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1. Introduction 
Mobility and service continuity is basic function for 5G MBS [1]. In order to meet high reliability requirement for NR multicast services, loss-less handover support is a key enhancement requirement of NR multicast comparing with LTE eMBMS/SC-PTM. This paper will discuss the procedure for supporting NR multicast loss-less handover . This paper analyses the basic mobility.
2. RAN2/RAN3 agreements in last meeting

During RAN2#111e, following agreed for connected mode mobility:

· 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.
From RAN3#109e, following are the agreements for mobility:

· 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.

· WA: the UE Context to be transferred to the target gNB contains information about the MBS Session(s) the UE joined. Details are FFS.

· Xn Handover Request and the NG Handover Request message should contain MBS context information for the UE

· The F1AP UE context should contain MBS context information

· 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)

· WA: In RRC_CONNECTED state, the MBS multicast tree is updated between the gNB and the MB-UPF at least for the first UE joining an MBS multicast session at a gNB. Similarly, the MBS multicast tree is updated between the target gNB and the MB-UPF at least for the first UE requesting an MBS multicast session and accepted into the target gNB. 
3.  Handover for NR multicast
Figure 1 shows the handover procedure with 5G MBS.
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Figure 1: 5G MBS Handover Procedure
2.1 Measurement

For single cell broadcast/multicast, existing measurement for unicast can be directly reused. In small SFN based multicast/broadcast, the SFN coverage is different from a cell. For this case, MBS specific measurement may have to  be defined. The MRB configuration shall be exchanged between gNBs using non-UE specific signalling, for gNB to accurately configure MBS measurement for UE. The information is also used for target cell/gNB selection by source in handover.

Proposal 1: MRB configuration is exchanged between gNBs using non-UE specific signalling.

2.2 Handover preparation

In Handover Request, source gNB transfers UE specific MRB context to target as part of UE context. The target gNB makes admission control based on the MRB context. The target may carry the QoS flows of the MRB over a DRB. In Handover Command, target includes the new mapping (if the mapping is changed). In last meeting, RAN3 has agreed UE MBS context transfer in handover preparation, as working assumption.
Proposal 2: UE MBS context is transferred from source gNB to target gNB in handover preparation.

2.3 Data Forwarding

Lossless handover requires data forwarding between source and target. MBS data forwarding is needed in following scenarios:
· Target does not support MRB

· Target MRB is not synchronized with source, i.e. faster than source 
· DRB to MRB handover.
Observation 1: Data forwarding for MBS is needed in following scenarios:

· Target does not support MRB

· Target MRB is not synchronized with source, i.e. faster than source

· DRB to MRB handover.

To enable duplication avoiding and packet loss detection, the MB-UPF should use same GTP-U Sequence number to deliver same packet to different gNBs.
Proposal 3: RAN3 to agree below working assumption and send LS to SA2 to confirm: 

· MB-UPF multicasts same MB payload packet to each gNB using same GTP-U sequence number
· gNB derives PDCP SN from the GTP-U sequence number.

During the regular handover, there will be some interruption time while UE switching from source cell connection to target cell connection.. The multicast data packet may be missed during HO execution period and the missed packets should be re-transmitted to UE after successful handover to target cell. Target gNB knows the UE missed packets from PDCP Status Report received from the handover UE.
Observation 2: UE may have service interruption during HO execution phase. UE can report the missed packets by PDCP status report. gNB should buffer the packets in advance and deliver missed packets to UE when UE arrived at target.

Without SYNC protocol, the source and target multicast are not synchronized. For accurate pre-buffering for the UE, target gNB needs to know the current PDCP SN in the source gNB. If the source PDCP SN is slightly ahead of target, target can start packet buffering based on SN Status Transfer.
Proposal 4: Include DL COUNT of the UE’s receiving MRB in SN Status Transfer message.

It is possible that target multicast is far ahead of source. In this case, the target should start buffering earlier. 

Observation 3: Without SYNC protocol, the target multicast may be far ahead of source. In this case, target should start buffering earlier than SN Status Transfer.
Proposal 5: Source gNB includes current PDCP SN of each MBS radio bearer in Handover Request, for target gNB to buffer packet for the UE, if need (e.g. target PDCP SN is far ahead of source).
In data forwarding, source needs to know which packets to forward. So, target gNB should tell source gNB its current PDCP SN.
Proposal 6: In Handover Request Ack, target gNB tells source gNB the current PDCP SN of each MBS radio bearer for source gNB to decide packets to forward.
2.4 R16 Mobility Enhancements
DAPS handover and CHO should support MRB handover too. But, the discussion for DAPS/CHO should be deprioritized until basic handover procedure for MRB is defined.

Proposal 7: CHO support for MRB handover should be defined, but should be deprioritized until basic handover procedure for MRB is defined. 

4. Conclusion

Proposal 1: MRB configuration is exchanged between gNBs using non-UE specific signalling.

Proposal 2: UE MBS context is transferred from source gNB to target gNB in handover preparation.

Observation 1: Data forwarding for MBS is needed in following scenarios:

· Target does not support MRB

· Target MRB is not synchronized with source, i.e. faster than source

· DRB to MRB handover.

Proposal 3: RAN3 to below agree working assumption and send LS to SA2 to confirm: 

· MB-UPF multicasts same MB payload packet to each gNB using same GTP-U sequence number
· gNB derives PDCP SN from the GTP-U sequence number.

Observation 2: UE may have service interruption during HO execution phase. UE can report the missed packets by PDCP status report. gNB should buffer the packets in advance and deliver missed packets to UE when UE arrived at target.
Proposal 4: Include DL COUNT of the UE’s receiving MRB in SN Status Transfer message.
Observation 3: Without SYNC protocol, the target multicast may be far ahead of source. In this case, target should start buffering earlier than SN Status Transfer.

Proposal 5: Source gNB includes current PDCP SN of each MBS radio bearer in Handover Request, for target gNB to buffer packet for the UE, if need (e.g. target PDCP SN is far ahead of source).
Proposal 6: In Handover Request Ack, target gNB tells source gNB the current PDCP SN of each MBS radio bearer for source gNB to decide packets to forward.
Proposal 7: CHO support for MRB handover should be defined, but should be deprioritized until basic handover procedure for MRB is defined. 
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