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Introduction
Mobility between MBS supporting nodes was discussed in RAN3#110e and the related agreements are as follows:
· [bookmark: _Hlk60994279]For multicast, NR MBS shall provide means for minimization of data loss during mobility.
· 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.
In this contribution, we provide our view on mobility between MBS supporting nodes and the service continuity during the handover.
Discussion
Mobility between MBS supporting nodes 
In this section, we will analyse the message flow between MBS supporting nodes for RRC_CONNECTED UEs. In order to supporting the mobility scenarios of UE in RRC_CONNECTED mode moving from a gNB established with the MBS session resource to another gNB with established MBS session resource, service continuity needs to be ensured during the handover. 
In current handover scenario, there is only one PDU session established from CN to gNB. After the handover, UPF will switch the path from source gNB to target gNB. Service continuity is mainly supported by the SN STATUS TRANSFER message sending from source gNB to target gNB. The SN STATUS TRANSFER message informs target gNB of the PDCP SN number of the latest MBS data packet to ensure the service continuity and avoid repeated transmissions. 
In the MBS handover scenario, considering that MBS packets are sending to multiple UEs within one gNB, MBS sessions in target gNB still be there even though there is no handover happening. In addition, the distances to the source gNB and to the target gNB are not the same and the quality of the radio link of different gNBs are quite different, resulting UEs receiving different MBS packets from CN at a certain time in source and target gNB.  Therefore, the current handover process is inadequate to support MBS service continuity. Meanwhile, the source gNB needs to forward data packets to the target gNB until receiving the end marker. At the same time, the target gNB will receive the same data packet from UPF which leads to repeated transmission and waste of resource.
[bookmark: _Hlk61225212]Observation 1: In the MBS handover scenario, considering that MBS packets are sending to multiple UEs within one gNB, MBS sessions in target gNB still be there even though there is no handover happening.
Observation 2: In addition, the distances to the source gNB and to the target gNB are not the same and the quality of the radio link of different gNBs are quite different, resulting UEs receiving different MBS packets from CN at a certain time in source and target gNB.
For the purpose of solving the above problem, our scheme is to introduce the reply message from the target gNB to the source gNB. The message flow of current handover can be taken as baseline and some enhancements are added in the message flow to fulfil lossless handover between MBS supporting nodes.
[bookmark: _Hlk61225224]Proposal 1: For the purpose of solving the above problem, our scheme is to introduce the reply message from the target gNB to the source gNB. The message flow of current handover can be taken as baseline and some enhancements are added in the message flow to fulfil lossless handover between MBS supporting nodes.


Figure1: Message Flow of UE handover between MBS supporting nodes
Solution
In our solution, we will discuss the scenarios with different transmission rate of source gNB and target gNB. For the convenience, this solution assumes that the GTP-U SN of the data packets from the UPF to the gNB has a one-to-one mapping with the PDCP SN of the data packets transmitted between the gNBs. The SN of the QFI is defaulted as the GTP-U SN.


Figure 2 Transmission rate in source gNB faster than the rate in target gNB
The first scenario assumes that the transmission rate in source gNB is faster than the rate in target gNB. As shown in the figure 2, we illustrate with the example that source gNB has already sent packets from packet #1 to packet #8 and target gNB has already sent packets from packet #1 to packet #5 when UE accesses to target gNB. Based on the first scenario, the following situation may occur:
A. If there has no packet loss during the transmission from source gNB to UE. Since the transmission rate in source gNB is faster than the rate in target gNB, UE will repeatedly receive packets from packet #6 to packet #8. Therefore, the target gNB can send the reply message to the source gNB, informing that packets after the packet #8 are transmitted by the target gNB, and the source gNB can finish data forwarding.
B. If there has packet loss during the transmission from source gNB to UE.
a) If packet #3 is lost during the transmission from source gNB to UE, UE needs to receive packet #3 and then receive packets from packet #6 to packet #8. If the target gNB has buffered the packet #3, the target gNB sends the reply message to the source gNB informing that its own buffer information and the source base station does not need to forward the packet #3. If the target gNB has not buffered the packet #3, the target gNB sends the reply message to the source gNB informing that its own buffer information and requesting packet #3. Meanwhile, the message shows packets after the packet #8 are transmitted by the target gNB and source gNB can finish data forwarding.
b) If packet #6 is lost during the transmission from source gNB to UE, UE will repeatedly receive packets from packet #6 to packet #8, which is identical to situation A. 


Figure 3 Transmission rate in source gNB is slower than the rate in target gNB
The second scenario assumes that the transmission rate in source gNB is slower than the rate in target gNB. As shown in the figure 3, we illustrate with the example that source gNB has already sent packets packet #1 to packet #5 and target gNB has already sent packets packet #1 to packet #8 when UE accesses to target gNB. Based on the first scenario, the following situation may occur:
A. If there has no packet loss during the transmission from source gNB to UE. Since the transmission rate in source gNB is slower than the rate in target gNB, UE will continue to receive packets from packet #6 to packet #8 as the supplement which is not received in source gNB. 
a) If the target gNB has buffered the packets from packet #6 to packet #8, the target gNB sends the reply message to the source gNB informing that its own buffer information and the source base station does not need to forward the packets from packet #6 to packet #8. Meanwhile, the message shows packets after the packet #8 are transmitted by the target gNB and the source gNB can finish data forwarding.
b) If the target gNB has not buffered the packets from packet #6 to packet #8, the target gNB sends the reply message to the source gNB informing that its own buffer information and requesting packets from packet #6 to packet #8. Meanwhile, the message shows packets after the packet #8 are transmitted by the target gNB and the source gNB can finish data forwarding.
B. If there has packet loss during the transmission from source gNB to UE. Since the transmission rate in source gNB is slower than the rate in target gNB, UE will firstly receive packet #3 and continue to receive packets from packet #6 to packet #8 as the supplement which is not received in source gNB.
a) If the target gNB has buffered the packets from packet #3, the target gNB sends the reply message to the source gNB informing that its own buffer information and the source base station does not need to forward the packets after the packet #3. Meanwhile, the message shows packets after the packet #8 are transmitted by the target gNB and the source gNB can finish data forwarding.
b) If the target gNB has buffered the packets from packet #6, the target gNB sends the reply message to the source gNB informing that its own buffer information and only requesting packet #3. Meanwhile, the message shows packets after the packet #8 are transmitted by the target gNB and the source gNB can finish data forwarding.
c) If the target gNB has not buffered the packets from packet #3, the target gNB sends the reply message to the source gNB informing that its own buffer information and only requesting packet #3 and packets from packet #6 to packet #8. Meanwhile, the message shows packets after the packet #8 are transmitted by the target gNB and the source gNB can finish data forwarding.
Based on the analysis of above scenarios, there are two design plan we proposed for the reply message.
Plan 1: Reply message indicates the current buffer information of target gNB. The PDCP SN of first packet currently buffered in target gNB is carried in reply message. After receiving the PDCP SN, source gNB will compare the number with PDCP SN of data forwarding packets and send the unacknowledged data packets as well as the data packets to be assigned in source gNB to target gNB, whose PDCP SN is less than the PDCP SN in reply message. Moreover, in the scenario that transmission rate in target gNB is slower than source gNB, source gNB can send the PDCP SN of the data packets acknowledged by the UE to target gNB for avoiding repeat transmission.
Plan 2: Reply message indicates the PDCP SN of the unacknowledged data packets as well as transmission failed packets by UE in source gNB. If the transmission rate in target gNB is slower than source gNB, source gNB can send the PDCP SN of the data packets acknowledged by the UE to target gNB for avoiding repeat transmission after receiving the reply message. If the transmission rate in target gNB is faster than source gNB, source gNB needs to forward the unacknowledged data packets by UE as well as transmission failed packets in source gNB.
Proposal 2: Reply message indicates the current buffer information of target gNB or the PDCP SN of the unacknowledged data packets by UE as well as transmission failed packets in source gNB.
Conclusions
In this paper, we provide our view on mobility between MBS supporting nodes and the service continuity during the handover. We propose message flow of UE handover between MBS supporting nodes and introduce the reply message from the target gNB to the source gNB. We have the following observations and proposals:
Observation 1: In the MBS handover scenario, considering that MBS packets are sending to multiple UEs within one gNB, MBS sessions in target gNB still be there even though there is no handover happening.
Observation 2: In addition, the distances to the source gNB and to the target gNB are not the same and the quality of the radio link of different gNBs are quite different, resulting UEs receiving different MBS packets from CN at a certain time in source and target gNB.
Proposal 1: For the purpose of solving the above problem, our scheme is to introduce the reply message from the target gNB to the source gNB. The message flow of current handover can be taken as baseline and some enhancements are added in the message flow to fulfil lossless handover between MBS supporting nodes.
Proposal 2: Reply message indicates the current buffer information of target gNB or the PDCP SN of the unacknowledged data packets by UE as well as transmission failed packets in source gNB.
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