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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This paper discusses the remaining issues for broadcast scheduling including HARQ process, DCI processing capability for broadcast, TRS as QCL source, and supporting CORESET configured to be larger than CORESET0. 
Discussion
HARQ process for broadcast 
Regarding whether receiving MBS broadcast takes dedicated additional HARQ process or takes one of the maximum number of HARQ processes supported in Rel-16, the following conclusion was reached in RAN1#107bis-e meeting:
	Conclusion
Additional HARQ process(es) is(are) not introduced for Rel-17 MBS broadcast reception on serving cell.
· Note: The UE is not expected to support hardware for more HARQ processes for receiving broadcast in Rel-17 in addition to the maximum number of HARQ processes supported for receiving unicast in Rel-16, i.e. the HARQ process resources are shared between broadcast, unicast and multicast



It was also agreed that NDI and HARQ process ID are not indicated in DCI format 4_0 for broadcast scheduling as follows:
	Agreement
New data indicator is not indicated in DCI format 4_0 for MCCH

Agreement
HARQ process ID is not indicated in DCI format 4_0 for both MCCH and MTCH.

Agreement
New data indicator is not indicated in DCI format 4_0 for MTCH



The consequent question is that how many HARQ processes are needed and whether/how the HARQ process ID is known to UE. 
From network perspective, given the total number of the HARQ processes are shared by unicast, multicast and broadcast, the more HARQ processes are allocated to broadcast and the more the data rate of unicast will be affected. 
[bookmark: OLE_LINK1]From UE perspective, as discussed in UE feature for NR MBS [1], support of higher layer configured slot-level repetition up to 8 for MTCH is agreed to be one of the components for FG33-1 for broadcast. UE supporting FG33-1 for MBS broadcast also supports the repetition. In addition, FG33-3-3 is defined as the capability of supporting intra-slot TDM-ed unicast and group-common PDSCH which can be for MBS broadcast. If N group-common PDSCHs in a slot as defined in the 3rd component or L group-common PDSCHs in a slot as defined in the 4th component of FG33-3-3 is larger than one, from UE perspective, UE would expect different HARQ processes would be used for the scheduling if repetition is configured  and more than one group-common PDSCH is scheduled in the same slot. 
Even though UE can report the support of larger number up to 7 TDM-ed group-common PDSCHs in a slot, network would probably not schedule 7 group-common PDSCHs in the same slot and each PDSCH is configured with repetitions due to potential impact to unicast. 
Overall, a good balance between network and UE could be that UE does not need to report more than two group-common PDSCHs for MBS broadcast in the same slot. In case repetition is configured and TDM-ed two group-common PDSCHs could be scheduled in the same slot, at most two HARQ processes are needed for MBS broadcast scheduling. 
[image: ]
Figure 1: HPID for MBS broadcast reception
Proposal 1: UE would expect different HARQ processes are used for the scheduling if repetition is configured and more than one group-common PDSCH for MBS broadcast is scheduled in the same slot.
Since the maximum number of HARQ processes are shared by unicast, multicast and broadcast, from UE perspective, knowing the HARQ process ID used for MBS broadcast scheduling can simplify UE implementation. It has been agreed that HARQ process ID is not indicated in DCI format 4_0 for both MCCH and MTCH. Configuring the HPID for MBS broadcast by higher layer signaling can be considered. 
Proposal 2: The HARQ process ID for MBS broadcast is configured by higher layer signaling. 

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424][bookmark: _Ref129681832]DCI processing capability
In the last meeting, regarding the number of DL DCI a UE can process in a slot or span, the following was agreed:
	Agreement
Regarding the number of DCIs that a UE can process in a slot or span, multicast DCI is treated as unicast DCI scheduling DL following the current feature group 3-1/3-5a/3-5b.



Regarding the capability of processing MBS broadcast DCI, as proposed to sharing the maximum number of HARQ processes for unicast and broadcast to avoid potential impact to UE hardware, it is preferred from UE perspective to treat the broadcast DCI as unicast DCI following the FG3-1/3-5a/3-5b [2] especially for UE in RRC_CONNECTED state. 
Proposal 3: Regarding the number of DCIs that a UE can process in a slot or span, MBS broadcast DCI is treated as unicast DCI scheduling DL following the current feature group 3-1/3-5a/3-5b. 

TRS as QCL source
TRS as QCL source can be beneficial for channel estimation in SFN manner where SSB per cell is not workable properly. Depending on the expected SFN operation performance and the SFN area to be implemented, from network perspective, either SSB or TRS is configured as QCL source for broadcast transmission. Hence, the presence of TRS will be optional as agreed in RAN#93-e. 
The UE assumes that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the SS/PBCH block determined in the initial access procedure with respect to qcl-Type set to 'typeA' for Doppler shift, Doppler spread, average delay and delay spread. For intra-DU SFN operation, however, the delay spread of multiple SFN cells may be quite different, so SSB cannot be associated with PDSCH for the delay spread. 
As agreed in Rel-17 UE Power Saving Enhancements WI, for a RS resource configured for TRS/CSI-RS occasion(s) for idle/inactive UEs, a quasi co-location type can be determined as ‘typeC’ with an SS/PBCH block and, when applicable, ‘typeD’ with the same SS/PBCH block and the QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs is indicated as a SSB index in range of 0 to 63. The broadcast deployment will dominate in low frequency range, e.g., 600MHz/700MHz, where there is no beam selection problems as in FR2. Hence, the UE can obtain cell timing and Doppler shift with “typeC” QCLed with SSB. But because the delay spread is not associated with SSB, the UE can have a more precise channel estimation for intra-DU SFN cells from periodic TRS.
[bookmark: _Hlk86998364]In Rel-17 UE Power Saving Enhancements WI, configuration for TRS occasion(s) for idle/inactive UEs is based on periodic TRS only. For frequency range 1, the UE may be configured with one or more TRS resource set(s), where each TRS resource set configured by a high layer parameter consists of four periodic NZP CSI-RS resources in two consecutive slots with two periodic NZP CSI-RS resources in each slot. On top of it, the additional specification impact for configuring TRS for broadcast is including such configurations into SIBx/MCCH for MTCH. 
Following the agreement from RAN#93 that configuring TRS as QCL sources for broadcast transmission (as supported for RRC_CONNECTED UE) can be considered to be within the scope of the Rel-17 MBS WID and can be further discussed in the WGs. The suggested proposal from FL summary [3] seems converging, which is refined as the following proposals:
Proposal 4: Periodic TRS can be configured as QCL source for MTCH transmission especially for RRC_IDLE/INACTIVE UEs. The configuration is included in SIBx or MCCH. 
· UE may assume that the DMRS of GC-PDCCH/PDSCH is QCL’d with periodic TRS if configured for MTCH.
· UE may expect the quasi co-location type is 'typeC' with an SS/PBCH block.
[bookmark: _GoBack]Proposal 5: For RRC_IDLE/INACTIVE UEs, the configuration of TRS at least supports:
· a list of periodic NZP CSI-RS resource sets for TRS can be configured for the same cell group serving one or more G-RNTIs in a CFR-Config-Broadcast.
· The number of NZP CSI-RS resource sets in the list of NZP CSI-RS resource sets for TRS can be configurable for each cell group, similarly as specified in NZP-CSI-RS-ResourceSetList.
CORESET
As is agreed in RAN1#105 meeting, for Rel-17 MBS 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 than CORESET0 from the total of two CORESETs can be smaller or larger than CORESET#0. 
Proposal 6: 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. 
Note that as clarified in RAN1#107bis-e meeting [4], this proposal of supporting the other CORESET larger than CORESET0 is not reverting the previous RAN1 agreement. Instead, this is another option of CORESET configuration applied to the CFR with the bandwidth as the same size as SIB1 configured initial BWP. With this proposal, there are three candidates of CORESET configurations, i.e., CORESET0, smaller or larger than CORESET0. How to configure up to two CORESETs from the candidate configurations can be up to RAN2. 
Proposal 7: Up to RAN2 how to configure up to two CORESETs for broadcast scheduling from the following three candidates:
· CORESET0
· Smaller than CORESET0
· Larger than CORESET0

Conclusions
This contribution discusses the remaining issues for UE receiving broadcast and this discussion leads to the following proposals:
Proposal 1: UE would expect different HARQ processes are used for the scheduling if repetition is configured and more than one group-common PDSCH for MBS broadcast is scheduled in the same slot.
Proposal 2: The HARQ process ID for MBS broadcast is configured by higher layer signaling. 
Proposal 3: Regarding the number of DCIs that a UE can process in a slot or span, MBS broadcast DCI is treated as unicast DCI scheduling DL following the current feature group 3-1/3-5a/3-5b. 
Proposal 4: Periodic TRS can be configured as QCL source for MTCH transmission especially for RRC_IDLE/INACTIVE UEs. The configuration is included in SIBx or MCCH. 
· UE may assume that the DMRS of GC-PDCCH/PDSCH is QCL’d with periodic TRS if configured for MTCH.
· UE may expect the quasi co-location type is 'typeC' with an SS/PBCH block.

Proposal 5: For RRC_IDLE/INACTIVE UEs, the configuration of TRS at least supports:
· a list of periodic NZP CSI-RS resource sets for TRS can be configured for the same cell group serving one or more G-RNTIs in a CFR-Config-Broadcast.
· The number of NZP CSI-RS resource sets in the list of NZP CSI-RS resource sets for TRS can be configurable for each cell group, similarly as specified in NZP-CSI-RS-ResourceSetList.

Proposal 6: 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 7: Up to RAN2 how to configure up to two CORESETs for broadcast scheduling from the following three candidates:
· CORESET0
· Smaller than CORESET0
· Larger than CORESET0
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