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1	Introduction
The Rel-18 work item on Enhancements of NR Multicast and Broadcast services has been agreed in [1] with the objectives including: 
· 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]
Rel-17 work specified multicast reception for UEs in RRC_CONNECTED state, whereas Rel-18 WID targets especially cells with a large number of UEs. In addition to the varied limitations on the network side for keeping all UEs receiving a multicast service in RRC_CONNECTED state, receiving multicast transmission in RRC_INACTIVE state by the UEs is assumed to be more power efficient [1]. 
In this paper, we provide a high-level analysis of the principles to operate the feature of multicast reception in RRC_INACTIVE state, in addition to the principles for mobility and state transitions.
2	Principles for MBS reception in RRC_INACTIVE state
2.1	Delivery Mode for Multicast Reception in RRC_INACTIVE State
In Rel-18, RAN2 shall enable reception of a multicast MBS session in a cell by the UEs in RRC_INACTIVE state. The delivery mode for this purpose can be similar to the one defined for broadcast services in Rel-17, i.e., MCCH, MTCH configurations are broadcasted in the cell and/or signaled to the UE with dedicated signaling when the UE is in RRC_CONNECTED state. Reusing broadcast-based approach for RRC_INACTIVE UEs receiving multicast would seem quite straightforward solution that could reuse lots of Rel-17 principles, thus, avoiding redesigning completely new approach for MBS multicast delivery. Therefore, we propose
Proposal 1: In Rel-18, for multicast reception by UEs in RRC_INACTIVE state, RAN2 adopts a similar solution as broadcast reception that was specified in Rel-17 .
Proposal 2: A UE in RRC_INACTIVE shall be able to receive MCCH/MTCH configurations for reception of multicast services, i.e., MCCH, MTCH configurations are broadcasted in the cell for multicast reception.
RAN2 has used the terminology of delivery modes during Rel-17 work, however, specifications did not include any definition for the delivery modes. For simplicity, we will use the terminology delivery mode 2 (DM2) in the following when referring to the new multicast delivery mode. Similarly, we take as a starting assumption in this paper that for Rel-18, the multicast delivery mode for UEs in RRC_CONNECTED state is the delivery mode defined for multicast in Rel-17, i.e., MRB(s) configured via RRC configuration and delivery of the multicast data by PTM or PTP. We will use the terminology delivery mode 1 (DM1) for Rel-17 multicast delivery method. 
We assume in this paper that either DM1 or DM2 can be used in a cell for a given MBS session as a starting point, and we discuss the dual delivery mode, i.e., combined DM1 and DM2 transmission in a cell for a given MBS session at the end of this section. 
However, it should be noted that if DM2 is configured in a cell for an MBS session, UEs in RRC_CONNECTED state could also be configured to receive the multicast, i.e., a similar behavior to Rel-17 broadcast reception in RRC_CONNECTED state. In particular, if the UE has some other unicast data transmission, the UE can receive the multicast transmission in RRC_CONNECTED DM2.
Proposal 3: The new delivery mode that enables the reception of a multicast MBS session in a cell by the UEs in RRC_INACTIVE state is also receivable by the UEs in RRC_CONNECTED state.
Proposal 4: Define a new UE capability for the reception of the delivery mode that enables the reception of a multicast MBS session in a cell by the UEs in RRC_INACTIVE state.
The UE must join an MBS multicast session via NAS similarly to Rel-17. A gNB can then decide whether to send the UE to RRC_INACTIVE state or keep in RRC_CONNECTED state based on several criteria, whose details are to be discussed by RAN3 WG, i.e., the gNB shall decide on the delivery mode that the UE receives the multicast transmission by properly configuring the UE in one of the two modes based on its capability.
Proposal 5: gNB decides on the appropriate delivery mode of multicast and configures the UE accordingly, i.e., UE is either configured to receive the multicast session as in Rel-17 or configured to receive the multicast session via the Rel-18 delivery mode that enables the reception of a multicast session by the UEs in RRC_INACTIVE state.
If UE joined successfully via NAS signalling to an MBS session, and configured for MCCH, MTCH reception, then the UE shall monitor MCCH for that particular TMGI.
Proposal 6: A UE that had successfully joined a multicast session in RRC_CONNECTED state and is configured for MCCH/MTCH reception should be able to monitor MCCH and corresponding MTCH for a particular TMGI in either RRC_CONNECTED or RRC_INACTIVE state.
2.2	Management of Delivery Mode
As introducing multicast delivery to UEs in RRC_INACTIVE state is mainly targeting scalability issues [1], audience size of a particular MBS session is significant. Thus, a gNB that uses DM2 should estimate periodically the number of INACTIVE UEs in the cell that are receiving a multicast service, if the MBS multicast session is active, as the gNB may decide to switch to DM1, if the number of UEs in the cell receiving multicast transmission are relatively low. Therefore, a counting mechanism is required to evaluate the number of UEs receiving a multicast session in RRC_INACTIVE state in a cell. 
Observation 1: A gNB that uses a delivery mode that enables the reception of a multicast MBS session in a cell by the UEs in RRC_INACTIVE state needs to estimate periodically the number of UEs in the cell that are receiving a multicast service in RRC_INACTIVE state.
Proposal 7: A counting procedure should be introduced to count the number of UEs in RRC_INACTIVE with active multicast session.
For the gNB to be able to count the number of UEs receiving a particular MBS session in RRC_INACTIVE state, either the UEs need to reconnect to the network each time for counting purposes, or an efficient mechanism shall be developed to enable resource/power efficient periodic counting. In our view, the latter is needed, and that mechanism would require UEs to transmit information in RRC_INACTIVE state (e.g., using RACH resources). Therefore, RAN2 should send an LS to RAN1 to develop the needed functionality and corresponding requirements that RAN2 sees needed for such a mechanism. In practice NW would need to have sufficient information to decide multicast delivery mode, i.e., basically NW would need to know if there is significant population of UEs requiring multicast delivery in RRC_INACTIVE mode but there is no need to know exact number of UEs.
Proposal 8: RAN2 sends an LS to RAN1 to design a counting mechanism for the UEs in RRC_INACTIVE state receiving a particular multicast service.
On the other hand, a UE in RRC_INACTIVE state that would like to receive the multicast session and capable of receiving multicast in RRC_INACTIVE state should be made aware whether DM2 is supported/used in the cell for a particular multicast session. If DM1, i.e., Rel-17 multicast delivery mode, is used rather than DM2, then this UE in RRC_INACTIVE state needs to transition to RRC_CONNECTED to receive the multicast transmission. 
Proposal 9: A gNB indicates to the UEs whether it provides the multicast service using the delivery mode that enables the reception of a multicast MBS session in a cell by the UEs in RRC_INACTIVE state. Exact signalling details FFS.
Similarly, when a UE in RRC_INACTIVE state that previously joined a multicast session reselects a new cell, the UE should be made aware whether the MBS session is active or inactive. If the session is inactive, then there is no need for this UE to transition to RRC_CONNECTED state. However, if the UE is unaware about the state of the MBS session, the UE may unnecessarily connect to the network (when the session is inactive) or the UE may not connect to the network although the session is provided in DM1, i.e., Rel-17 delivery mode that can be received only in RRC_CONNECTED state.
Proposal 10: A gNB indicates to the UEs in RRC_INACTIVE state whether the multicast service is active or inactive. Exact signalling details FFS.
For activation of an MBS session, Rel-17 introduced a group paging mechanism to get UEs to RRC_CONNECTED state to receive multicast transmission. A similar mechanism should be reused in Rel-18, where the UEs are group-paged to indicate the activation of a particular multicast service. However, in Rel-18 multicast, if the gNB decides to use DM2 in a cell for Rel-18 UEs, those UEs which are already in RRC_INACTIVE state don’t need to transition to connected mode to receive the multicast, as those can already receive the multicast session in RRC_INACTIVE state. Rather, only the UEs in RRC_IDLE state (and Rel-17 UEs) need to transition to RRC_CONNECTED state. Rel-18 UEs would then be released to RRC_INACTIVE by the gNB. 
Therefore, means shall be provided to avoid transitioning the Rel-18 UEs in RRC_INACTIVE state to RRC_CONNECTED state after group paging, in case the gNB decides to use the delivery mode that enables the reception of a multicast MBS session in a cell by the UEs in RRC_INACTIVE state (DM2).
Proposal 11: Group paging mechanism is enhanced to enable RRC_INACTIVE UEs to stay in RRC_INACTIVE state, in case the gNB is to provide the multicast service with the delivery mode that enables the reception of a multicast session in a cell by the UEs in RRC_INACTIVE state. Exact signalling details FFS.
For the gNB to decide on which delivery mode to utilize for a particular multicast session, the gNB needs various information, e.g., capability of the UEs to receive in RRC_INACTIVE state and targeted QoS of the multicast session, whose details are to be determined by RAN3 WG. However, in our view, there is at least one RAN2 impacting aspect in this gNB decision, which is the preferences of the UEs. Indeed, some UEs may have strong preference to use DM2, e.g., for power saving reasons, whereas some other UEs may have preference to use DM1, e.g., as they need enhanced quality of reception. 
Proposal 12: A UE can indicate to the gNB whether it prefers to receive the multicast service with the delivery mode that is receivable in RRC_INACTIVE state or the delivery mode used in Rel-17 for RRC_CONNECTED UEs. Exact signalling details FFS
2.3	Dual Delivery Mode Operation in Cell
In some practical deployments, there may be Rel-17 and Rel-18 UEs together that would receive the same multicast service in a cell. In such a case, the Rel-17 UEs can only receive the multicast in RRC_CONNECTED state with DM1, as they would not be supporting multicast reception in DM2. 
However, still, there may be significant amount of Rel-18 UEs in the cell, and the gNB may prefer to send them to RRC_INACTIVE in order to save power, while receiving the multicast transmission with DM2. 
A dual delivery mode, i.e., a cell transmitting DM1 and DM2 together for a multicast MBS session, can be considered for multicast services delivery regardless of UE RRC states, where for the “dual delivery mode” there are: 
· A single multicast data payload (group common PDSCH) transmission for both DM1 and DM2 receiving UEs,
· Two (simultaneous) DCIs with associated group common PDCCH transmissions corresponding to the same group common PDSCH transmission,
· One for DM1 receiving UEs (e.g., with HARQ-feedback enabled), and another one for DM2 receiving UEs (without the DCI fields for HARQ-feedback). 
· Link adaptation for multicast delivery that is based on the UEs feedback that use DM1.
Proposal 13: Specification should allowgNB to simultaneously deliver the same multicast service using both Rel-17 multicast delivery method and the new delivery (or only with new delivery method) method that enables the reception of a session in a cell by the UEs in RRC_INACTIVE state. Exact details FFS.
3	Principles for Mobility for Multicast Reception in RRC_INACTIVE State
The following table summarizes all mobility and state transition cases and necessary actions for a UE receiving a multicast transmission in one delivery mode from the source cell and in same or different delivery mode from the target cell. We propose that RAN3 further studies the mechanisms and the details to provide the necessary enhancements for the needed mobility and state transitions:
	         Target Cell

Source Cell
	RRC_CONNECTED DM2
	RRC_CONNECTED DM1 (Rel-17 multicast delivery mechanism)
	RRC_INACTIVE DM2

	RRC_CONNECTED DM2
	Example use case: UE has unicast service(s) ongoing, target cell providing multicast in DM2.

Action: Handover with a handover command containing the target MCCH/MTCH configurations, i.e., similar to Rel-17 handover for UE receiving broadcast in RRC_CONNECTED state.
	Example use case: UE has unicast service(s) ongoing, target cell providing multicast in DM1.

Action: Handover with a handover command configuring the MRB(s) for DM1 reception.
	Example use case: 
1/ ongoing unicast service(s) is no longer supported in the target cell.
2/ termination of unicast service within the same cell, i.e., without mobility.

Action: 
1/ Handover with a handover command releasing unicast services and containing the target MCCH/MTCH configuration. 
2/ Source releasing the UE to RRC_INACTIVE state and including in the release message the MCCH/MTCH configuration.

	RRC_CONNECTED DM1 (Rel-17 multicast delivery mechanism)
	Example use case: UE has unicast service(s) ongoing, target cell providing multicast in DM2.

Action: Handover with a handover command containing the target MCCH/MTCH configurations.
	Example use case: Source and target cells providing multicast in DM1, i.e., Rel-17 multicast reception.

Action: Rel-17 handover of MRBs. 
	Example use case: Source cell providing multicast in DM1, target cell providing multicast in DM2, no other unicast service.

Action: A handover command sending the UE to RRC_INACTIVE, releasing DM1 MRB(s) and indicating the target MCCH/MTCH configuration. 

	RRC_INACTIVE DM2
	Example use case: Source and target cells providing multicast in DM2. UE exiting the RNA (RNA update).

	Example use case: Source cell providing multicast in DM2 and target cell in DM1. 

Action: UE shall reconnect unless session is inactive. 

Warning: means shall be provided to enable RRC_INACTIVE UE to differentiate the case where target cell does not use DM2 – but rather DM1 - and the case session is deactivated. 
	Example use case: Source and target cells providing multicast in DM2.

Action: UE reads new broadcasted MCCH/MTCH configuration and continues reception.
 
Warning: means shall be provided to detect if DM1 or DM2 is used in target cell. 


Proposal 14: RAN3 further studies the mechanisms and the details to provide necessary enhancements for the needed mobility and state transitions.

4	Conclusion
Observation 1: A gNB that uses a delivery mode that enables the reception of a multicast MBS session in a cell by the UEs in RRC_INACTIVE state needs to estimate periodically the number of UEs in the cell that are receiving a multicast service in RRC_INACTIVE state.
Proposal 1: In Rel-18, for multicast reception by UEs in RRC_INACTIVE state, RAN2 adopts a similar solution as broadcast reception that was specified in Rel-17 .
Proposal 2: A UE in RRC_INACTIVE shall be able to receive MCCH/MTCH configurations for reception of multicast services, i.e., MCCH, MTCH configurations are broadcasted in the cell for multicast reception.
Proposal 3: The new delivery mode that enables the reception of a multicast MBS session in a cell by the UEs in RRC_INACTIVE state is also receivable by the UEs in RRC_CONNECTED state.
Proposal 4: Define a new UE capability for the reception of the delivery mode that enables the reception of a multicast MBS session in a cell by the UEs in RRC_INACTIVE state.
Proposal 5: gNB decides on the appropriate delivery mode of multicast and configures the UE accordingly, i.e., UE is either configured to receive the multicast session as in Rel-17 or configured to receive the multicast session via the Rel-18 delivery mode that enables the reception of a multicast session by the UEs in RRC_INACTIVE state.
Proposal 6: A UE that had successfully joined a multicast session in RRC_CONNECTED state and is configured for MCCH/MTCH reception should be able to monitor MCCH and corresponding MTCH for a particular TMGI in either RRC_CONNECTED or RRC_INACTIVE state.
Proposal 7: A counting procedure should be introduced to count the number of UEs in RRC_INACTIVE with active multicast session.
Proposal 8: RAN2 sends an LS to RAN1 to design a counting mechanism for the UEs in RRC_INACTIVE state receiving a particular multicast service.
Proposal 9: A gNB indicates to the UEs whether it provides the multicast service using the delivery mode that enables the reception of a multicast MBS session in a cell by the UEs in RRC_INACTIVE state. Exact signalling details FFS.
Proposal 10: A gNB indicates to the UEs in RRC_INACTIVE state whether the multicast service is active or inactive. Exact signalling details FFS.
Proposal 11: Group paging mechanism is enhanced to enable RRC_INACTIVE UEs to stay in RRC_INACTIVE state, in case the gNB is to provide the multicast service with the delivery mode that enables the reception of a multicast session in a cell by the UEs in RRC_INACTIVE state. Exact signalling details FFS.
Proposal 12: A UE can indicate to the gNB whether it prefers to receive the multicast service with the delivery mode that is receivable in RRC_INACTIVE state or the delivery mode used in Rel-17 for RRC_CONNECTED UEs. Exact signalling details FFS
Proposal 13: Specification should allowgNB to simultaneously deliver the same multicast service using both Rel-17 multicast delivery method and the new delivery (or only with new delivery method) method that enables the reception of a session in a cell by the UEs in RRC_INACTIVE state. Exact details FFS.
Proposal 14: RAN3 further studies the mechanisms and the details to provide necessary enhancements for the needed mobility and state transitions.





