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Introduction
In previous RAN2 meeting, some agreement on mobility with service continuity in RRC_CONNECTED state has been reached.  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 still some open issues on MBS-MBS scenarios to be addressed, and the mobility between MBS cell and non-MBS cell has not been discussed yet.
In this contribution, we discuss on the remaining open issues.
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
Scenarios for lossless handover
In RAN2#112e meeting, the agreement on which scenario 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 mode on source cell to PTP mode on target cell. In addition, whether lossless handover can be supported for more scenarios is to be discussed. 
[bookmark: OLE_LINK100][bookmark: OLE_LINK101]In legacy, lossless handover can be supported only for the DRBs with RLC AM mode. The same principle should be applicable for multicast MRB. Since RLC AM is only supported for multicast PTP mode. So the existing of PTP leg is the precondition to support lossless handover for multicast. More specifically, lossless handover can be supported if and only if PTP leg is configured in both source and target. Therefore, the scenarios to support lossless handover for multicast could be summarized as following,
· PTP->PTP
· PTM+PTP->PTP
· PTM+PTP->PTM+PTP
· PTP -> PTM + PTP
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK19]Proposal 1: Lossless handover is supported only if PTP leg is configured for a MRB in both source and target.
MBS configuration of target cell
In legacy, to support lossless handover, the old DRB will be configured on target cell for at least a period of time, then retransmission based on PDCP status report can be performed on the old DRB in the target cell to deliver the forwarded PDCP SDUs.
	NOTE 1:	Lossless delivery when a QoS flow is mapped to a different DRB at handover, requires the old DRB to be configured in the target cell. For in-order delivery in the DL, the target gNB should first transmit the forwarded PDCP SDUs on the old DRB before transmitting new data from 5GC on the new DRB. In the UL, the target gNB should not deliver data of the QoS flow from the new DRB to 5GC before receiving the end marker on the old DRB from the UE.


To support lossless MBS handover, it is natural that the retransmission of the forwarded data to UE should also base on the PDCP status report reported by UE. 
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Since PDCP status report is performed on a RB basis (i.e. per PDCP entity), UE should use the same PDCP entity for a certain MBS flow in  source cell and target cell, regardless of whether the MRB IDs for the same MBS flow are same on source and target cells.
Basically there are two possible solutions.
[bookmark: OLE_LINK14]Option 1: the MRB IDs for the same MBS flow can be different on source and target cells UE should know the mapping between them.
For the same MBS flow, gNB informs UE the mapping between the MRB ID configured by target cell and the MRB ID configured by source cell, then UE can keep the same PDCP entity and use it for the new MRB on target cell (i.e. not release the PDCP entity of the old MRB and setup PDCP entity for the new MRB).
Option 2: A unified MRB ID for a certain MBS flow is used in source cell and target cell.
With this method, a same MRB ID for a certain MBS flow is required to be used among different gNBs. From UE perspective, the MRB ID for a certain MBS flow is same, so there will be no MRB release and setup procedure but just a MRB modification procedure. Then PDCP status report can be performed by UE because the PDCP entity is the same. 
Proposal 2: To avoid data loss during handover, PDCP entity corresponding to the same MBS flow of a certain multicast service should be maintained. Discuss which option to use, 
· Option 1: the MRB IDs for the same MBS flow can be different on source and target cell, UE should know the mapping between them.
· Option 2: A unified MRB ID for a certain MBS flow is used in source cell and target cell.
0. [bookmark: OLE_LINK17][bookmark: OLE_LINK18]Handover from MBS cell to non-MBS cell 
In legacy handover, full configuration at target cell should be avoided to minimize the data loss. It  is also applicable to the case of handover from MBS cell to non-MBS cell, i.e. the source gNB may avoid full configuration at the non-supporting gNB, according to RAN3#114e agreement as below,
	· Supporting to non-supporting
· WA: It is assumed that 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. 


To avoid full configuration on target cell, it is essential for source cell (i.e. MBS supporting cell) to prepare and provide the DRB configuration to UE before handover.
Proposal 3: For handover from MBS cell to Non-MBS cell, DRB configuration can be provided to UE by source cell before handover.
After handover from MBS cell to non-MBS cell, the multicast user data is delivered to UE via individual MBS traffic delivery method (i.e. on DRB associated to PDU session from RAN perspective) in target cell.
Regarding the individual N3 tunnel for 5GC Individual MBS traffic delivery, it is only activated towards the target cell, according to SA2 spec [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.


Observation 1: For handover from MBS cell to non-MBS cell, the N3 tunnel for 5GC Individual MBS traffic delivery is activated towards the target cell.
In legacy, DRB is always used to carry data from the individual N3 tunnel of the PDU session. So it is natural that the DRB is activated in target cell when handover from MBS cell to non-MBS cell.
However, some companies proposed that the source gNB can provide multicast data from shared N3 tunnel via DRB shortly before the handover, according to the discussion in email 091 [3]. But there are several issues caused by the solution,
Issue 1: DRB will be used to carry data from shared N3 tunnel (i.e. DRB is associated to a MBS session). 
Since the N3 tunnel for 5GC Individual MBS traffic delivery is only activated towards target cell, DRB will be associated to a MBS session if it is activated in source cell. It will impact the legacy DRB concept (i.e. DRB is associated to a PDU session) and also contradicts with the MRB definition (i.e. MBS session is carried by MRB), according to the RAN2#115e agreement [1],
	MRB is defined as MBS Radio Bearer, which denotes radio bearers carrying both multicast and broadcast sessions.


Issue 2: The handover latency will be increased. 
Comparing to legacy handover procedure, there will be an extra MRB to DRB reconfiguration procedure before handover. As a consequence, the handover latency will be increased unnecessarily.
Based on above, it seems more reasonable to activate the DRB only on target cell.
Proposal 4: For handover from MBS cell to non-MBS cell, DRB associated to unicast PDU session is only activated in target cell.
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] 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 released 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 5: For handover from non-MBS cell to MBS cell, legacy handover is performed. No extra effort is needed in RAN2.
Proposal 6: 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.
Conclusion
[bookmark: _Hlk47675422]In the previous sections we made the following observations and proposals:
Handover between MBS cell and MBS cell
Proposal 1: Lossless handover is supported only if PTP leg is configured for a MRB in both source and target.
Proposal 2: To avoid data loss during handover, PDCP entity corresponding to the same MBS flow of a certain multicast service should be maintained. Discuss which option to use, 
· Option 1: the MRB IDs for the same MBS flow can be different on source and target cell, UE should know the mapping between them.
· Option 2: A unified MRB ID for a certain MBS flow is used in source cell and target cell.
Handover from MBS cell to non-MBS cell
Proposal 3: For handover from MBS cell to Non-MBS cell, DRB configuration can be provided to UE by source cell before handover.
Observation 1: For handover from MBS cell to non-MBS cell, the N3 tunnel for 5GC Individual MBS traffic delivery is activated towards the target cell.
Proposal 4: For handover from MBS cell to non-MBS cell, DRB associated to unicast PDU session is only activated in target cell.
Handover from non-MBS cell to MBS cell
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]Proposal 5: For handover from non-MBS cell to MBS cell, legacy handover is performed. No extra effort is needed in RAN2.
Proposal 6: 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.
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