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Introduction
In RAN1 #86b the following agreements were reached regarding waveform and modulation [1]:
· 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 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
· 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 this contribution, we discuss some requirements for NR constellation design.
Constellation design
PAPR 
Low battery consumption and long battery life is going to be the target in some use-cases, such as mMTC. The component of power efficiency is even more critical in the context of large cell coverage, where the UEs have to support high UL budget and in some cases have to operate without access to a power source after deployment and until their replacement. 
PARP is a critical indicator of battery life performance for these types of scenarios and can be influenced by various factors such as, among others, constellation arrangement and waveform choice. Low PAPR is important for extending the battery life and avoiding operation in the non-linear PA region. Therefore, constellation design, should target low PAPR for UL mMTC.
Proposal 1: For UL mMTC, constellation design should target low PAPR. 

Spectral Efficiency
In order to achieve high data rate for eMBB applications, higher spectral efficiency needs to be considered to exploit the limited bandwidth. This can be attained by applying high-order modulation together with high ranks of MIMO transmission. For LTE, the specifications support QPSK, 16/64/256-QAM and there is no reason not to support at least these schemes also for the new 5G RAT. Therefore, traditional QPSK and 16/64/256-QAM should be the baseline modulation schemes for NR for frequencies up to 60GHz. Beyond this frequency range, phase noise can severely impair the decoding performance and the introduction of higher-order modulations should be FFS. 
Proposal 2: NR should have QPSK and 16/64/256-QAM as the starting point for frequencies up to 60Ghz. Beyond that frequency, modulation schemes should be FFS. 
Enhanced Modulations
In this section, we discuss some enhanced modulation schemes proposed for NR. 
Coded Modulations
In [3], a multi-level coding (MLC) modulation together with the integer-forcing equalizer is proposed for NR MIMO. The principle of the proposed coded modulation is based on structure codes, e.g., lattice codes [4-5], such that the integer linear combination of codewords is still a legitimate codeword and thus can be decoded directly at the receiver. Therefore, the original information can be decoded by only resolving linearly independent equations, which has low complexity. However, the introduction of this coded scheme to NR based on [3] has the following insufficiency among others: 
· The robustness to channel estimation error: an important issue of exploiting structure codes is that the receiver side needs to have sufficient quality of channel estimation such that the linear combination after integer-forcing is close to the original linear combination. Otherwise, the error in the integer-forcing equalizer, in particular, the distance between the rounded integer coefficients and the original coefficients, will scale with the signal power and propagate to the later decoding procedure. Therefore, the MLC modulation and integer-forcing receiver should be further evaluated under practical constraints such as practical channel estimator.
Observation 1: The MLC modulation and integer-forcing MIMO equalizer are based on structured (lattice) codes. Its robustness to channel estimation errors at the receiver side is unknown. 
Non-uniform Constellations 
Uniform M-QAM constellations are known to perform very well, close to theoretical limits, in conjunction with BICM and rate adaptation. It has been stated, though, in [6] that it is possible to further improve performance by optimizing the constellation shape for different SNR operation points. Such optimization yields a non-uniform constellation (NUC), which is shown in [6] to outperform uniform M-QAM in the SNR area the NUC was designed for.
To fully benefit from NUCs, the transmitter and receiver need to dynamically adjust the constellation shape, among multiple constellation shapes of the same cardinality, depending on the operating SNR. However, in a practical setting, the SNR has to be estimated and its estimation accuracy will impact the performance, especially if we use a NUC that is optimized for a different point, as seen in [6]. Hence, NUCs are not robust to SNR variations and do not always outperform uniform mappings. On the receiver side, the de-mapping complexity of NUCs is higher because, in contrast to uniform mappings, NUCs cannot be de-mapped as two independent PAMs. Thus, it is critical to ensure that NR constellations are robust to estimation errors and have consistent performance for a wide range of SNR values.
Proposal 3: New coded constellations, together with equalizer, should be FFS and evaluated under practical considerations.  
Proposal 4: De-mapping and decoding complexity should be considered for NR constellation design and performance comparison with baseline LTE-like modulations.
From the above discussion, it follows that de-mapping and decoding of enhanced modulation schemes may be sensitive to practical conditions, such as imperfect CSI knowledge, and phase-noise. Introduction and performance assessment of new enhanced modulation schemes should obey this framework.
Proposals
Observation 1: The MLC modulation and integer-forcing MIMO equalizer are based on structured (lattice) codes. Its robustness to channel estimation errors at the receiver side is unknown. 
Proposal 1: For UL mMTC, constellation design should target low PAPR. 
Proposal 2: NR should have QPSK and 16/64/256-QAM as the starting point for frequencies up to 60Ghz. Beyond that frequency, modulation schemes should be FFS. 
Proposal 3: New coded constellations, together with equalizer, should be FFS and evaluated under practical considerations.  
Proposal 4: De-mapping and decoding complexity should be considered for NR constellation design and performance comparison with baseline LTE-like modulations.
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