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Discussion and Decision
1
Introduction
An objective of the new radio (NR) study item [1] is to identify and develop technology components being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2]. 

Initial work of the study item should allocate high priority on gaining a common understanding on what is required in terms of radio protocol structure and architecture to fulfil objectives, with a focus on progressing in the following areas: 
· Fundamental physical layer signal structure for new RAT
· Waveform based on OFDM, with potential support of non-orthogonal waveform and multiple access
· FFS: other waveforms if they demonstrate justifiable gain
In this contribution we focus on the modulation for the 5G New Radio
The digital modulation in WCDMA and LTE is based on Gray-encoded Quadriphase Phase Shift Keying (QPSK) and Quadrature Amplitude Modulation (QAM), with the minor exception of WCDMA uplink, where physical channel mapping is mixed with the modulation mapping. Coding and modulation are separated through Bit-Interleaved Coded Modulation (BICM) principles, there is an interleaver with the length of the codeword between a binary forward-Error Correcting (FEC) code, and QAM modulation. It is proposed that the same principles are followed in 5G New Radio.
2
Discussion
In a bandlimited system with Additive White Gaussian Noise, transmitting symbols from a Gaussian distribution at the Nyqvist rate is known to provide the possibility to approach channel capacity, when used in conjunction with FEC with asymptotically infinite length code words. QAM-based digital modulation is known not to be information theoretically optimal. Using regular QAM with equidistant constellation points so that each point is equiprobable, is known to result in a 1.53 dB loss from capacity, asymptotically at high Signal-to-Noise ratio (SNR).  The maximum spectral efficiency reachable with a family of regular M-QAM constellations is depicted in the left-hand side of Figure 1. A Single-Input-Single-Output (SISO) AWGN channel is considered. In the right-hand side, the relative loss from using QAM is depicted, i.e., the difference of AWGN channel capacity and maximum achievable QAM spectral efficiency, normalized by the AWGN channel capacity.  The loss is negligible at low SNR, and shrinks at high SNR, until the upper limit log2 M of mutual information provided a digital modulation is reached. Despite decades of research, it is not known how to close the high-SNR gap with manageable complexity, when soft-input FEC is concatenated with modulation. Shaping gains require look-up tables, or inner codes, and reliability information for outer FEC would have to be created subject to these inner codes.
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Figure 1: Left: AWGN capacity, and QAM mutual information. Right: Relative loss of QAM w.r.t. channel capacity.

BICM is a particularly scalable method of concatenating coding and modulation. In SISO, BICM concatenated with QAM reaches a maximum spectral efficiency almost indistinguishable from QAM with optimum coded modulation [3]. For a fixed QAM scheme, BICM shows a loss at low SNR. Gray-coded QPSK, however, does not have BICM loss at low SNR. Accordingly, an Adaptive Coding and Modulation scheme with BICM would have a maximal mutual information according to Figure 1, if the highest modulation has the M indicated in the legend. In particular, concatenating Gray-coded QAM with strong iterative FEC such as LDPC and turbo codes, leads to cleanly separable modulation and coding, with excellent performance. To extend the reach of 5G New Radio, e.g. for backhauling purposes, it is suggested that QPSK, 16-QAM, 64QAM, 256-QAM and 1024-QAM modulations are specified.  
Observation: Concatenating Gray-coded QAM with strong iterative FEC such as LDPC and turbo codes, leads to cleanly separable modulation and coding, with excellent performance. Moreover, by supporting constellation sizes up to 1024 the relative loss to QAM capacity is kept at a reasonable level for the SNR levels of interest.

Proposal: Coding and modulation in 5G New Radio to be based on Gray-Coded QAM and bit-interleaved coded modulation. Constellation sizes up to 1024 should be supported. 

3
Conclusion
In this contribution it is suggested that coding and modulation in 5G New Radio will be based on Gray-Coded QAM and bit-interleaved coded modulation. Constellation sizes up to 1024 should be supported.
Observation: Concatenating Gray-coded QAM with strong iterative FEC such as LDPC and turbo codes, leads to cleanly separable modulation and coding, with excellent performance. Moreover, by supporting constellation sizes up to 1024 the relative loss to QAM capacity is kept at a reasonable level for the SNR levels of interest.

Proposal: Coding and modulation in 5G New Radio to be based on Gray-Coded QAM and bit-interleaved coded modulation. Constellation sizes up to 1024 should be supported.
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