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1. Introduction
The following agreements are reached in RAN1-86bis regarding uplink modulation:
· The same constellation mapping as used in LTE (i.e. QPSK, 16QAM, 64QAM and 256QAM) is introduced, while not precluding other constellation mappings
· Note that there might be possibility to exclude some of above constellation mapping based on the further study
· Enhancement modulation schemes for further study include

· Higher order modulation in conjunction with MIMO

· Constellation mapping among subcarriers

· Other constellations (e.g., non-uniform QAM) 

· Coded modulations

· Spatial modulation

· Mappings of bits to symbol(s)
· Rotated-QAM up to BPSK, QPSK
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-QAM (0<k<=1)

· FFS k (e.g., k = 0.5 for BPSK, 0.25 for QPSK)

· Constellation Interpolation

· Note: Other modulation schemes or combinations of the above schemes are not precluded

· Note: Proponents should describe the details of the receivers

Further it is agreed that:
NR Support DFT-S-OFDM based waveform complementary to CP-OFDM waveform, at least for eMBB uplink for up to 40GHz

· FFS additional low PAPR techniques 

· CP-OFDM waveform can be used for a single-stream and multi-stream (i.e. MIMO) transmissions, while DFT-S-OFDM based waveform is limited to a single stream transmissions (targeting for link budget limited cases)

· Network can decide and communicate to the UE which one of CP-OFDM and DFT-S-OFDM based waveforms to use

· Note: both CP-OFDM and DFT-S-OFDM based waveforms are mandatory for UEs

· RAN1 should target for a common framework in designing CP-OFDM and DFT-S-OFDM based waveforms (without compromising CP-OFDM performance/complexity), e.g., control channels, RS, etc.

· Discuss further offline for possible refined evaluation assumptions/methodology for waveform evaluations

In this contribution, we discuss PAPR reduction methods for DFT-s-OFDM based waveform that uses pi/2 BPSK or QPSK modulation.
2. Further PAPR reduction of DFT-s-OFDM using Pi/2 BPSK and pi/4 QPSK
In RP-167086, we propose a PAPR reduction scheme titled GPO (Generalized Preocded OFDM) for pi/2 BPSK and QPSK modulation schemes. GPO uses DFT-s-OFDM waveform with frequency domain pulse shaping. The pulse shaping filter design is based on the DFT of the samples of a linearized Gaussian pulse. We obtain PAPR reduction by controlling two parameters the BT product and the oversampling (os) factor.

For the case of pi/2 BPSK, we show that use of excess bandwidth (BW) permits a constant envelope design that creates some interference to adjacent users. Even for the case where, excess BW is not used (os=1), PAPR is reduced to as low as 1.5 dB. For the case of QPSK, we obtain a PAPR of 4.5 dB. 

The low PAPR waveform is targeted for eMBB operation for both low and high carrier frequencies. 
UE power classes with higher PA output power are being considered in RAN plenary. For example, CPE can transmit at 27 dBm and some UE categories use 31 dBm for public safety applications. 

For LTE type UE with 23 dBm maximum power can use a low PAPR waveform for multiple PRB transmission (wideband) with maximum power. 

For mmwave systems, low PAPR waveform improves the PA efficiency and also increases the uplink coverage.

3. Recommendation
We propose that: “eMBB uses DFT-s-OFDM uses pi/2 BPSK or pi/4 QPSK with frequency domain pulse shaping”. The exact details of frequency domain pulse shaping is FFS.
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