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1. Introduction
In this contribution, we discuss and provide views on multi-PDSCH/PUSCH scheduling and corresponding HARQ operation to support NR in high frequency range from 52.6 GHz to 71 GHz.

2. Multi-PDSCH/PUSCH scheduling
	Agreement: (RAN1#106-e)
If a scheduled PDSCH/PUSCH is dropped due to collision with UL/DL symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, HARQ process number increment is skipped for the PDSCH/PUSCH and applied only for valid PDSCH(s)/PUSCH(s).
· FFS: HARQ process number determination for the case where a scheduled PDSCH/PUSCH collides with a flexible symbol (indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated) if the UE is configured to monitor DCI format 2_0.

Conclusion: (RAN1#105-e)
For a DCI that can schedule multiple PUSCHs,
· CSI-request: When the DCI schedules M PUSCHs, the PUSCH that carries the aperiodic CSI feedback is M-th scheduled PUSCH for M <= 2, or (M-1)-th scheduled PUSCH for M > 2.


It was agreed that if some PDSCH(s)/PUSCH(s) can be skipped due to the collision with semi-static UL/DL or flexible symbol(s), HARQ process number increment will be skipped for those PDSCH(s)/PUSCH(s). Moreover, we may need to reconsider aperiodic CSI report in case a PUSCH that would have included aperiodic CSI report is skipped due to the collision with semi-static DL symbols or SSB symbols. For example, if two PUSCHs are scheduled by a single DCI, the second PUSCH carries aperiodic CSI report, based on conclusion made in RAN1#105-e. However, if the second PUSCH is dropped due to the collision, then the first PUSCH instead of the second PUSCH can convey aperiodic CSI report.

Proposal #1: Considering that M-th or (M-1)-th scheduled PDSCH (which would carry aperiodic CSI report as per previous agreement) can be cancelled due to the collision with semi-static DL symbols or SSB, when the DCI schedules M PUSCHs and K (<=M) PUSCHs are actually transmitted, the PUSCH that carries the aperiodic CSI feedback is K-th transmitted PUSCH for K <= 2, or (K-1)-th transmitted PUSCH for K > 2.

	Agreement: (RAN1#106bis-e)
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


There are two FFS cases to handle OOO scheduling with multi-PDSCH scheduling DCI. For the first case, in RAN1#107bis-e, it was concluded that 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).
For the second case, it can be simply treated as OOO scheduling. Furthermore, we may allow interlaced PDSCH scheduling itself but UE can drop some of scheduled PDSCHs not to lead to OOO scheduling. For instance as shown in Figure 1, by dropping PDSCH3 and PDSCH4 (or dropping PDSCHa and PDSCHb), UE can avoid OOO scheduling even though two multi-PDSCH scheduling DCIs end in the same symbol and scheduled PDSCHs by two DCIs are interlaced.
Additionally, in RAN1#107bis-e meeting, it was discussed whether invalid PDSCH (which is cancelled due to collision with semi-static UL symbol(s)) needs to be considered for OOO scheduling or not. Our view is that it would be reasonable to consider only valid PDSCH to determine the rule for OOO scheduling since validity of PDSCH is semi-statically determined and does not lead to an ambiguity issue between gNB and UE.
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Figure 1. Example of interlaced PDSCH scheduling case when two multi-PDSCH scheduling DCIs end at the same symbol

Proposal #2: For the case where two DCIs end at the same symbol but two 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, UE drops the PDSCHs scheduled by one of the two DCIs in the overlapping duration.
Proposal #3: Do not consider any invalid PDSCH (which is collided with semi-static UL symbol(s)) to check out-of-order scheduling.

	Agreement (RAN1#107bis-e)
A UE validates, for scheduling activation or scheduling release, a DL SPS assignment PDCCH or a configured UL grant Type 2 PDCCH if the PDCCH indicates a TDRA row index including only one SLIV.


It was agreed that DCI indicating a TDRA row index associated with multiple SLIVs is not allowed for SPS/CG (de)activation, for the simplicity. Accordingly, the same principle can be extended to a DCI format (e.g., SCell dormancy indication, TCI state update) having associated HARQ-ACK information without scheduling a PDSCH reception. To be specific, DCI format indicating SCell dormancy without scheduling a PDSCH reception, or indicating a TCI state update without scheduling PDSCH reception, can indicate a TDRA row index including only one SLIV. For SCell dormancy indication without scheduling PDSCH, it is clarified that 1-bit NDI and 2-bit RV are re-interpreted for SCell dormancy indication.

Proposal #4: A DCI format indicating SCell dormancy or TCI state update without scheduling PDSCH reception can indicate a TDRA row index including only one SLIV. It is clarified that 1-bit NDI and 2-bit RV for transport block 1 are used for SCell dormancy indication when a DCI (including multi-PDSCH scheduling DCI) indicates SCell dormancy without scheduling a PDSCH reception.

	Agreement (RAN1#107bis-e)
· If the higher layer parameter maxNrofCodeWordsScheduledByDCI indicates that two codeword transmission is enabled and more than one PDSCH is scheduled by a multi-PDSCH scheduling DCI,
· Either the first or the second transport block of all scheduled PDSCHs is disabled by the DCI if IMCS = 26 and if RV bits are set to ‘1’ for the corresponding transport block of all scheduled PDSCHs (i.e. irrespective of whether this is a valid PDSCH).


According to the above agreement, 214 specification is updated as follows [1]. However, it can be observed that square bracket is used around RV bits, as highlighted in yellow.
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In case the higher layer parameter maxNrofCodeWordsScheduledByDCI indicates that two codeword transmission is enabled, then one of the two transport blocks is disabled by DCI format 1_1 if IMCS = 26 and if rvid = 1 for the corresponding transport block. When the UE is configured with higher layer parameter [pdsch-TimeDomainAllocationListForMultiPDSCH-r17], either the first or the second transport block of all scheduled PDSCHs is disabled by the DCI format 1_1 if IMCS = 26 and if [RV bits] are set to ‘1’ for the corresponding transport block of all scheduled PDSCHs. If both transport blocks are enabled, transport block 1 and 2 are mapped to codeword 0 and 1 respectively. If only one transport block is enabled, then the enabled transport block is always mapped to the first codeword.


To align the red text (which is added based on prior RAN1 agreement regarding TB-disabling mechanism for multi-PDSCH scheduling DCI) with the previous sentence and to capture the corresponding agreement precisely, we suggest the following text proposal.

Proposal #5: Adopt the following text proposal in TS 38.214 Section 5.2.3.2.
	5.1.3.2	Transport block size determination
In case the higher layer parameter maxNrofCodeWordsScheduledByDCI indicates that two codeword transmission is enabled, then one of the two transport blocks is disabled by DCI format 1_1 if IMCS = 26 and if rvid = 1 for the corresponding transport block. When the UE is configured with higher layer parameter [pdsch-TimeDomainAllocationListForMultiPDSCH-r17] and scheduled with multiple PDSCHs by a DCI, either the first or the second transport block of all scheduled PDSCHs is disabled by the DCI format 1_1 if IMCS = 26 and if rvid = 2[RV bits] are set to ‘1’ for the corresponding transport block of all scheduled PDSCHs. If both transport blocks are enabled, transport block 1 and 2 are mapped to codeword 0 and 1 respectively. If only one transport block is enabled, then the enabled transport block is always mapped to the first codeword.



3. HARQ operation
3.1. PUCCH power control for type-2 HARQ-ACK codebook
In Rel-16, in case that UCI payload is equal to or less than 11 bits, UE determines  for PUCCH power control based on the number of received PDSCHs as well as the number of identified missed PDSCHs for type-2 HARQ-ACK codebook.
In Rel-17, the method to calculate  for type-2 HARQ-ACK codebook should be modified since multi-PDSCH scheduling and time domain bundling are newly introduced.
For a serving cell c configured with numberOfHARQ-BundlingGroups and with ,  (in  formula) corresponding to a multi-PDSCH scheduling DCI in PDCCH monitoring occasion  can be determined as 2 if harq-ACK-SpatialBundlingPUCCH is not provided and the DCI schedules two codewords, or can be determined as 1 otherwise.
On the other hand, for a serving cell c, if the UE is provided numberOfHARQ-BundlingGroups with , or the UE is not provided numberOfHARQ-BundlingGroups but configured with multi-PDSCH scheduling DCI,  is the summation of  and . If the UE is provided numberOfHARQ-BundlingGroups with  for a serving cell c,  (in  formula) corresponding to a multi-PDSCH scheduling DCI in PDCCH monitoring occasion  can be determined as 2*(= the number of TBGs which are constructed based on the scheduled PDSCH(s)) if harq-ACK-SpatialBundlingPUCCH is not provided and the DCI schedules two codewords, or can be determined as  otherwise.

Proposal #6: For type-2 HARQ-ACK codebook, when UCI payload size is equal to or less than 11 bits, update the method to derive  for PUCCH power control by considering at least the followings.
· For a serving cell c configured with numberOfHARQ-BundlingGroups with ,  (in  formula) corresponding to a multi-PDSCH scheduling DCI in PDCCH monitoring occasion  can be determined as 2 if harq-ACK-SpatialBundlingPUCCH is not provided and the DCI schedules two codewords, or can be determined as 1 otherwise.
· For a serving cell c configured with numberOfHARQ-BundlingGroups with  or not configured with numberOfHARQ-BundlingGroups but configured with multi-PDSCH scheduling DCI, .
· For a serving cell c configured with numberOfHARQ-BundlingGroups with ,  (in  formula) corresponding to a multi-PDSCH scheduling DCI in PDCCH monitoring occasion  can be determined as 2*(= the number of TBGs which are constructed based on the scheduled PDSCH(s)) if harq-ACK-SpatialBundlingPUCCH is not provided and the DCI schedules two codewords, or can be determined as  otherwise.
· For a serving cell c not configured with numberOfHARQ-BundlingGroups but configured with multi-PDSCH scheduling DCI,  (in  formula) corresponding to a multi-PDSCH scheduling DCI in PDCCH monitoring occasion  can be determined as 2*(= the number of PDSCH receptions scheduled by the DCI) if harq-ACK-SpatialBundlingPUCCH is not provided and the DCI schedules two codewords, or can be determined as  otherwise.

3.2. Time domain bundling for type-2 HARQ-ACK codebook
	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


In RAN1#107-e meeting, it was agreed to introduce time domain bundling for type-2 HARQ-ACK codebook generation as above. However, as highlighted above, whether HARQ bundling group is constructed based on configured SLIVs or valid SLIVs needs to be resolved. It is preferred to construct HARQ bundling group based on configured SLIVs, considering the commonality with HARQ-ACK bit ordering mechanism which is based on configured SLIV position in the indicated TDRA row index as per previous agreement.

Proposal #7: The PDSCHs corresponding to “configured” SLIVs in a TDRA row index indicated by multi-PDSCH scheduling DCI are allocated to the bundling groups. Adopt the following text proposal in TS 38.213 Section 9.1.3.1.
	9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
<Unchanged part omitted>
If a UE is provided numberOfHARQ-BundlingGroups for a serving cell , the UE generates HARQ-ACK information over transport block groups (TBGs) for PDSCH receptions where, for a maximum number of  PDSCH receptions scheduled by a DCI format on the serving cell, a maximum number of TBGs  is provided by numberOfHARQ-BundlingGroups. If the UE detects a DCI format scheduling  PDSCH receptions on the serving cell , the UE generates  HARQ-ACK information bits for first TBs and, if applicable, generates  HARQ-ACK information bits for second TBs in the  PDSCH receptions as described in clause 9.1.1 by setting  and  and by assuming a PDSCH overlapping with a UL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated is correctly received, if any, for a TBG with at least one actual PDSCH reception.



4. Conclusions
In this contribution, multi-PDSCH/PUSCH scheduling and corresponding HARQ operation to support NR in the frequency range from 52.6 GHz to 71 GHz were discussed. The derived proposals and observation are as follows.

Proposal #1: Considering that M-th or (M-1)-th scheduled PDSCH (which would carry aperiodic CSI report as per previous agreement) can be cancelled due to the collision with semi-static DL symbols or SSB, when the DCI schedules M PUSCHs and K (<=M) PUSCHs are actually transmitted, the PUSCH that carries the aperiodic CSI feedback is K-th transmitted PUSCH for K <= 2, or (K-1)-th transmitted PUSCH for K > 2.
Proposal #2: For the case where two DCIs end at the same symbol but two 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, UE drops the PDSCHs scheduled by one of the two DCIs in the overlapping duration.
Proposal #3: Do not consider any invalid PDSCH (which is collided with semi-static UL symbol(s)) to check out-of-order scheduling.
Proposal #4: A DCI format indicating SCell dormancy or TCI state update without scheduling PDSCH reception can indicate a TDRA row index including only one SLIV. It is clarified that 1-bit NDI and 2-bit RV for transport block 1 are used for SCell dormancy indication when a DCI (including multi-PDSCH scheduling DCI) indicates SCell dormancy without scheduling a PDSCH reception.
[bookmark: _GoBack]Proposal #5: Adopt the following text proposal in TS 38.214 Section 5.2.3.2.
	5.1.3.2	Transport block size determination
In case the higher layer parameter maxNrofCodeWordsScheduledByDCI indicates that two codeword transmission is enabled, then one of the two transport blocks is disabled by DCI format 1_1 if IMCS = 26 and if rvid = 1 for the corresponding transport block. When the UE is configured with higher layer parameter [pdsch-TimeDomainAllocationListForMultiPDSCH-r17] and scheduled with multiple PDSCHs by a DCI, either the first or the second transport block of all scheduled PDSCHs is disabled by the DCI format 1_1 if IMCS = 26 and if rvid = 2[RV bits] are set to ‘1’ for the corresponding transport block of all scheduled PDSCHs. If both transport blocks are enabled, transport block 1 and 2 are mapped to codeword 0 and 1 respectively. If only one transport block is enabled, then the enabled transport block is always mapped to the first codeword.


Proposal #6: For type-2 HARQ-ACK codebook, when UCI payload size is equal to or less than 11 bits, update the method to derive  for PUCCH power control by considering at least the followings.
· For a serving cell c configured with numberOfHARQ-BundlingGroups with ,  (in  formula) corresponding to a multi-PDSCH scheduling DCI in PDCCH monitoring occasion  can be determined as 2 if harq-ACK-SpatialBundlingPUCCH is not provided and the DCI schedules two codewords, or can be determined as 1 otherwise.
· For a serving cell c configured with numberOfHARQ-BundlingGroups with  or not configured with numberOfHARQ-BundlingGroups but configured with multi-PDSCH scheduling DCI, .
· For a serving cell c configured with numberOfHARQ-BundlingGroups with ,  (in  formula) corresponding to a multi-PDSCH scheduling DCI in PDCCH monitoring occasion  can be determined as 2*(= the number of TBGs which are constructed based on the scheduled PDSCH(s)) if harq-ACK-SpatialBundlingPUCCH is not provided and the DCI schedules two codewords, or can be determined as  otherwise.
· For a serving cell c not configured with numberOfHARQ-BundlingGroups but configured with multi-PDSCH scheduling DCI,  (in  formula) corresponding to a multi-PDSCH scheduling DCI in PDCCH monitoring occasion  can be determined as 2*(= the number of PDSCH receptions scheduled by the DCI) if harq-ACK-SpatialBundlingPUCCH is not provided and the DCI schedules two codewords, or can be determined as  otherwise.
Proposal #7: The PDSCHs corresponding to “configured” SLIVs in a TDRA row index indicated by multi-PDSCH scheduling DCI are allocated to the bundling groups. Adopt the following text proposal in TS 38.213 Section 9.1.3.1.
	9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
<Unchanged part omitted>
If a UE is provided numberOfHARQ-BundlingGroups for a serving cell , the UE generates HARQ-ACK information over transport block groups (TBGs) for PDSCH receptions where, for a maximum number of  PDSCH receptions scheduled by a DCI format on the serving cell, a maximum number of TBGs  is provided by numberOfHARQ-BundlingGroups. If the UE detects a DCI format scheduling  PDSCH receptions on the serving cell , the UE generates  HARQ-ACK information bits for first TBs and, if applicable, generates  HARQ-ACK information bits for second TBs in the  PDSCH receptions as described in clause 9.1.1 by setting  and  and by assuming a PDSCH overlapping with a UL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated is correctly received, if any, for a TBG with at least one actual PDSCH reception.
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