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1	Introduction
The Rel-18 work item on Enhancements of NR Multicast and Broadcast services in [1] has 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]
In this paper, we target the open issues regarding the control principles to operate the feature of multicast reception in RRC_INACTIVE state. Previous agreements in previous meetings [2][3][4][5][6][7][8][9][10][11][12] are considered and open issues are targeted. 
2	Principles for MBS reception in RRC_INACTIVE state
2.1	[N102] Configuration of PDSCH DMRS Transmission of a Multicast Session in RRC_INACTIVE State
In R2-2307084, the following question was asked by the company: 
	Question 1: For the PDSCH DMRS transmission of a multicast session in RRC_INACTIVE state, do the following parameters need to be configured in L3? If needed, RAN2 kindly asks RAN1 to provide the default values of the following parameters.
(1)        DMRS type
(2)        DMRS additional position
(3)        Max length



For the DMRS configuration of Rel-17 broadcast transmission with UEs receiving in all RRC states, a default value is applied for the following parameters:
1. The default value of DMRS type is “DMRS type 1”;
2. The default value of DMRS additional position is “pos2”;
3. The default value of max length is “len1” 
For the Rel-18 multicast reception in RRC_INACTIVE state, same UE capability as legacy RRC_INACTIVE UE could be applied, considering not introducing any of new UE capability for RRC_INACTIVE UE supporting of Rel-18 multicast reception, where the above legacy default values can be applied to the parameters for both RRC_INACTIVE and RRC_CONNECTED UEs with Rel-18 multicast reception. 
However, that would mean that if RRC_CONNECTED UEs were configured with different DMRS parameters before RRC_INACTIVE multicast reception is enabled, RRC_CONNECTED UEs should be reconfigured with default values. This could be done one by one with RRC reconfiguration, such that the RRC_CONNECTED UEs would switch to default parameters. However, this approach would introduce delay and overhead. 
Other option would be making such parameters configurable such that those are provided for RRC_CONNECTED UEs can also be signalled to the RRC_INACTIVE UEs. Yet another option is that a UE in RRC_INACTIVE reuses the DMRS configuration it received in RRC_CONNECTED. However, this requires UE to receive multicast transmission in RRC_CONNECTED, it does not allow modifications of the parameters and configuration after cell reselection in RRC_INACTIVE would be infeasible.
Proposal 1 [N102]: RAN2 discusses the following options:
1- Default values are introduced to DMRS type, DMRS additional position and max length for multicast reception in RRC_INACTIVE state (no changes in specification required),
2- RRC release/MCCH indicate DMRS type, DMRS additional position and max length for multicast reception in RRC_INACTIVE state. (requires changes in the specification).
A text proposal for the proposed change can be found in the Annex for Option-2.

2.2	[N104] Optional MCCH Operation
The following agreement was made. 
Multicast MCCH can be optionally present for a cell providing multicast reception in RRC_INACTIVE. We do not optimize for this in RAN2, e.g. we are targeting a single cell scenario without mobility and without PTM configuration update for optional MCCH.
Observation 1: MCCH being optional was agreed to be suitable only for some special cases and it was agreed to not do more work to optimize such scenarios.
However, it is unclear if a gNB/cell can decide operating RRC_INACTIVE multicast MCCH-less or if the whole system should uniformly operate with/without MCCH for RRC_INACTIVE multicast. In our view, at this late stage, RAN2 should stick to a simpler option, which is the uniform operation in the system, although per cell decision could also work. 
Proposal 2: Operating RRC_INACTIVE multicast with/without MCCH is a per PLMN configuration.
Moreover, in our view, specifications are written in a way (and the agreements were also made in that way) considering that MCCH is present to operate multicast reception in RRC_INACTIVE state. Therefore, specification changes are needed.
Firstly, UE triggers RRC connection resume after initial cell selection (after being sent from RRC_CONNECTED to RRC_INACTIVE) in case the UE cannot find SIB24, if the UE is configured to receive multicast service in RRC_INACTIVE in RRC release. This operation is logical in a scenario where MCCH is assumed to be there in case RRC_INACTIVE multicast reception is enabled, however, this creates a ping-pong effect for MCCH-less scenario. 
The following script from Section 5.2.2.4.2 of latest RRC running CR shows why, as UE resumes after SIB1 processing:
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Observation 2: If the UE is configured to receive multicast in RRC_INACTIVE state and cannot find SIB24 in the cell that UE has initially selected, UE reconnects to the cell.
Secondly, a UE can be provided with the information “stop monitoring RNTI” for a multicast service (via RRC release and via MCCH). Upon that, UE understands that it should not expect the service right now in RRC_INACTIVE state and wait for a group paging indication (does not decode for data). If all the services UE allowed to receive in RRC_INACTIVE is provided with “stop monitoring RNTI”, UE does not even decode the MCCH.
The group paging message can either get back the UE to RRC_CONNECTED state or include a Release 18 flag to make UE stay in RRC_INACTIVE and receive data (Enhanced Group Paging). When the latter happens, based on the current specification, UE starts monitoring MCCH. This would mean that UE would read SIB24 first to receive MCCH, and UE would come back to RRC_CONNECTED state in case SIB24 is not configured, similar to Observation 2.
Observation 3: When receiving enhanced group paging that targets UE to stay in RRC_INACTIVE and receive multicast, based on the currently defined behavior UE reads SIB24/MCCH, and in an MCCH-less system, this would lead that UE comes back to RRC_CONNECTED state.
But the addition in the CR R2-2404019 in paging reception:
3>	else:
4>	start monitoring the G-RNTI(s), if configured, corresponding to the TMGI(s);
4> if the UE was notified to stop monitoring the G-RNTI(s) for all the joined multicast sessions that are configured for reception in RRC_INACTIVE:
5>	if multicast MCCH is present:
6>	start monitoring the Multicast MCCH-RNTI;
6>	acquire the MBSMulticastConfiguration message on multicast MCCH;
5>	else if the UE selected or re-selected to a cell which is different from the cell where the multicast service(s) was received in RRC_CONNECTED:
6>	initiate RRC connection resume procedure for multicast reception as specified in 5.3.13.1d;
4>	else if the UE was notified to stop monitoring the G-RNTI for at least one multicast session for which the PTM configuration was not included in RRCRelease message:
5>	acquire the MBSMulticastConfiguration message on multicast MCCH;
In fact implicitly solve this same cell issue a well as UE will only resume if UE selects new cell. 
One thing remaining is to just clarify what is new cell in case of SIB24 being not scheduled when SIB1 is received:
[bookmark: _Hlk165899330]4>	forward the PLMN identity or SNPN identity or PNI-NPN identity to upper layers;
4>	if in RRC_INACTIVE and the forwarded information does not trigger message transmission by upper layers:
5>	if the serving cell does not belong to the configured ran-NotificationAreaInfo:
6>	initiate an RNA update as specified in 5.3.13.8;
5>	if configured to receive MBS multicast in RRC_INACTIVE and not indicated to stop monitoring G-RNTI for at least one MBS multicast session:
6>	if SIB24 is not scheduled in SIB1 in the new cell after cell selection (i.e. different than the cell where the UE received multicast in RRC_CONNECTED)  or cell reselection:
7>	initiate an RRC connection resume procedure for multicast reception as specified in 5.3.13.1d;
4>	forward the ims-EmergencySupport to upper layers, if present;
4>	forward the eCallOverIMS-Support to upper layers, if present;
Proposal 3 [N104]: Clarify in SIB1 reception what is new cell in case of cell selection (i.e. different than the cell where the UE received multicast in RRC_CONNECTED).
2.3	[N103] [N105] Wrong UE Behavior After Cell Reselection when Stop Monitoring G-RNTI was Received in Previous Cell
RAN2 made the following agreements to signal session deactivation to the UEs in RRC_INACTIVE state:

 “the stop of G-RNTI monitoring” indication for the session in the source cell, the UE reads MCCH(if present) in the reselected cell after cell reselection.

However, changes in RRC specification do not cover the agreement, i.e., UE does not read SIB24/MCCH after cell reselection in case stop monitoring G-RNTI was indicated in the source cell. 
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So, the specifications do not indicate anywhere that UE checks MCCH and goes back to CONNECTED in case stop monitoring RNTI was there in the previous cell. 
Observation 4: RRC specification does not cover the previous agreement, i.e., UE checks SIB24/MCCH and goes back to CONNECTED in case there is no SIB24/MCCH when stop monitoring RNTI was there in the previous cell for the service UE is configured to receive in RRC_INACTIVE. 
Note, however, that this is well reflected in Stage-2 specification: 
Even if the UE in RRC_INACTIVE state received indication to stop monitoring PDCCH addressed by G-RNTI for an MBS multicast session in the source cell, the UE acquires MCCH in the reselected cell after cell reselection.

During the discussions after last meeting, some companies pointed out that above issue is not a problem, because anyway UE will be paged to go back to CONNECTED (if we do not reflect RAN2 agreement and keep the specifications in the current way). It means that they assume UE will always be paged, and it does not matter if UE checks MCCH or not after cell reselection. In our view, this is not true for all the cases. For example:
· If UE was sent to RRC_INACTIVE in Cell 1, and UE starts receiving data of session 1 in INACTIVE,
· Then UE goes to Cell 2 via cell reselection, starts receiving data of session 1 in INACTIVE,
· At some point in time, Cell 2 indicates stop monitoring G-RNTI, because there was no data for a while for Session 1 – temporary no data. Note that at this point in time, Cell 2 is unaware of the UE, as Cell 1 sent the UE to RRC_INACTIVE, not Cell 2 (assuming Cell 1 and 2 are controlled by different gNBs).
· Then, UE goes to Cell 3, and based on current specs, it does not check whether there is MCCH or not (at least not in Stage-3).
· When data arrives in Cell 2, Cell 2 will only page the UEs that it sent to RRC_INACTIVE. Note that only the cells in the RNA of those UEs will be paged, and RNA is a UE-specific concept. So, there is no guarantee that Cell 1 (that sent UE to INACTIVE) will also page, because “temporary no data” is a cell specific decision, e.g., gNB1 of vendor 1 can have different decisions than gNB2 of vendor 2.

If the UE waits for paging in the newly selected cell, it may never get paging if the previous cell MCCH indicated “stop monitoring G-RNTI” due to temporary no data as this decision is done per cell basis and not per RNA. 

On the other hand, if the RRC release that sent the UE to RRC_INACTIVE state contains the “stop monitoring for G-RNTI” flag, the UE would always be paged in the RNA (no matter if the reason of the flag was for session deactivation or temporary no data in the source cell). Therefore, we propose the following UE behavior:
Proposal 4: [N103][N105] When the UE receives stop monitoring G-RNTI indication in RRC release, it stops monitoring for data in the current cell and stop monitoring G-RNTI even after cell reselection to a cell that does not contain SIB24/MCCH (or PTM configuration).
Proposal 5: [N103][N105] When the UE does not receive stop monitoring G-RNTI in RRC release, but only in MCCH, it stops monitoring data only in the cell where such indication is provided; and goes back to RRC_CONNECTED even after cell reselection to a cell that does not contain SIB24/MCCH (or PTM configuration).
Proposal 6: [N103][N105] To reflect above proposals in the specification, the changes in the Annex are adopted.

2.4	[S371] UE Behavior After SDT Failure
For the case when multicast reception is configured with ongoing SDT, unsuccessful completion of SDT procedure (as for the listed failure cases) would cause UE to transition to RRC_IDLE and UE would lose multicast sessions. 
Some companies were proposing that UE should inform upper layers about TMGI(s) for multicast session(s) that the UE is configured for multicast reception in RRC_INACTIVE and receiving in RRC_INACTIVE, to enable quick recovery by transiting to RRC_CONNECTED. 
As the UE would go to RRC_IDLE upon the failure of the SDT, then today there is an indication that already goes to upper layers (i.e., NAS) in order for NAS to move to 5GMM-IDLE mode. That indication would be a fallback indication, which triggers NAS to go to 5GMM-IDLE mode and triggers an appropriate procedure in NAS, e.g. Mobility and Periodic Registration procedure.
 
Also, NAS specification already specifies that the Mobility and Periodic Registration procedure that comes after fallback indication would include the PDU session IDs of the active Multicast session, in order to resume reception of Multicast traffic in 5GMM-CONNECTED mode (see C1-232495 which specified that behaviour in TS 24.501).
 
Hence to our understanding the intention that was proposed is already covered in existing specification, and no need to introduce new indications from RRC to NAS layer to cover such scenario.

Proposal 7 [S731]: CT1 specifications already cover the scenario to recover quickly from SDT failure, therefore, no further agreements are needed.

5	Conclusion
This contribution had the following observations:
Observation 1: MCCH being optional was agreed to be suitable only for some special cases and it was agreed to not do more work to optimize such scenarios.
Observation 2: If the UE is configured to receive multicast in RRC_INACTIVE state and cannot find SIB24 in the cell that UE has initially selected, UE reconnects to the cell.
Observation 3: When receiving enhanced group paging that targets UE to stay in RRC_INACTIVE and receive multicast, based on the currently defined behavior UE reads SIB24/MCCH, and in an MCCH-less system, this would lead that UE comes back to RRC_CONNECTED state.
Observation 4: RRC specification does not cover the previous agreement, i.e., UE checks SIB24/MCCH and goes back to CONNECTED in case there is no SIB24/MCCH when stop monitoring RNTI was there in the previous cell for the service UE is configured to receive in RRC_INACTIVE. 

Based on these observations, paper had the following proposals:

Proposal 1 [N102]: RAN2 discusses the following options:
1- Default values are introduced to DMRS type, DMRS additional position and max length for multicast reception in RRC_INACTIVE state (no changes in specification required),
2- RRC release/MCCH indicate DMRS type, DMRS additional position and max length for multicast reception in RRC_INACTIVE state. (requires changes in the specification).
Proposal 2: Operating RRC_INACTIVE multicast with/without MCCH is a per PLMN configuration.
Proposal 3 [N104]: Clarify in SIB1 reception what is new cell in case of cell selection (i.e. different than the cell where the UE received multicast in RRC_CONNECTED).
Proposal 4: [N103][N105] When the UE receives stop monitoring G-RNTI indication in RRC release, it stops monitoring for data in the current cell and stop monitoring G-RNTI even after cell reselection to a cell that does not contain SIB24/MCCH (or PTM configuration).
Proposal 5: [N103][N105] When the UE does not receive stop monitoring G-RNTI in RRC release, but only in MCCH, it stops monitoring data only in the cell where such indication is provided; and goes back to RRC_CONNECTED even after cell reselection to a cell that does not contain SIB24/MCCH (or PTM configuration).
Proposal 6: [N103][N105] To reflect above proposals in the specification, the changes in the Annex are adopted.
Proposal 7 [S731]: CT1 specifications already cover the scenario to recover quickly from SDT failure, therefore, no further agreements are needed.


Annex
1- Text Proposal for Section 2.1 on PDSCH DMRS Configuration:
Changes needed in TS38.331 for PDSCH DMRS configuration for Option 2:

--------------------------------------Option 2----------------------------------------------------
[bookmark: _Toc156130221]–	MBSMulticastConfiguration
The MBSMulticastConfiguration message contains the control information applicable for MBS multicast services transmitted via multicast MRBs for RRC_INACTIVE UEs.
Signalling radio bearer: N/A
RLC-SAP: UM
Logical channel: multicast MCCH
Direction: Network to UE
MBSMulticastConfiguration message
-- ASN1START
-- TAG-MBSMULTICASTCONFIGURATION-START

MBSMulticastConfiguration-r18 ::= SEQUENCE {
    criticalExtensions                CHOICE {
        mbsMulticastConfiguration-r18     MBSMulticastConfiguration-r18-IEs,
        criticalExtensionsFuture          SEQUENCE {}
    }
}

MBSMulticastConfiguration-r18-IEs ::= SEQUENCE {
    mbs-SessionInfoList-r18               MBS-SessionInfoListMulticast-r18                                     OPTIONAL,   -- Need R
    mbs-NeighbourCellList-r18             MBS-NeighbourCellList-r17                                            OPTIONAL,   -- Need S
    drx-ConfigPTM-List-r18                SEQUENCE (SIZE (1..maxNrofDRX-ConfigPTM-r17)) OF DRX-ConfigPTM-r17   OPTIONAL,   -- Need R
    pdsch-ConfigMTCH-r18                  PDSCH-ConfigBroadcast-r17                                            OPTIONAL,   -- Need S
	dmrs-Type							  ENUMERATED {type2}	                                               OPTIONAL,	  -- Need S
	dmrs-AdditionalPosition				  ENUMERATED {pos0, pos1, post3}                                       OPTIONAL,   -- Need S
	maxLength							  ENUMERATED {len2}		                                               OPTIONAL,   -- Need S	
    mtch-SSB-MappingWindowList-r18        MTCH-SSB-MappingWindowList-r17                                       OPTIONAL,   -- Need R
    thresholdMBS-List-r18                 SEQUENCE (SIZE (1..maxNrofThresholdMBS-r18)) OF ThresholdMBS-r18     OPTIONAL,   -- Need R
    lateNonCriticalExtension              OCTET STRING                                                         OPTIONAL,
    nonCriticalExtension                  SEQUENCE {}                                                          OPTIONAL
}

ThresholdMBS-r18 ::=                  CHOICE {
    rsrp-r18                              RSRP-Range,
    rsrq-r18                              RSRQ-Range
}

-- TAG-MBSMULTICASTCONFIGURATION-STOP
-- ASN1STOP

	MBSMulticastConfiguration field descriptions

	mbs-NeighbourCellList
List of neighbour cells providing one or more MBS multicast services for RRC_INACTIVE that are provided by the current cell. This field is used by the UE together with mtch-NeighbourCell field signalled for each MBS session in the corresponding MBS-SessionInfo. When an empty mbs-NeighbourCellList list is signalled, the UE shall assume that MBS multicast services signalled in mbs-SessionInfoList in the MBSMulticastConfiguration message are not provided in any neighbour cell. When a non-empty mbs-NeighbourCellList is signalled, the current serving cell does not provide information about MBS multicast services of a neighbour cell that is not included in mbs-NeighbourCellList, i.e., the UE cannot determine the presence or absence of an MBS multicast service of a neighbour cell that is absent. When the field mbs-NeighbourCellList is absent, the current serving cell does not provide information about MBS multicast services in the neighbouring cells, i.e. the UE cannot determine the presence or absence of an MBS multicast service in neighbouring cells based on the absence of this field.

	mbs-SessionInfoList
Provides the configuration of each MBS session provided by MBS multicast in the current cell. 

	pdsch-ConfigMTCH
Provides parameters for acquiring the PDSCH for MTCH. When this field is absent, the UE shall use parameters in pdsch-ConfigMCCH in SIB24 to acquire the PDSCH for MTCH.

	dmrs-Type, dmrs-AdditionalPosition, maxLength
These provide DMRS parameters to be applied while receiving multicast in RRC_INACTIVE.

	thresholdMBS-List
List of reception quality thresholds for RRC connection resume for a UE receiving multicast in RRC_INACTIVE.



------------------------------------End of Option 2---------------------------------------------

2- Text Proposal for Section 2.2 on Optional MCCH Operation and Section 2.3 on Wrong UE Behavior After Cell Reselection:

--------------------------------------Start of changes in TS38.331 ----------------------------------------------------
[bookmark: _Toc60776719][bookmark: _Toc156129640]5.2.2.4.2	Actions upon reception of the SIB1
…
4>	forward the PLMN identity or SNPN identity or PNI-NPN identity to upper layers;
4>	if in RRC_INACTIVE and the forwarded information does not trigger message transmission by upper layers:
5>	if the serving cell does not belong to the configured ran-NotificationAreaInfo:
6>	initiate an RNA update as specified in 5.3.13.8;
5>	if configured to receive MBS multicast in RRC_INACTIVE and not indicated to stop monitoring G-RNTI for at least one MBS multicast session or if stopped monitoring at least one MBS multicast session based on stop monitoring RNTI indication provided in the MCCH of previously camped cell:
6>	if SIB24 is not scheduled in SIB1 in the new cell after cell selection (i.e. different than the cell where the UE received multicast in RRC_CONNECTED)  or cell reselection:
7>	initiate an RRC connection resume procedure for multicast reception as specified in 5.3.13.1d;
4>	forward the ims-EmergencySupport to upper layers, if present;
4>	forward the eCallOverIMS-Support to upper layers, if present;
…
5.3.13.x	RRC connection resume for multicast reception
In RRC_INACTIVE state, if configured with MBS multicast reception in RRC_INACTIVE, the UE shall:
1>	if the RRC connection resume procedure is triggered for multicast reception at reception of SIB1, as specified in 5.2.2.4.2; or
1>	if the PTM configuration is not available in the cell after cell selection or reselection for a multicast session that the UE has joined for which the UE is not indicated to stop monitoring the G-RNTI or for a multicast session that the UE stopped monitoring based on stop monitoring the RNTI indication provided in the MCCH of previously camped cell; or
1>	if mbs-NeighbourCellList acquired in the previous cell indicates that a multicast session that the UE has joined for which the UE is not indicated to stop monitoring the G-RNTI is not provided for RRC_INACTIVE in the current serving cell; or
1>	if the measured RSRP or RSRQ for serving cell as specified in TS 38.304 [20] is below the threshold indicated by thresholdIndex for a multicast session that the UE has joined:
2>	initiate RRC connection resume procedure in 5.3.13.2 with resumeCause set to mt-Access.

--------------------------------------End of changes in TS38.331 ----------------------------------------------------
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4> if in RRC_INACTIVE and the forwarded information does not trigger message transmission by upper
layers:

5> if the serving cell does not belong to the configured ran-NotificationArealnfo:
6> initiate an RNA update as specified in 5.3.13.8;

5> if configured to receive MBS multicast in RRC_INACTIVE and not indicated to stop monitoring
G-RNTI for at least one MBS multicast session:

6> if SIB24 is not scheduled in SIB1 in the new cell after cell selection or cell reselection:

7> initiate a=-RRC connection resume procedure for multicast reception as specified in
5.3.13.1d;
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5> if configured to receive MBS multicast in RRC_INACTIVE and not indicated to stop monitoring
G-RNTI for at least one MBS multicast session:

6> if SIB24 is not scheduled in SIB1|in the new cell after cell selection or cell reselection:

7> initiate an RRC connection resume procedure for multicast reception as specified in
5.3.13.1d:
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.3.13.1d  Conditions for resuming RRC connection for multicast reception
In RRC_INACTIVE state, if configured with MBS multicast reception in RRC_INACTIVE, the UE shall:

1> if the RRC connection resume procedure is triggered for multicast reception at reception of S/BJ, as specified
in5.2.2.4.2; or

1> if the PTM configuration is not available in the cell after cell selection or reselection for a multicast session
that the UE has joined and for which the UE is not indicated to stop monitoring the G-RNTL or

1> if mbs-NeighbourCellList included in MBSMulticastConfiguration acquired in the previous cell indicates that a
multicast session that the UE has joined and for which the UE is not indicated to stop monitoring the G-RNTIL,
is not provided for RRC_INACTIVE in the current serving cell: or

1> if either the measured RSRP or RSRQ for serving cell as specified in TS 38.304 [20] is below the
corresponding threshold indicated by thresholdIndex for a multicast session that the UE has joined and for
which the UE is not indicated to stop monitoring the G-RNTI:

2> initiate RRC connection resume procedure as specified in 5.3.13.2 with resumeCause set as below:




