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1 Introduction
In RAN2-116bis-e, the issue of multicast HO was discussed and it was agreed [1]:

· RAN2 assumes both source and target cells supporting PTP RLC AM as baseline for supporting Multicast loss-less HO with data forwarding between MBS supporting cells
· FFS whether same mechanisms as for PTP RLC-AM loss-less HO can be applicable in case of source cell with PTM only configuration and target cell supporting PTP only or PTM + PTP configurations. (FFS may come for free). 

In this document, we discuss on the FFS regarding how to support lossless HO of an MBS session without the need to have a PTP configuration.
2 Discussion
The following scenarios are possible when a UE that has active MRB session (that is being provided via PTM) starts performing a handover from a source to a target:

Case A: The source is ahead of the target with regard to the transmission of the MRB packets (e.g. when UEs in the source cells are receiving packet with SNs, UEs in the target are receiving SNy, where SNy < SNx )

Case B: The source is behind the target with regard to the transmission of the MRB packets (e.g. when UEs in the source cells are receiving packet with SNs, UEs in the target are receiving SNy, where SNy > SNx)

Case C: The source and target are exactly in sync with regard to the transmission of the MRB packets (i.e. UEs in the two cells will receive packets with the same PDCP SN at exactly the same frame/slot)

If the transmission/reception towards the source is stopped immediately after the reception of the handover command at the UE (i.e., regular handover), in the cases of B and C above, the first packet to be received from the target via PTM will be out of order (i.e., with a PDCP SNz > SNx + 1).  Even in the case of A, it could happen that the first packet received by the UE from the target will be out of order. That is, by the time the handover is completed at the UE, including the processing of the handover command, sub procedures like RA to the target and the sending of the reconfiguration complete message, etc, the target may manage to send packets from SNy+1 to SNx+1. 

Observation 1:
In the case where the target’s MBS session is behind the source’s, lossless handover is possible while operating only in PTM mode.

Observation 2:
In the case where the target’s MBS session is ahead of the source’s, packet loss will occur during a handover while operating only in PTM mode.
If only PTM operation is supported for MBS at the UE/network, then this will result in the stalling of the MBS reception at the UE while the UE waits for the missing packets that will never arrive from the target’s PTM transmission. The duration of the stalling depends on the value of t-reordering configured for the PDCP of the MRB (which can be configured to be up to 3 seconds in NR). When the t-reordering has elapsed, the UE will stop waiting for the missing packets and delivers the packets out of order and the PDCP window can progress. 

Observation 3:
Apart from packet loss, the UE, at a higher/application layer, may incur further interruption in the MBS session reception (equivalent to the PDCP t-reordering time).

In RAN2-116, it was agreed [2]:

· From RAN2 point of view, the connected UE may if supported receive MBS broadcast service from non-serving cell in intra-PLMN case, under the condition this does not have any impact to operation on serving cell(s). 
This can be extended to the case of PTM only lossless MBS handover, without requiring further impact at the network, as illustrated below.  
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As can be seen in the figure above, the MBS session in cell B is ahead of that of the MBS session at A, the first packet received by the UE in cell B via PTM has a SN of n+8, which is 5 packets ahead of the last packet received by the UE in cell A (SN of n+3). Since cell A is anyways going to transmit packet n+4 to n+7 for its other UEs via PTM, the UE can keep receiving the PTM transmission from cell A, without any extra network usage for the delivery of the missing packets for that UE.

Observation 4:
Unnecessary usage of network resources will be avoided if the UE keeps receiving MBS data via PTM from the source even after HO.

Since after a HO the source releases all the resources with the UE, it will not be possible to send HARQ feedback for the PTM reception to the source.  Thus, we propose:

Proposal 1:
In order to enable lossless HO while operating in only PTM mode, a UE may continue to receive multicast data from the source after the HO, without sending any HARQ feedback to the source.

Once the UE has received the missing packets, it will not be necessary to keep receiving from the source. Also, in some cases (e.g., high UE mobility case), the UE may may not able to receive all the missing packets before it goes completely out of the coverage area of cell A. 

Proposal 2:
The UE stops receiving from the source once it has detected that it has the missing packets (e.g., when there is no outstanding packet with SN less than the SN of the first packet received from the target), or until it can’t receive from the source anymore (e.g., out of coverage of source cell). 

3 Conclusion
In this contribution, the following observations and proposals were made regarding lossless handover of a UE’s MBS session while operating only with PTM mode:

Observation 1:
In the case where the target’s MBS session is behind the source’s, lossless handover is possible while operating only in PTM mode.

Observation 2:
In the case where the target’s MBS session is ahead of the source’s, packet loss will occur during a handover while operating only in PTM mode.

Observation 3:
Apart from packet loss, the UE, at a higher/application layer, may incur further interruption in the MBS session reception (equivalent to the PDCP t-reordering time).

Observation 4:
Unnecessary usage of network resources will be avoided if the UE keeps receiving MBS data via PTM from the source even after HO.

Proposal 1:
In order to enable lossless HO while operating in only PTM mode, a UE may continue to receive multicast data from the source after the HO, without sending any HARQ feedback to the source.

Proposal 2:
The UE stops receiving from the source once it has detected that it has the missing packets (e.g., when there is no outstanding packet with SN less than the SN of the first packet received from the target), or until it can’t receive from the source anymore (e.g., out of coverage of source cell). 
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