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1	Introduction
In RAN3#110e, it was agreed that [1]:
· 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 RAN2#112e, it was agreed that [2]:
· 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.
In RAN3#113e, it was agreed that [3]:
· Source and target gNBs derive synchronized PDCP SN from sequence number and the solution is FFS.
RAN#93-e discussion (RP-212559)
· There is no consensus on the proposal that Rel-17 NR MBS does not pursue lossless handover. 
In RAN3#114e, it was agreed that [4]:
· After the HO Request and before HO Request Ack is issued, UP resources establishment can be triggered if the Multicast session resources are not yet established in the target node.
· To support PDCP SN sync, support alt 2 (PDCP SN Sync for a common CU-UP) in Rel-17.
· To support PDCP SN sync, support alt 1 (PDCP SN Sync among RAN nodes with different CU-UP) in Rel-17.
Based on the agreements, this contribution discusses the PDCP SN synchronization and potential enhancements on data forwarding for shared MBS traffic delivery mode.
2	Discussion
Since the PDCP count value is used for PDCP status report from UE during handover or during RRC based bearer type change, the source and target gNB needs to keep not only PDCP SN but also PDCP count value synchronization. To get PDCP count value synchronization in source and target, the gNB can derive the PDCP count value 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. there are multiple solutions to support PDCP count value synchronization:
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
· Sub option 3: enhancements on top of existing QFI Sequence Number
B. GTP-U sequence number in NG-U tunnel level.
Since the two bytes of GTP-U SN may not be enough compared to the length of PDCP SN (the length of PDCP count value is 32bits, in which the length of PDCP SN can be set to 18 bits) and extension of GTP-U SN length is out of scope of RAN3, it would be better to adopt option A. The length of QFI Sequence number is 24 bits which is also smaller than 32bits PDCP count value. From this point of view, using existing QFI Sequence number is not applicable as well. Define a new 32 bits Sequence Number would be a appropriate solution.
Define a new 32 bits MBS Sequence number in PDU Session User Plane Protocol (TS 38.415) for PDCP count value synchronization between source and target gNBs. 
The PDCP count value synchronization has limitation on QoS flow to MRB mapping. There are three options were discussed: 
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.
With proposal 1, both option A and option C can work well. Option B is more complicated due to different gNB may have different QoS flow to MRB mapping decision. 
In order to support PDCP count value synchronization, each MRB has one of QoS flow or all QoS flows within the MBS session are mapped to a single MRB.
For the legacy unicast handover, the source NG-RAN node may suggest downlink data forwarding per QoS flow established for a PDU session and may provide information how it maps QoS flows to DRBs. The target NG-RAN node decides data forwarding per QoS flow established for a PDU Session. However, some enhancements may be needed due to 5GC shared MBS traffic delivery.
There are two 5GC MBS traffic delivery methods possible from SA2 point of view, as defined in TR 23.757:
· [bookmark: _Hlk42639614]5GC Individual MBS traffic delivery: 5G CN receives a single copy of MBS data packets and delivers separate copies of those MBS data packets to individual UEs via per-UE PDU session.
· 5GC shared MBS traffic delivery: 5G CN receives a single copy of MBS data packets and delivers a single copy of those MBS data packets to a RAN node.
The 5GC Shared MBS traffic delivery method is always mandatory, and 5GC Individual MBS traffic delivery is required to support UE mobility to/from non MBS-capable NG-RAN nodes, but otherwise optional.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]For the 5GC shared MBS traffic delivery, during handover, the target gNB may or may not have already joined the multicast group and established the MBS Session resource for the MBS session, e.g. for other UEs. 
· In a case, the target gNB has already joined the multicast group and established the MBS session resource already, the MBS data is ongoing transmitted from 5GC to the target gNB when the handover is performed. And the target gNB has buffered the MBS packets. Then the data forwarding from the source to target gNB are not necessary. 
· In a case, the target gNB has not joined the multicast group of the MBS session when handover is triggered. The data forwarding from the source to target gNB is needed to support lossless handover. 
· In another case, the target gNB has already joined the multicast group and established the MBS session resource already, the MBS data is ongoing transmitted from 5GC to the target gNB when the handover is performed. However, the data transmission in the target gNB is faster than the source gNB.  For example, the highest successfully delivered packet sequence number in the source gNB is the packet #200. In the target gNB, the first available packet is the packet#203. Then the data forwarding is needed to forward the packet#201 and packet#202 from the source NG-RAN node to the target NG-RAN node.
To enable lossless and avoid duplicated data forwarding, it is proposed:
For shared MBS traffic delivery, the target gNB decides whether data forwarding is needed or not according to the transmission status in the source and the data buffer status in the target i.e. the source includes the transmission status (e.g. the highest transmitted PDCP count value) of a MRB in the HANDOVER REQUEST message.
Currently, during the legacy handover for unicast, the UPF shall send one or more "end marker" packets on the old path immediately after switching the path for each PDU session of the UE.  The "end marker" is indicated in the GTP header. After completing the sending of the tagged packets the UPF shall not send any further user data packets via the old path. Upon receiving the "end marker" packets, the source NG-RAN node shall, if forwarding is activated for that bearer, forward the packet toward the target NG-RAN node. On detection of an "end marker" the target NG-RAN shall discard the end marker packet and initiate any necessary processing to maintain in sequence delivery of user data forwarded over Xn-U interface and user data received from the UPF over NG interface as a result of the path switch. On detection of the "end marker", the target NG-RAN node may also initiate the release of the data forwarding resource. 
However, for the shared MBS traffic delivery, the GTP-U tunnel is common for all the UEs associated with the MBS session while the handover is for an individual UE.  How to set and handle “end marker” packets in the UPF and in the source gNB for shared MBS traffic delivery needs to be solved e.g. how to set a “end marker” packet for per individual UE over the shared GTP-U tunnel. One solution is to introduce per UE end marker packet in the shared tunnel.
RAN3 discusses how to handle “end marker” packets over the shared GTP-U tunnel for the shared MBS traffic delivery mode e.g. to introduce per UE end marker packet in the shared tunnel.
3	Conclusion
This contribution discusses the PDCP SN synchronization and the potential enhancements on data forwarding for shared MBS traffic delivery mode and proposes
1. Define a new 32 bits Sequence number in PDU Session User Plane Protocol (TS 38.415) for PDCP count value synchronization between source and target gNBs. 
1. In order to support PDCP count value synchronization, each MRB has one of QoS flow or all QoS flows within the MBS session are mapped to a single MRB.
1. For shared MBS traffic delivery, the target gNB decides whether data forwarding is needed or not according to the transmission status in the source and the data buffer status in the target i.e. the source includes the transmission status (e.g. the highest transmitted PDCP count value) of a MRB in the HANDOVER REQUEST message.
1. RAN3 discusses how to handle “end marker” packets over the shared GTP-U tunnel for the shared MBS traffic delivery mode e.g. to introduce per UE end marker packet in the shared tunnel.
The corresponding TP for 38.415 is provided in [5].
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