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Introduction
In RAN2#119-e meeting, following agreements were made regarding multicast reception in RRC_INACTIVE:
	In Rel-18, multicast reception for UEs in INACTIVE supports at least the following scenarios, with the assumption that the UE already has a valid PTM configuration:
-	Scenario 1: a UE has been receiving multicast in CONNECTED, and it enters INACTIVE and continues the multicast reception.
-	Scenario 2: a UE has joined a multicast session and has been directed to INACTIVE, the UE starts to receive the multicast session
FFS for state changes, e.g. due to service being not provided in INACTIVE anymore etc.
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).
It is supported that gNB transmit one multicast session to both UEs in CONNECTED and INACTIVE in the same cell. FFS how the gNB configures this. 
It is assumed the network can choose which UEs receive in RRC INACTIVE and which in RRC Connected and can move UEs between the states for Multicast service reception.
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
HARQ feedback and PTP are not supported for multicast reception in RRC_INACTIVE
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. 



After RAN2#119-e meeting, email discussion “[Post119-e][610][eMBS] PTM configuration for INACTIVE (CATT)” (report in [1]) was tasked to discuss the details of the identified PTM configuration solutions.
In this contribution, we discuss multicast reception in RRC_INACTIVE.
Discussion
Features not applicable to multicast reception in RRC_INACTIVE
In RAN2#119-e meeting, it was agreed that “HARQ feedback and PTP are not supported for multicast reception in RRC_INACTIVE”. There are also other features not applicable to multicast reception in RRC_INACTIVE. In Rel-17 MBS, SPS / G-CS-RNTI are only applicable for multicast, but not for broadcast. Therefore SPS / G-CS-RNTI should not be supported for multicast reception in RRC_INACTIVE either.
[bookmark: Proposal_SPS]Proposal 1: SPS / G-CS-RNTI are not supported for multicast reception in RRC_INACTIVE.
PTM configuration
In RAN2#119-e meeting, RAN2 agrees to further investigate the following solutions:
· Option 1: Dedicated signalling.
· Option 2: Solution based on SIB+MCCH.
The main use case for Option 1 is that multicast reception in RRC_CONNECTED is continued in RRC_INACTIVE when the cell is congested. However, if the QoS requirement for a multicast service can be satisfied in RRC_INACTIVE, then it is questionable why those UEs should receive the multicast service in RRC_CONNECTED first and is only sent to RRC_INACTIVE due to congestion given that there are benefits of UE power saving and network spectrum efficiency when UE stays in RRC_INACTIVE. 
[bookmark: Obs_QoS]Observation 1: If the QoS requirement for a multicast service can be satisfied in RRC_INACTIVE, there is no need that UE firstly receives the multicast in RRC_CONNECTED and is switched to RRC_INACTIVE due to congestion.
When discussing Option 1 vs. Option 2, it is helpful to compare Rel-17 NR Multicast and Broadcast, as shown in Table 1 below: 
[bookmark: Table_Comparison]Table 1: Comparison of Rel-17 NR Multicast and Broadcast
	
	Rel-17 Multicast MRB
	Rel-17 Broadcast MRB

	Applicable RRC states
	RRC_CONNECTED only
	All RRC states

	Configuration
	Dedicated RRC signalling
	SIB20+MCCH

	CFR and BWP
	CFR is configured within dedicated unicast BWP.
	The bandwidth of CFR can be equal to or larger than initial BWP, which is indicated by system information (SIB20).

	HARQ feedback
	Supported
	Not supported

	SPS
	Supported
	Not supported

	RNTIs to schedule MTCH
	G-RNTI and G-CS-RNTI
	G-RNTI

	PTP leg
	Supported
	Not supported



As from RAN2#119-e agreement and discussion in section 2.1, several multicast features in RRC_CONNECTED are not available: HARQ feedback, SPS / G-CS-RNTI, PTP leg. Multicast reception in RRC_INACTIVE is very similar to broadcast reception in nature as broadcast does not have those features either. In addition, with the removal of those multicast features, DRX operation for multicast in RRC_INACTIVE is essentially the same as DRX operation for broadcast (specified in TS 38.321 clause 5.7a) instead of DRX operation for multicast in RRC_CONNECTED (specified in TS 38.321 clause 5.7b). Therefore, multicast reception in RRC_INACTIVE is very similar to broadcast reception.
[bookmark: Obs_Config]Observation 2: For a UE in RRC_INACTIVE, multicast MRB reception is very similar to broadcast MRB reception.
When comparing Option 1 and Option 2, it is clear that for Option 1, standardization efforts are needed to specify which multicast configurations in RRC_CONNECTED are applicable to RRC_INACTIVE, while for option 2, the usage of broadcast configuration for multicast reception in RRC_INACTIVE is straightforward. 
[bookmark: Obs_Std]Observation 3: Option 2 (i.e. solution based on SIB+MCCH) has less standardization efforts compared with Option 1 (i.e. dedicated signalling) to support multicast reception in RRC_INACTIVE.
There are also problems for Option 1 regarding PTM configuration assuming the configuration in dedicated signalling received in RRC_CONNECTED is reused for RRC_INACTIVE. Since PTM configuration is only provided in dedicated signalling, UE needs to go to RRC_CONNETED to receive updated PTM configuration, which increases the system load as well as UE power consumption. There are several cases that PTM configuration for multicast needs to be updated:
· Update of the parameters of any PTM configuration.
· Activation of a multicast session which can be received in RRC_INACTIVE.
· Cell reselection to a new cell.
[bookmark: Obs_Update]Observation 4: When using Option 1 to support multicast reception in RRC_INACTIVE, Option 1 has the issue of increased system load and UE power consumption when updated PTM configuration is provided as UE needs to switch to RRC_CONNECTED.
Neither Option 1 nor Option 2 impacts the reception of multicast in RRC_CONNECTED for Rel-17 UEs. In particular, for Option 2, Rel-17 mechanisms (e.g. group paging for session activation, dedicated configuration) are not affected by SIB+MCCH approach. As discussed in Proposal 5 below, for session activation, if the same TMGI is indicated in both paging and MCCH, Rel-18 UEs stay in RRC_INACTIVE to receive multicast. For the purpose of resource efficiency, the same PDCCH/PDSCH resources can be used for Rel-17 and Rel-18 UEs for receiving the same multicast session.
[bookmark: Obs_Legacy]Observation 5: Neither Option 1 nor Option 2 impacts the reception of multicast in RRC_CONNECTED for Rel-17 UEs.
During RAN2#119-e discussion and email discussion “[Post119-e][610][eMBS] PTM configuration for INACTIVE (CATT)”, there were some concerns raised on security aspects of Option 2, e.g. PTM configuration is broadcasted, fake gNB can send PTM configuration. In Rel-17, multicast service data can be protected by security in service layer. Therefore for UEs which are not authorized to receive multicast, even if those UEs can receive PTM configuration and receive PDSCH, they cannot obtain the multicast service data. Regarding the concerns on the fake gNB, SA3 is already working on security enhancements against fake gNB and it is expected that solutions developed by SA3 would be applicable for all use cases including MBS.
[bookmark: Proposal_Security]Proposal 2: RAN2 to confirm that there are no security issues for Option 2.
Above discussion shows that Option 2 has various advantages over Option 1, therefore it is proposed to adopt Option 2 for PTM configuration.
[bookmark: Proposal_PTM_Config]Proposal 3: For multicast reception in RRC_INACTIVE, PTM configuration is provided via SIB20 + MCCH, similarly as in broadcast reception.
One topic in email discussion “[Post119-e][610][eMBS] PTM configuration for INACTIVE (CATT)” is whether PTM configuration is applicable to a certain area (i.e. a set of cells instead of a single cell). In Rel-17 MBS, area specific MCCH is not supported. Although the gNB may indicate in the MCCH the list of neighbour cells providing the same MBS broadcast service which is provided in the serving cell, the actual PTM configuration of neighbour cells are not signalled and can be different for different cells. Actually it is challenging to synchronize PTM configurations across cells and RAN3 involvement is needed to support such optimization.
[bookmark: Proposal_Area]Proposal 4: PTM configuration is not area specific.
In email discussion “[Post119-e][610][eMBS] PTM configuration for INACTIVE (CATT)”, regarding how UE is indicated whether it can receive the multicast session in RRC_INACTIVE or not when the multicast session is activated, there are two alternatives:
· Alt. 1) When the multicast session is activated, UE can receive the multicast session in RRC_INACTIVE if the PTM configuration used in RRC_INACTIVE for the session is available to the UE (e.g., configuration provided to UE via dedicated RRC singlaing or via MCCH), otherwise it goes back to RRC_CONNECTED to receive the multicast session. 
· Alt. 2) When the multicast session is activated, UE is indicated by group paging whether it can receive the multicast session in RRC_INACTIVE or not (detail signaling FFS).
Alt. 1) has the benefit of less paging signalling overhead, while in Alt. 2), gNB can have finer control of which UEs to receive in RRC_INACTIVE and which UEs to receive in RRC_CONNECTED for the same multicast service. However given that UEs are in RRC_INACTIVE state when the multicast session is activated, if a service can be received in RRC_INACTIVE, it is not clear why gNB would blindly move some UEs to RRC_CONNECTED. Therefore, the benefit of Alt. 2) is not clear.
[bookmark: Proposal_Activation]Proposal 5: When the multicast session is activated, UE can receive the multicast session in RRC_INACTIVE if the PTM configuration to be used in RRC_INACTIVE for the session is available to the UE (e.g., the configuration was previously provided to UE via dedicated RRC signaling or via MCCH), otherwise it goes back to RRC_CONNECTED to receive the multicast session.
One topic in email discussion “[Post119-e][610][eMBS] PTM configuration for INACTIVE (CATT)” is whether UEs in RRC_INACTIVE should be informed when the multicast session is deactivated. In Rel-17 MBS, in SA2 TS 23.247 clause 7.2.5.3, there is a note that “There is no explicit “deactivation” indication to the UE, how the UE is changed to IDLE state is defined in TS 38.300 [9].” RAN side operation (as in CR RP-222611) is that “When an MBS multicast session is deactivated, the gNB may move the UE to RRC_ IDLE or RRC_INACTIVE state”. For Rel-18 UE receiving multicast in RRC_INACTIVE, there is no need to explicitly indicate in AS layer regarding session deactivation. It can be up to gNB implementation e.g. to stop providing the relevant configuration in MCCH when option 2 is used.
[bookmark: Proposal_Deactivation]Proposal 6: For UEs receiving multicast in RRC_INACTIVE, the handling of session deactivation is up to gNB implementation and there is no need to have any explicitly indication in AS layer for the session deactivation.
One terminology aspect is that in current specifications, there is tight coupling between multicast and RRC_CONNECTED, as well as broadcast reception and SIB20 + MCCH mechanism. For example, “multicast MRB” is tied to dedicated RRC signaling in many places in TS 38.331 e.g. clause 5.3.5.6.6 and 5.3.5.6.7, the configuration carried in MCCH has the IE name MBSBroadcastConfiguration. RAN2 needs to discuss how to address the terminology issue e.g. adding general clarifications regarding multicast reception in RRC_INACTIVE.
[bookmark: Proposal_Term]Proposal 7: RAN2 to discuss the terminology aspects in current specification regarding multicast reception in RRC_INACTIVE.
Mobility and state transition
In Rel-17 MBS, mobility procedure for broadcast MBS reception allows the UE to start or continue receiving MBS service(s) when changing cells. The gNB may indicate in the MCCH the list of neighbour cells providing the same MBS broadcast service which is provided in the serving cell. This allows the UE, e.g. to request unicast reception of the service before moving to a cell not providing the MBS broadcast service(s) using PTM transmission. Relevant ASN.1 signalling is shown below.
MBSBroadcastConfiguration-r17-IEs ::=		SEQUENCE {
    mbs-SessionInfoList-r17        MBS-SessionInfoList-r17,
    mbs-NeighbourCellList-r17      MBS-NeighbourCellList-r17OPTIONAL,   -- Need S
    …
}

MBS-SessionInfoList-r17 ::=   SEQUENCE (SIZE (0..maxNrofMBS-Session-r17)) OF MBS-SessionInfo-r17
 
MBS-SessionInfo-r17 ::=	          SEQUENCE    {
    mbs-SessionId-r17              TMGI-r17,
    …
    mtch-NeighbourCell-r17        BIT STRING (SIZE(maxNeighCell-MBS-r17))      OPTIONAL,-- NEED R
    …
}

MBS-NeighbourCellList-r17 ::=       SEQUENCE (SIZE (0..maxNeighCell-MBS-r17)) OF PCI-ARFCN-r17

The above procedure for broadcast service can also be applicable to multicast services that can be received in RRC_INACTIVE. Since multicast service that can be received in RRC_INACTIVE is signalled in MCCH, the IE mtch-NeighbourCell-r17 can indicate neighbour cells providing the same MBS multicast service (that can be received in RRC_INACTIVE) which is provided in the serving cell.
[bookmark: Proposal_Mobility]Proposal 8: Rel-17 broadcast procedure for indicating neighbour cells providing the same MBS service is reused for multicast service that can be received in RRC_INACTIVE.
In SA2 TR 23.700-47, Key Issue #1 Multicast MBS data reception in RRC Inactive state has the following note:
NOTE 2:	RAN WG will determine how the switching for the UEs belonging to MBS session from CM-CONNECTED state to CM-CONNECTED with RRC Inactive state (and vice versa) is performed by the RAN node.
If UE switches between RRC_CONNECTED and RRC_INACTIVE, there is no impact regarding the reception of multicast services that can be received in RRC_INACTIVE, just as broadcast service that can be received in any RRC state.
[bookmark: Proposal_State]Proposal 9: Reception of multicast services that can be received in RRC_INACTIVE is not impacted when UE switches between RRC_CONNECTED and RRC_INACTIVE.
Conclusion
In this contribution, we discuss multicast reception in RRC_INACTIVE. We have the following observations regarding the comparison of options for PTM configuration:
Observation 1: If the QoS requirement for a multicast service can be satisfied in RRC_INACTIVE, there is no need that UE firstly receives the multicast in RRC_CONNECTED and is switched to RRC_INACTIVE due to congestion.
Observation 2: For a UE in RRC_INACTIVE, multicast MRB reception is very similar to broadcast MRB reception.
Observation 3: Option 2 (i.e. solution based on SIB+MCCH) has less standardization efforts compared with Option 1 (i.e. dedicated signalling) to support multicast reception in RRC_INACTIVE.
Observation 4: When using Option 1 to support multicast reception in RRC_INACTIVE, Option 1 has the issue of increased system load and UE power consumption when updated PTM configuration is provided as UE needs to switch to RRC_CONNECTED.
Observation 5: Neither Option 1 nor Option 2 impacts the reception of multicast in RRC_CONNECTED for Rel-17 UEs.
We propose the following:
Proposal 1: SPS / G-CS-RNTI are not supported for multicast reception in RRC_INACTIVE.
Proposal 2: RAN2 to confirm that there are no security issues for Option 2.
Proposal 3: For multicast reception in RRC_INACTIVE, PTM configuration is provided via SIB20 + MCCH, similarly as in broadcast reception.
Proposal 4: PTM configuration is not area specific.
Proposal 5: When the multicast session is activated, UE can receive the multicast session in RRC_INACTIVE if the PTM configuration to be used in RRC_INACTIVE for the session is available to the UE (e.g., the configuration was previously provided to UE via dedicated RRC signaling or via MCCH), otherwise it goes back to RRC_CONNECTED to receive the multicast session.
Proposal 6: For UEs receiving multicast in RRC_INACTIVE, the handling of session deactivation is up to gNB implementation and there is no need to have any explicitly indication in AS layer for the session deactivation.
Proposal 7: RAN2 to discuss the terminology aspects in current specification regarding multicast reception in RRC_INACTIVE.
Proposal 8: Rel-17 broadcast procedure for indicating neighbour cells providing the same MBS service is reused for multicast service that can be received in RRC_INACTIVE.
Proposal 9: Reception of multicast services that can be received in RRC_INACTIVE is not impacted when UE switches between RRC_CONNECTED and RRC_INACTIVE.
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