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1 Introduction
NR study has been motivated by challenging requirements KPIs, including higher data rate and spectral efficiency. It was agreed in RAN1#86bis that [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
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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
This contribution provides an overall review and summary of enhanced modulation schemes proposed in NR in the same line as the agreement and our view of further study for them. 
2 Overview of proposed enhanced modulation schemes
In the following, the proposed enhanced modulation schemes for NR are summarized:

· Constellation mapping among subcarriers: The basic underlying idea is to induce dependency among available resource/tones, which allows more efficient signal spreading, better signal diversity, and more immunity toward interference. Examples include the schemes proposed in [2]-[4]. In [2]-[3], N bits are modulated to two or more symbols to be transmitted over multiple different subcarriers based on different mappings of 2N constellation points. It is shown in [2] that significant spectral efficiency improvement is achieved when compared to linear spreading. Such advanced modulation schemes can either be considered as the Cartesian product of two QAM constellations with simple rotation, which is similar to the generalization of M-QAM from Cartesian product of two Pulse-amplitude modulations (PAM), or can be achieved by constellation bits re-labeling among available resource/tones as illustrated in Figure 1. The mapping between the input coded bits and the constellation points is different for each modulator. This also allows further optimization to enable low detection complexity, as explained in [2].
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Figure 1: Constellation relabeling where the mapping between the input coded bits and the constellation points in each modulator is different.
Further in [4], an enhanced modulation scheme is proposed for the purpose of achieving signal space diversity. The idea is to rotate the QAM constellation points to produce unique projections on the I and Q axes. Then, the sequence of I components of the rotated constellation points are interleaved separately prior to being combined to achieve signal space diversity. Separate interleaving of I and Q components results in mapping of the constellation points on two different subcarriers, which can be useful in providing robustness against fading in mMTC and facilitating the coexistence of uRLLC with eMBB [4].     and Q
· Other constellations (e.g., non-uniform QAM): Some of the proposed enhanced modulation schemes rely on more general constellations than uniform QAM. One example is the Fractional N-ary Modulation proposed in [5] in which the constellation size is chosen as N=3×2n, for an integer n with the goal of PAPR reduction in the case of DFT-spread precoding. The constellation can be chosen as subset of a regular QAM constellation of 2n+2 points. The example of 12QAM constellation is also described and evaluated. However, the performance benefits of these schemes over the baseline QAM modulations need further investigation. The other example is the non-uniform QAM (NU-QAM) proposed for NR in [6], which investigated the performance benefit of NU-QAM over uniform QAM in terms of shaping gain with respect to the constellation size. In addition, FQAM in [7] was proposed as an energy efficient scheme by transmitting QAM on a single active tone, where the position of the active tone also conveys information.
· Spatial modulation: This scheme as well as its special case, so-called space shift keying (SSK), was proposed in [8]. The main idea is to jointly map the block-wise information bits to a modulated symbol and transmit antenna index, which therefore provides gains by exploiting both signal and spatial domains of available degrees. This scheme seems to be beneficial especially when in conjunction with MIMO implementation in the receiver side. However as only single activated antenna at transmitter side is required for each transmission, the spectral efficiency may not be optimal, which in contrast weakens the power of MIMO system and needs further investigation.
· Probabilistically Shaped Coded Modulation (PSCM): This scheme (proposed in [10]) uses a distribution matcher for mapping bits to QAM symbols, such that the resulting constellation points follow an approximate discrete Gaussian distribution and a shaping gain is obtained compared to BICM.
· Rotated-QAM up to BPSK, QPSK: In uplink NB-IoT, pi/2-BPSK and pi/4-QPSK were adopted to achieve low PAPR performance, together with some phase continuity requirements at symbol boundaries. It is considered as one non-transparent method [11].
· Mappings of bits to symbol(s): The baseline bit-to-symbol mapping (e.g. labeling) in LTE is Gray mapping. However, some enhanced modulation schemes propose to use different bit-to-symbol mapping functions for performance improvement in certain scenarios. For example, [9] proposed to consider natural labeling in addition to Gray labeling in MIMO transmission scenario, with the goal of achieving better performance using integer forcing at the receiver side. In addition, [2] proposes to have different labeling when constellation points are mapped among different subcarriers with the goal of spectral efficiency improvement.   
It should also be noted that preliminary link level performance results have been provided for almost all the aforementioned schemes, each of which show significant gains comparing to traditional modulations and/or its joint design with other techniques. 
3 Conclusions
In summary, we have

Proposal: NR study should allow sufficient investigation of enhanced modulation schemes, in the same line of agreement in RAN1#86bis, to meet the challenging requirements.
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