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1. Introduction
During RAN 88Bis the following has been agreed
R1-1706519
PUCCH structure
LGE, Intel

Agreements:

· For long duration NR-PUCCH in a given slot, FFS the detailed NR PUCCH formats. Companies are encouraged to provide the corresponding details. 

· Some examples as a starting point:

· For small UCI payload with 1 or 2 bit(s), LTE PUCCH 1a/1b especially in light of # of symbols available for NR-PUCCH

· FFS: Time domain OCC is applied over allocated multiple symbols.

· For large UCI payload with X bits, LTE PUCCH format 4, or PUSCH

· FFS on applicability of (virtual) frequency domain OCC

· FFS for the value of X

· FFS for medium UCI payload with less than X bits

· Scalability of NR-PUCCH for different number of symbols available for NR-PUCCH

· The set of the number of symbols for long duration NR-PUCCH in a slot includes {4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14}

· FFS whether or not it depends on the slot type, # of symbols per slot, etc.

2. Proposal
For long duration NR-PUCCH we propose to use DFT-S-OFDM with low PAPR. 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 pay load to improve cell edge coverage. 
As proposed in R1-1708228, for 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).  ML decoding complexity of 4 sequences through matched filtering operation is low but the achievable coding gain is significant. 
Use LTE type RS design for long duration PUCCH.

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.

3. Conclusion
Recommendation-1: Adopt pi/2 BPSK with spectrum shaping for long duration PUCCH 
Recommendation-2: For 2 bit UCI encoding, transmit 4 distinct binary sequences with maximum dmin between pairs of code words
Recommendation-2: Use LTE type RS design for long duration PUCCH.

