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Introduction
With respect to Connected mode mobility with service continuity [1], following agreements were made in RAN2#112-e meeting [2]
· 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.

This contribution discusses further the issues and aspects related to Connected mode mobility for service continuity.
Discussion
Target Cell Configuration
In order to continue receiving MBS service in the target cell with minimum service interruption, facilitating the UE with MBS bearer configuration used in the target cell is very much essential. RAN3 has also agreed that “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)”. In our view, RRC signaling for handover i.e. usage of RRC reconfiguration message for this purpose should be confirmed by RAN2.
Proposal 1: MBS bearer configuration for the target cell is provided to the UE by source gNB and RRC reconfiguration message for handover carries this information.  
Lossless Mobility
In unicast, lossless handover is supported for AM DRBs by data forwarding and status reporting. For UM DRBs, that are targeted for delay-sensitive traffic, lossless operation is not supported. We can keep the same principle for MBS.
Proposal 2. Lossless handover for MBS is supported only if AM RLC is configured by the target gNB. 
Proposal 3. PDCP status reporting is supported only if AM RLC is configured for an MBS bearer. 


For lossless mobility, we could have the following solutions:
- PDCP SN sync and continuation of transmission after HO
- Bearer type change to unicast AM bearer.



Figure 1: PDCP SN is synchronized between source and target cell
As depicted in Figure 1, when PDCP SN is synchronized between two cells (which means that MRB configuration is the same), UE can continue reception of MRB without refreshing PDCP SN. However, PDCP SN synchronization may be too much burden to network side. This implies that for the same PDCP SN, PDCP SDU should be the same (i.e. QF-MRB mapping should be the same). 



Figure 2: PDCP SN is not Synchronized between source and target cell
If the PDCP SN is not synchronized across two cells (shown in Figure 2), then three cases may be considered:
· UE may continue the PDCP SN by bearer type switching from split MRB to legacy unicast AM DRB. PDCP re-establishment can support data retransmission based on PDCP status report. Data-forwarding can be performed similar to unicast handover.
· The old MRB is released and a new MRB is added (lossless is not guaranteed).
· An indication on whether to continue PDCP SN in target cell is needed for UE
Proposal 4: To address handover without PDCP SN sync, UE switches bearer type to legacy unicast AM  DRB (legacy SN status transfer and data forwarding applies) and MRB is released. 
Interest Indication 
In LTE eMBMS and SCPTM, MBMS Interest Indication (MII) procedure was supported to ensure service connectivity during mobility [3]. Specifically, UE informs eNB the services it is interested or receiving via MRB (MBMS Radio Bearer) or SC-MRB, frequencies supporting the MBMS services, priority for MBMS over Unicast, and ROM (Receive Only Mode) capability related parameters ARFCN, bandwidth and SCS. Procedure is initiated in several cases including upon successful connection establishment, upon entering or leaving the service area, upon session start or stop, upon change of interest, upon change of priority between MBMS reception and unicast reception, upon change to a PCell broadcasting SIB15.
Observation 1: In legacy, MBMS Interest Indication procedure is triggered in many different scenarios and is used to convey interest, priority and capability related inputs to network.
Let’s consider a scenario wherein an UE is in Connected mode and upper layer triggers a session join for multicast service, there could be certain situations possible like
a) MBS is provided on frequency that is loaded and have limited resources for unicast. If UE does not support CA with current frequency used for unicast, network may have to choose whether to move UE to MBS related frequency and this would depend on UE’s priority (MBS over Unicast)
b) MBS service is available on a different BWP than the active BWP where UE is receiving unicast transmission and UE’s capabilities do not allow receiving MBS simultaneously on another BWP. This would require that network knows UE’s preferred BWP
In both cases, network needs UE inputs to ensure its priority and preference are met.
In NR MBS, UE may join multicast service through session join procedure, which also informs the network about UE’s interest for a specific multicast service. However, we can notice Interest Indication can be more effective
· To serve multiple purposes, multiple different events for Connected mode UEs 
· To indicate the up-to-date interested MBS service of the UE 
· To ensure that network can provide service prioritized by UE
· To indicate priority between unicast and multicast reception
· To support service continuity during mobility e.g. critical services (like MCPTT), when UE has to join the service immediately so as RAN ensures UE is in the right cell at right time
· To help RAN to release resources for MBS service when there is no UE interested (in specific cell) and allocates resources in new cell when interested UE(s) comes in (i.e. dynamic use of resources)
· To Support source gNB to target gNB transfer of interested MBS services information during mobility
Observation 2: NR MBS Interest Indication should be more flexible and versatile with many triggers and causes as compared to session join procedure for multicast services. 
Observation 3: Interest Indication can be employed for multicast services in Connected mode to provide an up-to-date interested MBS services of UE.
To design the NR MBS Interest Indication message, we can start with LTE eMBMS/SC-PTM MII as baseline. As ROM support is precluded for NR MBS, ROM related baseband capability parameters for ARFCN, bandwidth and SCS are no longer needed. MBS services list and frequency list are certainly applicable for NR MBS to support service continuity. Notably, UE should be capable of simultaneously receiving MRBs over frequencies which are specified in frequency list. In LTE MII, Priority (MBMS over Unicast) was a single value, common for all frequencies. For NR MBS the choice relates more to BWP to which frequencies (in frequency list) correspond, as it seems possible that NR MBS service could be provided over a BWP (either one of configured BWPs or a dedicated MBS BWP). However, it relates to RAN1 discussion and decision.
In general, a new field Preferred BWP informs the gNB about the UE’s choice for BWP for MBS operation. It would depend on UE’s capability whether an UE can support unicast and MBS together either on same BWP or different. Potentially, NR MBS Interest Indication could comprise of 
· TMGI list (list of interested MBS services)
· Priority (MBS over Unicast)
· Preferred BWP (it may be different from the current active BWP)
· Frequency list

Proposal 5: Interest Indication procedure is supported for a Connected mode UE receiving or interested in multicast MBS services.
Proposal 6: NR MBS Interest Indication message carries following information elements viz. TMGI list, Priority (MBS over Unicast), Preferred BWP (it may be different from the current active BWP), Frequency list. 
Counting Procedure 
[bookmark: _GoBack]In RAN3#110-e, RAN3 agreed that there is no need of counting for multicast and further made WA as “Counting procedures for broadcast in Rel-17 (other than interest indication) does not seem needed at this time; to be coordinated with RAN2, SA2”. Hence, we propose to keep same agreement in RAN2 as network is aware about UEs which joined for multicast MBS services in delivery mode 1. Further, broadcast services are only provided in best effort manner and with lower priority in delivery mode 2 for connected mode UEs.
Proposal 7: Counting procedure is not supported for UEs receiving multicast as well as broadcast services in connected mode.
Conclusion
In section 2, we made the following observations:
Observation 1: In legacy, MBMS Interest Indication procedure is triggered in many different scenarios and is used to convey interest, priority and capability related inputs to network.
Observation 2: NR MBS Interest Indication should be more flexible and versatile with many triggers and causes as compared to session join procedure for multicast services. 
Observation 3: Interest Indication can be employed for multicast services in Connected mode to provide an up-to-date interested MBS services of UE.
Further RAN2 is requested to discuss and possibly agree on following proposals:
Proposal 1: MBS bearer configuration for the target cell is provided to the UE by source gNB and RRC reconfiguration message for handover carries this information.  
Proposal 2. Lossless handover for MBS is supported only if AM RLC is configured by the target gNB. 
Proposal 3. PDCP status reporting is supported only if AM RLC is configured for an MBS bearer. 
Proposal 4: To address handover without PDCP SN sync, UE switching bearer type to legacy unicast AM DRB (legacy SN status transfer and data forwarding applies) and MRB is released. 
Proposal 5: Interest Indication procedure is supported for a Connected mode UE receiving or interested in multicast MBS services.
Proposal 6: NR MBS Interest Indication message carries following information elements viz. TMGI list, Priority (MBS over Unicast), Preferred BWP (it may be different from the current active BWP), Frequency list. 
Proposal 7: Counting procedure is not supported for UEs receiving multicast as well as broadcast services in connected mode.
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