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1 Introduction 
Handover support for MBS multicast is a key advantage of NR MBS comparing with LTE eMBMS/SC-PTM. Two solutions were received in previous meetings for mobility between MBS supporting nodes. This paper analyses the two solutions.
[bookmark: _Ref535308766][bookmark: _Ref535492080]Solution 1: Distributed CU-UP ([1], [2], [3], [4], [5], [6], [9], [12], [13], [14], [15], [16], [17])
CU-UP is distributed deployed and may change in the handover. 
Solution 2: Centralized CU-UP ([7],[8])
CU-UP may be co-located with UPF/MB-UPF and is not changed in the handover. 
2 Solution analysis
PDCP synchronization between source and target
MBS transmission is scheduled by each gNB/DU independently. In handover, when source and target are multicasting the same service, typically, one node would be faster than the other. When the faster node is target in handover, some packets would be missed from UE MRB receiving. The missed packets should be sent to UE using unicast. To know the missed packets and detect the packet duplication, the sequence number synchronization between source and target would be needed.
In solution 1, source and target can derive synchronized PDCP SN from sequence number in GTP-U sequence number. This requires MB-UPF to assign same GTP-U sequence number for same packet transmitted over different NG-U tunnels.
In solution 2, the CU-UP shall assign same PDCP SN for same packet transmitted over different F1-U tunnels. 
Observation 1: In handover between supporting nodes, sequence number synchronization is needed for the retransmission of missed packets:
· For solution 1: MB-UPF shall assign same sequence number in GTP-U header for same packet transmitted over different NG-U tunnels
· For solution 2, the CU-UP shall assign same PDCP SN for same packet transmitted over different F1-U tunnels.
Data forwarding
The fast gNB/DU may have discarded the transmitted packets from its buffer when UE from slower gNB/DU arrives. When the fast gNB/DU is target, the source gNB/DU shall forward the missed data to the target for the target to deliver the packets to UE using unicast.
Observation 2: Data forwarding is needed to avoid packet loss in handover:
· For solution 1: the source gNB forwards the packets to target gNB
· For solution 2: the CU-UP forwards the packet to target DU.
MRB/flow mapping
Data forwarding is performed per MRB/DRB per UE in handover. If target and source have different MRB/flow mapping, it is difficult to support data forwarding and PDCP SN synchronization. 
For solution 2, because CU-UP is shared, all the related CU-CPs shall configure the same MRB/flow mapping for all the DUs carrying the MBS session. This may need coordination between CU-CPs.
[bookmark: _Hlk85703206]Observation 3: Consistent MRB/flow mapping in source and target is preferred to support lossless handover. This is more challenging for solution 2, except only 1:1 mapping is supported in R17.
Different CU-UP for MBS Session and associated PDU Session
For multicast, each MBS session is associated with one PDU session. In solution 2, the MBS session and the associated PDU session are served by different CU-UP typically. For solution 1, it is also possible that MBS session and associated PDU session are served by different CU-UPs. 
For supporting node, only MRB is used for both PTM and PTP transmission of MBS packet. For non-supporting node, PDU session and associated QoS flows are used MBS packet transmission. There is not direct UP interworking between PDU session and MBS session. So, different CU-UP for MBS session and associated PDU session should be allowed.
Observation 4: For both solutions, different CU-UPs for MBS session and associated PDU session should be allowed.
F1 delay and UP protocol
UP protocol for MRB is needed at least for F1-U flow control. The UP flow control may also be used for synchronization between different DUs. This is especially useful for solution 2. 
Observation 5: Flow control in UP protocol (38.425) is still needed for MRB. The flow control may be used for synchronization between DUs in solution 2.  
UP protocol may also be used for retransmission and assistance information delivery. In solution 2, the F1 delay could be much longer for some DUs, because CU-UP is centralized. The long F1 delay impacts the feedback cycle of UP protocol.
Observation 6: F1 delay could be much longer for some DUs in solution 2. Long F1 delay increases the feedback cycle of fast retransmission and freshness of assistance information.

3 Deployment scenarios and proposals
Distributed CU-UP deployment is flexible. It enables MBS deployment by just software upgrade. We note that since forwarding in the intra-gNB/inter-DU mobility scenarios may be required as part of solution 1, in principle nothing precludes deployments that use the same operation to cover larger areas i.e. as in solution2. Inter-gNB handover without CU-UP change has been support for unicast. It should be also supported for MBS as part of solution 1. From this perspective, solution 2 is a special case of solution 1.  
Observation 7: Solution 1 should also cover the scenario of inter-gNB handover without CU-UP change.
Proposal 1: Support solution 1 as baseline for handover between MBS supporting nodes.

4 Conclusions
[bookmark: _Hlk512894710]Based on the above discussion, we have following observations and proposals:
Observation 1: In handover between supporting nodes, sequence number synchronization is needed for the retransmission of missed packets:
· For solution 1: MB-UPF shall assign same sequence number in GTP-U header for same packet transmitted over different NG-U tunnels
· For solution 2, the CU-UP shall assign same PDCP SN for same packet transmitted over different F1-U tunnels.
Observation 2: Data forwarding is needed to avoid packet loss in handover:
· For solution 1: the source gNB forwards the packets to target gNB
· For solution 2: the CU-UP forwards the packet to target DU.
Observation 3: Consistent MRB/flow mapping in source and target is preferred to support lossless handover. This is more challenging for solution 2, except only 1:1 mapping is supported in R17.
Observation 4: For both solutions, different CU-UPs for MBS session and associated PDU session should be allowed.
Observation 5: Flow control in UP protocol (38.425) is still needed for MRB. The flow control may be used for synchronization between DUs in solution 2.  
Observation 6: F1 delay could be much longer for some DUs in solution 2. Long F1 delay increases the feedback cycle of fast retransmission and freshness of assistance information.

Observation 7: Solution 1 should also cover the scenario of inter-gNB handover without CU-UP change.
Proposal 1: Support solution 1 as baseline for handover between MBS supporting nodes.
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