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1. Introduction 
In RAN2#113-e meeting, the following agreements were made based on the discussion on multicast service reception for Idle and Inactive mode UEs: 
· P2: Whether UEs that receive Multicast can be released to RRC Inactive / Idle and continue receiving Multicast is Postponed. Should limit to RRC inactive in future discussions

In this paper, we will further discuss the solutions for the multicast service reception in RRC_INACTIVE state.
2. Support of multicast reception in RRC INACTIVE
It has been agreed that both IDLE/INACTIVE UEs and CONNECTED mode UEs can receive MBS services transmitted by NR MBS delivery mode 2 for broadcast session/service. It was further discussed during RAN2#113-e meeting whether delivery mode 2 can be applied for multicast session reception for UEs, which are in RRC INACTIVE/IDLE, e.g. when, due to overload, the network cannot keep all of the UEs in RRC CONNECTED state. Eventually, it was agreed to limit further discussion on multicast session reception in non-connected state, only to RRC INACTIVE (i.e. exclude multicast reception in RRC IDLE) to avoid impacts on Core Network:
	· P2: Whether UEs that receive Multicast can be released to RRC Inactive / Idle and continue receiving Multicast is Postponed. Should limit to RRC inactive in future discussions



One argument for applying delivery mode 2 to multicast sessions is based on the assumption that some multicast services with low QoS requirement have to be provided with multicast session. For such services, delivery mode 2 can be in theory used for multicast session reception by the UEs in RRC INACTIVE.
However, different from broadcast session, the CN has to manage the UE group subscription for a multicast session and setup/release multicast session only towards the cells where UEs in the multicast group reside. In other words, the CN needs to be aware of positions of the UEs belonging to a multicast group at a cell level for multicast session management. Therefore, to support multicast session in delivery mode 2, the UEs in INACTIVE mode would have to report their current serving cell to CN on every cell change, and the CN would have to use this report to setup/release multicast session. Furthermore, even if upon the cell change of a UE the neighbouring cell is transmitting the same multicast service to other UEs in the same group already in its coverage, the gNB may transmit the multicast data using the PTP transmission. Consequently, the UE in RRC INACTIVE would not be able to receive multicast transmission when entering such cell and would still need to establish RRC connection and inform RAN/CN about the cell change.
To reduce the complexity to develop cell change report mechanism for INACTIVE UE and avoid impacts to SA2, one alternative solution is to use the existing mechanism for RRC_INACTIVE with restricted RNA configuration. For example, if a RRC_INACTIVE UE is configured with RNA only containing one serving cell, the UE would trigger RNA update on every cell change. Thanks to this, the gNB would know exactly which UEs in its cells are in a multicast group by existing RNA update mechanism and could decide in which cells to provide PTM transmission. If the PTM configuration needs to be changed in the new cell, new configuration can be provided to UE in RRC Resume message followed by a RRC Release message to release the UE to RRC_INACTIVE again. Since the UEs in RRC INACTIVE state are in CM-Connected state, the same as RRC CONNECTED UEs, from CN perspective the multicast session can be managed in the same way as for RRC CONNECTED UEs. That means, if we extend delivery mode 1 to RRC_INACTIVE by assuming RNA with only one cell, i.e. UE’s current serving cell, delivery mode 1 can support multicast session of lower QoS without additional spec efforts in neither RAN nor CN.
Observation 1: Delivery mode 1 can be used for multicast session reception in RRC INACTIVE without additional spec efforts in neither RAN nor CN.
In case the constraint on RNA only containing one serving cell is seen as too restrictive, the condition can be further relaxed into RNA configuration wherein cells have the same multicast configuration. Under such assumption, UE in RRC INACTIVE can still perform reception for multicast without having to resume the connection, even when changing to a new cell if it belongs to the same RNA. However, to achieve the same multicast configuration, real-time coordination between cells in a RNA should be guaranteed, which may only be possible in intra-gNB scenario. Meanwhile, under the same multicast configuration assumption, the behaviour of cells in the RNA should be consistent. Hence, even if there is no RRC_CONNECTED UEs receiving the multicast service in a cell within the RNA, the cell may still need to transmit multicast traffic using G-RNTI as the gNB does not know exactly where the UE is within the RNA.
Therefore, if RAN2 decides that support of multicast session should not be limited to UEs in RRC Connected state, we believe delivery mode 1 can be extended to RRC INACTIVE state. Specifications changes can in this case be avoided by assuming that the gNB should provide the UEs with a proper RNA configuration, wherein cells have the same multicast configuration, when moving the UEs from RRC CONNECTED to RRC INACTIVE state.
Proposal 1: Multicast session reception in RRC INACTIVE is supported based on the multicast configuration provided to the UE in dedicated signalling.
Proposal 2: The UE receiving multicast session in RRC INACTIVE state follows legacy RRC INACTIVE state mobility procedures and RAN should ensure that the same multicast configuration is applied in the UE’s RNA. 
For UEs in RRC_INACTIVE, RBs for user plane traffic should be suspended except for MRBs, which are allowed to be received in RRC INACTIVE. Additionally, when UEs are in RRC_INACTIVE, there is only one serving cell, namely PCell. Therefore, in the case of multicast reception for RRC_INACTIVE, multicast can only be scheduled in PCell for INACTIVE UEs.
Proposal 3: MRBs allowed for reception in RRC INACTIVE state are not suspended when the UE moves to RRC INACTIVE state.
Proposal 4: Multicast can only be scheduled in PCell for RRC INACTIVE UEs.
Another MRB issue when supporting multicast reception for RRC_INACTIVE is the PTP transmission. As agreed in RAN2#113e, an MRB can be simultaneously configured with PTP and PTM. For RRC_CONNECTED UEs, PTP transmission uses UE-specific PDCCH with CRC scrambled by UE-specific RNTI (e.g., C-RNTI) to schedule UE-specific PDSCH which is scrambled with the same UE-specific RNTI. In RRC_INACTIVE, the C-RNTI is no longer available as well as the PTP transmission. There may be two possible approaches for the PTP leg handling, namely to release or to suspend the PTP leg. To release the PTP leg, the network shall send the RRCReconfiguration message before releasing the UE to RRC_INACTIVE. When resuming the UE back to RRC_CONNECTED, there is a need to configure the PTP leg again. Instead, in the case of suspending the PTP leg, when the UE is transferred to RRC_CONNECTED, the PTP leg can be resumed. 
Basically, regardless of the configured SCells or the configured PTP leg, it is undesirable if the network needs to first de-configure the SCells/PTP leg via RRC reconfiguration message, and then release the UE to RRC_INACTIVE. Hence, we would suggest to suspend the PTP leg when the UE goes to the RRC_INACTIVE state. Similarly, all uplink transmissions related to MBS (including HARQ feedback) should not be trigged in the RRC_INACTIVE state.
Proposal 5: PTP leg is suspended in RRC_INACTIVE state. 
Proposal 6: All uplink transmission related to MBS (including HARQ feedback) are not triggered in RRC_INACTIVE state.
As agreed in RAN1#104-e meeting, for multicast of RRC_CONNECTED UEs, a common frequency resource (CFR) for group-common PDCCH / PDSCH is confined within the frequency resource of a dedicated unicast BWP to support simultaneous reception of unicast and multicast in the same slot. When the CONNECTED UE is released to RRC_INACTIVE, the CFR (or BWP) for multicast reception should either cover the CORESET0 or be covered by CORESET0 to support the multicast reception and paging monitoring simultaneously. 
Different from reception of broadcast in RRC_IDLE/INACTIVE, for which CFR/BWP for MTCH should be indicated in MCCH, the configuration for multicast reception should be indicated in RRC dedicated signalling when the UE was in RRC_CONNECTED to allow the flexibility of the configuration. More significantly, introducing MCCH should be avoided for multicast reception to reduce the UE implementation complexity.
RAN1 should be informed and tasked to further study how multicast is scheduled for UEs in RRC_INACTIVE.
Proposal 7: RAN1 should be informed to study the reception of multicast in RRC_INACTIVE.
When the network congestion is alleviated, INACTIVE UEs that are receiving multicast services could be triggered to enter RRC_CONNECTED if necessary. To reach INACTIVE UEs, the network sends the Paging message at the UE's paging occasion. Correspondingly, UE monitors paging channels during its paging occasion per DRX cycle. Legacy RAN paging can be used as baseline. If group paging is agreed for CN paging, RAN2 can further discuss if group paging can also be used for RAN paging.
Proposal 8: Legacy RAN paging can be used as a baseline to trigger UEs receiving multicast session in RRC NACTIVE state to enter RRC CONNECTED when needed.
Proposal 9: RAN2 to further discuss if group paging can be applied to RAN paging if CN based group paging is supported.
3. Conclusion
Based on the above discussion, we make the following observations and recommend RAN2 to discuss and adopt the following proposals: 
Observation 1: Delivery mode 1 can be used for multicast session reception in RRC INACTIVE without additional spec efforts in neither RAN nor CN.
Proposal 1: Multicast session reception in RRC INACTIVE is supported based on the multicast configuration provided to the UE in dedicated signalling.
Proposal 2: The UE receiving multicast session in RRC INACTIVE state follows legacy RRC INACTIVE state mobility procedures and RAN should ensure that the same multicast configuration is applied in the UE’s RNA. 
Proposal 3: MRBs allowed for reception in RRC INACTIVE state are not suspended when the UE moves to RRC INACTIVE state.
Proposal 4: Multicast can only be scheduled in PCell for RRC INACTIVE UEs.
Proposal 5: PTP leg is suspended in RRC_INACTIVE state. 
Proposal 6: All uplink transmission related to MBS (including HARQ feedback) are not triggered in RRC_INACTIVE state.
Proposal 7: RAN1 should be informed to study the reception of multicast in RRC_INACTIVE.
Proposal 8: Legacy RAN paging can be used as a baseline to trigger UEs receiving multicast session in RRC NACTIVE state to enter RRC CONNECTED when needed.
Proposal 9: RAN2 to further discuss if group paging can be applied to RAN paging if CN based group paging is supported.
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