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1 Introduction
NR study has been motivated by challenging requirements KPIs, including higher data rate and spectral efficiency. In LTE, there have been studies for modulation with different targets, including introduction of higher order modulation of UL 256QAM in small cell enhancement [1], and low PAPR modulation in eMTC/NB-IoT. From these previous studies, it is hard to conclude that NR requirements can be easily satisfied by relying on only the modulation schemes used in LTE and/or their direct extensions. For example, up to 1024QAM modulation suffers from the limitation of allowable spectral efficiency in terms of implementation issues, such as EVM. For mMTC, the very low order modulation used in LTE would result in a network with poor spectral efficiency especially when supporting huge number of devices resulting in degraded energy efficiency performance for both the eNB and UEs.
This contribution provides an overall review of advanced modulation schemes proposed in NR and our view of further study for them. 
2 Overview of proposed advanced modulation schemes
In RAN1#84bis meeting, an advanced modulation scheme has been proposed for non-orthogonal multiple access in [2] because of the benefits of significant spectral efficiency improvement when compared to linear spreading. The basic underlying idea is to induce dependency among available resource/tones, which allows providing further gains in addition to the available spreading gain. 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), and 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 optimizations 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.
In the same RAN1 meeting in addition to the above, hierarchical modulation which enables the transmission of two independent streams on a single frequency channel with different transmission qualities (high priority and low priority) was proposed to be considered for e.g. eMBB [3]. It appears to be an interesting scheme considering the use cases of service multiplexing. However hierarchical modulation was also once proposed in the early days of LTE release for MBMS service [4] and was not supported for further considerations. It can be reconsidered if motivations and performance justify it.
In RAN1#85 meeting, an advanced modulation scheme, namely spatial modulation as well as its special case in terms of space shift keying (SSK) was proposed [5]. It jointly maps 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. 
Also there was the non-uniform QAM proposed for NR in [6], which investigated the performance in terms of shaping gain of optimized NU-QAM with respect to the constellation size. Other advanced modulation like FQAM in [7] was proposed as an energy efficient scheme by transmitting QAM on a single active tone.
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

Observation: Various advanced modulation schemes are being proposed for NR study, which provide promising approaches for good performance in terms of spectral efficiency and/or energy efficiency, when compared to the existing LTE modulation schemes.
Proposal: NR study should allow sufficient investigation of advanced modulation schemes from the beginning in order to meet the challenging requirements.
References

[1] RP-122032, “New Study Item Proposal for Small Cell Enhancements for E-UTRA and E-UTRAN – Physical-layer Aspects”. 
[2] R1-162163, “Applying Multi-Dimensional Modulation to Non-Orthogonal Multiple Access”, Huawei, HiSilicon, Busan, Korea, April 11-15, 2016.
[3] R1-162923, “Discussion on modulation for New Radio systems”, InterDigital Communications, Busan, Korea, April 11-15, 2016.
[4] R1-051122, “Description, Simulations and TP on Hierarchical Modulation Technique for E-UTRA MBMS Evaluation”, Qualcomm Europe, San Diego, CA, USA, October 10-14, 2005.
[5] R1-165061, “Evaluation of Spatial Modulation for New Radio”, InterDigital Communications, Nanjing, China, May23-27, 2016.
[6] R1-164653, “Consideration of NU-QAM for the NR”, Sony, Nanjing, China, May23-27, 2016.
[7] RWS-150039, “Vision and Schedule for 5G Radio Technologies”, Sep. 2015.

































































































































