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Introduction
In RAN1#99 meeting, the RAN1 discussion on Rel-16 NR-U HARQ enhancement had been finished. After the meeting, the initial versions of physical layer specifications including 38.211, 38.212, 38.213, and 38.214 were distributed, discussed, updated and endorsed by email discussion.
And in the RAN1 #100 e-meeting, the following agreement was reached.
Agreement: 
· When UE is not configured to report NDI in the type-3 HARQ-ACK codebook:
· If UE has previously transmitted HARQ-ACK information for TB t for HARQ process number h on serving cell c, and has not been scheduled for reception of another PDSCH corresponding to TB t for HARQ process number h on serving cell c since the previous HARQ-ACK report
· UE reports NACK
· if UE has obtained HARQ-ACK information for TB t for HARQ process number h on serving cell c corresponding to a PDSCH reception, and has not previously transmitted the HARQ-ACK information corresponding to the PDSCH reception
· UE reports HARQ-ACK information bit for TB t for HARQ process h of serving cell c
· FFS: cases where the UE has not yet obtained HARQ-ACK information for a TB corresponding to a scheduled PDSCH reception.
We can see there still some remaining issues left. In this contribution, we provide our views on the remaining issues on NR-U HARQ enhancement for Rel-16 specifications.
Discussion
2.1 Enhanced dynamic HARQ codebook
For R16 DCI format 1_1, both the URLLC character priority index and the bit fields for NR-U feature can be contained at the same time, and the priority is an additional dimension for NR-U enhanced dynamic HARQ codebook. However, the URLLC priority behavior is differently from NR-U groups. For example, the URLLC codebooks of different priorities are never multiplexed in the same PUCCH, and if codebooks of different priority index collide in time, the one with lower priority is dropped. In the case that the DCI format 1_1 contain the priority index with enhanced dynamic HARQ codebook configured, the spirit of codebook of different priority being independent in URLLC should be kept. Therefore, some further specification should be made for R16 UE when both the priority index and the bit fields for NR-U character contained in the DCI format 1_1.
Firstly, for settle the inapplicable k1 value when two codebooks are configured with different priority, for determine the feedback slot of PDSCH with inapplicable k1 value, the first DCI and the second DCI schedule PDSCH should be with a same priority index, then it can avoid codebooks of different priorities are multiplexed in the same PUCCH.
Proposal 1: 
· For determine the feedback slot of the first PDSCH with inapplicable k1 value, the second DCI schedule PDSCH should be with a same priority index as the first PDSCH when two codebooks are configured. 
· Adopt TP#1 for the corresponding change in 38.213

< Start of text proposal for 38.213 [2]>
================== Beginning of text proposal 1 ===================
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This clause applies if the UE is configured with pdsch-HARQ-ACK-Codebook = dynamic or with pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16. Unless stated otherwise, a PDSCH-to-HARQ_feedback timing indicator field provides an applicable value. 
A UE does not expect to multiplex in a Type-2 HARQ-ACK codebook HARQ-ACK information that is in response to a detection of a DCI format that does not include a counter DAI field.
If a UE receives a first DCI format that the UE detects in a first PDCCH monitoring occasion and includes a PDSCH-to-HARQ_feedback timing indicator field providing an inapplicable value from dl-DataToUL-ACK, 
-	if the UE detects a second DCI format, the UE multiplexes the corresponding HARQ-ACK information in a PUCCH or PUSCH transmission in a slot that is indicated by a value of a PDSCH-to-HARQ_feedback timing indicator field in the second DCI format, where
-	if the UE is not provided pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16, the UE detects the second DCI format of the same priority index if provided by pdsch-HARQ-ACK-Codebook-List indicating two HARQ-ACK codebooks in any PDCCH monitoring occasion after the first one  
-	if the UE is provided pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16, the UE detects the second DCI format in any PDCCH monitoring occasion after the first one, and the second DCI format indicates a HARQ-ACK information report for a same PDSCH group index and a same priority index if provided by pdsch-HARQ-ACK-Codebook-List indicating two HARQ-ACK codebooks as indicated by the first DCI format as described in Clause 9.1.3.3 
-	if the UE is provided pdsch-HARQ-ACK-OneShotFeedback-r16, the first DCI format does not indicate SPS PDSCH release or SCell dormancy, the UE detects the second DCI format in any PDCCH monitoring occasion after the first one, and the second DCI format includes a One-shot HARQ-ACK request field with value 1, the UE includes the HARQ-ACK information in a Type-3 HARQ-ACK codebook, as described in Clause 9.1.4.
-	otherwise, the UE does not multiplex the corresponding HARQ-ACK information in a PUCCH or PUSCH transmission. 
< End of text proposal 1>

Besides, to follow the spirit of codebook of the higher priority is always transmitted and guaranteeing the UL DAI indication effectiveness, we think it should be clarified that the  in DCI format 0_1 should indicate the DAI correspond to the HARQ-ACK codebook of higher priority when the UE is not configured with UL-TotalDAI-Included-r16 and two HARQ-ACK codebooks for different priority are configured for HARQ-ACK codebook transmission. 
Proposal 2: For enhanced dynamic codebook, 
· The UL DAI in DCI format 0_1 should indicate the DAI correspond to a HARQ-ACK codebook of higher priority when the UE is not configured with UL-TotalDAI-Included-r16.
· Adopt TP#2 for the corresponding change in 38.213

< Start of text proposal for 38.213 [2]>
================== Beginning of text proposal 2===================
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If the HARQ-ACK information is multiplexed in a PUSCH transmission, the HARQ-ACK information is determined as 
-	for multiplexing in PUCCH transmission occasion , if the PUSCH transmission is not scheduled by a DCI format or is scheduled by a DCI format that does not include a DCI field with value 
-	for multiplexing in PUCCH transmission occasion , if the PUSCH transmission is scheduled by a DCI format without UL-TotalDAI-Included-r16 configured except that for PDSCH group , the DCI field with value  in the DCI format is used for higher priority  if provided by pdsch-HARQ-ACK-Codebook-List indicating two HARQ-ACK codebooks after the completion of the  and  loops for the pseudo-code for the HARQ-ACK codebook generation in Clause 9.1.3.1, and when the HARQ-ACK information multiplexed in the PUCCH transmission occasion  does not include HARQ-ACK information for PDSCH group 
-	for multiplexing in PUCCH transmission occasion , if the PUSCH transmission is scheduled by a DCI format without UL-TotalDAI-Included-r16 configured except that for PDSCH group , the DCI field with value  in the DCI format is used for higher priority  if provided by pdsch-HARQ-ACK-Codebook-List indicating two HARQ-ACK codebooks after the completion of the  and  loops for the pseudo-code for the HARQ-ACK codebook generation in Clause 9.1.3.1, and when the HARQ-ACK information multiplexed in the PUCCH transmission occasion  includes HARQ-ACK information for PDSCH groups  and 

-	for multiplexing in PUCCH transmission occasion , if the PUSCH transmission is scheduled by a DCI format without UL-TotalDAI-Included-r16 configured except that for PDSCH group , the DCI field with value  in the DCI format is used for higher priority  if provided by pdsch-HARQ-ACK-Codebook-List indicating two HARQ-ACK codebooks after the completion of the  and  loops for the pseudo-code for the HARQ-ACK codebook generation in Clause 9.1.3.1, and when the UE has not detected any DCI format scheduling PDSCH receptions, and the UE has not detected any DCI format with a request for HARQ-ACK information for any PDSCH group
-	for multiplexing in PUCCH transmission occasion , if the PUSCH transmission is scheduled by a DCI format with UL-TotalDAI-Included-r16 configured except that MSBs of the DCI field with value  in the DCI format are used for PDSCH group , and LSBs of DCI field with value  in the DCI format are used for PDSCH group , after the completion of the  and  loops for the pseudo-code for the HARQ-ACK codebook generation in Clause 9.1.3.1.

< End of text proposal 2>

2.2 Type-3 HARQ-ACK codebook
2.2.1 HARQ-ACK feedback 
For the case when UE is not configured to report NDI in the type-3 HARQ-ACK codebook. According to the conclusion of last meeting, below two cases were specified.
· Case1: UE has previously transmitted HARQ-ACK information for TB t for HARQ process number h on serving cell c, and has not been scheduled for reception of another PDSCH corresponding to TB t for HARQ process number h on serving cell c since the previous HARQ-ACK report.
· Case2: UE has obtained HARQ-ACK information for TB t for HARQ process number h on serving cell c corresponding to a PDSCH reception, and has not previously transmitted the HARQ-ACK information corresponding to the PDSCH reception.
But the case that where the UE has not yet obtained HARQ-ACK information for a TB corresponding to a scheduled PDSCH reception as UE has not enough processing time is still FFS. We think in this case, UE should report NACK since HARQ-ACK for the PDSCH with insufficient processing time would be NACK, and even if UE report ACK, then the ACK is supposed to be an invalid value as defined in 38.214 section 5.3. And below we give the corresponding TP.
Proposal 2: 
· UE shall report NACK for the cases where the UE has not yet obtained HARQ-ACK information for a TB corresponding to a scheduled PDSCH reception
· Adopt TP#3 for the corresponding change in 38.213

< Start of text proposal for 38.213 [2]>
================== Beginning of text proposal 3===================
9.1.4	Type-3 HARQ-ACK codebook determination 

*** Unchanged text omitted ***

if 
while 
if UE has reported HARQ-ACK information for TB  for HARQ process number  on serving cell , and has not subsequently detected a DCI format scheduling a PDSCH reception, or received a SPS PDSCH, with TB  for HARQ process number  on serving cell , or UE has not yet obtained HARQ-ACK information for a TB corresponding to a scheduled PDSCH reception
while 
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end while
end if
if UE has obtained HARQ-ACK information for TB  for HARQ process number  on serving cell  corresponding to a PDSCH reception and has not reported the HARQ-ACK information corresponding to the PDSCH reception
while 
[image: ]= HARQ-ACK information bit for CBG  of TB  for HARQ process number  of serving cell 
 
 
end while
end if
 
 
end while
else
while 
if UE has reported HARQ-ACK information for TB  for HARQ process number  on serving cell  and has not subsequently detected a DCI format scheduling a PDSCH reception, or received a SPS PDSCH, with TB  for HARQ process number  on serving cell , or UE has not yet obtained HARQ-ACK information for a TB corresponding to a scheduled PDSCH reception
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end if

< End of text proposal 3>

2.2.2 Type-3 HARQ-ACK codebook size reduction
In NR-U, when a UE is configured with one-shot feedback scheme and the one-shot request bit filed in DCI 1_1 is 1, the UE will feedback of a HARQ-ACK codebook containing all configured DL HARQ processes for all serving cells configured for the UE in the PUCCH group. This may result in a very large HARQ-ACK codebook size and may impact the performance as the max number of serving cells can be configured is 32 and the max number of HARQ-Processes for PDSCH can be configured is 16. If the codebook size can be controlled or reduced to a reasonable one, then the one-shot feedback could be triggered more frequently whenever needed without introduction of excessive overhead. Therefore, we think below methods can be considered to reduce the codebook size, which can lead to a smaller HARQ-ACK payload and higher reliability of the same resources.
· The one-shot HARQ-ACK codebook only comprise HARQ-ACK information for the list of activated serving cells.
· The one-shot HARQ-ACK codebook may only contain the HARQ-ACK information that have the same priority as indicated in the DCI 1_1 triggering one-shot feedback and the HARQ processes that does not have the same priority may pad with NACK information. 
· For the HARQ process that transmitted SPS PDSCH, even if pdsch-HARQ-ACK-OneShotFeedbackNDI-r16 is configured, for SPS PDSCH feedback, the NDI may not be included in the one-shot HARQ-ACK feedback, which is different compared with the method of padding bit 0 for each SPS PDSCH HARQ process.
Besides, when a DCI format 1_1 does not schedule PDSCH, some of the bit fields related to scheduling PDSCH are not used anymore except the FDRA field, such as the MCS, NDI, RV, HPN bit fields in this DCI format. In this case, these unused fields can be used to assist indication to the UE to report the ACK/NACK information of a list of HARQ processes of a list of serving cells of configured sets. Then the HARQ-ACK codebook size can be reduced. 
Reduce the codebook size is very attractive especially for URLLC operating on unlicensed spectrum, as when HARQ-ACK payload is smaller, more reliability could be achieved. Therefore, the above methods can be considered to control the size of Type-3 HARQ-ACK codebook.
Proposal 4: When a DCI format 1_1 triggers one-shot feedback, methods to reduce the codebook size, such as only report the ACK/NACK for activated serving cells, or only contain the HARQ-ACK information that have the same priority can be considered.

Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we provide our proposals below and TPs on the remaining issues on HARQ enhancement for NR-U.
Proposal 1: 
· For determine the feedback slot of the first PDSCH with inapplicable k1 value, the second DCI schedule PDSCH should be with a same priority index as the first PDSCH when two codebooks are configured. 
· Adopt TP#1 for the corresponding change in 38.213
Proposal 2: For enhanced dynamic codebook, 
· The UL DAI in DCI format 0_1 should indicate the DAI correspond to a HARQ-ACK codebook of higher priority when the UE is not configured with UL-TotalDAI-Included-r16.
· Adopt TP#2 for the corresponding change in 38.213
Proposal 3: 
· UE shall report NACK for the cases where the UE has not yet obtained HARQ-ACK information for a TB corresponding to a scheduled PDSCH reception
· Adopt TP#3 for the corresponding change in 38.213
Proposal 4: When a DCI format 1_1 triggers one-shot feedback, methods to reduce the codebook size, such as only report the ACK/NACK for activated serving cells, or only contain the HARQ-ACK information that have the same priority can be considered.
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