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The contribution is focused on basic functions for broadcast/multicast for RRC-IDLE/RRC-INACTIVE UEs in Rel-17 NR MBS.
In RAN1#105-e meeting, the functionalities for RRC CONNECTED UEs were prioritized. Scheduling mechanism and frequency resource definition/configuration as well as reliability improvement were extensively discussed. For RRC_IDLE/RRC INACTIVE UEs the basic functions were discussed and the corresponding agreements were made only from a high level concept point of view.
	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.




Hence, in this contribution, more detailed views on RRC IDLE/RRC INACTIVE states are presented from our side.

Discussion
Frequency resource configuration
For RRC_IDLE/RRC_INACTIVE UEs, a common frequency region should be defined or configured for each UE to receive the group-common DCI and associated group-common PDSCH. If this specific common frequency resource is not configured, the UE may assume the initial DL BWP as the default common frequency resource for receiving the group-common PDCCH/PDSCH. If this specific common frequency resource is configured, it should be confined within the initial DL BWP and share same numerology. 
Regarding the configuration of this specific common frequency region, one straightforward solution is to configure the starting PRB and the number of contiguous PRBs of the specific common frequency region via RRC signaling. 
Furthermore, one discussion point in previous meeting is whether to configure one or more common frequency resources for one or more MBS services. If more than one common frequency resource is required, these common frequency resources should be confined within the initial DL BWP. In that sense, more straightforward solution is to configure a larger frequency resource to cover the multiple separate common frequency resources. Hence, one common frequency resource is enough for group-common PDCCH/PDSCH reception.
Based on above discussion, we have below proposals:
Proposal 1: If a specific common frequency resource is configured for RRC_IDLE/RRC_INACTIVE UEs, it should be confined within the initial DL BWP and share same numerology.
Proposal 2: The starting PRB index and the number of contiguous PRBs of the specific common frequency resource are configured within the initial DL BWP via RRC signaling.
Proposal 3: Only one common frequency resource is configured within the initial DL BWP for RRC_IDLE/RRC_INACTIVE UEs.

Regarding the relationship between CFR and the initial DL BWP, discussions on the possible cases are extensively discussed in RAN1#104 meeting. Five cases are identified to cover the case of MBS-specific BWP, same size of CFR and initial DL BWP as well as smaller size of CFR than initial DL BWP. Firstly, regarding Case B and Case D, the motivation to configure a CFR with smaller size than the initial DL BWP is not clear. In both cases, when the required bandwidth for multicast/broadcast for idle/inactive UEs is narrow than the initial DL BWP, gNB can schedule appropriate frequency allocation within the initial DL BWP. Furthermore, since the FDRA bits in the DCI is determined according to the bandwidth of initial DL BWP, there is no performance gain of DCI payload size reduction. Hence, Case B and Case D can be excluded. Secondly, regarding Case E, an MBS-specific BWP is configured. As discussed in our companion paper [3], introduction of MBS-specific BWP leads to significant standard impact and UE complexity as well as the resource waste due to BWP switching delay between MBS-specific BWP and unicast BWP. Hence, Case E is excluded. Then Case A and Case C are straightforward and can maximum CFR configuration within the initial DL BWP.
Based on above discussion, we have below proposals:
Proposal 4: For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, for CFR configuration for group-common PDCCH/PDSCH, Case C is supported.
Proposal 5: For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, for CFR configuration for group-common PDCCH/PDSCH, none of Case B, Case D and Case E is supported.

MBS PDSCH scheduling and frequency resource
For RRC_IDLE/RRC_INACTIVE UEs, the scheduled group-common PDSCH is transmitted within the initial DL BWP if the specific common frequency resource is not configured or within the specific common frequency resource if the specific common frequency resource is configured. Correspondingly, the RB numbering can be based on the starting RB of the initial DL BWP if the specific common frequency resource is not configured or the starting RB of the configured specific common frequency resource if the specific common frequency resource is configured. In detail, when either resource allocation type 0 or type 1 is used for allocating frequency resource, if the specific common frequency resource is not configured, the lowest RB of the initial DL BWP is deemed PRB 0 and other RBs of the BWP is numbered with reference to PRB 0; if the specific common frequency resource is configured, the lowest RB of the specific common frequency resource is deemed PRB 0 and other RBs within the specific common frequency resource is numbered with reference to PRB 0.
Another issue is how to determine the payload size of frequency domain resource assignment (FDRA) indicator in the DCI from a UE’s perspective. Since the number of bits required for FDRA indicator is based on the bandwidth in frequency domain, if the specific common frequency resource is not configured, the bandwidth of the initial DL BWP is used to determine the number of bits for FDRA indicator in the DCI; if the specific common frequency resource is configured, the bandwidth of the specific common frequency resource is used to determine the number of bits for FDRA indicator in the DCI. In this way, the RB numbering and the DCI payload size determination can be solved.
Proposal 6: RB numbering for group-common PDSCH scheduling is with reference to the lowest RB of the initial DL BWP if the specific common frequency resource is not configured or the specific common frequency resource if the specific common frequency resource is configured.
Proposal 7: The number of bits for frequency domain resource assignment indicator in the group-common DCI is determined based on the bandwidth of the initial DL BWP if the specific common frequency resource is not configured or the specific common frequency resource if the specific common frequency resource is configured.

Generally, for a PDSCH carrying multicast service, it is straightforward to use a group-common DCI to schedule a group-common PDSCH for RRC IDLE/RRC INACTIVE UEs, which can minimize the DCI signaling overhead and PDSCH transmission overhead because only a single DCI format and the single scheduled PDSCH are required for transmitting a TB of MBS. The problem of this option is it requires gNB to define a common CORESET and a common frequency region to each of the UEs in a same group. Naturally, CORESET 0 and initial DL BWP are common to those UEs so that it is straightforward for gNB to transmit the group-common DCI in CORESET 0 and schedule the group-common PDSCH within the initial DL BWP.
On the other hand, if the specific common frequency resource is configured within the initial DL BWP, a common CORESET other than CORESET 0 can be configured within the specific common frequency resource for RRC IDLE/RRC INACTIVE UEs to detect the group-common DCI. Correspondingly, an associated common search space is configured for the common CORESET, which can reuse current CSS type.
Proposal 8: A CSS is configured for RRC IDLE/RRC INACTIVE UEs by reusing existing CSS type. 

Conclusion
In this contribution, we focus on the basic functions of MBS transmission for RRC IDLE/RRC INACTIVE UEs and have below proposals:
Proposal 1: If a specific common frequency resource is configured for RRC_IDLE/RRC_INACTIVE UEs, it should be confined within the initial DL BWP and share same numerology.
Proposal 2: The starting PRB index and the number of contiguous PRBs of the specific common frequency resource are configured within the initial DL BWP via RRC signaling.
Proposal 3: Only one common frequency resource is configured within the initial DL BWP for RRC_IDLE/RRC_INACTIVE UEs.
Proposal 4: For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, for CFR configuration for group-common PDCCH/PDSCH, Case C is supported.
Proposal 5: For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, for CFR configuration for group-common PDCCH/PDSCH, none of Case B, Case D and Case E is supported.
Proposal 6: RB numbering for group-common PDSCH scheduling is with reference to the lowest RB of the initial DL BWP if the specific common frequency resource is not configured or the specific common frequency resource if the specific common frequency resource is configured.
Proposal 7: The number of bits for frequency domain resource assignment indicator in the group-common DCI is determined based on the bandwidth of the initial DL BWP if the specific common frequency resource is not configured or the specific common frequency resource if the specific common frequency resource is configured.
Proposal 8: A CSS is configured for RRC IDLE/RRC INACTIVE UEs by reusing existing CSS type. 
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