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1	Introduction
The Rel-18 work item on Enhancements of NR Multicast and Broadcast services has been agreed in [1] with the objectives including: 
· 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]
Rel-17 work specified multicast reception for UEs in RRC_CONNECTED state, whereas Rel-18 WID targets especially cells with a large number of UEs. In addition to the varied limitations on the network side for keeping all UEs receiving a multicast service in RRC_CONNECTED state, receiving multicast transmission in RRC_INACTIVE state by the UEs is assumed to be more power efficient [1]. 
In this paper, we provide an analysis of the configuration principles to operate the feature of multicast reception in RRC_INACTIVE state, in addition to the principles for mobility aspects. Furthermore, we provide an analysis of the RRC state transitions, and the details on notifications to be provided to the UEs. Previous agreements in RAN2#119-e, RAN2#119bis-e, RAN2#120, RAN2#121, RAN2#121bis-e, RAN2#122 and RAN2#123 meetings [2][3][4][5][6][7][8] are considered and open issues are targeted. 
2	Principles for MBS reception in RRC_INACTIVE state
2.1	Configuration of the UEs for Receiving Multicast Services in RRC_INACTIVE State
The following related agreements were made in RAN2#121 and RAN2#121bis regarding the information delivered to the UE to receive multicast in RRC_INACTIVE state, and the means to provide such information to the UE [5][6]:
When network configures UE to receive multicast in INACTIVE state, RRCRelease message with suspendconfig can be used to deliver the PTM configuration. Other dedicated RRC messages will not be used to provide PTM configuration for MBS multicast for INACTIVE.
If network finds it useful, the PTM configuration for the (single) serving cell can be configured to UE before the session activation, and UE stores the configuration. When session is activated, UE can receive multicast in INACTIVE state by applying the configuration without going back to RRC_CONNECTED, if not updated by MCCH after being configured.
Similar to Rel-17 broadcast reception procedure, UE acquires new SIB and multicast MCCH to get PTM configuration after cell reselection.

Moreover, there is the following FFSs in the Running RRC CR and Running Stage-2 CR:
Editor’s Note: FFS if “configured with MBS multicast reception in RRC_INACTIVE” should be replaced with other description or terminology.
Editor’s Note:	FFS that the above description of PTM configuration(s) delivery will be revised according to future conclusions.  
Editor’s Note: 	FFS whether the UE can get the initial PTM configuration via multicast MCCH.  

In our understanding, PTM configuration in the above agreements refer to the content of MCCH, i.e., information needed by the UE to receive multicast in RRC_INACTIVE state excluding the information about how to receive MCCH. The latter is referred as Multicast MCCH configuration. With this understanding, above agreements lead to:
· RRC release with suspendConfig can be used to deliver PTM configuration to the UE, while sending the UE to RRC_INACTIVE state, for the serving cell, while being not mandatory. 
· PTM configuration of a specific service can be provided in RRC release with suspendConfig independent from multicast session’s activation state.
· When the UE reselects to a new cell, it checks the SIBx/MCCH of the cell to receive the multicast MCCH configuration and PTM configuration to receive multicast, if available. 
Based on the above agreements and running CR the following issue is still open: What is the condition at the UE to start monitoring MCCH after being sent to RRC_INACTIVE state from RRC_CONNECTED state?
In our understanding, RRC release is not an enable/disable signal for RRC_INACTIVE reception at the UE. Current text in RRC running CR talks about “UE receiving configuration to receive multicast in RRC_INACTIVE state”, but such configuration needs clarifications, at least due to following reasons:
· gNB is not mandated to provide PTM configuration of any multicast service in RRC release with suspendConfig. gNB may decide not to provide the initial PTM configuration in RRC release, rather the UE would receive it via MCCH.
· Since RRC_INACTIVE multicast reception is per cell decision, UE may get the “initial PTM configuration” for RRC_INACTIVE reception in a neighbor cell for a service. 
· UE may be sent to RRC_INACTIVE state in a cell where a service is not provided, i.e., out of service area. But such UE may come to a cell in RRC_INACTIVE where the service is provided to UEs in RRC_INACTIVE. This UE needs to receive MCCH to learn about configuration. 
· A service may be deactive in a cell, where the UE is sent to RRC_INACTIVE. UE may go to a neighbor cell and it would be beneficial for the UE to receive MCCH for that service for future activation (note that PTM configuration of a deactive service is given only if gNB finds it useful, i.e., not mandatory).
Observation 1: RRC release providing PTM configuration is not an enable/disable signal for RRC_INACTIVE reception at the UE and cannot be used as such for several reasons:
· gNB is not mandated to provide PTM configuration of any multicast service in RRC release with suspendConfig. gNB may decide not to provide the initial PTM configuration in RRC release, rather the UE would receive it via MCCH.
· Since RRC_INACTIVE multicast reception is per cell decision, UE may get the “initial PTM configuration” for RRC_INACTIVE reception in a neighbor cell for a service, although the service is not provided to UEs in RRC_INACTIVE in the cell that sent the UE to RRC_INACTIVE. 
· UE may be sent to RRC_INACTIVE state in a cell where a service is not provided, i.e., out of service area. But such UE may come to a cell in RRC_INACTIVE where the service is provided to UEs in RRC_INACTIVE. This UE needs to receive MCCH to learn about configuration. 
· A service may be deactive in a cell, where the UE is sent to RRC_INACTIVE. UE may go to a neighbor cell and it would be beneficial for the UE to receive MCCH for that service for future activation  (note that PTM configuration of a deactive service is given only if gNB finds it useful, i.e., not mandatory).
Proposal 1: RRC release providing PTM configuration is not an enable/disable signal for RRC_INACTIVE reception at the UE for a multicast service.
Some companies have proposed to include a flag in RRC release to indicate the UE that the service will be provided in RRC_INACTIVE state, for the UE to start monitoring MCCH. In our view, this approach is not feasible, as transmitting data to the UEs in RRC_INACTIVE state is per cell decision. For example, if such flag is not given to the UE for the serving cell while sending the UE to RRC_INACTIVE, would this UE not monitor MCCH for a particular multicast service also in a neighbor cell? Note that information regarding inter-gNB cells will not be provided in RRC release message. 
However, a Rel-18 UE should also not be mandated to look for SIBx/MCCH in a network where RRC_INACTIVE state multicast delivery is not deployed, e.g., a network with Rel-17 only gNBs. Also, there is a need for a method to “configure UEs for RRC_INACTIVE reception” based on the agreements. For those reasons, we propose that the UE can be configured to receive “any” multicast service in RRC_INACTIVE state in the RRC release message. 
Such indication can be the existence of MulticastConfigInactive-r18 IE that is currently provided to the UE for MCCH and PTM configuration (both optional) in the Running RRC CR. Note that even the IE an empty content can be the indication.
Proposal 2: UE can be configured to receive “any” multicast service in RRC_INACTIVE state in the RRC release message with suspendConfig.
· Existence of MulticastConfigInactive-r18 IE is the configuration.
	Note: This configuration is not per multicast service.
That way, a UE in RRC_INACTIVE state that joined successfully via NAS signalling to an MBS session(s) and also received such configuration shall monitor SIBx/MCCH for that respective TMGI(s).
Proposal 3: A UE in RRC_INACTIVE state that joined successfully to an MBS multicast session monitors SIBx/MCCH for that particular service, in case UE receives MulticastConfigInactive-r18 IE in RRC release.

We also would like to note that the field description of MulticastConfigInactive-r18 IE in the current RRC running CR is not reflecting RAN2 agreements. 
multicastConfigInactive
Indicates the multicast services that can be received in RRC_INACTIVE and optionally the corresponding configuration.
Such mistake was introduced due to the following RAN2 agreements, whose point was to indicate that the gNB can indicate which services can be continued to be received when UE transitions from RRC_CONNECTED to RRC_INACTIVE [8]:
NW indicates which multicast service can be received in INACTIVE in suspendConfig of RRC Release. FFS how exactly this is indicated
Unless blocking issues are identified, UE behaviour is not to suspend corresponding multicast MRBs and to keep using them in INACTIVE

RRC_INACTIVE reception is a per cell decision. Therefore, a cell can decide to provide services to UEs in RRC_INACTIVE, whereas another cell may not. Furthermore, not all the cells in the RNA may be included in the service areas of all sessions that the UE has joined. For those reasons, a cell cannot decide which services can IN GENERAL be received in RRC_INACTIVE. Stage-2 Running CR reflects the correct behavior:
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We propose that the IE description is therefore adjusted to reflect Proposal 2/3 above:

Proposal 4: IE description of multicastConfigInactive is updated to: Indicates multicast services can be received in RRC_INACTIVE state and optionally the configuration to receive multicast services in the current cell in RRC_INACTIVE state.
 

2.2	Suspension/Continuation of MRBs (and Multicast Service Reception) when Transitioning from RRC_CONNECTED to RRC_INACTIVE State
The following agreements were made the last time:
NW indicates which multicast service can be received in INACTIVE in suspendConfig of RRC Release. FFS how exactly this is indicated.
Unless blocking issues are identified, UE behaviour is not to suspend corresponding multicast MRBs and to keep using them in INACTIVE.
A UE can be given the PTM configuration via RRC release. If network finds it useful, this could even be done for a deactive session. To distinguish the MRBs to be continued and suspended, UE should be provided with an indication for “not suspending/continuing” MRBs (or MRBs of the sessions that are active) while being sent to RRC_INACTIVE state.
The UE monitors such MRBs as soon as it is in RRC_INACTIVE state, and suspends the other MRBs it was using in RRC_CONNECTED state (and not monitor the corresponding G-RNTIs).
Proposal 5: The UE is provided with an explicit indication for “not suspending/continuing” MRBs while being sent to RRC_INACTIVE state, and UE monitors such MRBs as soon as it is in RRC_INACTIVE state, while suspending the other MRBs (and not monitor the corresponding G-RNTIs) for which such indication is not received.
· This indication is per TMGI. 



3	Principles of Multicast Reception in RRC_INACTIVE State at Mobility
The following table summarizes all mobility and state transition cases and necessary actions for a UE receiving a multicast transmission in one delivery mode from the source cell and in same or different delivery mode from the target cell:
	         Target Cell

Source Cell
	RRC_CONNECTED (Rel-17 multicast delivery mechanism)
	RRC_INACTIVE 

	RRC_CONNECTED (Rel-17 multicast delivery mechanism)
	Scenario 1
Example use case: Source and target cells are providing multicast to the UE in RRC_CONNECTED state, i.e., Rel-17 multicast reception.
Action: Rel-17 handover of MRBs. 
	Scenario 2
Example use case: Source cell is providing multicast to the UE in RRC_CONNECTED state, target cell is providing multicast to the UE in RRC_INACTIVE state and no other unicast service exists for this UE to be handed over.
Action: A handover command sending the UE to RRC_INACTIVE, releasing source MRB(s) and indicating the target SIB/MCCH/MTCH configuration. 

	RRC_INACTIVE 
	Scenario 3
Example use case: Source cell provides multicast to the UE in RRC_INACTIVE state and target cell provides in RRC_CONNECTED state. 
Action: UE reselects the target cell, checks SIB/MCCH and cannot find the service provided to UEs in RRC_INACTIVE. UE shall reconnect unless session is inactive. 
Warning: means shall be provided to enable RRC_INACTIVE UE to differentiate the cases where:
1. Target cell does not currently provide service to UEs in RRC_INACTIVE state, but rather only UEs in RRC_CONNECTED state 
2. Where the session is deactivated. 

For that, we provide more details in Section 4.3.
	Scenario 4
Example use case: Source and target cells are providing multicast to the UE in RRC_INACTIVE state.
Action: UE reselects the target cell, UE reads new broadcasted SIB/MCCH/MTCH configuration and continues reception. 




Scenario 1 is already supported. For scenario 2, we propose that RAN2 further specifies the mechanisms and the details to provide the necessary enhancements for the needed mobility and state transitions. A target node of the handover should be able to directly send the UE to RRC_INACTIVE state, rather than first accepting UE in RRC_CONNECTED state, i.e., conventional handover of the UE, and then sending another RRC release with suspendConfig to send the UE to RRC_INACTIVE state, as such process would require redundant signalling. Rather than that, a target node should be able to directly send the UE to RRC_INACTIVE state via handover command.
In our view, target cell can directly provide the PTM configuration and multicast MCCH configuration to the UE during handover, e.g., either via RRC reconfiguration command including the handover command or RRC release to be produced by the source cell that would guide UE to RRC_INACTIVE.
Proposal 6: A target gNB of a handover may directly send the UE to RRC_INACTIVE state via handover command. 
· FFS: Configuration of the target gNB is provided in RRC release of handover command.

For scenario 3 to properly function, a notification in SIB/MCCH is needed, and this is provided in Section 4.3. Scenario 4 is rather simple, however, means shall be provided to guide the UE in RRC_INACTIVE state to the best possible neighbor frequency, which is discussed in the next section. 

3.1	Cell Reselection Optimization for UEs in RRC_INACTIVE State Receiving Multicast Services
Frequency prioritization may be provided to the UE for cell reselection for multicast reception in RRC_INACTIVE, detailed mechanism on how to identify the frequency info (e.g., SAI, USD, or frequency info directly provided by network) is FFS.
No need to define a mechanism other than the frequency prioritization, i.e., per cell based prioritization in cell re-selection, to help UE choose the right cell to camp on.
With the above agreements, RAN2 agreed define a mechanism to guide the UE to a frequency that provides the service for service continuity purposes, similar to Rel-17 broadcast frequency prioritization feature. Furthermore, RAN2 agreed not to use a cell-based prioritization, e.g., cell reselection should not be guided by neighbor cell list.
Furthermore, in the last meeting RAN2 agreed the following:
Dedicated frequencies in RRCRelease can be used by the NW, as legacy
FFS whether we need something more, e.g. frequency priorities in MCCH or a solution based on FSAI
A gNB can signal the dedicated frequency priorities only for the neighbor cells, i.e., a gNB does not have idea on whether a service is provided in RRC_INACTIVE (nor in RRC_CONNECTED) in the cells that are not direct neighbors. For the direct neighbors, it may know due to Neighbor Cell List relevant information exchange (which is also not yet agreed in RAN3). Therefore, dedicated frequencies in RRC release may only be helpful for the cell reselection scenarios to direct neighbors’ of the cell that sent the UE to RRC_INACTIVE state.
Observation 2: A gNB does not have idea on whether a service is provided in RRC_INACTIVE (or in RRC_CONNECTED) in the cells that are not direct neighbors. Therefore, dedicated frequencies in RRC release may only be helpful in direct neighbors, provided that NCL mechanism requires Xn interface enhancements.
In our view, FSAI-based mechanism from broadcast cell reselection is to be reused, as the mechanism is well-known by the companies and significant amount of effort was spent in Rel-17 to define such complete behavior:
0. RAN nodes are configured with FSAI to frequency mapping, and this information is exchanged among neighbor gNBs. 
0. UEs are informed about FSAI to MBS service mapping via service announcement (UEs can also be directly given frequencies rather than FSAIs mapping to a multicast service).
0. RAN node signals SIBx (possibly similar to broadcast SIB21) including FSAI to neighbor frequencies (intra-frequency neighbors as well).
0. UE prioritizes neighbor frequencies during cell reselection in RRC_INACTIVE state.

For that reason, coordination with SA2 for the provision of FSAIs (as AF/MB-SMF configuration/involvement would be needed) is required.

Proposal 7: For multicast service continuity, the UE in RRC_INACTIVE state uses FSAI-based frequency prioritization mechanism of Rel-17 broadcast. 

Proposal 8: RAN2 sends an LS to SA2 regarding the feasibility of provisioning of FSAIs also for multicast services.


3.2	Neighbor Cell List for UEs in RRC_INACTIVE State Receiving Multicast Services
Running RRC CR includes the following IE within RRC release and MCCH to be provided to the UEs:

mbs-NeighbourCellList
List of neighbour cells providing one or more MBS multicast services for RRC_INACTIVE that are provided by the current cell.

How would gNB get to know of neighbor gNBs’ delivery, i.e., whether multicast setup is established with the core network and whether the service is provided to the UEs in RRC_INACTIVE? Currently, there are no means for such information exchange. Therefore, RAN3 should specify the procedure regarding neighbor gNBs’ information exchange on multicast delivery to UEs in RRC_INACTIVE state.

Proposal 9: An LS is sent to RAN3 to define the signalling for information exchange on multicast delivery to UEs in RRC_INACTIVE state between neighbor gNBs.


Moreover, in the Running RRC CR:
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This seems to imply UE behaviour is mandated to reconnect to RRC_CONNECTED although it was agreed:
The neighbor cell list mechanism for multicast reception in RRC_INACTIVE may be configured e.g. it can be used by UE to resume RRC connection if service is not available in the re-selected cell by NCL, without reading MCCH in the re-selected cell, in some aspects similar to Rel-17 NCL mechanism in MBS broadcast.

For the broadcast handling UE behaviour is in fact captured in Stage-2 and we think similar handling should be done also for RRC_INACTIVE. Problem with mandating UE always to reconnect if the mbs-NeighbourCellList  is included and the UE session is not in the list. would require that if the list is sent then NW has to coordinate every single service although this is not likely feasible. It will also trigger further discussions that we held in Rel-17 regarding the existence etc. of the TMGI in the list. That’s why we think one should not mandate this behaviour for the UE as UE could use some cleverness to understand when the reconnection is actually required.
Proposal 10: Remove the UE behaviour from Stage-3 regarding mbs-NeighbourCellList. as the UE behaviour is already captured in Stage-2.
The current text in running stage-2 CR regarding this is as follows:
The gNB may indicate in the multicast MCCH of current serving cell the list of neighbour cells providing the same MBS multicast service(s) for UEs in RRC_INACTIVE state as provided in the serving cell. This allows the UE, e.g., to resume RRC connection without reading MCCH of the re-selected cell, if service is not available to the UE in RRC_INACTIVE state. 

3.3	Multicast Service Continuity After Cell Reselection in RRC_INACTIVE State
This issue is discussed in our companion paper on User Plane aspects [9].

4	Management of Multicast Delivery to UEs in RRC_INACTIVE State
With the understanding explained in previous sections on how the multicast delivery to the UEs in RRC_INACTIVE state is configured, several elements are needed to be considered to manage the delivery of the multicast sessions to the UEs in RRC_INACTIVE state, which will be discussed in the upcoming sections.
4.1	Details of MCCH for Multicast Reception in RRC_INACTIVE State
New MCCH logical channel was agreed to be used for multicast reception in RRC_INACTIVE state, along with a new SIBx. This avoids the usage of the same MCCH-RNTI for broadcast to be used also for multicast. Thus, a new MCCH-RNTI for multicast is needed. 
Proposal 11: A new MCCH-RNTI is specified to receive the new MCCH for multicast.

4.2	Details of DCI to Be Used for Multicast Reception in RRC_INACTIVE State
RAN1 replied the RAN2 LS R2-2304330 on multicast reception in RRC_INACTIVE with R1-2306243. Based on the reply, there is no consensus to support DCI format 4_2 for multicast MTCH reception in RRC INACTIVE in RAN1. The main reason was that the support of DCI format 4_2 is optional for a Rel-17 UE (and RAN1 expects that to be optional also for Rel-18 UE).

Observation 3: There is no consensus to support DCI format 4_2 for multicast MTCH reception in RRC INACTIVE in RAN1, where the main reason is the DCI format 4_2 being optional for a Rel-17 UE.

Previously, RAN2 agreed to be able to use same DCI to schedule both RRC_INACTIVE and RRC_CONNECTED UEs. For that reason, in light of RAN1 reply, there are the following options for the system design:

A) DCI format 4_2 is not mandatorily supported by Rel-18 UEs (Rel-17 behavior).
Option A-1): As soon as gNB enables transmission to RRC_INACTIVE UEs, gNB uses DCI format 4_1 for all UEs.
Disadvantage would be not being able to use more functionality offered by DCI format 4_2 (e.g., more HARQ detailed options, MIMO options on top of 4_1) for UEs in RRC_CONNECTED state. 

Option A-2) gNB uses DCI format 4_1 for RRC_INACTIVE UEs (+ possibly CONNECTED UE not supporting 4_2) and 4_2 for RRC_CONNECTED UEs to schedule the same data. 
Disadvantage of this option would be more PDCCH overhead due to 2 DCI scheduling the same data.

B) All Rel-18 UEs mandatorily support DCI format 4_2 for reception in RRC_INACTIVE state. In this case, gNB can freely choose based on the capability of Rel-17 UEs to transmit either DCI format 4_1 or 4_2 for UEs in RRC_INACTIVE and RRC_CONNECTED states.

Proposal 12: Regarding the system design for DCI operation, RAN2 discusses the following options:
A) DCI format 4_2 is not mandatorily supported by Rel-18 UEs (Rel-17 behavior):
Option A-1): As soon as gNB enables transmission to RRC_INACTIVE UEs, gNB uses DCI format 4_1 for all UEs.
Option A-2) gNB uses DCI format 4_1 for RRC_INACTIVE UEs (+ possibly CONNECTED UE not supporting 4_2) and 4_2 for RRC_CONNECTED UEs to schedule the same data. 

B) All Rel-18 UEs mandatorily support DCI format 4_2 for reception in RRC_INACTIVE state. In this case, gNB can freely choose based on the capability of Rel-17 UEs to transmit either DCI format 4_1 or 4_2 for UEs in RRC_INACTIVE and RRC_CONNECTED states.


4.3	Indication of Multicast Session Activation/Deactivation to UEs in RRC_INACTIVE State
Aspects of running CR in 5.3.2.3
In the current running CR in case UE is paged with both unicast (UE_ID) and group paging (TMGI), UE will first forward UE identity and then TMGIs later to the upper layers. This could lead to situation that upper layers respond to both pagings although UE should only respond to unicast paging. Either we could change the RAN2 CR in such a way that only unicast identity is forward in this scenario or then we send a LS to CT1 and ask whether in this scenario there is a problem identified. To us it would be just simpler to change RAN2 CR
Proposal 13: Ensure that UE only responds to unicast paging (either I-RNTI or upper layer allocated identity) if paged with both unicast and group paging.

Enhanced Group Paging and Special UEs
Following Editor’s Note is there in the running RRC specification:
Editor’s note: FFS whether a UE shall apply the multicast MCCH information acquisition procedure upon receiving paging with inactiveReceptionAllowed included for the concerned TMGI(s).
Currently, if the UE in RRC_INACTIVE state does not have the PTM configuration already (either via RRC release or MCCH) when receiving enhanced group paging, this UE goes to RRC_CONNECTED state. This would mean that the PTM configuration of the service should be signalled to the UEs before the session gets activated, in case gNB desires UE to stay in RRC_INACTIVE. 
Furthermore, during post-meeting email discussions, companies indicated that an RRC_INACTIVE UE may stop monitoring MCCH, if there is no active session that the UE had joined. In case the PTM configuration changes while the UE is not monitoring MCCH, once the session gets activated, UE would need to read the MCCH to receive the up-to-date PTM configuration.
To avoid these limitations, enhanced group paging can lead UE to start reading MCCH. In case UE cannot find the PTM configuration in MCCH even in the next modification period, that can lead UE to transition to RRC_CONNECTED state.
Proposal 14: For a Rel-18 UE, enhanced group paging for the respective service leads UE to receive MCCH. 
· In case UE cannot find the PTM configuration in MCCH in the next modification period, UE to transitions to RRC_CONNECTED state.
· If the UE already has a PTM configuration for the respective service, UE immediately starts decoding for data.
In addition, the following agreement was made in the last meetings:
A "special UE" identified by MBS assistance information from 5GC can be released to RRC_INACTIVE (e.g., when the session is deactivated). FFS how can network enable such UE to resume to RRC_CONNECTED upon session activation
As agreed by SA2 WG, there may be some UEs, e.g., frequent talkers of a public safety session or platoon leaders, that are preferably kept in RRC_CONNECTED state when receiving a multicast session. A gNB can be informed about such UEs by the core network via different means. In that case, even though some other Rel-18 UEs are to be staying in RRC_INACTIVE state when the session is activated, such UEs would still be desired to go to RRC_CONNECTED state. When such UE receives a group paging message, i.e., either Rel-17 group paging or enhanced group paging as proposed above, it should go into RRC_CONNECTED state. For the Rel-17 group paging, anyway the UE would reconnect via current means. However, for the enhanced group paging using the extra paging indication to keep other UEs in RRC_INACTIVE, such UEs are to be informed to still go to RRC_CONNECTED state. Otherwise, extra unicast paging would be required towards such UEs. For such informing, while releasing UE to RRC_INACTIVE, the UE can be configured with the information that it should always reconnect in case of a specific multicast session activation.
Observation 4:  gNB based on information from core and from some other internal information may desire to get only some of the Rel-18 UEs, e.g., special UEs, to RRC_CONNECTED from RRC_INACTIVE, when the session gets activated. 
Proposal 15: Special UEs, e.g., the ones preferred by 5GC to be served in RRC_CONNECTED for a multicast session, can be configured when UEs are released to RRC_INACTIVE state, e.g., to always come to RRC_CONNECTED state in case of session activation.

MCCH Enhancements for Session Activation Status
RAN2 made the following agreement to signal session deactivation to the UEs in RRC_INACTIVE state:
MCCH is used for notifying MC session deactivation for multicast reception in RRC_INACTIVE to enable Rel-18 UE to stay in RRC_INACTIVE and stop monitoring corresponding G-RNTI. 

Moreover, additional mechanisms are needed in addition to the group paging for indication of activation of a multicast session to UEs in RRC_INACTIVE state. For example, a UE in RRC_INACTIVE state may be out of the service area of the multicast session initially, but then may go into a cell within the service area. This UE may have missed the group paging performed by the gNB (as above).
Observation 5: A UE in RRC_INACTIVE state may be out of the service area of the multicast session initially, but then may go into a cell within the service area. This UE may have missed the group paging performed by the gNB for session activation.
Furthermore, the following was agreed:
When a UE reselects to a cell for which PTM configuration is not available in multicast MCCH, the UE initiates RRC resumption procedure for an active multicast session it is interested to receive or continue receiving.
When camping in a new cell, a UE can check broadcasted SIBx/MCCH to see whether the configuration of RRC_INACTIVE multicast session reception is provided. There are two possibilities:
1- MCCH contains the configuration of RRC_INACTIVE multicast session reception
In this case, the UE would understand the session is active and it can receive the service in RRC_INACTIVE state. 
2- MCCH does not contain the configuration of RRC_INACTIVE multicast session reception 
Either the service is inactive, or the service is provided only to the UEs in RRC_CONNECTED state, e.g., audience size is small, therefore, gNB decides on Rel-17 multicast delivery method. In the former case, the UE does not need to reconnect, whereas in the latter, the UE should reconnect to receive the multicast session.

To overcome above mentioned ambiguity in (2), an indication can be provided in MCCH, indicating whether a service is active/deactive. A session status indication in MCCH would also solve the problem of missed group paging due to UE being out of the service area, the ambiguity mentioned above after cell reselection and the problem of indication of session deactivation to the UEs.

Observation 6: A session activation status in MCCH solves the problem of missed group paging due to UE being out of the service area, the ambiguity mentioned above after cell reselection and the problem of indication of session deactivation to the UEs.

Proposal 16: An indication is provided in MCCH indicating whether a service is active or deactive.

Next, some companies mentioned in post-meeting e-mail discussions that both for “temporary no data” and “session deactivation” cases, gNB indicates the session as “deactive” in RRC release and MCCH to the UEs, so that UEs stop monitoring for the G-RNTI. However, there are problems in such approach:
Technically it does not work for the scenario where the UE ends up in a cell without SIB20/MCCH after cell reselection, e.g., Rel-17 gNB. The UE needs to know whether the session was really deactive (1) or there was temporarily no data (2) in the previously camped cell. If the session was deactive, for sure there will be some paging for this UE (1), if there were temporarily no data, there may not be paging for this UE in the current cell. Assume the following scenario: 
Problematic scenario example if deactivation is indicated also for “temporary no data”: UE is receiving a multicast service in RRC_CONNECTED state in Cell 1. Cell 1 sends the UE to RRC_INACTIVE for multicast reception in RRC_INACTIVE due to congestion. UE starts receiving data in Cell 1. Then, the UE reselects to Cell 2 (of another gNB) and starts receiving the multicast service in Cell 2. After a while, due to temporary no data, UE is provided with “deactive” indication in MCCH, so UE stops monitoring the service. Then, the UE reselects to another Cell 3 and UE cannot find SIBx/MCCH, e.g., Rel-17 gNB. If the UE think that the session is deactive and waits for paging, it will never get paging as Cell 1 has no idea that session was indicated as deactive for this UE and Cell 2 does not know about the UE at all.
Observation 7: There are problematic scenarios where UE ends up waiting for paging, whereas network would never page the UE if the “deactivation indication” in RRC release and MCCH is used both “session deactivation” and “temporary no data”.
Proposal 17: Session status is not indicated as “deactive” in RRC release and MCCH for temporary no data.
Therefore, a separate indication is needed for such cases than “session status”. If companies do not want to specify “temporary no data” flag, perhaps a compromise could be an indication specifically instructs UE to “wait for paging/do not wait for paging”. Such indication can be provided to the UE in RRC release and MCCH per service. 
When the UE receives such indication in RRC release, it stops monitoring for data in the current cell and waits for paging even after cell reselection. When the UE does not receive such indication in RRC release, but only in MCCH, it stops monitoring data only in the cell where such indication is provided (to avoid the problematic scenario explained above).
Proposal 18: A new indication specifically instructs UE to “wait for paging/do not wait for paging” per service. 
· Such indication can be provided to the UE in RRC release and MCCH.
· Note: Such indication can also be used for “continuation/suspension of MRBs” when transitioning from RRC_CONNECTED to RRC_INACTIVE.
Proposal 19:  When the UE receives wait for paging indication in RRC release, it stops monitoring for data in the current cell and waits for paging even after cell reselection.
Proposal 20: When the UE does not receive wait for paging indication in RRC release, but only in MCCH, it stops monitoring data only in the cell where such indication is provided.


4.4	QoS of UEs Receiving a Multicast Session in RRC_INACTIVE State
Due to lack of feedback in the RRC_INACTIVE state (e.g., no HARQ feedback), the gNB cannot monitor/estimate the QoS of the multicast session for UEs in RRC_INACTIVE state. RAN2 considered how can UE/network recover from the scenario that UE in RRC_INACTIVE state does not receive multicast session with sufficient QoS and agreed the following:
UE may trigger RRC connection resumption if the reception quality of the multicast data is below a configured threshold, FFS how to specify the threshold/reception quality.
For a UE receiving multicast in RRC_INACTIVE, the UE resumes the RRC connection when the measured RSRP or RSRQ based on the existing measurement requirements (whichever is configured by the NW) of the serving cell becomes lower than the threshold configured by network. FFS whether/how we need to address ping-pong issue
The threshold can be configured in PTM configuration per MBS session via RRCRelease or multicast MCCH message.
Generally we try to address possible too early trigger of mobility event by either using counter based approach (like in RLM) or delay the trigger so that event needs to fulfil the trigger for some duration (Treselection/TTT type of delay) - also one uses power domain hysteresis e.g. Qhyst (in IDLE) and Hysteresis (for events in RRC_CONNECTED). 
Of course now the threshold triggering moving to RRC_CONNECTED does not pose such a risk as regular mobility events as the UE will just move to different state but does not delay the mobility based on the event. Of course it is not favorable that UE trigger state transition too quickly.
Observation 8: It is not as critical to have state transitions triggered by connection resume threshold as does occur with mobility type of events.
It should be also understood that it is of no UE interest to trigger state transitions too quickly or too often so it is so it may be also fine that UEs internally handle how to avoid too frequent state transitions. Drawback of this is that it would not really be testable:
Observation 9: leaving power and time domain hysteresis up to UE implementation for triggering state transition is not testable.
Thus in the end it might be best to try to reuse some of the existing systems used for handling similar scenarios. It seems closest scenario is e.g. event A1 i.e. we would have separate entering and leaving conditions (i.e. power domain hysteresis) and then the evaluation should be fulfilled for sufficient amount of time (time to trigger). 
Proposal 21: Define entering and leaving conditions for the threshold to trigger state transitions (for power domain) and then state transitions would be trigger if the entering condition is fulfilled for a time duration (time to trigger) i.e. one could “copy-paste” event A1 type of handling. 

4.5	Beam Management for Multicast Sessions
For Rel-17 MBS multicast, since all the UEs receiving the multicast are in RRC_CONNECTED state, the network can transmit the PTM transmission only to those beams under which there are multicast UEs. When some UEs are released to RRC_INACTIVE, the network does not anymore know under which beams there are multicast UEs and therefore, the MBS multicast has to be transmitted to all the beams of the cell. RAN2 therefore agreed that the multicast transmission in RRC_INACTIVE is performed via beam sweeping based on SSB index like broadcast MBS (i.e., beam information is not needed in DCI).
[bookmark: _Hlk125466025][bookmark: _Hlk125465862]When the multicast PTM transmission is performed via beam sweeping, it is important that the UEs receiving the transmission know the mapping between a given beam and certain PDCCH monitoring occasions. This is especially beneficial from UE power consumption point of view as the UE need not monitor all the PDCCH monitoring occasions to receive the MBS multicast transmission. Therefore, it would be beneficial to indicate to both RRC_INACTIVE and RRC_CONNECTED UEs when beam sweeping is applied as well as the mapping between the beams and the PDCCH monitoring occasions.
Proposal 22: For power saving purposes, indicate to both RRC_INACTIVE and RRC_CONNECTED MBS multicast UEs receiving the PTM transmission when beam sweeping is applied as well as the mapping pattern between the beams and the PDCCH monitoring occasions.


5	Conclusion
In this contribution, we have the following observations:
Observation 1: RRC release providing PTM configuration is not an enable/disable signal for RRC_INACTIVE reception at the UE and cannot be used as such for several reasons:
· gNB is not mandated to provide PTM configuration of any multicast service in RRC release with suspendConfig. gNB may decide not to provide the initial PTM configuration in RRC release, rather the UE would receive it via MCCH.
· Since RRC_INACTIVE multicast reception is per cell decision, UE may get the “initial PTM configuration” for RRC_INACTIVE reception in a neighbor cell for a service, although the service is not provided to UEs in RRC_INACTIVE in the cell that sent the UE to RRC_INACTIVE. 
· UE may be sent to RRC_INACTIVE state in a cell where a service is not provided, i.e., out of service area. But such UE may come to a cell in RRC_INACTIVE where the service is provided to UEs in RRC_INACTIVE. This UE needs to receive MCCH to learn about configuration. 
· A service may be deactive in a cell, where the UE is sent to RRC_INACTIVE. UE may go to a neighbor cell and it would be beneficial for the UE to receive MCCH for that service for future activation  (note that PTM configuration of a deactive service is given only if gNB finds it useful, i.e., not mandatory).


Observation 2: A gNB does not have idea on whether a service is provided in RRC_INACTIVE (or in RRC_CONNECTED) in the cells that are not direct neighbors. Therefore, dedicated frequencies in RRC release may only be helpful in direct neighbors, provided that NCL mechanism requires Xn interface enhancements.
Observation 3: There is no consensus to support DCI format 4_2 for multicast MTCH reception in RRC INACTIVE in RAN1, where the main reason is the DCI format 4_2 being optional for a Rel-17 UE.

Observation 4:  gNB based on information from core and from some other internal information may desire to get only some of the Rel-18 UEs, e.g., special UEs, to RRC_CONNECTED from RRC_INACTIVE, when the session gets activated. 
Observation 5: A UE in RRC_INACTIVE state may be out of the service area of the multicast session initially, but then may go into a cell within the service area. This UE may have missed the group paging performed by the gNB for session activation.
Observation 6: A session activation status in MCCH solves the problem of missed group paging due to UE being out of the service area, the ambiguity mentioned above after cell reselection and the problem of indication of session deactivation to the UEs.
Observation 7: There are problematic scenarios where UE ends up waiting for paging, whereas network would never page the UE if the “deactivation indication” in RRC release and MCCH is used both “session deactivation” and “temporary no data”.
Observation 8: It is not as critical to have state transitions triggered by connection resume threshold as does occur with mobility type of events.
Observation 9: leaving power and time domain hysteresis up to UE implementation for triggering state transition is not testable.

Based on the observations, we have the following proposals:
Proposal 1: RRC release providing PTM configuration is not an enable/disable signal for RRC_INACTIVE reception at the UE for a multicast service.
Proposal 2: UE can be configured to receive “any” multicast service in RRC_INACTIVE state in the RRC release message with suspendConfig.
· Existence of MulticastConfigInactive-r18 IE is the configuration.
	Note: This configuration is not per multicast service.
Proposal 3: A UE in RRC_INACTIVE state that joined successfully to an MBS multicast session monitors SIBx/MCCH for that particular service, in case UE receives MulticastConfigInactive-r18 IE in RRC release.
Proposal 4: IE description of multicastConfigInactive is updated to: Indicates multicast services can be received in RRC_INACTIVE state and optionally the configuration to receive multicast services in the current cell in RRC_INACTIVE state.
 
Proposal 5: The UE is provided with an explicit indication for “not suspending/continuing” MRBs while being sent to RRC_INACTIVE state, and UE monitors such MRBs as soon as it is in RRC_INACTIVE state, while suspending the other MRBs (and not monitor the corresponding G-RNTIs) for which such indication is not received.
· This indication is per TMGI. 
Proposal 6: A target gNB of a handover may directly send the UE to RRC_INACTIVE state via handover command. 
· FFS: Configuration of the target gNB is provided in RRC release of handover command.

Proposal 7: For multicast service continuity, the UE in RRC_INACTIVE state uses FSAI-based frequency prioritization mechanism of Rel-17 broadcast. 

Proposal 8: RAN2 sends an LS to SA2 regarding the feasibility of provisioning of FSAIs also for multicast services.

Proposal 9: An LS is sent to RAN3 to define the signalling for information exchange on multicast delivery to UEs in RRC_INACTIVE state between neighbor gNBs.

Proposal 10: Remove the UE behaviour from Stage-3 regarding mbs-NeighbourCellList. as the UE behaviour is already captured in Stage-2.
Proposal 11: A new MCCH-RNTI is specified to receive the new MCCH for multicast.
Proposal 12: Regarding the system design for DCI operation, RAN2 discusses the following options:
C) DCI format 4_2 is not mandatorily supported by Rel-18 UEs (Rel-17 behavior):
Option A-1): As soon as gNB enables transmission to RRC_INACTIVE UEs, gNB uses DCI format 4_1 for all UEs.
Option A-2) gNB uses DCI format 4_1 for RRC_INACTIVE UEs (+ possibly CONNECTED UE not supporting 4_2) and 4_2 for RRC_CONNECTED UEs to schedule the same data. 

D) All Rel-18 UEs mandatorily support DCI format 4_2 for reception in RRC_INACTIVE state. In this case, gNB can freely choose based on the capability of Rel-17 UEs to transmit either DCI format 4_1 or 4_2 for UEs in RRC_INACTIVE and RRC_CONNECTED states.

Proposal 13: Ensure that UE only responds to unicast paging (either I-RNTI or upper layer allocated identity) if paged with both unicast and group paging.
Proposal 14: For a Rel-18 UE, enhanced group paging for the respective service leads UE to receive MCCH. 
· In case UE cannot find the PTM configuration in MCCH in the next modification period, UE to transitions to RRC_CONNECTED state.
· If the UE already has a PTM configuration for the respective service, UE immediately starts decoding for data.
Proposal 15: Special UEs, e.g., the ones preferred by 5GC to be served in RRC_CONNECTED for a multicast session, can be configured when UEs are released to RRC_INACTIVE state, e.g., to always come to RRC_CONNECTED state in case of session activation.
Proposal 16: An indication is provided in MCCH indicating whether a service is active or deactive.
Proposal 17: Session status is not indicated as “deactive” in RRC release and MCCH for temporary no data.
Proposal 18: A new indication specifically instructs UE to “wait for paging/do not wait for paging” per service. 
· Such indication can be provided to the UE in RRC release and MCCH.
· Note: Such indication can also be used for “continuation/suspension of MRBs” when transitioning from RRC_CONNECTED to RRC_INACTIVE.
Proposal 19:  When the UE receives wait for paging indication in RRC release, it stops monitoring for data in the current cell and waits for paging even after cell reselection.
Proposal 20: When the UE does not receive wait for paging indication in RRC release, but only in MCCH, it stops monitoring data only in the cell where such indication is provided.
Proposal 21: Define entering and leaving conditions for the threshold to trigger state transitions (for power domain) and then state transitions would be trigger if the entering condition is fulfilled for a time duration (time to trigger) i.e. one could “copy-paste” event A1 type of handling. 
Proposal 22: For power saving purposes, indicate to both RRC_INACTIVE and RRC_CONNECTED MBS multicast UEs receiving the PTM transmission when beam sweeping is applied as well as the mapping pattern between the beams and the PDCCH monitoring occasions.
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