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In this contribution, an issue on Type-3 HARQ codebook in case of PUCCH repetition is discussed.
Discussion
Discussion on the issue in the case last DL DCI missing
In Rel-16 NR-U, Type-3 codebook was introduced. The Type-3 codebook includes the HARQ-ACK information for all the HARQ processes for all the serving cells. For a HARQ process, if the UE receives a PDSCH and has not reported the HARQ-ACK information yet, the corresponding HARQ information is included in the type3 codebook as shown below [1]. If the UE has reported the HARQ-ACK information for a HARQ process and has not received a new PDSCH, NACK is generated for the HARQ process. The main purpose is to resolve the DTX issue. In this case, if the network schedules a PDSCH with a HARQ process while the UE does not decode the corresponding DCI successfully, then the generated NACK can let the network perform retransmission. 
	while 
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
else
while 
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end while


There was no discussion on how to determine whether the HARQ-ACK information for a given HARQ process has been reported in Rel-16. If PUCCH repetition is not configured, the situation is very clear in our understanding. That is, a UE can consider that the HARQ-ACK information has been reported as long as the PUCCH or PUSCH carrying the HARQ-ACK information has been transmitted by the UE. In case the PUCCH or PUSCH carrying the HARQ-ACK information cannot be transmitted due to LBT failure, the UE can consider the HARQ-ACK information has not been reported. 
However, if the PUCCH repetition is configured, the understanding of whether or not the HARQ-ACK information has been reported is not clear in case not all the PUCCH repetitions are transmitted. For example, the number of the PUCCH repetitions is 4 configured by the network. But the PUSCH repetition 1 and PUCCH repetition 2 cannot be transmitted due to LBT failure as shown in Figure 1 below. Finally, the UE just transmits the last two PUCCH repetitions. In this case, people may have different understanding on whether the HARQ-ACK information carried in the PUCCH has been reported or not.  


Figure 1 PUCCH repetitions
Observation 1: For Type-3 codebook, the understanding of whether or not the HARQ-ACK information has been reported is not clear in case not all the PUCCH repetitions are transmitted.
From the network perspective, the network may not decode the PUCCH correctly due to the fact that only two PUCCH repetitions are transmitted. If the UE considers the HARQ-ACK information has been reported and generate NACK for the HARQ process, it may lead to the network believe the NACK is for the PDSCH. The network has to retransmit the PDSCH. It may lead to the resource waste. 
[bookmark: _GoBack]In addition, when the network configures PUCCH repetitions for a UE, it means the UE is on the edge of the cell coverage. The PUCCH repetition can ensure the reliability of the PUCCH as same as the single PUCCH transmission for UE in the center of the cell coverage. Therefore, the transmission of all the PUCCH repetitions in case PUCCH repetition is configured is equivalent to the single PUCCH transmission in case PUCCH repetition is not configured. From this perspective, the UE can consider the HARQ information has been reported only when all the PUCCH repetitions are transmitted.
Proposal 1: For Type-3 codebook, a UE considers the HARQ-ACK information has been reported for a HARQ process only when all the PUCCH repetitions carrying the HARQ-ACK information are transmitted.
Conclusion
According to the discussion above, we have the following observation and proposal.
Observation 1: The understanding of the condition that HARQ-ACK information has been reported is not clear in case not all the PUCCH repetitions are transmitted.
Proposal 1: Then UE consider the HARQ-ACK information has been reported for a HARQ process only when all the PUCCH repetitions carrying the HARQ-ACK information are transmitted.
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