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The contribution is focused on remaining issues for HARQ enhancement in Rel-16 NR-U.

Discussion
Type-2 HARQ-ACK codebook determination
For enhanced dynamic HARQ-ACK codebook, PDSCH grouping is explicitly indicated by a PDSCH group index in DCI scheduling the PDSCH. Maximum number of PDSCH groups is 2, which is not configured by RRC signaling. One DCI can request HARQ-ACK feedback for one or two PDSCH groups in the same PUCCH. When HARQ-ACK feedback for two PDSCH groups is requested in same HARQ-ACK codebook, the placement of HARQ-ACK feedback for the two groups is ordered based on increasing group index, i.e., in the HARQ-ACK codebook, HARQ-ACK information bits for PDSCH group 0 is placed firstly then followed by HARQ-ACK information bits for PDSCH group 1. 
One error case may happen when the DCI scheduling the last PDSCH in PDSCH group 0. Such error case makes UE and gNB have different understanding on the HARQ-ACK sub-codebook size for PDSCH group 0 because UE does not generate HARQ-ACK information bit for the missed PDSCH in PDSCH group 0 while gNB counts that. Furthermore, such error case also makes UE and gNB have different understanding on the starting HARQ-ACK information bit for PDSCH group 1 since gNB may regard the first one or more HARQ-ACK information bits for PDSCH group 1 as the HARQ-ACK information bit for the missed PDSCH in PDSCH group 0. E.g., when gNB transmits the three DCI formats scheduling three PDSCHs in PDSCH group 0 and requests HARQ-ACK feedback for two PDSCH groups in same HARQ-ACK codebook, if only the first two DCI formats are received by UE, then UE shall transmit two HARQ-ACK information bits for the first two PDSCHs which are immediately followed by HARQ-ACK information bits for PDSCH group 1. In this way, gNB will misunderstand the first HARQ-ACK for PDSCH group 1 as HARQ-ACK feedback for the last PDSCH in PDSCH group 0.  
Observation 1: According to current specification text, HARQ-ACK transmission for both groups may result in misaligned codebooks in case a DCI was missed by the UE.
Considering indication of NFI and T-DAI in non-fallback DCI for the non-scheduled PDSCH group is configured by RRC signaling, the T-DAI for non-scheduled PDSCH group can be used to determine the starting bit position of HARQ-ACK information bits for PDSCH group 1 when RM coding is used. E.g., assuming there are N HARQ-ACK information bits for PDSCH group 1 being requested for transmission in same HARQ-ACK codebook with HARQ-ACK information bits for PDSCH group 0, where N is indicated by T-DAI in the DCI scheduling PDSCH in PDSCH group 0, then in the RM encoder, the N HARQ-ACK information bits for PDSCH group 1 are placed in the last N bit positions and the HARQ-ACK information bits for PDSCH group 0 are placed in the first (11-N) bit positions. One example is shown in Figure 1, where there are 3 HARQ-ACK bits for PDSCH group 1 requested by DCI for scheduling PDSCH in group 0. So the 3 HARQ-ACK bits b0/b1/b2 are placed in the last 3 bit positions in the HARQ-ACK codebook and the HARQ-ACK bits for PDSCH group 0 are placed in the remaining bit positions. 
According to this solution, if the DCI for scheduling the last (e.g. third) PDSCH in PDSCH group 0 is detected correctly, the generated HARQ-ACK codebook is “a0, a1, a2, NACK, NACK, NACK, NACK, NACK, b0, b1, b2”; if that DCI is missed by the UE, the generated HARQ-ACK codebook is “a0, a1, NACK, NACK, NACK, NACK, NACK, NACK, b0, b1, b2”. In this way, even though the DCI for scheduling last PDSCH in PDSCH group 0 is missed, UE generates NACK for this PDSCH. HARQ-ACK information bits for PDSCH group 1 started from the 9th bit of the HARQ-ACK codebook so that there is no bit shift for PDSCH group 1, and consequently no misalignment in the codebook. 
[image: ]
Figure 1: N HARQ-ACK information bits for PDSCH group 1 placed in the last N bit positions in the HARQ-ACK codebook
Based on above analysis, we have below proposals:
Proposal 1: HARQ-ACK information bits for PDSCH group 1 is placed in the last N bit positions and HARQ-ACK information bits for PDSCH group 0 is placed in the first (11-N) bit positions when RM coding is used and T-DAI for PDSCH group 1 is included in DCI scheduling PDSCH in PDSCH group 0.

HARQ-ACK feedback for SPS release in Type 3 HARQ-ACK codebook
When one DCI is used to trigger Type 3 HARQ-ACK codebook, HARQ-ACK feedback for SPS PDSCH is included in Type 3 in addition to HARQ-ACK feedback for dynamic PDSCH. This is because SPS PDSCH has its own associated HARQ process. 
For releasing SPS PDSCH, DCI format 1_0 is used, and one HARQ-ACK information bit is generated to confirm that UE has successfully received the release DCI. However, currently the specification text does not cover the inclusion of the release HARQ-ACK in the Type 3 HARQ-ACK codebook.
Observation 2: The inclusion of a SPS release HARQ-ACK in Type 3 HARQ-ACK codebook is missing from the specification. 
When the HARQ-ACK information bit for DL SPS release is to be transmitted in same slot with Type 3 HARQ-ACK codebook, besides HARQ-ACK feedback for all configured DL HARQ processes, the bit for DL SPS release should also be included in the Type 3 HARQ-ACK codebook. The bit for DL SPS release is placed at the first position then followed by the HARQ-ACK information bits for DL HARQ processes.
Proposal 2: HARQ-ACK information bit for DL SPS release is included in Type 3 HARQ-ACK codebook when it is to be transmitted in same slot with the Type 3 HARQ-ACK codebook.

Spatial bundling issues in Type-3 HARQ-ACK codebook determination
Another issue for Type 3 HARQ-ACK codebook determination is NDI included in HARQ-ACK codebook for associated TB when NDI is configured in HARQ-ACK codebook. In detail, for a serving cell, when NDI is configured in HARQ-ACK codebook and maxNrofCodeWordsScheduledByDCI for the serving cell is 2, i.e., two TBs are carried by one PDSCH, and if spatial bundling is not configured for the serving cell, for a given PDSCH, the corresponding HARQ-ACK feedback consists of two HARQ-ACK information bits plus two NDI bits; and if spatial bundling is configured for the serving cell, for a given PDSCH, the corresponding HARQ-ACK feedback consists of at least one bit generated by performing logic AND operation between two HARQ-ACK information bits. One problem is how to transmit the two NDI bits. Similar to logic AND operation for two HARQ-ACK information bits, a simple way is also to perform logic AND operation for the two NDI bits. In this way, the pseudo code for the type 3 HARQ-ACK codebook can work properly when spatial bundling is configured.   
Proposal 3: The two NDI bits for one PDSCH is bundled to one bit following the bundled HARQ-ACK information bit for the PDSCH in Type-3 HARQ-ACK codebook if maxNrofCodeWordsScheduledByDCI for the serving cell is 2 and spatial bundling is configured for the cell.

Text proposals for capturing above issues in Type-3 HARQ-ACK codebook determination
TS38.213
--------------------------------------< BEGIN TEXT PROPOSAL >----------------------------------------------

9.1.4	Type-3 HARQ-ACK codebook determination 
If a UE is provided pdsch-HARQ-ACK-OneShotFeedback-r16, the UE determines a Type-3 HARQ-ACK codebook according to the following procedure.
Set  to the number of serving cells
Set  to the value of nrofHARQ-ProcessesForPDSCH for serving cell , if provided; else, set 
Set  to the value of maxNrofCodeWordsScheduledByDCI for serving cell  if harq-ACK-SpatialBundlingPUCCH is not provided; else, set 
Set  to the number of HARQ-ACK information bits per TB for PDSCH receptions on serving cell  as described in Clause 9.1.1 if maxCodeBlockGroupsPerTransportBlock is provided for serving cell  and pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 is provided; else, set 
Set  if pdsch-HARQ-ACK-OneShotFeedbackNDI-r16 is provided; else set 
Set  – serving cell index
Set  – HARQ process number
Set  – TB index
Set  – CBG index
Set 
while 
while 
if 
if 
while 
while 
[image: ]= HARQ-ACK information bit for CBG  of TB  for HARQ process number  of serving cell 
 
 
end while
[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: ]
 
 
 
end while
else
   if harq-ACK-SpatialBundlingPUCCH is not provided
  while 
[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: ]
 
 
    end while
                           else
    while 

			           = binary AND operation of the HARQ-ACK information bits for TB t and TB t+1 for HARQ process  of serving cell 
				    

				    = binary AND operation of NDI values indicated in the DCI format corresponding to TB t and TB t+1 for HARQ process number  on serving cell 
				    
				    
				 end while
end if
 
else
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 
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 
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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
[image: ]= HARQ-ACK information bit for TB  for HARQ process  of serving cell 
 
 
end if
end while
end if
 
end if
 
end while
 
 
end while
If a UE receives a SPS PDSCH, or a PDSCH that is scheduled by a DCI format 1_0 for a serving cell  and if maxCodeBlockGroupsPerTransportBlock is provided for serving cell , and pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 is provided, the UE repeats  times the HARQ-ACK information for the transport block in the PDSCH.
If the UE detects a DCI format that includes a One-shot HARQ-ACK request field with value 1, the UE determines a PUCCH or a PUSCH to multiplex a Type-3 HARQ-ACK codebook for transmission in a slot as described in Clause 9.2.5. The UE multiplexes only the Type-3 HARQ-ACK codebook in the PUCCH or the PUSCH for transmission in the slot.
-----------------------------------------------< END TEXT PROPOSAL >-------------------------------------------------

Conclusion
In this contribution, we focus on the HARQ enhancement issues and have below proposals. 
Observation 1: According to current specification text, HARQ-ACK transmission for both groups may result in misaligned codebooks in case a DCI was missed by the UE.
Proposal 1: HARQ-ACK information bits for PDSCH group 1 is placed in the last N bit positions and HARQ-ACK information bits for PDSCH group 0 is placed in the first (11-N) bit positions when RM coding is used and T-DAI for PDSCH group 1 is included in DCI scheduling PDSCH in PDSCH group 0.
Observation 2: The inclusion of a SPS release HARQ-ACK in Type 3 HARQ-ACK codebook is missing from the specification. 
Proposal 2: HARQ-ACK information bit for DL SPS release is included in Type 3 HARQ-ACK codebook when it is to be transmitted in same slot with the Type 3 HARQ-ACK codebook.
Proposal 3: The two NDI bits for one PDSCH is bundled to one bit following the bundled HARQ-ACK information bit for the PDSCH in Type-3 HARQ-ACK codebook if maxNrofCodeWordsScheduledByDCI for the serving cell is 2 and spatial bundling is configured for the cell.
Proposal 4: Include the above TP in TS38.213.
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