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1 Introduction

In RAN1 NR ad-hoc meeting, the following agreements were made for mini-slot.
Agreements:
· Take into account following targets/use-cases to design mini-slots:

· Support of very low latency including URLLC for certain slot lengths

· Target slot lengths are at least 1ms, 0.5ms.

· Support of finer TDM granularity of scheduling for the same/different UEs within a slot

· Especially if TRxP uses beam-sweeping (e.g., above 6GHz).

· NR-LTE co-existence
· Note that this use case also exists for slot-based scheduling
· Forward compatibility towards unlicensed spectrum operation

· FFS until phase II

· 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)

This contribution considers the aspects related to NR-PUCCH for mini-slot.
2 Discussion
Due to the variable number of symbols in a mini-slot (e.g. every value from X=1 symbol up to the slot length-1), either short PUCCH or long PUCCH design for slot-based transmission are related to PUCCH design for mini-slot based transmission. In this session, PUCCH design aspects for mini-slot are discussed.
2.1 Short PUCCH for mini-slot
In NR, 1 and 2 symbols for short PUCCH format are supported. Therefore, the short PUCCH designed for slot-based transmission can be applied for URLLC based on 1 or 2 symbol mini-slot. In this case, at least latency and reliability aspects should be carefully considered.
· Reliability: For achieving the high reliability, a repetition of short PUCCH format can be considered. For example, it is possible to support repetition of 1 symbol PUCCH format in multiple symbols (e.g. 2 symbol) with potential frequency hopping (if supported) for improving reliability. Note that this option can also be applicable for a UE with coverage extension. 
· Multiplexing short PUCCH and PUSCH: in order to minimize additional latency and/or maximize resource utilization, a FDM of short PUCCH and PUSCH should be supported. Depending on the design whether or not the PUSCH resource collides with “PUCCH sub-band” or a frequency resource for a SRS transmission, additional signaling may be required [1].
· Location of short PUCCH for URLLC: For short-PUCCH based on slot, it can be located at the last symbol(s) in a slot according to short PUCCH duration. For URLLC, short PUCCH should be able to located at any symbol (or fixed) within a slot.
· Multiplexing of different UEs: it was agreed that the PUCCH resource is indicated by a combination of semi-static configuration and (at least for some types of UCI information) dynamic signaling. For the PUCCH resource indication, explicit indication (e.g. as for PUCCH Format 3/4/5 in LTE), implicit indication (e.g. as for PUCCH format 1a/1b in LTE) and also, the ARO-based mechanism (e.g. as for resolving PUCCH resource collisions in LTE EPDCCH) can be considered. Further details are discussed in [2]. 
Proposal 1: NR supports repetition of 1 symbol short PUCCH format in multiple symbols within a mini-slot
Proposal 2: Consider explicit/implicit/ARO-based resource indication for short PUCCH in NR.
2.2 Long PUCCH structure for mini-slot 
Due to the variable length of mini-slot, a relatively large number of PUCCH with different lengths are required for mini-slot. Note that due to the variable number of symbols that can be used for DL control signaling, GP, and short PUCCH or SRS (in case of no FDM between long PUCCH and short PUCCH or SRS), a relatively large number of possible lengths of long PUCCH can exist even for slot-based transmission. Considering specification efforts, it is desirable to consider a scalable long PUCCH structure with the consideration of the variable lengths of mini-slot. 
LTE PUCCH formats 4/5 are scalable in the time domain due to the absence of OCC and the existence of only 1 DMRS per slot and respective structures can be re-used in NR. The same fundamentally applies for LTE PUCCH format 2 by modifying it to include 1 DMRS per slot (at least for X=4 and use of frequency hopping). It is also trivial to remove OCC from LTE PUCCH formats 1/1a/1b, rely only on cyclic shifts for UE multiplexing, and have a scalable structure with the pair of {1 DMRS symbol, 1 UCI symbol} as the basic unit. The OCC can also be removed from LTE PUCCH format 3 but a problem then is the absence of UE multiplexing capability. 
Proposal 3: NR long PUCCH structures should be scalable for each mini-slot duration.
Use of mini-slot is primarily (although not exclusively) associated with the fastest possible PUSCH transmission and/or HARQ-ACK feedback that can be supported for URLLC. Therefore, under a scalable long PUCCH structure, at least one long PUCCH format should be supported for satisfying reliability requirement for URLLC. 
From reliability perspective, a long PUCCH format based on LTE PUCCH format 1a/1b is most suitable due to the increased DMRS density and the better support of DTX detection (improved HARQ-ACK BLER for DTX-to-ACK probability of 1%). In addition, UCI payloads of 1 or 2 bits, even though there is no material difference between repetition coding and RM coding, PUCCH formats 1a/1b outperform PUCCH format 2 or PUCCH format 3 by at least 1 dB (e.g. [3]) and probably by more than 1 dB if only 1 DMRS per half-slot (as opposed to 2 DMRS per slot in LTE) is applicable for NR long PUCCH formats that may be based on PUCCH format 2 or PUCCH format 3. Note that it is trivial to remove OCC from LTE PUCCH formats 1/1a/1b, rely only on cyclic shifts for UE multiplexing. Therefore, at least a long PUCCH format based on LTE PUCCH format 1/1a/1b structures should be supported at least for mini-slot.

Proposal 4: NR supports a long PUCCH format based on LTE PUCCH format 1/1a/1b for UCI payloads of 1 bit or 2 bits to achieve high reliability of mini-slot based transmission.

3 Conclusions 

This contribution discusses design aspects of NR-PUCCH for mini-slot based transmission and proposes the following depending on the discussion:
Proposal 1: NR supports repetition of 1 symbol PUCCH format in multiple symbols within a mini-slot

Proposal 2: Consider explicit/implicit/ARO-based resource indication for short PUCCH in NR.
Proposal 3: NR PUCCH structures should be scalable for each mini-slot duration.

Proposal 4: NR supports a PUCCH format based on LTE PUCCH format 1/1a/1b for UCI payloads of 1 bit or 2 bits to achieve high reliability of mini-slot based transmission.
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