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Introduction
In RAN1 #100b, the following working assumptions and agreements were made for NR-U HARQ enhancements:
Agreement:
Clarify that g  (scheduled group) and q  (number of requested groups) are obtained from the last non-fallback DCI format 1_1 providing these values for a PUCCH transmission occasion
In this contribution, we discuss the open issues and texts proposals for NR-U HARQ enhancements.
Remaining issues
Type-3 HARQ-ACK Codebook
The following issues for Type-3 HARQ-ACK codebook do not have conclusions yet. 
(1). Multiplexing of HARQ-ACK for SPS Release and HARQ-ACK for PDSCHs
One example is shown in Figure 1, a PDCCH providing SPS PDSCH release is received with corresponding HARQ-ACK bit transmitted in slot n, and one-shot HARQ-ACK feedback is requested in the same slot. In order to avoid the drop of the ACK for SPS PDSCH release, we propose that if a UE is triggered to report both one-shot and HARQ-ACK feedback for SPS PDSCH release in the same slot, the HARQ-ACK bit corresponding to the SPS PDSCH release is appended to the HARQ-ACK bits of all HARQ processes.
Proposal 1: If a UE is triggered to report both one-shot and HARQ-ACK feedback for SPS PDSCH release in the same slot, the HARQ-ACK bit corresponding to the SPS PDSCH release is appended to the HARQ-ACK bits of all HARQ processes.


Figure 1. A special case for one-shot HARQ-ACK feedback
(2). DTX/NACK-to-ACK Error
The example is shown in Figure 2, a UE is correctly received TB1 with HARQ process X. Because of LBT failure, the ACK cannot be reported. Based on Rel-15 HARQ order, i.e. “The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Clause 9.2.3 of [6]”, process X can be scheduled after slot n. If a new TB2 with HARQ process X after slot n is missed by the UE and one-shot HARQ-ACK feedback without NDI is requested, UE reports ACK for TB1 with HARQ process X. However, the excepted information by gNB is NACK for TB2. This will increase the probability of DTX/NACK-to-ACK. To resolve this problem, we proposal that the UE skips another PDSCH for a given HARQ process until after the end of the successful transmission of HARQ-ACK for that HARQ process.
Proposal 2: If a PDSCH for a given HARQ process is received, the UE skips another PDSCH for a given HARQ process until after the end of the successful transmission of HARQ-ACK for that HARQ process.


Figure 2. DTX-to-ACK error for one-shot feedback
(3). Type-3 Codebook Determination
In RAN1 #100e meeting, we had a leftover on the type3 codebook generation for the case where the UE has reported the HARQ-ACK for a PDSCH, and the UE was triggered to report one-shot HARQ-ACK feedback. But before the corresponding PUCCH occasion, the UE has detected another DCI format that schedules a PDSCH retransmission. This is a reasonable case, as the UE has reported the HARQ-ACK, the gNB might send a retransmission based on its decoding outcome. From the UE point of view, if the PDSCH is a retransmission, and if the UE has previously reported ACK, the UE will continue reporting ACK in type 3 codebook. But if the UE has previously reported NACK, the UE will report ACK or NACK based on the outcome of the decoding of the PDSCH retransmission. If the UE does not have enough processing time for PDSCH decoding before type 3 codebook generation, the UE shall report NACK. 
Proposal 3: To prepare the one-shot codebook, when UE has previously reported HARQ-ACK with a TB for a HARQ process number, if the UE has detected another DCI format scheduling a PDSCH with a TB for the same HARQ process number, and the UE does not have enough processing time for PDSCH decoding, the UE reports previously reported HARQ-ACK if the PDSCH is a retransmission; NACK, otherwise.
· Adopt TP1 into section 9.1.4 of TS 38.213.
---------------------------------------- Start of TP1 38.213 V16.1.0 section 9.1.4----------------------------------------
9.1.4	Type-3 HARQ-ACK codebook determination 
<Unchanged parts are omitted>
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
if UE has reported HARQ-ACK information for TB  for HARQ process number  on serving cell , and has subsequently detected a DCI format scheduling a PDSCH reception with NDI not toggled with TB  for HARQ process number  on serving cell  
while 
[image: ]= latest reported HARQ-ACK information bit for CBG  of TB  for HARQ process number  of serving cell 
 
 
end while
end if
if UE has reported HARQ-ACK information for TB  for HARQ process number  on serving cell , and has subsequently detected a DCI format scheduling a PDSCH reception with NDI toggled with TB  for HARQ process number  on serving cell  
while 
[image: ]
 
 
end while
end if
 
 
end while
<Unchanged parts are omitted>
------------------------------------------End of TP1 38.213 V16.1.0 section 9.1.4--------------------------------------------

(4). Spatial Bundling
When harq-ACK-SpatialBundlingPUCCH is configured, the procedure of Type-3 HARQ-ACK codebook determination is absent in current specification. The following TP should be adopted in TS38.213.
Proposal 4: Adopt TP2 for the procedure of Type-3 HARQ-ACK codebook determination when harq-ACK-SpatialBundlingPUCCH is configured.
---------------------------------------- Start of TP2 38.213 V16.1.0 section 9.1.4----------------------------------------
9.1.4	Type-3 HARQ-ACK codebook determination 
<Unchanged parts are omitted>
if 
<Unchanged parts are omitted>
else
while 
if harq-ACK-SpatialBundlingPUCCH is not provided
[image: ]= HARQ-ACK information bit for TB  for HARQ process  of serving cell 
 
[image: ]= NDI value indicated in the DCI format corresponding to the HARQ-ACK information bit(s) for TB  for HARQ process number  on serving cell , if any; else, [image: ]
 
 
else
[image: ]= binary AND operation of the HARQ-ACK information bits corresponding to first and second transport blocks for HARQ process  of serving cell  - if the UE receives one transport block, the UE assumes ACK for the second transport block;
 
[image: ]= last NDI value for first transport block for HARQ process number  on serving cell , if any; else, [image: ]
 
[image: ]= last NDI value for second transport block  for HARQ process number  on serving cell , if any; else, [image: ]
 
 
end if
end while
end if
 
else
if 
<Unchanged parts are omitted>
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 
[bookmark: _Hlk36468040][image: ]= NACK
 
 
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
if harq-ACK-SpatialBundlingPUCCH is not provided
[image: ]= HARQ-ACK information bit for TB  for HARQ process  of serving cell 
 
else
[image: ]= binary AND operation of the HARQ-ACK information bits corresponding to first and second transport blocks for HARQ process  of serving cell  - if the UE receives one transport block, the UE assumes ACK for the second transport block;

end if
 
 end if
end while
<Unchanged parts are omitted>
------------------------------------------End of TP2 38.213 V16.1.0 section 9.1.4--------------------------------------------
(5). The Timeline for UCI Piggybacked on PUSCH
In Rel-15, the PDSCH/PDCCH received after a UL grant, the corresponding HARQ-ACK cannot be indicated to the slot for PUSCH transmission. Such limitation should also be supported for the DCI triggering one-shot HARQ-ACK feedback.
Proposal 5: Adopt TP3 for type-3 HARQ-ACK codebook piggybacked on PUSCH.
[bookmark: _Toc12021466][bookmark: _Toc20311578][bookmark: _Toc26719403][bookmark: _Toc29894836][bookmark: _Toc29899135][bookmark: _Toc29899553][bookmark: _Toc29917290][bookmark: _Toc36498164]---------------------------------------------Start of TP3 38.213 V16.1.0 section 9---------------------------------------------9	UE procedure for reporting control information
<Unchanged parts are omitted>
A UE does not expect to detect a DCI format scheduling a PDSCH reception or a SPS PDSCH release or a DCI format including a One-shot HARQ-ACK request field with value 1 and indicating a resource for a PUCCH transmission with corresponding HARQ-ACK information in a slot if the UE previously detects a DCI format scheduling a PUSCH transmission in the slot and if the UE multiplexes HARQ-ACK information in the PUSCH transmission. 
----------------------------------------------End of TP3 38.213 V16.1.0 section 9---------------------------------------------
Enhanced Type-2 HARQ-ACK Codebook
(1). DL DAI for CBG-based transmission
In Rel-15, separated T-DAI for CBG sub-codebook is indicated in UL DCI format 0_1 when CBG-based transmission is configured. The same method should be supported by Rel-16 DCI format 1_1 to separately indicate the C-DAI for the first sub-codebook and the second sub-codebook of non-scheduled PDSCH group.
Proposal 6: Two T-DAIs for TB sub-codebook and CBG sub-codebook of the non-scheduled PDSCH group can be configured in DCI format 1_1.
[bookmark: _GoBack]
Conclusions
In this contribution, we show our views on the open issues and text proposals for NR-U HARQ enhancements. The text proposals are provided in section 2 and the proposals include:
Proposal 1: If a UE is triggered to report both one-shot and HARQ-ACK feedback for SPS PDSCH release in the same slot, the HARQ-ACK bit corresponding to the SPS PDSCH release is appended to the HARQ-ACK bits of all HARQ processes.
Proposal 2: If a PDSCH for a given HARQ process is received, the UE skips another PDSCH for a given HARQ process until after the end of the successful transmission of HARQ-ACK for that HARQ process.
Proposal 3: To prepare the one-shot codebook, when UE has previously reported HARQ-ACK with a TB for a HARQ process number, if the UE has detected another DCI format scheduling a PDSCH with a TB for the same HARQ process number, and the UE does not have enough processing time for PDSCH decoding, the UE reports previously reported HARQ-ACK if the PDSCH is a retransmission; NACK, otherwise.
· Adopt TP1 into section 9.1.4 of TS 38.213.
Proposal 4: Adopt TP2 for the procedure of Type-3 HARQ-ACK codebook determination when harq-ACK-SpatialBundlingPUCCH is configured.
Proposal 5: Adopt TP3 for type-3 HARQ-ACK codebook piggybacked on PUSCH.
Proposal 6: Two T-DAIs for TB sub-codebook and CBG sub-codebook of the non-scheduled PDSCH group can be configured in DCI format 1_1.
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