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1. Introduction
During RAN 88Bis the following has been agreed
Agreement:
· At least for 1 symbol short-PUCCH with more than 2 bits, the following is supported.

· RS and UCI are multiplexed in FDM manner in the OFDM symbol where RS and UCI are mapped on different subcarriers and coherent demodulation are supported.

· FFS: Details on RS

· FFS: whether to support option 6 (pre-DFT)
· FFS: for 1 and 2 bits
2. Pre-DFT (option 6)
In R1-1704783, we proposed Pre-DFT multiplexing of RS and Data/UCI in one OFDM symbol where it is shown that for the operating SNR of interest, Pre-DFT provides the same BER as OFDM system. Considering a PAPR of 9-10 dB of OFDM, it is highly desirable to use a complementary re-DFT method from coverage point of view. Simulation results provided by other companies confirm the advantage of Pre-DFT approach over OFDM.  

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 pre-DFT multiplexing to improve cell edge coverage. Additionally, the following issues need to be considered for increasing 5G uplink coverage:

· In markets like India, 5G deployment are expected to happen in 3.5 GHz TDD band. To offset the higher propagation losses caused by the higher frequency of operation (compared to band 40), some operators request 26 dBm UE power for handheld devices and higher UE power for CPEs (e.g. 31 dbm). For TDD operation, considering UL/DL time sharing, the average power level of a 26 dBm PA will be less than or equal to corresponding 23 dbm FDD case. Use of pi/2 BPSK with spectrum shaping provides 3 dB higher power using LTE PA technology using baseband changes only (change MPR to 0). 

· India introduced the concept of LMLC (Low Mobility Large Cell) in ITU WP 5D as a requirement. LMLC requires large rural cells with a cell size as high as 8 Km. LMLC uses 5G specifications for below 6 GHz frequency bands. A significant use case for LMLC is CPEs with high power (e.g. 31 dbm). The proposed waveform enables high power UE design at a lower cost. Therefore, pi/2 BPSK with spectrum shaping is an essential feature required for meeting LMLC requirements of IMT2020.
Proposals 

As proposed in R1-1708228, we propose sequence based design for 1 or 2 bit UCI payload. The following sequence based designs can be considered:
· 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.
· For  1 bit ACk/NACK, use a fixed pi/2 BPSK sequence where the sequence is multiplies with ACK/NACK symbol 
· 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. 
3. Conclusion
Recommendation-1: Introduce a complementary method of Pre-DFT multiplexing of RS and UCI for short duration PUCCH for coverage limited cases. Consider pi/2BPSK with spectrum shaping for UCI. The RS may be ZC or pi/2 BPSK with spectrum shaping
Recommendation-2: For 2 bit UCI encoding, transmit 4 distinct binary sequences with maximum dmin between pairs of code words

Recommendation-3: Use pre-DFT multiplexing of RS and UCI for 1 or 2 bit UCI using sequence based modulation with low PAPR
