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1 Introduction
In RAN#88-e revised work item on NR multicast and broadcast services was approved [1]. One of the objectives is to specify basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states. In this contribution, we present our views on basic functions for RRC_IDLE/RRC_CONNECTED UEs.

2 Discussion
2.1 Common frequency resource
In previous meetings the following agreements were made.
	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:
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.


There are five cases for relations between the common frequency resource (CFR) for group-common PDCCH/PDSCH and the initial BWP. In the last meeting it was agreed to support Case A for both MCCH and MTCH, and it is under discussion whether to support Case C/D/E.
MTCH
MTCH is used to carry broadcast application data. CORESET0 is at most 96 RBs wide and is also used to send SIBs, Paging, etc., so it may not be enough to provide the throughput required for broadcast services. Supporting CFR larger than CORESET0 (i.e., Case C/D/E) will be useful to provide higher throughput for broadcast services. In Case E, an MBS specific BWP would need to be configured since the CFR is larger than the initial BWP. In this case, the MBS specific BWP will need to include CORESET0 configuration in order to allow the UE to also receive PDCCH sent in CORESET0. If the MBS specific BWP contains CORESET0 configuration, the UE receiving the MBS specific BWP will be able to receive SIBs and Paging without BWP switching.
Proposal 1: For GC-PDCCH/PDSCH carrying MTCH, support Case C, D and E.
MCCH 
Since MCCH carries control information, high throughput will not be required. Considering UE processing, it would not be a problem for a UE that is receiving MTCH in a CFR larger than CORESET0 to receive MCCH in the CFR. On the other hand, for a UE waiting for the start of a broadcast session, if the bandwidth required to receive MCCH is too large, power consumption while waiting the start will increase. Based on these analysis, only Case A will be sufficient for MCCH.
Proposal 2: For GC-PDCCH/PDSCH carrying MCCH, not support Case C, D or E.

2.2 Group-common PDCCH
Search space
In previous meetings, the following agreements were made.
	Agreements: For RRC_IDLE/RRC_INACTIVE UEs, CSS is supported for group-common PDCCH.
· FFS: reuse current CSS type, define a new CSS type, etc.
· FFS other details.

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.


For commonality of configurations, it is better to use the same CSS types for RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE states. Which CSS type to use for RRC_CONNECTED UEs is discussed in AI 8.12.1, and we propose to define a new type CSS [5]. The new type CSS should also be used for RRC_IDLE/RRC_INACTIVE UEs as well. If gNB wants to use different scheduling (e.g., scheduling period) for MCCH and MTCH, gNB can configure multiple search spaces with the same type and use them separately. We don’t see clear motivation to define different CSS types for MCCH and MTCH.
Proposal 3: For RRC_IDLE/RRC_INACTIVE UEs, use the same new type CSS as for RRC_CONNECTED UEs.

DCI format
In RAN1#105-e the following agreement was made.
	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.


In current specification, for PDSCH scheduled with DCI format 1_0 in CSS, RB numbering starts from the lowest RB of the CORESET in which the DCI was received. If the rule is followed, there may be RBs that cannot be allocated with DCI format 1_0 for broadcast when the CFR is larger than the CORESET. Therefore, RB numbering of GC-PDSCH carrying MTCH should start from the lowest RB of the CFR.
Observation 1: If the existing RB numbering rule for PDSCH is reused, there may be RBs that cannot be allocated with DCI format 1_0 for broadcast.
Proposal 4: For GC-PDSCH carrying MTCH, RB numbering starts from the lowest RB of the CFR.
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Figure 1 RB numbering of PDSCH scheduled with DCI format 1_0 in CSS
The FDRA field length in DCI format 1_0 in CSS is determined based on the size of CORESET0 or the size of initial DL BWP. For example, if the size of CORESET0 is 96 RBs, the FDRA field length is 13 bits. If the PDSCH allocation granularity is 1RB, the maximum number of RBs that can be allocated using 13 bits RIV is 127. In that case, if the size of CFR is 128RBs or more, there will be RBs to which PDSCH cannot be allocated. Therefore, we propose to support PDSCH allocation with granularity of multiple RBs.
Observation 2: If the granularity of GC-PDSCH allocation is 1RB, there may be RBs that cannot be allocated with DCI format 1_0 for broadcast.
Proposal 5: For GC-PDSCH carrying MTCH, support resource allocation with granularity of multiple RBs.

2.3 MCCH change notification
In RAN1#105-e the following agreement was made.
	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.


And in RAN2#114-e the following agreements were made.
	Indication of an MCCH change due to modification of an ongoing session’s configuration (including session stop) is provided with an explicit notification from the network  (provided that RAN1 confirms a separate bit for this purpose can be accommodated in the MCCH change notification DCI, in addition to a bit for session start notification). FFS on whether this notification can be reused for modification of other information carried by MCCH, if any.
We support single MCCH (in this release)


Base on the RAN2 agreements, 2 bits (i.e., a bit for modification of an ongoing session’s configuration and a bit for session start notification) are required for MCCH change notification. Since only 2 bits are needed, it will be possible to put it in a DCI format scheduling a MCCH without a dedicated RNTI. We don’t see clear motivation to define a dedicated RNTI to transfer only 2 bits of information.
Proposal 6: For MCCH change notification for RRC_IDLE/RRC_INACTIVE UEs, support Alt 2.

2.4 Slot-level repetition of group-common PDSCH
It was agreed that existing parameters pdsch-AggregationFactor and repetitionNumber can be configured for slot-level repetition of group-common PDSCH for RRC_CONNECTED UEs. Since RRC_IDLE/RRC_INACTIVE UEs will not send HARQ-ACK feedback, gNB cannot rely on HARQ retransmissions to improve reliability of GC-PDSCH. Therefore, slot-level repetition of group-common PDSCH will also be useful to improve reliability of GC-PDSCH carrying MCCH/MTCH. Both semi-static and dynamic methods of indicating the number of repetitions would be useful. Their parameters should be configurable in MBS specific SIB or MCCH. Their parameters for MCCH can be included in MBS specific SIB and their parameters for MTCH can be included in MBS specific SIB or MCCH. RAN should further have discussions on which is better, MBS-specific SIB or MCCH. It is noted that RAN2 agreed that configurations for broadcast to RRC_IDLE/INACTIVE UE are provided via both BCCH and MCCH.
Proposal 7: pdsch-AggregationFactor and repetitionNumber can be configured for group-common PDSCH for RRC_IDLE/RRC_INACTIVE UEs.

2.5 SPS group-common PDSCH
SPS is beneficial to reduce PDCCH overhead. Based on RAN2 agreements, a UE can know the start/end of broadcast session by MCCH change notification. Therefore, SPS will work without activation/deactivation commands. Configurations required to receive SPS group-common PDSCH can be included in the MCCH. In other words, SPS group-common PDSCH with the same concept as Type-1 CG-PUSCH should be supported.
Proposal 8: For RRC_IDLE/RRC_INACTIVE UEs, support SPS group-common PDSCH without activation/deactivation commands.

3 Conclusion
In this contribution, we have following observations and proposals:
Proposal 1: For GC-PDCCH/PDSCH carrying MTCH, support Case C, D and E.
Proposal 2: For GC-PDCCH/PDSCH carrying MCCH, not support Case C, D or E.
Proposal 3: For RRC_IDLE/RRC_INACTIVE UEs, use the same new type CSS as for RRC_CONNECTED UEs.
Observation 1: If the existing RB numbering rule for PDSCH is reused, there may be RBs that cannot be allocated with DCI format 1_0 for broadcast.
Proposal 4: For GC-PDSCH carrying MTCH, RB numbering starts from the lowest RB of the CFR.
Observation 2: If the granularity of GC-PDSCH allocation is 1RB, there may be RBs that cannot be allocated with DCI format 1_0 for broadcast.
Proposal 5: For GC-PDSCH carrying MTCH, support resource allocation with granularity of multiple RBs.
Proposal 6: For MCCH change notification for RRC_IDLE/RRC_INACTIVE UEs, support Alt 2.
Proposal 7: pdsch-AggregationFactor and repetitionNumber can be configured for group-common PDSCH for RRC_IDLE/RRC_INACTIVE UEs.
Proposal 8: For RRC_IDLE/RRC_INACTIVE UEs, support SPS group-common PDSCH without activation/deactivation commands.
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