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Introduction
The topic of mobility with service continuity has been skipped for several RAN2 meetings due to waiting for input from other working groups. Currently, there are some progresses in RAN3 and SA2, and following are the agreements achieved in the previous meetings:
RAN2#112-e meeting [1]:
	R2 aim to support lossless handover for MBS-MBS mobility for service that requires this (TBD which detailed scenario but at least PTP-PTP)
In order to support the lossless handover for 5G MBS services, at least DL PDCP SN synchronization and continuity between the source cell and the target cell should be guaranteed by the network side to realize. The design of specific approach to realize this can be involved with WG RAN3.
From network side, the source gNB may forward the data to the target gNB and the target gNB will deliver the forwarding data. Meanwhile, the SN STATUS TRANSFER should be extended to cover the PDCP SN for MBS data; Then (TBD after or in parallel) the UE receives the MBS in the target cell by the target cell according to target configuration.
From UE side, PDCP status report may be supported as well. 


RAN2#113-e meeting [2]:
	[037] RAN2 assumes that from RAN2 perspective, mobility from the source gNB supporting MBS to target gNB not supporting MBS can be achieved by switching the traffic from delivery via MRB to delivery via DRB either before or during the handover. Whether and how this can be done without data losses has to be further investigated and requires progress and input from other WGs, i.e. RAN3 and SA2.



Besides, RAN3 sent an LS [3] on handover from MBS supporting node to MBS non-supporting node, which may have effect on RAN2’s discussion. 
In this contribution, we provide our views based on the previous agreements and RAN3’s LS.
Discussion
Lossless HO scenarios for mobility between MBS supporting nodes
It was agreed to support Lossless HO for MBS in last RAN2#112-e meeting, considering there’s high reliability requirements for some services, and it could be supported in PTP-PTP HO scenario naturally, where re-transmission by PTP leg is possible, similar to unicast HO.
With regard to other HO scenarios, to achieve lossless handover, it’s better to configure MBS as an AM bearer for PDCP status report and PDCP re-establishment/recovery. As it was agreed in RAN2#116-e meeting, RLC-AM is not supported for PTM leg, RLC-AM is only supported for PTP leg. And for a PTP leg with RLC-AM, PDCP status is supported in both handover and bearer type change cases. Therefore, to achieve lossless HO for high reliability requirement, it’s rational to configure a PTP leg with RLC AM mode in the target node. And, it’s network implementation whether to configure PTM leg in target node. 
Observation 1: To achieve lossless HO for high reliability requirement, it’s rational to configure a PTP leg with RLC AM mode in the target node.
Base on the analysis above, besides PTP-PTP, lossless HO could be supported in PTM->PTP, PTM+PTP->PTP, PTM->PTP+PTM and PTM+PTP->PTM+PTP scenarios.
Observation 2: Lossless HO could also be supported in PTM-PTP, PTM+PTP-PTP, PTM-PTP+PTM and PTM+PTP-PTM+PTP besides PTP-PTP.
Proposal 1: Lossless HO could also be supported in PTM-PTP, PTM+PTP-PTP, PTM-PTP+PTM and PTM+PTP-PTM+PTP besides PTP-PTP.
What’s more, RAN3 is also working on lossless handover, and ways for source node and target node to exchange delivery status information is under discussion. If RAN3 could make some progress on this issue, lossless HO in other cases other cases, for example PTP leg configured in source node maybe achieved.
Proposal 2: Lossless HO supporting in the case PTP only configured in source node may depend on RAN3’s progress.
Last but not least, duplication transmission in both source node and target node could also be used for data loss or lossless HO, like DAPS in unicast. But consider the limited time of MBS WI and the complexity of  DAPS, it not the good time to introduce DAPS in MBS, so does to CHO. The handover variants could be considered in Rel-18.
Proposal 3: DAPS and CHO are not proposed to introduced for MBS in Rel-17.
Mobility between MBS supporting node and non-MBS supporting node
Except for the mobility between two MBS supporting nodes, mobility between MBS supporting node and non-MBS supporting node was also considered in RAN2/RAN3 and SA2.
For mobility between MBS-supporting node and non-MBS supporting node, including the following two cases:
· Mobility from MBS supporting node to non-MBS supporting node
· Mobility from non-MBS supporting node to MBS supporting node
[bookmark: _Hlk71536387]Mobility from MBS supporting node to non-MBS supporting node
For this case, following agreements were achieved in RAN2#113-e meeting:
	[037] RAN2 assumes that from RAN2 perspective, mobility from the source gNB supporting MBS to target gNB not supporting MBS can be achieved by switching the traffic from delivery via MRB to delivery via DRB either before or during the handover. Whether and how this can be done without data losses has to be further investigated and requires progress and input from other WGs, i.e. RAN3 and SA2.


As shown above, when to switch MRB to DRB does not reach a consensus in RAN2. 
It should be noticed that, SA2 has capture the main principles for the two cases of mobility between MBS supporting and non-MBS supporting node in [4]:
	TS 23.247 6.3.1
To support Handover from NG-RAN node that supports MBS to a target NG-RAN node that does not support MBS:
[bookmark: _Hlk92186587]-	mapping information about unicast QoS flows for multicast data transmission and the information of associated multicast QoS flows are provided to the NG-RAN node. This is already performed during the PDU session modification procedure for the PDU session associated with the MBS session when the UE joins the MBS Session;
-	during the handover procedure, the delivery method is switched from 5GC Shared MBS traffic delivery method to 5GC Individual MBS traffic delivery method, i.e. the N3 tunnel of the PDU Session for 5GC Individual MBS traffic delivery needs to be activated towards the target NG-RAN node. The SMF realizes that the target NG-RAN node does not support MBS.
-	the SMF and the MB-SMF shall activate the GTP tunnel between the UPF and the MB-UPF for 5GC Individual MBS traffic delivery method, if needed.



Per SA2’s description, it could be observed that NG-RAN node gets the information about unicast QoS flows for multicast data transmission when the UE joins the MBS Session and the information of associated multicast QoS flows, and the delivery method switching is performed during the Handover procedure, and this is also captured in the general mobility procedure, as shown in Figure 1, in case B.


Figure 1: Handover with MBS Session
Observation 3: NG-RAN node could get the information of about unicast QoS flows for multicast data transmission during the PDU session modification procedure for the PDU session associated with the MBS session when the UE joins the MBS Session.
Observation 4: From CN perspective, the delivery method switching, i.e., shared MBS traffic delivery method to 5GC Individual MBS traffic delivery method is performed during the Handover procedure.
Though different RB types switching is discussed in RAN, we cannot ignore the fact that different from unicast, it’s the delivery methods switching in CN leading to the RB type switching in RAN. As SA2 got the consensus that delivery method switching is during handover procedure, it’s natural for RAN RB types switching together during the handover procedure.
Observation 5:  RAN RB type switching comes with CN delivery methods switching.
However, if MRB is switched to DRB during handover procedure for the case mobility from MBS supporting node to non-MBS supporting node, the target node will have to perform full configuration which inevitably tend to prolong the handover execution period, resulting in the UE experience more long L2 UP interruption, and possible data loss or duplicate packet delivery to application layer.
Observation 6: Switching MRB to DRB during handover procedure could lead to target node’s full configuration, which results in the UE experience more long L2 UP interruption, and possible data loss or duplicate packet delivery to application layer.
The full configuration issue was also discussed in RAN3, and an LS was sent to RAN2:
	1. Overall Description:
RAN3 discussed the handover from MBS supporting node to MBS non-supporting node and a working assumption is agreed as:
· WA: It is assumed that if the source gNB is aware of the MBS support of the target gNB before the handover, the source gNB may also avoid full configuration at the non-supporting gNB. 
RAN3 discussed whether full configuration could be avoided during handover from MBS supporting node to MBS non-supporting node. RAN3 would like to ask RAN2’s view on the feasibility of such solution in release 17 timeframe and what would be the associated RAN3 impacts.




And in the rest of the LS, RAN3 asks RAN2 to feedback on the view on whether full configuration could be avoided during handover from MBS supporting node to MBS non-supporting node and what would be the RAN3 impacts.
To avoid full configuration, MRB should be switched to DRB before handover. As Observation 3 depicted, NG-RAN node could get the information of about unicast QoS flows for multicast data transmission during the PDU session modification procedure for the PDU session associated with the MBS session when the UE joins the MBS Session. Therefore, it’s possible for the source node to switch MRB to DRB, since the UE’s PDU session is already established and it has the association information.
Observation 7: It’s workable for the source node to switch MRB to DRB, since the UE’s unicast PDU session is already established and it is associated to multicast PDU session.
As far as we know, RAN3 is discussing the capability/information of supporting MBS or not exchange between gNBs, as mentioned in the LS that the source gNB is aware of the MBS support of the target gNB before the handover, and it provides the pre-condition for the source node to make decision on whether RB type switching before handover is needed.
Observation 8: The source node could make decision on whether to perform RB type switching before handover is needed relying on neighbour nodes’ MBS supporting information.
Based on the analysis above, once it is decided to handover a UE to a non-MBS supporting node, the source node could reconfigure MRB to DRB first, and then forward the related configuration in the HandoverRequest to the target node as legacy unicast handover dose. 
Proposal 4: In Rel-17, it is proposed that MRB to DRB switching is performed before handover procedure.
And Figure 2 is the basic procedure depicted Handover from MBS supporting node to non-MBS supporting node assuming Proposal 2 was adopted.


Figure 2: Handover from MBS supporting node to non-MBS supporting node
1. The source gNB configures the UE measurement procedures and the UE reports according to the measurement configuration.
2. The source gNB decides to handover the UE, based on MeasurementReport and RRM information, and decides to switch MRB to DRB.
3. The source gNB triggers the delivery method switching in CN.
4. The source gNB reconfigure the UE to achieve MRB to DRB switching (and CN delivery method switching).
5-6  Legacy Handover procedure.
Proposal 5:  The general handover procedure above could be the baseline for further discussion.
As Observation 4 shows that, in SA2, delivery mode switching is performed during handover procedure, if Proposal 2 was agreed, we need to send an LS to SA2 to provide RAN2 preference.
Proposal 6: LS to SA2 is needed to inform them RAN2’s preference on performing MRB to DRB before handover procedure.
Besides, what we discuss above is on the pre-condition that the target node is non-MBS supporting node, but in legacy handover the source gNB may send handover request to several neighbour nodes, with necessary information. When it comes to multicast, similar way may be used, while we cannot assure all neighbour nodes are MBS-supporting nodes or non-MBS supporting node, and the handover request could be rejected. Therefore, it’s a little awkward for the source node to trigger the RB type switching, which may lead to an unnecessary switching or conditioned target node selection. Whether it is leave to network implementation or specified in RAN should be discussed.
[bookmark: _Hlk71536704]Mobility from non-MBS supporting node to MBS supporting node
Similarly, principles for the case mobility from non-MBS supporting node to MBS supporting node are captured in TS 23.247:
	TS 23.247 6.3.1
To support Handover from a NG-RAN node that does not support MBS to a target NG-RAN node that supports MBS:
-	The PDU sessions, including the one associated with the MBS session and used for 5GC Individual MBS traffic delivery, are handed over to the target NG-RAN node.
-	SMF triggers mode switch, i.e. from 5GC Individual MBS traffic delivery method to 5GC shared MBS traffic delivery method.
-  When the MBS session context is given to the target NG-RAN node by the SMF, if the shared delivery for the MBS session has not been established towards target NG-RAN, the target NG-RAN establishes the shared delivery for the MBS Session with MB-SMF and MB-UPF.
-	The 5GC terminates the 5GC Individual MBS traffic delivery and changes to the 5GC shared MBS traffic delivery.




As SA2 describes, the traffic delivery mode switching is triggered by SMF, and the shared delivery for the MBS session could be established when the context is given to the target node by SMF. It’s not clear whether the mode switching is performed during or before handover procedure. From RAN2 perspective, the simplest way is to perform legacy handover procedure first and then target node could do the RB type switching and MBS session establishment as mentioned in the discussion in the other mobility case.  
[bookmark: OLE_LINK1]Proposal 7: For the case mobility from non-MBS supporting node to MBS supporting node, the traffic mode switching, including the RB type switching could be performed after handover procedure.
Conclusions
In this paper, we make analysis the lossless scenarios for mobility between MBS supporting nodes, and the bearer type switching for mobility between MBS supporting node and non-MBS supporting node. We have the following observations and proposals:
Observation 1: To achieve lossless HO for high reliability requirement, it’s rational to configure a PTP leg with RLC AM mode in the target node.
Observation 2: Lossless HO could also be supported in PTM-PTP, PTM+PTP-PTP, PTM-PTP+PTM and PTM+PTP-PTM+PTP besides PTP-PTP.
Observation 3: NG-RAN node could get the information of about unicast QoS flows for multicast data transmission during the PDU session modification procedure for the PDU session associated with the MBS session when the UE joins the MBS Session.
Observation 4: From CN perspective, the delivery method switching, i.e., shared MBS traffic delivery method to 5GC Individual MBS traffic delivery method is performed during the Handover procedure.
Observation 5:  RAN RB type switching comes with CN delivery methods switching.
Observation 6: Switching MRB to DRB during handover procedure could lead to target node’s full configuration, which results in the UE experience more long L2 UP interruption, and possible data loss or duplicate packet delivery to application layer.
Observation 7: It’s workable for the source node to switch MRB to DRB, since the UE’s unicast PDU session is already established and it is associated to multicast PDU session.
Observation 8: The source node could make decision on whether to perform RB type switching before handover is needed relying on neighbour nodes’ MBS supporting information.
Proposal 1: Lossless HO could also be supported in PTM-PTP, PTM+PTP-PTP, PTM-PTP+PTM and Proposal 1: Lossless HO could also be supported in PTM-PTP, PTM+PTP-PTP, PTM-PTP+PTM and PTM+PTP-PTM+PTP besides PTP-PTP.
Proposal 2: Lossless HO supporting in the case PTP only configured in source node may depend on RAN3’s progress.
Proposal 3: DAPS and CHO are not proposed to introduced for MBS in Rel-17.
Proposal 4: In Rel-17, it is proposed that MRB to DRB switching is performed before handover procedure.
Proposal 5:  The general handover procedure above could be the baseline for further discussion.
Proposal 6: LS to SA2 is needed to inform them RAN2’s preference on performing MRB to DRB before handover procedure.
Proposal 7: For the case mobility from non-MBS supporting node to MBS supporting node, the traffic mode switching, including the RB type switching could be performed after handover procedure.
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