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In this contribution, we provide our views on the remaining issues on HARQ-ACK transmission for NR-U.
Handling PDSCH with insufficient process timing in one-shot feedback
In RAN1 #100_e meeting, it was discussed on how to handle a HARQ process in one-shot feedback if a DCI is detected however the scheduled PDSCH by the DCI cannot be decoded with sufficient processing time for HARQ-ACK transmission in the one-shot feedback. Specifically, the scheduled PDSCH may be before, at or after the PUCCH carrying one-shot feedback. This issue is still listed as FFS. Therefore, a related agreement/conclusion is needed for the completeness of specification. 

A simplest way to handle this issue is to consider it as an error case. However, it results in loss of peak data rate, as shown in Figure 1. That is, for a detected PDCCH, the corresponding PDSCH cannot be allocated in a window around the PUCCH carrying one-shot feedback, which causes low resource efficiency. 


Figure 1: No PDSCH scheduling within a window of PDSCH processing time

Therefore, it is preferable to allow such PDSCH allocations and UE report a HARQ-ACK for the HARQ process indicated by a latest detected DCI by which the scheduled PDSCH is not decoded yet. There are two cases depending on the NDI toggling or not in the latest detected DCI. 
· Case 1: if the NDI in the latest detected DCI is NOT toggled
In this case, gNB schedules retransmission for a TB of a HARQ process, UE should just report the HARQ-ACK for the same TB of the HARQ process. Specifically, if the UE ever reports an ACK for the same TB in earlier HARQ-ACK transmission, but gNB fails to decode the HARQ-ACK information, gNB may schedule the retransmission of the same TB again. Therefore, UE should retransmit ACK for the HARQ process in one-shot feedback. 
· Case 2: if the NDI in the latest detected DCI is toggled
In this case, UE could know that gNB already correctly receive HARQ-ACK transmission for the previous TB of a HARQ process. Therefore, UE should report a NACK. Otherwise, it may result in NACK-to-ACK error if UE report an ACK for the previous TB again. As shown in Figure 2, the reception of a latest DCI with toggled NDI without sufficient time for PDSCH decoding may be due to the missing of an actual initial DCI which schedules the new TB. If UE report ACK for the previous TB, gNB will misunderstand it as ACK for the initial scheduling of the new TB. Therefore, the only correct behaviour in Case 2 is reporting NACK. 




Figure 2: No PDSCH scheduling within a window of PDSCH processing time

Proposal 1: For the case that DCI is detected but PDSCH is not decoded with sufficient processing time for one-shot feedback, 
· Case 1: if the NDI in the latest detected DCI is NOT toggled, UE report actual HARQ-ACK for the HARQ process;
· Case 2: if the NDI in the latest detected DCI is toggled, UE reports NACK for the HARQ process.

Text proposal for section 9.1.4 in 38.213-g10. 
…
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 with non-toggled NDI, or has not received a SPS PDSCH, with TB  for HARQ process number  on serving cell 
while 
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end while
end if
else 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 not subsequently detected a DCI format scheduling a PDSCH reception with non-toggled NDI, or has not received a SPS PDSCH, with TB  for HARQ process number  on serving cell 
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end if
else 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

Out-of-order issue for NNK1
In [2], an OOO problem due to the adaptation of NNK1 was described. According to current specification, after UE detect a PDSCH scheduled with NNK1, UE tries to find a next DCI which schedules a dynamic PDSCH or directly triggers one-shot feedback. However, HARQ-ACK transmission for SPS PDSCH is not considered in NNK1 operation. As a result, UE will transmit HARQ-ACK for the SPS PDSCH in PUCCH1 and transmit HARQ-ACK for PDSCH1 on PUCCH2 together with the HARQ-ACK for PDSCH3, which is the OOO problem. 

[image: ]
Figure 3: Out-of-order issue for NNK1 (from [2])

In the past discussions, some basic agreement/conclusion were achieved. Basically, OOO checking only applies to initial transmission of HARQ-ACK. It is open which HARQ-ACK codebook type is supported for the HARQ-ACK retransmission of PDSCH1. 

Agreement:
When a UE receives a second PDSCH (for DL SPS) after a first PDSCH, where the first PDSCH is not assigned an applicable K1 value in the corresponding first DCI format,
· the UE transmits HARQ-ACK for the first PDSCH:
· if the UE detects a second DCI format in any PDCCH monitoring occasion after the first DCI format where the second DCI format assigns an applicable K1 value for the first PDSCH (as specified in TS38.213 section 9.1.3) that corresponds to HARQ-ACK timing no later than the HARQ-ACK timing assigned for the second PDSCH
· Otherwise, the UE does not multiplex the HARQ-ACK information for the first PDSCH in a PUCCH or PUSCH transmission, unless a HARQ-ACK information retransmission is requested later than the HARQ-ACK timing assigned for the second PDSCH.
· FFS: Which codebook type(s) can be used for the HARQ-ACK information retransmission

Conclusion:
If the UE is provided with pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16 or with pdsch-HARQ-ACK-OneShotFeedback-r16:
· In a given scheduled cell, the UE is not expected to receive a first PDSCH and a second PDSCH, starting later than the first PDSCH, with its corresponding initial HARQ-ACK transmission occasion assigned to be transmitted on a resource ending before the start of a different resource for the initial HARQ-ACK transmission occasion assigned to be transmitted for the first PDSCH.
· This clarifies that examples C4-Case1 and C4-Case2, as discussed in R1-2007390, are allowed

For the problem in Figure 3, UE knows that there is a PUCCH1 for the SPS PDSCH. When a next PDCCH to PDSCH1, i.e. PDCCH scheduling PDSCH2 is missed, UE cannot know exact PUCCH timing for PDSCH1. However, since a basic principle for NR operation is to avoid OOO problem, UE could anyway know that the initial HARQ-ACK transmission for PDSCH1 must be scheduled no later than PUCCH1. Consequently, UE could handle HARQ-ACK for PDSCH1 no later than the SPS PDSCH. HACK-ACK transmission for PDSCH 1 after PUCCH1 should be considered as retransmission for the HARQ-ACK information. According to the above conclusion from last meeting, OOO checking doesn’t apply to the HARQ-ACK retransmission for PDSCH1. Therefore, it is straightforward that both enhanced Type2 HARQ-ACK codebook and Type3 HARQ-ACK codebook are allowed for the HARQ-ACK retransmission of PDSCH1. 

Proposal 2: 
· Both enhanced Type2 HARQ-ACK codebook and Type3 HARQ-ACK codebook are allowed for the HARQ-ACK retransmission of PDSCH1 after the timing of PUCCH1 for the SPS PDSCH. 
Conclusion
In this contribution, we discussed the remaining issues on HARQ-ACK transmission for operations on unlicensed spectrum, and we derived the following proposals. It is proposed to agree on the related text proposals. 
Proposal 1: For the case that DCI is detected but PDSCH is not decoded with sufficient processing time for one-shot feedback, 
· Case 1: if the NDI in the latest detected DCI is NOT toggled, UE report actual HARQ-ACK for the HARQ process;
· Case 2: if the NDI in the latest detected DCI is toggled, UE reports NACK for the HARQ process.

[bookmark: _GoBack]Proposal 2: 
· Both enhanced Type2 HARQ-ACK codebook and Type3 HARQ-ACK codebook are allowed for the HARQ-ACK retransmission of PDSCH1 after the timing of PUCCH1 for the SPS PDSCH. 
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