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Introduction
In the last meeting of RAN2#119e, RAN2 made the following agreements for Rel-18 multicast enhancement:
	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. 



In the post meeting discussion [Post119-e][610][eMBS] PTM configuration for INACTIVE, companies provides different understanding on the agreements and the issues met in candidate options. 
In this contribution, we analyse the agreements of the last meeting and discuss the characteristics and issues which are needed to support multicast reception in RRC INACTIVE state. Then we provide the analysis for the candidate options and possible ways to solve the issues.
Discussion
In Rel-17 multicast, if a UE is interested in a multicast session, the UE shall join in the multicast before or after multicast session start. This procedure allow network to confirm that the UE which receive multicast service are authorized, which should be the baseline for multicast. We suggest this procedure is maintained in Rel-18 multicast enhancement, which is also an assumption for the following discussion.
Proposal 1: UE shall join in the multicast session before receives the multicast in RRC INACTIVE.
State transitions
In the last meeting, the following agreement shows different scenarios when UE receives multicast in 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 also agreed by the last meeting that it is up to network to decide whether UE shall receive multicast in INACTIVE:
	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.


In general, for the state transitions for UE supporting Rel-18 multicast, the following events may happen:
1) UE receives the multicast in INACTIVE since session start.
2) UE receives the multicast in CONNECTED, then it is indicated to go to INACTIVE to receives multicast.
3) UE receives the multicast in INACTIVE, then it is indicated to go to CONNECTED to receives multicast.
4) UE receives the multicast in CONNECTED since session start.
Event 4) is the behavior for Rel-17 multicast. Therefore we focus on the event 1) 2) and 3) for the Rel-18 multicast enhancement. 
CONNECTED -> INACTIVE
For event 1) and 2), they are aligned with the two scenarios which is agreed in the last meeting (i.e. scenario 1 and 2). For UE join in multicast service, indication for state transition (CONNECTED -> INACTIVE) is needed if the network wants UE to receive in INACTIVE state. In the email discussion, it is agreed that the RRC release message with suspendConfig is used for this state transition. Therefore it is proposed:
[bookmark: _Hlk114750272][bookmark: _Hlk114667065]Proposal 2: RRC release message with suspendConfig is used for switching a UE from RRC_CONNECTED to RRC_INACTIVE to receive multicast.
INACTIVE -> CONNECTED
If the session is not start and UE is in INACTIVE state, in Rel-17 multicast, the group paging is used to notify UE to switch from RRC_INACTIVE to RRC_CONNECTED to receive multicast. For Rel-18 multicast, the same method can be reused.
However, for event 3), if the session is already start and UE is receiving multicast in INACTIVE, there may be no need for the network to trigger UE switching back to CONNECTED for the same multicast session unless UE request to resume by itself. At the very least, If the network needs to inform some UE to resume, the individual paging shall be used, otherwise it will be difficult to tell which UEs are paged (among all UEs receiving this multicast service) by the same G-RNTI.
Observation 1: The group paging mechanism for Rel-17 cannot page parts of UEs by the same G-RNTI.
Proposal 3: RAN2 to discuss the necessity for network to inform UE which already receiving multicast in INACTIVE to resume to CONNECTED to receive the same multicast service. If needed, then discuss unicast paging or group paging is used.
PTM configuration and configuration update
In the email discussion, companies agreed that RRC release message with suspendConfig is used to switch UE from RRC_CONNECTED to RRC_INACTIVE to receive multicast. For RRC INACTIVE UE, it can also receive RRCRelease message from the network:


Figure 1 Several state transition and RRC signaling for RRC INACTIVE state
For multicast reception by UEs in RRC INACTIVE state, the legacy PTM configuration is not simple enough. If UE is not in RRC CONNECTED, UE may need to perform state transition multiple times after receiving the group paging notification. E.g., UE have to switch from RRC IDLE/INACTIVE -> CONNECTED ->INACTIVE to receive multicast in RRC INACTIVE state. 
Observation 2: In legacy ways, UE may need to perform state transition multiple times after receiving the group paging notification to receive multicast in RRC INACTIVE.
Considering the state transition time, it is more efficient and convenient for UE to obtain PTM configuration directly without switching back to RRC CONNECTED states. Therefore, we suggest to specify the support of PTM configuration directly in RRC INACTIVE state to facilitate the configuration procedure for multicast reception in RRC INACTIVE. 
Proposal 4: Support the PTM configuration in RRC INACTIVE directly for UE receiving multicast in RRC INACTIVE state.
If UE request PTM configuration in RRC INACTIVE, or UE is receiving multicast in RRC INACTIVE and requests PTM configuration update, RRCRelease message with suspendconfig can be used to indicate PTM configuration without letting UE resume to RRC CONNECTED. 
Also, if a UE is in RRC CONNECTED state, network can indicate RRCRelease message with suspendconfig to UE to both indicate PTM configuration and let UE receives multicast in RRC INACTIVE. Therefore, we think this is a general way for CONNECTED and INACTIVE UE to obtain PTM configuration and configuration update.
Proposal 5: RRCRelease message with suspendconfig is used to indicate PTM configuration and PTM configuration update for UE to receive multicast in RRC INACTIVE state.
For PTM configuration update scenario, there may be large number of UEs triggering connection resume procedure at the same time. If the above proposal is agreed, the UE requesting PTM configuration update can obtain the configuration by RRC Release and may not need to return to CONNECTED state. From the network perspective, it is beneficial to know that RRC Resume request from UE is for PTM configuration (update). 
Proposal 6: A new UAC cause is defined for UE to update PTM configuration to receive multicast in RRC INACTIVE.
Mobility
The mobility for multicast in RRC INACTIVE may be very different from RRC CONNECTED. The main reason is the RRC states are different, and the legacy mobility mechanism in RRC CONNECTED (e.g., Beam level mobility and cell level mobility) cannot work well in RRC INACTIVE state. 
If UE switches to RRC CONNECTED to handover, it takes multiple states transitions and brings impact to the performance by more latency and data interruption time. In the last meeting, it is agreed that the multicast service continuity will be supported in INACTIVE state without resuming RRC connection.
	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.



One characteristic in RRC INACTIVE state is that network does not know which cell the UE is camping on. However, for UE receiving multicast, it may be helpful if the network knows such information, and then perform path switch and configuration for target cell to UE. If the proposals 5 and 6 above can be agreed, it is suggested that UE request resume cause for PTM configuration toward target cell to obtain the updated PTM configuration. UE may obtain the updated PTM configuration without switching back to RRC CONNECTED.
Proposal 7: For the multicast service continuity in RRC_INACTIVE state, UE send RRC Resume request to the target cell with the resume cause of PTM configuration update.
Concerns and optimization for option2
In the last meeting, 2 options are specified for the PTM configuration delivery:
Option 1: Dedicated signalling
Option 2: Solution based on SIB+MCCH
Meanwhile, the mixed options are not precluded.
However, it seems option 2 reuse the similar mechanism for Rel-17 broadcast, and UE can obtain all PTM configurations for all the multicast services via SIB. This is not aligned with the previous assumption (UE shall join in the multicast session first) and led to more security issued in RAN. In the email discussion, companies also raise the concern with respect to the security and power saving. 
Observation 3: For option 2 (SIB+MCCH), the multicast MCCH provided by SIB allow UE to obtain all PTM configuration for multicast services, which is redundant and raises more concern on the security issues.
Therefore, it is suggested that for option 2, the multicast MCCH is also provided by the dedicated signaling to solve this security issue. It is also suggested that the multicast MCCH is provided specifically for the multicast service which UE joined in. i.e., the service specific MCCH, so that the network can indicates the service specific MCCH by dedicated signaling when UE joins in the corresponding multicast session.
Proposal 8: For option 2, the multicast MCCH is service specific and provided by dedicated signaling. Network indicates the multicast MCCH when UE joins in the multicast session.
Conclusion
In this contribution, the following observation is made:
Observation 1: The group paging mechanism for Rel-17 cannot page parts of UEs by the same G-RNTI.
Observation 2: In legacy ways, UE may need to perform state transition multiple times after receiving the group paging notification to receive multicast in RRC INACTIVE.
Observation 3: For option 2 (SIB+MCCH), the multicast MCCH provided by SIB allow UE to obtain all PTM configuration for multicast services, which is redundant and raises more concern on the security issues.

Based on the observation, the following proposals are made: 
Proposal 1: UE shall join in the multicast session before receives the multicast in RRC INACTIVE.
Proposal 2: RRC release message with suspendConfig is used for switching a UE from RRC_CONNECTED to RRC_INACTIVE to receive multicast.
Proposal 3: RAN2 to discuss the necessity for network to inform UE which already receiving multicast in INACTIVE to resume to CONNECTED to receive the same multicast service. If needed, then discuss unicast paging or group paging is used.
Proposal 4: Support the PTM configuration in RRC INACTIVE directly for UE receiving multicast in RRC INACTIVE state.
Proposal 5: RRCRelease message with suspendconfig is used to indicate PTM configuration and PTM configuration update for UE to receive multicast in RRC INACTIVE state.
Proposal 6: A new UAC cause is defined for UE to update PTM configuration to receive multicast in RRC INACTIVE.
Proposal 7: For the multicast service continuity in RRC_INACTIVE state, UE send RRC Resume request to target cell with the resume cause of PTM configuration update.
Proposal 8: For option 2, the multicast MCCH is service specific and provided by dedicated signaling. Network indicates the multicast MCCH when UE joins in the multicast session.

References
RP-213568 R18 MBS WID: Enhancements of NR Multicast and Broadcast Services
R2_119-e MBS session notes (Dawid) 2022-08-28 EOM_rev1
[Post119-e][610][eMBS] PTM configuration for INACTIVE (CATT)
	3/3	
image1.emf
RRC INACTIVE

RRC IDLE

RRC CONNECTED

RRCResume

RRCRelease

RRCRelease

With suspend

RRCRelease

RRCRelease

With suspend


Microsoft_Visio_Drawing.vsdx
RRC INACTIVE
RRC IDLE
RRC CONNECTED
RRCResume
RRCRelease
RRCRelease
With suspend
RRCRelease
RRCRelease
With suspend



