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1. Introduction
In RAN1#86b, flexible HARQ-ACK timing was agreed [1] 

Agreements:
· Timing relationship between DL data reception and corresponding acknowledgement can be (one or more of, FFS which ones)

· dynamically indicated by L1 signaling (e.g., DCI)

· semi-statically indicated to a UE via higher layer

· a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI)

· FFS: minimum interval between DL data reception and corresponding acknowledgement

· FFS: common channels (e.g. random access)

Moreover, for HARQ-ACK transmission, the following were agreed in RAN#87

Agreements:
· A combination of semi-static configuration and (at least for some types of UCI information) dynamic signaling is used to determine the PUCCH resource both for the ‘long and short PUCCH formats’
· It should be possible to dynamically indicate (at least in combination with RRC) the timing between data reception and hybrid-ARQ acknowledgement transmission as part of the DCI.

This contribution considers aspects of HARQ-ACK feedback related to the flexible timing. 
2. Discussion

In LTE, the UL subframe for HARQ-ACK transmission has a fixed timing relation relative to DL subframe(s) of corresponding PDCCH/PDSCH receptions. To enable more flexible operation and dynamic slot structure, NR will support flexible/configurable HARQ-ACK timing. The HARQ-ACK timing may need to be changed according to several factors, such as UE capability, TB size, services type, dynamic UL/DL configuration, and so on. 
Due to flexible HARQ-ACK timing, the number of DL slots corresponding to one PUCCH/PUSCH for HARQ-ACK transmission can be variable and UE-specific. In some cases, the DL slot of PDSCH reception and the corresponding HARQ-ACK feedback can have a one-to-one mapping (similar to LTE FDD) while in other cases  there can be a many-to-one mapping (similar to LTE TDD). 
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Figure 1: Example of variable number of HARQ-ACK information in one UL slot with flexible timing 
Similar to the LTE PUCCH formats 1a/1b/3/4/5 which are designed to optimally support different HARQ-ACK payloads, different PUCCH formats in NR, probably fewer than in LTE, are also needed for the same reason. A PUCCH format determination can be either explicit by DCI or, similar to LTE, implicit based on the HARQ-ACK payload. 
Proposal 1: NR supports multiple PUCCH formats for HARQ-ACK transmission based on HARQ-ACK payload. Consider down-selection from LTE PUCCH format based structures.
A PUCCH resource consists of a time-domain component (i.e. an UL slot) and a frequency/code-domain component in an UL slot. In LTE, the time-domain component of a PUCCH resource is determined by the fixed HARQ-ACK timing without additional indication and the frequency/code-domain component of the PUCCH resource is dynamically determined either by an implicit link between a lowest CCE index of the PDCCH and/or by explicit signaling in DCI scheduling associated PDSCH transmissions (or SPS PDSCH release). In NR, with flexible HARQ-ACK timing, dynamic indication of all PUCCH time/frequency/code-domain resources is appropriate. Both separate indication of PUCCH time resource and frequency/code-domain resource or joint indication of all resources can be considered in terms of efficient UL resource utilization and reduced DL/UL signaling overhead. 

UEs with different HARQ-ACK timing can transmit HARQ-ACK in a same slot while associated PDSCHs can be received in same or different slots. Then, implicit determination of PUCCH resources can lead to collisions and needs to be complemented by explicit signaling similar to the ARO field in LTE. Alternatively, fully explicit indication (from a set of configured PUCCH resources) similar to ARI in LTE can be considered as was agreed in RAN1#87. Whether also supporting a combination of implicit and explicit indication is beneficial, for example for small HARQ-ACK payloads as in LTE, is FFS considering DCI overhead and flexibility in the UL control channel resource indication. 
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Figure 2 ACK/NACK collision between UEs with different ACK/NACK timing 
In case of HARQ-ACK for more than one slots or for more than one DL cells in a single UL control channel, the HARQ-ACK codebook determination needs to be considered. In LTE, HARQ-ACK codebook size can be semi-statically (e.g. based on bundling window size in TDD or on number of configured cells in CA) or dynamically (e.g. based on counter/total DAI in Rel-13 eCA) determined. In NR, both semi-static and dynamic HARQ-ACK codebook determination can also be considered under the usual metrics of HARQ-ACK overhead, DCI overhead, scheduling flexibility, and avoidance of error cases.
In NR, although the bundling window size is variable, the maximum number of aggregated slots is fixed. For example, the bundling window to determine the semi-static HARQ-ACK codebook in NR can be derived from a  higher layer configured range for HARQ-ACK timing. However, the bundling windows associated with adjacent UL slots can overlap, which may lead to potential duplication of HARQ-ACK bits. As is shown in Figure 3, if the HARQ-ACK timing is from n+3~n+6, then, the bundling window associated with UL slot #7 is DL slot #1~4, the bundling window associated with UL slot #8 is DL slot #2~5, and the bundling window associated with UL slot #9 is DL slot #3~6. Then, the HARQ-ACK bits reserved for overlapped DL slots #3 and #4 (for UL slot #7 and #9) to be transmitted in UL slot#9 is wasted when HARQ-ACK timing of DL slot #3/4 is UL slot #7 while HARQ-ACK timing of DL slot #5/6 is UL slot #9.  On the other hand, transmitting HARQ-ACK bits of DL slot#3 and #4 also in UL slot#9 may be beneficial when the UL transmission of UL slot#7 is not guaranteed. For example, in unlicensed band, UL slot#7 may be dropped due to LBT, it is double insurance to include HARQ-ACK of DL slot #3 and #4 also in UL slot#9.  


[image: image3.emf]DL

#1 #2 #3 #4 #5

UL

#1 #2 #3 #4 #5

#6 #7

#6 #7 #8

Bundling window for UL slot #7

Bundling window for UL slot #8

#9

Bundling window for UL slot #9

Reserved UL slot


Figure 3 overlapped bundling window for adjacent UL slot 
Further, in NR, HARQ-ACK overhead may not only be related to the maximum number of aggregated slots or DL cells, but also related to CB/CB-group level HARQ-ACK feedback and retransmission design. If it is necessary to further reduce the HARQ-ACK overhead to fit in certain PUCCH format, HARQ-ACK compression can be studied with the acceptable impact to transmission efficiency.
Dynamic HARQ-ACK codebook determination can be desirable for minimizing HARQ-ACK payload and improving resource utilization and coverage. The total DAI and counter DAI based method in Rel-13 eCA can be a starting point. If CB/CB-group level HARQ-ACK and TB-level HARQ-ACK can be applied to different cells or different DL slots, the DAI that indicates the number of scheduled DL slots/DL cells may lead to an ambiguity on the number of HARQ-ACK bits for the missed DL assignment. Mechanism to avoid the error case needs to be studied taking DAI overhead and retransmission efficiency into account.
 Moreover, a unified solution for licensed and unlicensed cells can be targeted if it is not detrimental to operation on licensed cells.   

Proposal 2: Study both semi-static and dynamic HARQ-ACK codebook size determination. 

3. Conclusion
This contribution considered HARQ-ACK feedback for flexible HARQ-ACK timing and proposes the following.

Proposal 1: NR supports multiple PUCCH formats for HARQ-ACK transmission based on HARQ-ACK payload. Consider down-selection from LTE PUCCH format based structures. 
Proposal 2: Study both semi-static and dynamic HARQ-ACK codebook size determination . 
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