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1. Introduction
In this contribution, we HARQ-ACK timing for NR.
2. HARQ-ACK timing
At least following HARQ-ACK feedback mechanisms are supported for NR.
Case 1: HARQ-ACK on a short-PUCCH
Case 2: HARQ-ACK on a long-PUCCH spanning over a UL part of a slot.
Case 3: HARQ-ACK on a long-PUCCH spanning over UL parts of multiple slots.
Case 4: HARQ-ACK on a PUSCH in piggyback manner

For case 1, it was agreed that short-PUCCH can be placed at least at the end of a slot. It is FFS whether it can be placed at other OFDM symbol(s). For low-latency operation, it is desirable to place a short-PUCCH at any positions. Therefore, for HARQ-ACK timing for case 1, timing configuration/indication granularity should be symbol-level for low-latency operation, while it should be symbol-level granularity for other operations.
Proposal 1:
· For HARQ-ACK on a short-PUCCH,
· For low-latency operation, HARQ-ACK feedback is indicated/configured with symbol-level granularity.
· For other operations, HARQ-ACK feedback is indicated/configured with slot-level granularity.

For case 2, it can be assumed that a long-PUCCH spans over a whole UL part of the given slot, no matter whether the slot has DL part (i.e., UL-centric slot) or not (i.e., UL-only slot) []. Therefore, the HARQ-ACK timing can be configured/indicated with slot-level granularity. 
Proposal 2:
· For HARQ-ACK on a long-PUCCH spanning over a UL part of a slot,
· HARQ-ACK feedback is indicated/configured with slot-level granularity.

For case 3, UE needs to know on which slot(s) the long-PUCCH is scheduled. Similar to the case 2, starting slot of long-PUCCH should be configured/indicated with slot-level granularity. Regarding the number of slots the long-PUCCH spans, it would be sufficient to be configured by higher-layer in semi-static manner. Then, for the case of dynamic indication, same DCI field can be re-used for case 2 and for case 3.
Proposal 3:
· For HARQ-ACK on a long-PUCCH spanning over UL parts of multiple slots,
· Starting position of HARQ-ACK feedback is indicated/configured with slot-level granularity.
· Duration of HARQ-ACK feedback is configured by higher-layer.

For case 4, the HARQ-ACK feedback timing and resource follows PUSCH scheduling. For LTE, starting position of PUSCH transmission is always aligned with that of PUCCH transmission for HARQ-ACK (like Fig. 1 (a)). On the other hand, for NR, short-PUCCH and long-PUCCH with various transmission durations are supported, and furthermore, PUSCH starting position and transmission duration are variable. Therefore, it is possible to have different starting positions for PUSCH and PUCCH for HARQ-ACK. In this case, depending on how UCI mapping rule is defined, HARQ timeline needs to be shorter (e.g., see Fig. 1 (b)). Depending on the PDSCH received timing, the HARQ timeline becomes stringent, and the impact of HARQ-ACK on PUSCH needs to be investigated for various combinations between the PUSCH and PUCCH. We consider that the necessity/feasibility of support different starting position/duration of a PUSCH and an originally scheduled PUCCH for HARQ-ACK should be further investigated taking into account eMBB/URLLC multiplexing, carrier aggregation over carriers with different numerologies, etc.
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(a) Starting position aligned				(b) Starting positions different
Fig. 1.	UCI on PUSCH.

In order to resolve this, it is possible to re-direct UCI from a PUCCH to another PUCCH which is TDMed with the PUSCH [1]. In this case, UCI mapping and the performance does not depend on PUSCH structure/resource allocation/waveform. Besides, transmit power can be fully available to the UCI transmission on the symbol. The impact of short-PUCCH transmission to the PUSCH is PUSCH shortening (i.e., rate-matching). Such PUSCH shortening is anyway necessary to enable SRS/short-PUCCH multiplexing in the same slot and can be realized by the starting position/duration indication included in the scheduling DCI [3]; the short-PUCCH delivering the UCI can be mapped at least on either beginning or end of the slot (FFS middle of the slot). Finally, UCI re-direct to short-PUCCH is realized irrespective of whether the PUSCH transmission starting position/duration, e.g., 1-symbol, 2-symbol, …, 13-symbol. Therefore, this simplifies the design of UCI transmission while easy to ensure the performance of both UCI and UL-SCH. We propose to support the UCI re-direct to short-PUCCH which is TDMed with the PUSCH. 

Proposal 4:
· Support UCI re-direct to short-PUCCH which is TDMed with the PUSCH as an alternative to UCI piggyback on PUSCH.
· TDM between the short-PUCCH and PUSCH can be realized by using PUSCH starting position/duration indication field in the DCI.

3. Conclusion
In this contribution, HARQ-ACK multiplexing for NR is discussed and following proposals are achieved.
Proposal 1:
· For HARQ-ACK on a short-PUCCH,
· For low-latency operation, HARQ-ACK feedback is indicated/configured with symbol-level granularity.
· For other operations, HARQ-ACK feedback is indicated/configured with slot-level granularity.
Proposal 2:
· For HARQ-ACK on a long-PUCCH spanning over a UL part of a slot,
· HARQ-ACK feedback is indicated/configured with slot-level granularity.
Proposal 3:
· For HARQ-ACK on a long-PUCCH spanning over UL parts of multiple slots,
· Starting position of HARQ-ACK feedback is indicated/configured with slot-level granularity.
· Duration of HARQ-ACK feedback is configured by higher-layer.
Proposal 4:
· Support UCI re-direct to short-PUCCH which is TDMed with the PUSCH as an alternative to UCI piggyback on PUSCH.
· TDM between the short-PUCCH and PUSCH can be realized by using PUSCH starting position/duration indication field in the DCI.
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