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1. [bookmark: _Ref298777854]Introduction
In RAN1 #86bis meeting, the following agreements were reached regarding modulation [1]:
· 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
· -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
In RAN#87, a working assumption on modulation was further agreed [2]:
· NR supports 0.5*pi BPSK modulation for DFT-s-OFDM
· While using DFT-s-OFDM, 0.5*pi-BPSK modulation using DFT-S-OFDM with frequency domain spectrum shaping can be further considered at least for eMBB uplink data for up to 40GHz
· FFS
· The details of frequency domain spectrum shaping 
· This does not preclude the case where no spectrum shaping is needed
In this contribution, we summarize some new modulation schemes proposed in NR, and provide our view of modulation schemes for NR. 
1. Discussion
· Low PAPR
According to [1], UE battery life is expected to last in years without recharge for some usage scenarios. For example, for mMTC, UE battery life in extreme coverage is most likely determined by the activity of mobile originated data transmission in UL and some DL transmission. In order to prolong UE battery life, techniques to improve UE energy efficiency should be considered. Therefore, the working assumption where 0.5*pi BPSK modulation for DFT-s-OFDM should be confirmed to further improve the PAPR performance.
There are another modulation schemes can be considered for PAPR reduction, for example Tone Phase Shift Keying (TPSK) and 8-BPSK.
TPSK is a modulation scheme that uses both signal phase and tone index to carry information [3]. A TPSK modulation with K allocated subcarriers and M-ary PSK is called (K, M)-TPSK. TPSK maps the modulated symbol to one subcarriers out of one or several allocated subcarriers. It preserves single subcarrier transmission characteristics and thus has low PAPR. This helps to improve the efficiency of power amplifier (PA), which is important to contain the service cost and ensure the coverage. 
However, the allocated K subcarriers carry log2(K) additional bits. It is relatively inefficient in term of spectral efficiency since K tones can be used to transmit K modulated symbols in conventional SC-FDMA. For example, there is one bit information waste for (2,2) TPSK which carries three bits information while for conventional SC-FDMA four bits can be transmitted. Four bits loss occurs for (2,4) TPSK which carries four bits information while for conventional SC-FDMA eight bits can be sent. Thus TPSK is more suitable in the case of small numbers of allocated tones.
8-BPSK [4] is another option for PAPR reduction. Figure 2 shows the complex data after IFFT. It can be seen that by using 8-BPSK, symbols in time domain after IFFT are restricted inside a loop on the complex plane. This distribution feature helps lower PAPR of the transmitted signal. However, one disadvantage of 8-BPSK is, it does not cover high order modulation, e.g. QPSK.  
[image: ]
Figure 1 Complex data after IFFT by using 8-BPSK
· Spectral Efficiency
In LTE, the specifications support QPSK, and 16/64/256-QAM. While IEEE 802.11ad supporting up to 60 GHz frequency bands, 64QAM and other lower order modulation are also supported. Therefore at least these schemes should be supported for the NR as the baseline modulation schemes for both low and high frequency bands.
In NR, the target for peak spectral efficiency is 30 bps/Hz for downlink and 15 bps/Hz for uplink. Note that for deployments in higher frequency bands with larger bandwidth, the spectral efficiency requirement can be lowered while still meet the target of peak data throughput. On the other hand, deployments in lower frequency bands typically have smaller bandwidth thus requiring higher spectral efficiency to meet the NR peak data rate target. In general, the NR targets of spectral efficiency and peak data rate do not mean a much higher order modulation than existing modulation schemes.
· New modulation schemes
Some enhanced modulation schemes are proposed, such as MLC [5], SM [6], NU-QAM [7], etc. For MLC, the complexity of decoding is higher than LTE. For SM, if the links from transmitter to receiver are not sufficiently different, the SM might not yield adequate performance gain. Furthermore, the receiver sensitivity to perfect channel estimation may require further study for SM. For NU-QAM, the shaping gain of NU-QAM over uniform-QAM is not obviously in low modulation order such as 16QAM, especially with higher code rate. 
In general we think more studies are needed for those enhanced modulation schemes.  
1. Summary
In this contribution, we have the following proposal.
Proposal: more studies are needed for enhanced modulation scheme.
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