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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.
Apart from the FFS point in the above agreement, there are 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
One remaining issue A16 related to the enhanced dynamic HARQ codebook is illustrated below.
	A16
	Whether/how to interpret NFI value for a PDSCH group that is not scheduled for a UE?
Case 1: what NFI value should a UE assume when the UE is provided with UL DAI (different than 4) for a PDSCH group that was not scheduled for the UE?
Case 2: NFI for the non-scheduled group in an DL DCI if q=0 for the number of requested PDSCH group(s)


Firstly regarding the case 2, in enhanced dynamic HARQ codebook, NFI-TotalDAI-Included-r16 can be configured to inform UE that the NFI and total DAI fields of the non-scheduled PDSCH group are also included in the non-fallback DL grant DCI besides the NFI and total DAI bits for the scheduled PDSCH group. However, if  for the number of requested PDSCH group(s) field, UE only reports HARQ-ACK for the scheduled group. In this case, one question is how to settle the NFI field for the non-scheduled group in the DCI. And the following two options were proposed in the last meeting.
Option 1: the NFI field for the non-scheduled group is ignored;
Option 2: the NFI field for the non-scheduled group is considered valid. 
The benefit of Option 2 can be seen as illustrated in figure 1 below, if UE miss detected the DCI for scheduled PDSCH group 0 in slot n, and the NFI is toggled for this group 0, UE will not drop the HARQ-ACK bits for group 0 stored in the buffer. If UE detect the NFI and T-DAI value in DCI scheduling PDSCH group 1, then UE will know one DCI is missed and the NFI is toggled for PDSCH group 0, and the HARQ-ACK bits for this group will be dropped. Thus the HARQ-ACK number in the buffer will reduced compared with option 1. As in option 1, UE does not know the NFI is toggled for PDSCH group 0, then the HARQ-ACK bit stored in the buffer will accumulate until detected the NFI toggled in the following DCI scheduling PDSCH group 0.
However, there is no affection for the HARQ-ACK codebook reported for PDSCH group 0 and UE will generate the HARQ-ACK codebook for PDSCH group 0 according to the information indicated in the DCI triggering PDSCH group 0 HARQ-ACK feedback. Therefore, it seems unnecessary to force UE to either ignore or read the NFI for the non-scheduled group, i.e. this issue can be left to UE implement.



Figure 1
For UL DCI, the problem may be different. As only UL-TotalDAI-Included-r16 can be configured in UL DCI and NFI cannot be configured in UL DCI for the non-scheduled PDSCH group. In this case, it is unclear which NFI value should the UE assume when the UE is provided with UL DAI for a PDSCH group that was not scheduled for the UE.
Therefore, we think in this case UE should assume the NFI is not toggled for the non-scheduled group which is more reasonable, otherwise, if UE assume NFI toggled, then some HARQ-ACK bits may be lost, and therefore the performance may be reduced.
Proposal 1: 
· It is up to UE implementation on the interpretation of the NFI field for the non-scheduled group.
· For UL DCI, the NFI indication is not needed to signal and the NFI is not toggled for the non-scheduled PDSCH group. 
2.2 Type-3 HARQ-ACK codebook
2.2.1 HARQ-ACK feedback (Issue B4)
For the case when UE is not configured to report NDI in the type-3 HARQ-ACK codebook. According to the previous conclusion, the following 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#1 for the corresponding change in 38.213

< Start of text proposal #1 for 38.213 [2]>
================== Beginning of text proposal1 ===================
9.1.4	Type-3 HARQ-ACK codebook determination 

*** Unchanged text omitted ***
if 
while 
if UE has previously transmitted HARQ-ACK information for TB  for HARQ process number  on serving cell , 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 transmission of HARQ-ACK information 
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 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 receptionwhile 
[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 previously transmitted HARQ--ACK information for TB  for HARQ process number  on serving cell , 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 transmission of HARQ-ACK information 
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 #1>

2.2.2 Corrections in handling of spatial bundling (Issue B2)
Handling of spatial bundling is another open questions to be discussed for Type-3 HARQ-ACK codebook. And in the last meeting, the following alternatives were provided for the spatial bundling in Type-3 HARQ-ACK codebook.
· Alt1: spatial bundling is never applied to type-3 HARQ-ACK codebook even if harq-ACK-SpatialBundlingPUCCH is provided.
· Alt2: spatial bundling is applied to type-3 HARQ-ACK codebook when harq-ACK-SpatialBundlingPUCCH is provided, with AND operation for 2 TBs and with AND operation for 2 NDIs corresponding to the 2 TBs.
· Alt3: Spatial bundling is applied to Type-3 HARQ-ACK codebook, with AND operation for 2 HARQ-ACKs corresponding to 2 TBs and with 1 NDI for the first TB.
· Alt4: spatial bundling is never applied to type-3 HARQ-ACK codebook with CBG-based HARQ configured, otherwise spatial bundling is applied to type-3 HARQ-ACK codebook when harq-ACK-SpatialBundlingPUCCH with AND operation for 2 TBs and with NDI bits for each TB in order of increasing TB index.
In R16, spatial bundling is configured only when more than 4 layers are possible to schedule and it is used to reduce the UL feedback overhead. And it is not applicable for CBG-based HARQ-ACK reporting. Since overhead is not a key issue for Type-3 HARQ-ACK codebook, there is no strong motivation to enable the spatial bundling for Type-3 HARQ-ACK codebook. 
Besides, for other Alternatives there may be some problem. Such as in case of Alt 4, NDI payload size would be larger than HARQ-ACK payload size. And in case of Alt 2, there would be potential misalignment on the NDI value between UE and gNB in case when some DL scheduling DCI is missed by the UE. And in case of Alt 3, NDI for the second TB is dropped which is not desirable.
Proposal 3: 
· Spatial bundling is never applied to type-3 HARQ-ACK codebook even if harq-ACK-SpatialBundlingPUCCH is provided.

2.3 Compatibility of NR-U HARQ design and Rel-16 URLLC enhancements (Issue A13)
There is a placeholder in Rel-17 URLLC WID to discussion the potential issues of URLLC for NR-U, [3] as follows, 
Identify potential enhancements to ensure Release 16 feature compatibility with unlicensed band URLLC/IIoT operation in controlled environment [RAN1, RAN2] 
Therefore we suggest that all the URLLC related issues, including the HARQ designs, should be discussed in Rel-17 rather than the CR stage of Rel-16.
Proposal 4: 
· Compatibility of NR-U HARQ design and R16 URLLC enhancements related issues should be discussed in Rel-17.

2.4 SPS related
For SPS, the following aspects may be need to be discussed in this meeting.
For issue B1 of one-shot HARQ-ACK codebook, it has reached the agreement that for DCI Format 1_1 with CRC scrambled by C-RNTI or MCS-C-RNTI, use the reserved FDAR value to signal Type-3 HARQ-ACK codebook request without scheduling PDSCH and use one-shot HARQ-ACK request field with value 1 to differentiate from Scell dormant indication. But, for DCI Format 1_1 with CRC scrambled by CS-RNTI is still FFS. For this issue, two alternatives were given in the last meeting:
· Alt1: to signal Type-3 HARQ-ACK codebook request without scheduling PDSCH with one-shot HARQ-ACK request field with value 1 in DCI Format 1_1 with DCI Format 1_1 CRC scrambled by CS-RNTI, use all ‘0’ FDRA for resourceAllocationType0 and all ‘1’ FDRA for resourceAllocationType 1 if resourceAllocation = dynamicSwitch is not provided, or use all “0” or all “1” FDRA if resourceAllocation = dynamicSwitch is provided. In this case, the validation for SPS release as described in Clause 10.2 is not achieved.
· Alt2: the UE ignores the value of one-shot HARQ-ACK request field when the DCI signals all ‘0’ FDRA for resourceAllocationType0 or all ‘1’ FDRA for resourceAllocationType 1 if resourceAllocation = dynamicSwitch is not provided, or use all “0” or all “1” FDRA if resourceAllocation = dynamicSwitch is provided.
Both Alt 1 and Alt 2 will result that one-shot HARQ-ACK request and SPS release order cannot be indicated at the same time. Alt 2 is slightly preferred due to less spec change. Therefore, DCI scrambled by CS-RNTI can be left for SPS release indication with FDRA for resourceAllocationType0 or all ‘1’ FDRA for resourceAllocationType 1 if resourceAllocation = dynamicSwitch is not provided, or use all ’0’ or all ‘1’ FDRA if resourceAllocation = dynamicSwitch is provided. 
Besides, this issue has some relation with the Issue B6 below:
Handling of collisions between SPS-release Ack and type-3 HARQ-ACK codebook feedback, potential inclusion of a SPS release HARQ-ACK in Type 3 HARQ-ACK codebook.
However, whenever Alt1 or Alt2 are chosen for above issue we can see SPS-release and type-3 HARQ-ACK codebook feedback trigger cannot be informed at the same time. Therefore, as SPS-release signaling and type-3 HARQ-ACK codebook request are not included in the same DCI, then gNB can allocate different k1 for UE through different DCI to feedback SPS-release ACK/NACK and type-3 HARQ-ACK codebook in different slot, i.e. the collision between SPS-release HARQ-ACK and type-3 HARQ-ACK codebook feedback to be avoided by gNB scheduling. In this case, there is no need for type-3 HARQ-ACK codebook include the HARQ-ACK information for SPS release.
In addition, two FFS are left in last meeting for NNK1 indication and Scell dormancy/SPS release indication.
FFS: DCI format 1_1 should not simultaneously indicate a NNK1 value and indicate Scell dormancy
FFS: DCI format 1_1 should not simultaneously indicate a NNK1 value and indicate SPS release
As the case of activate a SPS configuration and request feedback of Type-3 HARQ-ACK codebook have reach the agreement that DCI format 1_1 should not simultaneously indicate a NNK1 value for those DCI, same requirement and design should be adopted for Scell dormancy/SPS release triggering DCI. That is NNK1 value is not allowed to be indicated by those DCIs as well, otherwise, the rule how to determine the HARQ-ACK feedback slot for Scell dormancy/SPS release should be specified.
Proposal 5:
· For DCI Format 1_1 with CRC scrambled by CS-RNTI used for SPS-release, if one-shot HARQ-ACK request field is present, UE ignores the value of one-shot HARQ-ACK request field.
· Issue B6 can be avoided by gNB scheduling that Type 3 HARQ-ACK codebook does not include the HARQ-ACK for SPS release.
· DCI format 1_1 should not simultaneously indicate a NNK1 value and indicate Scell dormancy.
· DCI format 1_1 should not simultaneously indicate a NNK1 value and indicate SPS release.


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: 
· It is up to UE implementation on the interpretation of the NFI field for the non-scheduled group.
· For UL DCI, the NFI indication is not needed to signal and the NFI is not toggled for the non-scheduled PDSCH group. 
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#1 for the corresponding change in 38.213
Proposal 3: 
· Spatial bundling is never applied to type-3 HARQ-ACK codebook even if harq-ACK-SpatialBundlingPUCCH is provided.
Proposal 4: 
· Compatibility of NR-U HARQ design and R16 URLLC enhancements related issues should be discussed in Rel-17.
Proposal 5:
· For DCI Format 1_1 with CRC scrambled by CS-RNTI used for SPS-release, if one-shot HARQ-ACK request field is present, UE ignores the value of one-shot HARQ-ACK request field.
· Issue B6 can be avoided by gNB scheduling that Type 3 HARQ-ACK codebook does not include the HARQ-ACK for SPS release.
· DCI format 1_1 should not simultaneously indicate a NNK1 value and indicate Scell dormancy.
· DCI format 1_1 should not simultaneously indicate a NNK1 value and indicate SPS release.
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