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1. [bookmark: _Toc120549591]Introduction
In RAN1 #105-e meeting, some agreements about NR MBS in RRC_IDLE/RRC_INACTIVE states are as the following [1],
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.

In this contribution, some further discussion for RRC_IDLE/RRC_INACTIVE states support in MBS for delivery mode 2 will be discussed, including design of MCCH and MTCH.
2. Discussion
2.1 CFR for MCCH/MTCH
Five CFR configuration cases are defined in RAN1#104 e-meeting about group-common PDCCH/PDSCH reception and Case A has been supported for MCCH/MTCH in last RAN1 meeting.
We divide the five cases into two categories according to whether the CFR can be larger or smaller than CORESET#0/initial DL BWP. The first category is CFR larger than CORESET#0/initial DL BWP. In current NR design, initial DL BWP can be configured in SIB1 with larger bandwidth than COREST#0, but RRC_IDLE/INACTIVE UEs can only resume CORESET#0 as initial DL BWP before going into RRC_CONNECTED state. Considering the PRB resources of CORESET#0 may be limited to schedule multiple broadcast services, a larger CFR than CORESET#0 is needed. From this point of view, Case C and Case E can both achieve to configure CFR larger than CORESET#0. But comparing between these two cases, Case E has more spec impact than Case C, e.g., the BWP switching time between initial DL BWP and MBS specific BWP, the configuration of MBS specific BWP. In addition, after UE goes into RRC_CONNECTED mode, more things need to be considered, e.g., whether both initial DL BWP configured by SIB1 and MBS specific BWP are activated if UE-specific BWP is not configured by RRC dedicated signalling, the fallback BWP switching behaviour when BWP timer expires. Therefore, Case C can be supported which has little spec impact to configure a CFR larger than CORESET#0 used for broadcast service and both suitable for RRC_IDLE/INACTIVE and RRC_CONNECTED UEs.
The second category is CFR smaller than CORESET#0/initial DL BWP. For Case B, considering the maximum CORESET#0 bandwidth is 20MHz in FR1, the power saving gain of using a smaller CFR is limited. Besides, the bandwidth of CORESET for group-common PDCCH is also smaller than CORESET#0, which causes AL=16 cannot be used. For Case D, the CFR is smaller than initial DL BWP configured by SIB1, if UE wants to save power for receiving broadcast service, Case A can realize the same motivation without additional spec impact to define the CFR frequency location. Therefore, Case B and Case D have limited motivation to support and may introduce more problems.
In a summary, Case A and Case C are enough to be used to receive broadcast service with little spec impact and can also be used for RRC_CONNECTED UEs. If the initial DL BWP has the same frequency resources as CORESET#0, Case A is used. If the initial DL BWP is configured by SIB1 which has larger bandwidth than CORESET#0, gNB can configure the CFR equalling to CORESET#0 (Case A) or initial DL BWP configured by SIB1 (Case C) which gives much flexibility.
Proposal 1. For RRC_IDLE/RRC_INACTIVE UEs, Case C can be supported as configured/defined specific CFR for MTCH/MCCH.
Proposal 2. If initial DL BWP is configured by SIB1 which larger than CORESET#0, gNB can configure whether the CFR equals to the bandwidth of CORESET#0 (Case A) or initial DL BWP (Case C).
As the discussion, if the initial DL BWP has the same frequency resources as CORESET#0, only Case A can be used and there is only one CFR. If the initial DL BWP is configured by SIB1, gNB can configure Case A or Case C but not both, because only one CFR is enough considering the broadcast services are with low QoS and a proper CFR can be used to schedule multiple broadcast services. In addition, if both Case A and Case C are used, how to switch between them need to be studied because DCI format 1_0 cannot be used for BWP switching. Therefore, there is also only one CFR If the initial DL BWP is configured by SIB1.
Proposal 3. For RRC_IDLE/RRC_INACTIVE UEs, only support one CFR.
2.2 Search space of MTCH
In last RAN1 meeting, a new Type-x CSS was supported for multicast service, which the monitoring priority of Type-x CSS is determined based on the search space set indexes of the Type-x CSS set and USS sets. We also think the new Type-x CSS should be used for MTCH of broadcast service and there are several reasons as the following. 
The first is that RRC_CONNECTED UEs can both receive broadcast service and multicast service, and it is no sense to define different CSS types and different PDCCH monitoring priority rules between broadcast and multicast. 
The second is that new Type-x CSS for MTCH can reduce unnecessary BD/CCE counting for RRC_CONNECTED UEs. For RRC_CONNECTED UEs, all configured CSS PDCCHs are counted into the monitored BD/CCEs and the left BD/CCEs capability are used for USS in Rel-15/16. However, it’s up to UE’s implementation to receive Rel-17 broadcast services or not, that is UE may not receive some configured broadcast service MTCH GC-PDCCHs. If current CSS type is reused for broadcast MTCH GC-PDCCH and the same PDCCH overbooking rule is reused for RRC_CONNECTED UEs, these non-received broadcast MTCH GC-PDCCHs will also be counted into monitored BD/CCEs, which causing the reduction of USS scheduling opportunity. If we take new Type-x CSS for MTCH, the monitoring priority is according to the search space index and the non-monitored broadcast MTCH GC-PDCCHs are not counted into the monitored BD/CCEs for RRC_CONNECTED UEs in order to not decrease USS scheduling opportunity.
Proposal 4. For CSS of GC-PDCCH for broadcast, the same CSS type as multicast is supported, i.e., Type-x CSS, 
· The monitoring priority of Type-x CSS is determined based on the search space set indexes of the Type-x CSS set and USS sets.
2.3 DCI format
In last meeting, DCI format 1_0 was agreed as the baseline for GC-PDCCH of MCCH and MTCH.
2.3.1 GC-PDCCH of MCCH
Considering the MCCH is a broadcast channel without HARQ which is similar to BCCH, the current DCI fields when the CRC is scrambled by SI-RNTI except for system information indicator can be reused as the DCI fields in DCI format 1_0 with CRC scrambled by MCCH-RNTI. As the discussion in section 2.1, we think both Case A and Case C can be used for MCCH, and the FDRA filed can be depended on CFR size because the current reserved bits are enough. For example, assume CORESET#0 is 48 PRB and CFR equals to CORESET#0, there are 16 reserved bits in DCI format 1_0 with CRC scrambled by MCCH-RNTI. If the CFR is 272 PRB which needs 15 bits FDRA filed, there are still 12 reserved bits in DCI format 1_0. 
As the discussion in our contribution [2] taking into account the updated agreement from RAN2, we think the reserved bits in DCI format 1_0 is enough used for MCCH change notification, therefore, we prefer Alt 2 as the MCCH change notification indication and separate bits are used to indicate session start and modification of an ongoing session’s configuration.
Proposal 5. For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, support using DCI bits in a DCI format scheduling a MCCH without a dedicated RNTI for MCCH change notification.
Proposal 6. The following DCI fields are needed in DCI format 1_0 used for GC-PDCCH of MCCH, 
-	FDRA filed which bitlength is depend on CFR size
-	TDRA filed Time domain resource assignment
-	VRB-to-PRB mapping
-	Modulation and coding scheme 
-	Redundancy version
-  MCCH change notification
2.3.2 GC-PDCCH of MTCH
[bookmark: _Hlk70012922]Before we detailed discussion of DCI fields, we should first discuss whether HARQ feedback for broadcast is supported for RRC_IDLE/INACTIVE UEs. Considering gNB doesn’t know exact RRC_IDLE/INACTIVE UEs receiving broadcast service, it is no way for gNB configuring UE-specific PUCCH resource for ACK/NACK feedback. As for NACK-only based HARQ-ACK feedback, we also think it has little motivation to be supported for RRC_IDLE/INACTIVE UEs, the first reason is that the QoS requirement for broadcast service is much lower than multicast service and the second reason is that gNB can use PDSCH repetition to improve the reliability without HARQ-ACK feedback. Therefore, we think the HARQ feedback for group-common PDSCH for broadcast reception for RRC_IDLE/INACTIVE UEs should not be supported.
[bookmark: _Hlk70013032]Proposal 7. For RRC_IDLE/INACTIVE UEs, don’t support HARQ feedback for group-common PDSCH for broadcast reception.
Therefore, the HARQ related DCI fields e.g., NDI, DAI, PRI, HARQ timing indicator, TPC command are not needed for GC-PDCCH of MTCH, which the remaining DCI fields are the same as GC-PDCCH of MCCH except for MCCH change notification.
Proposal 8. The following DCI fields are needed in DCI format 1_0 used for GC-PDCCH of MTCH, 
-	FDRA filed which bitlength is depend on CFR size
-	TDRA filed Time domain resource assignment
-	VRB-to-PRB mapping
-	Modulation and coding scheme 
-	Redundancy version
2.3.3 DCI size alignment
The last issue is about DCI size alignment, as the GC-PDCCH of MCCH/MTCH should be monitored by UEs in three RRC states, the DCI size of GC-PDCCH of MCCH/MTCH should be aligned with DCI format 1_0 in CSS in order to not increase DCI sizes.
Proposal 9. The DCI size of GC-PDCCH of MCCH/MTCH should be aligned with DCI format 1_0 in CSS.
2.4 Beam sweeping for MTCH
In last RAN1 meeting, SIB1-like and OSI-like beam sweeping for MCCH were confirmed, we think the OSI-like beam sweeping design can also be used for GC-PDCCH of MTCH, which defining PDCCH monitoring window for different broadcast service, and each GC-PDCCH monitoring occasion in the monitoring window has an association with one actually transmitted SSB.
For example we can define one or more MBS-window(s), and the [x×N+K]th PDCCH monitoring occasion (s) for a MBS-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 MBS-window/N).
In addition, the impact of DRX also needs to be taken into account, the group-common PDCCH monitoring occasions will be extended when drx-Inactivity timer is running, and the association between monitoring occasions and SSB indexes needs to be defined.
Proposal 10. The association between transmitted SSB indexes and group-common PDCCH monitoring occasions using the similar rule as defined for OSI in TS 38.331 for RRC_IDLE/RRC_INACTIVE UEs.
3. Conclusions
In this contribution, the support of MBS in RRC_IDLE/RRC_INACTIVE states are discussed, and the following proposals are made.
Proposal 1. For RRC_IDLE/RRC_INACTIVE UEs, Case C can be supported as configured/defined specific CFR for MTCH/MCCH.
Proposal 2. If initial DL BWP is configured by SIB1 which larger than CORESET#0, gNB can configure whether the CFR equals to the bandwidth of CORESET#0 (Case A) or initial DL BWP (Case C).
Proposal 3. For RRC_IDLE/RRC_INACTIVE UEs, only support one CFR.
Proposal 4. For CSS of GC-PDCCH for broadcast, the same CSS type as multicast is supported, i.e., Type-x CSS, 
· The monitoring priority of Type-x CSS is determined based on the search space set indexes of the Type-x CSS set and USS sets.
Proposal 5. For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, support using a field in a DCI format scheduling a MCCH without a dedicated RNTI for MCCH change notification.
Proposal 6. The following DCI fields are needed in DCI format 1_0 used for GC-PDCCH of MCCH, 
-	FDRA filed which bitlength is depend on CFR size
-	TDRA filed Time domain resource assignment
-	VRB-to-PRB mapping
-	Modulation and coding scheme 
-	Redundancy version
-  MCCH change notification
Proposal 7. For RRC_IDLE/INACTIVE UEs, don’t support HARQ feedback for group-common PDSCH for broadcast reception.
Proposal 8. The following DCI fields are needed in DCI format 1_0 used for GC-PDCCH of MTCH, 
-	FDRA filed which bitlength is depend on CFR size
-	TDRA filed Time domain resource assignment
-	VRB-to-PRB mapping
-	Modulation and coding scheme 
-	Redundancy version
Proposal 9. The DCI size of GC-PDCCH of MCCH/MTCH should be aligned with DCI format 1_0 in CSS.
Proposal 10. The association between transmitted SSB indexes and group-common PDCCH monitoring occasions using the similar rule as defined for OSI in TS 38.331 for RRC_IDLE/RRC_INACTIVE UEs.
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