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1 Introduction
Based on the conclusions of the NR study item, RAN approved a new WI to specify NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low-latency-communication (URLLC).  The work plan includes normative work on low latency physical layer channels as set forth by the following objective in [1]:

· Physical layer channels for control and data based on associated waveform,  numerologies and frame structure in line with the conclusions of the study item, including mini-slot design;
In this contribution, we discuss the design of the NR-PUCCH structure for low latency communications.
2 Discussion
Achieving the latency requirements of URLLC would require fast acknowledgement of DL URLLC transmissions. Towards this goal, mini-slot based UL control transmission could be an enabling feature for low latency communications.  At the RAN1 NR_AH1 meeting, the following mini-slot design principles were agreed,
· Take the following into account for designing slot-level channels/signals/procedures:

· Possible occurrence of mini-slot/slot transmission(s) occupying resources scheduled for ongoing slot transmission(s) of a given carrier for the same/different UEs

· At least one of DMRS format/structure/configuration for slot-level data channel is re-used for mini-slot-level data channel

· At least one of DL control channel format/structure/configuration for slot-level data scheduling is designed to be applicable to mini-slot-level data scheduling

· At least one of UL control channel format/structure/configuration for slot-level UCI feedback is designed to be applicable to mini-slot-level UCI feedback

· Take the following into account as starting point for designing mini-slot-level channels/signals/procedures:

· Possible occurrence of mini-slot/slot transmission(s) occupying resources scheduled for ongoing slot transmission(s) of a given carrier for the same/different UEs

· DMRS for mini-slot-level data channel is just a re-use of that for slot-level data channel
· DL control channel for mini-slot-level data scheduling is just a re-use of that for slot-level data scheduling

· UL control channel for mini-slot-level UCI feedback is just a re-use of that for slot-level UCI feedback

· Scheduling/HARQ timelines for a mini-slot can be based on scheduling/HARQ timelines for a slot

· Scheduling/HARQ timelines for a mini-slot can be based on scheduling/HARQ timelines shorter than those for a slot

· FFS: exact timelines

· FFS: One mini-slot does not contain symbols for different link directions (i.e., DL-only or UL-only)

NR-PUCCH structure

Generally, mini-slot based structure will be used for low latency communications. To support low latency transmission in DL and fast HARQ-ACK feedback, NR-PUCCH for transmitting the HARQ-ACK for low latency transmission should be also transmitted with mini-slot granularity. In addition, HARQ-ACK for multiple mini-slot-based DL transmissions in a slot may be fed back in the same mini-slot-based NR-PUCCH, which requires multiple bits capacity. It was agreed at the RAN1 #87 meeting that 2-symbol mini-slot duration is supported for URLLC. Thus, a short duration PUCCH format with 2 symbols can be used for low latency communication. If a mini-slot of 1 symbol is agreed for URLLC, short duration PUCCH format with 1 symbol can be used as well.
Proposal 1:  Short duration PUCCH format can be directly used for HARQ-ACK feedback for low latency communication.

HARQ-ACK timing design

To support fast HARQ-ACK feedback, HARQ-ACK for mini-slot based DL transmission in one slot should be fed back in the same slot if there is sufficient processing time as shown in Figure 1. However, when DL transmission is so near to the UL feedback region, there may not be enough processing time to feed back HARQ-ACK in the same slot. In such case, HARQ-ACK feedback corresponding to a DL transmission in the current slot may be fed back in the next slot, as shown in Figure 2 and Figure 3. 
It was agreed that the timing between DL data reception and corresponding acknowledgement is indicated by a field in the DCI from a set of values configured by higher layer signaling. As there could be multiple mini-slots within a slot duration, the set of values configured by higher layer signaling should take into account UE processing capability when signaling the HARQ-ACK feedback timing for each DL mini-slot transmission. 
Proposal 2:  The set of HARQ-ACK timing values configured by higher layer signaling may be different for slot-based and mini-slot based DL transmissions.
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Figure 1 HARQ-ACK feedback in the same slot
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Figure 2 HARQ-ACK feedback in the next slot
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Figure 3 HARQ-ACK feedback in both the same slot and next slot

Necessity of SR for low latency communication
A UE with UL data in its buffer but no UL resource may send a scheduling request (SR) to the gNB, if it is configured with a SR resource, or initiate a RA procedure to request UL resources. For URLLC, the delay involved in either approach may not be permissible given the URLLC latency requirements. In such cases, grant-free UL transmission is preferable (in [2] we present more details on UL grant-free mechanism). Secondly, the inherent periodic nature of a SR resource may not be efficient for a frame structure with dynamically varying transmission directions. 
Proposal 3:  Grant-free UL transmission is the baseline UL transmission scheme for URLLC  
3 Conclusions
Based on the above discussion, we have the following proposals:
Proposal 1:  Short duration PUCCH format can be directly used for HARQ-ACK feedback for low latency communication.

Proposal 2:  The set of HARQ-ACK timing values configured by higher layer signaling may be different for slot-based and mini-slot based DL transmissions.
Proposal 3:  Grant-free UL transmission is the baseline UL transmission scheme for URLLC 
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