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	Introduction
In our RAN2 contribution R2-2009953 [1], “MBS reception in Idle and Inactive mode”, we discuss the need for UEs in RRC Idle/Inactive to receive RRC Connected multicast transmissions in some scenarios and propose that multicast reception should be supported in RRC Idle/Inactive, at least during RAN congestion, while re-using the connected mode PTM configuration.

Multicast reception is preferred in RRC Connected mode due to the high QoS/reliability/service continuity that can be provided in connected, which fits the multicast use cases in our view. But there can be cases where the number of multicast users in connected mode leads to congestion, i.e. the number of users that can be supported in connected mode is limited. Typically, networks are well managed, and the network is able to handle the traffic demand with low probability of service denial. But for some use cases like Mission Critical Push to Talk (MCPTT), which deal with (temporary) emergency scenarios, the demand can be extreme and not planned for. This is an example where a tradeoff between capacity and QoS/reliability becomes necessary and justified, i.e. during congestion some UEs continue multicast reception in idle/inactive to guarantee service for all UEs. During congestion it is important that information is not transmitted twice, i.e. UEs in idle/inactive and connected use the same PTM configuration. 
During congestion, some UEs receiving multicast in connected mode that are in good coverage and with low mobility, could be released to idle or inactive, to relieve connected mode congestion, while providing the best possible reception quality in idle/inactive, see Figure 1. In the event the multicast UE would roam out of good coverage, the UE would be triggered to return to connected mode, i.e. before cell re-selection is triggered, the UE returns to connected. This ensures that the NW can keep track of the UEs wanting to receive multicast in idle/inactive, i.e. this solution remains locally in the cell without impacting CN or neighboring cells. The multicast UE that is released to idle/inactive would be configured with a trigger to return to connected (e.g. offsets relative to the cell re-selection thresholds) either via RRCRelease and/or System Information: 
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Figure 1 – Simplified example of cell with multicast reception in RRC Idle/Inactive and RRC Connected

Via the trigger in System Information the NW has control over the UEs in idle/inactive, based on the experienced congestion. The UE in idle/inactive will not send UL feedback, but the UE can benefit from HARQ retransmissions and PDSCH repetitions. 
In this contribution we will briefly discuss RAN1-specific aspects related to this approach.
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Required functionality
Monitoring G-RNTI-based PDCCH
For Idle/Inactive UEs to receive the RRC Connected multicast transmission they need to reuse the RRC connected configuration, e.g. using the same G-RNTI. UEs in Idle/Inactive mode could use this to monitor the G-RNTI-based PDCCH and get the scheduling of the G-RNTI-based PDSCH, using the same processing as Connected UEs. 
Observation 1: Based on the already received RRC Configuration from RRC Connected, the UE can continue receiving the PDCCH and PDSCH in RRC Idle/Inactive.

HARQ retransmissions and PDSCH repetitions
When there are HARQ retransmissions sent using G-RNTI, triggered by HARQ feedback from UEs in RRC Connected, also UEs in Idle/Inactive could receive these and benefit from the increased robustness, in the same way as UEs in Connected mode. The obvious difference is of course that since UEs in Idle/Inactive do not send HARQ feedback they cannot trigger any retransmissions, but when there are many UEs in a multicast session group, the probability that there are Connected UEs that need retransmission may be significant.
In a similar way, UEs in RRC Idle/Inactive may benefit from PDSCH repetitions, although the UEs would not provide any HARQ feedback that could trigger further retransmissions.
Observation 2: UEs in RRC Idle/Inactive can benefit from HARQ retransmissions and PDSCH repetitions, despite not being able to provide feedback.

UE measurements based on configured triggers
While in RRC Idle/Inactive the UE could, based on internal radio-related measurements, determine whether configured trigger conditions for returning to RRC Connected are fulfilled, and when this is the case the UE would return to RRC Connected.
Observation 3: Based on configured triggers a UE in RRC Idle/Inactive may go back to RRC Connected

Bandwidth Part aspects
In RRC Idle/Inactive a legacy UE is required to monitor signaling, e.g. SIB1 and paging, in the initial BWP. To avoid any issues with BWP switching in RRC Idle/Inactive, MBS UEs may be configured with a single BWP, which then is the initial BWP. This initial BWP could e.g. cover the full carrier BW. The UE could then both receive MBS and monitor the signaling in this BWP.
Alternatively, when MBS UEs are configured with a second BWP (may e.g. be the same as used for unicast by MBS UEs), different from the initial BWP, and the initial BWP is a subset of that second BWP, the UE may receive both MBS and monitor the signaling using the second BWP, without BWP switching. Since the initial BWP, in this case, is contained within the second BWP, the UE will automatically receive also the signaling within the smaller initial BWP when receiving MBS in the second BWP. 
UEs receiving multicast in RRC Idle/inactive should continue to use the second BWP until the end of the MBS session. This would avoid the case where an Idle/Inactive UE switches to the (assumed smaller) initial BWP.
Observation 4: In RRC Idle/Inactive the UE is required to monitor signaling, such as SIB1 and paging, in the initial BWP. 
Observation 5: To avoid BWP switching in RRC Idle/Inactive, when receiving MBS, an RRC Idle/Inactive UE may be configured with a single BWP. 
Observation 6: When an RRC Idle/Inactive UE is configured with a second BWP (may be same as for unicast), different from the initial BWP, and the initial BWP is a subset of that second BWP, the UE may both receive MBS data and monitor the initial BWP signaling without BWP switching. 

Based on RAN2-internal discussions, RAN2 may decide to support the possibility for Idle/Inactive UEs to receive multicast transmissions primarily directed towards RRC Connected UEs. We believe RAN1 should be prepared for this and should therefore study possible RAN1 impacts of such an approach.
Proposal 1: RAN1 to study reception of the same multicast service by UEs in all RRC states for the case when UEs have first been configured in RRC Connected.
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Conclusion
In the previous sections we made the following observations: 
Observation 1: Based on the already received RRC Configuration the UE can continue receiving the PDCCH and PDSCH in RRC Idle/Inactive.
Observation 2: UEs in RRC Idle/Inactive can benefit from HARQ retransmissions and PDSCH repetitions, despite not being able to provide feedback.
Observation 3: Based on configured triggers a UE in RRC Idle/Inactive may go back to RRC Connected.
Observation 4: In RRC Idle/Inactive the UE is required to monitor signaling, such as SIB1 and paging, in the initial BWP. 
Observation 5: To avoid BWP switching in RRC Idle/Inactive, when receiving MBS, an MBS UE may be configured with a single BWP. 
Observation 6: When an MBS UE is configured with a second BWP (may be same as for unicast), different from the initial BWP, and the initial BWP is a subset of that second BWP, the UE may receive both MBS and monitor the initial BWP signaling using the larger second BWP, without BWP switching. 

Based on the discussion in the previous sections we propose the following:
Proposal 1: RAN1 to study reception of the same multicast transmission by UEs in all RRC states for the case when UEs have first been configured in RRC Connected.
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