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Introduction
In RAN2#112-e meeting, following was agreed regarding mobility:
	· 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 RAN2#115-e meeting, following was agreed regarding multicast activation notification:
	· It is FFS that short message or WUS based indication for multicast activation notification in corresponding paging message can be used.  



In this contribution, we discuss the support of multicast service continuity in mobility scenarios as well as multicast activation notification. 
Discussion
[bookmark: _Hlk47632805]Mobility
Scenarios to support lossless mobility
In RAN2#112-e meeting, following was agreed “R2 aim to support lossless handover for MBS-MBS mobility for service that requires this (TBD which detailed scenario but at least PTP-PTP)”. MRB can have the following configurations: 1) PTP (RLC UM); 2) PTP (RLC AM); 3) PTM (RLC UM); 4) PTM (RLC UM) + PTP (RLC UM); 5) PTM (RLC UM) + PTP (RLC AM). Configured 2) and 5) have RLC AM configured for MRB. Given that RLC AM is designed for lossless operation while RLC UM is not, it is reasonable to assume that MBS lossless handover is only supported when RLC AM entity is configured in both source and target MRB configuration.
[bookmark: Proposal_Scenarios]Proposal 1: MBS lossless handover is only supported for a MRB when RLC AM entity (i.e., PTP (RLC AM) and PTM (RLC UM) + PTP (RLC AM)) is configured for the MRB in both source and target cells.

Support of CHO
In RAN2#111-e meeting, following was agreed: “R2 assumes that for Rel-17 NR multicast Mobility in Connected mode, handover (including variants) is the baseline, TBD exactly which variants”.
Conditional handover (CHO) was introduced to improve handover reliability and is performed per UE. Handover execution conditions are based on radio condition (event A3 / A5), and are not related to any radio bearer. When the execution condition is satisfied for target candidate cell(s), the UE considers the candidate cell(s) as triggered cell(s) and selects one triggered cell and performs handover to the selected triggered cell, as specified in TS 38.331 clause 5.3.5.13.5, as below:
The UE shall:
1>	if more than one triggered cell exists:
2>	select one of the triggered cells as the selected cell for conditional reconfiguration execution;
1>	for the selected cell of conditional reconfiguration execution:
2>	apply the stored condRRCReconfig of the selected cell and perform the actions as specified in 5.3.5.3;
NOTE:	If multiple NR cells are triggered in conditional reconfiguration execution, it is up to UE implementation which one to select, e.g. the UE considers beams and beam quality to select one of the triggered cells for execution.
In Rel-16 CHO, selection of triggered cell is up to UE implementation. For Rel-17 MBS, the only potential standardization impact to support combination of MBS and CHO is whether additional information (related to multicast/broadcast MRB) is needed to facilitate the selection of triggered cell. 
For multicast MRB, the configuration information for multicast MRB(s) can be provided by source gNB to target gNB during handover procedure, and target gNB can configure candidate cells accordingly. Therefore target gNB can provide multicast MRB configuration in condRRCReconfig, and it is up to UE implementation how to use the information, e.g. UE may select the triggered cell which provides multicast MRB that UE has interest in.
For broadcast MRB, the list of neighbor cells providing MBS session is available in IE mtch-NeighbourCell-r17 as in RRC running CR R2-2111658 [2], as copied below. Therefore all MBS information related to the selection of triggered cell is already available in existing mechanisms.
MBS-SessionInfo-r17 ::=				SEQUENCE    {
    mbs-SessionId-r17                 	 TMGI-r17,
    g-RNTI-r17                        	 RNTI-Value,
    mrb-ListBroadcast-r17             	 MRB-ListBroadcast-r17		OPTIONAL,
    mtch-SchedulingInfo-r17           	DRX-ConfigPTM-Index-r17     OPTIONAL,	-- NEED S
    mtch-NeighbourCell-r17               BIT STRING (SIZE(maxNeighCell-MBS-r17))	OPTIONAL
}

	MBS-SessionInfoList field descriptions

	mtch-neighbourCell
Indicates neighbour cells which provide this service on MTCH. The first bit is set to 1 if the service is provided on MTCH in the first cell in mbs-NeighbourCellList, otherwise it is set to 0. The second bit is set to 1 if the service is provided on MTCH in the second cell in mbs-NeighbourCellList, and so on. If the service is not available in any neighbouring cell and mbs-NeighbourCellList is signalled, the network sets all bits in this field to 0. If this field is absent, the related service may or may not be available in any neighbouring cell, i.e. the UE cannot determine the presence or absence of an MBS service in neighbouring cells based on the absence of this field.



[bookmark: Proposal_CHO]Proposal 2: CHO and MBS can be supported simultaneously, without additional specification impacts.

Support of DAPS
Dual Active Protocol Stack (DAPS) was introduced to minimize service interruption during handover, i.e. to achieve 0 ms interruption time for URLLC type of service, which requires 1ms of end-to-end delay (WID RP-190489). DAPS is configured per DRB.
From service requirement’s perspective, although high QoS service can be supported by multicast MRB, it is not clear whether URLLC type of service with extreme latency requirement (near 0 ms interruption time for handover) should be supported by MBS. 
From implementation’s perspective, a DAPS capable UE can receive interested multicast MRBs from target cell, if the MRBs are already delivered via PTM in target cell. The current NR MBS design assumes PDCP SN synchronization, therefore additional standardization efforts / network coordination are not needed. During handover procedure, even if DAPS is not explicitly configured for multicast MRBs, UE can simultaneously receive interested multicast MRB(s) delivered in PTM from both source and target cells. For MBS sessions not started in target cell, the target gNB can start PTM transmission during handover procedure if the latency requirement for the MBS sessions is very stringent. 
Considering above discussion and little time for RAN2 to discuss standardized DAPS support for multicast MRB, it is proposed that DAPS is not configured for multicast MRB, while simultaneous reception of multicast MRB(s) from source and target cell is left to implementation.
[bookmark: Proposal_DAPS]Proposal 3: DAPS is not configured for multicast MRB, and simultaneous reception of multicast MRB(s) from source and target cell is left to implementation.

Handover from MBS-supporting node to non-MBS supporting node
In RAN3 LS [1], RAN3 asks RAN2 whether full configuration can be avoided during handover from MBS supporting node to MBS non-supporting node, if the source gNB is aware of the MBS support of the target gNB before handover. 
Full configuration is intended to be used when the target gNB is of an earlier release to the source gNB, as it cannot comprehend ASN.1 from the source gNB. For the handover scenario we discussed above, there are two scenarios:
1) MBS non-supporting gNB is from an earlier release
2) MBS non-supporting gNB is Rel-17 gNB (i.e. no MBS session)
For scenario 1, full configuration is expected as normal. All AS context of radio configurations are cleared. This cannot be avoided. Full configuration is designed to be forward compatible and the Full configuration flag is set by the target gNB to the UE if ASN.1 from the source gNB cannot be comprehended. The target gNB does not need to know any information on the source gNB when using full configuration option. Hence, even the source gNB is aware of the MBS support of the target gNB before handover (as mentioned in R3-216222), the full configuration still cannot be avoided, as it is decided by the target gNB according to the full configuration procedure.
[bookmark: Proposal_full_config]Proposal 4: For handover from MBS-supporting node to non-MBS supporting node which cannot comprehend ASN.1, full configuration should be used.
For scenario 2, full configuration is not applied if both gNBs are from the same release. Some companies proposed to establish a temporary DRB before handover to the target gNB. However, the establishment of temporary DRB which accommodates MBS non-supporting configuration at the source gNB depends on the fact the source gNB has the knowledge of target gNB’s capability/supported feature. Moreover, in email discussion “[Post115-e][091][MBS] Remaining control plane issues”[1], it was discussed whether the source gNB may provide multicast data via DRB shortly before the handover, in order to minimize data loss during handover from MBS-supporting node to non-MBS supporting node. However, there is no guarantee that MRB can be switched to DRB in a lossless manner. In current MBS RRC running CR R2-2111658, MRB is separately configured from DRB, as below:
MRB-ToAddMod-r17 ::=                        SEQUENCE {
    tmgi-r17						TMGI-r17				  OPTIONAL,   -- Cond MRBSetup
    mrb-Identity-r17                MRB-Identity-r17,
    reestablishPDCP-r17             ENUMERATED{true}              OPTIONAL,   -- Need N
    recoverPDCP-r17					ENUMERATED{true}			  OPTIONL, -- NEED N
	pdcp-Config-r17                 PDCP-Config                   OPTIONAL,   -- Cond PDCP
    ...
}

It is challenging to minimize data loss when switching from MRB to DRB, as procedurally the MRB should be released and DRB should be added. The only possible way to minimize data loss is to specifically design a new procedure for MRB to DRB switching without explicit release of MRB. This causes additional standardization effort, and there is a risk of RLF/HOF since the switching of MRB to DRB delays handover due to following procedures:
· Switching from MRB to DRB in the source cell needs further discussion on how the changeover happens – whether there is an overlap when both are established or not.  For the overlap case, further discussion is needed on potential duplication of data.  For non-overlap case, discussion is needed on the details of the sequence for the release of the MRB and set up of the DRB.  
· Switching from MRB to DRB requires signalling exchange with 5GS. MRB is associated with a MBS session using 5GS shared delivery method, and DRB is associated with PDU session using 5GS individual delivery method. Switching from MRB to DRB requires changing delivery method, and signalling exchange with 5GS is needed for such change.
[bookmark: Obs_std]Observation 1: Switching from MRB to DRB before handover requires additional standardization efforts, and signalling exchange with 5GS.
 
Considering the drawbacks, there is no need to pursue the optimization of switching MRB to DRB before handover. For handover from MBS-supporting node to non-MBS supporting node, it is sufficient to rely on the scheme of releasing MRB in source gNB and addition of DRB in target gNB. The required signalling exchange with 5GS to switch from shared delivery method and individual delivery method can run in parallel to AS handover procedure to some extent.
[bookmark: Proposal_HO_compre]Proposal 5: For handover from MBS-supporting node to non-MBS supporting node which can comprehend ASN.1, no optimization is pursued on switching MRB to DRB before handover.
Multicast activation notification
In RAN2 #115e meeting, following FFS are captured in Chairman’s Notes:
	It is FFS that short message or WUS based indication for multicast activation notification in corresponding paging message can be used.


Short message and WUS/PEI are proposed to reduce power consumption at the UE side. For short message, it is transmitted on PDCCH using P-RNTI with or without associated Paging message. Short message can use one or two bits to indicate the UE not to decode the associated paging message. However the UE most likely will take the whole slot to receive the paging message. 
Recalling that PEI for paging is agreed to be supported in Rel-17 based on RAN1 agreement for power saving:
	For PEI, a new DCI format is supported to include at least paging indications to UE group(s)/subgroups of the associated PO(s).


Compared with short message, PEI can be sent a few slots before the paging occasion. Since PEI can achieve larger power saving gain compared with Short message, it is proposed to not consider Short message for multicast activation notification.
[bookmark: Proposal_Short_Message]Proposal 6: Short message-based indication is not supported for multicast activation notification in corresponding paging message. 
With PEI, UE can save power and avoid receiving and decoding the paging message unless necessary, when the paging message is sent after some slots. As agreed in RAN1 #105-e meeting, there are only 8 subgroups supported for PEI:
	Agreement:
For UE subgroups indication in physical layer, maximum of 8 subgroups per PO is supported.


However, the agreement only assumes all UEs are receiving unicast traffic. It is unclear whether the performance will be impacted by using 1 subgroup for multicast or not. Considering the remaining time of Rel-17 is not enough for RAN1 to evaluate the corresponding performance (i.e. one subgroup used for multicast, 7 subgroup used for UEs’ unicast traffic), it is proposed to not to use PEI as multicast activation notification power saving indication.
[bookmark: WUS][bookmark: Proposal_PEI]Proposal 7: PEI-based indication is not supported for multicast activation notification in the corresponding paging message. 
Conclusion
In this contribution, we discuss the support of multicast service continuity in mobility scenarios as well as multicast activation notification. We have the following proposal:
Observation 1: Switching from MRB to DRB before handover requires additional standardization efforts, and signalling exchange with 5GS.
We propose the following:
Proposal 1: MBS lossless handover is only supported for a MRB when RLC AM entity (i.e., PTP (RLC AM) and PTM (RLC UM) + PTP (RLC AM)) is configured for the MRB in both source and target cells.
Proposal 2: CHO and MBS can be supported simultaneously, without additional specification impacts.
Proposal 3: DAPS is not configured for multicast MRB, and simultaneous reception of multicast MRB(s) from source and target cell is left to implementation.
Proposal 4: For handover from MBS-supporting node to non-MBS supporting node which cannot comprehend ASN.1, full configuration should be used.
Proposal 5: For handover from MBS-supporting node to non-MBS supporting node which can comprehend ASN.1, no optimization is pursued on switching MRB to DRB before handover.
Proposal 6: Short message-based indication is not supported for multicast activation notification in corresponding paging message. 
Proposal 7: PEI-based indication is not supported for multicast activation notification in the corresponding paging message. 
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