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Introduction
In RAN2#112e meeting, some agreement has been reached on mobility with service continuity in RRC_CONNECTED state.  The details are as following,
	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 contribution, we discuss on the open issues for mobility with service continuity further.
More specifically, the discussions cover the following aspects,
· Scenarios for lossless handover,
· Handover variants for MBS,
· MBS configuration of target cell,
· Handover between MBS cell and non MBS cell for multicast,
· Handover between MBS cells for broadcast,
· UE interest indication by UE in connected mode.
Discussion
0. Scenarios for lossless handover
In RAN2#112e meeting, agreement related to lossless handover is as following,
	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 addition to the agreed scenario (PTP->PTP) for lossless handover, whether lossless handover can be supported for more scenarios is to be discussed. 
[bookmark: OLE_LINK100][bookmark: OLE_LINK101]In legacy unicast handover, the prerequisite to support lossless handover is that RLC AM is used on radio bearers. For MBS radio bearer, we have no reason to deviate from it. Based on the working assumption, RLC AM is only supported for PTP mode in MBS. So the existing of PTP leg is the prerequisite to support lossless handover for MBS. To summarize, lossless handover is supported if and only if PTP leg is configured in both the source cell and the target cell. According to this principle, scenarios to support lossless handover for multicast could be summarized as following with the assumption that UE can be configured to receive PTM and PTP simultaneously,
· PTP->PTP
· PTM+PTP->PTP
· PTM+PTP->PTM+PTP
· PTP -> PTM + PTP
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 1: Lossless handover is supported if and only if PTP leg is configured in both the source cell and the target cell.
0. Handover variants for MBS
In RAN2#111e meeting, agreement related to handover variants for MBS is as the following, 
	R2 assumes that for Rel-17 NR multicast Mobility in Connected mode, handover (including variants) is the baseline, TBD exactly which variants.


Among the legacy handover (includes R15 HO, R16 CHO, R16 DAPS), R15 HO is the basic mechanism which should be supported for MBS. R16 CHO enhancement was intended to improve handover reliability and reduce handover failure probability. R16 DAPS enhancement was intended to reduce handover interruption. The CHO and DAPS handover is beneficial for some multicast services (e.g. V2X) which require high reliability and less interruption.
Observation 1: CHO and DAPS handover is beneficial for multicast services which require high reliability and/or less interruption time.
CHO is performed per UE, i.e. radio bearers for carrying any services will be transferred to target cell in CHO manner. So naturally CHO should be supported for UE receiving multicast services. On the contrary, if CHO cannot be used when UE is receiving Multicast service, it will put a restriction that only R15 HO can be used for UE operating in multicast and unicast simultaneously. This restriction is a negative impact to unicast functionality as CHO maybe essential in some cases.
Observation 2: For UE operating in multicast and unicast simultaneously, supporting CHO when UE is receiving multicast can be helpful to avoid the potential impact to unicast functionality.
Moreover, it seems only minor enhancement is need to support CHO for multicast, i.e. Including the MBS configuration of potential target cells in the CHO configuration is necessary. 
To support DAPS for multicast, UE need to receive multicast from source cell and target cell simultaneously. it seems no complicated to combine the data from source cell and target at UE side as the PDCP SN synchronization between source and target cell has been agreed. 
Observation 3: CHO/DAPS for multicast could be supported with minor effort by taking unicast CHO/DAPS as baseline.
Proposal 2: For NR MBS, all the legacy handover variants are supported.
0. MBS configuration of target cell
Regarding how to deliver the MBS bearer configuration in the target cell to UE, It has been agreed in RAN3#109e as following,
	· 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).


Also in RAN2 email discussion [1], all the companies agreed that the MBS bearer configuration in the target cell can be delivered by source cell to UE in RRC Reconfiguration message. However, what is in the MBS bearer configuration of the target cell is to be sorted out.
Bearer configuration for PTM and/or PTP is the basic information to be included in the MBS configuration of target cell. For the given configuration, it may be area-specific as we discussion in companion paper [4].So the valid area of the configuration can be provided to UE if exist.
The MBS service may be already ongoing with a certain delivery method (PTM or PTP) in the target cell before handover, so UE is supposed to directly monitor the corresponding RNTI(C-RNTI or G-RNTI or both), i.e., UE does not need to monitor the G-RNTI if the PTM is not on in target cell. It is beneficial to reduce the UE power consumption. To support this, the delivery mode to be used for UE in target cell should be informed to UE in the handover command. 
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Proposal 3: The MBS configuration of target cell is sent by source cell to UE, at least the following parameters are included in the MBS configuration,
· Bearer configuration for PTM and/or PTP.
· Optionally, the valid area of the MBS bearer configuration.
· Delivery method (PTM or PTP or both) to be used for UE in target cell.
0. Handover between MBS cell and non MBS cell for multicast
In RAN2#111e meeting, it is agreed to focus in MBS-MBS mobility scenario initially, details are as following,
	Focus on MBS-MBS scenario initially (i.e. shared delivery), including both PTM and PTP (if applicable). Other scenarios later, TBD. 


The background for above agreement is that there are some open issues related to SA2 for other scenarios at that time, which is seen as obstacle of RAN2 discussion.
By far SA2 has already made conclusions on the other scenarios (e.g. mobility between MBS cell and non-MBS cell). Therefore we should be able to start the discussion on the RAN2 aspects for the scenario now.
One key issue related to the mobility from MBS cell to non-MBS cell is whether/how to establish the PDU session during handover. SA2 has concluded that an associated PDU session can be established by CN when mobility to non-5GMBS-supporting cells happens. The details can be found in clause 8.2.2 in TR 23.757 [2], as following,
	-	It shall be possible to establish an Associated PDU session for cases, if not exists, where mobility to non-5GMBS-supporting cells happens.


As the establishment of associated PDU session is handled in CN level, there is no need for RAN2 to consider this aspect. By taking this as a start point, RAN2 can start to discuss other RAN2 aspects related to the scenario.
Proposal 4: Establishment of associated PDU session is handled in CN level without the assistance from RAN when UE moves from MBS cell to non-MBS cell.
Proposal 5: RAN2 to discuss the mobility between MBS cell and non MBS cell for multicast.
As indicated by SA2 in [2], one thing to consider in RAN for mobility between MBS cell and non-MBS cell is the lossless requirement.
	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.


Similar as the ongoing discussion on lossless handover for MBS-MBS scenario, we should figure out whether lossless handover is supported for mobility from MBS cell to non-MBS cell.
Proposal 6: RAN2 to discuss whether lossless handover is supported for moving from MBS cell to non MBS cell.
Moreover, to minimize the data loss during the handover between MBS cell and non MBS cell, we also need to decide whether data forwarding is applicable for this scenario.
SA2 has conclusions for this scenario as following,
	-	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.
Editor's note:	It will be determined during the normative work whether the mapping information is also provided towards the UE.


According to the above SA2 conclusion, it is possible to perform per (virtual)DRB data forwarding between MBS cell and non MBS cell as the mapping information about multicast QoS flows is provided to source cell. RAN2 should discuss whether it is needed.
Proposal 7: RAN2 to decide whether data forwarding is supported for handover from MBS cell to non MBS cell.
For the scenario that UE handovers from non MBS cell to MBS cell, SA2 conclusions are as following, 
	-	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.


Based on above SA2 conclusion, Only the PDU session will be involved during the handover from non MBS cell and MBS cell, then consequently only DRBs are involved at RAN, which means legacy handover at RAN level is used for this scenario.
After handover completes, the switch from the 5GC Individual MBS traffic delivery method to 5GC Shared MBS traffic delivery method is performed in target cell. The normal MRB configuration mechanism can be used for this scenario. The related procedure is illustrated in Figure 1 as following,


Figure 1
Hence, for handover from non MBS cell to MBS cell, the legacy handover is sufficient from RAN2 point of view.
Proposal 8: No extra effort is needed in RAN2 for handover from non MBS cell to MBS cell.
0. Handover between MBS cells for broadcast
In RAN2#112e, it has been agreed that delivery mode 2 is used for broadcast sessions.
	For Rel-17, R2 specifies two modes: 
	1: One delivery mode for high QoS (reliability, latency) requirement, to be available in CONNECTED (possibly the UE can switch to other states when there is no data reception TBD)
	2: One delivery mode for “low” QoS requirement, where the UE can also receive data in INACTIVE/IDLE (details TBD).
	R2 assumes (for R17) that delivery mode 1 is used only for multicast sessions. 
	R2 assumes that delivery mode 2 is used for broadcast sessions. 
	The applicability of delivery mode 2 to multicast sessions is FFS.


In the email discussion [3], the majority of the companies agreed that delivery mode 2 is also applicable in connected mode.
To support delivery mode 2 in connected mode, the basic service continuity during handover should be supported, which means NG-RAN should prioritize to choose a cell supporting the receiving services as the target cell.
Proposal 9: For broadcast reception in connected mode, basic mobility between MBS cells should be supported, i.e., NG-RAN should prioritize to choose cell supporting the receiving services as target cell. 
0. UE interest indication by UE in connected mode
This issue has been discussed in email discussion [1].Companies’ views on this issue are divergent for multicast. Therefore we discuss this issue further.
In LTE, UE in RRC_CONNECTED sends MBMS interest to network via a RRC message. Generally the following information could be included in RRC message MBMSInterestIndication,
· [bookmark: OLE_LINK3]Information related to UE interested services, such as list of MBMS frequencies on which the UE is receiving or interested to receive, etc.
· [bookmark: OLE_LINK5][bookmark: OLE_LINK4]Information on whether the UE prioritizes MBMS reception above unicast reception.
With above information from UE, the network does its best to ensure that the UE is able to receive MBMS and unicast services subject to the UE's capabilities.
In SC-PTM, UE may be not support simultaneous reception of unicast transmission and MBMS transmission in one subframe. So the UE indicates with a single bit whether it prioritizes MBMS reception over unicast. This scenario also exists in NR MBS, hence SC-PTM mechanism should be reused and it should be applicable to both multicast and broadcast.
Observation 4: For multicast and broadcast, whether the UE prioritizes the MBS above unicast should be informed to NG-RAN.
For multicast service, UE is expected to join multicast session, then 5GC knows which multicast services the UE is interested in.NG-RAN will know UE interest on cell level when UE is receiving multicast services in connected mode. So there is no need for UE to report its interested multicast services to NG-RAN.
However, for broadcast services, there is no joining group procedure. Network side is not aware of which broadcast services UE is interested in. Without knowing this, NG-RAN node is not able to handover UE to cell supporting the received broadcast services. To ensure the basic mobility with service continuity, NG-RAN needs to prioritize to handover UE to a cell supporting the received MBS services. So If UE is receiving broadcast services in connected mode, it needs to report its interested MBS services to NG-RAN. 
Observation 5: To ensure basic mobility with service continuity for broadcast services, report of UE interested services is necessary.
Proposal 10: UE interest indication in connected mode should be supported for both multicast and broadcast.
Conclusion
[bookmark: _Hlk47675422]In the previous sections we made the following observations and proposals: 
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]Scenarios for lossless handover
Proposal 1: Lossless handover is supported if and only if PTP leg is configured in both the source cell and the target cell.
Handover variants for MBS
Observation 1: CHO and DAPS handover is beneficial for multicast services which require high reliability and/or less interruption time.
Observation 2: For UE operating in multicast and unicast simultaneously, supporting CHO when UE is receiving multicast can be helpful to avoid the potential impact to unicast functionality.
Observation 3: CHO/DAPS for multicast could be supported with minor effort by taking unicast CHO/DAPS as baseline.
Proposal 2: For NR MBS, all the legacy handover variants are supported.
MBS configuration of target cell
Proposal 3: The MBS configuration of target cell is sent by source cell to UE, at least the following parameters are included in the MBS configuration,
· Bearer configuration for PTM and/or PTP.
· Optionally, the valid area of the MBS bearer configuration.
· Delivery method (PTM or PTP or both) to be used for UE in target cell.
Handover between MBS cell and non MBS cell for multicast
Proposal 4: Establishment of associated PDU session is handled in CN level without the assistance from RAN when UE moves from MBS cell to non-MBS cell.
Proposal 5: RAN2 to discuss the mobility between MBS cell and non MBS cell for multicast.
Proposal 6: RAN2 to discuss whether lossless handover is supported for handover from MBS cell to non MBS cell.
Proposal 7: RAN2 to decide whether data forwarding is supported for handover from MBS cell to non MBS cell.
Proposal 8: No extra effort is needed in RAN2 for handover from non MBS cell to MBS cell.
Handover between MBS cells for broadcast
[bookmark: _GoBack]Proposal 9: For broadcast reception in connected mode, basic mobility between MBS cells should be supported, i.e., NG-RAN should prioritize to choose cell supporting the receiving services as target cell. 
UE interest indication by UE in connected mode
Observation 4: For multicast and broadcast, whether the UE prioritizes the MBS above unicast should be informed to NG-RAN.
Observation 5: To ensure basic mobility with service continuity for broadcast services, report of UE interested services is necessary.
Proposal 10: UE interest indication in connected mode should be supported for both multicast and broadcast.
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