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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, our understanding is that slot n is determined based on the end of the slot for PDSCH. However, the specification seems to imply that slot n is determined based on the end of PDSCH.
Therefore, it is necessary to have Rel-15/Rel-16 CR to clarify the timing.
Discussion 
The HARQ-ACK timing is specified as follows in TS 38.214.
	[bookmark: _Toc66825543]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. 
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 DCI format 1_1, if present, the PDSCH-to-HARQ_feedback timing indicator field values map to values for a set of number of slots provided by dl-DataToUL-ACK as defined in Table 9.2.3-1. 



For a SPS PDSCH reception ending in slot , the UE transmits the PUCCH in slot where  is provided by the PDSCH-to-HARQ_feedback timing indicator field in DCI format 1_0 or, if present, in DCI format 1_1 activating the SPS PDSCH reception. 



If the UE detects a DCI format 1_1 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.





With reference to slots for PUCCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 scheduling a PDSCH reception ending in slot  or if the UE detects a DCI format 1_0 indicating a SPS PDSCH release through a PDCCH reception ending in slot , 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.  corresponds to the last slot of the PUCCH transmission that overlaps with the PDSCH reception or with the PDCCH reception in case of SPS PDSCH release. 



Following the highlighted text, for the case with different numerologies between DL and UL, for the example in Fig. 1, k=0 would correspond to UL slot 6. 
[image: Table

Description automatically generated]
Figure 1 Example of HARQ-ACK timing
However, we had the following agreement in RAN1#93, which suggests that for the example in Fig. 1, k=0 should correspond to UL slot 7.
Agreements:
· When HARQ-ACK for the PDSCH with larger SCS is transmitted on a carrier with smaller SCS
· K1=0 corresponds to the slot for the smaller SCS which overlaps with the PDSCH 
· When HARQ-ACK for the PDSCH with smaller SCS is transmitted on a carrier with larger SCS
· K1=0 corresponds to the slot for the larger SCS with end boundary aligned to the slot for the corresponding PDSCH

The above agreements were captured in TS 38.213 v15.2.0 as follows:
[image: Text
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However, in RAN1#95, an issue was raised in R1-1813531 for the highlighted text because it could not cover the case when one carrier uses NCP and another carrier uses ECP, where the slot boundary may not be aligned between the two carriers. To resolve this issue, the following was agreed in CR R1-1814332 (as shown below), which is also reflected in the latest version of the specification.
	[bookmark: _Ref496790351][bookmark: _Ref496790353][bookmark: _Ref496969655][bookmark: _Ref496969658][bookmark: _Ref500241945][bookmark: _Toc517265064]9.2.3	UE procedure for reporting HARQ-ACK
< Unchanged parts are omitted >






With reference to slots for PUCCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 scheduling a PDSCH reception ending in slot  or if the UE detects a DCI format 1_0 indicating a SPS PDSCH release through a PDCCH reception ending in slot , 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-timing-indicator field in the DCI format, if present, or provided by dl-DataToUL-ACK. If the PDSCH SCS is equal to or larger than the PUCCH SCS or, in case of SPS PDSCH release if the PDCCH SCS is equal to or larger than the PUCCH SCS,  corresponds to the last slot of the PUCCH transmission that overlaps with the slot of the PDSCH reception or of the PDCCH reception in case of SPS PDSCH release. If the PDSCH SCS is smaller than the PUCCH SCS or, in case of SPS PDSCH release if the PDCCH SCS is smaller than the PUCCH SCS,  corresponds to the last slot of the PUCCH transmission that overlaps withends at a same time as the slot of the PDSCH reception or of the PDCCH reception in case of SPS PDSCH release.    
[bookmark: _Toc517265066]< Unchanged parts are omitted >




The description in the specification that had caused issues in case of mis-aligned slot boundaries, was the constraint that UL slot and DL slot including PDSCH “end at the same time”. However, when the corresponding CR resolved the issue and removed the constraint by usage of “last” overlapping UL slot, it unnecessarily removed “the slot” of PDSCH as well. This resulted with the new text that actually deviates from the original intention of using the end of the DL slot for the PDSCH as the reference to determine UL slot n (or k = 0). As explained earlier, for the example in Fig. 1, the current text means that k = 0 corresponds to UL slot 6, but according to the agreements, k = 0 should correspond to UL slot 7. 

Another reason that the end of DL slot instead of the end of PDSCH should be used is that the Type-1 HARQ-ACK codebook construction already assumes the end of DL slot. Basically, the highlighted part below only makes sense if the end of DL slot is used as the reference.
	Excerpt from TS 38.213 Clause 9.1.2.1

[image: ]



Therefore, there is a need for CRs to clarify/correct it for both Rel-15 and Rel-16.

In addition, similar issues exist for the following:
· In TS 38.213 Clause 9.2.3, the definition of k=0 should apply to all cases, including HARQ-ACK for SPS PDSCH and PDSCH scheduled by a DCI format 1_1 that does not include a PDSCH-to-HARQ_feedback timing indicator field (two previous paragraphs in Clause 9.2.3).
· A Rel-16 CR was agreed in R1-2101927 (RAN1#104-e) for the HARQ-ACK timing for PDSCH with repetitions to properly handle different numerologies between DL and UL. The wording also implies that the end of the PDSCH instead of the end of the corresponding DL slot is considered.
	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 a UL slot 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. 




Proposed TPs 
Here is the TP for TS 38.213 Rel-15.

Proposal 1: Adopt the following TP for TS 38.213 for Rel-15:

	TP for TS 38.213 Clause 9.2.3
[bookmark: _Toc12021478][bookmark: _Toc20311590][bookmark: _Toc26719415][bookmark: _Toc44877075][bookmark: _Toc51963706][bookmark: _Toc58252804]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. 
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 DCI format 1_1, if present, the PDSCH-to-HARQ_feedback timing indicator field values map to values for a set of number of slots provided by dl-DataToUL-ACK as defined in Table 9.2.3-1. 



For a SPS PDSCH reception ending in slot , the UE transmits the PUCCH in slot where  is provided by the PDSCH-to-HARQ_feedback timing indicator field in DCI format 1_0 or, if present, in DCI format 1_1 activating the SPS PDSCH reception. 



If the UE detects a DCI format 1_1 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.




With reference to slots for PUCCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 scheduling a PDSCH reception ending in slot  or if the UE detects a DCI format 1_0 indicating a SPS PDSCH release through a PDCCH reception ending in slot , 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. 

 corresponds to the last UL slot of the PUCCH transmission that overlaps with the DL slot for the PDSCH reception or with the PDCCH reception in case of SPS PDSCH release. 
< Unchanged parts are omitted >





Here is the TP for TS 38.213 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 a the last UL slot 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 UL slot of the PUCCH transmission that overlaps with the DL slot for the 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 >
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With reference to slots for PUCCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 scheduling a
PDSCH reception in slot » or if the UE detects a DCI format 1_0 indicating a SPS PDSCH release through a PDCCH
reception in slot n , the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot
n+k ,where k is a number of slots and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI
format, if present, or provided by higher layer parameter d/-DataToUL-ACK. If the PDSCH subcarrier spacing is equal
to or larger than the PUCCH subcarrier spacing, K =0 corresponds to the slot of the PUCCH transmission that overlaps
with the slot of the PDSCH transmission. If the PDSCH subcarrier spacing is smaller than the PUCCH subcarrier
spacing, k=0 corresponds to the slot of the PUCCH transmission that ends at a same time as the slot of the PDSCH
reception or of the PDCCH reception in case of SPS PDSCH release.
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Set k =0 — index of slot timing values K, , in descending order of the slot timing values, in set k, for serving cell C
while k < ¢(K,)
Set n, =0 — index of a DL slot within an UL slot
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