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1. Introduction
In RAN#94, the new WID for Enhancements of NR Multicast and Broadcast Services has been approved [1]. The RAN2 related objectives including:
· Specify support of multicast reception by UEs in RRC_INACTIVE state [RAN2, RAN3]

· PTM configuration for UEs receiving multicast in RRC_INACTIVE state [RAN2]

· Study the impact of mobility and state transition for UEs receiving multicast in RRC_INACTIVE.  (Seamless/lossless mobility is not required) [RAN2, RAN3]

· Specify Uu signalling enhancements to allow a UE to use shared processing for MBS broadcast and unicast reception, i.e., ‎including UE capability and related assistance information reporting regarding simultaneous unicast reception in RRC_CONNECTED and MBS broadcast reception from the same or different operators [RAN2]
In RAN2 #119e meeting [3], the scenarios for multicast reception for UEs in INACTIVE were achieved:
In Rel-18, multicast reception for UEs in INACTIVE supports at least the following scenarios, with the assumption that the UE already has a valid PTM configuration:

-
Scenario 1: a UE has been receiving multicast in CONNECTED, and it enters INACTIVE and continues the multicast reception.

-
Scenario 2: a UE has joined a multicast session and has been directed to INACTIVE, the UE starts to receive the multicast session

FFS for state changes, e.g. due to service being not provided in INACTIVE anymore etc.
In this contribution, we will discuss some issues about mobility and RRC state transition for UEs in INACTIVE for multicast reception.
2. Discussion
2.1 Mobility
In last meeting, we agreed that Multicast service continuity after cell reselection in RRC_INACTIVE state (i.e. without resuming RRC connection) will be supported (if the configuration of the new cell is available for the UE) [3].
In R17, cell reselection procedure for broadcast is introduced for RRC idle and inactive state. If the MBS broadcast capable UE is receiving or interested to receive an MBS broadcast service(s) and can only receive this MBS broadcast service(s) by camping on a frequency on which it is provided, the UE may consider that frequency to be the highest priority during the MBS broadcast session in cell reselection. When the MBS broadcast service(s) which the UE is interested in are no longer available or the UE is no longer interested in receiving the service(s), the UE no longer prioritises the frequency providing these MBS broadcast service(s) [2]. For the Multicast reception in RRC inactive state, if UE reselect a cell not supporting Multicast reception in RRC inactive state, UE need to enter to RRC connected state to receive the Multicast session which is not desired. Therefore, the R17 cell reselection procedure for broadcast can be taken as baseline for mobility for Multicast reception in RRC inactive state. That is, if the MBS multicast capable UE is receiving an MBS multicast service in RRC inactive state, the frequency where multicast service(s) can be provided should be prioritized during the cell reselection.
Proposal 1: R17 cell reselection procedure for MBS broadcast reception can be taken as baseline for the mobility for Multicast reception in RRC_INACTIVE state.

Proposal 2: The frequency providing Multicast service(s) in RRC_INACTIVE state should be prioritized during the cell reselection when the Multicast capable UE is receiving Multicast service(s) in RRC_INACTIVE state.  
In last meeting [3], we agreed that upon cell reselection to neighbour cells during active multicast session, if the configuration of the session is not available for the new cell for UEs in INACTIVE, then the UE is required to resume RRC connection to get the Multicast MRB configuration. However, how UE can reselect a neighbour cell supporting this Multicast session needs to be discussed also. In our understanding, similar with the broadcast, the neighbour cells providing the same Multicast service(s) in RRC_INACTIVE state should be provided to UE via system information, then the UE can select the target cell supporting the same Multicast service(s) or UE can request unicast reception of the service before changing to a target cell not providing the same Multicast service(s) in RRC_INACTIVE state.
Proposal 3: The system information of serving cell UE camps on should contain the information of neighbour cells supporting the same Multicast service(s) in RRC_INACTIVE state.
2.2 State transition
2.2.1 RRC_CONNECTED to RRC_INACTIVE

For the state transition, in last meeting, we agreed that it is up to gNB to decide whether a multicast session may be received by UE(s) in INACTIVE. FFS what information gNB may be provided to form such decision (related to SA2 discussion) [3]. Dedicated RRC signalling can be used for switching a multicast receiving UE from RRC_CONNECTED to RRC_INACTIVE. 
In the mobility scenario, for the connected UE receiving Multicast session in source cell, if the target gNB decide that UE will receive the Multicast session in RRC_INACTIVE in target cell, then the UE can be switched to RRC_INACTIVE state before or during the handover procedure. Then the target gNB needs not to prepare the radio resources for this UE as in legacy handover preparation and the state transition of UE can be speeded to receive the Multicast session in RRC_INACTIVE in target cell.
Proposal 4: The connected UE receiving Multicast session can be switched to RRC_INACTIVE state before or during the handover procedure, if it will receive the Multicast session in RRC_INACTIVE in target cell.
2.2.2 RRC_INACTIVE to RRC_CONNECTED

The gNB can also switch the UE in RRC inactive state to RRC connected state for better QoS performance based on the new conditions such as the low cell load. The gNB can move the UE to RRC connected state via the common signalling, e.g., Group paging. RRC inactive state to RRC connected state can also be triggered by UE, e.g. based on a timer configured by network.

In all, the state transition from RRC inactive state to RRC connected state, it can be triggered by gNB or UE which can be defined as network based mechanism and UE based mechanism.
· Network based mechanism:

For the UE is receiving or has interest to receive Multicast session in RRC_INACTIVE state, gNB can switch the UE in RRC_INACTIVE state to RRC connected state based on the assistance information. The assistance information can include cell load information, QoS parameters or some other possible information from AMF which is being discussed in SA2. 
In R17, the Multicast session can be deactivated and the UE can be released to RRC idle or RR inactive state. When the Multicast session is activated, the group notification will be sent to UE and the UE will initiate the RRC establishment procedure or RRC Resume procedure to transmit to RRC connected state. For the Multicast session can be received in RRC inactive state, the group notification can be enhanced for this state transition. For the activation of non-activated multicast session, the group paging message should contain an indication to indicate UE whether RRC state transition is needed to receive this Multicast session.
For the activated Multicast session, if network want to switch one UE receiving this multicast service from RRC_INACTIVE state to RRC_CONNECTED state, the legacy individual paging can be used. And the enhanced group paging message can be used for a group of UEs with an RRC state transition indication.
Observation1: Group paging message can be enhanced to inform UE RRC state transition. 

Proposal 5: The enhanced group paging message should contain an indication to indicate whether RRC state transition is needed to receive Multicast session for UEs in inactive state.
· UE based mechanism:  
The UE in RRC connected state joined one Multicast session can be switched to RRC inactive state by the gNB. 
During the Multicast service reception in inactive state, the performance may deteriorate due to the poor coverage. In order to meet the QoS requirement, the UE can switch to RRC connected state to receive the Multicast service data itself according to the preconfigured conditions such as QoS criterion. When UE is in RRC connected state, the HARQ is supported via PTM/PTP and ARQ is supported in PTP, the transmission reliability can be improved than the transmission in inactive state without HARQ/ARQ. In another case, the network may switch a multicast receiving UE from RRC_CONNECTED to RRC_INACTIVE considering the high cell load, the UE can come back to RRC_CONNECTED state if the cell load decreased. The network can configure a timer for UE, if this timer expires, the UE will switch to RRC_CONNECTED state.
Proposal 6: UE can initiate RRC state transition from RRC_INACTIVE to RRC_CONNECTED according to the preconfigured condition (e.g. Timer or QoS criterion).
For the RRC_INACTIVE to RRC_CONNECTED transition triggered by network or UE, The RRC resume procedure with a new cause will be initiated for the Multicast reception in RRC connected state.
Proposal 7: For RRC state transition from RRC_INACTIVE to RRC_CONNECTE, UE initiates RRC resume procedure with a new cause to enter RRC_CONNECTED state.
3. Conclusion

In this contribution, we discussed the multicast reception issues on mobility and state transition in RRC_INACTIVE state. In particular, we have the following proposals:
Proposal 1: R17 cell reselection procedure for MBS broadcast reception can be taken as baseline for the mobility for Multicast reception in RRC_INACTIVE state.

Proposal 2: The frequency providing Multicast service(s) in RRC_INACTIVE state should be prioritized during the cell reselection when the Multicast capable UE is receiving Multicast service(s) in RRC_INACTIVE state.  

Proposal 3: The system information of serving cell UE camps on should contain the information of neighbour cells supporting the same Multicast service(s) in RRC_INACTIVE state.
Proposal 4: The connected UE receiving Multicast session can be switched to RRC_INACTIVE state before or during the handover procedure, if it will receive the Multicast session in RRC_INACTIVE in target cell.
Observation1: Group paging message can be enhanced to inform UE RRC state transition. 

Proposal 5: The enhanced group paging message should contain an indication to indicate whether RRC state transition is needed to receive Multicast session for UEs in inactive state.

Proposal 6: UE can initiate RRC state transition from RRC_INACTIVE to RRC_CONNECTED according to the preconfigured condition (e.g. Timer or QoS criterion).
Proposal 7: For RRC state transition from RRC_INACTIVE to RRC_CONNECTE, UE initiates RRC resume procedure with a new cause to enter RRC_CONNECTED state.
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