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1. Introduction
In the RAN#94e meeting, a new Work Item on Enhancements of NR Multicast and Broadcast Services was approved [1]. One of the objectives of this WI is related to multicast reception in RRC_INACTIVE state listed as below: 
· 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]
In this contribution, we will analyze how to support multicast reception by UEs in RRC_INACTIVE state.
2. Discussion
Basic principles for multicast reception in RRC_INACTIVE sate
The multicast reception in RRC_INACTIVE sate should follow the existing principle that the UE needs to first join the multicast group to keep the group management function in CN un-impacted. Specifically, UE needs to perform MBS session join procedure to notify the CN before it can receive multicast service in RRC_INACTIVE state.  
Proposal 1: The UE needs to join the multicast group in RRC_ CONNECTED state before receiving multicast in RRC_INACTIVE state. 
For multicast reception in RRC_CONNECTED state, HARQ feedback/PTP transmission/CSI feedback can be configured to improve the performance for multicast service. However, for multicast reception in RRC_INACTIVE state, it would be complex or even infeasible to support mechanisms like HARQ feedback/PTP transmission/CSI feedback. Therefore it is difficult to target at similar QoS level as multicast reception in RRC_CONNECTED state and it is more reasonable to not support any of these mechanisms.   
Proposal 2: HARQ feedback/PTP transmission/CSI feedback is not supported for UEs receiving multicast in RRC_INACTIVE state. 
Comparing with MBS Broadcast delivery, MBS Multicast delivery can improve QoS by techniques such as HARQ feedback, PTP retransmissions, CSI-feedback. If P2 was agreed, these enhanced features would not be supported for RRC_INACTIVE state. Therefore it would be beneficial to provide multicast service in RRC_CONNECTED state whenever possible, and only enable multicast provision to RRC_INACTIVE UEs state in exceptional situations, i.e. in case very high load occurs in the cell.
Proposal 3a: RAN2 should focus the discussion on multicast reception in RRC_INACTIVE state in congestion scenario, and reuse the developed solutions for other scenarios.
In congestion scenario, some UEs might be transited to RRC_INACTIVE to continue multicast reception. To reduce the resource consumption for multicast, it would be better to assume the same PTM resources (such as G-RNTI and associated CORESET/Search Space/DRX) are used for UEs in both RRC INACTIVE and RRC Connected modes given that PDSCH resources contribute the load most.
Proposal 3b: Assume the same PTM resources (such as G-RNTI and associated CORESET/Search Space/DRX) are used for UEs in RRC INACTIVE and RRC CONNECTED states.
PTM configuration for multicast reception in RRC_INACTIVE
The support of multicast reception by UEs in RRC_INACTIVE state has been discussed in Rel-17 and two PTM configuration approaches were proposed:
Option1: Configuration via RRC dedicated singling
In this option, some parts of the configuration for multicast reception in RRC_ CONNECTED state are reused for reception in RRC_INACTIVE state. However, the UE can only use this configuration in a specific area such as RNA or additionally configured area, where the configuration stays unchanged. Once the UE moves out of the specific area, the UE needs to resume the connection to acquire new configuration from the new cell, even if eventually it has to return to RRC_INACTIVE state to receive the service. This would enforce the network to provide the same multicast services in the specific area with exactly the same configuration, and extra inter-node coordination of PTM configuration is needed for this option. 
Besides, multicast delivery for RRC_INACTIVE might need to be switched on/off in a cell based on UE mobility as it is unreasonable to always enable multicast delivery for RRC_INACTIVE even if there are no RRC_INACTIVE multicast UEs in this cell. This would lead to the change of the configured multicast area however it is especially difficult to dynamically update this area configuration as it has to page all the UEs in this area to resume for area configuration update.  
Furthermore, any configuration update in the specific area would also require UEs to resume the connection, which will significantly increase the load to the network, especially when there are a lot of UEs receiving multicast in RRC_INACTIVE state. 
Option2: Configuration via MCCH
In this option, the PTM configuration is provided to the UE via MCCH without requiring the UE to access the network, similarly as for MBS broadcast. The configuration update can follow the existing procedure defined for broadcast reception. The UE can trigger resume to continue multicast reception in RRC_ CONNECTED state, in case the network decides not to provide multicast for RRC_ INACTIVE UEs anymore.
The comparison between these two options can be summarized as below:
	
	Option1
	Option2

	Network management
	
Difficult to manage the same PTM configuration in a specific area, especially considering dynamic area update due to UE mobility. 
	
PTM configuration can be cell specific. No need of inter-node coordination. 

	Mobility interruption
Note: As mentioned in the WID: “seamless/lossless mobility is not required”
	
Can reduce the control plane latency within the area with the same multicast configuration, but the user plane interruption due to gap of transmission progress remains.

	
Control plane latency for MCCH reading + user plane interruption due to gap of transmission progress.


	Configuration update 
	
PTM configuration update and area update require the network to invoke the UEs by paging.
	
Current MCCH update mechanism can be reused. 

	Signalling overhead
	
No need of periodical signalling delivery, but requires per-UE dedicated signalling when configuration is updated.
	
Configuration in MCCH is sent periodically. The overhead depends on the required periodicity.

	Impact on state transition
	
When the UE moves out of the specific area, the UE has to resume the connection to obtain the configuration even though the target can provide multicast for RRC_INACTIVE.
	
The UE only triggers resume in case the network does not provide multicast for RRC_INACTIVE anymore.




Based on the comparison, the MCCH based solution outperforms dedicated signaling solution in moreaspects including requirement for network configuration, complexity of configuration, and impact on state transition. One advantage of Option 1 is that the service interruption time can be limited when the UE moves in a specific area with the same multicast session configuration. On the other hand, it is indicated in WID that “Seamless/lossless mobility is not required”, so this aspect is of less importance. Another one is that the signalling overhead of MCCH solution is slightly higher than in the dedicated signaling solution, but this is only true provided that there are few configuration updates. 
All in all, MCCH based solution is superior as it allows to avoid unnecessary signaling/procedures for configuration updates and mobility, which is important in network congestion scenario. 
Proposal 4: Use MCCH based solution to provide PTM configuration for multicast reception in RRC_INACTIVE state.
RRC state transition
Due to absence of uplink feedback when receiving multicast in RRC_INACTIVE state, the QoS will be degraded compared to the same service being provided to UEs in RRC_CONNECTED state. So in congestion scenario, the network could choose and transit some less important UEs to RRC_INACTIVE state to receive multicast while keeping more important users in RRC Connected state. This decision can be based on several factors such as ARP, ongoing unicast service and so on. There are some discussion in SA2 on whether some users can be identified as important user and thus is not preferred to be transited to RRC_INACTVE for multicast reception. Whether some new parameters are needed for UE selection can be further discussed based on inputs from SA2. In any case, an existing RRC release message can be reused to transit the UE to RRC INACTIVE state and indicate the UE to continue receiving multicast service.
Proposal 5: Reuse the existing RRC release message to transit the UE to RRC INACTIVE state for multicast service receiving. .
On the other hand, the network should be able to invoke the UE back to RRC CONNECTED state in case the network intends to stop providing multicast service for RRC INACTIVE UEs, for example due to congestion elimination. For multicast service in Rel-17, group paging mechanism is used to invoke the UEs in RRC IDLE or RRC INACTIVE state to move to RRC Connected state for multicast service reception. It is straightforward to reuse group paging also for this purpose. 
Proposal 6a: Reuse legacy group paging to trigger UE to resume from RRC_INACTIVE state to RRC CONNECTED state in case the network intends to stop providing multicast service for RRC INACTIVE UEs.
However, if there are lots of UEs resuming at the same time due to group paging, RACH congestion might occur. In Rel-17, RACH congestion due to group paging was discussed but majority view is that RACH can be scattered by UE specific PO used for group paging, and thus the problem is not serve. However, in Rel-18, since we focus on congestion scenario and the assumption is not the same as in Rel-17, RACH congestion issue is more severe than Rel-17 and should be addressed. Considering that the legacy UAC mechanism is used to scatter the access to avoid congestion, similar mechanism can be reused when paging UEs to RRC_CONNECTED state in this case. 
Proposal 6b: UAC mechanism with new category for MBS can be used as the baseline to prevent RACH congestion when the network triggers UE to resume from RRC INACTIVE state to RRC CONNECTED state.
Service activation/deactivation 
In Rel-17, the UE is not explicitly notified of deactivation of a multicast service. When the service delivery ends the network might keep the UE in RRC_CONNECTED state or transit the UE to RRC_INACTIVE/IDLE state by implementation. However, for UEs receiving multicast in RRC_INACTIVE state, it is beneficial to be notified of the service deactivation state due to the following reasons:
1) When a multicast session is deactivated, the UE can avoid unnecessary state transition to RRC_CONNECTED during mobility.
2) When a multicast session is deactivated, the UE can stop monitoring G-RNTI/MCCH-RNTI to reduce power consumption. 
Proposal 7a: The UE receiving multicast service in RRC_INACTIVE state is notified when a multicast service is deactivated.
In Rel-17, when a multicast service is activated, group paging is used to trigger the UE to resume its connection. This mechanism can be reused to notify the UE receiving multicast in RRC_INACTIVE state to monitor G-RNTI when a multicast service is re-activated. In addition, in case the network intends not to provide this service for UEs in RRC_INACTIVE state when service is re-activated, the UE can be notified based on this group paging whether this service can be continued to receive in RRC_INACTIVE state.
Proposal 7b: Group paging is used to notify the UE receiving multicast in RRC_INACTIVE state to start to monitor G-RNTI for interested multicast service when a multicast service is activated. 
Mobility procedure 
The mobility procedure would highly depend on the solution selected for PTM configuration delivery:
· For MCCH based solution, when moving to the target cell, the UE should first check whether the interested multicast service is being provided via MCCH or not and then decides either a) to continue receiving this service in RRC_INACTIVE state if this service is also being provided via MCCH of target cell or b) to trigger RRC resume procedure.
· For dedicated signaling based solution, the anchor gNB configures a multicast area (might reuse RNA) to the UE for mobility. When moving to a target cell in the multicast area, the UE continues receiving this service in RRC_INACTIVE state. Otherwise the UE triggers resume and the target gNB decides a) to keep the UE in RRC_CONNECTED sate or b) to update the configuration and then transit it to RRC_INACTIVE state again.
Proposal 8: If target cell is providing the same services for RRC_INACTIVE state UEs, the UE continues receiving multicast service in RRC_INACTIVE state and otherwise, the UE triggers RRC resume procedure.
3. Conclusion
Based on the above discussion, we recommend RAN2 to discuss and adopt the following proposals: 
Proposal 1: The UE needs to join the multicast group in RRC_ CONNECTED state before receiving multicast in RRC_INACTIVE state. 
Proposal 2: HARQ feedback/PTP transmission/CSI feedback is not supported for UEs receiving multicast in RRC_INACTIVE state. 
Proposal 3a: RAN2 should focus the discussion on multicast reception in RRC_INACTIVE state in congestion scenario, and reuse the developed solutions for other scenarios.
Proposal 3b: Assume the same PTM resources (such as G-RNTI and associated CORESET/Search Space/DRX) are used for UEs in RRC INACTIVE and RRC CONNECTED states.
Proposal 4: Use MCCH based solution to provide PTM configuration for multicast reception in RRC_INACTIVE state.
Proposal 5: Reuse the existing RRC release message to transit the UE to RRC INACTIVE state for multicast service receiving. .
Proposal 6a: Reuse legacy group paging to trigger UE to resume from RRC_INACTIVE state to RRC CONNECTED state in case the network intends to stop providing multicast service for RRC INACTIVE UEs.
Proposal 6b: UAC mechanism with new category for MBS can be used as the baseline to prevent RACH congestion when the network triggers UE to resume from RRC INACTIVE state to RRC CONNECTED state.
Proposal 7a: The UE receiving multicast service in RRC_INACTIVE state is notified when a multicast service is deactivated.
Proposal 7b: Group paging is used to notify the UE receiving multicast in RRC_INACTIVE state to start to monitor G-RNTI for interested multicast service when a multicast service is activated. 
Proposal 8: If target cell is providing the same services for RRC_INACTIVE state UEs, the UE continues receiving multicast service in RRC_INACTIVE state and otherwise, the UE triggers RRC resume procedure.
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