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Introduction
Most of the DL HARQ feedback transmission schemes presented so far focused on the transmission of DL ACK/NACK at the end of a DL-heavy slot duration (with the ACK/NACK corresponding to the DL transmission of the same slot or an earlier slot). In [1] we show that additional HARQ mechanism is needed to provide similar coverage as LTE PUCCH and to coexist with LTE FS2. As possible solution a polled HARQ feedback scheme is proposed where DL HARQ feedback is transmitted together with UL data on scheduled PUSCH resources, similar to “UCI on PUSCH” in LTE. In this paper we provide more details on this scheme.
Discussion
Physical channel for feedback transmission
If DL HARQ feedback cannot be transmitted at the end of a DL slot we propose the eNB should poll for HARQ feedback. One possibility would be to have a dedicated physical channel for DL HARQ feedback which is scheduled using a “polling-DCI” transmitted on the DL control channel. Since the HARQ feedback is dynamically requested it makes sense to provide the transmission resources also dynamically, i.e. as part of the polling-DCI. Drawback of this solution it the increased DL control channel overhead since each polling requires a polling-DCI containing the resource assignment which typically dominates a DCI payload. Another alternative would be to semi-statically configured the transmission resources and only trigger the HARQ feedback transmission dynamically using the polling-DCI. However, this solution is less preferred since it reduces scheduling flexibility of HARQ feedback transmissions. 
Another solution is similar to “UCI on PUSCH” of LTE where the DL HARQ feedback is transmitted together with UL data on PUSCH. We propose here also for NR to transmit DL HARQ feedback within transmission resources scheduled for a UL transmission. For simplicity we refer to the physical channel used for the UL transmission as PUSCH. The corresponding UL grant indicates if DL HARQ feedback should be included or not. Similar to “UCI on PUSCH”, the resources used for the HARQ feedback transmission can be derived implicitly from the scheduled PUSCH resources and other scheduling parameters. 
If no data are transmitted it is proposed to reuse PUSCH. However, in this case all scheduled resources would be used for the DL HARQ feedback transmission. The eNB scheduler would in this case schedule less PUSCH resources since the transmission must only accommodate the feedback. 
Proposal 1: DL HARQ feedback can be transmitted together with UL data using the same physical channel on scheduled resources.
Proposal 2: The same physical channel is used for HARQ feedback transmission even if no UL data are transmitted.
So far RAN1 did not discuss whether contiguous or distributed resource allocations should be used for PUSCH. RAN1 decided at RAN1 #86 to use also OFDM in the UL [2], therefore even distributed resource allocations can be considered for PUSCH. For contiguous UL transmission resources, it is important to distribute the subcarriers used for DL HARQ feedback transmission within the scheduled PUSCH bandwidth to obtain frequency diversity. For distributed PUSCH resources this is less important since the PUSCH allocation itself already harvests frequency diversity.
In [3] it is proposed to enable slot aggregation in UL. Among others, slot aggregation has benefits for unlicensed spectrum and can save control channel overhead. If PUSCH is transmitted across several slots also the DL HARQ feedback should be spread across all slots. This maximizes feedback transmission energy and thus coverage; since the number of slots in the slot aggregate is variable this also provides a simple link adaptation mechanism for the feedback transmission. By scheduling the appropriate number of slots coverage can match LTE PUCCH or even exceed it if needed.
If the feedback subcarriers are distributed across the PUSCH bandwidth frequency hopping across slots is not important; if however feedback is transmitted over a contiguous block of subcarriers within a slot the allocation should change across slots.
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Figure 1: PUSCH is transmitted across several slots using slot aggregation. Also the DL HARQ feedback is transmitted across all slots of the slot aggregate.
DL HARQ feedback payload and format
The HARQ payload could either be specified in the scheduling grant or the feedback report would always contain reports of all (configured) HARQ processes. Specifying the HARQ processes in the scheduling grant would slightly reduce the feedback payload size but would increase the DL control channel overhead. The reduction in feedback payload would be small since it is envisioned to attach a CRC to the HARQ bits and channel encode them for detection reliability, the payload is therefore likely to be dominated by the CRC. 
Transmitting only the feedback for those processes which have been received by the UE since the UE reported HARQ feedback the last time can lead to error cases if the UE missed some DL assignments.
It is therefore proposed that the UE reports DL HARQ feedback for all (configured) HARQ processes using a bitmap. This size of the bitmap depends on the number of configured HARQ processes and is known to eNB and UE avoiding error cases. A CRC is attached to the bitmap and channel encoded together with the feedback. 
Proposal 3: DL HARQ feedback – if transmitted on scheduled UL resources – reports status of all configured DL HARQ processes. 
Conclusions
In this contribution we describe a DL HARQ feedback scheme which can coexist with LTE FS2 and can provide similar coverage as LTE PUCCH.
Proposal 1: DL HARQ feedback can be transmitted together with UL data using the same physical channel on scheduled resources.
Proposal 2: The same physical channel is used for HARQ feedback transmission even if no UL data are transmitted.
Proposal 3: DL HARQ feedback – if transmitted on scheduled UL resources – reports status for all configured DL HARQ processes.
Conclusion
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