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1 Introduction
In RAN #71, a new WI, Uplink Capacity Enhancements for LTE, was approved [1]. This contribution is in relation to the objective to specify 256QAM support in the up-link. The WID stipulates that ‘support of 256QAM shall be specified in a generic manner for both licensed and unlicensed spectrum. Focus of the work should be specific to the support of small cell deployments or deployments with eNB with many receive antennas.’ 
In this contribution, we propose the adoption of non-uniform 256QAM (NU-256QAM) constellations which provide better performance than the traditional uniform 256QAM constellations in both flat and selective fading channels.
2 Non-uniform QAM Constellations
2.1 Overview
Figure 1 shows the constellation of the well-known 256QAM constellation. The main characteristic of this constellation is that the points in the constellation are equally spaced along both axes. This constellation is termed uniform 256QAM for this reason. Such a uniform constellation with Gray-coded labels is a near-optimum shape for uncoded communications [2]. One advantage of uniform constellations is the ease of de-mapping at the receiver. The constellation can be de-mapped using two simple pulse amplitude modulated (PAM)  de-mappers. 
When coding is applied however, we can use better performing constellation shapes. Better performing constellations with the same number of distinct points can be designed for coded communications by optimizing the constellation shape (the location of constellation points within the I-Q plane) while taking into account the effect of the FEC coding, interleaving and label mapping together [3]. This joint optimization typically produces constellations with a non-uniform distribution of the constellation points within the I-Q plane as illustrated in the two pictures of Figure 2 for the case of non-uniform 256QAM (NU-256QAM). Since the constellation shape is optimized together with the FEC coding used, the distribution of the points within the I-Q grid differs between optimizations for different FEC codings. 
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Figure 1: Uniform 256QAM constellation
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Figure 2: Non-Uniform 256QAM Constellation optimization (a) ID and (b) 2D
2.2 Optimization criteria for NU-QAM constellations
In designing the shapes of non-uniform constellations, the effect of the FEC coding, interleaving and label mapping have to be taken into account together. These blocks together comprise the so-called bit interleaved coded modulation or BICM as illustrated in Figure 3. The gain in performance over uniform constellations of the same cardinality is known as a shaping gain. 
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Figure 3: Optimize constellation shape across all BICM blocks
2.3 Optimization for NU-QAM constellations

NU-QAM constellations are generally de-mapped using full 2D de-mapping. Such 2D de-mappers are generally more complex to implement than the 1D or PAM de-mapping of uniform constellations. Constellation shape optimization can be done using either one dimension (1D) or two dimensions (2D) optimization. In 1D optimization, the QAM is considered as comprised of two independent PAM signals in quadrature to each other. Only the separations between PAM signal points along the I or Q-axis are optimized for maximum mutual information. Then the optimized PAM is rotated by 900 and shifted along to derive all the NU-QAM constellations points. This 1D NU-QAM constellation still has a square shape even though the points are not equally spaced within the I-Q plane as illustrated in Figure 2(a). It can therefore be de-mapped with two 1D PAM de-mappers.
In 2D optimization, the distances between constellation points are considered as Euclidean and so both I and Q separations are taken into account in shaping of the constellation. The shape of a 2D optimized NU-QAM constellation is generally elliptical as illustrated in Figure 2(b).
3 NU-256QAM Performance in AWGN
Figure 4 compares the performance in AWGN of uniform 256QAM, 1D- and 2D-optimized NU-256QAM. The NU-256QAM constellation was shaped for an LDPC code of rate ½. 
From Figures 2, 4 and the foregoing, the following observations can be drawn:

Observation 1: NU-256QAM shows a significant shaping gain over U-256QAM.

Observation 2: 2D optimization of NU-QAM shapes provides better shaping gain than 1D optimization.  

Observation 3: 2D optimized NU-QAM constellations have an elliptical shape that lends itself to lower PAPR for single-carrier modulated waveforms.
Observation
4: 2D NU-256QAM de-mapping is significantly more complex than U-256QAM de-mapping but the impact of this is mitigated when applied to the up-link.
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Figure 4: Performance of NU-256QAM optimized for a 1/2-rate code.
4 Conclusions
In this contribution, we introduced NU-256QAM constellations and simulation results in AWGN. From these evaluations, we made the following observations on link level performance:

Observation 1: NU-256QAM shows a significant shaping gain over U-256QAM.

Observation 2: 2D optimization of NU-QAM shapes provides better shaping gain than 1D optimization.  

Observation 3: 2D optimized NU-QAM constellations have an elliptical shape that lends itself to lower PAPR for single-carrier modulated waveforms.
Observation
4: 2D NU-256QAM de-mapping is significantly more complex than U-256QAM de-mapping but the impact of this is mitigated when applied to the up-link. 
Based on the performance gains associated with NU-QAM constellations, the following proposal is made:

Proposal: Non-uniform 256QAM constellations should be considered as part of the work item.
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