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Introduction
3GPP agreed to support mini-slots and the usage of wide subcarriers to reduce latency  [1][2]. 3GPP furthermore agreed to support carrier aggregation including the case of different numerologies [2]. Most of discussions focused on the transmission itself but not so much how to reduce latency for the acknowledgment. In this contribution we discuss allocation of short PUCCH resources to reduce HARQ feedback latency.
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Figure 1 shows the case of a DL mini-slot transmission in TDD for reduced latency. The transmission starts as soon as possible after DL data has arrived in DL buffer and also the DL transmission duration is matched to the often small payload of latency-critical applications. For several applications it is not only important to send the first transmission quickly but also to obtain HARQ feedback quickly. With current agreements a short PUCCH transmission could occur in the second last or last symbol of a slot interval [3]. Especially if the mini-slot has been transmitted early in the slot interval the delay until the first short PUCCH opportunity occurs may be inacceptable.
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[bookmark: _Ref473809509]Figure 1	HARQ feedback for a DL mini-slot can only be transmitted in PUCCH resources at the end of a slot interval.
A similar situation occurs if FDM mixed numerology is used, see Figure 2: A numerology with wideband subcarriers (Num2) is used for low latency applications while narrowband subcarriers (Num1) are used for less latency critical applications. If PUCCH resources are based on the slot interval of numerology Num1 they occur at the end of Num1’s slot interval, potentially several Num2 slot intervals later. 
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[bookmark: _Ref481493570]Figure 2	HARQ feedback for a DL low-latency transmission using FDM mixed numerology. PUCCH resources occur at the end of Num1’s slot interval.
To enable early HARQ feedback more frequent PUCCH resources distributed over a slot interval are needed, as shown in Figure 3. The pure presence of a configured PUCCH resource (orange colour in Figure 3) does not imply a UE is going to use it, a UE will only use it if it received a DL assignment and is instructed to transmit PUCCH (red colour in Figure 3). In TDD, when a gNB scheduled a terminal in DL and expects a feedback transmission on PUCCH the gNB must pre-empt all ongoing DL transmissions to be able to receive the UL. 
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[bookmark: _Ref481494971]Figure 3	Frequent PUCCH resources within a slot interval enable low-latency HARQ feedback.
Depending on how often PUCCH opportunities within a slot interval are used it could make sense to operate a TDD carrier based on DL mini-slots and UL opportunities in-between, see Figure 4. This is especially useful if also UE-triggered low-latency transmissions are allowed and frequent scheduling request opportunities are needed. In FDD where the gNB can simultaneously transmit and receive no pre-emption of ongoing transmissions is needed and regular transmissions can be based on slots rather than mini-slots.
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[bookmark: _Ref481495180]Figure 4	Frequent UL opportunities are created by scheduling the DL using mini-slots and inserting UL opportunities in-between.
Proposal 1: In addition to the already agreed short PUCCH resources in the last and second last OFDM symbol specify additional short PUCCH resources distributed over a slot interval.
A similar mechanism can also be used for the carrier aggregation scenario between high-band DL and HARQ feedback transmitted in the low-band. The high-band DL uses wide subcarriers (Num2) because of phase noise. The low-band carrier may serve a wider coverage area than the high-band DL (i.e. the high-band DL only covers a hot spot) and uses narrow subcarriers (Num1) to obtain required CP length. Without additional short PUCCH resources, the HARQ feedback is transmitted at the end of the low-band slot interval, several high-band slot intervals later, see Figure 5. 
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[bookmark: _Ref481495712]Figure 5	HARQ feedback for a DL carrier in the high-band is transmitted on a low-band carrier. 
Reporting HARQ feedback at the end of the low-band slot interval incurs longer HARQ RTT and potentially larger soft-buffer requirements (depending on details of soft-buffer handling). One possibility would be to insert additional short PUCCH resources in the low-band as described above. However, main motivation here is not a low-latency application but to optimized MBB provided by high-band hotspot DL carrier. This does not justify in our view to degrade DL performance of the low-band carrier (as additional short PUCCH resources with frequent carrier turn-around in TDD would do) with potentially much larger coverage area than the high-band carrier. Therefore, we think for the low-high-band carrier aggregation scenario additional short PUCCH resources distributed over the low-band slot interval should only be supported for FDD where they do not degrade DL performance of the low-band carrier. 
Conclusion
In this contribution we discuss our view on additional short PUCCH opportunities to enable low-latency HARQ feedback. In particular, we propose:
Proposal 1: In addition to the already agreed short PUCCH resources in the last and second last OFDM symbol specify additional short PUCCH resources distributed over a slot interval.
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