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Introduction
Regarding PUCCH with short duration, the following has been agreed: 
Agreements: [1]
· For UL control channel in short duration,
· 1 symbol duration of a slot is supported.
· FFS: a few symbol duration of a slot is supported.
· Mechanism enabling frequency-diversity is supported.
[bookmark: _GoBack]Agreements: [1]
· At least two ways of transmissions are supported for NR UL control channel
· UL control channel can be transmitted in short duration
· around the last transmitted UL symbol(s) of a slot
· FFS: How to define and treat the potential gap at the end of the slot
· FFS: in the other positions, e.g., the first UL symbol(s) of a slot
· TDMed and/or FDMed with UL data channel within a slot
· UL control channel can be transmitted in long duration
· over multiple UL symbols to improve coverage
· FDMed with UL data channel within a slot
· FFS how to multiplex with	 SRS
· The frequency resource and hopping, if hopping is used, may not spread over the carrier bandwidth

Agreements: [2]
· Support FDM of ‘short UCI’ and data, both within a UE and between UEs at least for the case where the PRBs for short UCI and data are non-overlapping
· FFS: PUSCH in the short UL duration can be scheduled independently
Agreements: [2]
· In order to support TDM of short PUCCH from different UEs in the same slot, a mechanism to tell the UE in which symbol(s) in a slot to transmit the short PUCCH on is supported at least above 6 GHz (exact mechanism FFS)
Agreements: [3]
· For PUCCH in short-duration,
· At least following is supported for PUCCH in 1-symbol duration:
· UCI and RS are multiplexed in the given OFDM symbol in FDM manner if RS is multiplexed.
· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.
· At least a PUCCH in short-duration spanning 2-symbol duration of a slot is supported.
· FFS actual structure and waveform.
· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.
· At least semi-static configuration for the following is supported.
· A PUCCH resource of a given UE within a slot.
· i.e., short-PUCCHs of different UEs can be TDM’ed within the given duration in a slot.
· The PUCCH resource includes time, frequency and, when applicable, code domains.
· FFS details e.g., if the time in the PUCCH resource includes both slot and symbol, or only symbol in a slot
· PUCCH in short-duration can span until the end of a slot from UE perspective
· No explicit gap symbol is necessary after the PUCCH in short-duration.
· For a slot having short UL-part (i.e., DL-centric slot):
Agreements: [3]
·  For further discussion of PUCCH in short-duration, UCI payload of 1 – at least a few tens of bits (or SR) is assumed.
· For further discussion of PUCCH in long-duration, UCI payload of 1 – at least a few hundreds of bits (or SR) is assumed.
· For PUCCH in long-duration, DFT-s-OFDM waveform is supported.
· For PUCCH in long-duration, transmit antenna diversity is supported.
· FFS: PUCCH in short-duration

In this contribution we describe our proposals for short PUCCH given the made agreements.
Discussion
The most obvious solution to fulfill the agreement on FDM between DM-RS and UCI for short PUCCH is to base short PUCCH on OFDM. Drawback of such a solution is higher PAPR of OFDM compared to DFTS-OFDM or other low-PAPR schemes which reduces UL coverage.
It has been agreed that short PUCCH should support 1 to a few 10 bits. For example, let us assume short PUCCH carries 20 bits. Furthermore, we assume the 30-kHz numerology where duration of one OFDM symbol is  =  A payload size of 20 bits transmitted across  corresponds to a data rate of 0.6 Mb/s.  We believe that so low UL data rates are fulfilled in most relevant scenarios and coverage optimization of low PUCCH is therefore not needed. One of the main reasons for short PUCCH is rapid feedback of DL related HARQ feedback to improve RTT for extreme MBB, however, if the UL does not even support 1 Mb/s it is unlikely to experience several 100 Mb/s or even Gb/s in DL where it would be important to get as short RTT as offered by short PUCCH. Therefore, DL related HARQ feedback can be transmitted using long PUCCH if short PUCCH is out of coverage without negative impact on DL throughput.
OFDM is very simple and allows for simple multiplexing of DM-RS and UCI in frequency-domain. DM-RS can e.g. be placed on one comb (potential multiple combs if orthogonal DM-RS are needed and generated using FDM) and encoded UCI populate the remaining resource elements.
Proposal 1: Adopt OFDM for 1-symbol PUCCH with FDM multiplexing between DM-RS and UCI.
Short PUCCH should support a wide range of payload sizes ranging from 1 bit to a few 10 bits. The same DM-RS overhead for all payloads is likely to be sub-optimal: lower payloads favor more DM-RS while larger payloads favor fewer DM-RS (given a constant total number of resources). In an OFDM-based structure it is easy to adjust the required DM-RS density to the payload.
Conclusion
In this paper we share our view on 1-symbol PUCCH. In particular, the following is proposed:
Proposal 1: Adopt OFDM for 1-symbol PUCCH with FDM multiplexing between DM-RS and UCI.
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