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1 Introduction
In RAN#104b-e meeting, RAN1 started WI for 52.6GH~71GHz, and the following agreements and conclucsions have been made regarding HARQ and scheduling for PDSCH/PUSCH enhancement [1]:
	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.

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

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


This contribution discusses detailed design for the above aspects.  

2 Maximum number of Multi-PDSCH/PUSCH per DCI
In the last meeting, RAN1 agreed the maximum number of PDSCH/PUSCHs scheduled by a single DCI is no larger than 8. The FFS point is, whether the same value ‘8’ is applicable to all SCSs, i.e. 120KHz, 480KHz and 960KHz, or a smaller value for 120KHz and 480KHz. Considering the exact value has impact on UE processing capability/processing time, it would be reasonable to support a more flexible choice for UE, i.e. a UE capability to select between 4 or 8 for 120KHz and 480KHz.  
Proposal 1: The maximum number of PDSCHs/PUSCHs scheduled by a single DCI can be 4 or 8 for 120KHz and 480KHz, which is based on UE capability.
3 DCI design for Multi-PDSCH/PUSCH scheduling
DCI design for Multi-PUSCH scheduling
RAN1 agreed that multi-PUSCH scheduling defined in Rel-16 NR-U is the baseline for multi-PUSCH scheduling in Rel-17. In the last meeting, RAN1 agreed to support non-continuous TDRA, and further study other bit fields.
· TDRA: detailed signalling design to support non-continuous TDRA 
To support non-continuous PUSCH resource allocation, separate indication for each PUSCH scheduled by single DCI should be provided by TDRA. Therefore, in addition to separate SLIV and mapping type for each PUSCH designed in Rel-16 NR-U, separate k0 for each PUSCH can be added. 
· FDRA: whether/how to enhance FDRA?
Some companies proposed to increase RBG size to reduce DCI overhead, with the assumption that one UE may typically occupy a large number of PRBs due to limited FDMed UE, thus no need of fine granularity as defined for low band. In Rel-16 URLLC, DCI format 0_2 already supports configurable granularity (by resourceAllocationType1GranularityDCI-0-2) for resource allocation type-1. Then, the same mechanism can be reused for 52.6~71GHz with extended range for granularity. 
· CBGTI: whether or not CBG (re)transmission is supported when more than one PUSCHs are scheduled? 
CBG-based transmission is beneficial in case of eMBB and URLLC co-existence, or when interference/channel fading in different symbols would vary dramatically. In 52.6 ~ 71GHz, with large SCS, the slot duration is very short so that for most cases eMBB and URLLC can be TDMed, and the interference/channel fading over different symbols within a slot would be quite similar. Therefore, it is not worth increasing DCI overhead and UCI overhead to support CBG-based transmission for multi-PDSCH/PUSCHs. In case CBG-based transmission is helpful, gNB can still schedule single PDSCH with CBG, which is same as Rel-16 NR-U. 
· CSI request: whether to apply same or different rule compared to Rel-16 NR-U? 
In Rel-15 and Rel-16 for licensed band, A-CSI can be multiplexed into 1st PUSCH in case of PUSCH repetition (1st PUSCH for type-A repetition, or 1st actual repetition for type-B repetition) to reduce A-CSI latency. In Rel-16 NR-U, A-CSI is multiplexed in last PUSCH or penult PUSCH to reduce A-CSI dropping probability caused by LBT failure. Apparently, the design target for licensed and unlicensed band is different so that the solution is different. Similarly, for 52.6 ~ 71GHz, different solution (but same as Rel-16) can be applied for licensed and unlicensed operation. 
· Frequency hopping: whether/how to support frequency hopping for scheduled PUSCHs?
In Rel-16 NR-U, UL frequency hopping is always disabled due to full bandwidth transmission of an interlace. In 52.6~71GHz unlicensed and licensed band, a UL transmission can occupy only part of the bandwidth, e.g. single PRB transmission. Therefore, UL frequency hopping should be supported. In Rel-15, intra-slot or inter-slot hopping can be configured for type-A repetition, and inter-PUSCH or inter-slot hopping can be configured for type-B repetition. In case of multi-PUSCH scheduled by single DCI, because each PUSCH has individual TB and each PUSCH is confined within a slot, frequency diversity gain can be achieved by intra-PUSCH hopping, while marginal gain by inter-PUSCH or inter-slot hopping. 
· URLLC related fields: priority indicator and open loop power control parameter 
URLLC function can be supported by 52.6~71GHz, but over optimization should be avoided. All PUSCHs scheduled by a single DCI should be associated with the same priority and also same set of open loop power control, as PUSCH repetition in Rel-16 URLLC.  
· QCL indication
In the last meeting, in beam management agenda item, RAN1 decided to only support single SRI for multi-PUSCH scheduling for single TRP case, while it is FFS for multi-TRP case. The detailed indication mechanism can be discussed after progress in beam management agenda item. 
· HARQ process number 
In Rel-15, in case of PUSCH transmission over multiple slots, it is possible that PUSCH in some slot collides with DL symbols configured by semi-static tdd-UL-DL-Configuration, and then the PUSCH is dropped. In that case, whether the HARQ process number applies to actually scheduled PUSCHs, or applies to PUSCHs indicated by TDRA needs clarification. For example, if a DCI indicates HARQ process number 1, and TDRA indicates PUSCH 1~8, and PUSCH 3 collides with semi-static DL symbol, then, the HARQ process number for PUSCH 4 would be 3, if only actually scheduled PUSCH is counted, or the HARQ process number for PUSCH 4 would be 4, if all PUSCHs indicated by TDRA is counted. The benefit of only counting actually scheduled PUSCH is the avoidance of HARQ process number fragment caused by collided PUSCH. 
It is noted that, tdd-UL-DL-Configuration may not be configured, e.g. in FDD or in unlicensed band, then, the actually scheduled PUSCH is same as PUSCH indicated by TDRA. 
Proposal 2: Rel-16 NR-U multi-PUSCH scheduling DCI can be reused for multi-PUSCH in 52.6~71GHz with at least the following enhancement: 
· PUSCH TDRA: separate k0, SLIV and mapping type to support non-continuous PUSCH transmissions. 
· PUSCH FDRA: larger RRC configured range for RBG. 
· A-CSI feedback: A-CSI in first PUSCH for licensed band (as Rel-15/16 licensed band), and A-CSI in last or penult PUSCH for unlicensed band (as Rel-16 NR-U).
· Frequency hopping: intra-PUSCH hopping.
· URLLC related field: same priority for all PUSCHs scheduled by a single DCI
· HARQ process number: whether HARQ process number increments only for valid PUSCHs (no collision with semi-static DL symbol) 

DCI design for Multi-PDSCH scheduling
For multi-PDSCH scheduling, RAN1 agreed to reuse the same TDRA indication mechanism, same MCS/RV/NDI indication mechanism for 1st TB as multi-PUSCH. Whether to support multiple TB for multi-PDSCH scheduling, and the design for other bit field in DL assignment is FFS. Table 1 provides our views. 
Table 1 DCI for multi-PDSCH scheduling
	Bit field
	Bit field type (for Rel-17)
	Note

	VRB-to-PRB mapping/PRB bundling
	Single bit field applied to all PDSCHs
	

	MCS/RV/NDI for 2nd TB
	Bit field not applicable to multi-PDSCH scheduling
	In 52.6~71GHz, it is typically difficult to support large number of layers due to channel characteristic. Therefore, no need to support 2-TB case (>5 layers) for multi-PDSCH, which would dramatically increase the DCI overhead.

	HARQ –ACK relevant bit field 
	Enhanced type-2/ type-3 codebook bit field
	Single bit field applied to all PDSCHs, applied to single PUCCH
	For enhanced type-2 codebook, all PDSCHs belong to the same PDSCH group. 
As agreed in previous meeting, HARQ-ACK of all PDSCHs is multiplexed in one PUCCH. FFS multiple PUCCH case (in next section).

	
	DAI, PRI and K1 indication
	Single bit field applied to single PUCCH
	

	LBT/TPC
	Single bit field applicable to PUCCH
	Same as single PDSCH case

	Minimum applicable scheduling offset indicator
	Single bit field applicable to 1st PDSCH
	

	Rate matching/ ZP CSI-RS trigger
	Single bit field applied to 1 or multiple PDSCHs in corresponding slot
	Same as Rel-15/16 PDSCH repetition

	SCell dormancy indication
	Single bit field applied to 1 or multiple cells 
	Same as single PDSCH case

	CBGFI
	Bit field not applicable to multi-PDSCH scheduling
	Same as multi-PUSCH, no CBG-based transmission for multi-PDSCH. Therefore, no CBGFI/CBGTI for multi-PDSCH.



Proposal 3: For multi-PDSCH scheduling, the bit field common for DL and UL grant use the same design as multi-PUSCH scheduling, and at least following DL-specific bit field should be specified,
· MCS/RV/NDI for 2nd TB is not applicable to multi-PDSCH scheduling (only support single TB case)
· CBG-based transmission is not applicable to multi-PDSCH scheduling, including CBGTI/CBGFI
· HARQ-ACK relevant bit field is applicable to all PDSCHs and single PUCCH
According to the discussion above, the payload for a DCI format scheduling single PDSCH/PUSCH and a DCI format scheduling multiple PDSCH/PUSCH is different. RAN1 should decide whether to introduce a new DCI format for multi-PDSCH/PUSCH scheduling in addition to the DCI format for single PDSCH/PUSCH scheduling, or use a single DCI format for both scheduling cases wherein the payload of the DCI format is determined by the maximum payload of these two cases. In Rel-16 NR-U, a single DCI format is used. Same mechanism can be reused. 
Proposal 4: Support single DCI for single or multi-PDSCH/PUSCH scheduling as Rel-16 NR-U. 
4 HARQ-ACK feedback for Multi-PDSCH scheduling
In previous meeting, RAN1 agreed HARQ-ACK of all PDSCHs scheduled by the DCI is carried by a single PUCCH, and further discuss whether to support HARQ-ACK feedback in different PUCCHs. The motivation of HARQ-ACK on different PUCCHs is to reduce latency of first several PDSCHs, e.g. if one DCI schedules 8 PDSCHs, first 4 PDSCHs are associated with 1st PUCCH and last 4 PDSCHs are associated with 2nd PUCCH, then, HARQ-ACK latency for first 4 PDSCHs would be reduced by 4 slots comparing with transmit HARQ-ACK of all 8 PDSCHs in one PUCCH. Such latency reduction would be beneficial for URLLC. However, for most URLLC cases, it would be sufficient to schedule much less than 8 PDSCHs once, thus the latency by single PUCCH is still acceptable. 
It is noted that multiple PUCCH associated with a single DCI would have large impact on DCI design as well as HARQ-ACK codebook design. First of all, the mechanism to support multiple K1 indication and the association between each K1 and each PDSCH is needed. Secondly, in case of Type-2 codebook, the mechanism to determine DAI for each PUCCH is needed. In case of enhanced Type-2 codebook, the mechanism to determine PDSCH group/NFI in addition to DAI for each PUCCH is needed. And in case of Type-1 codebook, the mechanism to determine PDSCH candidate location for each PUCCH is needed. All these designs should take DL signalling overhead, UCI overhead, scheduling flexibility and potential miss-alignment between gNB and UE into account, which requires huge standard effort. 
Proposal 5: HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI carried by different PUCCH(s) is not supported in Rel-17. 

Type-1 HARQ-ACK codebook
In Rel-15/16, type 1 HARQ-ACK CB is generated according to the following 2 steps:
· Step 1: PDSCH candidate reception occasions determination
· Step 1-1: The candidate slots for PDSCH reception are determined by UL slot n (where HARQ-ACK codebook is transmitted) and K1 set.
· K1 set is provided by dl-DataToUL-ACK, or dl-DataToUL-ACKForDCIFormat1_2 or the union of dl-DataToUL-ACK and DataToUL-ACKForDCIFormat1_2 (if both DCI 1_1 and 1_2 is configured), or the default K1 set {1,2…,8} (if only DCI 1_0 is configured)
· Step 1-2: Within each candidate slot, the candidate PDSCH reception occasions are pruned based on TDD configuration and every row r in set R.
· TDD configuration is provided by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated
· Set R is provided by the union of rows of TDRA tables for DCI formats the UE is configured to monitor
· Step 2: HARQ-ACK bits generation for each candidate PDSCH reception occasion determined in Step 1.
· If CBG-based transmission is not configured, 1 or 2 bits HARQ-ACK (depending on whether up to 2 TB, spatial bundling is configured) is generated per candidate PDSCH reception occasion
· If CBG-based transmission is configured, [image: ] or 2*[image: ] bits HARQ-ACK is generated per candidate PDSCH reception occasion. 
It can be seen that, based on the existing steps above, there would be no place for HARQ-ACK bits for PDSCHs other than the last PDSCH scheduled by a single DCI. 
In the last meeting, RAN1 discussed possible enhancement for Type-1 HARQ-ACK codebook to ensure a HARQ-ACK bit location for each PDSCH of scheduled multi-PDSCHs. Companies expressed different preference on whether to modify step 1 or step 2 to support HARQ-ACK feedback for PDSCHs in addition to the last PDSCH scheduled by a single DCI. RAN1 agreed to further study the following options. 
· 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
In the following, we use SLIVi,j(k) for a PDSCH, SLIVi (k) for a set of multiple PDSCHs scheduled by a single DCI, where i denotes i-th row of a TDRA table for a DCI format, j denotes j-th PDSCH of the multiple PDSCHs of i-th row, and different k denotes different sets of PDSCHs associated with different K1. For example, as shown in Figure 1, configured K1 set = {1, 3}. Configured TDRA table includes two rows, 1st row includes 4 SLIVs, and 2nd row includes 2 SLIVs. Then, there’re totally 4 sets of PDSCHs, 
· SLIV1 (1) is for 1st row and associated with K1=3, consisting of 4 SLIVs for 4 PDSCHs (SLIV1,1(1), SLIV1,2(1), SLIV1,3(1) and SLIV1,4(1)). 
· SLIV1 (2) is for 1st row and associated with K1=1, consisting of 4 SLIVs for 4 PDSCHs (SLIV1,1(2), SLIV1,2(2), SLIV1,3(2) and SLIV1,4(2)). 
· SLIV2 (1) is for 2nd row and associated with K1=3, consisting of 2 SLIVs for 2 PDSCHs (SLIV2,1(1) and SLIV2,2(1)). 
· SLIV2 (2) is for 2nd row and associated with K1=1, consisting of 2 SLIVs for 2 PDSCHs (SLIV2,1(2), and SLIV2,2(2)). 
Option 1 is based on the modification of step 1. In step 1-1, DL slots in addition to the DL slot containing last PDSCH of multiple PDSCHs of a row in the TDRA table are added into the set of candidate slots for PDSCH reception. In step 1-2, the candidate PDSCH reception occasions are pruned based on TDD configuration and each SLIVi,j(k) within each DL slot. Then, in step 2, the existing mechanism can be reused, e.g. 1 bit HARQ-ACK is generated per candidate PDSCH reception occasion.
Figure 1 provides a simple example. For PUCCH transmission in UL slot n, DL candidate slots containing last PDSCH (high-light in purple) for each row is determined by configured K1 set {1, 3}, i.e. DL slot n-1 and slot n-3. In addition, DL candidate slots containing other PDSCHs (high-light in red) can be determined by effective K1’ set, which is derived by the configured K1 set and the slot offset between the PDSCH and last PDSCH. For SLIV1 (1), K1’ = K1 + slot offset between SLIV1,1(1), SLIV1,2(1), SLIV1,3(1) and SLIV1,4(1) = 3+ {3,2,1} = {6,5,4}. For SLIV1 (2), K1’ = K1 + slot offset between SLIV1,1(2), SLIV1,2(2), SLIV1,3(2) and SLIV1,4(2) = 1+ {3,2,1} = {4,3,2}. For SLIV2 (1), K1’ = K1 + slot offset between SLIV2,1(1) and SLIV2,2(1) = 3 + 1 =4. For SLIV2 (2), K1’ = K1 + slot offset between SLIV2,1(2) and SLIV2,2(1) = 1 + 1 =2. Then, the candidate DL slot derived by K1’ set is slot n-2 ~ n-6. Therefore, in step 1-1, DL candidate slots are DL slot n-1~ n-6. In step 1-2, within each DL slot, a SLIVi,j (k) is deleted if at least one symbol of SLIVi,j (k) is UL symbol. Moreover, a SLIVi,j1 (k) is deleted if it overlaps with another SLIVi,j2 (k). Finally, in step 2, according to the existing mechanism, the HARQ-ACK of one PDSCH is generated for a candidate PDSCH reception occasion. Consequently, there are 6 HARQ-ACK bits in total. Assuming gNB actually schedules 4 PDSCHs with K1=3 (SLIV1 (1)), then, UE generates 4 bit ACK for these 4 PDSCHs and 2 bits NACK for slot n-2 and n-1. 


Figure 1      An example for Option 1
For Option 1a, according to the explanation during the meeting, it intends to add candidate PDSCH reception occasions for PDSCHs other than last PDSCH in step 1-2. In Rel-15, in case of PDSCH repetition, a single candidate PDSCH reception occasion is reserved (valid) if at least one PDSCH repetition does not collide with UL symbol by TDD UL/DL configuration. In case of multi-PDSCH, the collision between each PDSCH and TDD UL/DL configuration can be handled in the similar way as PDSCH repetition, but it is unclear how to generate multiple candidate PDSCH reception occasions according to each SLIV of each row in the TDRA table. Further explanation is required. 
Option 2 is based on the modification of step 2. In step 1-1, according to existing mechanism, the candidate slots for PDSCH reception is determined by UL slot n (where HARQ-ACK codebook is transmitted) and K1 set. As shown in Figure 2, the candidate slots is slot n-1 and slot n-3. In step 1-2, similar to Rel-15 PDSCH repetition, a candidate PDSCH reception occasion for SLIVi (k) is reserved, if at least one of SLIVi,j (k) does not collide with UL symbol indicated by TDD UL/DL configuration. In step 2, the HARQ-ACK for all multiple PDSCHs scheduled by a single DCI is generated for a candidate PDSCH reception occasion. The number of HARQ-ACK bits per candidate PDSCH reception occasion can be the maximum number of valid PDSCHs schedulable by a single DCI. 
Figure 2 provides a simple example. For PUCCH transmission in UL slot n, in step 1-1, DL candidate slots containing last PDSCH (high-light in purple) for each row is determined by configured K1 set {1, 3}, i.e. DL slot n-1 and slot n-3. In step 1-2, in DL slot n-3, there are two candidate PDSCH reception occasions, one is for SLIV1 (1) and the other is for SLIV2 (1). For SLIV1 (1), if at least one of SLIV1,1(1) ~ SLIV1,4(1) does not collide with UL symbols, SLIV1 (1) is a valid SLIV. For SLIV2 (1), if at least one of SLIV 2,1(1) and SLIV 2,2(1) does not collide with UL symbols, SLIV2 (1) is a valid SLIV. Because SLIV1 (1) and SLIV2 (1) is overlapped, these two SLIVs are associated with a single candidate PDSCH reception occasion. Similarly, in DL slot n-1, SLIV1 (2) and SLIV2 (2) are checked, and these two SLIVs are associated with a single candidate PDSCH reception occasion. Therefore, there are two candidate PDSCH reception occasions in total. In step 2, the HARQ-ACK bits for each candidate PDSCH reception occasion is determined by the maximum number of valid PDSCHs for SLIVi (k) determined in step 1-2. Consequently, there are 8 HARQ-ACK bits in total. Assuming gNB actually schedules 4 PDSCHs with K1=3 (SLIV1 (1)), then, UE generates 4 bit ACK for these 4 PDSCHs and 4 bits NACK.


Figure 2     An example for Option 2
Comparing option 1 and option 2, the standard effort is similar. The HARQ-ACK payload would be smaller by option 1, at least when CBG-based transmission is not configured, which is the typical configuration in 52.6~71GHz. Therefore, option 1 is slightly preferred. 

For both option 1 and option 2, there are still some redundant HARQ-ACK bits for overlapped SLIVi (k) in different slots. Figure 3 provides an example with K1 ={2,3}. UE generates 5 bits for option 1, 8 bits for option 2, but gNB can only schedule maximum 4 PDSCHs with HARQ-ACK feedback in UL slot n, so there is 1 bit redundancy for option 1 and 3 bits redundancy for option 2. The mechanism to reduce such redundancy can be further studied, e.g. for two TDRA rows which is overlapped at least in one PDSCH, only one TDRA row should be kept while all SLIVs of the other row should be deleted. For example, SLIV1 (2), SLIV2 (1) and SLIV2 (2) can be deleted because they are overlapped with SLIV1 (1). 

   
Figure 3    Redundant bits for overlapped SLIVi (k)
To further reduce the HARQ-ACK codebook size, the validity of PDCCH monitoring occasions can also be considered. In Rel-15/16, PDSCH candidate reception occasion does not take PDCCH MO into account, i.e. it is assumed the PDCCH MO determined by slot n- K1-K0 is always available. There would be redundant PDSCH candidate reception occasions, if the corresponding PDCCH MO is invalid, e.g. the configured PDCCH MO is not in slot n- K1-K0, or the PDCCH MO collides with UL symbols by TDD DL/UL configuration. If PDCCH MO occurs frequently, e.g. in every slot, such redundancy is marginal. However, in 52.6 ~71GHz, PDCCH monitoring can be based on multiple slots, e.g. PDCCH MO may occur once every 1 or 2 slot out of 8 slots. Then, the redundancy caused by invalid PDCCH MO is non-negligible. Therefore, a PDSCH candidate reception occasion validation should take the validity of PDCCH MO into account, e.g. a row of TDRA table is deleted if there is no valid PDCCH MO for the corresponding PDCCH. 
Proposal 6: For Type-1 codebook, 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 1). 
· K1 set is extended based on K1 and slot offset between last PDSCH and other PDSCHs in a row in the TDRA table. 
· Collison between candidate PDSCH reception occasion and TDD UL/DL configuration is handled per single PDSCH SLIV.
· Further study how to reduce redundant HARQ-ACK bit with joint consideration of multiple PDSCHs in multiple slots.
· Further study how to reduce redundant HARQ-ACK bit with the consideration of validity of PDCCH MO.

Type-2/Enhanced Type-2 HARQ-ACK codebook 
In case of multi-PDSCH scheduling, the number of scheduled PDSCHs per PDCCH varies. If a UE miss-detects one PDCCH, the UE is unware of how many bits of NACK is expected to be transmitted. To address such ambiguity, one of the following alternatives can be supported. 
· Alt 1: C-DAI/T-DAI is counted per DCI.
· Alt 2a: C-DAI/T-DAI is counted per PDSCH with a single codebook.
· Alt 3: C-DAI/T-DAI is counted per M scheduled PDSCH(s), where M is configurable 
For Alt 1, there are two sub-alternatives. 
· Single codebook
For each DCI, UE has to generate HARQ-ACK according to the maximum configured number of PDSCHs. In case of CA, e.g. a UE is configured with serving cells in 52.6~71GHz as well as in FR1 or FR2 (below 52.6GHz), there would be a large number of redundant HARQ-ACK bits for the serving cells below 52.6GHz. Therefore, single codebook option should be excluded. 
· 2 sub-codebook
    Similar to CBG and TB-based scheduling, single PDSCH scheduling and multi-PDSCH scheduling can be associated with different HARQ-ACK sub-codebook, which avoids unnecessary redundant HARQ-ACK bits for PDSCH scheduled by fallback DCI, PDSCH on serving cells below 52.6GHz, as well as PDCCH with HARQ-ACK feedback (e.g. SPS PDSCH release, Scell dormancy indication, TCI update). For multi-PDSCH scheduled by a single DCI, there would be HARQ-ACK redundancy, depending on the difference between the minimum number of multi-PDSCHs (Npdsch_min >1) and maximum number of multi-PDSCHs (Npdsch_max). 
If CBG is configured, a PDSCH based on CBG-based transmission and multi-PDSCH scheduled by a single DCI are associated with the same sub-codebook, i.e. 2nd sub-codebook, and the number of HARQ-ACK bits per DCI is max(NCBG_max, Npdsch_max). Therefore, the total number of sub-codebooks can be the same as Rel-15 case. 
Regarding the DAI overhead, DAI in DL DCI is the same as Rel-15 single-PDSCH DCI, DAI in UL DCI is the same as Rel-15 CBG transmission case. Furthermore, if CBG is not configured, single UL DAI can be considered, which is similar as Rel-16 NR-U enhanced type-2 codebook, e.g. the UL DAI applies to a pre-defined sub-codebook and the DAI for another sub-codebook is derived by the latest DL DCI scheduling PDSCH reception for the sub-codebook. 
Alt 2a is based on single sub-codebook for single PDSCH scheduling and multi-PDSCH scheduling, and DAI is counted per PDSCH. If CBG-based transmission is configured, there are 2 sub-codebooks, wherein 1st sub-codebook is for multi-PDSCH or single PDSCH with TB transmission and 2nd sub-codebook is for single PDSCH with CBG transmission. 
The UCI overhead would be smaller than Alt-1, while the cost is larger DCI overhead due to additional DAI bits. For example, if one DCI can schedule up to 2/4/8 PDSCHs, it requires additional 1/2/3 bits to achieve comparable miss-detection capability (up to 3 missed PDCCH) as Rel-15/16, then, it requires an additional total of 2/4/6 bits for C-DAI and T-DAI. In case of enhanced type-2 codebook, a larger DAI payload is expected if T-DAI/UL-DAI for another PDSCH group is configured. It is noted that, the DCI overhead is increased for both DL assignment and UL grant, and the DCI overhead is increased not only for the serving cell configured with multi-PDSCH scheduling, but also the serving cell configured with single PDSCH scheduling, e.g. in FR1 or FR2. Therefore, in average, the DCI overhead by Alt-2 is much larger than UCI overhead by Alt-1. 
In the last meeting, some companies suggested that increasing DAI field is not critical or even beneficial considering larger number of DAI bits can be robust to more missed PDCCHs. It is true that larger DAI bit length can support larger number of missed PDCCH, e.g. increasing 2 bits DAI to 5 bits DAI can help UE to identify up to 32 PDCCHs, if DAI is counted per PDCCH. However, if DAI is counted per PDSCH as Alt 2a, increasing 2 bits DAI to 5 bits DAI (Npdsch_max=8) does not increase the detectable number of missed PDCCHs, it still only resolves HARQ-ACK ambiguity caused by up to 3 miss-detected PDCCH. In other words, if the proponents of Alt 2a intends to improve the reliability of PDCCH miss-detection, additional overhead on top of 5 bits is required. On the other hand, some companies suggested that DAI bit length can be kept unchanged, but please note that the detectable number of missed PDCCHs is reduced, e.g. in case of 2-bit DAI, HARQ-ACK ambiguity happens even a single PDCCH is missed, if Npdsch_max=8. Apparently, such loss in robustness is unacceptable. 
Furthermore, it is not always possible to increase DAI bit length, e.g. fallback DL or UL DCI. Then, the number of detectable missed PDCCH is limited by the smallest DAI bit length, e.g. if a first DCI with 5 bits DAI is miss-detected, UE does not know how many PDSCHs are lost when the UE receives a second DCI (fallback DCI) with 2 bits DAI. Similarly, keeping one DAI bit length unchanged, e.g. 2 bits T-DAI or UL-DAI, and increasing the bit length of C-DAI, or vice versa, suffers loss in robustness. Moreover, large standard effort is required to align different value range of DAI by different bit length. 
Alt 3 can be based on single or two-sub codebooks, and DAI is counted per M PDSCHs. For single codebook, similar to Alt 2a, DAI bit length is increased, if M is smaller than Npdsch_max. There is a loss in robustness to missed PDCCH due to the 2-bit DAI in fallback DCI, and there is large standard effort to align different value range of DAI by different bit length. For the case of M =Npdsch_max and single sub-codebook, the HARQ-ACK payload is same as Alt-1 with single sub-codebook which is much larger than Alt-1 with 2 sub-codebooks. For two sub-codebook, the design is quite complicated, which mixes up sub-codebook determination, new DAI counting mechanism and different bit length alignment. If CBG transmission is configured, it is unclear how to support single PDSCH with CBG transmission and multi-PDSCH in 2nd sub-codebook, because the number of HARQ-ACK bits per DAI value is different (1 bit HARQ-ACK per DAI value increment for multi-PDSCH, but NCBG_max bits HARQ-ACK per DAI value increment for single PDSCH with CBG transmission). Otherwise, it requires separate sub-codebook for single PDSCH with TB transmission, single PDSCH with CBG transmission and multi-PDSCH with TB transmission, i.e. totally 3 sub-codebooks. Apparently, large standard effort is expected and more vulnerable to last DCI miss-detection of any sub-codebook. 
The comparison for Alt 1 with 2 sub-codebooks, Alt 2a with single sub-codebook and Alt 3 with single sub-codebook are shown in the table below. It can be seen that Alt 1 with 2 sub-codebooks provides minimum DCI payload and minor standard effort, and HARQ-ACK payload is acceptable. Therefore, Alt 1 with 2 sub-codebooks should be supported. 
Table 2    Comparison for 3 alternatives compared with Rel-15 single PDSCH scheduling 
	
	DCI payload
	HARQ-ACK payload 
	Standard effort

	Alt-1 with 2 sub-codebook
	(1) DAI bit length is same as single PDSCH scheduling.
(2) Same as Rel-15, robust to up to 3 consecutive miss-detected PDCCH.
	HARQ-ACK payload is unchanged for case A and B, but increased for case C.
· Case A (only single PDSCH scheduling):
Same as Rel-15/Alt-2a 
· Case B (CBG is configured, both single and multiple PDSCHs scheduled):
Same as Rel-15/Alt-2a 
· Case C (CBG is not configured, both single and multiple PDSCHs scheduled): 
Larger payload for 2nd sub-codebook
	Standard effort is Minor. 
Reuse existing CBG and TB-based mechanism with minor modification 

	Alt-2a with single sub-codebook 
	(1) DAI bit length dramatically increases 
· For non-fallback DL DCI, up to 3*log2(Npdsch_max) bits increase for DAIs in both 52.6GHz and below 52.6GHz CCs. 
· For non-fallback UL DCI, up to 2*log2(Npdsch_max) bits increase for DAIs in both 52.6GHz and below 52.6GHz CCs.
· For fallback DL/UL DCI, no DAI extension.
(2) A material loss in robustness to missed PDCCHs, determined by smallest bit length of all DAI field of all DCIs.
	HARQ-ACK payload is unchanged for case A, B and C. 
	Standard effort is Large
· New DAI counting mechanism
· Alignment of different value range of DAI by different bit length

	Alt-3 with single sub-codebook
	(1) DAI bit length increases depending on M
· For non-fallback DL DCI, up to 3*log2(Npdsch_max/M) bits increase for DAIs in both 52.6GHz and below 52.6GHz CCs. 
· For non-fallback UL DCI, up to 2*log2(Npdsch_max/M) bits increase for DAIs in both 52.6GHz and below 52.6GHz CCs.
· For fallback DL/UL DCI, no DAI extension.
(2) A material loss in robustness to missed PDCCHs, determined by smallest bit length of all DAI field of all DCIs.   
	HARQ-ACK payload is increased for case A, B and C. 
· Case A (only single PDSCH scheduling):
Larger than Rel-15/Alt-1/Alt-2a, because M bits per DAI value. 
· Case B (CBG is configured, both single and multiple PDSCHs scheduled):
Same as Rel-15/Alt-1/Alt-2a for 2nd sub-codebook, but larger payload for 1st sub-codebook because M bits per DAI value
· Case C (CBG is not configured, both single and multiple PDSCHs scheduled): 
Larger than Rel-15/Alt-2a. Smaller than Alt-1. 
	Large
· New DAI counting mechanism
· Alignment of different value range of DAI by different bit length
· RRC configured M


Proposal 7: For Type-2/enhanced type-2 HARQ-ACK codebook, Alt -1 (DAI is counted per DCI, and single and multi-PDSCHs scheduled by a DCI are associated with different sub-codebook) should be supported.

HARQ-ACK time domain bundling
In previous meeting, HARQ-ACK time domain bundling was proposed to reduce HARQ-ACK payload size. With large SCS, e.g. 960KHz or 480KHz, the slot duration is much shorter. The channel fading for multiple PDSCHs in adjacent slots would be highly correlated so that the decoding result (ACK or NACK) for the PDSCHs are likely to be the same. Therefore, the performance degradation caused by HARQ-ACK time domain bundling would be acceptable (if the interference in adjacent slot is also highly correlated). 
If HARQ-ACK bundling is supported, a proper bundling mechanism should be carefully studied, with the consideration of PDSCH retransmission efficiency, HARQ-ACK payload size, robustness to miss-detected PDCCH and standard effort. 
To avoid any impact caused by miss-detected PDCCH, HARQ-ACK bundling should be performed within PDSCHs scheduled by a single DCI, i.e. no bundling across multiple PDSCHs scheduled by different DCIs. 
There can be several ways to determine a HARQ-ACK bundling group for PDSCHs scheduled by a single DCI. It seems simple for gNB to configure a number of HARQ-ACK bundling groups (Nb), e.g. Nb=1. However, if a single value Nb applies to any PDSCH time domain resource allocation, the impact of HARQ-ACK bundling would be quite different for each DL assignment. For example, the number of PDSCHs of each row in a TDRA table for a DL BWP can vary from 1 to 8. Always generating 1 bit HARQ-ACK regardless of single or 8 PDSCHs scheduled by a single DCI leads to very unbalance performance for each DL assignment. To achieve similar performance for each DL assignment, it is reasonable to keep the time duration of one HARQ-ACK bundling group (Tb) constant rather than to keep a constant number of HARQ-ACK bundling group (Nb). gNB can configure a proper value of Tb to ensure PDSCHs in a HARQ-ACK bundling group with similar channel fading. It is noted that, semi-statically configured time duration Tb per HARQ-ACK bundling group is not equivalent to semi-statically configured number of PDSCHs per HARQ-ACK bundling group (Npb), because the number of PDSCHs (Npb) within Tb would be different for different time domain resource allocation, e.g. gNB can configure a TDRA row with 8 PDSCHs in consecutive slots and configure another TDRA row with PDSCHs in non-consecutive slots. 
Proposal 8: If HARQ-ACK bundling is supported, bundling is performed within PDSCHs scheduled by a single DCI. Down-select one of the following alternatives:
· Alt a: gNB configures a number of HARQ-ACK bundling groups (Nb) per DCI
· Alt b: gNB configures a number of PDSCHs per HARQ-ACK bundling groups (Npb)
· Alt c: gNB configures time duration of one HARQ-ACK bundling group (Tb).
5 Conclusion
The proposals made in this contribution are summarized below:
Proposal 1: The maximum number of PDSCHs/PUSCHs scheduled by a single DCI can be 4 or 8 for 120KHz and 480KHz, which is based on UE capability.
Proposal 2: Rel-16 NR-U multi-PUSCH scheduling DCI can be reused for multi-PUSCH in 52.6~71GHz with at least the following enhancement: 
· PUSCH TDRA: separate k0, SLIV and mapping type to support non-continuous PUSCH transmissions. 
· PUSCH FDRA: larger RRC configured range for RBG. 
· A-CSI feedback: A-CSI in first PUSCH for licensed band (as Rel-15/16 licensed band), and A-CSI in last or penult PUSCH for unlicensed band (as Rel-16 NR-U).
· Frequency hopping: intra-PUSCH hopping.
· URLLC related field: same priority for all PUSCHs scheduled by a single DCI
· HARQ process number: whether HARQ process number increments only for valid PUSCHs (no collision with semi-static DL symbol)
Proposal 3: For multi-PDSCH scheduling, the bit field common for DL and UL grant use the same design as multi-PUSCH scheduling, and at least following DL-specific bit field should be specified,
· MCS/RV/NDI for 2nd TB is not applicable to multi-PDSCH scheduling (only support single TB case)
· CBG-based transmission is not applicable to multi-PDSCH scheduling, including CBGTI/CBGFI
· HARQ-ACK relevant bit field is applicable to all PDSCHs and single PUCCH
Proposal 4: Support single DCI for single or multi-PDSCH/PUSCH scheduling as Rel-16 NR-U. 
Proposal 5: HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI carried by different PUCCH(s) is not supported in Rel-17. 
Proposal 6: For Type-1 codebook, 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 1). 
· K1 set is extended based on K1 and slot offset between last PDSCH and other PDSCHs in a row in the TDRA table. 
· Collison between candidate PDSCH reception occasion and TDD UL/DL configuration is handled per single PDSCH SLIV.
· Further study how to reduce redundant HARQ-ACK bit with joint consideration of multiple PDSCHs in multiple slots.
· Further study how to reduce redundant HARQ-ACK bit with the consideration of validity of PDCCH MO.
Proposal 7: For Type-2/enhanced type-2 HARQ-ACK codebook, Alt -1 (DAI is counted per DCI, and single and multi-PDSCHs scheduled by a DCI are associated with different sub-codebook) should be supported.
Proposal 8: If HARQ-ACK bundling is supported, bundling is performed within PDSCHs scheduled by a single DCI. Down-select one of the following alternatives:
· Alt a: gNB configures a number of HARQ-ACK bundling groups (Nb) per DCI
· Alt b: gNB configures a number of PDSCHs per HARQ-ACK bundling groups (Npb)
· Alt c: gNB configures time duration of one HARQ-ACK bundling group (Tb).
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