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1	Introduction
Basic mobility support with service continuity for UEs in RRC_CONNECTED was discussed in RAN2 and RAN3 with some related agreements being made as following:
RAN2#112e agreements:
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. 

RAN3#110e agreements:
For multicast, NR MBS shall provide means for minimization of data loss during mobility
For multicast, in order to allow the UE to detect loss of data or duplication of data, RAN3 shall continue discussing solutions to support alignment of PDCP SNs in between gNBs. 
Xn Handover Request and NG Handover Request message contain MBS context information for the UE.
MBS context information within the UE context shall contain all MBS multicast session information the UE has joined.
The MBS configuration decided at target gNB is sent to the UE via the source gNB (details e.g. RRC container etc. pending RAN2 progress).
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.
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
The discussion on CHO for MBS is deprioritized in R17.
Proposals for Handover enhancements on reliable and low-latency NR MBS are deprioritized in R17.

This contribution discusses some open aspects of mobility support for MBS for UEs in RRC_CONNECTED including RAN2-related TBDs in recent agreements above. In addition, RAN2 aspects related to the handover scenarios between MBS-supporting and non-MBS-supporting gNBs are also discussed.
[bookmark: _Ref178064866]2	Discussion
2.1	MBS-to-MBS Handover
Regarding the TBD in RAN2 agreement regarding which detailed scenario but at least PTP-PTP to support lossless, we think no other scenario than PTP-PTP can support lossless HO between the two nodes supporting MBS. It is assumed that PTM leg of split-like MRB bearer is always with UM mode (i.e., no AM RLC). This means there is no lossless HO for the scenarios in which a PTM leg of MRB is used either at the source or at the target node. Note that, in addition to the PDCP SN sync, similar to legacy unicast HO, AM RLC mode is needed for the radio bearer at both source and target nodes not only to know what data to retransmit at target (and thus data forwarding) but also to ensure that any retransmission of missing data is successful.
[bookmark: _Toc61353083][bookmark: _Toc61353903][bookmark: _Toc61357035][bookmark: _Toc61357119][bookmark: _Toc61358516][bookmark: _Toc61359479][bookmark: _Toc61368858][bookmark: _Toc61369369][bookmark: _Toc53679485][bookmark: _Toc53691278][bookmark: _Toc53744415][bookmark: _Toc53746192][bookmark: _Toc53746488][bookmark: _Toc61539629]For lossless MBS-MBS handover, PTP leg of MRB is used both at source and target nodes, i.e., lossless HO is only for PTP-PTP scenario. 
A question related to DL PDCP SN sync is whether this mechanism is needed in case of MBS-MBS mobility without lossless requirement? Given the PDCP SN sync and continuity is a new feature/capability of gNBs rather than a capability of an individual UE, even if lossless HO is not required for a particular UE, its serving gNBs may need to enable PDCP SN sync to support other UEs in the group. Hence, the serving gNB is not required to disable PDCP SN sync in MBS-MBS HO without lossless.
Regarding the TBD in below agreement, it is our understanding that this means to determine when the UE receives MBS data at target node with respective MRB configuration, and whether the UE continues to receive MBS data from both source and target cells until the explicit release command from target to source. The latter is the case in DAPS in legacy unicast HO.
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.

We think that there is no need for the dual reception from both source and target nodes during the handover execution period, as in the case of DAPS. This is because in NR MBS, with the PDCP SN sync and existing mechanisms to handle packet loss, the target is able to retransmit/recover any missing packets after the UE obtains respective MBS configuration information and synchronization with the target. Note that possible missing MBS data may be in the local buffer of target node, and thus there is no need for data forwarding if the MBS session(s) is provided at both source and target. Note also that “basic mobility” is mentioned in the WID [1].
[bookmark: _Toc61539630]With PDCP SN sync, there is no need for dual reception of MBS data from source and target node during HO. The UE receives MBS data in target node after obtaining MBS configuration and synchronization with the target.
Based on recent progress in RAN3 and in RAN2, we assume that signaling flow for MBS-MBS HO procedure for the Xn-based HO can be illustrated as in Figure 1. In Figure 1, text in highlighted reflects changes to the legacy Xn-based Rel-15 HO needed to incorporate the MBS-MBS HO. The HANDOVER REQUEST sent by the source gNB to the target gNB during the handover preparation phase is extended to include UE MBS context of the UE (detail in [2]). The HANDOVER REQUEST ACKNOWLEDGE message sent by the target gNB to source gNB is extended to include configuration information of MBS session(s).
Regarding the open issue on how source gNB sends the MBS configuration decided at target gNB, similar to legacy unicast HO, we think this information element can be included in the RRCReconfiguration message sent to the UE. 
[bookmark: _Toc61539636]MBS configuration decided at target gNB is sent to the UE by the source gNB via RRCReconfiguation message.
In case the UE is the first in the target gNB to be interested in an MBS session, i.e., no ongoing MBS service in the gNB, to allow for service continuity, a MBS-supporting target gNB should join the MBS session.
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[bookmark: _Ref61359058]Figure 1: Example of Xn inter-gNB handover for MBS-MBS scenario.
2.2	Handover between MBS supporting and non-MBS supporting nodes
[bookmark: _Hlk42639614]In SA2, 5GC Individual MBS traffic delivery is defined where 5GC receives a single copy of MBS data packets and delivers separate copies of those MBS data packets to individual UEs via per-UE PDU sessions, hence for each such UE one PDU session is required to be associated with a multicast session.
In TR23.757 [5], the mobility between MBS supporting and non-MBS supporting nodes for both Xn-based and N2-based handover have been discussed in SA2 with some conclusions as below. There are two cases for this mobility scenario, i.e., source node supports MBS and target node does not support MBS and vice versa. In this section, we analyze some RAN aspects of such mobility scenarios.
SA2 conclusions regarding support of 5GC Shared MBS traffic delivery method and 5GC Individual MBS traffic delivery method:
· Establishment of the associated PDU Session for 5GC Individual MBS traffic delivery method is based on service requirements, networking configuration, local policy, etc.
· It shall be possible to establish an Associated PDU session for cases, if not exists, where mobility to non-5GMBS-supporting cells happens.
SA2 conclusions regarding switching between unicast and multicast (Shared and Individual delivery method):
-	When the UE moves from a NG-RAN node that supports 5MBS to a RAN node that does not support 5MBS, the network and UE shall support switch from 5GC Shared MBS traffic delivery method to 5GC Individual MBS traffic delivery method.
-	When the UE moves from a RAN node that does not support 5MBS to a NG-RAN node that supports 5MBS, the network and UE shall support switch from 5GC Individual MBS traffic delivery method to 5GC Shared MBS traffic delivery method.
-	When the UE joins an MBS session and handover to NG-RAN nodes not supporting 5MBS is required, mapping information about multicast QoS flows is provided to the NG-RAN node supporting MBS, which enables data reception of the MBS session via 5GC Individual MBS traffic delivery mode.
-	To support handover to an NG-RAN node not supporting 5MBS, the N3 tunnel of the PDU Session, which is used for 5GC Individual MBS traffic delivery, need to be activated.
-	During the handover from RAN not supporting 5MBS to NG-RAN supporting 5MBS, PDU sessions, including the one associated with the MBS session and used for 5GC Individual MBS traffic delivery, are handed over to target RAN. After the handover, the switch is triggered at the 5GC from the 5GC Individual MBS traffic delivery method to 5GC Shared MBS traffic delivery method.
Editor's note:	How 5GC Shared MBS delivery is enabled for the UE will be developed with RAN WGs.
-	During the mobility from NG-RAN supporting 5MBS to NG-RAN not supporting 5MBS, the 5GC triggers the switching from 5GC Shared MBS traffic delivery method to 5GC Individual MBS traffic delivery method.
Editor's note:	It is FFS whether the support for lossless handover with data forwarding from source NG-RAN supporting 5MBS to the target NG-RAN not supporting 5MBS is needed, which needs confirmation by RAN.
It is also stated in TR23.757 that for a specific UE in a service group, the 5GC may configure the associated unicast PDU session information, which can be used to deliver MBS data to the UE. Unicast QoS flows matching multicast flow(s) are created when the UE joins the multicast group. But it is assumed that these unicast QoS flows are not used when NG-RAN and UE support MBS. 
[bookmark: _Toc61539631]In MBS to non-MBS handover, the network and UE support switch from Shared delivery to Individual delivery for the UE, i.e., unicast PDU session with DRB(s) is used in the handover.
[bookmark: _Toc61539632]In non-MBS to MBS handover, the network and UE support switch from Individual delivery to Shared delivery, i.e., unicast PDU session with DRB(s) is used in the handover.
As in an editor’s note, question for RAN2 is whether the support for lossless handover from source NG-RAN supporting MBS to the target NG-RAN not supporting MBS is needed. In case it is needed, how to achieve lossless handover in such mobility scenarios, i.e., whether any new mechanism is needed to handle packet losses. Another question is how 5GC Shared MBS delivery can be enabled for the UE.
Given that the unicast PDU session with a RRC connection and radio resource configuration dedicated to the UE, i.e., DRB(s) is used for handing over between the two NG-RAN nodes, from a RAN’s perspective, handling these mobility scenarios is similar to the legacy unicast handover in terms of control signaling, user plane. 
[bookmark: _Toc61539633]From a RAN2’s perspective, handling mobility in RRC_CONNECTED between MBS and non-MBS nodes is similar to legacy HO.
Like the basic case of mobility between two MBS supporting nodes, depending on service requirements, lossless HO may be needed also in case of handover between an MBS supporting and non-MBS supporting nodes. For handling lossless, it is assumed that legacy mechanisms (e.g., SN status transfer, data forwarding, PDCP status reporting) can be used. However, as in the basic MBS-MBS mobility, there is need of synchronization of PDCP SN between source and target. This may be not the case if the UE moves from a non-MBS to MBS nodes. RAN2 should wait for progress in RAN3 on this topic before discussing lossless handling for these mobility scenarios.
[bookmark: _Toc61523358][bookmark: _Toc61523370][bookmark: _Toc61525116][bookmark: _Toc61537874][bookmark: _Toc61523359][bookmark: _Toc61523371][bookmark: _Toc61525117][bookmark: _Toc61537875][bookmark: _Toc61539637]RAN2 waits for RAN3 progress on handover between MBS and non-MBS nodes before discussing lossless handling.
For the case of mobility from a NG-RAN supporting MBS to NG-RAN not supporting MBS, a question is when to configure/setup radio resources associated with the unicast PDU session used for individual delivery. For example, setting up radio resources for the associated unicast PDU session before the actual HO would unnecessarily waste resources. It is therefore desired to have a full unicast PDU session setup (including RAN part, i.e., associated radio resource configuration) ready right before the source sends the non-MBS target HO request, i.e., when the source makes a handover decision. This can be left to network implementation.
[bookmark: _Toc61539634]For HO from MBS to non-MBS, source node could configure radio resources associated with the Individual delivery during HO preparation, i.e., before sending HANDOVER REQUEST to the target.
Similarly, for the case of mobility from a NG-RAN not supporting MBS to NG-RAN supporting MBS, after switching from unicast PDU session to MBS session with MRB setup, it is proposed that RAN node should release radio resources associated with the unicast PDU session, i.e., used for individual delivery. Detailed solution can be left to network implementation.
[bookmark: _Toc61539635]For HO from non-MBS to MBS, target node could release radio resources associated with the Individual delivery after HO completion.
[bookmark: _Toc61535485][bookmark: _Toc61537406][bookmark: _Toc61537534][bookmark: _Toc61535486][bookmark: _Toc61537407][bookmark: _Toc61537535][bookmark: _Toc61535487][bookmark: _Toc61537408][bookmark: _Toc61537536][bookmark: _Toc61535488][bookmark: _Toc61537409][bookmark: _Toc61537537][bookmark: _Toc61535489][bookmark: _Toc61537410][bookmark: _Toc61537538][bookmark: _Toc61535490][bookmark: _Toc61537411][bookmark: _Toc61537539][bookmark: _Toc61535491][bookmark: _Toc61537412][bookmark: _Toc61537540][bookmark: _Toc61523362][bookmark: _Toc61523374][bookmark: _Toc61525120][bookmark: _Toc61535492][bookmark: _Toc61537413][bookmark: _Toc61537541][bookmark: _Toc61535493][bookmark: _Toc61537414][bookmark: _Toc61537542][bookmark: _Toc61535494][bookmark: _Toc61537415][bookmark: _Toc61537543][bookmark: _Toc61535495][bookmark: _Toc61537416][bookmark: _Toc61537544][bookmark: _Toc61535496][bookmark: _Toc61537417][bookmark: _Toc61537545][bookmark: _Toc61535497][bookmark: _Toc61537418][bookmark: _Toc61537546][bookmark: _Toc61535498][bookmark: _Toc61537419][bookmark: _Toc61537547][bookmark: _Toc61535499][bookmark: _Toc61537420][bookmark: _Toc61537548][bookmark: _Toc61535500][bookmark: _Toc61537421][bookmark: _Toc61537549][bookmark: _Toc61535501][bookmark: _Toc61537422][bookmark: _Toc61537550][bookmark: _Toc61535502][bookmark: _Toc61537423][bookmark: _Toc61537551][bookmark: _Toc61535503][bookmark: _Toc61537424][bookmark: _Toc61537552][bookmark: _Toc61535504][bookmark: _Toc61537425][bookmark: _Toc61537553][bookmark: _Toc61535505][bookmark: _Toc61537426][bookmark: _Toc61537554][bookmark: _Toc61535506][bookmark: _Toc61537427][bookmark: _Toc61537555]
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	For lossless MBS-MBS handover, PTP leg of MRB is used both at source and target nodes, i.e., lossless HO is only for PTP-PTP scenario.
Observation 2	With PDCP SN sync, there is no need for dual reception of MBS data from source and target node during HO. The UE receives MBS data in target node after obtaining MBS configuration and synchronization with the target.
Observation 3	In MBS to non-MBS handover, the network and UE support switch from Shared delivery to Individual delivery for the UE, i.e., unicast PDU session with DRB(s) is used in the handover.
Observation 4	In non-MBS to MBS handover, the network and UE support switch from Individual delivery to Shared delivery, i.e., unicast PDU session with DRB(s) is used in the handover.
Observation 5	From a RAN2’s perspective, handling mobility in RRC_CONNECTED between MBS and non-MBS nodes is similar to legacy HO.
Observation 6	For HO from MBS to non-MBS, source node could configure radio resources associated with the Individual delivery during HO preparation, i.e., before sending HANDOVER REQUEST to the target.
Observation 7	For HO from non-MBS to MBS, target node could release radio resources associated with the Individual delivery after HO completion.

Based on the discussion in the previous sections we propose the following:
Proposal 1	MBS configuration decided at target gNB is sent to the UE by the source gNB via RRCReconfiguation message.
Proposal 2	RAN2 waits for RAN3 progress on handover between MBS and non-MBS nodes before discussing lossless handling.
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