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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). Several reasons suggest the need for additional feedback transmission scheme, e.g. the UL transmission duration at the end of a DL-heavy slot is very short resulting in small coverage. It is important that NR coverage can match LTE coverage in similar conditions, therefore additional DL HARQ feedback transmission scheme is needed. Coexistence with LTE FS2 – where NR and LTE must share the same UL/DL pattern – is another reason additional feedback transmission scheme is needs.
Discussion
In most RAN1 discussions on DL HARQ feedback transmission in UL a rapid HARQ ACK/NACK feedback transmitted either at the end of the same or at the end of a subsequent slot duration is described. See Figure 1 for an illustration. 
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[bookmark: _Ref462319248]Figure 1: DL HARQ feedback is transmitted at the end of a DL-heavy slot duration (“immediate” ACK/NACK).
A likely outcome of the NR frame structure discussion is a slot length of 7 and/or 14 symbols. To fit the feedback into a small part at the slot end the UL transmission can obviously only be short, typically one or very few symbols. Depending on the numerology one OFDM symbol has length . For LTE-like deployments at least  (15 kHz) and  (30 kHz) are interesting options. Feedback transmission over one or few OFDM symbols is much shorter than the LTE PUCCH transmission duration of 1 ms with accordingly reduced coverage. To match LTE PUCCH link budget, it must be possible to transmit DL HARQ feedback in UL over a duration of around 1 ms. The application of multiple RX antennas in the eNB allows shorter transmission durations, however, we believe it is important that NR matches LTE coverage even for similar eNB antenna arrangements.
Observation 1: To match LTE PUCCH link budget, it should be possible to transmit DL HARQ feedback transmissions over approximately 1 ms. 
It is envisioned that NR can coexist with LTE FS2 if deployed in the same band. Depending on interference situation this may require same DL/UL pattern in LTE and NR. In such cases it is not possible to transmit DL HARQ feedback at the end of a DL-heavy slot. The UL transmission must be delayed until the next UL opportunity in LTE FS2, see Figure 2. 
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[bookmark: _Ref462319670]Figure 2: In coexistence-scenario with LTE TDD, DL HARQ feedback transmission must be delayed until next LTE FS2 UL opportunity.
Observation 2: In coexistence-scenario with LTE TDD, DL HARQ feedback must be delayed until next LTE FS2 UL opportunity.
To solve the link budget issue pointed out in Observation 1 and to solve the coexistence with LTE FS2 an additional DL HARQ feedback transmission scheme is needed in addition to the DL HARQ feedback transmission at the end of a DL-heavy slot duration.
Proposal 1: NR must provide DL HARQ feedback transmission scheme in UL enabling similar link budget as LTE PUCCH Format 1a.
Proposal 2: NR must provide DL HARQ feedback transmission scheme enabling coexistence with LTE FS2.
One possible mechanism could be to rely on the eNB polling feedback for outstanding DL HARQ processes and scheduling the feedback transmission similar to a regular UL transmission. By selecting the transmission time, the eNB can obviously ensure aligned UL transmissions with LTE FS2. To ensure adequate link budget the feedback transmissions may have to extend beyond a slot (especially if a slot is only 7 OFDM symbols or for a numerology with . However, also for other reasons we propose in [1] to specify aggregation of multipole slots in UL; the same principle could also be applied here to enable longer transmission durations with improved link budget.
Conclusion
In this contribution we propose to define DL HARQ feedback transmission schemes in UL that match LTE PUCCH link budget and enable coexistence with LTE FS2.
Observation 1: To match LTE PUCCH link budget, it should be possible to transmit DL HARQ feedback transmissions over approximately 1 ms. 
Observation 2: In coexistence-scenario with LTE TDD, DL HARQ feedback must be delayed until next LTE FS2 UL opportunity.
Proposal 1: NR must provide DL HARQ feedback transmission scheme in UL enabling similar link budget as LTE PUCCH Format 1a.
Proposal 2: NR must provide DL HARQ feedback transmission scheme enabling coexistence with LTE FS2.
Conclusion
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