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1 Introduction
In RAN Meeting #94-e (Dec.6, 2021) a new working item was approved WID [1] targeting the enhancement of Release 17 Multicast/Broadcast Services (MBS) [2]. The aims of this WID is to enable resource-efficient delivery of multicast/broadcast services, enable better deployment of MBS, such as improvement of resource efficiency and capacity based on Rel-17 MBS. One of the key objectives of the WID is to. 

·  Study the impact of mobility and state transition for UEs receiving multicast in RRC_INACTIVE.  (Seamless/lossless mobility is not required) [RAN2, RAN3]
This report aims at discussing the impact of mobility and state transition for UEs receiving multicast in RRC inactive state.
2 Discussion
NR Release 18 MBS is targeting  MBS multicast reception by a UE during the mobility in RRC inactive state, and  targeting a fast/ quick reconnection time of UE to the network to guarantee the service continuity of MBS multicast mission critical services for UE in RRC inactive state (as per requirement of TR 23.774). One common possible solution option to guarantee multicast service continuity for UE receiving MBS multicast in RRC inactive state is to reuse Rel-17 concept of core network (CN) tracking area which is also adopted for MBS broadcast mobility (i.e., tracking UE mobility based on a configured MBS services area), but this option may not be able to address the objective of quickly reconnecting the UE for multicast reception, because it relies on the UE interaction with the core network. Another possible solution option is to consider the RAN notification area (RNA) based option (i.e., tracking UE a mobility based updating of a reconfigurable RAN notification area) which is also adopted for NR unicast inactive state mobility. RNA) based option is capable of addressing both the service continuity requirement and the fast reconnection objective for multicast as per TR 23.774 requirements, because it relies on UE and RAN node interaction. However, reusing such inactive state mobility solution option for MBS multicast may require additional enhancements on the existing NR unicast for the following reasons: assuming that the UE mobility during multicast reception in inactive state could be from one cell to another cell under a same RAN node (i.e., intra-gNB mobility) or from one cell to another cell under different RAN nodes (i.e., inter-gNB mobility) it is also  not clear how the existing unicast RNA based solution could handle such a mobility pattern (Fig1). 
One potential solution to the above issue can be consider,  by adopting the concept of scenario specific RAN based notification for multicast service continuity in RRC inactive state. According to this concept, when moving out of a configured multicast RNA area, the UE may initiates/triggers an RRC signaling  request to the gNB node, containing the inactive-radio network temporary identifiers (I-RNTI) value. Based on RNTI value provided by UE within the RRC signaling request, the gNB may assume, if it receives RNTI value of the same gNB, that the UE mobility pattern is intra-gNB mobility and will resume the connection to UE as given as given section 2.1. Alternately, if gNB receives an RRC signaling request containing an RNTI value of another gNB node, it will assume that the UE mobility pattern is inter-gNB mobility and will r resume the connection to the UE as given in section 2.2.
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Fig1: NR Possible UE inactive state mobility pattern during multicast service reception
2.1. Mobility Between two cells under the same gNB 
  In case of intra-gNB mobility,  if a gNB node receives the RRC singling request from the UE containing an RNTI value of the same RAN node, the gNB node assumes that the UE mobility is an intra-gNB mobility from a last serving gNB-distributed unit (gNB-DU) to a new gNB-DU., the last gNB-DU encompasses the RRC singling request in a non-UE associated message namely initial uplink RRC transfer message and transfers the initial uplink RRC transfer message to the gNB-CU. based on the indication provided by UE within the RRC singling request, the gNB-CU sends a UE context setup request message to the new gNB-DU where the UE moves, to create a UE multicast context and setup for one or more multicast and/or data bearers. The UE context setup request message contains a request to the new gNB-DU to include a cell group configuration information of the target cell where the UE moves, in an UE context setup response message. The new gNB-DU responds to the gNB-CU with a UE context setup response message containing the UE multicast context, and the multicast and/or data bearers’ configuration and the updated cell group information containing with target cell identity which is requested by the last gNB-CU. The gNB-CU generates an RRC reconfiguration or release message, containing an updated unicast/multicast RNA area based on the updated cell group information and containing the multicast and/or unicast reception configuration; then, encapsulates the RRC reconfiguration or release message in an RRC downlink transfer message and sends the RRC downlink transfer message to the new gNB-DU. The new gNB-DU forwards the RRC response message to the UE, and further forwards the multicast and/or unicast service data as indicated within the UE request to the UE (Fig 2).
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Fig 2:  Handling of inactive state mobility between two cells under the same gNB during multicast service reception
2.2 Mobility Between two cells under different gNB (or gNB-CU) 
     In case of inter-gNB mobility if an existing serving gNB node receives the RRC singling request containing the RNTI of another serving RAN node, the serving gNB node assumes that the UE mobility is an inter-gNB mobility from the existing gNB node to a new gNB node,  The new gNB sends a context retrieve request to the existing gNB node to retrieve the UE unicast context if the indicated resumption value within the UE RRC singling request is zero, or to retrieve the UE multicast context if the indicated spare bit value within the UE RRC singling request is zero, or to retrieve both UE multicast context if no spare bit indication is provided within the UE RRC singling request. If the new gNB successfully retrieves the UE multicast context, the new gNB uses the UE multicast context; otherwise, the new gNB establishes a new UE multicast context. The new gNB responses to the UE with the RRC connection release to keep the UE in an RRC inactive state or the RRC connection resume message to change the UE state to an RRC connected state by seeing an RRC response signaling carrying the reception configuration of the multicast service according to the UE indication as well as the updated RNA area configuration according the retrieved or the newly established new UE multicast context. The new gNB further contacts a serving access and mobility management function (AMF) to switch N2 and N3 tunnels to the new gNB, and the new gNB further transmits the multicast service data as indicated within the UE request to the UE. Upon the reception of the RRC signaling response from the existing serving gNB node or the new serving RAN node, the UE applies the multicast reception configuration to receive the multicast and/or unicast service data, and the UE considers the new updated RNA configuration when moving or performing a cell reselection to a new cell (Fig 3).
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Figure 3: Handling of mobility between two cells under different gNB during multicast service reception.
According to the above discussed concept, the UE mobility across different cells and scenarios can be handled efficiently. Therefore, based on the above discussion, we propose the following proposals
Proposal 1 For fast UE multicast mobility with service continuity in RRC inactive state, the concept of a scenario specific RAN based notification area can be introduced for multicast in R18.
Proposal 2 The UE inactive-radio network temporary identifier (I-RNTI) can be used as a measure to distinguish UE mobility pattern across different MBS multicast deployment scenarios e.g., intra-gNB mobility or inter-gNB mobility. 
Proposal 3 UE inter-gNB mobility during multicast reception can be handled based on cell group configuration update procedure
Proposal 4 UE intra-gNB mobility during multicast reception can be handled based on existing unicast RAN notification area update procedure 
3 Summary 
In this contribution, we have discussed the impact of mobility and state transition for UEs receiving multicast in RRC inactive state, and according to the discussion we propose the following proposal:
Proposal 5 For fast UE multicast mobility with service continuity in RRC inactive state the concept of a scenario specific RAN based notification area can be introduced for multicast in R18.
Proposal 6 The UE inactive-radio network temporary identifier (I-RNTI) can be used as a measure to distinguish UE mobility pattern across different MBS multicast deployment scenarios e.g., intra-gNB mobility or inter-gNB mobility. 

Proposal 7 UE inter-gNB mobility during multicast reception can be handled based on cell group configuration update procedure
Proposal 8 UE intra-gNB mobility during multicast reception can be handled based on existing unicast RAN notification area update procedure
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