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1	Introduction
In RAN groups, the NR_MBS topic was first discussed in parallel in RAN2#111e, RAN3#109e, and RAN1#102e meetings. Basic mobility support with service continuity for UEs in RRC_CONNECTED was discussed in RAN2 and RAN3 with some related agreements being made as following:
RAN2 agreements:
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.

RAN3 agreements:
Prioritize work on support of mobility scenarios of UEs moving from a cell with established MBS session resource to another cell with established or to be established MBS session resource.
For the prioritized scenario, intra-CU mobility and Xn/NG based inter-gNB mobility will be considered.
Next meeting: start with message flows and start deriving protocol functions on all impacted interfaces.

After RAN2#111e, companies continue progressing on the mobility topic with an email discussion in RAN2 [2] focusing on TBDs related to lossless mobility and how to enhance existing handover procedure to support MBS-MBS mobility scenario. Some of proposals from the email discussion are as below:
Proposal 2: If the service has the lossless requirement, then the PTP or PTP+PTM should be used in the target.
Proposal 3: 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.
Proposal 4: it is proposed that the following solution as the baseline for lossless handover: 
· From network side, the source gNB will forward the data to the target gNB and the target gNB will deliver the forwarding data via unicast. After that, the UE will receive the MBS in the target cell via multicast. Meanwhile, the SN STATUS TRANSFER should be extended to cover the PDCP SN for MBS data;
· From UE side, MBS can be configured as AM bearer, then lossless packet delivery based on PDCP status report and PDCP re-establishment/recovery can be supported as well. 
Details are FFS.
Proposal 6: The source gNB is allowed to forward MBS context information of the UE to the target gNB.
Proposal 7: The MBS bearer configuration of the target cell can be delivered by source cell to UE in RRC Reconfiguration message.
This contribution discusses some open aspects of mobility support for MBS for UEs in RRC_CONNECTED.
[bookmark: _Ref178064866]2	Discussion
2.1	General Aspects
[bookmark: _GoBack]Regarding the open issue on which variant of HO should be used as baseline, we think Rel15 HO can be the baseline for developing MBS HO solution. In case further enhancements are required, other enhanced variants, i.e., Rel-16 DAPS and/or CHO can be considered later. Given requirement on UE capability, DAPS and CHO would not allow Rel-15 UEs to be able to benefit from NR_MBS.
[bookmark: _Toc53679485][bookmark: _Toc53691278][bookmark: _Toc53744415][bookmark: _Toc53746192][bookmark: _Toc53746488][bookmark: _Toc54287803]Use Rel-15 HO procedure as baseline for MBS handover. 
When it comes to mobility, irrespective of whether intra-CU, Xn-based, or NG-based inter-gNB mobility, the UE needs configuration information related to MBS sessions at the new serving node, i.e., MBS configuration. Whereas, at the network side, the target node needs to have UE MBS context to know who (which UE) is receiving what services, for example, in order to setup corresponding radio bearers, if needed.
[bookmark: _Toc54287808]For mobility support, the UE needs MBS configuration at new serving node and new serving node needs UE MBS context.
To reduce overhead for MBS configuration signaling when UE moves, it would be good if the MBS configuration provided to UE also includes information about applicability of the configuration in a certain area, for example, within particular DUs in a gNB, within RNA or even tracking area. This may allow the UE to be able to continue receiving ongoing MBS service(s) in a new cell without the need for acquiring (the whole) MBS configuration again. When moving out of the specified area, the UE in RRC_CONNECTED is provided with a new MBS configuration during HO.
[bookmark: _Toc54287804]MBS configuration is provided to UE with information about an area where the configuration is applicable.
2.2	Data loss minimization
For prioritized mobility scenario of MBS-to-MBS handover for UEs in RRC_CONNECTED, depending on whether there is already an established MBS session at target node or not, service continuity and data loss reduction can be achieved in different ways. Nevertheless, as in the email discussion [2], requirements on data loss depends on the MBS service of interest. Existing means for minimization of data loss at UE mobility specified for legacy handover will not suit all services and vice versa.
In MBS mobility scenarios, in order to avoid data loss, it is necessary to have the same PDCP sequence number allocation at source and target nodes. This is currently not the case in inter-gNB mobility where PDCP entities of source and target gNBs are independent of each other. In this case, it can be assumed in RAN2 that that PDCP SN of MBS data is uniquely allocated by one network function/entity and synchronized between source and target nodes during handover. This is being discussed in RAN3, e.g., in [4].
[bookmark: _Toc54287809]RAN2 assume PDCP SN of MBS data is uniquely allocated by one network function/entity and is synchronized between source and target during HO.
In legacy, during handover for radio bearers with RLC AM mode, PDCP can either be re-established or initiate a data recovery procedure. Whereas, for radio bearers with RLC UM mode, PDCP can be re-established. For AM radio bearers, PDCP re-establishment and PDCP data recovery both trigger PDCP status report and retransmission of unsuccessfully delivered PDCP PDUs. But in case of UM radio bearers, there is no PDCP status reporting and the PDCP re-establishment only allows for transmission of PDCP SDUs which are already assigned PDCP SN but have not been submitted to lower layers.
For handling data loss in MBS HO, once the target acknowledges the handover request, the source node should know what data has not been successfully delivered to the UE. This can be done by reusing PDCP status reporting procedure. Thus, the source node should use RLC AM mode and trigger PDCP status reporting before performing HO. And then the source can inform the target the PDCP SN of the last successfully delivered PDCP PDU so that the missing PDUs can be transmitted by the target node.
[bookmark: _Toc54287805]For reliable MBS service, MRB can be switched to RLC AM mode, if needed, before HO.
[bookmark: _Toc54287810]Existing PDCP mechanisms for HO, i.e., PDCP re-establishment, data recovery, status reporting can be used to sufficiently handle data loss in MBS HO.
We see that data forwarding between source and target nodes is not necessarily needed if the two are both delivering the same MBS service. This is because if the RAN node keeps already delivered data in a buffer for a while, it is possible to send data which has not been successfully sent by the source. However, for the case the UE is the first at target node to receive the MBS service, there may have a gap between the last successfully delivered PDCP PDU by the source and the first PDCP PDU delivered by the target node. Thus, in this case, it can be assumed that the source keeps MBS data packets received from core and forward those to target at handover completion. In addition, the target should deliver the forwarded data to UE with RLC AM mode for reliable transmission. 
[bookmark: _Toc54287806]MBS data forwarding is only needed if the MBS session is not currently available at target. Target node may deliver forwarded data to UE using RLC AM mode.
In case there is already ongoing MBS service at target node, knowing the SN of last successfully delivered PDCP PDU from source node, the target only needs to transmit missing PDUs from its local buffer, i.e., via data restoration/retransmission, as detailed in [4].
2.3	Procedure enhancements for handover of MBS sessions
As discussed earlier, mobility for UEs receiving MBS session(s) while in RRC_CONNECTED state can be based on the mobility framework for unicast transmission, including intra-CU mobility and inter-gNB mobility. While there is no procedure enhancement needed for intra-CU mobility, inter-gNB (both Xn-based and NG-based) mobility for MBS requires some signaling enhancements for UE MBS context handling, MBS configuration provisioning, as well as data loss minimization.
Figure 1 shows an example of signaling flow with changes (in highlighted text) to support inter-gNB handover for MBS session(s). In particular, the HANDOVER REQUEST sent by the source gNB to the target gNB during the handover preparation phase can be extended to include UE MBS context of the UE. The HANDOVER REQUEST ACKNOWLEDGE message sent by the target gNB to source gNB is extended to include configuration information of the MBS session(s). This configuration is then included in the RRCReconfiguration message sent by the source gNB to the UE. After synchronizing with the target gNB, the UE uses this configuration to configure radio bearer for reception of MBS service(s) at the target gNB.
[bookmark: _Toc54287811]It can be assumed that handover preparation phase is extended to support transfer of UE MBS context to target gNB and providing MBS configuration information to UE.
In case the UE is the first in the target gNB to be interested in an MBS session, i.e., no ongoing MBS service in the gNB, to allow for service continuity, it can be assumed that the MBS session can be established in the target gNB, i.e., the target gNB should join the MBS session.

[image: ]
Figure 1: Example of inter-gNB handover for NR MBS
By re-using legacy functionality for loss-less handover and concluding that DAPS and CHO are not necessary for satisfactory HO performance, we think RAN2 can await progress from RAN3 on basic mobility before continuing the discussion on variants or potential optimizations. 
[bookmark: _Toc54287807]From RAN2 perspective handover discussion can be suspended until RAN3 provides more input.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	For mobility support, the UE needs MBS configuration at new serving node and new serving node needs UE MBS context.
Observation 2	RAN2 assume PDCP SN of MBS data is uniquely allocated by one network function/entity and is synchronized between source and target during HO.
Observation 3	Existing PDCP mechanisms for HO, i.e., PDCP re-establishment, data recovery, status reporting can be used to sufficiently handle data loss in MBS HO.
Observation 4	It can be assumed that handover preparation phase is extended to support transfer of UE MBS context to target gNB and providing MBS configuration information to UE.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Use Rel-15 HO procedure as baseline for MBS handover.
Proposal 2	MBS configuration is provided to UE with information about an area where the configuration is applicable.
Proposal 3	For reliable MBS service, MRB can be switched to RLC AM mode, if needed, before HO.
Proposal 4	MBS data forwarding is only needed if the MBS session is not currently available at target. Target node may deliver forwarded data to UE using RLC AM mode.
Proposal 5	From RAN2 perspective handover discussion can be suspended until RAN3 provides more input.
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