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1	Introduction
This paper discusses the following aspects related to MBS connected mode mobility with service continuity:
-	Lossless and Seamless handovers for radio bearers;
-	MBS packet loss during mobility due to different L2 packet transmission progress between asynchronous cells, PDCP count between source and target cells, seamless handover using PTP/PTM leg in target cell;
-	Baseline mobility scenario for MBS to MBS handover.
2	Discussions
2.1	Asynchronous Source and Target MBS Cells
In the following, it is assumed that shared MBS delivery is used over the N3 interface in both the source gNB and the target gNB as well as a common PDCP (i.e. a PDCP entity handling both PTM and PTP legs in a cell) is used in both source and target cell. But there is no guarantee that the PDCP entities have synchronized transmissions in source and target cell. 
The desynchronization is due to the fact that source and target gNBs perform independent transmission of one MBS service for the following reasons:
-	MBS packets from MB-UPF may arrive to the gNBs at different time;
-	the gNBs may have different buffer status leading to different scheduling progress. For example, the cells can perform PTM transmission with independent MCS setting and scheduler.
As a result, the progress of packets may vary between the independent source and target cell. 
The de-synchronization described above further leads to packet loss during the UE mobility even in mobility from PTP leg in source cell to PTP leg in target cell if nothing is done that is shown in Figure 1. This is because the received packet SN in the target cell may have more progressed compared to the received packet SN in the source cell.


Figure 1: PTP → PTP Handover
Observation 1: A common PDCP is a PDCP entity handling both PTM and PTP legs in a cell. The source cell and target cell have their own PDCPs which are de-synchronized in the respect of how many PDCP PDUs have been transmitted.

2.2	“Lossless handover” and “Seamless handover” for radio bearers
Lossless handover means that not a single packet is lost by UE during handover. A prerequisite for lossless handover is therefore that RLC AM is used on radio bearers. If RLC UM is used, then obviously the handover cannot be guaranteed to be lossless given that RLC UM can lose one or more packet(s).
Observation 2: Lossless requirement for all MBS mobility does not make sense as this depends on the RLC mode used.
The real requirement for MBS feature in Rel-17 should be to try eliminating the loss of packets due to the aforementioned source cell-target cell de-synchronization which can potentially generate a significant gap of consecutive packets. This elimination does not necessarily mean that the handover is lossless as it depends on the RLC mode as explained above. This instead means that the loss of packets due to this desynchronization is eliminated, resulting in a drastic minimization of packet loss. We propose to define this requirement as to be “seamless handover”.
Proposal 1: Agree that the mobility requirement between two asynchronous cells using shared MBS delivery is to have “seamless handover” for the radio bearers (which may or may not be lossless) and not always “lossless handover”.
Proposal 2: Agree to the definition of “MBS seamless handover” as: a handover which minimizes the packet loss by avoiding the loss of the packets specifically due to the desynchronization between source and target cell.
2.3	Seamless handover using PTP leg in target cell
Assuming that common PDCP for PTM and PTP legs is used in both source and target cells, as a first step, we propose to look at the case of handover of a UE to PTP leg in target cell. As explained above, when the PDCP SN of target cell MRB is ahead of the PDCP SN of the source cell MRB the handover will result in packet loss.
To this end, during the handover preparation, a forwarding tunnel can be setup between source and target cell. The PTP layer 2 configuration at target side can be prepared and the PDCP PDUs kept buffered for this PTP leg. The logic in the target gNB can be to deliver first the forwarded PDCP PDUs from the source before fresh PDCP PDUs from the target.  
Because MRB with shared PDCP is received by multiple UEs at target gNB, the delivery of PDCP PDUs over the PTM leg is assumed to continue in the target cell together with the delivery of the forwarded as well as the fresh packets for the UE over the PTP leg. This can be left up to the target gNB implementation how the target PTP leg catches up the delivery of the target PTM leg. After the catch up, the UE can be switched to PTM leg if available for the MBR.
It is noted that this solution is feasible as long as PDCP count values are consistent across source and target cells.
Proposal 3: Support “Seamless handover” using (initially) PTP leg in target cell with common PDCP and by synchronizing PDCP count between source and target cell.
2.4	Seamless handover using PTM leg in target cell
If the solution described above for PTP leg is applied to PTM leg in target cell, this would mean that the forwarded PDCP PDUs of the source cell would be first transmitted in target cell over the target PTM leg. This, however, is not desirable since those packets have already been transmitted in target cell PTM leg to all UEs. Therefore, the solution described above for PTP mode cannot apply for seamless handover in PTM mode.
But, assuming a common PDCP is used, one could assume that handover to an MBS supporting target cell is always performed using the PTP leg in target cell as a starting point. Then the target cell can always decide to switch to PTM leg when suitable and desired after the PTP leg catch up to PTM leg has taken place. Hence, it is questionable if anything more needs to be done i.e. whether it is worth the effort to find a mechanism supporting specifically the seamless handover directly into PTM leg in target cell. However, if the target cell is behind the source cell and thus, no forwarded or buffered packets needs to be sent to the UE, then the handover directly into PTM leg can be seamless.
Proposal 4: Do not add support for seamless handover directly into PTM leg in target cell if a UE needs to catch up in target cell.

2.5	Synchronization of PDCP between source and target
As mentioned above, PDCP count values are required to be consistent across source and target cells to allow for seamless handover into PTP mode in target cell.  In this regard, the most straightforward solution to synchronize the PDCP count between source and target cell is to use an N3 sequence number generated by the MB-UPF. However, it should be taken into account that an MBS session over N3 can comprise multiple MBS flows. Therefore, simply using the GTP SN of the shared GTP tunnel may not work if the amount of data transmitted using the DL PDCP entities is different in cells due to different MBS QoS flow to MRB mapping. Any other than one-to-one mapping between MBS QoS flow and MRB also needs to consider that the order in which PDUs of multiple QoS flows are used to generate PDCP SDUs needs to be the same. Furthermore, N3 SN should preferably be 4 octets long (same as PDCP COUNT) to avoid problems due to wrap around. To this end, meeting the following two conditions can achieve PDCP count synchronized using this N3 solution:
-	The N3 SN (4 octets) is added at QoS flow level, therefore in the PDU session control protocol (TS 38.415)
-	There is a one-to-one mapping between MBS QoS flow and MRB (common PDCP).
Proposal 5: MBS QoS flows are not multiplexed over an MRB i.e. there is a one-to-one mapping between MBS QoS flow and the MRB using common PDCP.
RAN2#112e reached the following agreement
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.

Proposal 6: Request RAN3 that a four octet N3 sequence number is generated by UPF at QoS flow level, therefore in the PDU session control protocol (TS 38.415)
2.6	Mobility Scenarios
Based on the possibility to configure PTP and/or PTM leg in source and target cells, a number of MBS to MBS handover scenarios are considered in email discussion [Post111-e][905][MBS] Connected Mode Mobility with Service Continuity. These scenarios are: 
Scenario 1: PTP → PTP; 
Scenario 2.1: PTP → PTM with PTP; 
Scenario 2.2: PTP → PTM; 
Scenario 3.1: PTM with PTP → PTP; 
Scenario 3.2: PTM → PTP; 
Scenario 4.1: PTM with PTP → PTM with PTP; 
Scenario 4.2: PTM → PTM; 
Scenario 4.3: PTM → PTM with PTP. 
Among the 8 scenarios presented, it is necessary to prioritize baseline scenario(s) that can be addressed at first in RAN2.
For the handover to be lossless, RLC AM operation is required on the radio bearer at both source and target cell. While RLC AM can be supported for PTP transmissions, RAN2 made a working assumption not to support RLC AM for PTM. Thus, only Scenario 1 is supported for RLC AM. 
For RLC UM, the delivery even within one cell is not lossless. Therefore, we propose to target a seamless handover when RLC UM is used. As explained above, seamless handover can be performed using PTP leg in target cell by synchronizing PDCP count between source and target cell. The handover cannot be guaranteed to be seamless in case of handover into PTM leg in target cell. 
Hence, handover to PTP leg in target cell can meet seamless handover (RLC UM) as well as lossless handover (RLC AM) requirement. Therefore, as a starting point, handover to an MBS supporting target cell can be considered to be always performed using (initially) the PTP leg in target cell.     
Proposal 7: As a baseline, agree that handover to an MBS supporting target cell is always performed using (initially) the PTP leg in target cell.
3	Conclusion
This contribution has made the following observations and proposals:
Observation 1: A common PDCP is a PDCP entity handling both PTM and PTP legs in a cell. The source cell and target cell have their own PDCPs which are de-synchronized in the respect of how many PDCP PDUs have been transmitted.
Observation 2: Lossless requirement for all MBS mobility does not make sense as this depends on the RLC mode used.
Proposal 1: Agree that the mobility requirement between two asynchronous cells using shared MBS delivery is to have “seamless handover” for the radio bearers (which may or may not be lossless) and not always “lossless handover”.
Proposal 2: Agree to the definition of “MBS seamless handover” as: a handover which minimizes the packet loss by avoiding the loss of the packets specifically due to the desynchronization between source and target cell.
Proposal 3: Support “Seamless handover” using (initially) PTP leg in target cell with common PDCP and by synchronizing PDCP count between source and target cell.
Proposal 4: Do not add support for seamless handover directly into PTM leg in target cell if a UE needs to catch up in target cell.
Proposal 5: MBS QoS flows are not multiplexed over an MRB i.e. there is a one-to-one mapping between MBS QoS flow and the MRB using common PDCP.
Proposal 6: Request RAN3 that a four octet N3 sequence number is generated by UPF at QoS flow level, therefore in the PDU session control protocol (TS 38.415)
Proposal 7: As a baseline, agree that handover to an MBS supporting target cell is always performed using (initially) the PTP leg in target cell.
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