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1 Introduction

MBS aware handover and data forwarding are key enhancements of 5G MBS. This paper proposes solution for data forwarding in handover with MBS multicast, based on last meeting offline R3-212708. 
2 Discussion

2.1 Requirements on NR MBS mobility

RAN2 #112e has following agreements on NR MBS mobility with RAN3 impacts.

· 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.

RAN3 #110e has following agreements:

· 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. 
· 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.
Before discussing technical solution, let’s first confirm the requirements and agreements.

Proposal 1: Confirm below requirements from RAN2/RAN3 agreements:
A. Support lossless handover

B. Support data forwarding for MBS data

C. Support PDCP SN synchronization and continuity between the source and the target. 

2.2 PDCP SN synchronization

To get PDCP SN synchronized in source and target, most of the companies proposed to derive the PDCP SN from sequence number in NG-U. For one MBS Session, UPF will ensure same MBS data is sent to different gNBs using same sequence number in NG-U.

Proposal 2, Source and target gNBs derive synchronized PDCP SN from sequence number in NG-U.

On the choice of sequence number in NG-U. Following options were discussed in last meeting. Most of the companies prefer option A or B.
A. QFI Sequence Number in “DL PDU SESSION INFORMATION” of NG UP protocol (38.415)

· Sub option 1: use existing QFI Sequence Number

· Sub option 2: define new QFI Sequence Number for MBS

B. GTP-U sequence number in NG-U tunnel level

C. Other solution, e.g. Synchronized PDCP SN between gNBs is achieved by a central gNB-CU-UP serving multiple gNBs [14].

Proposal 2a: RAN3 to select one sequence number from option A and B:

A. QFI Sequence Number in “DL PDU SESSION INFORMATION” of NG UP protocol (38.415)

· Sub option 1: use existing QFI Sequence Number

· Sub option 2: define new QFI Sequence Number for MBS

B. GTP-U sequence number in NG-U tunnel level.
2.3 MBS flow to MRB mapping

In data forwarding, the PDCP SN is assigned per MRB. The NG-U tunnel is per MBS session, which includes one or multiple MBS flows. So, the flow to MRB mapping impacts the solution decision in section 2.2.

As the gNB, following main architectural principles from 5GS, is the entity that decides QoS flow to Radio Bearer mapping, it is most natural to keep this function in gNB.
For service that requires lossless handover for MBS-MBS mobility, in order to support deriving same PDCP SN for the same MBS data packet by different gNBs, following options were discussed in last meeting:
A. Each MRB has only one MBS flow

B. Each MRB can have multiple MBS flows

C. All QoS flow in a MBS session are mapped to a single MRB.
Proposal 3: RAN3 to discuss and decide flow to MRB mapping for the MBS session requiring lossless handover together with proposal 2a.
2.4 Data forwarding decision

The MBS multicast in source and target are scheduled independently. The target may be faster than source. In this case, to avoid packet loss in handover, source should forward packets to target for target to deliver to UE, e.g. in PTP. If target is slower than source, the data forwarding may not be needed. So, papers [2] [6] [7] [13] [17] [18] [19] [23] propose to exchange the MRB transmission status (PDCP SN or COUNT) in handover preparation, in Handover request message and in Handover acknowledge message.
Proposal 4. Source and target to exchange MRB transmission status (PDCP SN/COUNT) information for data forwarding decision in handover preparation procedure.

Based on RAN2 agreement, SN Status Transfer message should be extended for MRB.  

Proposal 5. Extend SN Status Transfer message for MRB. The DL COUNT indicates next PDCP SN to assign.

2.5 Data forwarding stop

In the regular handover for unicast, the source NG-RAN node receives one or several GTP-U end marker packets per PDU session from the UPF and replicates the end marker packets into each data forwarding tunnel when no more user data packets are to be forwarded over that tunnel. However, for MBS service, the shared NG-U delivery is used, the MBS-UPF will continue sending data to the source gNB when a UE is handover to the target. Regarding how to stop the data forwarding in the source gNB, several options are proposed in the last meeting contributions. 
Proposal 6: RAN3 to discuss and select one option from below list for data forwarding stop.
A. Based on received PDCP SN from target in handover preparation
B. A stop message from target
C. Based on per UE end marker from UPF.
3 Summary
 Proposal 1: Confirm below requirements from RAN2/RAN3 agreements:

A. Support lossless handover

B. Support data forwarding for MBS data

C. Support PDCP SN synchronization and continuity between the source and the target. 

Proposal 2, Source and target gNBs derive synchronized PDCP SN from sequence number in NG-U.

Proposal 2a: RAN3 to select one sequence number from option A and B:

A. QFI Sequence Number in “DL PDU SESSION INFORMATION” of NG UP protocol (38.415)

· Sub option 1: use existing QFI Sequence Number

· Sub option 2: define new QFI Sequence Number for MBS

B. GTP-U sequence number in NG-U tunnel level.
Proposal 3: RAN3 to discuss and decide flow to MRB mapping for the MBS session requiring lossless handover together with proposal 2a.
Proposal 4. Source and target to exchange MRB transmission status (PDCP SN/COUNT) information for data forwarding decision in handover preparation procedure.

Proposal 5. Extend SN Status Transfer message for MRB. The DL COUNT indicates next PDCP SN to assign.

Proposal 6: RAN3 to discuss and select one option from below list for data forwarding stop.
A. Based on received PDCP SN from target in handover preparation
B. A stop message from target
C. Based on per UE end marker from UPF.
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