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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 discussed in RAN1#104b-e [1] and RAN1#105-e [2], and it was concluded that the two different interpretations can exist in Rel-15, but for Rel-16, a working assumption was made to adopt interpretation 2 below.
Conclusion: (RAN1#104b-e)
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.

Working Assumption (RAN1#105-3)
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
What remains open is the HARQ-ACK timing for sub-slot-based HARQ-ACK feedback. In this contribution, we discuss the issue and propose that we also adopt interpretation 2 in this case.
Discussion 
For slot-based HARQ-ACK feedback, assuming an example as shown in Fig. 1 where DL uses 15 kHz SCS and UL uses 30 kHz SCS, interpretation 2 means that k=0 corresponds to UL slot 7, in contract to UL slot 6 with interpretation 1 k=0. The main reasons for adopting interpretation 2 in RAN1#105 working assumption are that it is aligned with earlier RAN1 agreement and it is also aligned with the Type-1 HARQ-ACK codebook construction in TS 38.213 (the pseudo code for Type-1 CB does not always work with interpretation 1).
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Figure 1 Example of slot-based HARQ-ACK timing
For sub-slot-based HARQ-ACK feedback, the issue is similar, and one DL slot can overlap with multiple UL sub-slots. There are also two alternatives (corresponding to the two interpretations for slot-based HARQ-ACK):
· Alt 1: k = 0 corresponds to the last UL sub-slot that overlaps with the PDSCH
· Alt 2: k = 0 corresponds to the last UL sub-slot that overlaps with the DL slot for the PDSCH
Alt 1 is aligned with the following RAN1#97 agreement, while Alt 2 is aligned with the working assumption that we just made for slot-based HARQ-ACK timing in RAN1#105-e.
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.
 
The question now is whether we should follow the RAN1#97 agreement, or we should align it with slot-based HARQ-ACK timing considering the discussions.
Comparing Alt 1 vs Alt 2, the drawback of Alt 2 is that the HARQ-ACK latency may be slightly larger in some cases, while sub-slot HARQ-ACK feedback has been introduced exactly to reduce the HARQ-ACK latency. Figure 2 shows an example case where Alt 2 might result in larger latency. In this example, both DL and UL SCS is 15kH, and there are 7 sub-slots in a UL slot. With interpretation 1, k=0 corresponds to UL sub-slot 0, but the earliest time where the UE can provide HARQ-ACK feedback based on PDSCH processing time capability 2 (3 symbols plus 1 symbol for overlapping PDCCH) is sub-slot 3 (2nd symbol in sub-slot 3 considering TA). On the other hand, with interpretation 2, k=0 corresponds to UL sub-slot 6. This means that in the worst case, Alt 2 results in 5 more symbols (~0.36 ms) in HARQ-ACK latency.
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Figure 2 Alt 1 vs Alt 2 for sub-slot-based HARQ-ACK timing
If the DL SCS is 30kHz, the additional HARQ-ACK latency for Alt 2 in the worst case is roughly 4 symbols (~0.14 ms).
Note that the worst case occurs only if PDSCH is transmitted at the beginning of the slot, and the earliest symbol for HARQ-ACK is an UL symbol. In most cases, there is either no difference or minimum difference between the two alternatives. E.g. for the case of 2 sub-slots in a slot and same SCS, there is no difference between Alt 1 and Alt 2.
The question is whether the additional delay for Alt 2 is considered significant enough. HARQ-ACK latency only matters when there is enough delay budget for HARQ retransmissions, which means the latency bound has to be on the order of a few ms. The gNB processing time typically considered should be longer than the UE processing time due to a large number of UEs the gNB needs to process and schedule. Considering these factors, the additional HARQ-ACK delay for Alt 2 should not be the major component of the overall delay.
As a short summary,
· Pros of Alt 2 comparing to Alt 1
· Consistent with the working assumption for slot-based HARQ-ACK feedback
· The principle of Type-1 HARQ-ACK codebook construction for slot-based HARQ-ACK can be reused for sub-slot-based HARQ-ACK. Note that Type-1 HARQ-ACK codebook for sub-slot-based HARQ-ACK is currently being discussed in Rel-17.
· This reduces the implementation complexity for both UE and gNB
· Cons of Alt 2 comparing to Alt 1
· Additional latency for HARQ-ACK feedback in some cases
· However, the additional latency is more noticeable only under certain conditions (e.g. when PDSCH is transmitted at the beginning of the slot with 2-symbol duration, and the UL occupies about half of the same slot).
· In most cases, the additional latency is either zero or minimal.
· Even in the worst case, the additional latency should not be the major component of the overall delay.

Based on the analysis, we propose that Alt 2 is also adopted for sub-slot-based HARQ-ACK feedback timing in Rel-16.

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

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

References 
[1] R1-2104105, Summary of email discussion [104b-e-NR-7.1CRs-04] on the correction for HARQ-ACK timing, Moderator (Apple Inc.), RAN1#104b-e, April 2021.
[2] R1-2106301, Summary of email discussion [105-e-NR-7.1CRs-13] on the correction for HARQ-ACK timing in Rel-16, Moderator (Apple Inc.), RAN1#105-e, May 2021.
image1.png
DL slot

UL (sub-)slot

PDS
CH

10

1





image2.png
Alt 2: k=0

DL slot =~ o

At1:k=0 | \

UL sub-slot 0 1 2 3 4

Earliest sub-slot for
HARQ-ACK feedback




