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Introduction
In this contribution, we discuss the multicast reception in RRC_INACTIVE according to the following objective in WID [1].
· 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]

Discussion
The transmission of the broadcast session was originally designed with the aim of supporting reception in RRC_INACTIVE. The broadcast CFR fully contains the initial BWP in frequency domain and has the same SCS and CP as the initial BWP so that UE in RRC_INACTIVE can monitor the initial BWP and the broadcast CFR without switching. The multicast session specified in Rel-17, meanwhile, supports UEs in RRC_CONNECTED only. The multicast CFR doesn’t need to contain the initial BWP but it should be overlapped with the configured BWP so that UE can receive unicast and multicast without switching. The UE actions required in RRC_INACTIVE vary depending on whether or not the multicast CFR that UE monitors are overlapped with the initial BWP, so we would like to discuss first whether to support the reception of multicast session transmitted in the multicast CFR which is not overlapped with the initial BWP in RRC_INACTIVE.
If UE in RRC_INACTIVE is only allowed to monitor the multicast CFR that fully contains the initial BWP, as in broadcast reception, UE still doesn’t need to perform switching between the initial BWP and multicast CFR. However, UEs receiving multicast transmitted in the multicast CFR not overlapped with the initial BWP cannot transit to RRC_INACTIVE, and the gain that UE or network can get by supporting the multicast reception in RRC_INACTIVE, such as offloading or power saving, would be highly limited. If network wants to make such UEs to transit to RRC_INACTIVE, the network should re-configure the multicast CFR to contain the initial BWP. If so, the active BWP for all UEs in RRC_CONNECTED which is receiving the multicast session also should be changed to another BWP containing the initial BWP. This would lead to a severe congestion on the initial BWP. Alternatively, network may configure a separate multicast CFR containing the initial BWP for UEs in RRC_INACTIVE and provide the same multicast session in two multicast CFRs. However, it is undesirable from resource efficiency perspective.
Observation
If UE in RRC_INACTIVE is only allowed to monitor the multicast CFR that fully contain the initial BWP, as in broadcast reception, the gain of supporting the multicast reception in RRC_INACTIVE would be highly limited.

If UE is allowed to monitor the multicast CFR not containing the initial BWP in RRC_INACTIVE, this may impose further work on RAN2, but to achieve the meaningful gain RAN2 needs to support the multicast reception in RRC_INACTIVE state, which is transmitted from the multicast CFR that is not overlapped with the initial BWP.
Proposal 1
Support reception of multicast in RRC_INACTIVE, which is transmitted in the multicast CFR that is not overlapped with the initial BWP.
PTM configuration

Regarding the PTM configuration, RAN2 agreed followings in the previous meeting RAN2#119.

	· The following is taken as baseline: we assume the same PDCCH/PDSCH resources (e.g. resources used for MTCH) can be used for all UEs (including UEs in CONNECTED and/or INACTIVE states) for receiving the same multicast session. Different configuration/resources are not precluded as well. FFS what exactly can be common and what not (e.g. HARQ, SPS etc.) and what is needed in addition (to legacy PTM config).

· For PTM configuration delivery, RAN2 further investigates the following solutions:

Option 1: Dedicated signalling

Option 2: Solution based on SIB+MCCH

We do not preclude some “mix” of the options


It was agreed that the same PDCCH/PDSCH resources are used in RRC_CONNECTED and in RRC_INACTIVE for the same multicast session, so UE can keep using the PTM configuration received in RRC_CONNECTED to receive the same multicast session in RRC_INACTIVE. Of course, as discussed in the previous meeting, some existing parameters, e.g. related to HARQ, cannot be used in RRC_INACTIVE, but there is no configuration that is additionally required to receive the multicast in RRC_INACTIVE. Therefore, for multicast reception in RRC_INACIVE, different/separate PTM configuration doesn’t need to be provided, e.g. in RRC Release message.
Proposal 2
Do not support separate PTM configuration using DCCH for multicast reception in RRC_INACTIVE.
For the same multicast session, the PTM configuration, such as g-RNTI or multicast CFR, may differ between the cells. If only DCCH based configuration is supported as in Rel-17, UE in RRC_INACTIVE should transit to RRC_CONNECTED when the serving cell is changed, to acquire the configuration which is valid in the new serving cell. Furthermore, when the configuration of the multicast session that the UE is receiving is modified or stops, all UEs receiving the multicast session would simultaneously try to transit to RRC_CONNECTED, and this would lead to a severe congestion on RACH. To avoid such frequent and concurrent state transition to RRC_CONNECTED, we propose to support MCCH based PTM configuration of multicast for UEs receiving multicast in RRC_INACTIVE.
Proposal 3
MCCH based PTM configuration is supported.

	· It is up to gNB to decide whether a multicast session may be received by UE(s) in INACTIVE. FFS what information gNB may be provided to form such decision (related to SA2 discussion).


In the last RAN2 meeting, it is also agreed that the HARQ feedback is not supported in RRC_INACTIVE, so we can assume that only multicast session which requires relatively low QoS can be received in RRC_INACTIVE. SA also decided the 5GC may provide additional assistance information to help NG-RAN to determine whether to apply delivery enabling reception by UEs in RRC_INACTIVE state for an MBS session and which UE(s) to be moved to RRC_INACTIVE state, and these were captured as interim conclusion in TR23.700 [2]. 
If the multicast session may or may not support the reception in RRC_INATIVE, UE needs to know whether the multicast session that the UE has joined can be received in RRC_INACTIVE or not, e.g. to decide whether to initiate RRC resume upon receiving the group notification for multicast activation. Therefore, it should be explicitly indicated whether each multicast session can be received in RRC_INACTIVE or not in the DCCH based PTM configuration.
Proposal 4
In DCCH based PTM configuration, it is indicated whether each multicast session can be received in RRC_INACTIVE or not.

State transition to RRC_INACTIVE
When a multicast session is de-activated, the network can suspend the RRC connection for an UE receiving the multicast session without informing explicitly the UE of the multicast de-activation. Since the multicast reception in RRC_INACTIVE is not supported in Rel-17, the multicast de-activation doesn’t need to be notified explicitly to UE. 
However, in Rel-18, UE may be allowed to receive the multicast in RRC_INACTIVE, so when the RRC connection is suspended while receiving the multicast session, the UE should know whether the multicast session is de-activated or not so that the UE can determine whether to keep monitoring the multicast session after entering RRC_INACTIVE. 

Proposal 5
Network indicates whether the multicast is suspended or not in RRC Release message, so that the UE can determine whether to keep or stop receiving the multicast session after transition to RRC_INACTIVE.
State transition to RRC_CONNECTED

The UE feedback based HARQ re-transmission is required to meet the high QoS requirements of multicast session and that is why RAN only specified multicast for UEs in RRC_CONNECTED in Rel-17. Even though the HARQ feedback is not available in RRC_INACTIVE, the QoS requirements of the multicast session must be guaranteed in RRC_INACTIVE.
The network could blindly re-transmit the multicast session without UE feedback for UEs in RRC_INACTIVE, but it cannot ensure the multicast QoE requirements for all UEs and it goes against the main goal in Rel-18, i.e. improvement of resource efficiency of MBS transmission. Though the network selects UE to transit to RRC_INACTIVE based on the measurement results reported by UEs, the receiving quality of multicast could get worse during RRC_INACTIVE according to the UE’s movement. If the receiving quality of the multicast is bad, the UE should be able to transit to RRC_CONNECTED to receive the multicast transmission based on HARQ feedback. Therefore, it is proposed to specify a solution to enable UE to resume the RRC connection when the receiving quality of the multicast session in RRC_INACTIVE is not satisfactory.
Proposal 6
UE resumes the RRC connection when the receiving quality of the multicast session in RRC_INACTIVE is not good enough.

Multicast activation & de-activation
If the multicast session is suspended while UE is receiving the multicast session in RRC_INACTIVE, the UE should stop monitoring the multicast session to avoid unnecessary power consumption. Therefore, for UEs receiving the multicast session in RRC_INACTIVE, when the multicast session is suspended, the NW should inform UEs of the de-activation of the multicast session. 

Proposal 7
For UE in INACTIVE, NW indicates the multicast de-activation, e.g. using MAC CE as in LTE, so that the UE can suspend the multicast monitoring while the multicast session is suspended.
When the multicast session is activated, network informs UEs of the multicast activation by transmitting the group notification, i.e. paging message including the multicast session ID. If the multicast session may or may not support UE in RRC_INACTIVE as mentioned in the Proposal 4, UE supporting the multicast reception in RRC_INACTIVE should determine whether to initiate the RRC resume or keep RRC_INACTIVE based on whether the activated multicast session supports RRC_INACTIVE upon receiving the group notification. 
Proposal 8
If UE supports the multicast reception in RRC_INACTIVE and the if the activated multicast session can be received in RRC_INACTIVE, UE resumes monitoring the multicast session in RRC_INACTIVE upon receiving the group notification for multicast activation.

When the RAN congestion is somewhat alleviated, the gNB may want to all UEs, including UEs supporting the multicast reception in RRC_INACTIVE, receiving the multicast session in RRC_INACTIVE to transit to RRC_CONNECTED to provide the UE feedback based multicast re-transmission that is available in RRC_CONNECTED only. However, if UEs supporting the multicast reception in RRC_INACTIVE keep the RRC_INACTIVE when the group notification is received, as in Proposal 8, the network may need to send the dedicated paging to each UE to transit to RRC_CONNECTED. 

Therefore, to indicate the alleviation of the RAN congestion using the group notification, a new indication needs to be included. If the group notification including the new indication is received, though the UE is allowed to receive the multicast session in RRC_INACTIVE, the UE initiates the RRC resume procedure. 
Proposal 9
Introduce a new indication in the group notification so that the NW can transit all UEs to RRC_CONNECTED when the RAN congestion is alleviated.

Multicast service continuity
Regarding the multicast continuity in RRC_INACTIVE, RAN2 agreed followings:

	· Multicast service continuity after cell reselection in RRC_INACTIVE state (i.e. without resuming RRC connection) will be supported (if the configuration of the new cell is available for the UE). FFS whether there are cases where the UE needs to resume the connection. FFS RAN3 impacts due to inter-gNB mobility.

· Upon cell reselection to neighbour cells during active multicast session, if the configuration of the session is not available for the new cell for UEs in INACTIVE, then the UE is required to resume RRC connection to get the Multicast MRB configuration. 


If MCCH based PTM configuration is supported, UE can acquire the PTM configuration of the new serving cell without resuming RRC connection. However, UE should first acquire the SIB, e.g. SIB20, to receive the multicast MCCH message. If even SI request is required to receive the SIB including the multicast MCCH configuration, it can take a very long time to get the PTM configuration after cell re-selection. Such long service interruption caused by acquiring the PTM configuration from the new serving cell may not be suitable to meet the QoS requirement of the multicast session. 
If the PTM configuration of neighbor cell is provided from serving cell, the UE can receive the multicast session without interruption after cell reselection to the neighbor cell. If it is hard for network to provide the PTM configuration for all multicast sessions for all neighbor cells, providing multicast MCCH configuration could be a good compromise. If the MCCH configuration is provided, the UE can receive the MCCH message immediately upon reselecting a new serving cell. For a multicast session that requires relatively lower QoS, the compromise would be sufficient to guarantee the QoS. Therefore, we propose to support the providing the PTM configuration or MCCH configuration of neighbor cell.
Proposal 10
Network provides the PTM configuration or MCCH configuration of neighbour cells.

Conclusion
In this contribution, the followings are proposed:

Proposal 1
Support reception of multicast in RRC_INACTIVE, which is transmitted in the multicast CFR that is not overlapped with the initial BWP.

Proposal 2
Do not support separate PTM configuration using DCCH for multicast reception in RRC_INACTIVE.

Proposal 3
MCCH based PTM configuration is supported.

Proposal 4
In DCCH based PTM configuration, it is indicated whether each multicast session can be received in RRC_INACTIVE or not.

Proposal 5
Network indicates whether the multicast is suspended or not in RRC Release message, so that the UE can determine whether to keep or stop receiving the multicast session after transition to RRC_INACTIVE.

Proposal 6
UE resumes the RRC connection when the receiving quality of the multicast session in RRC_INACTIVE is not good enough.

Proposal 7
For UE in INACTIVE, NW indicates the multicast de-activation, e.g. using MAC CE as in LTE, so that the UE can suspend the multicast monitoring while the multicast session is suspended.

Proposal 8
If UE supports the multicast reception in RRC_INACTIVE and the if the activated multicast session can be received in RRC_INACTIVE, UE resumes monitoring the multicast session in RRC_INACTIVE upon receiving the group notification for multicast activation.

Proposal 9
Introduce a new indication in the group notification so that the NW can transit all UEs to RRC_CONNECTED when the RAN congestion is alleviated.

Proposal 10
Network provides the PTM configuration or MCCH configuration of neighbour cells.
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