handover procedure, the above additional latency due to the SM procedure need be on hold do not exist. Also the problem on how to trigger the individual delivery does not exist as it is the per the RAN response.  

(b) MBS data forwarding during handover
Solution# (11, 12, and 40) do not support MBS data forwarding from S-RAN to the T-RAN during handover. Solution# (11, 12) claim that how to support MBS data forwarding between S-NG-RAN and T-NG-RAN is RAN dependent. Solution#40 does not mention the MBS data forwarding, it is unclear whether it support.
Solution#26/#27/#29 all support/imply the MBS data forwarding during handover procedure. They all give mechanism on how to alleviate/avoid the MBS data lost during handover. 
At S2#140E one LS (S2-2006044) has been sent to RAN to seek their feedback on the MBS data forwarding. The final decision on the MBS data forwarding need be confirmed by RAN. However with the data forwarding it can support better user experience for some stringent requirement use cases, e.g., V2X, public safety. Therefore, if the MBS data forwarding from source NG-RAN to the target NG-RAN is supported based on RAN WGs feedback, the lossless service continuity should be considered.

(2) For category#2 related solution, the solution is related to UE camp in the same cell but the delivery mode is switched. Depending on which entity trigger this mode switch, it can be differentiated as following: 
(a) Delivery method switch triggered from UE, i.e. multicast vs unicast switch
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.
In solution 28, there are also discussion about unicast/multicast switch by SMF and RAN. It is unclear why the RAN need trigger the UE change from multicast to unicast? How the RAN can trigger UE establish a PDU Session? For the SMF trigger the multicast switch to unicast, it can be regarded just as the UE leave the MBS session triggered by network. It can be considered in KI#1.  
(b) Delivery method switch triggered from RAN, , i.e. PTP vs PTM with some additional tunnel type consideration
Solution# (18, 22, 24, 25, and 30) propose the delivery method switch from the RAN, i.e. the PTP to PTM switch (or vice versa) is used. 
· 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:  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?  
(c) Delivery method switch triggered from 5GC
Solution# (23, 24, 25, 27, 28, 31, and 40) propose the delivery method switch from the 5GC, i.e., the shared delivery method to the individual delivery method switch. 
· Solution#23 proposes the SMF triggers the shared delivery method to individual delivery method switch (or vice versa) based on the predefined UE threshold count or MSF do the delivery method switch based on the UE subscribed count and utilizing the same content over a certain threshold. 
· Solution#24 introduces the MBSF can do the delivery method switch based on different optimization criteria.
· Solution#25 introduces the SMF triggered shared delivery method to individual delivery method switch (or vice versa), which is based on the number of the UEs receiving the multicast service in a certain multicast group. 
· 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#28 illustrates the SMF triggered delivery method switch in different case.
· Solution#31 introduces SMF/PCF/UDM/AMF triggered 5GC delivery method switch.  
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.  
(d) Delivery method switch from AF
Solution#24 propose the delivery method switch from the AF, i.e., the IP multicast to IP unicast switch (or vice versa).
Solution#24 gives a high level description that AF can alternatively do the delivery method switch between IP multicast and IP unicast, The detailed information of how the AF do the switch need to be further clarified/updated, For example the procedure in solution 24 is the switch between the shared delivery and individual delivery.  How the AF can be aware this difference?  
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. 

* * * * 2nd  change * * * *
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8.X	Key Issue #7: Reliable delivery method switching between unicast and multicast
For delivery method switching due to inter-RAN mobility, the following principle are agreed, 
· Considering that the UE may move from a NG-RAN node that supports MBS to one that does not support MBS, the 5GC shared delivery method to individual delivery method switch need to be supported. 
· To support the inter NG-RAN node delivery method switching, the UE/NG-RAN need be aware the linkage between the MBS Session and unicast PDU Session before mobility.  5GC need provide this information to UE and NG-RAN. 
· Based on the received RAN message, 5GC shall be possible to directly determine whether delivery method need be switched without any other assistance information. 
· If MBS data forwarding from source NG-RAN to the target NG-RAN is supported by RAN, the lossless service continuity should be considered.  

For delivery method switching due to non-inter-RAN mobility, the following principle are agreed, 
· AF may trigger UE initiate switch between the multicast and unicast per application logic.
· If the NG-RAN node support MBS, the network should use the shared tunnel between the MB-UPF and the NG-RAN node for MBS Session packet transferring.  How the RAN do the delivery method switch (i.e., PTP to PTM (or vice versa)) is the RAN internal decision.
· SMF trigger the individual MBS delivery to shared MBS delivery switch in case UE move from a source NG-RAN node which does not support MBS to a target NG-RAN node which support MBS.
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