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Introduction
In RAN2#112e meeting, some agreement has been reached on mobility with service continuity in RRC_CONNECTED state.  The details are as following,
	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. 


There are some open issues on MBS-MBS scenarios, and the mobility between MBS cell and non-MBS cell has not been discussed.
So In this contribution, we discuss on the open issues for mobility with service continuity.
More specifically, the discussions cover the following aspects,
· Handover between MBS cell and MBS cell.
· Handover from MBS cell to non-MBS cell.
· Handover from non-MBS cell to MBS cell. 
Discussion
0. Handover between MBS cell and MBS cell
PDCP status report
RAN2 had agreed that PDCP status report may be supported in mobility,
	
From UE side, PDCP status report may be supported as well. 



However, it is not decided in which handover scenarios the PDCP status report is supported. In legacy NR unicast, PDCP status report is triggered only for AM DRBs. However, for NR MBS, PDCP status report and retransmission can be used as a general method to minimize data loss during various handover scenarios (e.g. PTM UM to PTP UM handover, PTM UM to PTP AM handover). There is no need to limit the usage of PDCP status report to specific MBS handover scenario.
Proposal 1: PDCP status report is supported for MBS-MBS handover. It is up to gNB implementation to enable it for which scenario (e.g. PTM UM->PTP AM, or PTM UM->PTP UM).
Scenarios for lossless handover
In RAN2#112e meeting, the agreement on which scenarios is supported for lossless handover scenarios is as below,
	R2 aim to support lossless handover for MBS-MBS mobility for service that requires this (TBD which detailed scenario but at least PTP-PTP)



According to above, lossless handover is supported for PTP on source cell to PTP on target cell. In addition to that, whether lossless handover can be supported for more scenarios is to be discussed. 
[bookmark: OLE_LINK100][bookmark: OLE_LINK101]In legacy handover, the prerequisite to support lossless handover is that RLC AM is used on radio bearers. For MBS radio bearer, we have no reason to deviate from it. Based on the working assumption, RLC AM is only supported for PTP mode in MBS. So the existing of PTP leg is the prerequisite to support lossless handover for MBS. To summarize, lossless handover is supported if and only if PTP leg is configured in both the source cell and the target cell. According to this principle, scenarios to support lossless handover for multicast could be summarized as following with the assumption that UE can be configured to receive PTM and PTP simultaneously,
· PTP->PTP
· PTM+PTP->PTP
· PTM+PTP->PTM+PTP
· PTP -> PTM + PTP
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 2: Lossless handover is supported only if PTP leg is configured for a certain MRB in both the source cell and the target cell.
Handover variants for MBS
For MBS-MBS scenario, which handover variants is supported for NR MBS has not been decided yet, according to RAN2#111e agreement,
	R2 assumes that for Rel-17 NR multicast Mobility in Connected mode, handover (including variants) is the baseline, TBD exactly which variants.


Among the legacy handover variants (i.e.R15 HO, R16 CHO, and R16 DAPS), R15 HO is the basic mechanism which should be supported as baseline for MBS. R16 CHO enhancement was intended to improve handover reliability and reduce handover failure probability. R16 DAPS enhancement was intended to reduce handover interruption. The CHO and DAPS handover is beneficial for some multicast services (e.g. V2X) which require high reliability and less interruption.
Observation 1: CHO and DAPS handover is beneficial for multicast services which require high reliability and/or less interruption time.
CHO is performed per UE, i.e. radio bearers for carrying any services will be transferred to target cell in CHO manner. So naturally CHO should be supported for UE receiving multicast services. On the contrary, if CHO cannot be used when UE is receiving Multicast service, it will put a restriction that only R15 HO can be used for UE operating in multicast and unicast simultaneously. This restriction impacts to unicast functionality as CHO maybe essential in some cases for unicast but it can not be used due to multicast reception.
Observation 2: For UE operating in multicast and unicast simultaneously, supporting CHO when UE is receiving multicast can be helpful to avoid the impact to unicast functionality.
However, the complexity of support CHO/DAPS is uncertain and should be study further. Moreover, advanced handover mechanism is not essential for R17 NR MBS as the requirement on mobility of NR MBS is characterized as “basic” according to WID [1] of R17 NR MBS as below,
	· Specify support for basic mobility with service continuity [RAN2, RAN3]


Hence, considering uncertain amount of work and Rel-17 timeline, RAN2 should consider Rel-15 NR handover as baseline for MBS. Rel-16 handover variants (i.e. CHO/DAPS) should be deprioritized.it can be considered only when the solution for the agreed multicast and broadcast functions is mature and R17 timeline still allows by then.
Observation 3: Only basic mobility requirement is in the WI scope of NR MBS.
Observation 4: CHO/DAPS should be deprioritized in R17 due to uncertain complexity and not essential according to the WI scope.
Proposal 3: R15 handover is the baseline. Support of R16 and further release handover variants (e.g. CHO and DAPS) is deprioritized.
MBS configuration of target cell

In legacy NR handover, delta signaling is supported. It is straightforward to adopt this for the MBS configuration as it is beneficial to reduce the signaling overhead over Uu .
Proposal 4: For MBS-MBS handover, delta signaling for MRB related configuration is supported.
Regarding how to deliver the MBS configuration of the target cell to UE, it has been agreed in RAN3#109e as following,
	· The MBS configuration decided at target gNB is sent to the UE via the source gNB (details e.g. RRC container etc. pending RAN2 progress).


However, the content of the MBS configuration of the target cell has not been discussed.
MRB configuration (split MRB or non-split MRB) is the basic information to be included in the MBS configuration of target cell. For the given MRB configuration, it may be area-specific. So the valid area of the MRB configuration can be provided to UE if exist.
The MBS service may be already ongoing with a certain delivery method (PTM or PTP) in the target cell during handover, so UE is supposed to directly monitor the corresponding RNTI(C-RNTI or G-RNTI or both), i.e., UE does not need to monitor the G-RNTI if the PTM is not on in target cell when split MRB is configured to UE. It is beneficial to reduce the UE power consumption. So if the split MRB is configured, the state of PTM leg in target cell should be informed to UE in the handover command. 
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Proposal 5: The MBS configuration of target cell is contained in the RRCReconfiguration message generated by target cell. The following parameters are included,
· MRB configuration (split MRB or non-split MRB).
· Optionally, state of PTM leg if split MRB is configured.
· Optionally, the valid area of the MBS bearer configuration.
In SC-PTM, UE may be not support simultaneous reception of unicast transmission and MBMS transmission in one subframe and UE can have a preference on the priority between multicast and unicast. So the UE indicates to eNB on whether it prioritizes MBMS reception over unicast. For NR MBS, some UEs may also do not have the capability to receive unicast and multicast at the same slot. Hence, to facilitate the scheduling in gNB, gNB should also be aware of whether UE prioritizes the MBS above unicast.
Proposal 6: UE should indicate whether it prioritizes the multicast above unicast to gNB.
Except the mobility between MBS cell and MBS cell, the mobility between MBS cell and non-MBS cell should also be discussed. According to SA2 spec [2], mobility of multicast service is supported between NG-RAN node that supports MBS and NG-RAN node that does not support MBS.
	The mobility of multicast MBS service is supported when:
-	The UE moves from a NG-RAN node that supports MBS to a target NG-RAN node that supports MBS; or
-	The UE moves from a NG-RAN node that supports MBS to a target NG-RAN node that does not support MBS and vice versa.
-	The UE moves from a NG-RAN node that supports MBS to a target NG-RAN node that does not support MBS and vice versa.



So we discuss on these aspects in next two sections (i.e. section 2.2 and 2.3).
0. Handover from MBS cell to non-MBS cell 
During the handover from MBS cell to non-MBS cell, how to establish the PDU session has been concluded in SA2 that an associated PDU session can be established by CN when mobility to non-5GMBS-supporting cells happens. The details can be found in clause 8.2.2 in TR 23.757 [3], as following,
	-	The associated PDU Session is a PDU Session that is used for sending multicast join and leave, and can be used for 5GC Individual MBS traffic delivery method.
-	Establishment of the associated QoS flow in the associated PDU Session for 5GC Individual MBS traffic delivery method is based on service requirements of multicast service, networking configuration, local policy, etc.
-	When UE joins a multicast MBS session, the associated QoS Flow in the associated PDU session is established if the MBS Session is established and 5GC Individual MBS traffic delivery needs to be supported for this MBS service.


As the establishment of associated PDU session is handled in CN level, there is no need for RAN2 to consider this aspect. By taking this as a start point, RAN2 can start to discuss other RAN2 aspects.
One key issue is when the shared delivery is switched to individual delivery during the handover. According to [4], RAN3 confirmed that switching from shared delivery to individual delivery will be taken place on target cell during the path switch procedure.
	RAN3 feedback: For Xn-based handover from MBS supporting node to non-MBS supporting node, it is assumed that switch from shared delivery to individual delivery will be take place during the path switch procedure. FFS for handover from non-MBS supporting node to MBS supporting node.


And it is also captured in SA2 [2] as below,
	-	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.


Hence, from RAN point of view, the switch from MRB associated to MBS session to DRB associated to PDU session) is performed during handover from MBS cell to non MBS cell, the DRB is only activated in target cell.
Proposal 7a: For handover from MBS cell to non-MBS cell, DRB associated to unicast PDU session used for multicast is activated in target cell.
According to SA2 conclusion in [2], RAN needs to consider how to minimize the data loss during handover from MBS cell to non-MBS cell.
	During the inter supporting 5MBS NG-RAN node handover or the handover from source NG-RAN supporting 5MBS to the target NG-RAN not supporting 5MBS, minimization of data loss should be supported, details for RAN WGs to decide.


To minimize the data loss during the handover between MBS cell and non-MBS cell, it is straightforward to consider data forwarding for this scenario.
The question is the data is transmitted via MRB associated with multicast session on source cell and is transmitted via DRB associated with PDU session on target cell, is the data forwarding between source and target feasible?
According to SA2 spec [2] as below, before handover form MBS cell to non-MBS cell, source cell have received mapping information about unicast QoS flows and the associated multicast QoS flows are provided to the NG-RAN node,
	To support Handover from NG-RAN node that supports MBS to a target NG-RAN node that does not support MBS:
-	mapping information about unicast QoS flows and the 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 into the MBS Session;


Hence, even though multicast data is transmitted on MRB associated to multicast session on source cell but on DRB associated to PDU session on target cell, it is still feasible to perform data forwarding as if it is a PDU session between MBS cell and non-MBS cell. 
Proposal 7b: For handover from MBS cell to non-MBS cell, data forwarding of ongoing multicast is supported. 
0. Handover from non-MBS cell to MBS cell 
For the scenario UE handovers from non-MBS cell to MBS cell, it is concluded in SA2 spec [2] are as following, 
	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.
-	the 5GC terminates the 5GC Individual MBS traffic delivery method after handover procedure.


Based on above, only the legacy PDU session will be involved during the handover from non-MBS cell and MBS cell, then consequently only the legacy DRBs are involved from RAN point of view. Therefore legacy handover is sufficient for this handover scenario.
After the handover, the switch from the 5GC Individual MBS traffic delivery method to 5GC Shared MBS traffic delivery method is performed in target cell. The DRB(s) associated with PDU session will be release and the MRB(s) associated with multicast session will be configured by gNB. It can be performed via the legacy RRC reconfiguration procedure. The general procedure is illustrated in Figure 1 as following,


Figure 1
Proposal 8a: For handover from non-MBS cell to MBS cell, legacy handover is performed. No extra effort is needed in RAN2.
Proposal 8b: After handover from non-MBS cell to MBS cell, it is performed by RRC reconfiguration on target cell for switching from DRB associated with PDU session to MRB associated with multicast session.
The Multicast service via MRB associated with multicast session  may be started before UE handover from non-MBS cell to MBS cell, so when UE switch from DRB to MRB on target cell, it need to know the progress(i.e. PDCP count value) of MRB. It is similar as a UE start to receive a multicast on MRB directly.
Proposal 8c: When it is switched from PDU session to multicast session on target cell, initial PDCP COUNT should be informed to UE, FFS how to inform UE.
Conclusion
[bookmark: _Hlk47675422]In the previous sections we made the following observations and proposals:
Handover between MBS cell and MBS cell
Proposal 1: PDCP status report is supported for MBS-MBS handover. It is up to gNB implementation to enable it for which scenario (e.g. PTM UM->PTP AM, or PTM UM->PTP UM).
Proposal 2: Lossless handover is supported only if PTP leg is configured for a certain MRB in both the source cell and the target cell.
Observation 1: CHO and DAPS handover is beneficial for multicast services which require high reliability and/or less interruption time.
Observation 2: For UE operating in multicast and unicast simultaneously, supporting CHO when UE is receiving multicast can be helpful to avoid the impact to unicast functionality.
Observation 3: Only basic mobility requirement is in the WI scope of NR MBS.
Observation 4: CHO/DAPS should be deprioritized in R17 due to uncertain complexity and not essential according to the WI scope.
Proposal 3: R15 handover is the baseline. Support of R16 and further release handover variants (e.g. CHO and DAPS) is deprioritized.
Proposal 4: For MBS-MBS handover, delta signaling for MRB related configuration is supported.
Proposal 5: The MBS configuration of target cell is contained in the RRCReconfiguration message generated by target cell. The following parameters are included,
· MRB configuration (split MRB or non-split MRB).
· Optionally, state of PTM leg if split MRB is configured.
· Optionally, the valid area of the MBS bearer configuration.
Proposal 6: UE should indicate whether it prioritizes the multicast above unicast to gNB.
Handover from MBS cell to non-MBS cell
Proposal 7a: For handover from MBS cell to non-MBS cell, DRB associated to unicast PDU session used for multicast is activated in target cell.
Proposal 7b: For handover from MBS cell to non-MBS cell, data forwarding of ongoing multicast is supported. 
Handover from non-MBS cell to MBS cell 
Proposal 8a: For handover from non-MBS cell to MBS cell, legacy handover is performed. No extra effort is needed in RAN2.
Proposal 8b: After handover from non-MBS cell to MBS cell, it is performed by RRC reconfiguration on target cell for switching from DRB associated with PDU session to MRB associated with multicast session.
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]Proposal 8c: When it is switched from PDU session to multicast session on target cell, initial PDCP COUNT should be informed to UE, FFS how to inform UE.
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