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1. Introduction
During RAN 88Bis the following has been agreed
R1-1706634
WF on NR PUCCH short format with one symbol
ZTE, ZTE Microelectronics, Qualcomm, IITH, CEWiT, Reliance Jio, IITM, Tejas Networks

Agreements:
· For 1-symbol PUCCH without SR with 1 or 2 bit(s) UCI payload size, RAN1 will select one from the following options.

· Option 1: RS and UCI are multiplexed by FDM manner in the OFDM symbol

· UCI can be sequence

· FFS: low PAPR design is applied

· Option 4: Sequence selection with low PAPR

· FFS following cases:

· If SR only

· If with SR + other UCI;

· This does not imply the necessity of special SR design 

2. Sequence base design 
In this contribution, we consider sequence based design for 1 or 2 bit UCI payload. The following sequence based designs can be considered:
· BPSK or QPSK modulation alphabet carrying one or two bits, multiplied with a sequence. The sequence can be mapped to OFDM subcarriers directly or the sequence may go through DFT before subcarrier mapping. DFT-S-OFDM gives low PAPR over OFDM
· For the case of 2 bit UCI, instead of encoding 2 bits using QPSK with sequence modulation, we propose to consider transmission of 4 possible binary sequences with maximum possible pairwise minimum Hamming distance (dmin).  For example, for the case of length 12 sequence ,it is possible to obtain a dmin of 8. This type of encoding provides a gain of 8 over 6 (QPSK with 12 length sequence modulation has effective dmin=6) i.e., 4/3 (1.3 dB) gain over QPSK encoding with a fixed sequence. ML decoding complexity of 4 sequences through matched filtering operation is low considering the 1.3 dB coding gain that is achievable over QPSK encoding.
· OFDM Vs pre-DFT: For sequence based design, pre-DFT multiplexing of RS and UCI is preferred over OFDM due to low PAPR characteristics of pre-DFT. Since pi/2 BPSK with spectrum shaping is already agreed for data channel, the near constant envelope property offered by pi/2 BPSK with spectrum shaping should be considered for 1 or 2 bit UCI encoding to improve cell edge coverage. 

3. Conclusion

Recommendation-1: For 2 bit UCI encoding, transmit 4 distinct binary sequences with maximum dmin between pairs of code words

Recommendation-2: Use pre-DFT multiplexing of RS and UCI for 1 or 2 bit UCI using sequence based modulation with low PAPR
