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Introduction
During RAN2#111-e meeting, the following agreements were reached:
	· Focus on MBS-MBS scenario initially (i.e. shared delivery), including both PTM and PTP (if applicable). Other scenarios later, TBD. 
· Requirements for lossless mobility are TBD. Assume for now that R2 will anyway discuss service continuity functionality for low or no data loss. 
· R2 assumes that for Rel-17 NR multicast Mobility in Connected mode, handover (including variants) is the baseline, TBD exactly which variants.


During RAN2#112-e meeting, the following agreements were reached:
	· 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.


During RAN2#113-e meeting, the following agreements were reached:
	· 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


In this contribution, based on RAN2 progress, we will further discuss inter-cell mobility for MBS.
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2.1 Mobility between MBS supporting gNBs 
For mobility between MBS supporting gNBs, the target MBS configuration can be contained in the RRC container (i.e. the RRCReconfiguration message) and delivered to the UE via the handover command. In this case, after switching to the target gNB, the UE can continue receiving the MBS service. 
However, there may be a user data delivery progress gap between gNBs which may lead to plenty of data loss during handover. In order to address the gap and achieve lossless handover, RAN2 has agreed to support DL PDCP SN synchronization and data forwarding. For the moment, RAN2 targets at least PTP to PTP scenario, but as far as we are concerned, there is no need to limit lossless handover to this scenario only. According to the previous RAN2 agreement, “Focus on MBS-MBS scenario initially (i.e. shared delivery), including both PTM and PTP (if applicable). Other scenarios later, TBD”, we should focus on MBS bearers configured with both PTM and PTP instead of PTP-only. There is no additional complexity to support lossless handover between the cells if the UE is configured with a PTM leg in addition to the PTP leg. 
Observation 1: There is no additional complexity in supporting lossless handover for a UE configured with both PTM and PTP legs compared with PTP leg only.
It should be noted that the scenario where the UE is configured with both PTP and PTM legs is very important as it allows the target gNB to deliver the data forwarded from the source cell while simultaneously providing new data over PTM leg. In other words, the forwarded data should be sent to the UE without affecting the PTM transmission in the target. Therefore, the packets forwarded from the source should be dedicatedly delivered via the PTP leg, while the packets from CN can be sent to UE via either PTP or PTM. 
Proposal 1: The forwarded data should be delivered to the UE via PTP transmission after handover.
2.2 Mobility from MBS supporting gNB to MBS non-supporting gNB 
With respect to this scenario, as summarized in the Email discussion [xx], the following has been previously agreed by RAN2:
[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.
RAN3 and SA2 also agreed to minimize data loss during handover to non-MBS nodes by specifying a source node to forward the mapping between unicast Qos flows and multicast flows to the target node. SA2 also indicated in their LS in [2] that there are some open issues for this area which they expect RAN WGs to solve.
It should be noted that in case the UE is configured with an MRB while the handover to a node not supporting MBS is performed, the target gNB will have to perform full configuration which inevitably leads to data loss or duplicate packet delivery to application layer. The way to avoid this happening would be to reconfigure MRB to DRB in the source node before the handover and deliver multicast data via DRB as a transient state. This was discussed in the post-RAN2#115 e-mail discussion and there seems to be a clear majority to agree that such mechanism should be adopted. Therefore we suggest confirm this as an agreement and discuss further details of this approach.
Proposal 2: The source gNB may provide multicast data via DRB shortly before the handover in case of handover from MBS supporting node to a node not supporting MBS.
If a DRB can be setup before handover, then also an MRB can be released and the handover to target can be based on legacy handover to minimize the data loss, without the need for the target node to perform full-config. However, what has to be further clarified is how to minimize data loss when reconfiguring MRB to DRB before handover. One possible way to reduce data loss in this phase is to keep MRB and DRB concurrently for a short time and transfer the new data by the DRB while allowing data on the fly (retransmission data in HARQ and PTP AM RLC) to be completed for the MRB. Considering the fact that the PDCP SN for the DRB and MRB are independent, to ensure an in order delivery, the data in DRB should not be allowed to be delivered to upper layers until reception over MRB is finalized and MRB is released.
Observation 2: Since PDCP SN(s) of the DRB and MRB configured for the multicast session will be independent, to ensure in-order delivery, the data from MRB and DRB cannot be forwarded to upper layers simultaneously. 
[bookmark: _GoBack]This means that packets received by the UE over a DRB can only be delivered to upper layer after all the ongoing transmissions and retransmissions over MRB are finalized and MRB is released from the UE. An overall principle is presented in figure below.
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Based on the discussion above, we propose to agree on the following, on top of Proposal 2:
Proposal 3: The MRB and associated DRB can be used to deliver multicast data concurrently for a short time before a handover so that delivery and retransmissions of on-the-fly MRB packets can be completed while new packets are delivered via DRB. 
Proposal 4: The data in the associated DRB is not delivered to upper layer until transmissions via MRB are finalized and MRB is released. 
2.3 Mobility from MBS non-supporting gNB to MBS supporting gNB
For the scenario of mobility from MBS non-supporting gNB to MBS supporting gNB, SA2 has achieved the following conclusions in TS23.247:
	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 target RAN.
-	the 5GC terminates the 5GC Individual MBS traffic delivery method after handover procedure.


From RAN2 point of view, it is straightforward to perform legacy handover to the target gNB first. And then it is up to the CN to switch the traffic delivery through unicast PDU session to traffic delivery through the MBS session. RAN2 can further discuss whether data lossless handover should be ensured for MBS service with high reliability requirement during this procedure.
Proposal 5: For mobility from non-MBS to MBS, legacy handover can be performed before unicast is converted to MBS in the target.
Conclusion
In this contribution, we discussed inter-cell mobility for MBS and the following proposals are provided:
Observation 1: There is no additional complexity in supporting lossless handover for a UE configured with both PTM and PTP legs compared with PTP leg only.
Observation 2: Since PDCP SN(s) of the DRB and MRB configured for the multicast session will be independent, to ensure in-order delivery, the data from MRB and DRB cannot be forwarded to upper layers simultaneously. 
Proposal 1: The forwarded data should be delivered to the UE via PTP transmission after handover.
Proposal 2: The source gNB may provide multicast data via DRB shortly before the handover in case of handover from MBS supporting node to a node not supporting MBS.
Proposal 3: The MRB and associated DRB can be used to deliver multicast data concurrently for a short time before a handover so that delivery and retransmissions of on-the-fly MRB packets can be completed while new packets are delivered via DRB. 
Proposal 4: The data in the associated DRB is not delivered to upper layer until transmissions via MRB are finalized and MRB is released. 
Proposal 5: For mobility from non-MBS to MBS, legacy handover can be performed before unicast is converted to MBS in the target.
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