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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. Data forwarding is a key component of lossless handover. This paper will discuss the data forwarding in lossless handover of NR multicast.
2. RAN2/RAN3 agreements in last meeting

During RAN2#112e, following agreed for connected mode mobility:

Service continuity

· 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. 

From RAN3#110e, following are the agreements for mobility:

Mobility between MBS Supporting Nodes

· For multicast, NR MBS shall provide means for minimization of data loss during mobility

· These means may be partly network deployment/implementation partly protocol support

· For multicast, in order to allow the UE to detect loss of data or duplication of data, RAN3 shall continue discussing solutions to support alignment of PDCP SNs in between gNBs.

· (in continuation of last meeting agreements):

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

· MBS context information within the UE context shall contain all MBS multicast session information the UE has joined.

· (confirming the agreement form last meeting, contained in st2 TP):

· 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).

· RAN3 will work on concepts to enable coordinated assignment of PDCP SNs to MBS user data packets within a gNB and between gNBs (to be coordinated with RAN2 if needed). Details FFS.

Mobility between MBS Supporting and non-MBS Supporting Nodes

· RAN3 to deprioritize any detailed study on mobility between MBS-supporting gNBs and non-MBS-supporting gNBs, with the exception of studying impacts on Session management, until SA2 clarifies requirements and achieves some basic agreements

3.  Handover for NR multicast
Figure 1 shows the handover procedure with 5G MBS.
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Figure 1: 5G MBS Handover Procedure
Lossless handover requires data forwarding between source and target. MBS data forwarding is needed in following scenarios:
· Target does not support MBS
· Target MBS session 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 MBS
· Target MBS session 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 1: 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 2: 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 3: 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 4: 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.
4. Conclusion

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

· Target does not support MBS
· Target MBS session is not synchronized with source, i.e. faster than source

· DRB to MRB handover.

Proposal 1: 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 2: 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 3: 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 4: 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.
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