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1. Introduction
It has been agreed that short PUCCH will be transmitted over 1-OFDM symbol duration. For transmission of UCI of up to 2-bits, a sequence based approach is to be used. The sequence should be chosen to minimize PAPR and BER. In this contribution, we compare performance of the following methods for the case of 2 bit UCI: a) Frequency domain ZC sequence (with 4 shifts) multiplexed with a frequency domain RS of 50% overhead b) pre-DFT multiplexing of ZC-RS and pi/2 BPSK sequences with 1+D precoding. Four BPSK sequences are chosen such that they have maximum possible minimum distance. The ZC-RS has 50% overhead and a prefix is not used either for RS or UCI before DFT multiplexing.
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Figure: Performance comparison in Ped-B channel, 2RBs, Nr=2

The results show that use of BPSK sequences offers 1.2 dB performance gain (at 1%BER) over ZC with 4-shifts. The gain is due to the coding gain offered by the dmin sequences. In R1-7404783, we showed that pre-DFT multiplexing of ZC-RS and pi/2 BPSK with 1+D precoding provides 26 dbm output power for the case of 20MHz allocation. Use of OFDM with RS and UCI multiplexing behaves like an OFDM signal and has high PAPR.
Further, many FDD and TDD operators request 26 dBm UE power for NR for frequency bands below and above 6 GHz.  Considering this needs, there is a need to support pi/2 BPSK modulation for both shared and control channels of NR. 
Proposal: Pre-DFT multiplexing of RS and pi/2 BPSK with 1+D precoding is supported for short PUCCH for UCI of up to 2 bits. The allocation spans  24 subcarriers.
