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1. Introduction
Based on the revised WID approved at the RAN#90-e meeting [1], RAN1 discussed and made some agreements on PDSCH/PUSCH enhancements for supporting NR from 52.6 – 71 GHz at RAN1#104-e. In this contribution, we discuss on PDSCH/PUSCH enhancements for NR from 52.6 – 71 GHz, including:
· Scheduling/HARQ
2. Scheduling/HARQ
2.1. Multi-PDSCH/PUSCH scheduling
Following agreements were made at RAN1#104b-e for multi-PDSCH/PUSCH scheduling by single DCI. More details of multi-PDSCH/PUSCH scheduling need to be further designed.

	Agreement:
· The maximum number of PDSCHs that can be scheduled with a single DCI in Rel-17 is 8 for SCS of 480 and 960 kHz.
· FFS: Further restrictions for 480 kHz to 4
· FFS: A UE capability to select between 4 and 8 for 480 kHz SCS
· Note: Multi-PDSCH scheduling for the case of 120 kHz SCS is still FFS as per prior agreement. This case can be addressed after this FFS has been decided.
· The maximum number of PUSCHs that can be scheduled with a single DCI in Rel-17 is 8.
· FFS: Further restrictions for 120 kHz and 480 kHz SCS
· FFS: A UE capability to select between different values for 120 kHz and 480 kHz SCS

Agreement:
For a DCI that can schedule multiple PDSCHs,
· MCS for the 1st TB: This appears only once in the DCI and applies commonly to the first TB of each PDSCH
· NDI for the 1st TB: This is signaled per PDSCH and applies to the first TB of each PDSCH
· RV for the 1st TB: This is signaled per PDSCH, with 2 bits if only a single PDSCH is scheduled or 1 bit for each PDSCH otherwise and applies to the first TB of each PDSCH
· HARQ process number: This applies to the first scheduled PDSCH and is incremented by 1 for subsequent PDSCHs (with modulo operation, if needed)
· FFS:
· MCS/NDI/RV for the 2nd TB for each PDSCH, including whether scheduling of the 2nd TB for each PDSCH can be supported or not
· Details of resource allocation related fields such as VRB-to-PRB mapping, PRB bundling size indicator, rate matching indicator, and ZP CSI-RS trigger
· Whether/how to signal CBGFI/CBGTI if CBGFI/CBGTI is supported for multi-PDSCH scheduling
· Details of fields that are common with multi-PUSCH scheduling, e.g., TDRA, FDRA, priority indicator, including potential enhancements


Agreement:
· For a DCI that can schedule multiple PUSCHs,
· TDRA: Alt 2 (TDRA table is extended such that each row indicates up to 8 multiple PUSCHs (that can be non-continuous in time-domain). Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is implicitly indicated by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.), as per agreement made in RAN1#104-e
· FFS: signaling details
· Note: Alt 2 does not preclude continuous resource allocation in time-domain.
· For a DCI that can schedule multiple PDSCHs,
· TDRA: TDRA table is extended such that each row indicates up to 8 multiple PDSCHs (that can be non-continuous in time-domain). Each PDSCH has a separate SLIV and mapping type. The number of scheduled PDSCHs is implicitly indicated by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.
· FFS: signaling details
· Note: This does not preclude continuous resource allocation in time-domain.
· Note: Multi-PDSCH scheduling for the case of 120 kHz SCS is still FFS as per prior agreement. This case can be addressed after this FFS has been decided.



For applicability of multi-PDSCH scheduling by single DCI, it is straightforward to also support it for 120 kHz SCS. We believe it would be beneficial to improve efficiency to schedule PDSCHs even for 120 kHz operation. 
For the maximum number of PDSCHs/PUSCHs scheduled by a DCI, 8 is already supported for multi-PUSCH scheduling in Rel-16 NR-U, and hence there is no strong motivation to further restrict the maximum number of scheduled PUSCHs to be smaller than 8 for 480 kHz and/or 120 kHz SCS for Rel-17 NR operation in 52.6 – 71 GHz.
Proposal 1: For multi-PDSCH/PUSCH scheduling,
· Multi-PDSCH scheduling can apply to 120 kHz in addition to 480 kHz and 960 kHz SCS.
· No need to restrict the maximum number of scheduled PDSCHs/PUSCHs to be smaller than 8 for 480 kHz and/or 120 kHz SCS.

For a DCI that can schedule multiple PUSCHs, following DCI fields need further discussion:
· TDRA: It was agreed at RAN1#104b-e that up to 8 SLIVs (which can be non-contiguous in time domain) can be indicated in one TDRA row. In Rel-16 multi-PUSCH scheduling design, PUSCH repetition is not supported if such TDRA table with multiple SLIVs in one TDRA row is configured. However, it was clarified in  RAN1#104-e agreements that existing slot aggregation and/or repetition for PUSCH (and PDSCH) by single DCI is not precluded. Some aspects on the relationship between the DCI scheduling multi- PUSCH and the DCI scheduling single PUSCH with repetitions may need to be discussed further. For instance, whether a DCI format that can schedule multiple PUSCHs without repetition can also support  scheduling single PUSCH with repetitions. If supported, harmonization of multi-PUSCH related configuration (e.g. TDRA table with multiple SLIVs should be configured) and PUSCH repetition related configuration (e.g. TDRA table with number of repetitions, PUSCH repetition type should be configured for the DCI format) is needed. For example, for a DCI format supporting scheduling multiple PUSCHs, the configured TDRA table will include one or multiple SLIVs for each row. If PUSCH repetition type is configured as “PUSCH repetition type B”, the TDRA table will also include one column “K” indicating number of PUSCH repetitions. The column “K” may exist only in a row with single SLIV, or exist in each row but only apply when single SLIV is indicated. Based on this, PUSCH repetition or multi-PUSCH scheduling can be selected in dynamic manner.  
· CBGTI: CBG based scheduling is not supported in Rel-16 multi-PUSCH design when multiple PUSCHs are scheduled by one DCI. There is no strong motivation to have different design from the previous situation. Moreover, supporting CBG based scheduling for multiple PUSCHs will cause significant DCI overhead issue, assuming the CBG field needs to be reserved for the maximum number of PUSCHs that can be scheduled by one DCI. Therefore, CBG based scheduling should not be supported when multiple PUSCHs are scheduled in 52.6 – 71 GHz.
· CSI request: For A-CSI reporting requested by a DCI scheduling multiple PUSCHs, there is no strong motivation to apply a different rule from Rel-16 multiple PUSCHs scheduled by single DCI case either. More specifically, 
· In case DCI schedules single PUSCH with repetitions, A-CSI report is transmitted on the first actual PUSCH repetition. 
· In case DCI schedules multiple PUSCHs,
· If a DCI schedules two PUSCHs, the A-CSI report is carried on the second scheduled PUSCH.
· If a DCI schedules more than two PUSCHs, the A-CSI report is carried on the penultimate scheduled PUSCH.
· FDRA: With regard to FDRA for multi-PUSCH scheduling, enhancement can be considered to reduce DCI overhead, e.g. increasing RBG size.
· Frequency hopping flag: PUSCH frequency hopping should be supported similar to single PUSCH scheduling in Rel-15/16 NR since interlaced resource allocation is not applied in 52.6 -71 GHz. We can reuse existing frequency hopping scheme, while if necessary, an introduction of new frequency hopping scheme for multi-PUSCH (e.g. inter/intra-PUSCH hopping) could also be considered.
· URLLC related fields (e.g. priority indicator field, open-loop power control field): On whether/how to harmonize URLLC related fields in multi-PUSCH scheduling framework in 52.6 – 71 GHz, we think it needs to be supported. These fields were not considered for multi-PUSCH scheduling design in Rel-16 since they were introduced in parallel WI with NR-U WI.
· The simplest way is to indicate one field value which will be applied commonly for all scheduled PUSCHs, e.g. the same physical priority for all scheduled PUSCHs by one DCI. If accumulated power control is enabled, the power control adjustment indicated by the open-loop power control field is applied only once on the first PUSCH.

For a DCI that can schedule multiple PDSCHs, following DCI fields need further discussion:
· CBGTI/CBGFI: Similar to multi-PUSCH scheduling case, CBG based scheduling should not be supported when multiple PDSCHs are scheduled by one DCI in 52.6 – 71 GHz.
· MCS/NDI/RV for the 2nd TB for each PDSCH: If two TBs can be supported when multiple PDSCHs are scheduled, at least NDI and RV fields need to be doubled. Considering maximum 8 PDSCHs can be scheduled by one DCI, at least 16 bits will be increased compared to only single TB scheduled case. On the other hand, two TBs scheduling for PDSCH is only possible when rank>4. Considering the use of high frequency, the rank>4 scheduling seems not very potential. Therefore, we prefer not to support scheduling two TBs if multiple PDSCHs are scheduled.
· FDRA: Similar to multi-PUSCH scheduling case, enhancement can be considered to reduce DCI overhead, e.g. increasing RBG size.
· URLLC related fields (e.g. priority indicator field, TPC command for scheduled PUCCH): Similar to multi-PUSCH scheduling case, URLLC related fields need to be supported for multi-PDSCH scheduling. The simplest way is to indicate one field value which will be applied commonly for all scheduled PDSCHs, e.g. the same physical priority for HARQ-ACKs of all scheduled PDSCHs by one DCI.
· Resource allocation related fields such as VRB-to-PRB mapping, PRB bundling size indicator, rate matching indicator, and ZP CSI-RS trigger: Similar to multi-slot PDSCH in Rel-16, these fields can be applied to all slots of scheduled PDSCHs.

Proposal 2: 
· For multi-PUSCH scheduled by single DCI,
· Discuss whether/how a DCI format supporting multi-PUSCH scheduling can support scheduling single PUSCH with repetition.
· CBG based scheduling is not supported when multiple PUSCHs are scheduled by one DCI.
· A-CSI reporting on PUSCH rule in Rel-16 should be reused.
· Support FDRA enhancement to reduce DCI overhead.
· Support frequency hopping for multi-PUSCH scheduling. Newly introduced frequency hopping scheme for multi-PUSCH scheduling can be considered.
· For URLLC related fields, one value of each related field is applied for all scheduled PUSCHs.
· For multi-PDSCH scheduled by single DCI,
· Similar consideration on CBG based transmission, FDRA and URLLC fields as multi-PUSCH scheduling can be applied to multi-PDSCH scheduling.
· Not support two TBs in one PDSCH when multiple PDSCHs are scheduled by one DCI.
· VRB-to-PRB mapping, PRB bundling size indicator, rate matching indicator, and ZP CSI-RS trigger are applied to all slots of scheduled PDSCHs.

2.2. HARQ-ACK feedback for multi-PDSCH scheduled by single DCI
Type 1 HARQ-ACK feedback

Following agreement was made at RAN1#104b-e for type 1 HARQ-ACK feedback for multi-PDSCH scheduling by single DCI. 
	Agreement:
For enhancements of generating type-1 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, the following options can be considered,
· Option 1: The set of candidate PDSCH reception occasions is determined according to each SLIV of each row in the TDRA table and based on extension of K1 set
· Option 1a: The set of candidate PDSCH reception occasions is determined according to each SLIV of each row in the TDRA table
· Option 2: The set of candidate PDSCH reception occasions is determined according to the last SLIV of each row in the TDRA table
· FFS: Codebook generation details, including how to handle the collision with TDD DL/UL configuration and whether/how to extend K1 set based on K1 and slot offset between last PDSCH and other PDSCHs in a row in the TDRA table



To better illustrate possible specification impact and HARQ-ACK CB size for each option, Rel-16 procedure for candidate PDSCH reception occasion determination and HARQ-ACK bit generation for one serving cell can be summarized first as reference:
· Step 1: Determine PDSCH slot window for the HARQ-ACK CB generation based on configured K1 set.
[image: ]
Fig 1: Example of PDSCH slot window determination
· Step 2: Determine candidate PDSCH reception occasions for each slot in the PDSCH slot window, based on TDRA configuration and TDD DL/UL configuration.
· Step 3: Generate HARQ-ACK information for each candidate PDSCH reception occasion in the set.
[image: ]
Fig 2: HARQ-ACK bits for candidate PDSCH reception occasions in Rel-16

Option 1 and option 1a:
For option 1 and 1a, the commonality is to determine candidate PDSCH occasion based on each SLIV of TDRA row. It implies that HARQ-ACK information of each PDSCH is mapped to corresponding candidate PDSCH reception occasion of its SLIV. The main difference is whether K1 set extension is needed or not. To better understand how option 1 and 1a work, we provided possible procedure of HARQ-ACK information generation for one serving cell for option 1 and 1a as follows.
For option 1 with K1 set extension, a possible procedure can be following:
	Possible procedure for option 1:
· Step 0: original configured K1 set is extended.
· The K1 set extension can be based on K2 in each row of the TDRA table.
· Step 1: Determine “extended PDSCH slot window” for the HARQ-ACK CB generation based on the “extended K1 set”.
· Step 2: Determine candidate PDSCH reception occasions for each slot in the “extended PDSCH slot window”, based on TDD DL/UL configuration and SLIV set of the slot, where
· Alt 1: the SLIV set includes each SLIV of each TDRA row in the TDRA table.
· Alt 2: the SLIV set only includes SLIVs spanning over the slot assuming the last SLIV of each TDRA row locates in the “original PDSCH slot window” (determined according to original configured K1 set).
· Step 3: Generate HARQ-ACK information for each candidate PDSCH reception occasion.



For option 1a without K1 set extension, possible procedure can be following:
	Possible procedure for option 1a:
· Step 1: Determine PDSCH slot window for the HARQ-ACK based on configured K1 set.
· Step 1-A: Based on the “original PDSCH slot window” (obtained in step 1), determine the “extended PDSCH slot window” according to K2 in each row of the TDRA table.
· Step 2: Determine candidate PDSCH reception occasions for each slot in the “extended PDSCH slot window”, based on TDD DL/UL configuration and SLIV set of the slot, where
· Alt 1: the SLIV set includes each SLIV of each TDRA row in the TDRA table.
· Alt 2: the SLIV set only includes SLIVs spanning over the slot assuming the last SLIV of each TDRA row locates in the “original PDSCH slot window” (determined according to original configured K1 set).
· Step 3: Generate HARQ-ACK information for each candidate PDSCH reception occasion.



Key difference between option 1 and option 1a lies in step 0/1 and step 1/1-A. It seems option 1a is more straightforward than option 1. 
For step 0/1 in option 1, K1 set needs to be extended in order to obtain the extended PDSCH slot window. The K1 set extension can be based on K2 configurations for each row. For example, if the set  represents set of “offset values of each K2 to the last K2 of the same row” for each row, the extended K1 set  can be obtained by {}, for each  in the original configured K1 set  and for each .  
For step 1-A, the PDSCH slot window is extended directly based on original PDSCH slot window and above described set . 
[image: ]
Fig 3: Example of PDSCH slot window extension assuming {0,1，4，5}

For the two alternatives in the common step 2 after extending PDSCH slow window, Alt 2 can lead to less redundancy than Alt 1. But Alt 2 has higher complexity considering a larger number of TDRA rows and up to 8 SLIVs can be configured in each row. Moreover, the reduced redundancy of Alt 2 compared to Alt 1 is highly dependent on the number of TDRA rows and SLIV configuration in each row, hence the benefit at the cost of complexity of Alt 2 over Alt 1 may be uncertain.
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Fig 4: Example of Alt 2 of step 2 in option 1/1a

Option 2:
In option 2 that candidate PDSCH occasion is determined based on last SLIV of TDRA row, HARQ-ACKs of multiple PDSCHs scheduled by one DCI are mapped to one candidate PDSCH reception occasion corresponding to the SLIV of the last PDSCH. 
[image: ]
Fig 5: Example of option 2

To better understand how option 2 works, we provided possible procedure of HARQ-ACK information generation for one serving cell for option 2 as follows.
	Possible procedure for option 2:
· Step 1: Determine PDSCH slot window for the HARQ-ACK based on configured K1 set.
· Step 2: Determine candidate PDSCH reception occasions for each slot in the PDSCH slot window, based on TDD DL/UL configuration and last SLIV of each TDRA row.
· Step 3: Generate HARQ-ACK information for each candidate PDSCH reception occasion in the set. The number of HARQ-ACK bits for one candidate PDSCH reception occasion needs to consider possible multiple PDSCHs.
· Alt 1: The number of HARQ-ACK bits for each candidate PDSCH reception occasion is determined according to the maximum number of PDSCHs that can be scheduled by one DCI on the serving cell.
· Alt 2: The number of HARQ-ACK for one candidate PDSCH reception occasion is determined according to the number of SLIVs in TDRA row(s) whose last SLIV corresponds to the current candidate PDSCH reception occasion.



In option 2, K1 set extension and PDSCH slot window extension are not needed. PDSCH candidate occasion determination procedure in Rel-16 can be mostly reused. For the two alternatives to determine number of HARQ-ACK bits for one candidate PDSCH reception occasion, Alt 1 is simpler from specification impact. But Alt 2 can achieve less redundancy.  
[image: ]
Fig 7: Example of number of HARQ-ACK bits determination for Alt 2 of step 3 in option 2

Compare of option 1, option 1a and option 2:
According to above analysis, observations on the three options can be summarized as in the following Table 1 in terms of specification impact and HARQ-ACK CB redundancy. Based on the observations, we propose to support option 2 for type 1 HARQ-ACK CB construction for multi-PDSCH scheduling.

Table 1: Comparison of option 1/1a/2
	
	Option 1/1a
	Option 2

	Specification impact
	· K1 set extension or PDSCH slot window extension is needed.
· More complex modification on current pseudo code if redundancy reduction is targeted (i.e. Alt 2 in step 2).
	· No need to extend K1 set PDSCH slot window.
· Simpler modification on current pseudo code

	HARQ-ACK CB redundancy
	· Huge redundancy if Alt 1 adopted in step 2.
· Still large redundancy even though Alt 2 adopted in step 2 since relationship among SLIVs in one TDRA row is not considered (e.g. SLIVs in one row always exist or not exist simultaneously, such relationship is not considered for SLIV pruning/exclusion).
	Less redundancy.




Proposal 3: 
· Support option 2 with following procedure for type 1 HARQ-ACK CB construction for multi-PDSCH scheduling.
· Step 1: Determine PDSCH slot window for the HARQ-ACK based on configured K1 set.
· Step 2: Determine candidate PDSCH reception occasions for each slot in the PDSCH slot window, based on TDD DL/UL configuration and last SLIV of each TDRA row.
· Step 3: Generate HARQ-ACK information for each candidate PDSCH reception occasion in the set. The number of HARQ-ACK bits for one candidate PDSCH reception occasion needs to consider possible multiple PDSCHs. 
· Discuss further on the number of HARQ-ACK bits for each candidate PDSCH reception occasion
· Alt 1: Determined according to the maximum number of PDSCHs can be scheduled by one DCI on the serving cell.
· Alt 2: Determined according to the number of SLIVs in TDRA row(s) whose last SLIV corresponds to the current candidate PDSCH reception occasion.

Type 2 HARQ-ACK feedback
Following conclusions were made at RAN1#104b-e for type 2 HARQ-ACK feedback for multi-PDSCH scheduling by single DCI. 

	Conclusion:
The following is observed for alternative 1 from prior agreement.
· For Alt 1 (C-DAI/T-DAI is counted per DCI) of generating type-2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs,
· C-DAI/T-DAI in DL DCI: Same DAI overhead with Rel-16 single-PDSCH DCI
· T-DAI in UL DCI: 
· In case of single codebook handling feedback for both single and multi-PDSCH scheduling, same DAI overhead with Rel-16 UL DCI
· In case of separate sub-codebooks, need additional DAI field (with same bit-width of DAI with Rel-16 UL DCI), in UL DCI for all serving cells including a serving cell not configured with multi-PDSCH DCI
· Note that DAI field increment for this case is similar for the case in Rel-15 where CBG is configured
· HARQ-ACK codebook generation:
· A separate sub-codebook can be generated when multi-PDSCH DCI is configured for a serving cell, similar to the way as 2nd sub-codebook is defined to handle CBG-based scheduling
· FFS: whether single codebook or separate sub-codebooks is(are) generated when multi-PDSCH DCI is configured for a serving cell
· FFS: how many sub-codebooks are generated when multi-PDSCH DCI is configured for a serving cell and CBG is configured for the serving cell and/or the other serving cell(s)
· HARQ-ACK payload size is increased compared to single PDSCH scheduling only, since the number of HARQ-ACK bits corresponding to each DAI of the (sub-)codebook for multi-PDSCH DCI in case of separate sub-codebooks (or for all DL DCIs in case of single codebook) depends on the maximum configured number of PDSCHs for multi-PDSCH DCI across serving cells belonging to the same PUCCH cell group.
· The number of HARQ-ACK bits for multi-PDSCH DCI in case of separate sub-codebooks, or for all DL DCIs in case of single codebook, does not depend on the number of actually scheduled PDSCHs, rather, it is fixed as the maximum configured number of PDSCHs.
· FFS: time domain bundling of HARQ-ACK feedback, as per agreement in RAN1#104-e
· Note that multi-PDSCH DCI refers to a DL DCI where at least one entry of the TDRA table allows scheduling more than one PDSCH

[bookmark: _Hlk69808417]Conclusion:
The following is observed for alternative 2 from prior agreement.
· For Alt 2a (C-DAI/T-DAI is counted per PDSCH with a single codebook) of generating type-2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs,
· C-DAI/T-DAI in DL DCI: Bit-width can be increased (FFS: by how much), in DL DCI not only for multi-PDSCH DCI but also for single-PDSCH DCI for all serving cells including a serving cell not configured with multi-PDSCH DCI
· T-DAI in UL DCI: Bit-width can be increased (FFS: by how much), in UL DCI for all serving cells including a serving cell not configured with multi-PDSCH DCI
· C-DAI/T-DAI in DL DCI and T-DAI in UL DCI shall be designed such that at most 3 consecutive DCI missing can be resolved, same as in Rel-15/16 NR. 
· FFS: details on increment of DAI field size
· FFS: whether/how to handle the case where different DCI formats (e.g., DCI format 1_0 and DCI format 1_1) have different field sizes for C-DAI/T-DAI
· HARQ-ACK codebook generation:
· The number of HARQ-ACK bits depends on the number of scheduled PDSCHs.
· FFS: ordering of the PDSCHs for DAI counting
· FFS: time domain bundling of HARQ-ACK feedback, as per agreement in RAN1#104-e
· Note that multi-PDSCH DCI refers to a DL DCI where at least one entry of the TDRA table allows scheduling more than one PDSCH

Conclusion:
The following is observed for alternative 3 from prior agreement.
· For Alt 3 (C-DAI/T-DAI is counted per M scheduled PDSCH(s), where M is configurable) of generating type-2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs,
· If M equals to the maximum configured number of PDSCHs, Alt 3 is the same with Alt 1, if the same number of codebooks is assumed.
· Else if M equals to 1, Alt 3 is the same with Alt 2.
· Otherwise (i.e., 1<M<the maximum configured number of PDSCHs), Alt 3 is similar to Alt 2, except that
· The number of HARQ-ACK bits corresponding to each DAI increases by M times.
· NACK bits may be padded if the number of scheduled PDSCHs is not an integer multiple of M.
· FFS: details on DAI field size
· FFS: whether single codebook or separate sub-codebooks is(are) generated when multi-PDSCH DCI is configured for a serving cell
· In addition, new RRC parameter to configure M needs to be introduced.
· Note that multi-PDSCH DCI refers to a DL DCI where at least one entry of the TDRA table allows scheduling more than one PDSCH. 



For the three alternatives for type 2 HARQ-ACK CB construction if HARQ-ACK bundling among different PDSCHs is not considered, our observations on each alternative are as follows:
· Alt. 1 has an advantage over Alt. 2/3 that there is no need to extend C-DAI/T-DAI field in DL DCI due to the number of PDSCHs scheduled by a DCI. However, it will lead to larger PUCCH payload size, which degrades PUCCH reliability. 
· Alt. 2 can achieve a non-redundant HARQ-ACK CB size. HARQ-ACK CB construction procedure in Rel-16 can be directly reused, i.e. ordering HARQ-ACK according to (virtual) C-DAI per PDSCH. However, C-DAI/T-DAI field extension is required. 
· Alt. 3 is a middle ground between Alt 1 and 2, but it still leads to more redundant HARQ-ACK CB size than Alt. 2 with larger specification impact on HARQ-ACK CB construction procedure. Less DAI field extension is required than Alt 2. Alt 3 is not as straightforward as Alt 1 or Alt 2.
Based on the analysis, Alt 1/2/3 have a trade-off between PDCCH payload increasement (due to DAI field extension) and PUCCH payload redundancy. Assuming that missing of at most 3 consecutive DCIs needs to be covered in both frequency and time domain similar to Rel-16, and up to 8 PDSCHs can be scheduled by one DCI, Alt 2 requires 3 bits C-DAI and T-DAI field extension in PDCCH payload. Considering the possibly larger number of HARQ-ACK bits and more redundancy introduced by Alt 1, we think Alt 2 with less number of HARQ-ACK bits and PUCCH payload redundancy would deserve its DCI overhead due to DAI field extension. Therefore, from HARQ-ACK payload size redundancy and specification impact perspective, Alt. 2 is preferred for this case (i.e. when HARQ-ACK bundling is not considered).
Proposal 4: For HARQ-ACK feedback for multiple PDSCHs scheduled by one DCI if HARQ-ACK bundling among different PDSCHs is not applied,
· Support Alt. 2 (C-DAI/T-DAI is counted per PDSCH) for type 2 HARQ-ACK CB construction.

PUCCH payload size can be quite large when multiple PDSCHs are scheduled and their HARQ feedbacks need to be reported on less number of PUCCHs e.g., on a single PUCCH. Since PUCCH payload size is a significant factor impacting PUCCH reliability, how to avoid large PUCCH payload size should be discussed to avoid PUCCH reliability degradation. In our view, HARQ-ACK bundling is an effective method to achieve it. For example, HARQ-ACKs of the PDSCHs scheduled by the same DCI are combined into one bit by “logical AND”. Based on such approach, bundling of HARQ-ACKs for multiple PDSCHs scheduled by single DCI can be supported. It can be enabled/disabled by RRC configuration or by the scheduling DCI indication. 
If HARQ-ACK bundling among PDSCHs scheduled by one DCI is applied and only 1 bit HARQ-ACK feedback information is generated for multiple PDSCHs scheduled by DCI, Alt. 1 works well for this case since HARQ-ACK CB size can be determined by the indicated T-DAI. Similarly, if HARQ-ACK for per M PDSCHs by one DCI is bundled into 1 bit, Alt. 3 works well for this case since HARQ-ACK CB size can be determined by the indicated T-DAI. 

Proposal 5: For HARQ-ACK feedback for multiple PDSCHs scheduled by one DCI,
· Support HARQ-ACK bundling among PDSCHs scheduled by single DCI.
· Support Alt. 1 or Alt. 3 if HARQ-ACK bundling is applied.
Separate PUCCHs for multiple PDSCHs scheduled by one DCI
If separate PUCCHs for multiple PDSCHs scheduled by one DCI are allowed, HARQ feedback for earlier PDSCHs is possible to be reported before all PDSCHs are received, which is beneficial to reduce the latency. Moreover, reporting HARQ-ACK for earlier PDSCHs as soon as possible is good for HARQ process efficiency since HARQ process(es) used for earlier PDSCH(s) can be released when the corresponding ACK(s) are received by gNB, which can be used for new PDSCH transmission soon. 
Proposal 6: Support transmitting HARQ-ACKs for multiple PDSCHs scheduled by one DCI on different PUCCHs.
3. Conclusion
Proposal 1: For multi-PDSCH/PUSCH scheduling,
· Multi-PDSCH scheduling can apply to 120 kHz in addition to 480 kHz and 960 kHz SCS.
· No need to restrict the maximum number of scheduled PDSCHs/PUSCHs to be smaller than 8 for 480 kHz and/or 120 kHz SCS.

Proposal 2: 
· For multi-PUSCH scheduled by single DCI,
· Discuss whether/how a DCI format supporting multi-PUSCH scheduling can support scheduling single PUSCH with repetition.
· CBG based scheduling is not supported when multiple PUSCHs are scheduled by one DCI.
· A-CSI reporting on PUSCH rule in Rel-16 should be reused.
· Support FDRA enhancement to reduce DCI overhead.
· Support frequency hopping for multi-PUSCH scheduling. Newly introduced frequency hopping scheme for multi-PUSCH scheduling can be considered.
· For URLLC related fields, one value of each related field is applied for all scheduled PUSCHs.
· For multi-PDSCH scheduled by single DCI,
· Similar consideration on CBG based transmission, FDRA and URLLC fields as multi-PUSCH scheduling can be applied to multi-PDSCH scheduling.
· Not support two TBs in one PDSCH when multiple PDSCHs are scheduled by one DCI.
· VRB-to-PRB mapping, PRB bundling size indicator, rate matching indicator, and ZP CSI-RS trigger are applied to all slots of scheduled PDSCHs.

Proposal 3: 
· Support option 2 with following procedure for type 1 HARQ-ACK CB construction for multi-PDSCH scheduling.
· Step 1: Determine PDSCH slot window for the HARQ-ACK based on configured K1 set.
· Step 2: Determine candidate PDSCH reception occasions for each slot in the PDSCH slot window, based on TDD DL/UL configuration and last SLIV of each TDRA row.
· Step 3: Generate HARQ-ACK information for each candidate PDSCH reception occasion in the set. The number of HARQ-ACK bits for one candidate PDSCH reception occasion needs to consider possible multiple PDSCHs. 
· Discuss further on the number of HARQ-ACK bits for each candidate PDSCH reception occasion
· Alt 1: Determined according to the maximum number of PDSCHs can be scheduled by one DCI on the serving cell.
· Alt 2: Determined according to the number of SLIVs in TDRA row(s) whose last SLIV corresponds to the current candidate PDSCH reception occasion.

Proposal 4: For HARQ-ACK feedback for multiple PDSCHs scheduled by one DCI if HARQ-ACK bundling among different PDSCHs is not applied,
· Support Alt. 2 (C-DAI/T-DAI is counted per PDSCH) for type 2 HARQ-ACK CB construction.

Proposal 5: For HARQ-ACK feedback for multiple PDSCHs scheduled by one DCI,
· Support HARQ-ACK bundling among PDSCHs scheduled by single DCI.
· Support Alt. 1 or Alt. 3 if HARQ-ACK bundling is applied.

Proposal 6: Support transmitting HARQ-ACKs for multiple PDSCHs scheduled by one DCI on different PUCCHs.
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