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1	Introduction
This contribution provides the summary for the following email discussion in RAN1#104bis-e:
[104b-e-NR-7.1CRs-04] Issue#24: Correction for HARQ-ACK timing in Rel-15 and Rel-16 – Sigen (Apple) by April 16
R1-2103077	Correction for HARQ-ACK timing in Rel-15 and Rel-16	Apple, Ericsson
Section 2 provides the background information for the issues raised in [1]. Section 3 captures the detailed email discussions. Section 4 summarizes the outcome of the email discussion.
2	Background
In [1], the issue regarding how to determine the HARQ-ACK timing for the case when DL and UL have different numerologies was raised. The following background information is copied from [1].
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, the understanding in [1] 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. The HARQ-ACK timing is specified as follows in TS 38.213.
	[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. 
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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
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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. 




Following the discussions, the following TPs were proposed in [1] for Rel-15 and Rel-16.
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 >





3	Email Discussions
3.1	First Round of Email Discussion
For HARQ-ACK timing in case DL and UL have different numerologies, 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
Interpretation 1 seems to be implied by the latest version of the specification. Interpretation 2 is supported by previous RAN1 agreements and the older version of the specification, and it is also aligned with the pseudo-code for Type-1 HARQ-ACK codebook construction.
For the following example, interpretation 1 means that k = 0 corresponds to UL slot 6, while interpretation 2 means that k = 0 corresponds to UL slot 7.
[image: Table
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Companies please indicate which one is your understanding.
	Interpretation 1
	CATT, WILUS, vivo, Samsung

	Interpretation 2
	Qualcomm, Huawei, HiSilicon, MediaTek, Ericsson, LG, Apple



Companies please provide detailed comments.
	Company
	Comments

	CATT
	As commented during preparation phase, the same issue was discussed in R1-1902867 and R1-1901978 in RAN1#96. The issue was well understood at that time as discussed in the respective discussion papers. The CR in R1-1902867 was rejected. We see no reason to re-open the discussion two years later.

R1-1902867	Draft CR on reference slot for PUCCH transmission with HARQ-ACK	WILUS Inc.
Discuss further offline
Note: the above draft CR may affect at least operation with normal CP in DL/UL and extended CP in UL/DL


	WILUS
	As we pointed out during preparation phase, the interpretation 2 was rejected in RAN1#96 meeting so that it is clear that the interpretation 1 was common understanding for Rel-15 specification. 

Even for Rel-16, the proposed change (interpretation#2) still does not address type-1 HARQ-ACK CB construction issue at least in the following NCP/ECP cases. 
[image: ]
For example, consider the case where PDSCHs are scheduled in 60kHz NCP cell and PUCCH is transmitted in 60kHz ECP cell. Assume the PUCCH carrying type-1 HARQ-ACK CB is transmitted in slot n+2 and K1=1 is configured. According to the proposed change, the type-1 HARQ-ACK CB should include HARQ-ACK information for PDSCH#1 and PDSCH#2 since two PDSCH (#1 and #2) can be scheduled with K1=1. However, the type-1 HARQ-ACK CB only include PDSCH#2 in Rel-16 specification (it is because  in “while [image: ]” of the pseudo-code).

	vivo
	Technically, we share the views that the interpretation 2 is aligned with the agreements. But as other companies pointed out the same issue was already discussed without any correction. Hence, we share CATT’s views that seems no good reason to re-open the discussion.  

	Samsung
	As mentioned by CATT and other companies, a similar CR was proposed in RAN1#96 and rejected. Therefore, there is no good reason to re-open the discussion.

	Spreadtrum
	Share same view as CATT. It does not need to discussion this issue again. 

	Qualcomm
	The slot of the PDSCH reception is the reference for k=0, rather than the actual PDSCH symbols. The discussion paper R1-2103077 explains various reasons why the changes are necessary. Very specific case (NCP + ECP) should not be the limiting factor to resolve the issue of very typical scenario.

	Huawei, HiSilicon
	We understand this issue was discussed before and R1-1902867 was rejected for some reason. We also acknowledge that the proposed change may not work for some ECP case. However, it is crucial to have common understanding on the other cases. 

	ZTE
	Share same view as CATT. No need to discuss.

	MediaTek
	We share similar view as Qualcomm that the reference for k=0 is the slot for PDSCH reception. And we also think that it is important to have the common understanding on the typical case.

	NTT DOCOMO
	At least companies should have same understanding on this part of spec. If there is an issue on this part, RAN1 should discuss further to have clear and workable rule even though RAN1 discussed at the previous meeting.
To reject the CR, companies should provide comment on how the current spec works well. The reason should NOT be just the past decision.
Note that as commented by some companies, this case is not corner case.

	Nokia, NSB
	We acknowledge the fact that the spec now seems to be leading to interpretation 1, while all other similar operations are based on the slot of the transmission rather than the transmitted symbols. However, this setup is something that to best of my knowledge is not (yet) used in the field while the UEs out there (or being rolled out) should be able to support it, and it would be critical to ensure that the implementations are aligned. Here we must be pragmatic and the reference to existing RAN1 discussions, even though very important to note, cannot alone justify the decision one way or another.

In our view the interpretation 2 would be more in-line with all other operations, and we’d be OK to introduce a Rel-15 CR for it, if this resolves any potential future field issues.

	Ericsson
	We understand companies’ comments that the issue has been raised previously and the CRs were rejected. However, hopefully all companies agree that codebook generation for non-slot based PDSCHs would be very complicated both for the UE and gNB, if the CR is not adopted. (Instead of using slot index and duration to generate a codebook, both gNB and UE have to consider the actual duration/placement of each scheduled PDSCH). This makes the usage of non-slot based PDSCHs impractical and a huge obstacle to benefit this feature in future deployment. 
In that regard, although we understand the view of proponents of Interpretation 1, the situation calls for a pragmatic approach by RAN1.


	Intel
	The issue is valid, and we would be supportive of fixing it now (“better late than never”), possibly with WILUS and CATT as co-authors to any CR that may come out of this.

	LG
	We also think that this is a valid issue, and we agree that k = 0 is to be based on the slot for PDSCH reception. Hence, we are also supportive to the correction with proper CR.



For the companies supporting interpretation 2, please indicate if you support the Rel-15 TP in Proposal 1 and provide comments if any.
	Company
	Comments

	Qualcomm
	We are OK with having Rel-15 CR to clarify the intention.

Regarding the proposed TP, we have a couple of comments:
· On the TP for Section 9.2.3, “the last UL slot of the PUCCH transmission” seems excluding flexible or special slot that can accommodate PUCCH transmission, which would not be the intention.
· Similarly, “the DL slot for the PDSCH reception” has the same issue.
Therefore, it would be better not to use “UL” or “DL”, for example:
· k=0 corresponds to the last slot for 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.


	Huawei, HiSilicon
	We are fine with the proposed change from QC. 

	MediaTek
	We are fine with QC’s changes.

	Ericsson
	We support TP for Rel-15. Also, the comments raised by QC are valid and improves the TP.

	Intel
	Fine with the original TP. 
To the suggested changes from QC, we are not sure if the suggested changes (except the phrase “for PUCCH transmission”) are needed since in this context a “DL/UL slot” is understood as a “slot with DL reception/UL transmission respectively” and does not really imply exclusion of slots with mix of UL/DL and “Flexible” symbols. In fact, there are still other instances of use of “DL slot” and “UL slot” in the specs. However, we support adding back the phrase “for PUCCH transmission” to avoid any ambiguity.

	LG
	We share the same view with Intel.
The original TP with addition of “for PUCCH transmission” looks reasonable to us.



For the companies supporting interpretation 2, please indicate if you support the Rel-16 TP in Proposal 2 and provide comments if any.
	Company
	Comments

	Qualcomm
	We support to have the Rel-16 CR.

Regarding the proposed TP for Section 9.2.3, same comments as for Rel.15 TP above.

Regarding the proposed TP for Section 9.1.2, similar change would be preferred, for example:
· only in a HARQ-ACK codebook that the UE includes in a PUCCH or PUSCH transmission in slot n+k, where n is a the last UL slot for PUCCH transmission overlapping with the end of the PDSCH reception in DL slot nD and k is a number of slots indicated by the PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format …



	Huawei, HiSilicon
	We are fine with the proposed change from QC.

	MediaTek
	We are fine with QC’s changes.

	Nokia, NSB
	While strictly speaking we are not a proponent, but our vested interest is to ensure that the industry is aligned on this one, we would be OK with the Qualcomm modifications.

	Ericsson
	We are fine with QC modifications. 

	Intel
	Fine with the original TP. 
To the suggested changes from QC, we do not think “UL” in “UL slot” needs to be removed for the same reasons elaborated above, e.g., in the same paragraph above where a “DL slot nD” is being referred to. However, again, we support adding the phrase “for PUCCH transmission” to avoid any ambiguity.

	LG
	We share the same view with Intel.
The original TP with addition of “for PUCCH transmission” looks reasonable to us.

	WILUS2
	History of discussion:

First, we submitted the discussion paper R1-1813531 in RAN1#95, where we pointed out the reference slot determination rule is not applicable to NCP/ECP mixed cases. Based on our contribution, our proposal was captured in R1-1813877 (FL summary) as follows. 
•        HARQ-ACK timing indication when slot boundaries are not aligned - mixture of NCP and ECP (R1-1813531)
–       Comment: Use “k=0 corresponds to the last slot of the PUCCH transmission that overlaps with the slot of the PDSCH reception” in 38.213 to solve slot alignment issue due to NCP/ECP mix
But, the final CR(R1-1814332) included the different description where “the slot of” is suddenly removed. Actually, this was not our intention, so we submitted CR(R1-1902867) in RAN1#96, to ask “the slot of” is needed or not. At the same time, CATT also submitted the discussion paper, R1-1901978, where CATT discussed type-1 HARQ-ACK codebook issues for NCP/ECP cases.
In RAN1#96, there was discussion on whether or not to add “the slot of” based on our CR and the CATT’s proposal. At this end, it was confirmed that the reference slot is determined based on "the last slot that overlaps with the PDSCH" and then our CR is rejected. The reasons why our CR was rejected in the discussion are
1) regarding reference slot determination issue, the current description (i.e., the last slot that overlaps with the PDSCH…) is not broken and it was common understanding that CR R1-1814332 overrides the previous agreements (see R1-1903334 for a reference) 
2) regarding type-1 HARQ-ACK codebook construction issue, even if ‘the slot of’ is added, there are still problems for type-1 HARQ-ACK codebook for NCP/ECP cases. (see our previous comments) Note that based on the current description (i.e., the last slot that overlaps with the PDSCH…), a gNB can configure TDRA properly and thus type-1 HARQ-ACK codebook can be correctly generated even for NCP/ECP cases. For example, if the gNB configures TDRA, where the last symbol in a slot is not scheduled, in case of 60kHz NCP/ECP cases, there are no issues on type-1 HARQ-ACK codebook.
3) Also, there was no consensus in RAN1#96 to support the case where UL SCS is larger than DL SCS so that the case where UL SCS is larger than DL SCS is not taken into account. (see the following agreements in RAN1#96)
Agreement
· There is no consensus to support the following cases in Rel-15 UE features although Rel-15 specification supports the cases
· For both NR CA UE and EN-DC UE with one NR PUCCH group, different numerologies across NR carriers within the same NR PUCCH groups up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is on the carrier with larger SCS for data/control channel at a given time
· For NR CA UE with two NR PUCCH groups, different numerologies across NR carriers up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is sent on the carrier with larger SCS for data/control channel at a given time
· For EN-DC UE with two NR PUCCH groups, different numerologies across NR carriers up to two different numerologies within an NR PUCCH group in FR1 wherein NR PUCCH is sent on the carrier with larger SCS, and same numerology across NR carriers within another NR PUCCH group in FR2 for data/control channel at a given time
· Continue to discuss when to define the features in the future RAN1 meetings




3.2	Second Round of Email Discussion
From the input from the first round of email discussion, there are still different understandings among the companies, even though the issue was discussed in RAN1#96 and the corresponding CR was rejected at the time. 
· Agree with interpretation 1 and do not want to re-open the discussion:
· CATT, WILUS, vovi, Samsung, Spreadtrum, ZTE
· Agree with interpretation 2 and want to fix the issue:
· Qualcomm, Huawei, HiSilicon, MediaTek, Ericsson, LG, Apple, Intel
· Want to discuss the issue and achieve common understanding
· Nokia, DCM
It was further discussed the best way to move forward given the situation. The table below captures the comments from companies on the second round of email discussion.

	Company
	Comments

	Nokia, NSB
	Nokia would also be supportive of introducing a CR and making it clear to everyone what the behaviour should be, so you can remove the question mark from Nokia. We believe FR1-FDD – FR1-TDD CA with TDD as the PCell is a valid deployment case and it is not just that FG6-9a supports the case, but that it is also a realistic deployment.

[Nokia 2] I don’t quite understand how the backwards compatibility issue is different if we introduce the CR from Rel-15 onwards or from Rel-16 onwards. Either way we can have UEs based on an earlier version of the spec in a network based on the later version of the spec and vice versa. No one expects Rel-15 UEs based on earlier spec round, or being already out there to change their implementation if they were implemented to the letter of the today’s spec. I just got the impression that the implementations out there may generally actually be according to the letter of the proposed CR. From product management perspective it would in my view be better to have the CR in Rel-15 than in Rel-16 as then the impact on functionality is taken in consideration immediately rather than at the time when Rel-16 baseline for implementation reaches the spec version in which the CR is taken in. That said, we would be fine with Rel-16 CR only as well.
 
Finally, I do recognize that this is not a good practice to have a CR rejected in one meeting and then two years later come back and agree to basically the same CR. In a typical case that should lead to automatic rejection of the CR. Then again we should not be too dogmatic, and if there is new information or knowledge not known at the time of rejection to re-evaluate and consider the question again. Still, this for sure should not become a habit.

	Ericsson
	We would like to add that the main reason for us being supportive of the CR is for its relevance to real deployment cases that Karri rightly mentioned below.
We really appreciate colleagues to share the history of attempts to fix the issue and understand better their stand-point. We all know as well that justifications for necessity of a CR, changes in coarse of time. 
Given that the issue impacts some realistic deployment scenarios, hopefully RAN1 is convinced  to take necessary actions.

	Samsung
	It is true that, Rel-15 agreement is to use the slot boundary of PDSCH as reference for K1=0. And Type-1 codebook pseudo code for different SCS is based on that assumption. However, even if we use ending symbol of PDSCH as reference, the Type-1 codebook pseudo code can work. We think current spec works fine. Although Nokia pointed out that this feature is not used, we think that the CR has potential NBC issue for Rel-15. 
So, we suggest that the CR can be considered for Rel-16.

[Samsung 2] Firstly, we have understood that the CR is unnecessary for Rel-15/16 due to the point raised by CATT. 
As we commented earlier, we still have a concern on Rel-15 due to NBC issue. 
While, for Rel-16, we are open to discuss further on whether it is necessary or not.

	vivo
	We are open to make corrections.

	CATT
	In general, we think it is bad to reject a CR and then try to agree the same CR later on. It is unfair for the companies who follow the previous agreement/conclusion.
For this particular issue, given the realistic deployment scenario, we could be open to discuss. But hope that we can avoid the same situation in the future.

	WILUS
	As we already explained what our intention was, the CR by Apple is aligned with the intention of our previous CR. Thus, we are supportive of the CR at least for Rel-16. For Rel-15, we would not object to the CR unless this CR makes any potential NBC issues. 
Regarding the issues on type-1 CB in case of NCP/ECP mixture, we understand that this issue can be further fixed in Rel-17 URLLC/IIoT or other WI, if necessary. But, it is necessary to make a clear conclusion on whether or not to fix this issue in Rel-15 to avoid re-opening this issue in future. From our perspective, the issue is not so much important and thus we can live with this issue in Rel-15. 

	ZTE
	ZTE is open to discuss the possible CR.

	Spreadtrum
	Spreadtrum has a strong concern on Rel-15 CR due to NBC issue.  We are open to discussion whether it is needed for Rel-16.

	QC
	Is it correct understanding that if we have the CR only for Rel-16, the reference slot of k=0 is different between Rel-15 and Rel-16? In order to avoid such issue, Rel-15 CR is preferred.
So, if we have the Rel-16 CR only, we should have a conclusion that companies have different understanding on Rel-15 description.

	Moderator
	Proposed 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

	Samsung
	For the proposed conclusion in Rel-15, we cannot accept because 
 - 1) Rel-15 specification is clearly saying interpretation 1 (“the last slot of the PUCCH transmission that overlaps with the PDSCH reception”)
- 2) gNB cannot assume which interpretation a UE apply. 
 
For the example given by CATT, this is error case and it can be avoided by gNB scheduling based on current specification. 
So, we understand that current specification works well even in where UL SCS is larger than DL SCS.

	QC
	We support the proposed conclusion. As feature lead has copied in the summary, the original RAN1 agreement is clearly saying interpretation 2. It is the fact that companies have different interpretations, according to this discrepancy.

	MediaTek
	We share similar view with Qualcomm that it would be beneficial to have RAN1 conclusion for capturing current status of Rel-15. We are fine with Sigen’s proposed conclusion.

	Ericsson
	We share same view as Qualcomm and it would be beneficial to have aRAN1 conclusion. Another motivation from our perspective is that the proposed conclusion provides a clarity on the current implementation. By that, I means the knowledge that there are probably two implementations based on two interpretations in Rel-15 would be helpful for the NW.
We would be fine to continue discussion for Rel-16 CRs.

	Nokia, NSB
	Our primary preference would be to define for a single behaviour already in Rel-15 (with a CR) while acknowledging that UEs/gNBs implemented according to the earlier version of Rel-15 may have a different implementation. That said, if this is impossible, we’d be OK with Apple’s conclusion for Rel-15, and having a CR for this in Rel-16. That is, we share the views of Qualcomm, MediaTek and Ericsson.

	Chairman
	I realized that although the current Rel-15 specification (since v15.4.0) is written to reflect “Interpretation 1”, previous Rel-15 specification (e.g. v15.2.0) was written to reflect “Interpretation 2”. I now understand how different interpretation/implementation could be possible based on Rel-15 specifications.

With this understanding, I would like to revise my proposal as the following:
 
Proposed 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.


	Spreadtrum
	Spreadtrum support the following conclusion.
Considering there have been two different implementations for Rel-15, it is good to give a conclusion for this status. Also it can be good for further study in Rel-16. We are open to discuss this issue in Rel-16.

	Samsung
	We are fine with the conclusion.
Also, we are open to discuss the CR at the next meeting for Rel-16.

	LG
	We are also fine with the proposed conclusion from chairman.
In addition, we are open to further discussion for Rel-16 as well.

	WILUS
	We are also fine the proposed conclusion below for Rel-15 and open to discuss the CR for Rel-16 in the future meeting. 



[bookmark: _Toc415085486][bookmark: _Toc503902285]4	Outcome of the Email Discussion
The following conclusion was made:
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.

References
[1] R1-2103077	Correction for HARQ-ACK timing in Rel-15 and Rel-16	Apple, Ericsson

5



image1.wmf
n


oleObject1.bin

image2.wmf
k

n

+


oleObject2.bin

image3.wmf
k


oleObject3.bin

image4.wmf
n


oleObject4.bin

oleObject5.bin

image5.wmf
k


oleObject6.bin

oleObject7.bin

oleObject8.bin

oleObject9.bin

oleObject10.bin

image6.wmf
0

=

k


oleObject11.bin

image7.png
DL slot
15 kHz

UL slot
30 kHz

PDS
CH

10

m





image8.png
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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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