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1. Introduction
[bookmark: _Hlk109983984]In RAN3#117bis-e meeting, there were agreements about multicast reception for RRC_INACTIVE state UEs:
	The gNB decides whether a UE is configured to receive multicast data in RRC_INACTIVE. The gNB may take at least the following information into account based: 5QI, PER, ARP, and expected UE Activity Behaviour, information locally available at the gNB and other.
The QoS requirements apply to the provision of the multicast session, independently from the strategy a gNB applies to achieve their fulfillment.
NG-RAN signaling supports service continuity for UEs receiving multicast session data in RRC_INACTIVE, i.e., a UE is able to continue multicast reception without RRC state transitioning after cell reselection in RRC_INACTIVE state if the configuration of the new cell is available for the UE. FFS impacts to network interface.
During an active multicast session, the gNB-DU shall keep the PTM transmission when delivering respective multicast data to RRC_INACTIVE UEs. FFS on how the gNB is aware that it delivers multicast service to UEs in RRC inactive.
Detailed F1AP design is pending on RAN2 decision for PTM configuration delivery method and further RAN3 discussions.


In RAN2#119bis-e meeting, there were agreements about multicast reception for RRC_INACTIVE state UEs:
	The following general description is taken as baseline for PTM configuration delivery Option 1:
(1-a) PTM configuration(s) (i.e., configurations used for multicast reception in RRC_INACTIVE) of one or more multicast sessions for at least one cell are provided via dedicated RRC signaling to a UE. 
(1-b) The RRC message for this includes RRCReconfiguration and/or RRCRelease and/or RRCResume (details FFS)
(1-c) UE stores the received configurations while it is in RRC_INACTIVE, and if there is a need to update some or all the configurations, the UE is notified of such changes and may trigger RRC connection resume to obtain the updated configurations. In case of mobility in RRC_INACTIVE, the UE triggers RRC connection resume if the configuration of the session is not available for the new cell.
The following general description is taken as baseline for PTM configuration delivery Option 2:
(2-a) PTM configurations (i.e., configurations used for multicast reception in RRC_INACTIVE) are provided via an MCCH-like channel (same or different as used for MBS broadcast), and information regarding MCCH scheduling is provided via SIB, FFS dedicated signalling
(2-b) UE can receive such configurations when it is in RRC_INACTIVE, FFS whether it is allowed/needed to also receive when UE is in RRC_CONNECTED
(2-c) If there is a need to update some or all the received configurations, UE does not need to resume RRC connection but is notified of such changes (e.g. via MCCH DCI) and obtains the updated configurations via MCCH.
Dedicated RRC signalling (i.e. RRC release message with suspendConfig) is used for switching a multicast receiving UE from RRC_CONNECTED to RRC_INACTIVE and continue multicast reception (details FFS).
For both option 1 and option 2, as a baseline, group paging can be used to switch UEs receiving multicast from RRC_INACTIVE to RRC_CONNECTED, and UEs continue the multicast reception in CONNECTED. FFS if there is any potential issue if Rel-17 group paging is reused. FFS if there are other cases when UE triggers resume. FFS if MCCH can also be used in case of option 2.
Rel-18 UE in INACTIVE can be informed when the session is activated (Details FFS).
As a baseline, group paging can be used to inform Rel-18 UE(s) about the session activation (Details FFS, e.g., UE behavior when receiving such group notification).
If a UE is in RRC_INACTIVE and is configured to receive a multicast session in RRC_INACTIVE, the UE may be notified when the multicast session is deactivated. FFS how (e.g., informed via group paging, MCCH, or other ways).
FFS how UE determines whether it can receive the multicast session in RRC_INACTIVE or not when the session is activated, taking into account the following solutions (can further update the descriptions if needed, and several solutions may be needed, some solutions may apply only for certain configuration options)
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 and the UE has joined the session already (e.g., configuration provided to UE via dedicated RRC signaling or via MCCH), otherwise it goes back to RRC_CONNECTED to receive the multicast session.  
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 (detailed signaling FFS).
3. UE is configured "whether it can receive the multicast session in RRC_INACTIVE" by dedicated signaling before UE is released. When the multicast session is activated, UE stays in RRC_INACTIVE or resumes RRC connection accordingly (detailed signaling FFS).
 


In the last RAN2 meeting, there was no conclusion on the method on how to provide the PTM configuration, in this paper we discuss the common issues for both MCCH solution and RRC dedicated solutions from RAN3 aspects, e.g. mobility procedure, context management, and F1 interface impact.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
2.1 PTM Configuration
Based on the agreements from RAN2 about mobility, the UE shall keep receiving multicast session in RRC_inactive state if the configuration of the new cell is available for the UE, and if the configuration of the active session is not available for the new cell, then the UE is required to resume RRC connection to get the Multicast MRB configuration. This RAN2 agreement can be applied for both solutions.
· MCCH solution: the UE shall resume when cannot receive the configuration for the interested session, e.g. if the gNB hasn’t provide the multicast session to the inactive UE, the UE shall resume. 
· In this solution, there is no strong need to coordinate the PTM configuration among the neighbour gNBs.
· RRC dedicated signalling solution: in this solution, the PTM configuration needs to be coordinated among the neighbour gNBs, e.g. via non-UE associated XnAP procedure, there are two different ways to provide the PTM configuration:
· Way 1: the anchor gNB provides a unified configuration to the UEs
· the coordination of the unified PTM configuration will be very hard to converge, since the configuration is controlled by gNB own in a distributed way currently.
· Way 2: the anchor gNB provides a list of configurations for each cell to the UEs. 
· the interaction of configuration will be performed via Xn interface, and any change of the PTM configuration in one of the gNBs/cells, will lead to group paging for all the involved UEs, considering the range of RNA is often large, there may be N * N interactions over Xn interfaces if there is N gNBs in RNA. 
· such configuration update including removal/adding cells (e.g. due to stop/start to provide multicast delivery to inactive UE in some cells) or PTM configuration updates, which will happen frequently and cannot be avoided, which would significantly increase the signalling load to the network and cause extra UE power consumption. 
Proposal 1: For RRC dedicated signalling solution, the coordination of PTM configurations for the multicast session between gNBs is needed, the update of the PTM configuration to the UEs is needed and may happen frequently. For MCCH solution, there is no strong need for the coordination of PTM configurations.
2.2 Context and Area Management
For the multicast session context management, common for both solutions to provide the PTM configuration, there will be the below scenario for gNB to manage the MBS session:
· Option1: gNB only provides multicast service for inactive UE in the cell where at least one connected UE receiving the same service exist.
In the last RAN2 meeting, there was agreement that it is supported that gNB transmit one multicast session to both UEs in CONNECTED and INACTIVE in the same cell. For this option 1, the gNB shall obtain the MBS context by existing Rel-17 signalling. When the last connected mode UE leaves, the gNB may release the MBS session, and then the inactive UE shall resume due to unavailable of the configuration. Based on this, existing Rel-17 MBS context management procedure for multicast can be reused as much as possible, that is preferred by us.
· Option2: gNB provides multicast service for inactive UE in the cell regardless of whether there is a connected UE receiving the same service.
For this option, the MBS session establishment procedure may need to be triggered by the either gNB (R18 mechanism) or CN (R17 mechanism). The gNB triggers other gNB in the RNA to establish the multicast session, the requested gNB shall only provide the multicast session to the inactive UEs. And it is also hard to determine when to release the multicast session, each gNB may need to record the all the requests for the same session is came from which gNB and CN, which is too complex for gNB to achieve. 
Based on the above analysis for the both options, option 1 reuses the R17 mechanism as much as possible, i.e. no extra enhancement is foreseen, which is much easier than option2 for multicast session context management. Based on the agreement of RAN2, UE can determine whether to resume based on whether it has the configuration of the new cell and the session status, regardless of MCCH solution or RRC dedicated solution. For this option, there will be no need to introduce multicast RAN area at all. For option 2, as for RRC dedicated signaling solution, UE will be configured with PTM configuration of a list of cells, and for MCCH solution, UE will receive PTM configuration via MCCH in the new cell. While, the extra coordination between the gNBs will be always performed, and maybe it will also be complex to update such an area. Thus, we do not see the strong need to have a new concept of multicast RAN area descripted in option 2.
Proposal 2: gNB provides multicast service for inactive UE in the cell where at least one connected UE receiving the multicast service exist, and reuse R17 mechanism to manage the multicast session context, no need to introduce a new concept of multicast RAN area.
2.3 State transition and mobility
2.3.1 Session Activation
In the RAN2 reply LS to SA2, it is said that:
	It is possible that the RRC_INACTIVE UE receives MBS data without going back to RRC_CONNECTED state when the MBS session is being activated provided the UE has already joined the multicast session and the UE has valid MRB configuration. As a baseline, group paging can be used to inform the RRC_INACTIVE UE(s) about the session activation. The details are still under discussion in RAN2. 
For group paging initiated for UEs in RRC_IDLE state, per Rel-17 specification, the RRC_INACTIVE UEs will also respond if they receive the corresponding paging message. However, for Rel-18, if the MBS session can be received in RRC_INACTIVE state, the RRC_INACTIVE UE need not go back to RRC_CONNECTED state if the UE has already joined the multicast session and the UE has valid configuration. It is FFS how to avoid these UEs going back to RRC_CONNECTED state when the CN group paging is received.



Based on the reply from RAN2, the RRC_INACTIVE UE need not go back to RRC_CONNECTED state if the UE has already joined the multicast session and the UE has valid configuration. Based on the current specification, the UE is not able to determine whether to resume when receiving the group paging message, unless the gNB indicate to the UE whether to perform resume procedure. However, from gNB point of view, for CN triggered group paging, the gNB cannot distinguish it is triggered due to session release or session activation. In order to indicate to the UE whether to perform resume procedure, the CN shall indicate that the CN group paging is triggered by MBS session activation to the gNB. 
Proposal 3: The CN needs to indicate whether the CN group paging is triggered for MBS session activation or not to the gNB.
2.3.2 Session Deactivation
In the RAN2#119 meeting, it is agreed that 
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.
It is focus on the cell reselection scenario for active session, while there is no conclusion on whether the same mechanism can be also applied to the deactivation session. 
In the RAN2#119bis meeting, it is agreed that
If a UE is in RRC_INACTIVE and is configured to receive a multicast session in RRC_INACTIVE, the UE may be notified when the multicast session is deactivated. FFS how (e.g., informed via group paging, MCCH, or other ways).
Then, for the scenario that the cell reselection for the UE notified session deactivation, we will further discuss.
In our opinion, for the deactivated session, group paging will be performed during session activation, there is no need for the UE to resume upon cell reselection to neighbour cells without PTM configuration for inactive multicast session for MCCH solution. In such case, when the session activation, the UE can trigger RRC resume procedure if there is still no PTM configuration in MCCH or keep in inactive state if the if the PTM configuration is available in MCCH.
Proposal 4: For MCCH solution: upon cell reselection to neighbour cells with joined deactivated multicast session, if the configuration of the session is not available for the new cell for UEs in INACTIVE, the UE is NOT required to resume RRC connection.
For RRC dedicated solution, the UE shall resume to obtain the PTM configuration anyway if there is no available PTM configuration. In this case, the UE can resume upon cell reselection to new cell. This avoids the problem that a large number of UEs resume at the same time when session activation if the UE resumes only when session activation.
Proposal 5: For RRC dedicated signalling solution: upon cell reselection to neighbour cells with joined deactivated multicast session, if the configuration of the session is not available for the new cell for UEs in INACTIVE, the UE is required resume RRC connection.
2.3.3 Service continuity in congestion scenario
Considering that the inactive mode reception of multicast service is often enabled in congestion scenario, when the RRC_CONNECTED state UEs receiving multicast service move to a congestion target cell, e.g., if the handover is failed (admission control failure due to congestion at target), in case the multicast service is ongoing and inactive reception is enabled in the target cell, the source NG-RAN node should move the UEs to RRC_INACTIVE state, and then the UEs will be able to continue receiving the multicast service in the target cell.
Proposal 6: The source NG-RAN node should move the UEs to RRC_INACTIVE state to enable the UE receiving multicast service in the target cell, in case the target is congested (e.g. HO is failed) but the multicast service is ongoing and inactive reception is enabled in the target cell.
2.4 F1 impact
In the last meeting, RAN3 has agreed that “During an active multicast session, the gNB-DU shall keep the PTM transmission when delivering respective multicast data to RRC_INACTIVE UEs”. However, there is no conclusion that how the gNB-CU notifies gNB-DU to receive the multicast data in RRC_INACTIVE state. We consider that there are two options to solve the above issue:
Option 1: gNB-CU notifies gNB-DU by per UE F1AP UE Context Release procedure.
For this option, gNB-CU needs to notify gNB-DU multiple times for several UEs for a same MBS session, increasing more signalling overhead. Besides, it is not necessary for gNB-DU to aware the information of which UEs is receiving the multicast session in inactive states in the corresponding cell. 
Option 2: gNB-CU notifies gNB-DU by non-UE associated Multicast Context Management procedure.
This option is more straightforward by using non-UE associated procedure, and gNB-CU only needs to notify gNB-DU one time. Based on this, we prefer that gNB-CU shall notify gNB-DU to keep the PTM transmission via non-UE associated Multicast Context Management procedure.
For the details for the option2, how to design the signalling will be depend on the PTM configuration solution. If MCCH solution is adopted, the MCCH message will be generated by gNB-DU similar with Rel-17 broadcast, then the gNB-DU can keeps PTM transmission by itself. If RRC solution is adopted, there may be an indicator to gNB-DU to achieve this.
Proposal 7: gNB-CU shall notify gNB-DU to keep the PTM transmission via Multicast Context Management procedure, and the details depend on the solution of PTM configuration.

3. Proposals
[bookmark: _Toc423020280]In this contribution, we discuss the support of multicast reception by UEs in RRC_INACTIVE state, and get the following proposals:
Proposal 1: For RRC dedicated signalling solution, the coordination of PTM configurations for the multicast session between gNBs is needed, the update of the PTM configuration to the UEs is needed and may happen frequently. For MCCH solution, there is no strong need for the coordination of PTM configurations.
Proposal 2: gNB provides multicast service for inactive UE in the cell where at least one connected UE receiving the multicast service exist, and reuse R17 mechanism to manage the multicast session context, no need to introduce a new concept of multicast RAN area.
Proposal 3: The CN needs to indicate whether the CN group paging is triggered for MBS session activation or not to the gNB.
Proposal 4: For MCCH solution: upon cell reselection to neighbour cells with joined deactivated multicast session, if the configuration of the session is not available for the new cell for UEs in INACTIVE, the UE is NOT required to resume RRC connection.
Proposal 5: For RRC dedicated signalling solution: upon cell reselection to neighbour cells with joined deactivated multicast session, if the configuration of the session is not available for the new cell for UEs in INACTIVE, the UE is required resume RRC connection.
Proposal 6: The source NG-RAN node should move the UEs to RRC_INACTIVE state to enable the UE receiving multicast service in the target cell, in case the target is congested (e.g. HO is failed) but the multicast service is ongoing and inactive reception is enabled in the target cell.
Proposal 7: gNB-CU shall notify gNB-DU to keep the PTM transmission via Multicast Context Management procedure, and the details depend on the solution of PTM configuration.

The TP to TS 38.300 and TS 38.401 on supporting multicast reception for RRC_Inactive are provided in the Annex A and B.
Annex A. TP to TS 38.300
-----------------Start of the Changes-------------------
[bookmark: _Toc109154037]16.10.5	Multicast Handling
[bookmark: _Toc115390174]>>> skip unchanged part
16.10.5.4	Reception of MBS Multicast data
For multicast service, gNB may deliver Multicast MBS data packets using the following methods:
-	PTP Transmission: gNB individually delivers separate copies of MBS data packets to each UEs independently, i.e., gNB uses UE-specific PDCCH with CRC scrambled by UE-specific RNTI (e.g., C-RNTI) to schedule UE-specific PDSCH which is scrambled with the same UE-specific RNTI.
-	PTM Transmission: gNB delivers a single copy of MBS data packets to a set of UEs, e.g., gNB uses group-common PDCCH with CRC scrambled by group-common RNTI to schedule group-common PDSCH which is scrambled with the same group-common RNTI.
If a UE is configured with both PTM and PTP transmissions, a gNB dynamically decides whether to deliver multicast data by PTM leg and/or PTP leg for a given UE based on the protocol stack defined in clause 16.10.3, based on information such as MBS Session QoS requirements, number of joined UEs, UE individual feedback on reception quality, and other criteria. The same QoS requirements apply regardless of the decision. During an active multicast session, the gNB shall keep the PTM transmission to support multicast reception for RRC_INACTIVE UEs.
>>> skip unchanged part
[bookmark: _Toc109154050]16.10.5.X Multicast Reception in RRC_INACTIVE mode
The MBS multicast may also be received by the UEs in RRC_INACTIVE state, the gNB makes the decision on whether to move a UE to RRC_INACTIVE mode to receive a multicast service, based on e.g. the QoS parameters of the service, the UE radio capability, cell load, etc. 
-----------------End of the Changes-------------------

[bookmark: _Toc98351702][bookmark: _Toc98748000][bookmark: _Toc105704386][bookmark: _Toc106108504][bookmark: _Toc107829476][bookmark: _Toc112703235]Annex B. TP to TS 38.401
-----------------Start of the Changes-------------------
7.7	Support for NR MBS
The Support of NR MBS in non-split gNB case is specified in TS 38.300 [2].
[bookmark: _Toc98351703][bookmark: _Toc98748001][bookmark: _Toc105704387][bookmark: _Toc106108505][bookmark: _Toc107829477][bookmark: _Toc112703236]7.7.1	Support of dynamic PTP and PTM switching
NG-RAN supports dynamic switch between PTP and PTM for MBS as specified in TS 38.300 [2].
In case of split gNB architecture, for a split MRB bearer with common PDCP, upon receiving the MBS data from the gNB-CU via a shared F1-U tunnel, the gNB-DU makes decision of using PTP (RLC leg) or PTM (RLC leg).
During an active multicast session, the gNB-DU shall keep the PTM transmission to support multicast reception for RRC_INACTIVE UEs.
-----------------End of the Changes-------------------
