
3GPP TSG RAN WG1 Meeting #106-e	R1-2107681
E-meeting, Aug 16th – 27th, 2021
 
Agenda Item:	7.2.5
Source:	Huawei, HiSilicon
Title:	Correction for HARQ-ACK timing in Rel-16
Document for:	Discussion and Decision

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN1 #104b-e meeting, it was discussed how to determine the HARQ-ACK timing for the case when DL and UL have different numerologies and following conclusion was reached for Rel-15.
	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



In the RAN1 #105-e meeting, the same issue was further discussed for Rel-16 and the following WA was made to use interpretation 2 in Rel-16:
	Working Assumption
For HARQ-ACK timing in Rel-16 with slot-based HARQ-ACK feedback, in case UL SCS is larger than DL SCS, k = 0 corresponds to the last UL slot that overlaps with the DL slot for the PDSCH.
· Further discuss the HARQ-ACK timing for sub-slot-based HARQ-ACK feedback
· FFS specification impact




This contribution first explains the reason why to use Interpretation 2 in Rel-16, and then gives our view on the HARQ-ACK timing for sub-slot-based HARQ-ACK feedback. 

Discussions
1.1 Discussion for HARQ-ACK timing in Rel-16 with slot-based HARQ-ACK feedback
In Rel-15, for HARQ-ACK timing in case UL SCS is larger than DL SCS, there are two different interpretations for the UL slot corresponding to k = 0.
· 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
According to interpretation 1 as shown in Figure 1, for PDSCH 1, k = 0 corresponds to UL slot 2n, and k = 1 corresponds to UL slot 2n+1, and so on. And according to interpretation 2 as shown in Figure 2, for PDSCH 1, k = 0 corresponds to UL slot 2n+1 which is the last slot overlapping with the DL slot n, and k = 1 corresponds to UL slot 2n+2, and so on.

Figure 1. Interpretation 1


Figure 2. Interpretation 2
Based on the pseudo code for constructing the Type-1 codebook, if the K1 set is configured as {1}, all the SLIVs configured for DL slot n will be used to construct the Type-1 codebook for UL slot 2n+2. 
If interpretation 1 is used, only HARQ-ACK for the PDSCH whose last symbol overlaps with UL slot 2n +1 can be sent in UL slot 2n+2. For the PDSCHs whose last symbol overlaps with UL slot 2n, they occupy the occasions for candidate PDSCH receptions in Type-1 codebook for UL slot 2n+2 but the HARQ-ACKs for these PDSCHS can never be sent in UL slot 2n+2 because they are corresponding to k = 2.
If interpretation 2 is used, HARQ-ACK for every PDSCH in DL slot n can be sent in UL slot 2n+2 because they are all corresponding to k = 1, which aligns with the rule how to construct the Type-1 codebook.
	Set k =0 – index of slot timing values [image: ], in descending order of the slot timing values, in set [image: ] for serving cell [image: ]
If a UE is not provided ca-SlotOffset for any serving cell of PDSCH receptions and for the serving cell of corresponding PUCCH transmission with HARQ-ACK information
while [image: ] 
if [image: ] 
Set [image: ] – index of a DL slot within an UL slot
while [image: ] 
Set [image: ] to the set of rows



Based on the above discussion, we propose to confirm the WA from the RAN1 #105-e meeting.
Proposal 1: It is recommended to confirm the following Working Assumption,
For HARQ-ACK timing in Rel-16 with slot-based HARQ-ACK feedback, in case UL SCS is larger than DL SCS, k = 0 corresponds to the last UL slot that overlaps with the DL slot for the PDSCH.

1.2 Discussion for HARQ-ACK timing in Rel-16 with sub-slot-based HARQ-ACK feedback
In Rel-16, sub-slot-based HARQ-ACK feedback is introduced to better support URLLC scenarios. For the sub-slot-based HARQ-ACK timing, there are also two different interpretations about the UL sub-slot corresponding to k = 0, even if the UL SCS equals the DL SCS.
· Interpretation 1: k = 0 corresponds to the last UL sub-slot that overlaps with the PDSCH
· Interpretation 2: k = 0 corresponds to the last UL sub-slot that overlaps with the DL slot for the PDSCH
In the RAN1#97 meeting, it was agreed that K1 is the number of sub-slots from the sub-slot containing the end of the PDSCH to the sub-slot containing the start of the PUCCH, which aligns with interpretation 1.
	Agreements:
For sub-slot-based HARQ-ACK feedback procedure, K1 is the number of sub-slots from the sub-slot containing the end of PDSCH to the sub-slot containing the start of PUCCH. 
· Use UL numerology to define the sub-slot grid for PDSCH-to-sub-slot association.
· FFS: The configurable value range of K1 needs to be extended, and impact to related DCI field bitwidth.
· Note: It has been agreed that K1 is defined following R15 approach but in unit of sub-slot.



Observation 1: Interpretation 1 aligns with current agreement for sub-slot-based HARQ-ACK feedback in Rel-16.
Sub-slot-based HARQ-ACK is introduced to reduce the feedback delay. Based on interpretation 2, k = 0 corresponds to the last UL sub-slot that overlaps with the DL slot for the PDSCH. As shown in Figure 3, if the PDSCH is scheduled in the start of a DL slot, the earliest PUCCH for its HARQ-ACK is in the last UL sub-slot that overlaps with the DL slot, which is 10 symbols after the end of the PDSCH. For a cap2 UE, 3 symbols in 15 kHz are left for PDSCH processing, which is much shorter than 10 symbols. In such a case, if interpretation 2 is used for sub-slot-based HARQ-ACK, a feedback delay will be introduced. But if the PDSCH is scheduled to transmit at the middle or the end part of a DL slot, the aforementioned feedback delay doesn’t exit.

Figure 3 Interpretation 2 for sub-slot-based AHRQ-ACK feedback
Observation 2: If interpretation 2 is used for sub-slot-based HARQ-ACK feedback, it may bring feedback delay when the PDSCH is scheduled at the front part of a DL slot.
On the other hand, the DL 15kHz + UL 30kHz with slot-based HARQ-ACK feedback is similar to the DL 15kHz + UL 15kHz with 7-symbol sub-slot-based HARQ-ACK feedback. If interpretation 2 is used, it enables a unified implementation both in the network and the UE. Using the same interpretation also simplifies the spec effort, as the unified description can be used to capture the UE behavior which is already specified in 38.213 vf.3.0.
Observation 3: Interpretation 2 leads to a unified implementation both in network and UE. It also simplifies the spec effort.
Based on above reasons, we find the two different interpretations have each their advantages. Considering that sub-slot-based HARQ-ACK feedback is introduced for low latency for URLLC, we slightly prefer interpretation 1 to be applied for the HARQ-ACK timing for sub-slot-based HARQ-ACK feedback in Rel-16.
Proposal 2: It is slightly preferred that, in Rel-16, for the HARQ-ACK timing for sub-slot-based HARQ-ACK feedback, k = 0 corresponds to the last UL sub-slot that overlaps with the PDSCH.
Conclusions
Based on the above discussions, the following proposals are given:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: It is recommended to confirm the following Working Assumption,
For HARQ-ACK timing in Rel-16 with slot-based HARQ-ACK feedback, in case UL SCS is larger than DL SCS, k = 0 corresponds to the last UL slot that overlaps with the DL slot for the PDSCH.
Observation 1: Interpretation 1 aligns with current agreement for sub-slot-based HARQ-ACK feedback in Rel-16.
Observation 2: If interpretation 2 is used for sub-slot-based HARQ-ACK feedback, it may bring feedback delay when the PDSCH is scheduled at the front part of a DL slot.
Observation 3: Interpretation 2 leads to a unified implementation both in network and UE. It also simplifies the spec effort.
Proposal 2: It is slightly preferred that, in Rel-16, for the HARQ-ACK timing for sub-slot-based HARQ-ACK feedback, k = 0 corresponds to the last UL sub-slot that overlaps with the PDSCH.
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