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1	Introduction
In RAN2#112e meeting, RAN2 discussed connected mode mobility with service continuity for MBS and concluded that [1]:
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.
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.
From UE side, PDCP status report may be supported as well. 
In this paper, we discuss the remaining issue on the connected mode mobility with service continuity. 
2	Discussion
2.1 Mobility between MBS supporting nodes
NR MBS includes NR multicast services, which includes V2X, MCPTT, and public safety. These services have very strict requirement on reliability. As agreed in last RAN1 meeting, HARQ will be supported for NR MBS to achieve reliability performance as other unicast services. Lossless packet transmission during handover is one of key components of high reliability. As discussed in the email discussion [2], these are service scenarios during handover:
· 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;
In order to support lossless handover, it is essential to deliver the forwarded and missing packets dedicatedly to the UE in the target at least for the delivery mode for high QoS requirement. For the scenarios with PTP leg in the target (including 1, 2.1, 3.1, 4.1 and 4.3), forwarded and missing packets can be delivered over PTP leg. For other scenarios without PTP leg, a dedicated bearer can be established at target to deliver the forwarded and missing packets.  
Lossless handover should be supported for all the mobility scenarios at least for the delivery mode for high QoS requirement.
There could be multiple solutions to solve the DL PDCP SN misalignment issue. For example, the DL PDCP SN is aligned with sequence number from CN, e.g. the gNBs assign same DL PDCP SN for a packet with same SN from CN. The gNBs may coordinate the mapping between DL PDCP SN and the SN from CN over Xn. Based on the coordination, the neighbour gNB uses the same DL PDCP SN for the packets with same SN from CN. The gNB may allocate DL PDCP SN associated with GTP-U SN. Since the two bytes of GTP-U SN may not be enough compared to the length of PDCP SN, a new NG SN can also be defined in the ‘RAN container’ in the GTP-U extension header.
The gNBs allocate DL PDCP SN associated with a “SN from CN” to keep the PDCP SN synchronization among gNBs. 
As discussed in Proposal 1, data forwarding is performed from the source to the target nodes. In order to support lossless handover, it is essential to deliver the forwarded and missing packets dedicatedly to the UE in the target. For the scenarios with PTP leg in the target (including 1, 2.1, 3.1, 4.1 and 4.3), forwarded and missing packets can be delivered over PTP leg. For other scenarios without PTP leg, a dedicated bearer can be established at target to deliver the forwarded and missing packets. 
The target gNB delivers the forwarded and missing MBS packets dedicatedly to the UE in the PTP leg (if configured) or a dedicated bearer (if the PTP leg is not configured).
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.
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 PDCP transmission status to the target gNB.
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 of solution is to introduce per UE end marker packet in the shared tunnel.
How to handle “end marker” packets over the shared GTP-U tunnel for the shared MBS traffic delivery mode needs to be solved.
2.2 Mobility from MBS supporting gNB to MBS non supporting gNB
In RAN3#110e meeting, the following agreements were made regarding mobility between MBS supporting and non-supporting nodes [3]:
-	RAN3 to deprioritize any detailed study on mobility between MBS-supporting gNBs and non-MBS-supporting gNBs, with the exception of studying impacts on Session management, until SA2 clarifies requirements and achieves some basic agreements.
SA2 has been agreed to support mobility between MBS supporting and non-supporting nodes in their TS 23.247 [4].
	[bookmark: _Toc19103459]6.3.1	Mobility of Multicast MBS session
……
To support Handover from NG-RAN node that supports MBS to a target NG-RAN node that does not support MBS:
-	mapping information about unicast QoS flows and the associated multicast QoS flows are provided to the NG-RAN node. This is already performed during the PDU session modification procedure for the PDU session associated with the MBS session when the UE Joins into the MBS Session;
-	during the handover procedure, the delivery method is switched from 5GC Shared MBS traffic delivery method to 5GC Individual MBS traffic delivery method, i.e. the N3 tunnel of the PDU Session for 5GC Individual MBS traffic delivery needs to be activated towards the target RAN node. The SMF realizes that the target NG-RAN node does not support 5GC Shared MBS traffic delivery method.
-	the SMF and the MB-SMF shall also activate the GTP tunnel between the UPF and the MB-UPF for 5GC Individual MBS traffic delivery method, if needed.
To support Handover from a NG-RAN node that does not support MBS to a target NG-RAN node that supports MBS:
-	The PDU sessions, including the one associated with the MBS session and used for 5GC Individual MBS traffic delivery, are handed over to target RAN.
-	the 5GC terminates the 5GC Individual MBS traffic delivery method after handover procedure.
……



From RAN and UE point of view, for handover from MBS supporting gNB to MBS non-supporting gNB, a multicast radio bearer (MRB) should be switched to a unicast data radio bearer (DRB).  During switch from MRB to DRB, the following aspects needs further discussed:
-	How to avoid full configuration in which case data loss may happen?
-	How to maintain continuous PDCP Count value during switch between MRB to DRB?
-	When and how to release MRB due to the target gNB cannot send a MRB release to the UE during handover?
RAN2 to discuss when and how to switch from MRB to DRB with service continuity for handover from MBS supporting gNB to MBS non-supporting gNB.
2.3 Mobility from MBS non-supporting to MBS supporting node
In this scenario, the target gNB supports MBS session while the source doesn’t support MBS. It could be better to use the legacy handover. After handover to MBS supporting gNB, it is up to core network to trigger the switch from 5GC individual delivery to 5GC shared delivery. There may be no RAN3 impact.
The legacy handover is used for handover from MBS non-supporting gNB to MBS supporting gNB. It is up to core network to trigger the switch from 5GC individual delivery to 5GC shared delivery after handover.
2.4 Support of CHO for MBS
In RAN2#111 meeting, it was agreed that handover including variants will be supported [5]:
	R2 assumes that for Rel-17 NR multicast Mobility in Connected mode, handover (including variants) is the baseline, TBD exactly which variants.


Conditional handover is one of handover variants which was introduced in Rel-16. Different with the traditional handover, a Conditional Handover (CHO) is defined as a handover that is executed by the UE when one or more handover execution conditions are met. CHO is useful for handover robustness improvement. Besides MBS services, the UE may have other on-going unicast services, thus it is not reasonable to restrict CHO usage. For CHO, service continuity and lossless handover for MBS services should also be supported.
Lossless handover for MBS services should also be supported during CHO.
2.5 Mobility for local multicast session
SA2 has agreed to support of multicast service available within a limited area [4]. A Local MBS service is an MBS service provided in one or several MBS service area(s). An MBS service area is identified by a cell list or a tracking area list. Only UEs within the MBS service area may receive the MBS service, while UEs outside the MBS service area are not allowed to receive location specific content. For multicast communication, UEs outside the MBS service area are not allowed to join the MBS service, and UEs moving out of the MBS service area shall be removed from the MBS service distribution list.  During handover, the target cell may or may not belong to the MBS service area. The following impacts on handover are expected:
-	The source gNB provides the MBS service area information (e.g. cell list or tracking area list) to the target gNB in Handover Request message as a part of MBS session context
-	The source gNB prioritizes a cell within the MBS service area as the target cell. For example, if there are multiple cells which fulfil the handover conditions, the source gNB selects one cell which belongs to the MBS service area of the MBS sessions. If there are multiple MBS sessions with different MBS service areas, the source gNB may also consider QoS requirements besides the MBS service area. In this case, the service continuity of multicast session with higher QoS requirement can be guaranteed at maximum extent. 
- 	The target gNB also needs to judge whether the target cell is within the MBS service area or not. If the target cell is not within the MBS service area, the target cell may not admit the MBS Session establishment and trigger to release the MBS session. 
To support the multicast service available within a limited area, the following impacts on handover are expected:
· Source gNB provides the MBS service area information (e.g. cell list or tracking area list) to target gNB in Handover Request message as a part of MBS session context;
· Source gNB prioritizes a cell within the MBS service area as the target cell;
· Target gNB performs MBS session admission control according to the MBS service area information.
3	Conclusion
In this contribution the connected mode mobility with service continuity is discussed and we propose:
1. Lossless handover should be supported for all the mobility scenarios at least for the delivery mode for high QoS requirement.
1. The gNBs allocate DL PDCP SN associated with a “SN from CN” to keep the PDCP SN synchronization among gNBs. 
1. The target gNB delivers the forwarded and missing MBS packets dedicatedly to the UE in the PTP leg (if configured) or a dedicated bearer (if the PTP leg is not configured).
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 PDCP transmission status to the target gNB.
1. How to handle “end marker” packets over the shared GTP-U tunnel for the shared MBS traffic delivery mode needs to be solved.
1. RAN2 to discuss how to switch from MRB to DRB with service continuity during handover from MBS supporting gNB to MBS non-supporting gNB.
1. The legacy handover is used for handover from MBS non-supporting gNB to MBS supporting gNB. It is up to core network to trigger the switch from 5GC individual delivery to 5GC shared delivery after handover.
1. Lossless handover for MBS services should also be supported during CHO.
To support the multicast service available within a limited area, the following impacts on handover are expected:
· Source gNB provides the MBS service area information (e.g. cell list or tracking area list) to target gNB in Handover Request message as a part of MBS session context;
· Source gNB prioritizes a cell within the MBS service area as the target cell;
· Target gNB performs MBS session admission control according to the MBS service area information.
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