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1	Introduction
In this contribution first MBS QoS flow mapping to MRBs is discussed from mobility point of view and 1:1 mapping is proposed. Then MBS mobility procedures for different handover scenarios are discussed. 
2	MBS QoS flow mapping and mobility
The following agreements regarding the MBS QoS flow mapping to MRB(s) have been made:
	RAN2#112e
R2 aim to support lossless handover for MBS-MBS mobility for service that requires this (TBD which detailed scenario but at least PTP-PTP)
In order to support the lossless handover for 5G MBS services, at least DL PDCP SN synchronization and continuity between the source cell and the target cell should be guaranteed by the network side to realize. The design of specific approach to realize this can be involved with WG RAN3.
RAN2#114-e
Multiple MBS QoS flows corresponding to the same MBS session can be mapped to one or more than one MBS radio bearers.




RAN2 has agreed to support lossless handover for MBS-MBS mobility, at least for PTP to PTP scenario. Furthermore, in order to support lossless handover, at least DL PDCP SN synchronization and continuity between the source cell and the target cell should be guaranteed by the network side.
In order to guarantee the DL PDCP SN synchronization and continuity for MBS handover, the source cell and the target shall have the same MBS QoS flow to MRB mapping as well as the same CN packet to PDCP PDU mapping. In other words, if multiple MBS QoS flows are multiplexed into a MRB, it is not enough to know which MBS QoS flows are mapped but the source cell and the target cell have to know in which order the packets from different MBS QoS flows are mapped. Otherwise, the PDCP PDU with a given SN may have different content in different cells.
Observation 1: In order to guarantee the DL PDCP SN synchronization and continuity for MBS handover, the source cell and the target shall have the same MBS QoS flow to MRB mapping as well as the same CN packet to PDCP PDU mapping.
Observation 2: If multiple MBS QoS flows are multiplexed into an MRB, the source cell and the target cell have to know how, and in which order the packets from different MBS QoS flows are multiplexed.
The simplest way to guarantee the DL PDCP SN synchronization and continuity for MBS handover is to use 1:1 mapping between MBS QoS flows and MRBs. Then it is enough for the target cell to know which MBS QoS flows are being served for the UE to be handed over and the PDCP COUNT values for the packets delivered in the source cell.
The same requirement applies to seamless handover, i.e., if for MRBs using RLC UM, gaps and duplicates due to mobility are to be avoided: the PDCP SN sync and continuity between cells is required and the simplest way to achieve it is to assume 1:1 mapping between the MBS QoS flows and MRBs. If 1:1 mapping is not applied and therefore, there is no guarantee of PDCP SN synchronization and continuity, then there is no way to detect duplicates at RAN level and therefore duplicates may be delivered. Furthermore, data forwarding from the source cell to the target cell cannot be used and therefore, seamless, or lossless mobility cannot be supported.
Proposal 1: For seamless and lossless mobility, assume 1:1 mapping between MBS QoS flows and MRBs.
In order to make use of this, a gNB should be made aware that its neighboring gNB also applies 1:1 mapping for an MBS multicast session. Then the gNB can perform seamless or lossless handover with forwarding and duplicate removal.
3	MBS mobility procedure
The MBS mobility procedure for different scenarios is discussed in the following.
3.1	PTP (RLC AM) to PTP (RLC AM) handover
PTP to PTP handover is similar to normal unicast DRB handover. The main difference is that the data is typically distributed to both source and target gNBs already before the handover. Thus, data forwarding will be limited to the cases where the target cell multicast data transmission is ahead of the source cell.
At source cell, PTP transmission with RLC AM mode is considered, and PTP transmission with RLC AM mode is used at the target cell as well. First, the data progression in the target gNB is assumed to be ahead of source gNB in terms of packet progression. 
[image: ]
[bookmark: _Ref57812852]Figure 1: Illustration of HO procedure for RLC AM PTP-PTP scenario
Figure 1 illustrates the HO procedure for RLC AM PTP->PTP scenario where: 
· From 5GC (MB-UPF), both source and target gNBs receive user plane packets UP_P1, …., UP_P5 with CN SNs CN_SN1, …, CN_SN5, respectively, over shared N3. 
· When the HO decision is made, source gNB sends HO request including the CN SN (referred as current CN SN henceforth) that corresponds to the foremost packet for which either the RLC ACK is not received or the transmission has not taken place yet. Here, assume UP_P1, …., UP_P5 be the packets that are in the buffer at source gNB and let UP_P1 be the packet which has been transmitted but for which no RLC ACK has been received.
· By reading current CN SN, that is CN_SN1, in HO Req. message, target gNB can start buffering packets immediately if the transmission progress is ahead at the target cell to have minimum gap in packets which are to be filled by data forwarding from source. In the example, target is assumed to have already transmitted UP_P1, …, UP_P4 and does not have them in the buffer anymore. Therefore, it starts buffering from UP_P5.
· HO Ack message from target includes CN SN from which the packet buffering has started at target (lowest CN SN in the buffer). By knowing this, the source can limit forwarding the packets to only those that are not buffered in the target. 
· During the HO preparation, data transmission is further progressed at the source. Once the HO command is sent to the UE, the source gNB sends SN Status Transfer to indicate the Count value (PDCP SN, HFN) for the first PDCP PDU that the UE expects to receive from the target cell. That PDCP PDU may be forwarded from the source cell as in this case or it may be buffered by the target cell. Therefore, SN Status transfer includes Count value with PDCP_SN2.
· UP_P1 with PDCP_SN1 and UP_P2 with PDCP_SN2 have been transmitted at source. But, RLC ACK has been received for only PDCP_SN1, not for PDCP_SN2. Therefore, during data forwarding, PDCP PDU with PDCP_SN2 is forwarded first followed by PDCP SDUs with no PDCP SN (i.e. UP_P3 and UP_P4) that are not buffered at the target.
· Optionally, PDCP status report can be used at the target to reduce the number of duplicates (of the packets that were successfully received at the source but for which no RLC ACK was received)
Figure 2 shows message sequence chart for MBS HO in PTP →PTP scenario.


[bookmark: _Ref57816712]Figure 2: Message sequence chart for MBS PTP->PTP HO procedure

Step 1: Source gNB is receiving DL Multicast MBS data from MB-UPF. Considering that MBS session over N3mb can comprise multiple MBS flows, CN SN is generated by UPF at QoS flow level.
Step 2: Source gNB is delivering MBS data in PTP RLC AM mode
Step 3 & 4: UE sends measurement report to source gNB and the decision on HO is taken at source.
Step 5: HO Request is sent from source gNB to target gNB. The request includes the MBS context and the “current” CN SN (or COUNT (PDCP SN+HFN)) i.e. CN SN (or COUNT) corresponding to the foremost packet that is yet to receive the RLC Ack or yet to be transmitted. One-to-one mapping between MBS QoS flow and MRB (common PDCP) is assumed.
Step 6 & 16: Same as step 1, however at target side.
Step 7: Target cell will start buffering the PDUs from CN SN/COUNT indicated by the source.
Step 8: Target sends HO request acknowledgement to source with CN SN/COUNT starting from which the PDUs have been buffered as well as MRB Configuration in target
· Target MRB can be configured with both PTP and PTM RLC legs, here due to RLC AM, only PTP leg is configured. 
Step 9: Source sends RRC reconfiguration to UE with Target MRB configuration 
Step 10: Source sends SN Status transfer to target including the Count value with PDCP SN which corresponds to the first PDCP PDU that the UE expects to receive from the target cell. 
Step 11: If the target cell has advanced significantly more than the source cell and is not buffering enough, the source cell may forward the missing PDCP PDU/SDUs.
Step 12: UE performs HO
Step 13: UE performs PDCP re-establishment and sends PDCP status report on PTP RLC leg to indicate FMC (First Missing Count), missing SNs and successfully received SNs – if configured to do so.
· By receiving PDCP status report, target can avoid transmission of duplicate packets
NOTE: Steps 14 and 15 may start before step 13.
Step 14 and 15: Target gNB transmits to the UE the forwarded PDCP PDUs and the buffered PDCP PDUs (considering PDCP status report received from the UE) in PTP mode.
Step 17: Target gNB transmits new Multicast MBS packets in PTP mode.
If the target cell is behind the source cell in data progression, then there is no need for forwarding since the target can buffer all the needed packets. The SN Status transfer in this case should indicate the COUNT of the first PDCP PDU to be sent to the UE.
Observation 3: During handover preparation Handover request and Handover ack messages can tell the MBS data transmission status in the source and target cells and based on that the target cell can start buffering the MBS data if needed.
Observation 4: Data forwarding is needed only when the target cell is ahead of the source cell and has not buffered the data.
3.2	PTM (RLC UM) to PTP (RLC UM) + PTM (RLC UM) handover
The handover procedure for the RLC UM from PTM to PTP + PTM is very similar to the HO procedure for the PTP to PTP:
-	HO Request includes the CN SN of the “current” packet, i.e., the first packet that would be transmitted via the target cell, if the HO occurred now
-	target cell starts buffering based on the received CN SN and indicates in the HO Ack the CN SN of the first packet buffered in order to limit the need for forwarding
-	SN status transfer would indicate the COUNT value of the first PDCP PDU to be sent to the UE in the target cell (depending on the data progress of the source and target cell, the first (and potentially subsequent) PDCP PDU may be forwarded by the source cell (if target is ahead) or may be buffered by the target (if target is behind))
-	data is forwarded from the source to the target if needed (if the target is ahead of the source)
PTP transmission is used at the target to catch up with the already ongoing PTM transmission. If the target cell is behind the source cell in data progress, then there is no need for PTP catch up transmissions in the target cell and the UE can receive the data via the PTM transmission.
Observation 5: PTP leg is used to catch up the MBS transmission in case the data progress in the target cell is ahead of the source cell.
3.3	PTM (RLC UM) to PTM (RLC UM) handover
PTM to PTM handover where no PTP transmission is configured in the target cell, is not seamless (nor lossless). If PDCP COUNT is synchronized across the cells, duplicate detection/discard is possible in case the target cell is behind the source cell. If the target cell is ahead of the source cell, there will be a reception gap for the UE performing HO. In principle, the missing data could be forwarded from the source cell, but it does not make sense to retransmit the forwarded data over the PTM leg (to all UEs). Instead, if seamless HO is needed, PTP leg should be configured for catch up in the target cell for the UE performing the handover.
Observation 6: If seamless HO is needed, a PTP leg should be configured for catch up in the target cell for the UE performing handover.
3.4	PTM (RLC UM) + PTP (RLC AM) to PTM (RLC UM) + PTP (RLC AM) handover
Efficiency of PTM (RLC UM) transmission and the reliability of RLC AM (PTP) can be achieved when an MRB is configured with RLC UM PTM leg and RLC AM PTP leg and the PDCP in the UE indicates to the RLC AM entity in the PTP leg also the PDCP PDUs received via the RLC UM entity over the PTM leg. Then the RLC AM entity can report the receiver status via normal RLC status report and gNB can retransmit only those RLC SDUs that have not been received via the PTM (or PTP) leg [R2-2107690].
Before handover, the gNB has to send one (or a few) packets via the PTP leg in order to get an RLC status report. After that the handover procedure is the same as with PTP (RLC AM) to PTP (RLC AM) handover:
-	data forwarding and catch up using the PTP leg in case the target cell is ahead of the source cell
-	PDCP status report can be used to avoid duplicate transmissions
Observation 7: PTM (RLC UM) + PTP (RLC AM) with UE PDCP level coordination works nicely with MBS mobility.

Based on the above discussion for all four cases, we make the following proposals:
Proposal 2: MBS mobility is lossless only if PTP leg with RLC AM is configured in both source and target cell.
Proposal 3: MBS mobility is seamless only if PTP leg (RLC UM or RLC AM) is configured in both source and target cell.
Proposal 4: During handover preparation Handover request tells the current CN SN or COUNT status in the source and Handover ack messages tells the CN SN or COUNT of the first PDCP PDU buffered in the target.
Proposal 5: For MBS mobility, SN Status Transfer should tell the COUNT of the first PDCP PDU that UE expects to receive from the target cell.
Proposal 6: Send an LS to RAN3 on the required SN Status Transfers during the HO preparation and HO execution.
4	Conclusion
In this contribution first MBS QoS flow mapping to MRBs was discussed from mobility point of view with the following observations and proposal: 
Observation 1: In order to guarantee the DL PDCP SN synchronization and continuity for MBS handover, the source cell and the target shall have the same MBS QoS flow to MRB mapping as well as the same CN packet to PDCP PDU mapping.
Observation 2: If multiple MBS QoS flows are multiplexed into an MRB, the source cell and the target cell have to know how, and in which order the packets from different MBS QoS flows are multiplexed.
Proposal 1: For seamless and lossless mobility, assume 1:1 mapping between MBS QoS flows and MRBs.
Then the MBS mobility procedures for different handover scenarios were discussed with the following observations and proposals:
Observation 3: During handover preparation Handover request and Handover ack messages can tell the MBS data transmission status in the source and target cells and based on that the target cell can start buffering the MBS data if needed.
Observation 4: Data forwarding is needed only when the target cell is ahead of the source cell and has not buffered the data.
Observation 5: PTP leg is used to catch up the MBS transmission in case the data progress in the target cell is ahead of the source cell.
Observation 6: If seamless HO is needed, a PTP leg should be configured for catch up in the target cell for the UE performing handover.
Observation 7: PTM (RLC UM) + PTP (RLC AM) with UE PDCP level coordination works nicely with MBS mobility.
Proposal 2: MBS mobility is lossless only if PTP leg with RLC AM is configured in both source and target cell.
Proposal 3: MBS mobility is seamless only if PTP leg (RLC UM or RLC AM) is configured in both source and target cell.
Proposal 4: During handover preparation Handover request tells the current CN SN or COUNT status in the source and Handover ack messages tells the CN SN or COUNT of the first PDCP PDU buffered in the target.
Proposal 5: For MBS mobility, SN Status Transfer should tell the COUNT of the first PDCP PDU that UE expects to receive from the target cell.
Proposal 6: Send an LS to RAN3 on the required SN Status Transfers during the HO preparation and HO execution.
Draft LS to RAN3 is provided in [R2-2107693].
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