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1	Introduction
In this contribution MBS QoS flow mapping to MRBs is discussed from mobility point of view. It is an update of R2-2109954.
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.
2.1	1:1 mapping between MBS QoS flows and MRBs
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 an 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.
Thus, 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.
Observation 2: 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.
The same applies to seamless handover, i.e., if for MRBs using RLC UM, gaps and duplicates due to mobility are to be avoided: the simplest way to achieve it is to assume 1:1 mapping between the MBS QoS flows and MRBs. 
2.2	N:1 mapping between MBS QoS flows and MRBs
RAN2 has further agreed that multiple MBS QoS flows corresponding to the same MBS session can be mapped to one or more than one MBS radio bearers. There seems to be some contradiction between the RAN2 decisions. 
Observation 3: There seems to be contradiction between RAN2 agreements where one agreement suggests 1:1 mapping whereas the other agreement suggests N:1 mapping.
Furthermore, the following issues are being discussed in SA2, CT1 and RAN2:
-	Maximum number of concurrent multicast sessions: This number represents how many multicast sessions a UE shall be able to join and receive data from with a proposal ranging from 8 up to 32 multicast session per PDU session between CT1 and SA2. Details can be found in S2-2108404.
-	Maximum number of radio bearers configurable to a UE: It has been proposed that a UE should support 16 bearers (i.e. maximum number of DRBs and MRBs combined) with no UE capability indication. The maximum number of supported bearers may be larger and signaled to the network as UE capability. Details can be found in R2-2109900.
The above means to shrink the number of possible MRBs and in contrast expect multiple possible MBS sessions and many associated MBS QoS flows. These recent discussions make 1:1 mapping challengeable. It may thus be useful for RAN to investigate the feasibility of more flexible mapping of QoS flows to MRB, i.e., N:1 mapping. 
The real challenge with N:1 mapping is to avoid sending duplicates. Taking a simple example, assuming two QoS flows 1 and 2 mapped to MRB at source and target, the source and target may not allocate the same PDCP SN to the same CN packets and it can happen that if, e.g., QoS flow 1 is ahead at source, the target gNB could transmit a packet already transmitted to the UE at source even if it has a non-yet transmitted PDCP SN.  
A possible solution for N:1 mapping can use the source MRB configuration for some transient time at the target before reconfiguring to target MRB (similarly to what is already done for regular Handover when a QoS flow is mapped to a different DRB, see subclause 9.2.3.2.2 of TS 38.300). A workable scheme can be as follows:
-	First the same configuration as the source MRB (MRB1) is configured to the UE by the target gNB via HO command (see step 2 and 3 below). The MRB1 is setup in PTP mode. The Handover Request Acknowledge indicates the CN SN (sequence numbers) where the target starts buffering for each of the QoS flows.
-	After sending the HO command, all PDCP PDUs which are sent over source cell MRB1 PTM by the source gNB (step 4) are also forwarded from source to target (step 5) so that target can deliver them over the MRB1 PTP setup for the UE when UE has arrived at target (see step 9). The UE can discard the duplicate packets that might also have been received at source before moving by using their MRB1 PDCP SN. 
-	After some timer, the source gNB stops the forwarding and sends the Xn Status Transfer message (step 6) indicating for each QoS Flow the CN SN of the last packet which was forwarded together with the corresponding MRB1 PDCP SN.
-	The target uses the received Status Transfer message to infer the MRB2 PDCP SN corresponding to the last packet of any QoS flow delivered over MRB1 either at source or at target (forwarded PDUs). 
-	packets buffered at target are sent to the UE over MRB1 PTP until the above last packet has been delivered over MRB2 PTM in the target (step 10).
-	after that the target gNB can reconfigure the UE into MRB2 PTM/PTP split bearer (step 11). It may first schedule over PTP leg of MRB2 for catch up. 
The figure below illustrates the scheme for N:1 mapping with one MRB but this can also work for multiple MRBs and multiple QoS flow to MRB mappings:


Figure 1: Possible N:1 solution reusing MRB configuration of source gNB in target gNB
The above example just shows that a solution is possible with the following enhancements:
-	Send from target gNB to source gNB the CN SN of each QoS flow that target starts buffering in the HO Request acknowledge,
-	Send in the Status Transfer from source gNB to target gNB for each MRB the list of QoS flows and for each QoS flow the last forwarded CN SN together with the associated PDCP SN.
Observation 4: The use of CN sequence numbers also in RAN internal messages between gNBs allows MBS QoS flow status synchronisation between gNBs also when multiple MBS QoS flows are mapped to MRB (N:1 mapping).
Observation 5: For service continuity and duplicate avoidance with arbitrary MBS QoS flow to MRB N:1 mapping, source cell should forward for a while PDCP PDUs sent over the MRB PTM leg in the source cell and the target should configure the UE to use MRB(s) with PTP-legs only to transmit the forwarded PDCP PDUs to the UE.
In order to be able to detect the duplicates after the HO based on PDCP SN, the PDCP SN should continue in the target cell. For AM MRB, this is the existing behaviour but for UM MRB some further actions are needed. At least two options are possible:
-	Option 1: HO command (RRCReconfiguration) without reestablishPDCP for the UM MRBs. This is possible if ROHC and security are not configured for the UM MRB. 
-	Option2: Add an option that PDCP SN is not initialised when UM MRB PDCP is re-established.
Observation 6: Forwarding PDCP PDUs is fine for AM MRB. For UM MRB, either HO without PDCP re-establishment or PDCP SN continuity in PDCP re-establishment is needed.
We have shown that flexible mapping between MBS QoS flows and MRBs is possible. Based on the above we propose:
Proposal 1: Support arbitrary MBS QoS flow to MRB mapping, i.e., N:1 mapping.
Proposal 2: Use CN sequence numbers for MRBs in HO related messages between gNBs, e.g., HO Request, HO Request Ack, SN Status Transfer to allow service continuity and duplicate avoidance also when multiple MBS QoS flows are mapped to MRB. Send an LS to RAN3.
Proposal 3: For arbitrary MBS QoS flow to MRB mapping in order to avoid duplicates during MBS mobility forward PDCP PDUs sent over MRB PTM in the source after sending the HO command and transmit them to UE via MRB PTP in the target.
Proposal 4: Specify optional PDCP SN continuity for UM MRB for PDCP re-establishment.
Different cells may use different MRB IDs for the same MRB sessions. Currently, DRB/MRB ID can be changed only via release and add, i.e., in HO by releasing the source MRB and adding a new MRB for the target. The drawback of this is that PDCP will be reset and lossless handover without duplicates cannot be guaranteed. Therefore, we propose that it should be allowed to change MRB ID for an MRB without releasing and adding a new MRB. This is possible since for the MRB, the MRB ID is just an index and it is not used as input parameter for security.
Proposal 5: Allow MRB ID change for MRB without release and add to avoid MRB ID coordination between cells.
This can be specified simply by adding a new MRB-Identity into MRBToAddMod.
Furthermore, since the mapping of the MBS QoS flows to MRBs can be different in different cells, the HO Request message should also indicate the mapping of MBS QoS flows to MRBs. This is needed by the target gNB to know which MRBs can continue in the target cell.
Proposal 6: HO Request message should indicate the mapping of MBS QoS flows to MRBs which is not part of the UE configuration.
4	Conclusion
In this contribution MBS QoS flow mapping to MRBs was discussed from mobility point of view with the following observations and proposals: 
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: 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.
Observation 3: There seems to be contradiction between RAN2 agreements where one agreement suggests 1:1 mapping whereas the other agreement suggests N:1 mapping.
Observation 4: The use of CN sequence numbers also in RAN internal messages between gNBs allows MBS QoS flow status synchronisation between gNBs also when multiple MBS QoS flows are mapped to MRB.
Observation 5: For service continuity and duplicate avoidance with arbitrary MBS QoS flow to MRB N:1 mapping, source cell should forward for a while PDCP PDUs sent over the MRB PTM leg in the source cell and the target should configure the UE to use MRB(s) with PTP-legs only to transmit the forwarded PDCP PDUs to the UE.
Observation 6: Forwarding PDCP PDUs is fine for AM MRB. For UM MRB, either HO without PDCP re-establishment or PDCP SN continuity in PDCP re-establishment is needed.
Proposal 1: Support arbitrary MBS QoS flow to MRB mapping, i.e., N:1 mapping.
Proposal 2: Use CN sequence numbers for MRBs in HO related messages between gNBs, e.g., HO Request, HO Request Ack, SN Status Transfer to allow service continuity and duplicate avoidance also when multiple MBS QoS flows are mapped to MRB. Send an LS to RAN3.
Proposal 3: For arbitrary MBS QoS flow to MRB mapping in order to avoid duplicates during MBS mobility forward PDCP PDUs sent over MRB PTM in the source after sending the HO command and transmit them to UE via MRB PTP in the target.
Proposal 4: Specify optional PDCP SN continuity for UM MRB for PDCP re-establishment.
Proposal 5: Allow MRB ID change for MRB without release and add to avoid MRB ID coordination between cells.
Proposal 6: HO Request message should indicate the mapping of MBS QoS flows to MRBs which is not part of the UE configuration.
If agreed, Proposals 2, 3 and 6 should be informed to RAN3.
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