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The Work Item of MBS [1] is to further enhance the NR Multicast/Broadcast functions based on Rel-17 MBS. The one of the objectives for Rel-18 includes:
· 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]
2 Discussion
2.1 Background
To enable resource-efficient delivery of multicast/broadcast services, 3GPP has developed NR broadcast/multicast in Rel-17 [2]. However, for multicast service, RAN only specifies multicast for UEs in RRC_CONNECTED state, which may not fully fulfil the requirement of, e.g. Mission Critical Services, especially for cells with a large number of UEs. Also, to always keep UEs in RRC_CONNECTED state is not power efficient when UE does not have unicast service. It is therefore important to support multicast for UEs in RRC_INACTIVE.
2.2 The impact of state transition for Multicast in RRC_INACTIVE
2.2.1 The configuration for Multicast reception in RRC_INACTIVE
According to the current specification, if the UE which joined a multicast session is in RRC_CONNECTED state and when the multicast session is activated, the gNB sends RRCReconfiguration message with relevant MBS configuration for the multicast session to the UE.
In our understanding, currently RRCReconfiguration is the only one method to provide UE with relevant multicast configuration, including RadioBearerConfig (e.g., MRB, PDCP-Config), CellGroupConfig (e.g., RLC/MAC/PHY-Config, ServingCellConfig). And this is typical configuration for RRC_CONNECTED UE, once the UE enters RRC_INACTIVE based on the reception of RRCRelease including suspendConfig, these configurations will be stored as UE Inactive AS context. Furthermore, all SRB (except SRB0) and multicast MRB will be suspended. Thus UE can not obviously continue receiving multicast service during RRC_INACTIVE.
Observation 1: When UE enters RRC_INACTIVE based on the reception of RRCRelease including suspendConfig, those configurations from RRCReconfiguration will be stored as UE Inactive AS context and all SRB (except SRB0) and multicast MRB will be suspended.
In order to receive multicast service during RRC_INACTIVE, UE needs to restore the related multicast configuration and not suspend the related multicast MRB. In our understanding, it is more related to UE capabilities, the current traffic status and network indication. For instance, if a RRC_CONNECTED UE supports multicast reception in RRC_INACTIVE, and there is only multicast session data but no unicast session data, network can indicate such UE (e.g., by RRCRelease) entering RRC_INACTIVE to continue receiving multicast service rather than suspension. Therefore how and when to make such a decision to “activate” multicast related configuration used for RRC_INACTIVE should be considered.
Proposal 1: RAN2 is suggested to consider how and when to activate multicast related configuration used for RRC_INACTIVE based on e.g., UE capabilities, the current traffic status and network indication.
2.2.2 Paging issues
In Rel-17, paging enhancement is introduced for multicast session group notification. When there is (temporarily) no data to be sent to the UEs for a multicast session, the gNB may release the UE to RRC_IDLE/INACTIVE state. Once a multicast session has been activated by the CN or the gNB has multicast session data to deliver, gNBs use a paging group notification to notify UEs in RRC_IDLE/INACTIVE. Upon reception of the paging group notification, the UEs reconnect to the network again.
In our understanding, as multicast reception during RRC_INACTIVE is not supported before, MBS paging is introduced to page RRC_IDLE/INACITVE UE to let them fall back RRC_CONNECTED to receive multicast session again. However, since UE can receive multicast session even in RRC_INACTIVE due to enhancement in this release, there is a need to modify the multicast paging behaviour.
Observation 2: Multicast paging is introduced in Rel-17 to page RRC_IDLE/INACTIVE UE to reconnect to the network for multicast reception. However in Rel-18, UE can receive multicast session even in RRC_INACTIVE.
Proposal 2: RAN2 is suggested to consider the enhancement on multicast paging behaviour for Rel-18 MBS.
2.3 The impact of mobility for Multicast in RRC_INACTIVE
In legacy mechanism, mobility procedures for multicast reception allow the UE to continue receiving multicast service in a new cell after handover. During handover, the source gNB transfers to the target gNB about the MBS sessions the UE has joined in the UE context information. Next the MBS configuration decided at target gNB is sent to the UE via the source gNB within an RRC container. So that UE can continue receiving multicast service in a new cell.
However, for RRC_INACTIVE state, cell reselection is used for the mobility procedure rather than handover. Network can not know the UE’s specific location (e.g. which cell UE is in), whether UE changes to another cell is up to UE itself based on cell reselection procedure. Therefore, network can not help UE transfer the MBS multicast related information/configuration between source cell and target cell via dedicated RRC signal. 
Observation 3: For RRC_INACTIVE state, network can not help UE transfer the MBS multicast related information/configuration between source cell and target cell via dedicated RRC signal.
In principal, as long as UE can obtain the new cell’s MBS multicast related configuration, it can continue to receive MBS service in the new cell. In our understanding, for instance, serving cell can provide the neighbour cell’s MBS multicast related information (such as which cell is allowed to provide the same session, MBS dedicated frequency priority and so on) via system information or dedicated RRC signal (e.g. RRCRelease). Furthermore, pre-configuration list might be considered (e.g. via RRCRelease or RRCReconfiguration and so on), it means UE can obtain multiple cell’s MBS configuration in advance, and the corresponding configuration can only be applied when UE reselects to that cell. In a word, how UE can obtain the new cell’s MBS multicast related configuration for mobility should be considered.
Proposal 3: RAN2 is suggested to consider how UE can obtain the new cell’s MBS multicast related configuration for mobility.
2.4 Other issues
2.4.1 Scheduling problem
For multicast, the same service and the same specific content data are provided simultaneously to a dedicated set of UEs. It can be seen that the multicast scheduling is not for an individual UE, so the scheduling scheme is uniform. In legacy mechanism, gNB can determine the scheduling based on CSI feedback from a lot of RRC_CONNECTED UEs. However, RRC_INACTIVE UE can not report its channel information to network, once such UEs experience poor channel environment, the multicast reception performance will be degraded but network is still not aware of the situation.
In our understanding, if UE can not receive multicast very well during RRC_INACTIVE (e.g. channel quality is not good enough), it should fall back RRC_CONNECTED to let network make some modifications such as modifying scheduling, using unicast bearer and so on. For instance, since UE still performs measurements in RRC_INACTIVE, some measurement criteria can be introduced to determine whether UE should fall back RRC_CONNECTED for multicast reception or not. In a word, multicast scheduling problem due to channel quality for RRC_INACTIVE UE should be considered.
Proposal 4: RAN2 is suggested to consider the multicast scheduling problem due to channel quality for RRC_INACTIVE UE.
2.4.2 Power saving issues
In legacy, UE obtains multicast configuration based on RRCReconfiguration, once the multicast session is stopped, network could delete the multicast related configuration by RRCReconfiguration, or release UEs to RRC_IDLE/INACTIVE for power saving. However, UE in RRC_INACTIVE can not receive dedicated RRC signal from network, it means currently there is no any mechanism to let RRC_INACTIVE UE to stop the multicast session. Thus such UEs might always monitor multicast session using DRX-Config-PTM even if the multicast session is stopped (temporarily) as the UE is not aware of the multicast situation during RRC_INACTIVE. It is power consuming. Therefore, how to modify the behaviour of monitoring multicast during RRC_INACTIVE should be considered.
Proposal 5: RAN2 is suggested to consider how to modify the behaviour of monitoring multicast during RRC_INACTIVE.
3 Conclusions
Observation 1: When UE enters RRC_INACTIVE based on the reception of RRCRelease including suspendConfig, those configurations from RRCReconfiguration will be stored as UE Inactive AS context and all SRB (except SRB0) and multicast MRB will be suspended.
Observation 2: Multicast paging is introduced in Rel-17 to page RRC_IDLE/INACTIVE UE to reconnect to the network for multicast reception. However in Rel-18, UE can receive multicast session even in RRC_INACTIVE.
Observation 3: For RRC_INACTIVE state, network can not help UE transfer the MBS multicast related information/configuration between source cell and target cell via dedicated RRC signal.
Proposal 1: RAN2 is suggested to consider how and when to activate multicast related configuration used for RRC_INACTIVE based on e.g., UE capabilities, the current traffic status and network indication.
Proposal 2: RAN2 is suggested to consider the enhancement on multicast paging behaviour for Rel-18 MBS.
Proposal 3: RAN2 is suggested to consider how UE can obtain the new cell’s MBS multicast related configuration for mobility.
Proposal 4: RAN2 is suggested to consider the multicast scheduling problem due to channel quality for RRC_INACTIVE UE.
Proposal 5: RAN2 is suggested to consider how to modify the behaviour of monitoring multicast during RRC_INACTIVE.
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