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1. Introduction

The work item of “Supporting NR from 52.6GHz to 71 GHz” was almost completed. In this contribution, we discuss some remaining issues for scheduling enhancement, Type-1 and Type-2 HARQ-ACK codebook generation for the case when UE is configured with a single DCI to schedule multi-PDSCH/PUSCH.
2. Out-of-order scheduling

In RAN1 meeting #106bis-e, the following agreement for PDSCH/PUSCH scheduling was 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
Two cases are left as FFS to determine whether to allow OOO scheduling. The first case is 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). 

[image: image1.emf]PDSCH4 PDSCH3 PDSCH2 PDSCH1

DCI1

PDSCH8 PDSCH7 PDSCH6 PDSCH5

DCI2

PDSCH9

Option 2

PDSCH4 PDSCH3 PDSCH2 PDSCH1

DCI1

PDSCH8 PDSCH7 PDSCH6 PDSCH5

DCI2

PDSCH9

Option 1


Figure 1: Two options for the first case
Take PDSCH scheduling as example. As shown in Figure 1, there are two possible options for the first case:

· Option 1: the single-PDSCH and its corresponding DCI are transmitted within the gap between two PDSCHs scheduled by a multi-PDSCH scheduling DCI.

· Option 2: the single-PDSCH and its corresponding DCI are transmitted within the gap between a multi-PDSCH scheduling DCI and the first PDSCH scheduled by the multi-PDSCH scheduling DCI.
For option 1, we think the motivation of this case is reasonable as it is possible that a higher priority service may be transmitted within the gap of two PDSCHs scheduled by a multi-PDSCH scheduling DCI. For option 2, it violates the OOO rule and should not be supported. 
Proposal 1: Support scheduling of the following case: 

· 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), and the single-PDSCH (or single-PUSCH) is transmitted at least later than the first PDSCH (or PUSCH) of the multi-PDSCH (or multi-PUSCH).
Regarding the second case, it is under the condition that two multi-PDSCH (or multi-PUSCH) scheduling DCIs end in the same symbol. Note that in legacy specs, there is no restriction for such case, hence it is no need to specify it for multi-PDSCH/PUSCH scheduling.
Proposal 2: Do not specify the following case:
· 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.

3. HARQ-ACK feedback 

3.1. Time domain bundling operation for Type-1 HARQ-ACK codebook enhancements

In RAN1 meeting #107-e, the following agreement was made.

Agreement
For multi-PDSCH scheduling with a single DCI

· Introduce a new RRC parameter, e.g., enableTimeDomainHARQ-Bundling, to enable time domain bundling operation for type-1 HARQ-ACK codebook per serving cell.
· If the RRC parameter enables time domain bundling operation,
· To determine the set of candidate PDSCH reception occasions,
· A row index is removed if at least one symbol of every PDSCH associated with the row index is configured as semi-static UL. (NOTE: This is similar to the case of slot aggregated PDSCH in Rel-16)
· Pruning procedure in Rel-16 is performed based on the last configured SLIV of each row index.
· Logical AND operation is applied across all valid PDSCHs associated with a determined candidate PDSCH reception occasion, at least for 1-TB case.
· FFS: UE does not expect the last scheduled SLIV overlaps with a semi-static UL symbol when parameter enableTimeDomainHARQ-Bundling is configured
In our view, the scheduling operations at gNB side should be kept the same no matter the parameter enableTimeDomainHARQ-Bundling is configured or not when UE is configured with a single DCI to schedule multi-PDSCH. If one UE is scheduled with the last SLIV overlaps with a semi-static UL symbol when parameter enableTimeDomainHARQ-Bundling is configured, the UE can simply generate an ACK for this last SLIV for time domain bundling operation. Therefore, it is no need to introduce additional restriction to reduce the scheduling flexibility for time domain bundling case. We prefer to remove the last bullet in the above agreement.
Proposal 3: Remove the last bullet in the agreement, i.e., “FFS: UE does not expect the last scheduled SLIV overlaps with a semi-static UL symbol when parameter enableTimeDomainHARQ-Bundling is configured.” 
3.2. Time domain bundling operation for Type-2 HARQ-ACK codebook enhancements

In RAN1 meeting #107-e, the following agreement for Type-2 HARQ-ACK codebook generation was made.

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

For 2-TB case, if the parameter numberOfHARQ-BundlingGroups is configured, the UE should first apply the spatial domain bundling over the 2-TB for one PDSCH, and then apply the time domain bundling over the configured HARQ bundling group. Or the UE does not expect to be configured with time domain bundling operation when the UE is not configured with spatial domain bundling operation.
Proposal 4: Spatial domain bundling operation should be applied before time domain bundling operation for 2-TB case.

On the other hand, for 2-TB case, if the number of HARQ bundling groups is configured as larger than 2 for a serving cell, HARQ-ACK bits corresponding to multi-PDSCH scheduling case for the serving cell can belong to the second sub-codebook, otherwise, HARQ-ACK bits corresponding to multi-PDSCH scheduling case for the serving cell can belong to the first sub-codebook.

Proposal 5: HARQ-ACK bits corresponding to multi-PDSCH belong to the second sub-codebook only if the number of HARQ bundling groups is configured as larger than 2 for 2-TB case.

3.3. HARQ process number increment for Type-1 HARQ-ACK codebook 

In RAN1 meeting #106bis-e, the following agreement was made.
Agreement:
For multiple PDSCHs (or PUSCHs) scheduled by a single DCI,
· Rel-15/16 behavior that is described in TS 38.213 Clauses 11 and 11.1 for a PDSCH (or PUSCH) indicated by DCI also applies for multiple PDSCHs (or PUSCHs) schedule by a single DCI.

· If one of multiple PDSCHs (or PUSCHs) scheduled by the DCI collides with a flexible symbol (indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated),

· If that PUSCH is collided with SSB symbols indicated by ssb-PositionsInBurst [or symbol(s) indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set], the HARQ process number increment is skipped for the PUSCH.

· Otherwise, the HARQ process number increment is not skipped for that PDSCH (or PUSCH).

If PUSCH repetition Type B is supported, and if PUSCH is collided with symbol(s) indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set, the HARQ process number increment is skipped for the PUSCH. In addition, if one or more repetitions of the K nominal repetitions are determined as invalid by a dynamic indication, e.g., according to the invalid symbol pattern indicator in the DCI and the configured invalidSymbolPattern. whether the HARQ process number increment is skipped or not for that PUSCH should be discussed. Further, it is necessary to clarify whether similar cases exist/can be allowed for multi-PDSCH/PUSCH scheduling, i.e., one or more of the multi-PDSCH/PUSCH scheduled by a single DCI can be cancelled by a dynamic indication.

Proposal 6: Clarify whether one PDSCH/PUSCH of the multi-PDSCH/PUSCH scheduled by a single DCI can be cancelled by a dynamic indication. 
4. Conclusion

In this contribution, we discuss some remaining issues for scheduling enhancement, Type-1 and Type-2 HARQ-ACK codebook generation for the case when UE is configured with a single DCI to schedule multi-PDSCH/PUSCH. The following proposals are made. 

Proposal 1: Support scheduling of the following case: 

· 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), and the single-PDSCH (or single-PUSCH) is transmitted at least later than the first PDSCH (or PUSCH) of the multi-PDSCH (or multi-PUSCH).
Proposal 2: Do not specify the following case:
· 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.

Proposal 3: Remove the last bullet in the agreement, i.e., “FFS: UE does not expect the last scheduled SLIV overlaps with a semi-static UL symbol when parameter enableTimeDomainHARQ-Bundling is configured.” 
Proposal 4: Spatial domain bundling operation should be applied before time domain bundling operation for 2-TB case.

Proposal 5: HARQ-ACK bits corresponding to multi-PDSCH belong to the second sub-codebook only if the number of HARQ bundling groups is configured as larger than 2 for 2-TB case.

Proposal 6: Clarify whether one PDSCH/PUSCH of the multi-PDSCH/PUSCH scheduled by a single DCI can be cancelled by a dynamic indication. 
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