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Introduction
Based on the SI [1] [2], an updated WID was agreed to in RAN #90-e with the following objectives [3]:
· define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals
· Timeline related aspects adapted to 480kHz and 960kHz, e.g., BWP and beam switching timing, HARQ timing, UE processing, preparation, and computation timelines for PDSCH, PUSCH/SRS and CSI, respectively.
· Evaluate, and if needed, specify the PTRS enhancement for 120kHz SCS, 480kHz SCS and/or 960kHz SCS, as well as DMRS enhancement for 480kHz SCS and/or 960kHz SCS.
· Support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI
In this contribution, we address the following subjects covered by the objectives including timeline related aspects adapted to each of the new numerologies 480kHz and 960kHz and scheduling particularly w.r.t. multi-PDSCH/PUSCH with a single DCI and it corresponding HARQ support. 
Multi-PDSCH/PUSCH Scheduling and HARQ with a single DCI
In the WI for NR operation between 52.6 GHz and 71 GHz, a multi-slot framework for PDCCH monitoring to limit the overall PDCCH decoding complexity is under discussion. This feature requires that RAN1 consider enabling scheduling to take place over these multiple slots in an efficient manner. To reduce the control signaling overhead within the larger PDCCH monitoring unit, the WID proposes enhancements for multi-PDSCH/PUSCH scheduling support with a single DCI and corresponding HARQ enhancements to support this.  In the last few meetings, agreements have been made on the design of multi-PDSCH and multi-PUSCH transmission with a single DCI and the associated HARQ enhancements.

Multi-PDSCH and multi-PUSCH Transmission
Out-of-order handling
In RAN1 #106-bis-e,  the following agreements were made:
	Agreement:
For two multi-PDSCH (or two multi-PUSCH) scheduling DCIs, UE does not expect any of the scheduled PDSCHs (or PUSCHs) and the scheduling DCI to lead to out-of-order scheduling.
· FFS: whether to allow OOO scheduling for the following two cases:
· for the case of one multi-PDSCH (or multi-PUSCH) scheduling DCI and one single-PDSCH (or single-PUSCH) scheduling DCI, where multi-PDSCH (or multi-PUSCH) scheduling DCI schedules more than one PDSCH (or PUSCH)
· for the case where two multi-PDSCH (or multi-PUSCH) scheduling DCIs end in the same symbol but two multi-PDSCH (or multi-PUSCH) scheduling DCIs have overlapping spans, where the span is defined from the beginning of the first scheduled SLIV till the end of the last scheduled SLIV
· Note: The above FFS aspect applies only to multi-PDSCH and multi-PUSCH scheduling with single DCI



	Conclusion
· UE does not expect any of the scheduled PDSCHs (or PUSCHs) and the scheduling DCIs to lead to out-of-order scheduling, also for the case of one multi-PDSCH (or multi-PUSCH) scheduling DCI and one single-PDSCH (or single-PUSCH) scheduling DCI, where multi-PDSCH (or multi-PUSCH) scheduling DCI schedules more than one PDSCH (or PUSCH).
· This may not have specification impact.
· Note: It is separately discussed whether the scheduled PDSCHs (or PUSCHs or SLIV) is based on configured SLIV or valid SLIV.





For the PDSCH-to-HARQ-ACK out-of-order issue, 
· for multi-PDSCH scheduling, the UE does not expect any of the scheduled/SPS PDSCHs and the resource for the HARQ-ACK transmission to lead to out-of-order scheduling in the case  of a PDSCH scheduled by multi-PDSCH scheduling DCI and other unicast PDSCH scheduled by single-PDSCH scheduling DCI. 

Proposal 1: For the PDSCH-to-HARQ-ACK out-of-order issue, 
· for multi-PDSCH scheduling, the UE does not expect any of the scheduled/SPS PDSCHs and the resource for the HARQ-ACK transmission to lead to out-of-order scheduling in the case  of a PDSCH scheduled by multi-PDSCH scheduling DCI and other unicast PDSCH scheduled by single-PDSCH scheduling DCI
Configured vs. valid PxSCH
In RAN1 #107-bis-e, there was a discussion on whether “scheduled PXSCH” in previous agreements implies scheduled (configured) or valid PXSCH. The Table below summarizes the current status and Apple’s Proposals:

Proposal 2:

	Case
	Issue
	Agreement: Configured vs Valid
	Apple’s Proposals

	Case 1
	NDI/RV
	Configured
	

	Case2
	RV bit-width
	Pending
	Configured

	Case 3
	CBGTI
	Configured
	

	Case 4
	Out-of-order behavior
	Pending
	Configured

	Case 6
	CSI-Request
	Pending
	Valid

	Case 6
	NN-K1
	Pending
	Valid




HARQ Feedback for Multi-PDSCH Scheduling with a Single DCI
To support multi-slot PDCCH monitoring, multi-slot scheduling and multi-PDSCH transmission in Rel-17, the HARQ codebook design has been updated for Rel-17. 


Type-2 Codebook for multi-PDSCH Transmission
A design has been agreed on for Type-2 Codebook for multi-PDSCH transmission with time domain bundling added as follows in RAN1 #107-e:.   

	Agreement
For multi-PDSCH scheduling with a single DCI
· Introduce a new RRC parameter, e.g., numberOfHARQ-BundlingGroups, to configure the number of HARQ bundling groups with value range {1, 2, 4} for type-2 HARQ-ACK codebook per serving cell.
· If the RRC parameter is not configured for a serving cell, time domain bundling for type-2 HARQ-ACK codebook is not enabled for the serving cell.
· The maximum number of PDSCHs allocated to each bundling group is ceil(NPDSCH,MAX/NHBG) where NHBG is the number of bundling groups configured by numberOfHARQ-BundlingGroups for a serving cell and NPDSCH,MAX is the maximum configured number of PDSCHs for the serving cell.
· The PDSCHs corresponding to [configured or valid] SLIVs in a TDRA row index indicated by multi-PDSCH scheduling DCI are allocated to the bundling groups, e.g., if NHBG =4, NPDSCH,MAX =8, and 5 PDSCHs are scheduled, then 2/1/1/1 PDSCHs are assigned to each group, by reusing CBG grouping method.
· For a group that is empty or is filled with only invalid PDSCH(s), HARQ-ACK bits for the bundling group is set to NACK (same principle as when no time bundling configured)
· Logical AND operation is applied to across all valid PDSCHs within the same bundling group to generate 1 HARQ-ACK bit per group, at least for 1-TB case
· If the number of HARQ bundling groups is configured as 1 for a serving cell, HARQ-ACK bits corresponding to any DCI for the serving cell belong to the first sub-codebook.
· At least for 1-TB case, if the number of HARQ bundling groups is configured as larger than 1 for a serving cell, HARQ-ACK bits corresponding to multi-PDSCH scheduling case (which implies a multi-PDSCH DCI schedules more than one PDSCH) for the serving cell belong to the second sub-codebook,
Where the number of HARQ-ACK bits corresponding to a multi-PDSCH DCI is determined based on the maximum of Q value across all serving cells within the same PUCCH cell group, and Q=maximum configured number of PDSCHs for a cell without numberOfHARQ-BundlingGroups configured or Q=number of configured HARQ bundling groups for a cell with numberOfHARQ-BundlingGroups configured




The outstanding issue is whether the bundling procedure is based on configured or valid SLIVs in a TDRA row. In our opinion, we should keep it as configured SLIVs to be consistent with the design for the Type 1 codebook and for UE implementation simplicity.

Proposal 3: For multi-PDSCH scheduling with a single DCI and Type 2 HARQ-ACK codebook, bundling is based on the number of configured PDSCHs and not valid PDSCHs.

 Multi-PDSCH and COT
RAN1 needs to decide whether a multi-PxSCH transmission can occur across multiple COTs and the specify the UE behavior in the case that one or more of the transmissions occurs outside a valid COT. If cross-COT multi-PDSCH scheduling occurs, RAN1 needs to decide whether the HARQ feedback for all the transmissions occurs in one PUCCH at the end of the transmissions or it occurs separately per COT. 

Three different scenarios are shown in the Figures below:  
· Single HARQ-ACK feedback for Multi-PDSCH transmissions within a single COT. 
· Single HARQ-ACK feedback for multi-PDSCH transmissions across multiple COTs
· Per COT HARQ-ACK feedback for multi-PDSCH transmissions across multiple COTs
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Figure 3: Single HARQ-ACK feedback for multi-PDSCH transmissions within a  single COT. 
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Figure 4: Single HARQ-ACK feedback for multi-PDSCH transmissions across multiple COTs
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Figure 5: Per COT HARQ-ACK feedback for multi-PDSCH transmissions across multiple COTs
Ideally, to limit signaling overhead and reduce UE complexity, the UE should not expect a multi-PDSCH transmission to occur across COTs. Note that Option 3 is not valid based on the agreement inRAN1 #107-e that a UE should not support HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI being carried by different PUCCH(s).


Proposal 4: RAN1 should support a single HARQ-ACK feedback for multi-PDSCH transmissions within a single COT only. 


Miscellaneous Issues for Multi-PDSCH Scheduling with a Single DCI
HARQ ACK Codebook and BWP switching

In Rel-15/Rel-16 if slot n_u starts at a same time as or after a slot for an active DL BWP change on serving cell  c or an active UL BWP change on the PCell and slot [image: Text

Description automatically generated with medium confidence]  is before the slot for the active DL BWP change on serving cell  c or the active UL BWP change on the PCell then we skip this downlink slot in the codebook. 

To address this issue for multi-PDSCH transmission, the UE should have the following behavior:

· The UE does not expect an UL or DL BWP change on the serving cell after the DCI scheduling the multi-PDSCH transmission and until the PUCCH is transmitted

Note that in the case of UCI multiplexing on multi-PUSCH transmission, RAN1 should discuss if each PUSCH can be multiplexed on or if UCI multiplexing is allowed on only one of the PUSCH transmissions. 

Proposal 5: In the case of BWP switching during multi-PxSCH transmission the UE does not expect an UL or DL BWP change on the serving cell after the DCI scheduling the multi-PDSCH transmission and until the PUCCH is transmitted.


Conclusion
In this contribution, we have the following observations, proposals, and conclusions:
Proposal 1: For the PDSCH-to-HARQ-ACK out-of-order issue, 
· for multi-PDSCH scheduling, the UE does not expect any of the scheduled/SPS PDSCHs and the resource for the HARQ-ACK transmission to lead to out-of-order scheduling in the case  of a PDSCH scheduled by multi-PDSCH scheduling DCI and other unicast PDSCH scheduled by single-PDSCH scheduling DCI

Proposal 2:

	Case
	Issue
	Agreement: Configured vs Valid
	Apple’s Proposals

	Case 1
	NDI/RV
	Configured
	

	Case2
	RV bit-width
	Pending
	Configured

	Case 3
	CBGTI
	Configured
	

	Case 4
	Out-of-order behavior
	Pending
	Configured

	Case 6
	CSI-Request
	Pending
	Valid

	Case 6
	NN-K1
	Pending
	Valid




Proposal 3: For multi-PDSCH scheduling with a single DCI and Type 2 HARQ-ACK codebook, bundling is based on the number of configured PDSCHs and not valid PDSCHs.

Proposal 4: RAN1 should support a single HARQ-ACK feedback for multi-PDSCH transmissions within a single COT only. 

Proposal 5: In the case of BWP switching during multi-PxSCH transmission the UE does not expect an UL or DL BWP change on the serving cell after the DCI scheduling the multi-PDSCH transmission and until the PUCCH is transmitted.
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