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1 Introduction
In RAN1#86b, it was agreed that the timing relationship between downlink data reception and the corresponding HARQ acknowledgement can be either dynamically indicated by L1 signaling (e.g. DCI), semi-statically indicated to the UE through higher layers, or a combination of both (FFS which ones). It was also agreed that for slot-based scheduling, downlink data reception in slot N has a corresponding acknowledgment in slot N+K1, where K1 is FFS [1]. In this contribution, the determination of downlink HARQ feedback timing and resource is discussed further, taking into account retransmissions and the HARQ operating point.
2 Discussion
2.1 HARQ Feedback Resource
In LTE, reporting HARQ feedback for a downlink transmission happens after a fixed delay on predetermined time-frequency resources, where the reporting delay is typically bounded by the UE’s capability to process the transport block (TB) and the associated CRC. The UE implicitly reports HARQ feedback either on the PUCCH without the need for scheduling, or part of the user control information (UCI) on PUSCH where DL HARQ feedback is multiplexed together with uplink data on a time-frequency resource indicated by the DCI.  In NR, the same behaviour could be maintained by default, as it reduces scheduling overhead on the control channel. The UE can determine the transmission resource to report the downlink HARQ feedback implicitly, according to the configured feedback reporting delay (K1 slots) and uplink control resources.
Proposal 1:
Implicit determination of transmission resource of downlink HARQ feedback should be supported.
In the case where dynamic adaptation is needed when reporting HARQ feedback, resource allocation for the downlink HARQ feedback could be dynamically scheduled, either on the NR uplink shared data channel (NR-PUSCH) or the uplink control channel (NR-PUCCH). In this case, the dynamically assigned resource for DL HARQ feedback overrides the default implicit resource used to report HARQ feedback. Dynamic resource adaptation enables the addition flexibility needed when the UE needs to report a large HARQ feedback payload or when the feedback reporting delay changes. 

As per the agreement in RAN#86b, in order to support high eMBB data rates in high-frequency spectrum ranges of abundant bandwidth, LDPC channel coding is used for information blocks larger than B, where B is between 128 and 1024 bits [1]. LDPC code blocks (CBs) produce transport blocks that are quite large. Acknowledging the whole TB using a single bit may be seen as inefficient, and thus, multi-bit HARQ feedback could be used to acknowledge certain parts of the TB to reduce the amount of CBs retransmitted. In such case, depending on the size of the multi-bit HARQ feedback payload, dynamic scheduling of the resource used to report the HARQ feedback payload is favourable, as the large payload could be scheduled on a NR-PUSCH PRB, even if the UE doesn’t have uplink data to transmit.

Proposal 2:
Resource allocation for transmission of DL HARQ feedback can be dynamically scheduled.
2.2 HARQ Feedback Timing

In scenarios where channel conditions are poor (high BLER or low CQI for example), it may be favourable for the UE to suppress HARQ feedback until a certain retransmission number. This enables improved coverage and reliability at a low overhead cost on the uplink control channel, as downlink HARQ feedback is only sent after the xth transmission. Configuring x to zero here results in the same behaviour as in LTE. Figure 1 illustrates feedback suppression for x = 2. HARQ feedback suppression can be used when the HARQ operating point is likely to produce a failed number of initial transmissions, and the channel is slowly changing (low mobility UE for example). In such case, supressing the DL HARQ feedback until a transmission number where the TB is likely have succeeded produces less unnecessary NACKs on the uplink control channel. Such scenarios can be envisioned for UEs at cell edge conditions, UEs served at millimetre-wave frequencies experiencing high pathloss, and MTC UEs of poor channel conditions.
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Figure 1: Illustration of HARQ feedback supression for x = 2

Further, when per-CB multi-bit HARQ feedback is used to report which parts of the TB failed, the UE should be able to suppress per-TB HARQ feedback. In such case, setting x to a large value (or infinity) could be seen as disabling the implicit per-TB feedback for a given HARQ entity.
Proposal 3:
The UE first generates DL HARQ feedback for a given HARQ process starting from the xth transmission for the same TB. The default value for x = 0, thus starting HARQ feedback from the initial transmission.
The value of x could be configured per HARQ entity, thus achieving additional flexibility when UEs have different services configured on HARQ entities of different HARQ operating points. Since the value of x has limited effect on L3 and may be changed frequently according to the HARQ status of a certain HARQ entity, it is favourable to have the MAC scheduler assign x in the DCI for each HARQ entity in use. 

Proposal 4:

The value of x is signaled via the DCI for a given HARQ entity.
In order to enable additional flexibility for the initial feedback reporting instant on a per-UE basis, the gNB scheduler should be able to override HARQ feedback suppression configured by signaling the override in scheduling information assigned to the UE on the NR-PDCCH channel. This will make it possible to override DL HARQ feedback suppression for a transmission of the TB that is less than the xth transmission. 

Proposal 5:
The UE further determines from scheduling information whether or not DL HARQ feedback is generated for a given transmission
Such decision by the gNB scheduler could be facilitated by requesting the UE to report the HARQ state for all HARQ processes for each HARQ entity in use. An example here is when x is configured to a large number, though the UE has already successfully decoded the TB from a few transmissions. In such case, the reported HARQ state could be used to change the value of x or terminate feedback suppression for this UE.
Proposal 6:
The UE can receive a DCI that requests the latest UE HARQ state for all HARQ processes of a given HARQ entity.
In NR, the implicit HARQ feedback reporting delay (K1 slots) could be configured by the network, depending on the UE’s processing capabilities, configured service, frame structure, and OFDM numerology used. When designing K1 to be as small as possible, considering the listed factors, the bottleneck is often the UE processing capability or the frame structure in TDD. In the case of TDD, there may be some variability in uplink availability in the time domain, as the UE is could report HARQ feedback for a variable number of downlink slots, depending on whether downlink slot aggregation is used. 
Proposal 7:
The value of K1 could be dynamically indicated by L1 signaling (e.g. DCI).
3 Conclusion

In this contribution, downlink HARQ feedback processing is discussed, including aspects relating to feedback timing and the feedback resource. The following is proposed:
Proposal 1:
Implicit determination of transmission resource of downlink HARQ feedback should be supported.
Proposal 2:

Resource allocation for transmission of DL HARQ feedback can be dynamically scheduled.

Proposal 3:
The UE first generates DL HARQ feedback for a given HARQ process starting from the xth transmission for the same TB. The default value for x = 0, thus starting HARQ feedback from the initial transmission.
Proposal 4:

The value of x is signaled via the DCI for a given HARQ entity.
Proposal 5:
The UE further determines from scheduling information whether or not DL HARQ feedback is generated for a given transmission
Proposal 6:
The UE can receive a DCI that requests the latest UE HARQ state for all HARQ processes of a given HARQ entity.
Proposal 7:

The value of K1 could be dynamically indicated by L1 signaling (e.g. DCI).
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