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Introduction
This contribution considers mechanisms to support RRC_IDLE and RRC_INACTIVE UEs for multicast data transmission.

MBS for RRC_IDLE/RRC_INACTIVE UEs
The followings were agreed in RAN1#105-e. 
	Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, both searchSpace#0 and common search space other than searchSpace#0 can be configured for GC-PDCCH scheduling MCCH.

Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, DCI format 1_0 is used as baseline for GC-PDCCH of MCCH and MTCH.
· FFS details of FDRA.

Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, RAN1 confirms the following assumptions made by RAN2
· RAN2 assumes, in case searchSpace#0 is configured for MCCH (if allowed, pending RAN1 decision), the mapping between PDCCH occasions and SSBs is the same as for SIB1. 
· RAN2 assumes that if common search space other than searchSpace#0 is configured for MCCH (if allowed, pending RAN1 decision), the PDCCH monitoring occasions for MCCH message which are not overlapping with UL symbols are sequentially numbered from one in the MCCH transmission window and mapped to SSBs using the similar rule as defined for OSI in TS 38.331.

Agreement:
For broadcast reception, RRC_IDLE/RRC_INACTIVE UEs support the same CSS type for MCCH and MTCH.
· FFS support of different CSS types for MCCH and MTCH channels for broadcast reception.

Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, study the following alternatives for MCCH change notification indication due to session start:
· Alt 1: Define a dedicated RNTI to scramble the CRC of a DCI indicating a MCCH change notification;
· Alt 2: Use of a field in a DCI format scheduling a MCCH without a dedicated RNTI for MCCH change notification;
Other solutions are not precluded and it is also not precluded whether to support both Alt1 and Alt2.

Conclusion:
It is up to RAN2 to decide the specific contents of the MCCH change notification, e.g, whether notification only informs about session start, whether or not notification also informs about session modification/stop or whether or not the notification informs about any other information.

Agreement:
For broadcast reception, RRC_IDLE/RRC_INACTIVE UEs can use a configured/defined CFR with the same size as the initial BWP, where the initial BWP has the same frequency resources as CORESET0 (i.e., Case A), to receive GC-PDCCH/PDSCH carrying MCCH.
· Note: GC-PDCCH/PDSCH transmission within a narrower portion of the Initial BWP (where the initial BWP has the same frequency resources as CORESET0) is possible by implementation via appropriate scheduling.

Agreement:
For broadcast reception, RRC_IDLE/RRC_INACTIVE UEs can use a configured/defined CFR with the same size as the initial BWP, where the initial BWP has the same frequency resources as CORESET0 (i.e., Case A), to receive GC-PDCCH/PDSCH carrying MTCH.
· Note: GC-PDCCH/PDSCH transmission within a narrower portion of the Initial BWP (where the initial BWP has the same frequency resources as CORESET0) is possible by implementation via appropriate scheduling.

Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, the CORESET index can be the same for GC-PDCCH of MCCH and MTCH.

Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, the same beam can be used for group-common PDCCH and the corresponding scheduled group-common PDSCH for carrying MCCH or MTCH.
· UE may assume that DMRS ports of the group-common PDCCH/PDSCH for MCCH is QCL’d with SSB.
· UE may assume that DMRS ports of the group-common PDCCH/PDSCH for MTCH is QCL’d with SSB.
· FFS: group-common PDCCH/PDSCH for MTCH is QCL’d with periodic TRS if configured

Agreement:
For Rel-17, for broadcast reception, RRC_IDLE/RRC_INACTIVE UEs do not exceed the maximum number of CORESETs mandatorily (in the minimum capability) supported for Rel-15/Rel-16 UEs, i.e., 2 CORESETs. 
· If the CFR has the same frequency range as the initial BWP, where the initial BWP has the same frequency resources as CORESET0 or where the initial BWP has the frequency resources configured by SIB1, RRC_IDLE/RRC_INACTIVE UEs can be configured with the following options:
· CORESET#0 (default option if CFR is the initial BWP and CORESET is not configured); or
· CORESET configured by commonControlResourceSet; or
· CORESET#0 and CORESET configured by commonControlResourceSet.



Common frequency resource(s) 

As agreed in RAN1#105-e, the initial BWP as CORESET#0 becomes a CFR (common frequency resource) to receive GC-PDCCH/PDSCH carrying MCCH/MTCH. For the case that SIB1 configures the initial BWP, the following proposals were discussed in RAN1#105-e.

	Proposal 2.1-3rev5: For broadcast reception, study the option of RRC_IDLE/RRC_INACTIVE UEs using a configured CFR with same size as the initial BWP, where the initial BWP has the frequency resources configured by SIB1 (i.e., Case C), to receive GC-PDCCH/PDSCH carrying MCCH.
· Note: GC-PDCCH/PDSCH transmission within a narrower portion of the Initial BWP (where the initial BWP has the frequency resources configured by SIB1) is possible by implementation via appropriate scheduling.
· Note that according to current specification, RRC_IDLE/INACTIVE UEs only apply the configuration of the SIB-1 configured initial BWP except for broadcast reception until after the reception of RRCSetup/RRCResume/RRCReestablishment.
· RRC_IDLE/INACTIVE UEs apply the CFR with same size as the SIB-1 configured initial BWP before the reception of RRCSetup/RRCResume/RRCReestablishment.

Proposal 2.1-2rev3: For broadcast reception, RRC_IDLE/RRC_INACTIVE UEs can use the same bandwidth configurations for the CFR of GC-PDCCH/PDSCH carrying MCCH and the CFR of GC-PDCCH/PDSCH carrying MTCH.
· FFS use of different bandwidth configurations for the CFR of GC-PDCCH/PDSCH carrying MCCH and the CFR of GC-PDCCH/PDSCH carrying MTCH.



	
Rel-16 operation is that a UE detects the MIB and determines the BW of CORESET#0 for monitoring PDCCH that provides a DCI format 1_0 scheduling SIB1 PDSCH. An active DL BWP as large as the carrier BW can be configured by SIB1. When that configuration is provided, that is the initial DL BWP; otherwise, the initial BWP is the one defined by CORESET#0. It is noted that unlike RRC_CONNECTED UEs for which the active DL BWP is UE-specific, the active DL BWP for RRC_IDLE/RRC_INACTIVE UEs is UE-common and it is not necessary for a gNB to configure a CFR for MBS – the gNB can do so by indicating the initial DL BWP in the SIB if the gNB wants a large CFR; otherwise, the CFR can be the BWP of CORESET#0. It is also noted that the gNB can provide the initial DL BWP with an extension in SIB1 that is only applicable to MBS UEs (if not provided for legacy UEs or non-MBS UEs which can remain unaffected if the gNB so chooses). When the gNB configures a CFR, the CFR size is a gNB choice (no RAN1 agreement is needed although it would make sense for the CFR to be smaller than the active DL BWP because otherwise there is no reason for the gNB to configure a CFR). The SCS and CP of the CFR do not need to be configured as the CFR is only a frequency region within the active DL BWP (same as for the CFR for RRC_CONNECTED UEs). Therefore, the situation is similar as for RRC_CONNECTED UEs where a UE has an active DL BWP and needs to be configured a CFR, and a same approach should be applicable for the CFR configuration to RRC_IDLE/RRC_INACTIVE UEs. A solution with minimum specification/UE impact is preferable. For similar reasons as discussed in [1], the CFR should be an “MBS frequency region”, not an additional active DL BWP. In other words, depending on SIB configuration, Rel-17 MBS would support Cases A, B, C, and D defined in RAN1#104-e. If SIB1 configures an initidal DL BWP, then Case C or Case D would be used. If SIB1 does not configure an initial DL BWP, then Case A or Case B would be used, because CORESET#0 becomes the initial DL BWP as default. Also, when the UE monitors the initial BWP regardless of MBS configuration, there is no benefit to monitor different frequency regions between MCCH and MTCH.

[bookmark: _Ref78207874]Proposal 1. SIBx can configure a frequency region for MBS. If that configuration for MBS CFR is not provided, the frequency region is the initial DL BWP (as configured by SIB1 or, if SIB1 does not configure an initial DL BWP, the BWP of CORESET#0). 


[bookmark: _Ref78207877]Proposal 2. For broadcast reception, RRC_IDLE/RRC_INACTIVE UEs can use the same bandwidth configurations for the CFR of GC-PDCCH/PDSCH carrying MCCH and the CFR of GC-PDCCH/PDSCH carrying MTCH.

Regarding the number of CFRs, suggestions for configuring more than one CFRs were made in order to support UEs with different BW capabilities (i.e. RedCap UEs). However, regardless of any possible reason to do so, that is not in scope of the WID and would further complicate the overall design as support for RedCap UEs would require support for additional specifications in order to be functional (e.g. to address differences in coverage due to 1 Rx antenna). 

[bookmark: _Ref78207867]Observation 1: One CFR is sufficient for Rel-17 MBS. 



Search space set configuration for GC-PDCCH
A search space set for GC-PDCCH needs to be configured. For RRC_IDLE/RRC_INACTIVE UEs it can only be a CSS and, unlike RRC_CONNECTED UEs, there is no additional impact on scheduling or specifications as there are no USS sets. There have been proposals to define a “new” CSS type but with little discussion on what “new” means which is what matters. It is preferable to first discuss whether the CSS sets for GC-PDCCH for RRC_IDLE/RRC_INACTIVE UEs need to be different (a) than the CSS sets for GC-PDCCH for RRC_CONNECTED UEs, (b) between broadcast and multicast, and (c) the Type-3 PDCCH CSS sets.

The suggested motivation for a new CSS is to avoid the default collision among PDCCH candidates that always start from CCE index 0. Therefore, whether or not there is any modification, is not applicable to that configuration of CSS sets (can remain as for Type-3 CSS sets with UE-common/SIB1 RRC instead of UE-specific RRC) but to the search space set equation where an initialization may not always be . Such collision avoidance (also with PDCCH candidates for non-Type-3 CSS in case of CORESET#0) is necessary and should also apply for multicast for RRC_CONNECTED UEs (with respect to PDCCH monitoring, broadcast is only a particular realization of multicast and it has been agreed that the same GC-PDCCH can be received by both RRC_IDLE/RRC_INACTIVE UEs and RRC_CONNECTED UEs). The mechanism to avoid the collisions can be further discussed. 

[bookmark: _Ref78207870]Observation 2: Configuration of SS sets for GC-PDCCH can be as for Type-3 PDCCH CSS sets in Rel-16 (via UE-common, instead of UE-specific, RRC signaling).

[bookmark: _Ref78207879]Proposal 3. Support avoidance of permanent collisions for PDCCH candidates of search space sets for GC-PDCCH for broadcast and multicast. 


Group-common PDCCH and group-common RNTI
Similar to unicast PDCCH, the group-common PDCCH can be scrambled using the following c_init values:
[image: ]
where, for MBS transmission, [image: ] equals the higher-layer parameter pdcch-DMRS-ScramblingID_MBS if configured,  otherwise, and where [image: ] is given by the group-common RNTI (e.g., G-RNTI) for the group-common PDCCH if the higher-layer parameter pdcch-DMRS-ScramblingID_MBS is configured, and [image: ] otherwise.

The group-common PDSCH can be scrambled using the following c_init values:
[image: ]

where, for MBS transmission, equals the higher-layer parameter dataScramblingIdentityPDSCH_MBS if configured and the RNTI equals the group-common RNTI (e.g., G-RNTI).

[bookmark: _Ref78207882]Proposal 4. Introduce RRC configuration for pdcch-DMRS-ScramblingID_MBS and dataScramblingIdentityPDSCH_MBS for scrambling a group-common PDCCH and group-common PDSCH for MBS.


UL feedback
In RAN1#104-e, RAN1 discussed with the following proposal without conclusion.
	Proposed Conclusion:
RRC_IDLE/RRC_INACTIVE UEs do not support UL feedback to improve reliability of Broadcast/Multicast services in Rel-17.



For many UEs transmitting in uplink, the gNB utilizes timing advance mechanism to make timing synchronization among those UE’s uplink signals. If not synchronized, those uplink signals become interference to each other. For RRC_connected UEs, the gNB keeps sending TA adjustment command by using MAC CE to make synchronization. However, RRC_IDLE/INACTIVE UEs do not have a tool to make uplink timing synchronization. If they just assume TA=0 to simplify, it results in severe interference to other UEs.

[bookmark: _Ref71218955]Proposal 5. RRC_IDLE/RRC_INACTIVE UEs do not support UL feedback.



MCCH change notification indication
In order to indicate MCCH change notification, the following alternatives were discussed in RAN1#105-e with the corresponding agreement. 

	Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, study the following alternatives for MCCH change notification indication due to session start:
· Alt 1: Define a dedicated RNTI to scramble the CRC of a DCI indicating a MCCH change notification;
· Alt 2: Use of a field in a DCI format scheduling a MCCH without a dedicated RNTI for MCCH change notification;



	Similar to LTE SC-PTM, 1 bit indication can be used to indicate MCCH change notification, which is Alt 2 above.

[bookmark: _Ref78207887]Proposal 6. Use of a field in a DCI format scheduling a MCCH without a dedicated RNTI for MCCH change notification



Conclusions 
This contribution considered aspects for supporting MBS for RRC IDLE/INACTIVE UEs and proposes the following.

Observation 1: One CFR is sufficient for Rel-17 MBS.
Observation 2: Configuration of SS sets for GC-PDCCH can be as for Type-3 PDCCH CSS sets in Rel-16 (via UE-common, instead of UE-specific, RRC signaling).
Proposal 1. SIBx can configure a frequency region for MBS. If that configuration for MBS CFR is not provided, the frequency region is the initial DL BWP (as configured by SIB1 or, if SIB1 does not configure an initial DL BWP, the BWP of CORESET#0).
Proposal 2. For broadcast reception, RRC_IDLE/RRC_INACTIVE UEs can use the same bandwidth configurations for the CFR of GC-PDCCH/PDSCH carrying MCCH and the CFR of GC-PDCCH/PDSCH carrying MTCH.
Proposal 3. Support avoidance of permanent collisions for PDCCH candidates of search space sets for GC-PDCCH for broadcast and multicast.
Proposal 4. Introduce RRC configuration for pdcch-DMRS-ScramblingID_MBS and dataScramblingIdentityPDSCH_MBS for scrambling a group-common PDCCH and group-common PDSCH for MBS.
Proposal 5. RRC_IDLE/RRC_INACTIVE UEs do not support UL feedback.
Proposal 6. Use of a field in a DCI format scheduling a MCCH without a dedicated RNTI for MCCH change notification
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