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Introduction
For HARQ-ACK, the PUCCH for HARQ-ACK is transmitted in UL slot n+k, where k is indicated in UL DCI, and n is determined based on PDSCH. When DL and UL have different numerology, two different interpretations existed in the history of RAN1 discussions. This was further discussed in RAN1#104b-e [1], and it was concluded that the two different interpretations can exist in Rel-15, but it would be good to achieve a common understanding for Rel-16.
Conclusion:
For HARQ-ACK timing in Rel-15, in case UL SCS is larger than DL SCS, there are two different interpretations:
-       Interpretation 1: k = 0 corresponds to the last UL slot that overlaps with the PDSCH
-       Interpretation 2: k = 0 corresponds to the last UL slot that overlaps with the DL slot for the PDSCH
Further discuss this issue for Rel-16 in future meetings.
In this contribution, we discuss the issue and propose that interpretation 2 is adopted for Rel-16.
Discussion 
Assuming an example as shown in Fig. 1 where DL uses 15 kHz SCS and UL uses 30 kHz SCS, with interpretation 1 k=0 would correspond to UL slot 6, while with interpretation 2 k=0 would correspond to UL slot 7.
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Figure 1 Example of HARQ-ACK timing
Tracking the history of the RAN1 discussion, there was an explicit agreement for interpretation 2 in RAN1#93, and it was captured in TS 38.213 v15.2.0. However, to address the issue raised for mixed NCP and ECP in RAN1#95, a CR was adopted to address the non-aligned slot boundary. However, it accidentally deviated from the original agreement on interpretation 2, and interpretation 1 was captured in the specification instead. Even though the issue was raised in RAN1#96 with a CR proposed, for the reason that DL SCS smaller than UL SCS was not considered as an important case at the time, the CR was rejected. However, the use case of having DL SCS smaller than UL SCS is considered as a valid deployment scenario (e.g. FR1 FDD-TDD CA with TDD as the PCell), and many companies saw the need to fix the issue for Rel-16, or as a minimum, to reach a common understanding among the companies.
We certainly agree that we should reach a common understanding. Purely from HARQ-ACK timing perspective, adopting either interpretation seems to be fine, except that interpretation 2 is aligned with the original agreement.
However, for the pseudo-code for the Type-1 HARQ-ACK codebook construction to work properly, interpretation 2 should be adopted. Basically, the highlighted part below only makes sense if the end of DL slot for PDSCH is used as the reference.
	Excerpt from TS 38.213 Clause 9.1.2.1
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Due to this reason, we propose that interpretation 2 is adopted for Rel-16.

Proposal 1: For the HARQ-ACK timing in Rel-16, adopt interpretation 2 (i.e. k = 0 corresponds to the last UL slot that overlaps with the DL slot for the PDSCH).

Proposed TPs 
Here is the TP for TS 38.213 in Rel-16. Note that this TP also corrects a typo in the HARQ-ACK timing for PDSCH with repetitions.
Proposal 2: Adopt the following TP for TS 38.213 for Rel-16:

	TP for TS 38.213

[bookmark: _Ref497329097][bookmark: _Toc12021469][bookmark: _Toc20311581][bookmark: _Toc26719406][bookmark: _Toc29894839][bookmark: _Toc29899138][bookmark: _Toc29899556][bookmark: _Toc29917293][bookmark: _Toc36498167][bookmark: _Toc45699193][bookmark: _Toc66974071]9.1.2	Type-1 HARQ-ACK codebook determination
This Clause applies if the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static.
A UE reports HARQ-ACK information for a corresponding PDSCH reception or SPS PDSCH release only in a HARQ-ACK codebook that the UE transmits in a slot indicated by a value of a PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format. The UE reports NACK value(s) for HARQ-ACK information bit(s) in a HARQ-ACK codebook that the UE transmits in a slot not indicated by a value of a PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format. 
If a UE is not provided pdsch-HARQ-ACK-OneShotFeedback, the UE does not expect to receive a PDSCH scheduled by a DCI format that the UE detects in any PDCCH monitoring occasion and includes a PDSCH-to-HARQ_feedback timing indicator field providing an inapplicable value from dl-DataToUL-ACK-r16.
If the UE is provided pdsch-AggregationFactor-r16 in SPS-Config or pdsch-AggregationFactor in PDSCH-Config and no entry in pdsch-TimeDomainAllocationList and pdsch-TimeDomainAllocationListDCI-1-2 includes repetitionNumber in PDSCH-TimeDomainResourceAllocation-r16,  is a maximum value of pdsch-AggregationFactor-r16 in SPS-Config or pdsch-AggregationFactor in PDSCH-Config; otherwise  . The UE reports HARQ-ACK information for a PDSCH reception
-	from DL slot  to DL slot , if  is provided by pdsch-AggregationFactor or pdsch-AggregationFactor-r16 [6, TS 38.214], or 
-	from DL slot  to DL slot , if the time domain resource assignment field in the DCI format scheduling the PDSCH reception indicates an entry containing repetitionNumber, or 
-	in DL slot , otherwise 
only in a HARQ-ACK codebook that the UE includes in a PUCCH or PUSCH transmission in slot , where  is athe last UL slot based on the UL SCS overlapping with the end of the PDSCH reception in DL slot  and  is a number of slots indicated by the PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format or provided by dl-DataToUL-ACK if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI format. If the UE reports HARQ-ACK information for the PDSCH reception in a slot other than slot , the UE sets a value for each corresponding HARQ-ACK information bit to NACK.  
< Unchanged parts are omitted >
[bookmark: _Toc29894850][bookmark: _Toc29899149][bookmark: _Toc29899567][bookmark: _Toc29917304][bookmark: _Toc36498178][bookmark: _Toc45699204][bookmark: _Toc66974082]9.2.3	UE procedure for reporting HARQ-ACK
A UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot per priority index, if the UE is not provided ackNackFeedbackMode = separate. 
For DCI format 1_0, the PDSCH-to-HARQ_feedback timing indicator field values map to {1, 2, 3, 4, 5, 6, 7, 8}. For a DCI format, other than DCI format 1_0, scheduling a PDSCH reception or a SPS PDSCH release, the PDSCH-to-HARQ_feedback timing indicator field values, if present, map to values for a set of number of slots provided by dl-DataToUL-ACK, dl-DataToUL-ACK-r16, or dl-DataToUL-ACKForDCIFormat1_2, as defined in Table 9.2.3-1. 
For a SPS PDSCH reception ending in slot [image: ], the UE transmits the PUCCH in slot  where  is provided by the PDSCH-to-HARQ_feedback timing indicator field, if present, in a DCI format activating the SPS PDSCH reception. 
If the UE detects a DCI format that does not include a PDSCH-to-HARQ_feedback timing indicator field and schedules a PDSCH reception or activates a SPS PDSCH reception ending in slot , the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot  where  is provided by dl-DataToUL-ACK, or dl-DataToUL-ACK-r16, or dl-DataToUL-ACKForDCIFormat1_2.
[bookmark: _Hlk39321600]With reference to slots for PUCCH transmissions, if the UE detects a DCI format scheduling a PDSCH reception ending in slot  or if the UE detects a DCI format indicating a SPS PDSCH release or indicating SCell dormancy through a PDCCH reception ending in slot , or if the UE detects a DCI format that requests Type-3 HARQ-ACK codebook report and does not schedule a PDSCH reception through a PDCCH reception ending in slot , as described in Clause 9.1.4, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot , where  is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format, if present, or provided by dl-DataToUL-ACK, dl-DataToUL-ACK-r16, or dl-DataToUL-ACKForDCIFormat1_2. 
 corresponds to the last slot of the PUCCH transmission based on the UL SCS that overlaps with the DL slot for PDSCH reception or with the PDCCH reception in case of SPS PDSCH release or in case of SCell dormancy indication or in case of the DCI format that requests Type-3 HARQ-ACK codebook report and does not schedule a PDSCH reception.  
< Unchanged parts are omitted >




Conclusion 
Proposal 1: For the HARQ-ACK timing in Rel-16, adopt interpretation 2 (i.e. k = 0 corresponds to the last UL slot that overlaps with the DL slot for the PDSCH).

We also proposed a corresponding TP for TS 38.213 in Proposal 2.
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