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1. Introduction
In this paper, support of NR multicast and broadcast services (MBS) for RRC_IDLE/INACTIVE UEs is discussed. 
2. Discussion 
In this section we provide initial details on design considerations for NR MBS for RRC_IDLE or RRC_INACTIVE mode UEs. RAN2 has already agreed that low QoS Delivery mode 2 (broadcast) is supported for RRC_IDLE/INACTIVE UEs and multicast is currently deprioritized. Some remaining details for broadcast operation include finalizing CFR configuration, MCCH change notification etc. In the following sections we provide our views on some open topics to finalize the broadcast service design from a RAN1 perspective 
[bookmark: _Hlk79172105]2.1. Group Scheduling
2.1.1. CFR Configuration
The following agreements were reached in recent RAN1 and RAN meetings for CFR configuration of RRC_IDLE/INACTIVE UEs:
	Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, further study the following cases of a configured/defined specific common frequency resource (CFR) for group-common PDCCH/PDSCH, and identify which case(s) will be supported:
· [Case E] the case where a CFR is defined based on a configured BWP. 
· In particular, study the following:
· whether a configured BWP for MBS is needed or not.
· whether BWP switching is needed or not. 
· In this study, the configured BWP has the following properties:
· The configured BWP is different than the initial BWP where the frequency resources of this initial BWP are configured smaller than the full carrier bandwidth. 
· The CFR has the frequency resources identical to the configured BWP.
· The configured BWP needs to fully contain the initial BWP in frequency domain and has the same SCS and CP as the initial BWP. 
· Note: The configured BWP is not larger than the carrier bandwidth
· the case where the initial BWP fully contains the CFR in the frequency domain.
· In this study the following sub-cases are considered:
· [Case B] A CFR with smaller size than the initial BWP, where the initial BWP has the same frequency resources as CORESET0. In this case the CFR has the frequency resources confined within the initial BWP and have the same SCS and CP as the initial BWP.
· [Case D] A CFR with smaller size than the initial BWP, where the initial BWP has the frequency resources configured by SIB1. In this case the CFR has the frequency resources confined within the initial BWP and have the same SCS and CP as the initial BWP.
· In particular, study the following:
· Whether the considered two options with a CFR with smaller size than the initial BWP are needed or not for MBS.
· the case where the initial BWP has same size as the CFR in the frequency domain. 
· In this study the following two sub-cases are considered:
· [Case A] A CFR with the same size as the initial BWP, where the initial BWP has the same frequency resources as CORESET0. In this case the CFR has the same frequency resources and same SCS and CP as the initial BWP.
· [Case C] A CFR with same size as the initial BWP, where the initial BWP has the frequency resources configured by SIB1. In this case the CFR has the same frequency resources and same SCS and CP as the initial BWP.
· In particular, study the following:
· Whether the considered two options with a CFR with the same size as the initial BWP are needed or not for MBS.


Agreement:
From RAN1 perspective, the CFR for broadcast reception of RRC_IDLE/INACTIVE UEs, includes at least the following configurations:
· One set of parameters configured for PDSCH for broadcast reception with GC-PDSCH
·    One set of parameters configured for PDCCH for broadcast reception with GC-PDCCH
· FFS: whether some parameters configured for PDSCH/PDCCH are optional/needed for the supported cases of CFR.
· FFS: If necessary, depending on the cases supported, starting PRB and the number of PRBs 
· The reference for starting PRB is Point A. (Following the same approach to determine reference for starting PRB as that defined in AI8.12.1.)
Agreement (RAN Plenary)
For a configured/defined CFR for GC-PDCCH/PDSCH carrying MCCH and MTCH for broadcast reception with UEs in RRC IDLE/INACTIVE state.
· Support Case-C
· Support at least one of Case D and Case E. 
· Down-selection to be made at RAN1#106b-e
Note: Case C, D and E are defined in previous agreements

Agreement:
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




Support of Case D and Case E:
In previous RAN1 meetings the support of CFR configuration options of Case A-E has been heavily debated. While Case A and C have been agreed, Case D and E are still under discussion. Case A and C propose to configure a CFR which has the same bandwidth as the initial BWP where the initial BWP is either equal to CORESET#0 or SIB1 configured initial BWP. This method of coupling the CFR with the initial BWP also means that the related configurations can then be re-used for the CFR which does not need an independent reference point, starting PRB and length in PRBs to be additionally configured. 
For Case D, it assumes that CFR is smaller than the SIB1 configured initial BWP but potentially larger than and containing the resources of CORESET#0. In our understanding, this case can be resolved using FDRA within Case C. Case D should not provide any added advantage in terms of UE power consumption since the UE will move the wider SIB1 configured initial BWP when it transitions to CONNECTED mode. 

Proposal 1: Case D can be implemented under Case C using appropriate FDRA since the resources required for broadcast reception under Case D are already included in Case C. Additional support for Case D is not required.

The case for support of Case E is stronger. However, Case E is defined on the premise that the CFR would need a bandwidth which is wider than the SIB-1 configured initial BWP.  While this case may be supported, the debate has mainly been around the definition of a “configured BWP” in IDLE/INACTIVE mode. To our understanding, a configured BWP can be anything which is different from the legacy SIB1 configured initial BWP or CORESET#0. However, we also need to ensure that that configured BWP contains CORESET#0. Assuming that CFR in Case E is different (wider) from the initial BWP, there is an issue that the UE will need to transition to the smaller initial BWP when entering CONNECTED mode and in this case the CFR lies outside of the initial active BWP. Therefore, in this implementation of Case E, for CONNECTED mode UEs to continue receiving broadcast transmission within the broadcast CFR, the gNB needs to switch the relevant UEs to wider active BWP as part of the initial access procedure. 

Observation 1: For Case E when the configured BWP is wider than legacy SIB1 configured initial BWP, when the UE transitions to CONNECTED mode, the CFR will be outside the initial active BWP, requiring the switching of the UE to a wider BWP (containing CFR) for continuous broadcast reception. 

On the other hand, if we define the “configured BWP” as another SIB-x configured initial BWP only for MBS UEs which supersedes the legacy initial BWP configuration, then the issue of CFR outside of initial active BWP for UEs transitioning to CONNECTED mode does not exist. In fact, it is reasonable also to assume that the UE which required a wider CFR would also require a wider initial BWP to continue receiving broadcast and it does not have any additional power consumption issues. The main difference here is that the configured BWP is now a new wider initial BWP for the MBS UEs while the legacy UEs still use the legacy initial BWP.

Proposal 2: Case E can be supported where the “configured BWP” is defined as a SIB-x configured wider initial BWP for MBS capable UEs which supersedes the legacy SIB1 configured initial BWP.

CFR Configuration for MCCH/MTCH:
In the last meeting it was agreed that only one CFR configuration is allowed for MCCH and that MCCH/MTCH can use the same bandwidth. Additionally, MCCH and MTCH can use the same single CFR configuration. The two channels need not have different CFR configurations where MTCH CFR is configured in MCCH since the gains from such involved design is not clear.

Proposal 3: Only one common frequency resource may be configured for MBS reception for RRC_IDLE/INACTIVE mode UEs for both MCCH and MTCH

RAN1 should strive to design a common framework for broadcast reception for CONNECTED and IDLE/INACTIVE mode UEs. Therefore, it should be possible that the same group-common PDCCH and PDSCH are received by the RRC_IDLE/INACTIVE and CONNECTED mode UEs. For this purpose, the CFR for broadcast reception should be assumed to be also within an active BWP of the CONNECTED mode UEs. To this end, it can be up to the gNB to ensure CFR configuration for CONNECTED mode UEs is compatible with broadcast reception. Generally, it should be possible to switch the BWP or reconfigure the CFR for CONNECTED mode UEs to match the CFR of IDLE UEs for broadcast reception.

Proposal 4: If the CFR for IDLE/INACTIVE UEs is outside the active CFR or active BWP of CONNECTED mode UEs, it is up to the gNB to reconfigure the CFR or switch BWP of CONNECTED mode UEs to receive broadcast transmission. The IDLE UEs are not expected to switch BWP to align with CONNECTED mode UEs.

2.1.2. Resource Allocation

	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.



UEs in RRC IDLE/INACTIVE mode can be configured to monitor for DCI format 1_0 which can be used to schedule MBS PDSCH. Based on the subsequent agreement that the CFR is assumed to have the same size of the CORESET#0 or initial BWP, the FDRA field in the for the DCI 1_0 will be dimensioned with respect to the CORESET#0 or initial BWP. This is assuming that Case E as proposed above is agreed. Otherwise special handling for Case E may be required. 

Proposal 5: [bookmark: _Hlk79173285]The FDRA field of DCI 1_0 is based on the starting PRB index and size of CORESET#0 or initial BWP.

2.2. PDCCH Related Details
	
Agreement:
Study whether the Type-x CSS supported for multicast in RRC_CONNECTED can be reused as baseline for broadcast in RRC_IDLE/RRC_INACTIVE for GC-PDCCH scheduling MCCH and MTCH.




The PDCCH which schedules the MCCH carrying the MBS configuration can be monitored in a Type0-PDCCH CSS set configured by searchSpaceZero in PDCCH-ConfigBroadcast and associated with a CORESET#0 for both RRC_CONNECTED and IDLE mode UEs. Alternately it can be monitored in a new PDCCH CSS set e.g., searchSpaceBroadcast which is configured by the MBS specific PDCCH-ConfigBroadcast. The CSS set can be a Type-x CSS set similar to the case for RRC_CONNECTED UEs

Proposal 6: The PDCCH scheduling the MCCH can also be monitored in a Type-x CSS set configured by the MBS specific PDCCH-ConfigBroadcast
For the broadcast reception of delivery mode 2, it was agreed that the same group common PDCCH and corresponding PDSCH may be received by both connected and idle/inactive mode UEs. While this configuration is one possible mode of operation, always sharing control signaling may be restrictive and it may be allowed that connected UEs may be scheduled the same group common PDSCH using a different group common PDCCH.

Proposal 7: [bookmark: _Hlk61896710]Different group-common PDCCH may be used to schedule the same group-common PDSCH for connected and idle/inactive mode UEs respectively

2.2. Discussion on RRC Parameters
	RAN2 Parent IE
	Parameter Name
	Description 
	Default Value
	Per (UE, TRP, cell..)
	UE/Cell Specific

	CFR-Config-MCCH-MTCH
	locationAndBandwidth-Broadcast
	The IE of locationAndBandwidth-Broadcast is used to configure the starting PRB and the number of PRBs of CFR for carrying MCCH/MTCH. 

	Initial BWP of RRC_IDLE/RRC_INACTIVE Ues

	Per CFR
	Cell-Specific



In our understanding, if the CFR is always equal to a configured (initial) BWP, then this parameter may not be required. The UE is expected to assume the same values as for the initial BWP or CORESET#0. 
3. Conclusions
In this paper, design options and related evaluations were proposed for NR MBS for RRC_IDLE/INACTIVE UEs. To this end, the following proposals were made:
1. Case D can be implemented under Case C using appropriate FDRA since the resources required for broadcast reception under Case D are already included in Case C. Additional support for Case D is not required.
2. Case E can be supported where the “configured BWP” is defined as a SIB-x configured wider initial BWP for MBS capable UEs which supersedes the legacy SIB1 configured initial BWP.
3. Only one common frequency resource may be configured for MBS reception for RRC_IDLE/INACTIVE mode UEs for both MCCH and MTCH
4. If the CFR for IDLE/INACTIVE UEs is outside the active CFR or active BWP of CONNECTED mode UEs, it is up to the gNB to reconfigure the CFR or switch BWP of CONNECTED mode UEs to receive broadcast transmission. The IDLE UEs are not expected to switch BWP to align with CONNECTED mode UEs.
5. The FDRA field of DCI 1_0 is based on the starting PRB index and size of the CORESET#0 or the initial BWP.
6. The PDCCH scheduling the MCCH can also be monitored in a Type-x CSS set configured by the MBS specific PDCCH-ConfigCommon
7. Different group-common PDCCH may be used to schedule the same group-common PDSCH for connected and idle/inactive mode UEs respectively
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