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1. Introduction
In R17 MBS, the multicast MBS is supported and only RRC_CONNECTED state UE can receive both Multicast configuration and Multicast data. Some companies think the UE in RRC_INACTIVE mode can receive some multicast service, e.g. for low Qos requirement MBS service. 
In R18, one objective is to support multicast reception by UEs in RRC_INACTIVE state.
· 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 would like to discuss Multicast configuration and Multicast data reception for RRC_INACTIVE UE. 
2. Discussion the impact on Control plan
In RAN2#119 meeting, the following agreements are made:

· In Rel-18, multicast reception for UEs in INACTIVE supports at least the following scenarios, with the assumption that the UE already has a valid PTM configuration:

-
Scenario 1: a UE has been receiving multicast in CONNECTED, and it enters INACTIVE and continues the multicast reception.

-
Scenario 2: a UE has joined a multicast session and has been directed to INACTIVE, the UE starts to receive the multicast session

FFS for state changes, e.g. due to service being not provided in INACTIVE anymore etc.

· It is up to gNB to decide whether a multicast session may be received by UE(s) in INACTIVE. FFS what information gNB may be provided to form such decision (related to SA2 discussion).

· It is supported that gNB transmit one multicast session to both UEs in CONNECTED and INACTIVE in the same cell. FFS how the gNB configures this. 

· It is assumed the network can choose which UEs receive in RRC INACTIVE and which in RRC Connected and can move UEs between the states for Multicast service reception.
In scenario 1, after UE enter RRC_INACTIVE, the UE will continue to receive the multicast based on the indication from gNB. 
When UE enter RRC_INACTIVE state from RRC_CONNECTED, the UE will perform cell selection to find a suitable cell to camp on. If multicast reception by UEs in RRC_INACTIVE state is configured, it is better that UE camps on the last serving cell to ensure the Multicast configuration is valid when UE enter RRC_INACTIVE. However, the cell selection after transition to RRC_INACTIVE, it is not ensured that the UE will camp on the last serving cell who provides the Multicast configuration. It is reasonable to make the UE camp on the last serving cell who provides the Multicast configuration after transition to RRC_INACTIVE if multicast reception by UEs in RRC_INACTIVE state is configured in the last serving cell.

	5.2.6
Selection of cell at transition to RRC_IDLE or RRC_INACTIVE state

At reception of RRCRelease message to transition the UE to RRC_IDLE or RRC_INACTIVE, UE shall attempt to camp on a suitable cell according to redirectedCarrierInfo if included in the RRCRelease message. If the UE cannot find a suitable cell, the UE is allowed to camp on any suitable cell of the indicated RAT. If the RRCRelease message does not contain the redirectedCarrierInfo, UE shall attempt to select a suitable cell on an NR carrier. If no suitable cell is found according to the above, the UE shall perform cell selection using stored information in order to find a suitable cell to camp on.

==omit some text===


Proposal 1a: For scenario 1, UE camp on the last serving cell after transition to RRC_INACTIVE if multicast reception by UEs in RRC_INACTIVE state is configured in the last serving cell. The UE will continue to receive the multicast based on the indication from gNB.
For scenario 2, the R17 paging with MBS session ID for multicast MBS activation is used to trigger UE to start to receive the multicast based on indication from gNB without RRC state transition, i.e. UE will not resume the RRC procedure if the MBS session ID is configured as multicast reception by UEs in RRC_INACTIVE state.
Proposal 1b: For scenario 2, the R17 paging with MBS session ID for multicast MBS activation is used to trigger RRC_INACTIVE UE to start to receive the multicast based on indication from gNB when the multicast MBS is activated. UE will not resume the RRC procedure if the MBS session ID is configured as multicast reception by UEs in RRC_INACTIVE state.
No matter for scenario 1 and scenario 2, it is not clear how the gNB configure the indication to the UE to indicate which multicast can be received for UE in RRC_INACTIVE.
Option 1: The indication is per G-RNTI configured in RRCReconfiguration message with other multicast configuration.

Option 2: The indication is per G-RNTI configured in RRCRelease message, e.g in SuspendConfig IE.

In my understanding, both option 1 and option 2 work. But option 2 is flexible.

Proposal 2: The indication for multicast reception for UEs in INACTIVE is per G-RNTI configured in RRCRelease message, e.g in SuspendConfig IE.
In RAN2#119 meeting, RAN2 discussed the PTM configuration delivery issue for multicast reception for UEs in INACTIVE.
· For PTM configuration delivery, RAN2 further investigates the following solutions:

Option 1: Dedicated signalling

Option 2: Solution based on SIB+MCCH

We do not preclude some “mix” of the options

· Multicast service continuity after cell reselection in RRC_INACTIVE state (i.e. without resuming RRC connection) will be supported (if the configuration of the new cell is available for the UE). FFS whether there are cases where the UE needs to resume the connection. FFS RAN3 impacts due to inter-gNB mobility.

· Upon cell reselection to neighbour cells during active multicast session, if the configuration of the session is not available for the new cell for UEs in INACTIVE, then the UE is required to resume RRC connection to get the Multicast MRB configuration. 
For the low Qos requirement multicast MBS, it is possible to receive the Multicast MBS service by UE in RRC_INACTIVE and there is no HARQ feedback. However, the Multicast configuration still has privacy concern and it should be configured in dedicated RRC signalling with security protection. The MBS service is only for some UEs in one group and the Multicast configuration should be delivered via private way.
Proposal 3: The Multicast configuration is always configured by dedicated RRC signalling with security protection even if the Multicast service can be received by UE in RRC_INACTIVE. 

The Multicast configuration should be configured in dedicated RRC signalling. The key point is how to update the Multicast configuration during cell change. There are 3 options:
Option 1: The UE will enter RRC_CONNECTED on cell edge before cell reselection and perform HO, then UE can enter RRC_INACTIVE again after HO.
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Option 2: UE will perform RRC resume procedure after cell reselection, and get updated Multicast configuration during 2 step RRC resume procedure.
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Option 3: the network will configure Multicast configuration valid in an area, the UE does not need to change the Multicast configuration in this area. If the UE across the boundary of the area, the UE will perform RRC resume procedure to update the Multicast configuration as option 2.

Proposal 4a: The 2 step RRC Resume procedure can be used for the PTM configuration update after cell reselection and it is up to anchor gNB to decide whether the UE context relocation is needed or not during RRC Resume procedure. 
Proposal 4b: The network can configure an area where Multicast configuration is valid, the UE does not need to change the Multicast configuration within this area.
If UE perform RRC resume procedure for configuration update purpose in option 1/2/3, it is not clear whether the UAC should be performed or not. In order to reduce the service interruption and the UAC can be omitted in this case.
Proposal 5: The UAC is not performed if the UE enter RRC_CONNECTED for Multicast configuration update purpose.
If the Multicast MBS service is deactivated due to no data transmission for now, the UE can stop monitor the G-RNTI for UE power saving purpose even if the UE is in RRC_INACTIVE state.
How to notify the UE in RRC_INACTIVE to stop G-RNTI monitor? There are 3 options:
Option 1: The network will send MAC CE via G-RNTI to indicate the Multicast MBS deactivation. The UE will stop monitor this G-RNTI and UE can also autonomous release the Multicast configuration.
Option 2: The network will send paging to notify the Multicast MBS deactivation. The UE will stop monitor this G-RNTI and UE can also autonomous release the Multicast configuration.
Option 3: The network will send paging to make the UE in this MBS group enter RRC_CONNECTED and release the Multicast configuration by explicitly RRC dedicated signalling.

If the Multicast MBS service, i.e. the MBS group, is released, the UE can also stop G-RNTI for UE power saving purpose even if the UE is in RRC_INACTIVE state. Furthermore, if the MBS group is release and the UE should leave the MBS group. For G-RNTI monitor issue and Multicast configuration release issue, the above solutions can be reused in this case. The key point in this case is how to make the UE disjoin the released MBS group.
Option 1: The UE can wait next time when UE enter RRC_CONNECTED and disjoin the MBS group.
Option 2: The network will send paging to make the UE in this MBS group enter RRC_CONNECTED and inform UE disjoin the MBS group explicitly.

Option 3: The UE send an indication in MAC CE via G-RNTI or paging to make the UE know the MBS group is released and the UE will autonomous disjoin the MBS group implicitly.

Proposal 6a: RAN2 is kindly asked to discuss how to handle G-RNTI monitor and Multicast configuration issues for RRC_INACTIVE UE when the MBS service is deactivated or released:

· Option 1: Legacy group paging with enhancement, i.e. TMGI and one indication for MBS deactivation or Release;

· Option 2: send MAC CE via G-RNTI to indicate the Multicast MBS deactivation or release.
After the reception of indication about the MBS service deactivation or release, the UE will stop monitor this G-RNTI and
· Option a: UE will keep the MBS related configuration in AS layer and it is up to network to release MBS related configuration by network explicitly in next RRC_CONNECTION.
· Option b: UE will autonomous release MBS related configuration in AS implicitly;
Proposal 6b: RAN2 is kindly asked to discuss how to handle MBS disjoin for RRC_INACTIVE UE when the MBS service is released. After the reception of indication about the MBS service release, the UE will:

· Option x: UE will autonomous disjoin the MBS group implicitly;

· Option y: UE can wait next time when UE enter RRC_CONNECTED and disjoin the MBS group.

In some abnormal cases, the RRC_INACTIVE UE will enter RRC_IDLE by itself, e.g. receive CN paging, T319 expires, inter-RAT cell selection, camp on any cell and so on. After UE enter RRC_IDLE, the UE will release the UE AS context including Multicast configuration. How to continue to receive the Multicast service in case of multicast reception by UEs in RRC_INACTIVE state?
Option 1: The UE will not release the Multicast configuration.

Option 2: The UE will initial the RRC establishment procedure and enters RRC_CONNECTED state to get the Multicast configuration.

It is wired to save the MBS configuration only for RRC_IDLE UE and option 2 is preferred.
Proposal 7: The UE will initial the RRC establishment procedure and enters RRC_CONNECTED state to get the Multicast configuration again if RRC_INACTIVE UE receiving Multicast service enters RRC_IDLE by itself due to abnormal reasons.
3. Discussion the impact on User plan

In TS 38.331, the UE will reset MAC, suspend MRB then enter RRC_INACTIVE state when UE receive RRCRelease with suspendConfig.
	5.3.8.3
Reception of the RRCRelease by the UE

The UE shall:

==omit some text==
1>
if the RRCRelease includes suspendConfig:

2>
reset MAC and release the default MAC Cell Group configuration, if any;
2>
apply the received suspendConfig except the received nextHopChainingCount;

==omit some text==
2>
suspend all SRB(s) and DRB(s) and multicast MRB(s), except SRB0;
2>
indicate PDCP suspend to lower layers of all DRBs and multicast MRBs;
==omit some text==
2>
indicate the suspension of the RRC connection to upper layers;

2>
enter RRC_INACTIVE and perform cell selection as specified in TS 38.304 [20];


If multicast reception by UEs in RRC_INACTIVE state is supported, the UE should perform MAC reset according to 38.321 section 5.12 completely. Some actions related MRB on which multicast reception by UEs in RRC_INACTIVE state is supported should be not performed. Furthermore, the concerned MRBs are also not suspended. E.g. DL HARQ process related actions.
1>
flush the soft buffers for all DL HARQ processes;
1>
for each DL HARQ process, consider the next received transmission for a TB as the very first transmission;
Proposal 8: If multicast reception by UEs in RRC_INACTIVE state is configured for a G-RNTI, the related MRBs should not be suspended and UE will also not perform “soft buffers flushing, considering the next received transmission for a TB as the very first transmission for each DL HARQ process” in MAC reset when UE enter RRC_INACTIVE state.
The Multicast DRX is configured per G-RNTI in dedicated RRC signalling and the UE will monitor PDCCH only when the UE is in RRC_CONNECTED state. If multicast reception by UEs in RRC_INACTIVE state is supported, it is not clear whether UE is also allowed to monitor PDCCH when the UE is in RRC_INACTIVE state. In our understanding, it makes sense to allow UE continue to use Multicast DRX for this G-RNTI if the MBS service is configured to allow multicast reception by UEs in RRC_INACTIVE state.
	5.7b
Discontinuous Reception (DRX) for MBS Multicast

For MBS multicast, the MAC entity may be configured by RRC with a DRX functionality per G-RNTI or per G-CS-RNTI that controls the UE's PDCCH monitoring activity for the MAC entity's G-RNTI(s) and G-CS-RNTI(s) as specified in TS 38.331 [5]. When in RRC_CONNECTED, if multicast DRX is configured, the MAC entity is allowed to monitor the PDCCH for this G-RNTI or G-CS-RNTI discontinuously using the multicast DRX operation specified in this clause; otherwise the MAC entity monitors the PDCCH for this G-RNTI or G-CS-RNTI as specified in TS 38.213 [6]. The multicast DRX operation specified in this clause is performed independently for each G-RNTI or G-CS-RNTI and independently from the DRX operation specified in clauses 5.7 and 5.7a.


Proposal 9: If the MBS service is configured to allow multicast reception by UEs in RRC_INACTIVE state, UE continue to use Multicast DRX for this G-RNTI configured in dedicated RRC signalling.
4. Discussion the impact on RAN1

RAN2 made the following working assumption in RAN2#119.

· The following is taken as baseline: we assume the same PDCCH/PDSCH resources (e.g. resources used for MTCH) can be used for all UEs (including UEs in CONNECTED and/or INACTIVE states) for receiving the same multicast session. Different configuration/resources are not precluded as well. FFS what exactly can be common and what not (e.g. HARQ, SPS etc.) and what is needed in addition (to legacy PTM config).

In R17 multicast MBS, the CFR will be configured on the dedicated BWPs for RRC_CONNECTED UE to receive multicast MBS. However, if multicast reception by UEs in RRC_INACTIVE state is supported, it is not clear how to use the CFR or how to configure the CFR for UEs in RRC_INACTIVE state for multicast reception. Generally, the RRC_INACTIVE UE will camp on initial BWP with CSS#0 bandwidth for paging/SI reception and it is possible there is no CFR configuration for this multicast MBS on initial BWP and how does UE continue to receive multicast MBS when enter RRC_INACTIVE.
Option 1: The UE will stay one dedicated BWP with CFR configuration for multiact reception for UEs in RRC_INACTIVE state and it is up to network to command the UE to switch the BWP for multicast reception.

Option 2: The network will configure the CFR for multiact reception for UEs in RRC_INACTIVE state on initial BWP.

In my understanding, it is RAN1 topic not RAN2.

Proposal 10: Send LS to RAN1 to confirm how to configure or use CFR for multiact reception for UEs in RRC_INACTIVE state.

In R17 MBMS, the DCI format 4-2 for multicast MBS contains the TCI state for PDSCH reception. The same TCI state as TCI state for PDCCH will be used if DCI format 4-1 is used. The TCI state for PDSCH and the TCI state for PDCCH are UE specific TCI state and they share the same activated TCI state with unicast reception. In R18 MBS, the multicast can be received for RRC_INACTIVE UE, there will be no beam management for multicast recpetion due to no UL trnamission and it is not clear how does the network know the TCI state for multicast date transmission for RRC_INACTIVE UE. Unless the netowrk can only trnamimit the multicast data for RRC_INACTIVE UE via beam sweeping based on SSB index like boradcast MBS.

Proposal 11: Send LS to RAN1 to confirm that the network will transmit the multicast data for RRC_INACTIVE UE via beam sweeping based on SSB index like broadcast MBS. 

In R17 MBS, the DCI, i.e. DCI format 4-1 and 4-2, for multicast MBS contains the HARQ process ID and NDI, but the DCI, i.e. DCI format 4-0, for broadcast MBS will not contain the HARQ process ID and NDI. It is up to UE impletentation to allocate the received TB for MCCH or broadcast MTCH to one HARQ process. In R18 MBS, the multicast can be received for RRC_INACTIVE UE, it is not clear that the DCI for R18 multicast MBS looks like the DCI for R17 multicast MBS or DCI for R17 broadcast MBS. It is not RAN2 scope but RAN1, so it is better to send LS to RAN1 to confirm the issue and it will impact the MAC spec.

Proposal 12: Send LS to RAN1 to confirm that DCI for R18 multicast MBS, i.e DCI for R18 multicast MBS looks like the DCI for R17 multicast MBS or DCI for R17 broadcast MBS or others.
RAN2 made the following agreement in RAN2#119.

· HARQ feedback and PTP are not supported for multicast reception in RRC_INACTIVE. 
Multicast reception by UEs in RRC_INACTIVE state is only for low Qos requirement MBS service and there is no HARQ feedback when UE is in RRC_INACTIVE. In my understanding, the HARQ feedback for this kind of MBS service is not needed even if UE is in RRC_CONNECTED state. For multicast MBS, if the common PUCCH for this G-RNTI is not configured, the UE can use the UE specific PUCCH to perform MBS HARQ feedback. So, if Multicast reception by UEs in RRC_INACTIVE state is configured for a G-RNTI, the HARQ feedback for this G-RNTI should be set to disable.

Proposal 13: Send LS to RAN1 to confirm that the HARQ feedback for a G-RNTI should be set to disable If Multicast reception by UEs in RRC_INACTIVE state is configured for this G-RNTI.
5. Conclusions

Based on the discussion above, we propose:
Proposal 1a: For scenario 1, UE camp on the last serving cell after transition to RRC_INACTIVE if multicast reception by UEs in RRC_INACTIVE state is configured in the last serving cell. The UE will continue to receive the multicast based on the indication from gNB.
Proposal 1b: For scenario 2, the R17 paging with MBS session ID for multicast MBS activation is used to trigger RRC_INACTIVE UE to start to receive the multicast based on indication from gNB when the multicast MBS is activated. UE will not resume the RRC procedure if the MBS session ID is configured as multicast reception by UEs in RRC_INACTIVE state.
Proposal 2: The indication for multicast reception for UEs in INACTIVE is per G-RNTI configured in RRCRelease message, e.g in SuspendConfig IE.
Proposal 3: The Multicast configuration is always configured by dedicated RRC signalling with security protection even if the Multicast service can be received by UE in RRC_INACTIVE. 

Proposal 4a: The 2 step RRC Resume procedure can be used for the PTM configuration update after cell reselection and it is up to anchor gNB to decide whether the UE context relocation is needed or not during RRC Resume procedure. 

Proposal 4b: The network can configure Multicast configuration valid in an area, the UE does not need to change the Multicast configuration within this area.
Proposal 5: The UAC is not performed if the UE enter RRC_CONNECTED for Multicast configuration update purpose.
Proposal 6a: RAN2 is kindly asked to discuss how to handle G-RNTI monitor and Multicast configuration issues for RRC_INACTIVE UE when the MBS service is deactivated or released:

· Option 1: Legacy group paging with enhancement, i.e. TMGI and one indication for MBS deactivation or Release;

· Option 2: send MAC CE via G-RNTI to indicate the Multicast MBS deactivation or release.
After the reception of indication about the MBS service deactivation or release, the UE will stop monitor this G-RNTI and

· Option a: UE will keep the MBS related configuration in AS layer and it is up to network to release MBS related configuration by network explicitly in next RRC_CONNECTION.
· Option b: UE will autonomous release MBS related configuration in AS implicitly;
Proposal 6b: RAN2 is kindly asked to discuss how to handle MBS disjoin for RRC_INACTIVE UE when the MBS service is released. After the reception of indication about the MBS service release, the UE will:

· Option x: UE will autonomous disjoin the MBS group implicitly;

· Option y: UE can wait next time when UE enter RRC_CONNECTED and disjoin the MBS group.
Proposal 7: The UE will initial the RRC establishment procedure and enters RRC_CONNECTED state to get the Multicast configuration again if RRC_INACTIVE UE receiving Multicast service enters RRC_IDLE by itself due to abnormal reasons.
Proposal 8: If multicast reception by UEs in RRC_INACTIVE state is configured for a G-RNTI, the related MRBs should not be suspended and UE will also not perform “soft buffers flushing, considering the next received transmission for a TB as the very first transmission for each DL HARQ process” in MAC reset when UE enter RRC_INACTIVE state.

Proposal 9: If the MBS service is configured to allow multicast reception by UEs in RRC_INACTIVE state, UE continue to use Multicast DRX for this G-RNTI configured in dedicated RRC signalling.
Proposal 10: Send LS to RAN1 to confirm how to configure or use CFR for multiact reception for UEs in RRC_INACTIVE state.

Proposal 11: Send LS to RAN1 to confirm that the network will transmit the multicast data for RRC_INACTIVE UE via beam sweeping based on SSB index like broadcast MBS. 

Proposal 12: Send LS to RAN1 to confirm that DCI for R18 multicast MBS, i.e DCI for R18 multicast MBS looks like the DCI for R17 multicast MBS or DCI for R17 broadcast MBS or others.
Proposal 13: Send LS to RAN1 to confirm that the HARQ feedback for a G-RNTI should be set to disable If Multicast reception by UEs in RRC_INACTIVE state is configured for this G-RNTI.
6. Annex
5.12
MAC Reset

If a reset of the MAC entity is requested by upper layers, the MAC entity shall:

1>
initialize Bj for each logical channel to zero;

1>
initialize SBj for each logical channel to zero if Sidelink resource allocation mode 1 is configured by RRC;

1>
stop (if running) all timers;

1>
consider all timeAlignmentTimers, inactivePosSRS-TimeAlignmentTimer, and cg-SDT-TimeAlignmentTimer, if configured, as expired and perform the corresponding actions in clause 5.2;

1>
set the NDIs for all uplink HARQ processes to the value 0;

1>
sets the NDIs for all HARQ process IDs to the value 0 for monitoring PDCCH in Sidelink resource allocation mode 1;

1>
stop, if any, ongoing Random Access procedure;

1>
discard explicitly signalled contention-free Random Access Resources for 4-step RA type and 2-step RA type, if any;
1>
flush Msg3 buffer;

1>
flush MSGA buffer;

1>
cancel, if any, triggered Scheduling Request procedure;

1>
cancel, if any, triggered Buffer Status Reporting procedure;

1>
cancel, if any, triggered Power Headroom Reporting procedure;

1>
cancel, if any, triggered consistent LBT failure;

1>
cancel, if any, triggered BFR;

1>
cancel, if any, triggered Sidelink Buffer Status Reporting procedure;

1>
cancel, if any, triggered Pre-emptive Buffer Status Reporting procedure;

1>
cancel, if any, triggered Timing Advance Reporting procedure;

1>
cancel, if any, triggered Recommended bit rate query procedure;

1>
cancel, if any, triggered Configured uplink grant confirmation;

1>
cancel, if any, triggered configured sidelink grant confirmation;

1>
cancel, if any, triggered Desired Guard Symbol query;

1>
cancel, if any, triggered Positioning Measurement Gap Activation/Deactivation Request procedure;

1>
cancel, if any, triggered SDT procedure;

1>
flush the soft buffers for all DL HARQ processes;
1>
for each DL HARQ process, consider the next received transmission for a TB as the very first transmission;
1>
release, if any, Temporary C-RNTI;

1>
reset all BFI_COUNTERs;
1>
reset all LBT_COUNTERs.

If a Sidelink specific reset of the MAC entity is requested for a PC5-RRC connection by upper layers, the MAC entity shall:

1>
flush the soft buffers for all Sidelink processes for all TB(s) associated to the PC5-RRC connection;

1>
consider all Sidelink processes for all TB(s) associated to the PC5-RRC connection as unoccupied;

1>
cancel, if any, triggered Scheduling Request procedure only associated to the PC5-RRC connection;

1>
cancel, if any, triggered Sidelink Buffer Status Reporting procedure only associated to the PC5-RRC connection;

1>
cancel, if any, triggered Sidelink CSI Reporting procedure associated to the PC5-RRC connection;

1>
stop (if running) all timers associated to the PC5-RRC connection;

1>
reset the numConsecutiveDTX associated to the PC5-RRC connection;

1>
initialize SBj for each logical channel associated to the PC5-RRC connection to zero.
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