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Introduction
[bookmark: _Hlk510705081]The revised work item on supporting NR from 52.6 GHz to 71 GHz [1] was approved at RAN#90-e. Before that 3GPP  carried out a study on required changes to NR using existing DL/UL waveform to support operation between 52.6 GHz and 71GHz [1]. This contribution deals with the following objective of the WID:
· Support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI
Multi-PxSCH scheduling
When considering multi-PxSCH supporting multiple TBs, it can be noted that NR Rel-16 supports that feature already for PUSCH but not for PDSCH. The related functionality was defined as part of the NR-U work item. Based on the existing design, pusch-Config contains resource allocation for two to eight contiguous PUSCHs, and K2 indicates the slot where UE shall transmit the first PUSCH of the multiple PUSCHs. Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is signalled by the number of indicated valid SLIVs in the row of the pusch-TimeDomainAllocationList signalled in DCI format 0_1.

We think that multi-PUSCH scheduling defined in Rel-16 NR-U should be used as the baseline for designing multi-PDSCH scheduling.​ Similar enhancements on HARQ process ID, MCS, RV and NDI fields in DCI Format 0_1 for multi-PUSCH scheduling in Rel-16 can be leveraged to DCI Format 1_1 to support multi-PDSCH scheduling in Rel-17. This would mean that there is no need for new DCI format(s). 

[bookmark: _Hlk61848875]Proposal 1: The multi-PUSCH scheduling defined in Rel-16 NR-U is used as the baseline for designing multi-PxSCH scheduling. Maximize the similarity between multi-PDSCH and multi-PUSCH
· Do not introduce new DCI format for multi-PDSCH/PUSCH scheduling.
· Use DCI format 0_1 to schedule multiple PUSCHs with a single DCI
· Use DCI format 1_1 to schedule multiple PDSCHs with a single DCI.

The maximum number of TBs
The following agreement related to multi-PxSCH was made in RAN1 #104bis-e:
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

For first FFS point, we think that there is no need to define further restrictions for the maximum number of PDSCH/PUSCH that can be scheduled with 480 kHz.
· The SCS dependency seems artificial. Rel-16 PUSCH solution defined primarily for 30 kHz supports also up-to 8 PUSCH. It is also noted that number of PDSCH/PUSCH does not need to be the same as the minimum PDCCH monitoring periodicity.  
· We think that restriction for 480 kHz (to 4 slots) limits the scheduling flexibility and just introduces additional complexity in the specifications.
A logical consequence of supporting at maximum 8 PDSCH/PUSCH is that is that there is no need for UE capability between 4 and 8 slots for 480 kHz SCS.

Proposal 2: The maximum number of PxSCH that can scheduled with a single DCI in Rel-17 is 8 also for 480 kHz SCS. All UEs need to support at maximum 8 PxSCH for both 480 kHz and 960 kHz SCSs.



TB repetition
The following was agreed in RAN1 #104-e:
Agreement:
· The followings will not be considered in this WI: 
· […]
· Single DCI to schedule N TBs (N>1) where a TB can be repeated over multiple slots (or mini-slots).
· Note: This does not imply that existing slot aggregation and/or repetition for PDSCH and PUSCH by single DCI is precluded for the serving cell. 

Based on the agreement, 60GHz scenario supports TB repetition for both PDSCH and PUSCH. 
· PUSCH supports both Repetition type A and Repetition type B. It supports also dynamic indication of the number of repetitions.
· PDSCH supports only Repetition type A, and only semi-static indication of the number of repetitions.
We think that support for indication of the number of repetitions also for PDSCH is a low hanging fruit, and it should be considered. It has very limited standardization impact, and it would increase the PDSCH multiplexing capabilities considerably. 

Proposal 3: Consider dynamic indication of the number of repetitions also for PDSCH. 


Multi-PDSCH applicability for 120 kHz SCS

One of the open issues is support for multi-PDSCH scheduling for 120 kHz SCS. 
· It can be noted that the specification impact for supporting this option would be is very small. At the same time, it could provide new opportunities e.g. for UE power saving (such as less frequent PDCCH monitoring). 
· The related question is that whether to support multi-PDSCH only for 60 GHz scenario, or for both FR2 and FR2x (60 GHz). We think that if multi-PDSCH scheduling is supported for 120 kHz SCS, it should be considered also for FR2.

Proposal 4: Support multi-PDSCH also for 120 kHz SCS
· Consider multi-PDSCH also for FR2.

DCI design for multi-PxSCH: TDRA
The following agreement related to TDRA was made in RAN1 #104bis-e:
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.

Based on the agreement, TDRA functionality is similar between multi-PDSCH and multi-PUSCH. 
We propose to take TDRA defined for NR-U as the starting point for Rel-17 scenario (both PUSCH and PDSCH). It will avoid developing multiple solutions for the same problem. Furthermore, it allows to keep RRC configuration overhead at reasonable level. It can be noted that the number of unique SLIV combinations for allocated PxSCHs can be a large number. When supporting even a few SLIV options for each allocated PUSCH together with flexible allocation of PUSCHs, non-contiguos allocation results in a tremendous number of allocation options or rows in PUSCHTimeDomainAllocationListForMultiPxSCH. For example, with 8 SLIVs:
· All consecutive allocations with one or more slots can be addressed by 36 rows 
· All consecutive and non-consecutive allocations with one or more slots require 255 rows  

In order to support non-contiguous allocation without increasing the configuration overhead too much, we propose to make it by means of the RateMatchPattern functionality defined for PDSCH in Rel-15. UE can be configured with one or multiple RateMatchPattern(s). When the reserved resources (given by the RateMatchPattern) overlap at least partially with allocated resource elements (i.e. contiguous slots), the corresponding slot(s) is counted as invalid slot(s). Figure 1 shows an example. 
· Multi-PxSCH collides with reserved resources for the 2nd slot. 
· The collided slot is considered as an invalid slot. 
· The transmission will be shortened accordingly. 
[bookmark: _Hlk68078481]This approach can provide considerable saving in the TDRA size or, alternatively, increase the TDRA flexibility for the same DCI overhead:
· RateMatchPattern is configured semi-statically, saving the dynamic signalling 
· The pattern is considerably longer than the time span of TDRA. The pattern can include reserved resources for several periodic signals with different periodicities. To cover the reserved resources with such long periodicity simply by adding corresponding TDRA rows would require a large number of TDRA rows even for a single number and timing of scheduled PDSCHs. The overhead TDRA table is increased even further when scheduling of different number of PDSCHs is supported.

Proposal 5: For TDRA, PUSCHTimeDomainAllocationListForMultiPxSCH indicates only contiguous slots.
· Invalid slots are determined based on RateMatchPattern(s)
· Non-contiguous transmission covers contiguous HARQ processes.


[image: ]
Figure 1. Example of with slot dropping with contiguous PUSCHTimeDomainAllocationListForMultiPxSCH.

DCI design for multi-PxSCH: other fields
The following agreement related to TDRA was made in RAN1 #104bis-e:
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

For first FFS point, we think that there is no need for support scheduling of the 2nd TB for multi-slot PxSCH scheduling.
· Single TB can support up-to four spatial layers
· We don’t expect that when using 480 kHz or 960 kHz SCS, there is need for rank>4
· If rank>4 is needed, it’s enough to support it only according to slot based operation.

Proposal 6: Support only one TB with multi-slot PxSCH


We consider FDRA and frequency hopping enhancements as optimization. There seem to be lack of clear justification/problem behind those enhancements. 
· For example, the gain of increasing the RGB size is very limited. Furthermore, the allocaiton granularity reduces accordingly. 
· We expect that the scenario behind 480 kHz and 960 kHz is primarily high data rate and contiguous resource allocation. The gain of frequency hopping is very limited in this scenario (especially when considering inter PUSCH FH). 
At the same time, we think that support for frequency hopping would be considerable effort in 3GPP. We think that there are more urgent topics to discuss for the limited time window of the current WI. 
For CBGTI, we’re fine with the existing functionalities defined for slot-based operation. But, we don’t see a need to optimize the feature for multi-PUSCH scenarios.
For URLLC, we think that a single URLLC priority should be assigned to a single DCI. This means that the same value is applied for all granted PUSCHs with the same DCI. 
For CSI-request we think that Rel-16 behaviour where the PUSCH that carries the AP-CSI feedback is the first PUSCH that satisfies the multiplexing timeline can be applied here. When a 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  

Proposal 7: For other multi-PxSCH enhancements:
· FDRA enhancements and frequency hopping enhancements are considered as secondary topics for multi-PxSCH transmission and they are considered only if time allows. 
· CBGTI is not applicable to multi-PDSCH scheduling
· For URLLC related fields, one value of each field is applied for all scheduled PUSCHs
· The PUSCH that carries the AP-CSI feedback, the same solution adopted in Rel-16 NR-U multi-PUSCH scheduling is reused. ​

HARQ-ACK feedback enhancements
HARQ-ACK feedback timing
During RAN1#104-e and RAN1#104bis-e HARQ-ACK feedback timing for multi-PDSCH DCIs was discussed. The following agreement was made in RAN1 #104-e:
Agreement:
· For a DCI scheduling multiple PDSCHs, HARQ-ACK information corresponding to PDSCHs scheduled by the DCI is multiplexed with a single PUCCH in a slot that is determined based on K1,
· where K1 (indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI or provided by dl-DataToUL-ACK if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI) indicates the slot offset between the slot of the last PDSCH scheduled by the DCI and the slot carrying the HARQ-ACK information corresponding to the scheduled PDSCHs.
· It is noted that granularity of K1 can be separately discussed.
· FFS: If needed, further discuss whether or not HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s)

The impact of HARQ-ACK feedback timing to HARQ round trip time needs to be considered when designing the HARQ-ACK feedback timing. Especially in the case of multi-PDSCH scheduling and longer processing times (relative to the symbol duration), there is risk of HARQ process starvation cutting down the achievable peak throughput. This is illustrated in Figure 2, where scheduling is shown for 960 kHz SCS and PDCCH monitoring occasions every 8th slot. UE reports HARQ-ACKs for all scheduled PDSCHs on a single PUCCH after the last scheduled PDSCH as agreed in RAN1#104e. PDSCH processing time is assumed to be 80 symbols for 960 kHz SCS as we propose in this contribution. In Figure 5, three different cases are illustrated:
· In the case of 16 HARQ processes and 80 symbol PDSCH processing time, there is insufficient processing time for gNB before PDCCH on slot #16. Hence, gNB cannot schedule PDSCHs for UE for slots #16…#23, which in turn results throughput cut down by 1/3.
· The case of 32 HARQ processes is also shown, and as discussed earlier, 32 HARQ processes is enough to avoid HARQ starvation.
· In RAN1#104e, it was left for further study whether the HARQ-ACK feedback for different PDSCHs of multi-PDSCH scheduling can be transmitted in different PUCCHs. An example of that is also shown in Figure 2, where the HARQ-ACK feedback is transmitted over two PUCCHs. The first PUCCH carries HARQ-ACK feedback for slots #0-#3 and the second PUCCH carries HARQ-ACK feedback for slots #4-#7. It can be noted that the arrangement reduces the HARQ process starvation considerably. When compared to the baseline solution for 16 HARQ processes, the peak throughput can be increased close to 25%, depending on the number of symbols consumed by the PUCCHs. (In the time frame of 24 slots, 20 PDSCHs can be transmitted instead of 16 PDSCHs).   

The timing, resource and HARQ feedback content for the two PUCCHs triggered by the same multi-PDSCH DCI can be determined in a rather simple way:
· Number of PUCCH transmissions: A threshold value N can be configured for the transmission of the second PUCCH. When at most N PDSCHs are scheduled by the multi-PDSCH, only single PUCCH is transmitted. When more than N PDSCHs are scheduled, two PUCCHs are transmitted. 
· PUCCH timing: The same K1 value can be used for the both PUCCHs. The first PUCCH occurs K1 slots after the Nth PDSCH and carries HARQ-ACK feedback for the first N PDSCHs. The second PUCCH occurs K1 slots after the last scheduled PDSCH and carries HARQ feedback for the remaining PDSCHs. 
· PUCCH resource: The same PRI value is used for the both PUCCHs 
· DAI: simplest solution is to introduce separate DAI fields for both UCI transmissions to multi-PDSCH DCI. For other DCIs, there is no need to change DAI fields. 
Obviously, more flexibility can be supported by extending DCI, e.g., by providing two K1 or PRI fields.

Based on discussion above, we see that the support for up to two PUCCHs per single multi-PDSCH DCI is feasible. We see it also necessary if only 16 HARQ processes are supported to reduce HARQ process starvation. However, if the number of DL HARQ processes is sufficiently increased, we see that single PUCCH per multi-PDSCH DCI is enough. 

[bookmark: _Hlk68078520]Proposal 8: If up to 32 DL HARQ processes are supported for 960 kHz SCSs, it is enough to support single transmission of HARQ feedback per multi-PDSCH DCI. 
If only 16 DL HARQ processes are supported for 960 kHz SCS, HARQ information for multi-PDSCH DCI can be carried by up to two PUCCHs to reduce HARQ process starvation
· When DCI schedules more than N PDSCHs, where N is configurable, the HARQ-ACK feedback for the scheduled PDSCHs is transmitted over two slots.
[image: ]

[bookmark: _Ref71102909]Figure 2. HARQ-ACK timing options with multi-PDSCH scheduling

Type 2 codebook enhancements
Type 2 HARQ-ACK codebook determination for multi-PDSCH scheduling was considered in RAN1-104e with the following agreement:
Agreement:
For generating type-2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, the following alternatives can be considered to DAI counting and will be down-selected in RAN1#104bis-e.
· Alt 1: C-DAI/T-DAI is counted per DCI.
· Alt 2: C-DAI/T-DAI is counted per PDSCH.
· Alt 3: C-DAI/T-DAI is counted per M scheduled PDSCH(s), where M is configurable (e.g., 1, 2, 4, …).
· FFS: Codebook generation details
· FFS: How to signal DAI values (e.g., increase of DAI bits for Alt 2 and Alt 3)
· FFS: Whether to apply time domain bundling of HARQ-ACK feedback
The alternatives are illustrated in Figure 3 when UE is scheduled on 2 carriers, both configured for multi-PDSCH scheduling up to 8 PDSCHs. It can be seen that Alt 1 (or Alt 3 with M=8) results in the largest codebook but can operate with 2-bit DAI. On other hand, Alt 2 (or Alt 3 with M=1) provides the smallest codebook aligned with the number of actually scheduled PDSCHs but requires DAI of 5 bits (  ) to tolerate failed detection of 3 consecutive DL assignments. Alt 3 with M = 4 can be seen to provide trade-off between Alt 2 and Alt 3: it requires 3-bit DAI but provides clearly smaller codebook than Alt 1 (or Alt 3 with M =8). At same time, it should be noted that Alt 2 increases DCI overhead 6 bits more than Alt. 1 due to additional 3 bits required for both cumulative and total DAI.

[bookmark: _Ref68261645][image: ]
Figure 3. Alternatives for DAI counting with multi-PDSCH DCI. In the figured, up to 8 PDSCHs can be scheduled by the multi-PDSCH DCI.
Comparison of DAI and HARQ codebook overheads is shown below when UE is scheduled with two DCIs and with up to 8 slot multi-PDSCH scheduling per DCI. 1 HARQ-ACK is reported per PDSCH.
	
	Alt 1 (Alt 3 M=8)
	Alt 2 (Alt3 M=1)
	Alt 3 M=2
	Alt 3 M=4

	DAI overhead
	2*2+2*2 bits
	2*5+2*5 bits
	2*4+2*4 bits
	2*3+2*3 bits

	HARQ codebook size
	16 bits
	2~16bits
	4~16 bits
	8~16bits



During RAN1-104bis-e, the DAI operation and overhead as well as HARQ-ACK codebook generation were discussed for each alternatives with clarifying conclusions. We present our summary of the alternatives on Table 1. On the table, 
· N is the configured maximum number of PDSCHs schedulable by single DCI 
· We assume that DAI field has equal size in the DL DCIs contributing to the same codebook/sub-codebook. 
· Aligned with RAN1#104bis-e conclusion, we do not consider multiple sub-codebooks for Alt.2. 

Table 1. Summary of DAI operation alternatives for multi-PDSCH DCI
	
	
	Alt.1 
	Alt. 2
	Alt. 3

	C-DAI/T-DAI counting
	DAI counted per DCI
	DAI counted per PDSCH
	DAI counted per M PDSCHs, M configurable in range 1…N 

	DAI overhead in DL DCI
	Remains unchanged
	DAI bit-width increased by log2(N) for all DL DCIs
	DAI bit-width increased by  for all DL DCIs

	T-DAI overhead in UL DCI
	Single CB
	Remains unchanged
	DAI bit-width increased by log2(N) 
	DAI bit-width increased by 

	
	Separate sub-codebooks
	Increased with new T-DAI field of 2 bits
	not considered
	Increased with new T-DAI field of 2 + bits

	Codebook size
	Single CB
	Increased: For every DL DCI, N HARQ-ACKs reported per DAI increment
	Remains unchanged
	Increased: For every DL DCI, M HARQ-ACKs reported per DAI increment

	
	Separate sub-codebooks
	Increased: For multi-PDSCH DCIs only, N HARQ-ACKs reported per DAI increment
	not considered
	Increased: For multi-PDSCH DCIs only, M HARQ-ACKs reported per DAI increment


 
It is clear that Alt. 1 minimises DCI increase at price of larger UCI increase, Alt. 2 avoids UCI increase at price of larger DCI increase, while Alt. 3 provides a configurable trade-off between these alternatives. Due to its flexibility, we propose Alt. 3.

[bookmark: _Hlk68078540]Proposal 9: Alt.3 is supported, that is, C-DAI/T-DAI is counted per M scheduled PDSCH(s), where M is configurable. 

Proposal 10: Number of DAI bits is determined based on the configured M value and the maximum number of schedulable PDSCHs. 

It can be noted that there is no differences between the alternatives in the case that UE fails to detect the last scheduling DCI. In all cases, gNB may perform blind detection, if needed, as gNB knows the number of HARQ-ACK bits to be reported based on the last DCI. 

UE can be configured with a mixture of carriers and DCI formats that support and do not support multi-PDSCH scheduling. As discussed in RAN1#104bis-e for Alt 2 and Alt 3 (with M > 1), when the same DAI counting operation covers DCIs/carriers scheduling both single PDSCH and multiple PDSCHs per DCI, a fixed number of HARQ-ACK bits should be inserted for each DAI increment (corresponding to the max number of schedulable PDSCHs in case of Alt 2) regardless whether the DCI/carrier supports multi-PDSCH scheduling or not. This results in unnecessary large codebook, especially for the carriers not supporting multi-PDSCH scheduling. To avoid that, a separate sub-codebook may be used for DCIs/carriers supporting multi-PDSCH scheduling. Alternatively, each DL DCI triggering HARQ-ACK feedback on the same codebook indicates the number of HARQ-ACK bits added per DAI increment for the transmitted codebook. Two HARQ-ACK “container size” options would be used: one corresponding to DCI scheduling single PDSCH and the other one corresponding to multi-PDSCH scheduling DCI. This would require new 1-bit flag on DCI as well as early enough knowledge whether carriers supporting multi-PDSCH are scheduled for the UE.   

In case a separate sub-codebook is used for multi-PDSCH DCI, the next aspect to consider is the number of sub-codebooks that can be simultaneously supported:
· Increasing the number of sub-codebooks increases the risk that an error occurs in the determination of overall codebook, especially when one of the sub-codebooks contains HARQ-ACK feedback for only one DCI. It also increases the number of T-DAI fields in the UL DCI. We do not see this attractive.
· Alternative solution is that CBG-based scheduling and multi-PDSCH scheduling are not supported simultaneously by UE. This is a straightforward solution introducing rather modest limitation.
· Yet another alternative is that HARQ-ACK feedback for both multi-PDSCH DCI and CBG-based scheduling (on another cell) form a joint sub-codebook. We are not sure that this provides sufficient benefits given the additional complexity and specification effort.

Yet another issue discussed in RAN1#104e meeting was support for time domain bundling of HARQ feedback. When the time domain bundling is limited to PDSCHs scheduled by the same DCI, time domain bundling supports partial HARQ-ACK feedback compression without risk for new NACK/DTX – to – ACK error cases. Further, the level of HARQ-ACK feedback compression can be adjusted by performing the bundling over HARQ-ACK(s) for M consecutive PDSCHs scheduled by the same DCI. When the number of scheduled PDSCHs, N, is not multiple of M, the last bundling can be performed over the HARQ-ACK(s) for the remainder of N/M PDSCHs.     

Proposal 11: Configurable time domain bundling of HARQ-ACK feedback over M consecutive PDSCHs scheduled by the same DCI can be supported.

Type 1 codebook enhancements
Necessary modifications for Type-1 codebook were also discussed in RAN1#104bis-e. Type-1 CB is constructed based on a set of occasions for candidate PDSCH receptions: the candidate slots   are determined based on a set of slot timing values K1 and the candidate PDSCH receptions within a candidate slot are determined based on pruning of SLIV values together with TDD configuration. In RAN1#104e, it was agreed that the slot timing value K1 indicates the slot offset between the last scheduled PDSCH and the PUCCH slot. During RAN1#104bis-e discussions, it was seen that Type 1 CB does not contain the necessary HARQ-ACK locations (or candidate PDSCH reception occasions) for all PDSCHs when a single TDRA row contains SLIVs for multiple PDSCHs. Also a categorization on possible CB modifications was agreed:

	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



Next we discuss the options 1 and 2 in more detail. In the discussion, we do not see that scheduling of multiple PDSCHs per slot would be frequently used simultaneously with multi-PDSCH scheduling or that Type-1 codebook should be optimised for that. The options are different in the way the candidate PDSCH reception occasions for multi-PDSCH scheduling are introduced: In option 1, the determination of candidate slots is modified and there are separate candidate PDSCH occasions for each PDSCH. In option 2, single candidate PDSCH occasion is determined for the jointly scheduled PDSCHs, and HARQ-ACKs for all the PDSCHs are inserted to that occasion. The options are illustrated in Figures 4 and 5.   

[image: ]
Figure 4. Illutration of Type 1 codebook structure with option 1.
 [image: ]
Figure 5. Illutration of Type 1 codebook structure with option 2.

The options have some clear differences. E.g. it is not fully clear in option 2 how candidate PDSCH occasion is defined for the earlier jointly scheduled PDSCHs when only last SLIV overlaps with UL resource. Even more important difference is in the size of codebook.
· In option 1, the candidate PDSCH occasions per slot are repeated for all values in the extended K1 set. This can result in unnecessary candidate PDSCH occasions especially when the SLIV pruning results in numerous candidate PDSCH occasions per slot and the extension of K1 set with multi-PDSCH scheduling increases the K1 set considerably. This can occur when the original K1 values are widely spread. 
· An example of such K1 set could be {3, 5, 7, 9} when the duration of multi-PDSCH scheduling is 4 slots. The extended K1 set, determined by the UE based on K1 set and TDRA, would be {3, …, 12}.        
· In option 2, all HARQ-ACKs of jointly scheduled PDSCHs is inserted into single occasion determined based on the last SLIV. Such occasion, comprising a considerable number of bits, is repeated for each K1 value. 
· Option 2 can result in larger codebook size that option 1 when the extended K1 set (by multi-PDSCH scheduling) is not considerably larger than the original K1 set, or there are only small number of candidate PDSCH occasions per slot.
· An example of such K1 set would be {3, 4, 5, 6, 7, 8} when the duration of multi-PDSCH scheduling is 4 slots. The extended K1 set would be {3, …, 11}.        

A simplified calculation of codebook sizes, excluding e.g. TDD pattern, is shown in below for multi-PDSCH scheduling of up to 4 slots.
  
	K1 set
	Candidate PDSCH occasions per slot
	Option 1 CB size
	Option 2 CB size

	{3, 4, 5, 6, 7, 8}
	1
	9
	24

	{3, 4, 5, 6, 7, 8}
	2
	18
	30

	{3, 5, 7, 9} 
	1
	10
	16

	{3, 5, 7, 9} 
	3
	30
	24


  
As we do not expect K1 values to be widely spread due to related HARQ feedback latency or that UE is frequently scheduled with several PDSCHs per slot when configured with multi-PDSCH scheduling, we tend to prefer Option 1 that provides smaller codebook size with such configurations.

Proposal 12: For Type-1 codebook, 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, is supported.

Conclusion
In this contribution we have discussed the PDSCH/PUSCH enhancements to support operation between 52.6 GHz and 71 GHz. Based on the discussion we make the following proposals and observations:
Proposal 1: The multi-PUSCH scheduling defined in Rel-16 NR-U is used as the baseline for designing multi-PxSCH scheduling. Maximize the similarity between multi-PDSCH and multi-PUSCH
· Do not introduce new DCI format for multi-PDSCH/PUSCH scheduling.
· Use DCI format 0_1 to schedule multiple PUSCHs with a single DCI
· Use DCI format 1_1 to schedule multiple PDSCHs with a single DCI.

Proposal 2: The maximum number of PxSCH that can scheduled with a single DCI in Rel-17 is 8 also for 480 kHz SCS. All UEs need to support at maximum 8 PxSCH for both 480 kHz and 960 kHz SCSs.

Proposal 3: Consider dynamic indication of the number of repetitions also for PDSCH. 

Proposal 4: Support multi-PDSCH also for 120 kHz SCS
· Consider multi-PDSCH also for FR2.

Proposal 5: For TDRA, PUSCHTimeDomainAllocationListForMultiPxSCH indicates only contiguous slots.
· Invalid slots are determined based on RateMatchPattern(s)
· Non-contiguous transmission covers contiguous HARQ processes

Proposal 6: Support only one TB with multi-slot PxSCH

Proposal 7: For other multi-PxSCH enhancements:
· FDRA enhancements and frequency hopping enhancements are considered as secondary topics for multi-PxSCH transmission and they are considered only if time allows. 
· CBGTI is not applicable to multi-PDSCH scheduling
· For URLLC related fields, one value of each field is applied for all scheduled PUSCHs
· The PUSCH that carries the AP-CSI feedback, the same solution adopted in Rel-16 NR-U multi-PUSCH scheduling is reused. ​

Proposal 8: If up to 32 DL HARQ processes are supported for 960 kHz SCSs, it is enough to support single transmission of HARQ feedback per multi-PDSCH DCI. 
If only 16 DL HARQ processes are supported for 960 kHz SCS, HARQ information for multi-PDSCH DCI can be carried by up to two PUCCHs to reduce HARQ process starvation
· When DCI schedules more than N PDSCHs, where N is configurable, the HARQ-ACK feedback for the scheduled PDSCHs is transmitted over two slots.

Proposal 9: Alt.3 is supported, that is, C-DAI/T-DAI is counted per M scheduled PDSCH(s), where M is configurable. 

Proposal 10: Number of DAI bits is determined based on the configured M value and the maximum number of schedulable PDSCHs. 

Proposal 11: Configurable time domain bundling of HARQ-ACK feedback over M consecutive PDSCHs scheduled by the same DCI can be supported.

Proposal 12: For Type-1 codebook, 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, is supported.
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