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Introduction
Regarding UE receiving broadcast in RRC_IDLE/ RRC_INACTIVE states, the following agreements were achieved in RAN1#105-e meeting [1] as follows:
	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.

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.



RAN2#114-e meeting achieved some agreements for MCCH design, which are informed to RAN1 in the LS [2]. This contribution continues discussing the details of MCCH/MTCH configurations and scheduling for RRC_IDLE/ RRC_INACTIVE states UEs as well as RAN2 LS regarding MCCH change notification. 
Common frequency resource(s) for MCCH/MTCH
It is agreed that 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 CORESET#0 (i.e., Case A), to receive GC-PDCCH/PDSCH carrying MCCH or MTCH. 
As agreed in RAN1#103-e, UE may assume SIB1 configured initial BWP as the default CFR for group-common PDCCH/PDSCH, if a specific CFR is not configured. Hence, there is no reason, when CFR is configured, not to allow the CFR configured to be the same size as SIB1 configured initial BWP, especially for MTCH which normally requires larger bandwidth. 
Comparing case D and case E, case D is beneficial over case E. The reason is that case D is an approach which can avoid BWP switching when UE enters RRC_CONNECTED for receiving broadcast. When Rel-17 MBS UE after entering RRC_CONNECTED state can continuing receiving broadcast in the initial BWP instead of switching to a CFR with a larger bandwidth than the initial BWP, so that broadcast and unicast can be both scheduled on the SIB1 configured initial BWP without the need of switching the BWP. Moreover, it should be noted that even though the CFR for case D is contained in the initial BWP configured by SIB1, it does not affect the UE not receiving broadcast services in RRC_CONNECTED state to save power nor require such UEs to always stay in the SIB1 configured initial BWP in RRC_CONNECTED state. The reason is that the UE not receiving broadcast services can be configured with a smaller dedicated BWP or a default BWP for power saving. 
For case E, if the point of case E is a specific BWP, as explained above, it may lead to Rel-17 MBS UE after entering RRC_CONNECTED state switches the BWP for receiving broadcast and unicast/multicast. The BWP switch delay would affect both unicast and MBS performance.
Proposal 1: For broadcast scheduling, support configuring a CFR for group-common PDCCH/PDSCH of MCCH/MTCH with the same size as the initial BWP configured by SIB1, and the configured CFR should contain CORESET#0.

CORESET and search space for broadcast
As is agreed in last meeting, 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. However, if RRC_IDLE/RRC_INACTIVE UE is configured with a CFR larger than CORESET#0 to receive GC-PDCCH/PDSCH carrying MCCH or MTCH, the CORESET larger than CORESET#0 can also be naturally configured to offload from bandwidth of CORESET#0. From UE perspective, the maximum number of CORESETs supported for Rel-15/Rel-16 UEs, i.e., 2 CORESETs, is still kept. Depending on whether the CFR is configured with the same size as the bandwidth of CORESET#0 or the same size as SIB1 configured initial BWP, the other CORESET can be smaller or larger than CORESET#0. 
Regarding search space for MCCH/MTCH, search space #0 can be used. Since the other CORESET than CORESET#0 can be configured, additional common search space for MTCH scheduling specifically can be configured. Note that RAN1#105 meeting has agreed both searchSpace#0 and common search space other than searchSpace#0 can be configured for GC-PDCCH scheduling MCCH. 
Proposal 2: When the CFR for MCCH/MTCH is configured with the same size as SIB1 configured initial BWP, in addition to CORESET#0, the other CORESET larger than CORESET#0 can be configured. 
Proposal 3: For MTCH scheduling, both searchSpace#0 and common search space other than searchSpace#0 can be configured for GC-PDCCH scheduling MTCH. 

Separate configurations for MCCH and MTCH
As discussed in the companion contribution [3], for receiving broadcast, MCCH and MTCH may have different requirements, which result in necessary separate discussions. For example, the CFR, CORESET, SS for MCCH and MTCH can be different and the configuration for MTCH can come from MCCH.
MTCH may require larger frequency resources than MCCH, so the CFR for MTCH can be configured in MCCH. 
When CFR for at least MTCH can be configured with the same size as SIB1 configured initial BWP, the CORESET for MTCH scheduling can be configured to be larger than the bandwidth of CORESET#0. Hence, the CORESET for MTCH scheduling can be configured in MCCH which could be part of configuration of CFR but can be up to RAN2 for signaling design. 
Search space for MTCH may have different monitoring periodicity, so the search space for MTCH can be configured in MCCH. 
Proposal 4: The CFR, CORESET, and search space for MCCH and MTCH can be configured separately. 
· The CFR, CORESET, and search space for MTCH scheduling can be included in MCCH. 

Beam sweeping for MTCH
SSB as QCL source
RAN1#104-e meeting agreed UE may assume group-common PDCCH/PDSCH is QCL’d with SSB and FFS association rules between SSB indexes and UE monitoring occasions. Beam sweeping mechanism for MCCH has been discussed in RAN2 and achieved some progress. What RAN1 discusses in this meeting is mainly for MTCH which is supposed to be discussed in RAN1. 
Referring to the mechanisms for paging and OSI reception associating with SSB as summarized in Appendix, it is straightforward to reuse the same mechanism when SS#0 is configured for MTCH as defined in TS 38.213
Proposal 5: If SS#0 is configured for MTCH scheduling, the mapping between PDCCH occasions and SSBs is the same as that for SIB1 as defined in TS 38.213.
If SS other than SS#0 is configured for MTCH, similar to the mechanisms defined for paging and OSI in the specific SS other than SS#0, a window is needed so as to associate with SSB. Assuming for a given G-RNTI associated broadcast service, MTCH monitoring periodicity (i.e., G-RNTI window) is , the offset of MTCH to the starting of the periodicity is . Accordingly, the PDCCH monitoring occasion(s) in slot  in the frame  is given by , where  is the number of slots in a radio frame. 
Within the window introduced for MTCH monitoring, the association of SSB and the PDCCH monitoring occasion can also refer to the one specified for OSI reception. The [x×N+K]th PDCCH monitoring occasion (s) for MTCH in the G-RNTI window corresponds to the Kth transmitted SSB, where x = 0, 1, ...X-1, K = 1, 2, …N, N is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is equal to CEIL(number of PDCCH monitoring occasions in G-RNTI window/N). The UE assumes that, in the G-RNTI window, PDCCH for an MTCH scrambled by G-RNTI is transmitted in at least one PDCCH monitoring occasion corresponding to each transmitted SSB and thus the selection of SSB for the reception of MTCH is up to UE implementation.
As an example in Figure 1, the beam sequence according to ssb-PositionsInBurst in SIB1 is 1, 2, 3, and the beam sequence index for a UE is 1, then the monitoring occasions with index of 1, 4, 7 and 10 need to be monitored by the UE.
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[bookmark: _Ref78881793]Figure 1: Beam sweeping for MTCH
Based on the above discussions, the following are proposed:
Proposal 6: MTCH scheduling is associated with a window defined by the MTCH monitoring periodicity   and the offset to the starting of the periodicity :
· the PDCCH monitoring occasion(s) in slot  in the frame  is given by , where  is the number of slots in a radio frame.
Proposal 7: Within the MTCH scheduling window, the association between the PDCCH monitoring occasions and SSB is defined as:
· the [x×N+K]th PDCCH monitoring occasion (s) for MTCH in the scheduling window corresponds to the Kth transmitted SSB, where x = 0, 1, ...X-1, K = 1, 2, …N, N is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is equal to CEIL(number of PDCCH monitoring occasions in G-RNTI window/N). 
· The UE assumes that, in the MTCH scheduling window, PDCCH for an MTCH scrambled by G-RNTI is transmitted in at least one PDCCH monitoring occasion corresponding to each transmitted SSB.
TRS as QCL source
In addition to SSB as QCL source, last meeting also agreed to FFS on TRS. The reason to consider TRS as QCL source is TRS can be configured for time/frequency tracking in SFN manner at least for intra-DU which is one of objectives for this item in Rel-17 as follows: 
· Study the support for dynamic control of the Broadcast/Multicast transmission area within one gNB-DU and specify what is needed to enable it, if anything [RAN2, RAN3]


Considering Rel-17 shall not prevent introducing SFN above gNB-DU level as well in future Releases as stated in WID as follows: 
Any design decisions taken for this WI in Release 17 shall not prevent introducing the following features in future Releases:
· Standardised support of SFN over multiple cells above gNB-DU level;
· Support of Free to air/receive only mode
· Resource allocation up to 100% to Broadcast/Multicast service.

Supporting configuring periodic TRS for UEs receiving broadcast in IDLE/INACTIVE can be better forward compatible with potential supporting SFN above gNB-DU level as well in Rel-18, so that operators can relieve the concerns of deploying broadcast of Rel-17 may not obtain the benefit of SFN in Rel-18. 
Proposal 8: GC-PDCCH/PDSCH can be configured to be QCL’d with periodic TRS for IDLE/INACTIVE UEs receiving MTCH.

MCCH change notification
It is agreed in RAN1#105-e meeting, 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;

RAN2 also sent an LS [2] to RAN1 and asks RAN1 to take RAN2 agreements into consideration when discussing PHY layer aspects of MCCH design (in particular for RNTI and DCI design for carrying the MCCH change notifications). 
The mechanisms that are supported in LTE are summarized in [3], based on which and RAN2’s LS, the two alternatives are discussed and analyzed in [4]. The discussion leads to the proposal of supporting Alt 2. 
From RAN2’s LS, RAN2 is still FFS on whether the possibility of UE missing an MCCH change notification needs to be addressed or can be left to UE implementation. Since Alt 2 can also reduce the possibility of UE missing an MCCH change notification because the DCI scheduling MCCH will be transmitted from network whenever MCCH is transmitted, an draft LS reply is also provided in [5], which is supposed to resolve RAN2’s remaining FFS regarding MCCH change notification issue. 

Conclusions
This contribution discusses the details for UE receiving broadcast especially in RRC_IDLE/ RRC_INACTIVE states. The following proposals are as follows:
Proposal 1: For broadcast scheduling, support configuring a CFR for group-common PDCCH/PDSCH of MCCH/MTCH with the same size as the initial BWP configured by SIB1, and the configured CFR should contain CORESET#0.
Proposal 2: When the CFR for MCCH/MTCH is configured with the same size as SIB1 configured initial BWP, in addition to CORESET#0, the other CORESET larger than CORESET#0 can be configured. 
Proposal 3: For MTCH scheduling, both searchSpace#0 and common search space other than searchSpace#0 can be configured for GC-PDCCH scheduling MTCH. 
Proposal 4: The CFR, CORESET, and search space for MCCH and MTCH can be configured separately. 
· The CFR, CORESET, and search space for MTCH scheduling can be included in MCCH. 
Proposal 5: If SS#0 is configured for MTCH scheduling, the mapping between PDCCH occasions and SSBs is the same as that for SIB1 as defined in TS 38.213.
Proposal 6: MTCH scheduling is associated with a window defined by the MTCH monitoring periodicity   and the offset to the starting of the periodicity :
· the PDCCH monitoring occasion(s) in slot  in the frame  is given by , where  is the number of slots in a radio frame.
Proposal 7: Within the MTCH scheduling window, the association between the PDCCH monitoring occasions and SSB is defined as:
· the [x×N+K]th PDCCH monitoring occasion (s) for MTCH in the scheduling window corresponds to the Kth transmitted SSB, where x = 0, 1, ...X-1, K = 1, 2, …N, N is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is equal to CEIL(number of PDCCH monitoring occasions in G-RNTI window/N). 
· The UE assumes that, in the MTCH scheduling window, PDCCH for an MTCH scrambled by G-RNTI is transmitted in at least one PDCCH monitoring occasion corresponding to each transmitted SSB.
Proposal 8: GC-PDCCH/PDSCH can be configured to be QCL’d with periodic TRS for IDLE/INACTIVE UEs receiving MTCH.
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Appendix
The PDCCH monitoring occasions associated with the actual transmitted SSB for paging and OSI are present in this appendix for reference of discussion for beam sweeping for MTCH. 
Paging
UE calculates the index of PO determined by i_s = floor (UE_ID/N) mod Ns, as illustrated in TS 38.304. When SearchSpaceId other than 0 is configured for pagingSearchSpace, the UE monitors the (i_s + 1)th PO. A PO is a set of 'S*X ' consecutive PDCCH monitoring occasions where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is the nrofPDCCH-MonitoringOccasionPerSSB-InPO if configured or is equal to 1 otherwise. The [x*S+K]th PDCCH monitoring occasion for paging in the PO corresponds to the Kth transmitted SSB, where x=0,1,…,X-1, K=1,2,…,S. The PDCCH monitoring occasions for paging which do not overlap with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered from zero starting from the first PDCCH monitoring occasion for paging in the PF. When firstPDCCH-MonitoringOccasionOfPO is present, the starting PDCCH monitoring occasion number of (i_s + 1)th PO is the (i_s + 1)th value of the firstPDCCH-MonitoringOccasionOfPO parameter; otherwise, it is equal to i_s * S*X. If X > 1, when the UE detects a PDCCH transmission addressed to P-RNTI within its PO, the UE is not required to monitor the subsequent PDCCH monitoring occasions for this PO.
Figure 2 gives an example of beam sweeping for paging not using SS0. UE1 monitors the 4 PDCCH monitoring occasions (MOs) which associate with 4 actual transmitted SSBs within PO1, and UE2 monitors the 4 PDCCH MOs which also associate with 4 actual transmitted SSBs within PO2. The UE only monitors one PO.
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[bookmark: _Ref71660368]Figure 2: Beam sweeping for paging not using SS0
OSI
According to TS 38.331, for SI message acquisition PDCCH monitoring occasion(s) are determined according to searchSpaceOtherSystemInformation. If searchSpaceOtherSystemInformation is set to zero, PDCCH monitoring occasions for SI message reception in SI-window are same as PDCCH monitoring occasions for SIB1 where the mapping between PDCCH monitoring occasions and SSBs is specified in TS 38.213. If searchSpaceOtherSystemInformation is not set to zero, PDCCH monitoring occasions for SI message are determined based on search space indicated by searchSpaceOtherSystemInformation. PDCCH monitoring occasions for SI message which are not overlapping with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered from one in the SI window. The [x×N+K]th PDCCH monitoring occasion (s) for SI message in SI-window corresponds to the Kth transmitted SSB, where x = 0, 1, ...X-1, K = 1, 2, …N, N is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is equal to CEIL(number of PDCCH monitoring occasions in SI-window/N). The actual transmitted SSBs are sequentially numbered from one in ascending order of their SSB indexes. The UE assumes that, in the SI window, PDCCH for an SI message is transmitted in at least one PDCCH monitoring occasion corresponding to each transmitted SSB and thus the selection of SSB for the reception SI messages is up to UE implementation.
Figure 3 gives an example of beam sweeping for other system information (OSI) not using SS0. In the SI window, 8 PDCCH MOs are mapping to 4 actual transmitted SSBs.
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[bookmark: _Ref71660374]Figure 3: Beam sweeping for OSI not using SS0
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