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1. Introduction
RAN#94e approved the new work item on Enhancement of MBS (eMBS), whose WID was revised in RAN#96. One of Rel-18 objectives is to support UEs in RRC INACTIVE to receive the multicast session as follows [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]


In this contribution, the initial consideration for supporting multicast reception in RRC INACTIVE is provided, considering the relevant discussions held in Rel-17. 
2. Discussion 
2.1. Rel-17 discussions and Rel-18 solution directions 
The multicast reception in RRC INACTVE was discussed briefly in Rel-17 [2]
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[3], but RAN2 decided to prioritize the multicast reception only in RRC Connected as follows [4]. Although RAN2 didn’t specify the function in Rel-17, there are already some candidate solutions, which are still good starting point for Rel-18 discussion. 
	· Chair: RAN2 will prioritize Active Multicast support in RRC Connected mode in Rel-17. If time permits Multicast support for RRC Inactive can be considered later (once connected mode Multicast solution, and Broadcast solution has become more mature).


According to the use case proposed in [2], the network may release the UE receiving multicast sessions to INACTIVE, e.g., when the network experiences congestion due to large number of UEs in the cell. So, it’s assumed in this scenario that the UE is initially in Connected when it starts to receive multicast sessions, including the multicast session join procedure. Then, the UE is released to INACTIVE, while it would continue receiving the multicast sessions. 
Observation 1 The scenario is that the UE receiving multicast sessions in RRC Connected is released to RRC INACTIVE, whereby the UE can continue receiving the multicast sessions. 
In Rel-17, the two delivery modes were specified, i.e., the so called Delivery mode 1 for multicast sessions and Delivery mode 2 for broadcast sessions, whereby the configuration for receiving MTCH is provided by RRC Reconfiguration only for UEs in Connected in Delivery mode 1 while it’s done by MCCH for UEs in all RRC states in Delivery mode 2 [5].  
To support the multicast reception in INACTIVE, it should be first discussed whether the solution would be based on Delivery mode 1 [2] or Delivery mode 2 [6].  

It is straight forward for Delivery mode 1 to provide the multicast sessions, but it’s currently limited to UEs in Connected. In order to support UEs in INACTIVE, it may be necessary to limit/modify many functions/assumptions such as the handling of MTCH configuration, the deactivation of PTP-leg, HARQ feedback, CFR and so on [2]. These changes may be necessary to involve RAN1, but it should be noted that RAN1 is not listed in Rel-18 eMBS WI [1]. 
Observation 2 It’s straight forward for providing multicast session that the configuration for receiving MTCH is provided via a dedicated signalling (i.e., based on Deliver mode 1), but it may be necessary to involve RAN1, which is not one of the supporting WGs in the WID. 
Delivery mode 2 already supports broadcast reception in INACTIVE, but it has less NW-controllability compared to Delivery mode 1 for multicast sessions. In addition, it might be an issue that MCCH can be received by all UEs, and the configuration for receiving MTCH associated with multicast sessions is visible for all UEs as well, leading to potential security concerns. 
Observation 3 MCCH already supports to provide broadcast session for UEs in RRC INACTIVE (i.e., based on Delivery mode 2), but it has less network controllability in Rel-17. 
Considering the observations above, RAN2 should discuss the solution direction whether the configuration for receiving MTCH is provided by a dedicated signalling (i.e., Delivery mode 1-based solution) or by MCCH (i.e., Delivery mode 2-based solution), to support the multicast reception in INACTIVE. 
Proposal 1 RAN2 should discuss the solution direction for multicast reception in RRC INACTIVE whether the configuration for receiving MTCH is provided by a dedicated signalling (i.e., Delivery mode 1-based solution) or by MCCH (i.e., Delivery mode 2-based solution). 
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Figure 1
 Options for solution directions (example)
2.2. Delivery mode 1-based solution 
In case the configuration for receiving MTCH is provided via dedicated signalling, it should be discussed whether the configuration is provided by RRC Reconfiguration (as it is in Rel-17 [7]) or RRC Release [6]. 
With RRC Reconfiguration, the UE would continue applying the same configuration even after transitioning from Connected to INACTIVE, to continue receiving the MTCH of interest. The benefit is it can just reuse the current RRC Reconfiguration as the MRB configuration is already specified in Rel-17 [7], while some additional UE behaviour needs to be specified in the RRC Reconfiguration procedure since the UE should continue applying the MRB configuration after its transition to INACTIVE.  In this case, it’s questionable whether the UE which has interest in multicast sessions and transitions to INACTIVE can always continue applying the configuration or if the network needs to explicitly indicate whether the MRB configuration should be applied  e.g., in RRC Release.  In addition, RAN2 may need to discuss whether the UE can validate the MRB configuration, i.e., whether a validity timer is needed, like T320 for dedicated priority [7].
With RRC Release, the UE just applies the new configuration when it transitions to INACTIVE, if the configuration is provided in the RRC Release message, and it can continue receiving the MTCH of interest.  In general, it is quite straightforward for RRC Release to be used to provide the UE with a specific configuration when the UE transitions to RRC INACTIVE.  In addition, it would have a good affinity with the RNA update procedure [7], i.e., the UE can be reconfigured without transitioning to Connected if the RNA update (i.e., RRC Release) can also reconfigure the MRB used in INACTIVE.  On the other hand, the drawback is that the signalling overhead always occurs, i.e., even if the MRB configuration is the same with one already provided by RRC Reconfiguration in advance.  It’s also worth discussing whether a validity timer is needed as well. 
So, RAN2 should discuss, in case the configuration for receiving MTCH is provided via a dedicated signalling, whether the configuration is provided by RRC Reconfiguration or by RRC Release. In addition, RAN2 should also discuss whether a validity timer for such a dedicated configuration is needed. 
Proposal 2 For Delivery mode 1-based solution, RAN2 should discuss whether the configuration for receiving MTCH is provided by RRC Reconfiguration or by RRC Release. 
Proposal 3 For Delivery mode 1-based solution, RAN2 should discuss whether the UE can always consider the configuration for receiving MTCH as valid or it’s valid only during a certain time period (e.g., with a validity timer). 
Another issue to consider is the impact of UE mobility under the assumption that “Seamless/lossless mobility is not required”, as stated in the WID [1]. It’s obvious in Rel-17 that the configuration for receiving MTCH in Delivery mode 1 is only valid within the cell which configures the UE. In case handover is performed, the target cell reconfigures the UE with a new configuration [7].  On the other hand, when the UE in INACTIVE performs idle mode mobility [8], it could be considered as the starting point for when the existing configuration for receiving MTCH is no longer valid in the reselected cell (i.e., the new cell). 
The simplest solution, with minimal specification impact, could be to require the INACTIVE UE to always transition to Connected when (e.g., before or after) it performs the cell reselection, in order for the UE to be either handed over from the serving cell to the target cell or reconfigured by the reselected cell, which may depend on the service continuity requirements. 
The more efficient way was proposed in [3] whereby the configuration for receiving MTCH is valid within the RNA, which means the gNB needs to ensure the same configuration can be applied within each UE’s RNA. The benefit with this approach is that the UE in INACTIVE does not need to be reconfigured and continue receiving MTCH within its RNA. On the other hand, since the RNA is UE-specific, it would lead to additional network complexity. 
A more flexible and less complex way is for the gNB to provide a cell list within the configuration, whereby the configuration can be considered as valid within the cells in the list, which is simple from both perspectives of the gNB and the UE. The cell list may be set as either cell-specific, UE-specific, RNA-associated, MRB area-specific or MBS service area-specific, which is up to NW implementation. 
So, RAN2 should discuss whether such an area scope of configuration is introduced. 
Proposal 4 For Delivery mode 1-based solution, RAN2 should discuss whether the configuration for receiving MTCH is valid in the serving cell or in an area (e.g., RNA or cell list). 
2.3. Delivery mode 2-based solution 
In case the configuration for receiving MTCH is provided via MTCH, as discussed above, all configuration, i.e., MBS-SessionInfo [7] is visible for all UEs, even if some of UEs that have not joined the multicast session. So, these UEs, that have not joined the multicast session, should be prevented from receiving the multicast MTCH. 
It may be assumed that an upper layer procedure prevents the UE to receive the MTCH for TMGI of multicast sessions in the USD, but it’s up to gNB’s decision whether to use Delivery mode 1 or Delivery mode 2 for multicast session delivery. So, the AS layer solution would be preferable. 
One of the simplest solutions is to configure within each MBS-SessionInfo in MCCH, an indicator to distinguish the multicast session from the broadcast sessions. A UE that has not joined the multicast session is prohibited from using the corresponding MTCH.  RAN2 should discuss whether it’s the issue to be solved in case MCCH is used for multicast reception in INACTIVE. 
Proposal 5 For Delivery mode 2-based solution, RAN2 should discuss whether the UE should be prevented from using a multicast MTCH, when the UE has not joined the corresponding multicast session. 
Another issue worth considering is the process for switching from Delivery mode 1 to Delivery mode 2 while receiving the multicast session. The WID states “Seamless/lossless mobility is not required” [1], but some level of service continuity should be ensured as part of service requirement and expectation for multicast sessions. 

If the UE is just released to INACTIVE and it starts acquiring MCCH and MTCH after the RRC state transition, the service interruption during the delivery mode switching may be excessive. So, such a service interruption should be minimized, even though it’s not Seamless/lossless. 
A possible solution is for the gNB to provide MCCH via a dedicated signalling to the UE while it is still in Connected. With this approach, the UE can start receiving MTCH in advance of transitioning to INACTIVE, so the service interruption can be reduced. One question is whether the dedicated signalling is RRC Reconfiguration or RRC Release, whereby it’s considered RRC Reconfiguration would allow the UE to start receiving MTCH earlier. 
Proposal 6 For Delivery 2-based solution, RAN2 should discuss whether the service interruption should be minimized during the switching from Delivery mode 1 to Delivery mode 2. 

Proposal 7 If Proposal 6 is agreeable, RAN2 should further discuss whether MCCH is provided via a dedicated signalling. It’s FFS whether it’s RRC Reconfiguration or RRC Release. 
3. Conclusion 
In this contribution, the initial consideration for multicast reception in RRC INACTIVE is provided, taking Rel-17 discussions into account. The solution directions based on Delivery mode 1 and Delivery mode 2 are suggested.  RAN2 is kindly asked to take into account the observations and proposals below: 
Observation 1
The scenario is that the UE receiving multicast sessions in RRC Connected is released to RRC INACTIVE, whereby the UE can continue receiving the multicast sessions.
Observation 2
It’s straight forward for providing multicast session that the configuration for receiving MTCH is provided via a dedicated signalling (i.e., based on Deliver mode 1), but it may be necessary to involve RAN1, which is not one of the supporting WGs in the WID.
Observation 3
MCCH already supports to provide broadcast session for UEs in RRC INACTIVE (i.e., based on Delivery mode 2), but it has less network controllability in Rel-17.
Proposal 1
RAN2 should discuss the solution direction for multicast reception in RRC INACTIVE whether the configuration for receiving MTCH is provided by a dedicated signalling (i.e., Delivery mode 1-based solution) or by MCCH (i.e., Delivery mode 2-based solution).
Proposal 2
For Delivery mode 1-based solution, RAN2 should discuss whether the configuration for receiving MTCH is provided by RRC Reconfiguration or by RRC Release.
Proposal 3
For Delivery mode 1-based solution, RAN2 should discuss whether the UE can always consider the configuration for receiving MTCH as valid or it’s valid only during a certain time period (e.g., with a validity timer).
Proposal 4
For Delivery mode 1-based solution, RAN2 should discuss whether the configuration for receiving MTCH is valid in the serving cell or in an area (e.g., RNA or cell list).
Proposal 5
For Delivery mode 2-based solution, RAN2 should discuss whether the UE should be prevented from using a multicast MTCH, when the UE has not joined the corresponding multicast session.
Proposal 6
For Delivery 2-based solution, RAN2 should discuss whether the service interruption should be minimized during the switching from Delivery mode 1 to Delivery mode 2.
Proposal 7
If Proposal 6 is agreeable, RAN2 should further discuss whether MCCH is provided via a dedicated signalling. It’s FFS whether it’s RRC Reconfiguration or RRC Release.
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