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Introduction
In RAN2#112e, the discussion on mobility issues has a good progress, and following agreements have been achieved [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. 



In this contribution, we mainly analyse lossless handover scenarios except for PTP-PTP, and possible enhancements in handover procedure.
Discussion
Lossless HO scenarios
It was agreed to support Lossless HO for MBS in last RAN2#112 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.
As for 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. Based on the current progress, the majority of companies do not support RLC-AM mode for PTM leg. Since the design of PTM transmission could be complex which may introduce heavy standard workload, while no much reliability gains can be achieved with extra transmission delay. 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 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 1: RAN2 is kindly asked to agree the above scenarios as lossless HO scenarios.
Handover Procedure enhancement
The basic handover procedure for unicast is defined in [2], consisting of three phases: handover preparation, handover execution and handover completion, as shown in Figure1, and it could be baseline for MBS HO procedure.

 
Figure 1 unicast handvoer procedure
Handover Preparation
This phase mainly includes measurement configuration and reporting, and the target gNB confirms the source gNB’s handover request. With regard to the measurement configuration and reporting, the legacy unicast measurement mechanism could be used, while for the confirmation of handover request, it’s better to embed UE’s MBS related information into the Handover Request sent to the target gNB, which is helpful for the target gNB’s admission control, transmission mode decision, and multicast session setup, if there’s no multicast session at the target node yet. In LTE MBMS, for handover preparation, the source eNB forwards the MBMS interest of the UE, if available, to the target eNB, so the MBS related information for NR could be on-going multicast services and/or UE’s interest services. Besides, the target gNB could provide the MBS configuration in the Handover Request Acknowledge message, if the target gNB determines to accept the UE.
[bookmark: _Hlk61446094]Observation 2: Current measurement configuration and reporting mechanism could be reused for multicast handover.
Observation 3: The MBS related information, e.g., on-going multicast services and/or UE’s interest services embedded into Handover Request is helpful for the target gNB’s admission control, transmission mode decision and multicast session setup.
Proposal 2: MBS related information, e.g., on-going multicast services and UE’s interest services could be embedded into Handover Request for the target gNB’s better decision and proper actions.
Proposal 3: The target node could provide the MBS configuration in the Handover Request Acknowledge message.
Handover execution and completion
For unicast handover, there is only one PDU session established from CN to gNB. After the handover, UPF will switch the path from source gNB to target gNB, as depicted in Figure 1. And the Service continuity is mainly supported by the SN STATUS TRANSFER message sending from the source gNB to the target gNB.
In the MBS handover scenario, MBS packets are sending to multiple UEs within one gNB, MBS sessions in the target gNB are always existing even there is no handover happening. 
In addition, considering the different distances to the source gNB and to the target gNB, the different radio link quality of different gNBs, and difference of gNB scheduling, mismatching of packets delivery status still exists in the target gNB and the source gNB, even approaches to minimize the data loss like DL PDCP SN synchronization, and data forwarding was agreed to introduce in last meeting. This may lead to repeated transmission and waste of resource.
Observation 4: In the MBS handover scenario, considering that MBS packets are sending to multiple UEs within one gNB, MBS sessions in target gNB still be there even though there is no handover happening.
Observation 5: There could be mismatching of packets delivery status in the source gNB and the target gNB, which may lead to repeated transmission and waste of resource.
To solve the problem mentioned above, one potential solution is that the target gNB informs the source gNB its delivery status besides SN Status transfer, which is used for the source gNB transmission status notification, and this could be discussed in RAN3.
Proposal 4: Message to indicate the target gNB’s delivery status to the source gNB could be introduced to avoid transmission and waste of resource.
Conclusions
In this paper, we make analysis on how to achieve lossless in handover, and provide our view on possible lossless handover scenarios. Besides, based on the unicast handover procedure, we discussed the potential enhancement in the MBS handover procedure. We have the following observations and proposals:
Observation 1: Lossless HO could also be supported in PTM-PTP, PTM+PTP-PTP, PTM-PTP+PTM and PTM+PTP-PTM+PTP besides PTP-PTP.
Observation 2: Current measurement configuration and reporting mechanism could be reused for multicast handover.
Observation 3: The MBS related information, e.g., on-going multicast services and/or UE’s interest services embedded into Handover Request is helpful for the target gNB’s admission control, transmission mode decision and multicast session setup.
Observation 4: In the MBS handover scenario, considering that MBS packets are sending to multiple UEs within one gNB, MBS sessions in target gNB still be there even though there is no handover happening.
Observation 5: There could be mismatching of packets delivery status in the source gNB and the target gNB, which may lead to repeated transmission and waste of resource.
Proposal 1: RAN2 is kindly asked to agree the above scenarios as lossless HO scenarios.
Proposal 2: MBS related information, e.g., on-going multicast services and UE’s interest services could be embedded into Handover Request for the target gNB’s better decision and proper actions.
Proposal 3: The target node could provide the MBS configuration in the Handover Request Acknowledge message.
Proposal 4: Message to indicate the target gNB’s delivery status to the source gNB could be introduced to avoid transmission and waste of resource.
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