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1	Introduction
In RAN3#109e, the PDCP Count Value Alignment to support of Loss-less handover for 5G MBS was discussed and the following conclusion was concluded [1]:
· Discussion on requirements for minimizing data loss during mobility for MBS user data is to be continued. In which way PDCP SNs, SN Status Report, data forwarding, can be used and impacts on all involved entities needs further discussions.
· Whether the SNs for the same MBS packet received by different gNBs should be aligned or not to minimize data loss during Handover
In this paper, we further discuss the PDCP Count Value Alignment issue.
2	Discussion
For unicast service, the loss-less handover for RLC-AM bearer is supported by:
· For in-sequence delivery and duplication avoidance, PDCP SN is maintained on a per DRB basis and the source gNB informs the target gNB about the next DL PDCP SN to allocate to a packet which does not have a PDCP sequence number yet (either from source gNB or from the UPF).
· In both the UE and the target gNB, a window-based mechanism is used for duplication detection and reordering.
· The target gNB re-transmits and prioritizes all downlink data forwarded by the source gNB (i.e. the target gNB should first send all forwarded PDCP SDUs with PDCP SNs, then all forwarded downlink PDCP SDUs without SNs before sending new data from 5GC), excluding PDCP SDUs for which the reception was acknowledged through PDCP SN based reporting by the UE.
Since in-sequence delivery during handover is based on a continuous PDCP SN, PDCP SN allocation should be aligned between source gNB and target gNB. 
Observation 1: PDCP Count Value allocation should be aligned and continuous between source gNB and target gNB to support loss-less handover.
The 5G MBS needs to support PTM mode. In PTM mode, the 5G MBS service is multicast over one or multiple cells. The source gNB and target gNB may allocate independent PDCP Count Value for the same packet from CN. One use case is the target gNB may join the multicast IP group later than the source gNB. The PDCP Count value misalignment will cause packet lost during handover from source to target if the existing data forwarding and SN STATUS TRANSFER message are used.
DL PDCP SN synchronization and continuity between the source cell and the target cell should be guaranteed by the network side to realize the lossless handover for 5G MBS services.
There could be multiple solutions to solve the PDCP Count Value misalignment issue.
Solution 1: PDCP Count Value Coordination based a SN from CN
In this solution, the PDCP count value is aligned with sequence number from CN, e.g. the gNBs assign same PDCP count value for a packet with same SN from CN. The gNBs may coordinate the mapping between PDCP PDCP Count value and the SN from CN over Xn. Based on the coordination, the neighbour gNB uses the same PDCP Count value for the packets with same SN from CN. If the SYNC protocol is used in 5G MBS, the gNBs may allocated PDCP count value associated with one or more SYNC header information. The GTP-U header may also include two bytes sequence number. The anchor gNB may allocated PDCP count value associated with GTP-U SN. A new NG SN can also be defined in the ‘RAN container’ in the GTP-U extension header.
Solution 2: Anchor PDCP based solution (DC-liked)
In this solution, in order to keep count value alignment between gNBs, an anchor PDCP concept is proposed:
· The PDCP count value assignment function is only located in a single gNB. An anchor gNB is defined with PDCP count value assignment function. The anchor gNB is selected in a specific area. Other gNBs in the area will connects to the anchor gNB for 5G MBS data transmission.
· The anchor gNB has 5GS MBS Session connection with CN. The data is processed by PDCP layer in the anchor gNB. The anchor gNB distributes the PDCP PDU to neighbor gNBs via Xn interface.
One issue of this solution, the service continuity can only be supported in a small area, due to a remote gNB may not have Xn interface with the anchor gNB.
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Figure 1. Overview of PDCP anchor based solution
RAN3 to discuss the penitential solutions if the issue on PDCP Count Value misalignment is confirmed.
Once PDCP SN synchronization is achieved per either solution#1 or solution#2, loss-less handover can be ensured using data forwarding based on end marker and dedicated radio bearer/PTP leg. As shown in the Figure 2, during handover procedure, the target gNB receives forwarded data and an End Marker indication from the source gNB. The target gNB sends the forwarded data via a dedicated bearer. During handover, the UE receives the forwarded data via the dedicated bearer and the data from the PTM MRB (multicast radio bearer) simultaneously. 
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Figure 2. Overview of data forwarding
The source gNB forwards the data to the target gNB and the target gNB will deliver the forwarding data via a unicast bearer or PTP leg.
3	Conclusion
In this contribution, PDCP Count Value Alignment to support of Loss-less handover for 5G MBS is discussed. The following proposals are proposed:
Observation 1: PDCP Count Value allocation should be aligned and continuous between source gNB and target gNB to support loss-less handover.
1. DL PDCP SN synchronization and continuity between the source cell and the target cell should be guaranteed by the network side to realize the lossless handover for 5G MBS services.
RAN3 to discuss the penitential solutions if the issue on PDCP Count Value misalignment is confirmed.
The source gNB forwards the data to the target gNB and the target gNB will deliver the forwarding data via a unicast bearer or PTP leg.
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