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1. Introduction
In this contribution, we discuss the remaining issues on HARQ procedure for NR-U operation, and also provide the corresponding proposals. 

2. Enhanced Type-2 HARQ-ACK codebook

· Issue: NFI value applied for HARQ-ACK on PUSCH
For HARQ-ACK piggyback on PUSCH, the followings were agreed in RAN1#100-e in terms of UL DAI (i.e., T-DAI) indication via UL DCI.

1) In case when T-DAI is configured for both two PDSCH groups,
A. First T-DAI corresponds to the first group 0.
B. Second T-DAI corresponds to the second group 1.
2) In case when T-DAI is configured for only one PDSCH group.
A. If both or none of two groups is scheduled, the T-DAI corresponds to the first group 0. 
B. If only one of two groups is scheduled, the T-DAI corresponds to the scheduled group.

Regarding the above, one thing required to be clarified is the UE assumption on the NFI value for the PDSCH group corresponding to the T-DAI in UL DCI, in case when the PDSCH group is actually not scheduled in the UE side. For an example, in case configured with T-DAI for both two PDSCH groups, if the first group 0 is not scheduled (while the first T-DAI indicated by UL DCI is not equal to 4), the UE assumption is needed for the NFI value (e.g., whether it is toggled) corresponding to the first group 0, in order to generate the HARQ-ACK payload corresponding to the first group 0. For another example, in case configured with T-DAI for only one PDSCH group, if no PDSCH is scheduled in the UE side (while the T-DAI in UL DCI is not equal to 4), the UE assumption is needed for the NFI value corresponding to the first group 0. 

To handle this issue, one of the following two alternatives needs to be adopted.

(1) Alt 1: NFI value for the PDSCH group corresponding to the T-DAI in UL grant DCI is assumed to be non-toggled from the latest value, in case when the PDSCH group is not scheduled at the UE side.
A. Payload size of the HARQ-ACK on PUSCH is determined by the indicated T-DAI itself without accumulating the HARQ-ACKs in the previous PUCCH occasion, as for the case where DL fallback DCI(s) is/are only scheduled for a same PUCCH occasion.
(2) Alt 2: NFI (for the PDSCH group corresponding to the T-DAI in UL DCI) is explicitly signaled via the UL DCI (as for DL DCI).

Proposal #1: For the case when a PDSCH group is not scheduled at UE side and the PDSCH group corresponds to the T-DAI in UL grant DCI, one of the following alternatives is adopted.
· Alt 1: NFI value for the PDSCH group is assumed to be non-toggled from the latest value.
· Payload size of the HARQ-ACK on PUSCH is determined by the indicated T-DAI itself without accumulating the HARQ-ACKs in the previous PUCCH occasion.
· Alt 2: NFI (for the PDSCH group) is signaled via the UL DCI (as for DL DCI).

3. One-shot Type-3 HARQ-ACK codebook

· Issue: HARQ-ACK codebook without NDI feedback
On the one-shot Type-3 HARQ-ACK codebook not configured with NDI inclusion, one remaining FFS point is whether/how to specify UE behaviour for the cases where the UE has not yet obtained HARQ-ACK information for a TB corresponding to a scheduled PDSCH reception. On this issue, one of the following two alternatives could be adopted for the finalization.

(1) Alt 1: UE behavior is not specially/strictly specified for the above cases in the specification (then, it would be up to the UE).
(2) Alt 2: UE behavior is specified according to whether the NDI value for the TB is toggled (HARQ-ACK is reset to NACK in this case) or not toggled (HARQ-ACK is kept as previous report in this case).

Between the above two alternatives, Alt 2 is preferred in terms of reducing system resource overhead by avoiding unnecessary PDSCH retransmission in gNB side (especially, in case when ACK has been reported previously by UE for a TB, then after that, the NDI value corresponding to the same TB is received by the UE and is not toggled).

Proposal #2: For one-shot Type-3 HARQ-ACK codebook without NDI inclusion, following UE behaviour is to be specified for the cases where the UE has not yet obtained HARQ-ACK information for a TB corresponding to a scheduled PDSCH reception.
· HARQ-ACK is reset to NACK if the NDI value for the TB is toggled.
· HARQ-ACK is kept as previous report if the NDI value is not toggled.

4. Handling of the out-of-order HARQ

In RAN1#102-e, following agreement was made to support handling of the out-of-order (i.e., OOO) HARQ caused by combination between non-numerical K1 (i.e., NNK1) and SPS PDSCH. 

	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



Regarding the remaining FFS point on which codebook type is supported to be used for the HARQ-ACK retransmission by relaxing the existing OOO constraint, as originally proposed through the email discussion in RAN1#102-e, one-shot Type-3 codebook is sufficient to support the HARQ-ACK retransmission in potential OOO case due to combination of NNK1 indication and SPS PDSCH. 

It was argued in RAN1#102-e whether the above HARQ-ACK retransmission functionality for the OOO case due to NNK1 and SPS is sufficient to be supported only by one-shot Type-3 codebook, or needs to be supported by both one-shot Type-3 codebook and enhanced Type-2 codebook. On this point, it is not necessary to align (in other words, not necessary to be fair) between one-shot Type-3 codebook and enhanced Type-2 codebook in terms of supporting certain feature since those two codebook types are fundamentally different in the aspect that, enhanced Type-2 is standalone codebook while one-shot Type-3 is complementary codebook which is additionally configured on top of a standalone (e.g. Type-1/2 or enhanced Type-2) codebook. If it is indeed required to align among HARQ-ACK codebooks, rather, other standalone codebook types such as Type-1 and Type-2 codebooks should also support the above HARQ-ACK retransmission functionality for the OOO case from the fairness perspective, but in that case, the OOO constraint would be too relaxed to implement HARQ processing/pipelining in the UE side.

For the above reason, it is sufficient to support the HARQ-ACK retransmission for potential OOO case due to NNK1 and SPS by one-shot Type-3 codebook, and given that, gNB could configure the Type-3 codebook for the UEs in case when the gNB needs to handle the OOO case due to NNK1 and SPS.

Proposal #3: One-shot Type-3 codebook can be used for the HARQ-ACK retransmission in potential OOO case caused by combination of NNK1 indication and SPS PDSCH. 
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This clause applies if the UE is configured with pdsch-HARQ-ACK-Codebook = dynamic or with pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16. Unless stated otherwise, a PDSCH-to-HARQ_feedback timing indicator field provides an applicable value. 
A UE does not expect to multiplex in a Type-2 HARQ-ACK codebook HARQ-ACK information that is in response to a detection of a DCI format that does not include a counter DAI field.
If a UE receives a first DCI format that the UE detects in a first PDCCH monitoring occasion and includes a PDSCH-to-HARQ_feedback timing indicator field providing an inapplicable value from dl-DataToUL-ACK, 
-	if the UE detects a second DCI format not including a One-shot HARQ-ACK request field with value 1 and a value of a PDSCH-to-HARQ_feedback timing indicator field in the second DCI indicates a slot with the earliest one among PUCCH or PUSCH transmission(s) carrying HARQ-ACK corresponding to the PDSCH received after the first PDSCH reception that satisfies the timing conditions in Clause 9.2.5, the UE multiplexes the corresponding HARQ-ACK information in a the PUCCH or PUSCH transmission in a slot that is indicated by a value of a PDSCH-to-HARQ_feedback timing indicator field in the second DCI format, where
-	if the UE is not provided pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16, the UE detects the second DCI format in any PDCCH monitoring occasion after the first one
-	if the UE is provided pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16, the UE detects the second DCI format in any PDCCH monitoring occasion after the first one, and the second DCI format indicates a HARQ-ACK information report for a same PDSCH group index as indicated by the first DCI format as described in Clause 9.1.3.3 
-	if the UE is provided pdsch-HARQ-ACK-OneShotFeedback-r16, the first DCI format does not indicate SPS PDSCH release or SCell dormancy, the UE detects the second DCI format in any PDCCH monitoring occasion after the first one, and the second DCI format includes a One-shot HARQ-ACK request field with value 1, the UE includes the HARQ-ACK information in a Type-3 HARQ-ACK codebook, as described in Clause 9.1.4.
-	otherwise, the UE does not multiplex the corresponding HARQ-ACK information in a PUCCH or PUSCH transmission. 



5. Conclusions
In this contribution, the remaining issues on HARQ procedure for the NR-U operation were discussed, and the followings are proposed.

Proposal #1: For the case when a PDSCH group is not scheduled at UE side and the PDSCH group corresponds to the T-DAI in UL grant DCI, one of the following alternatives is adopted.
· Alt 1: NFI value for the PDSCH group is assumed to be non-toggled from the latest value.
· Payload size of the HARQ-ACK on PUSCH is determined by the indicated T-DAI itself without accumulating the HARQ-ACKs in the previous PUCCH occasion.
· Alt 2: NFI (for the PDSCH group) is signaled via the UL DCI (as for DL DCI).

Proposal #2: For one-shot Type-3 HARQ-ACK codebook without NDI inclusion, following UE behaviour is to be specified for the cases where the UE has not yet obtained HARQ-ACK information for a TB corresponding to a scheduled PDSCH reception.
· HARQ-ACK is reset to NACK if the NDI value for the TB is toggled.
· HARQ-ACK is kept as previous report if the NDI value is not toggled.

Proposal #3: One-shot Type-3 codebook can be used for the HARQ-ACK retransmission in potential OOO case caused by combination of NNK1 indication and SPS PDSCH. 


