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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#80, a study item about 5G requirements for eMBMS was approved [1]. In RAN1#94bis, the requirements were analyzed and related simulation assumptions were discussed [2]. In RAN1#95, several preliminary simulation results were discussed, and the simulation assumptions were modified further [3].
In this contribution, we discuss the study of Non-Uniform Constellations (NUCs) which provide better performance over traditional uniform Quadrature Amplitude Modulation (QAM) constellations in both AWGN and TDL channels. We show results of link-level simulations of NUCs in this contribution. 
Because of the shaping again over the QAM, NUC has been widely adopted in the current HPHT-based Terrestrial broadcasting standards (such as DVB-NGH, and the latest ATSC3.0 standard). Since enTV already considers HPHT mode, we believe the study of NUCs in enTV here is of good interest.

Non-Uniform Constellations
2.1 Overview
Uniform 16QAM and 64QAM are shown in Figure 1. As shown in the figure, the constellation symbols in QAM are equally spaced in the I-Q plane. Uniform QAMs with Gray-coded labels are near-optimum constellations for uncoded communications [4] and they also minimize demapping complexity at the receiver. QAM can be demapped by using two Pulse Amplitude Modulation (PAM) demappers. 
While coding is applied in the coded communication, better performance can be achieved by NUCs. Since the design process of NUCs will consider the effect of coding, interleaving and label assignment together. NUCs can be divided as one-dimensional NUCs (1D-NUCs) and two-dimensional NUCs (2D-NUCs), as 1D-64UNC and 2D-64NUC shown in Figure 2. 1D-NUCs keep the squared shape while designing distances between the constellation symbols. Thus, the demapping complexity of 1D-NUCs can be reduced by using two Non-uniform PAM demappers. 2D-NUCs are designed without constraint on shape in the I-Q plane, so 2D-NUCs bring more performance gain with higher demapping complexity.
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Figure 1: Uniform 16QAM and 64QAM
[image: ../Library/Containers/com.tencent.xinWeChat/Data/Library/Application%20Support/com.tencent.xinWeChat/2.0b4.0.9/d7a35b7ca84735505800ec6a757ae546/Message/MessageTemp/9e20f478899dc29eb19741386f9343c8/Image/1651550497658_.pic_hd.jpg]
Figure 2: Non-Uniform Constellations (NUCs): (a)1D and (b)2D
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Figure 3: NUCs optimized at (a)(b) 6.75dB, (c)(d) 8.65dB, (e)(f)10.7dB, (g)(h) 12.6dB
2.2 Optimization of NUCs
In the designing process of NUCs, the effect of coding, interleaving and label assignment will be taken into account together. The shape of NUC is optimized based on the operating range of the coding. The NUCs used for the simulations in this contribution are optimized at SNR = 6.75dB (Figure3(a) and (b)), 8.65dB (Figure3(c) and (d)), 10.7dB (Figure3(e) and (f)) and 12.6dB (Figure3(g) and (h)). The gain of NUCs in performance over uniform constellations of the same order is known as shaping gain. The shaping gains are, in general expected to increase with increasing order of NUCs.

Performance Evaluations
Performance evaluations were carried out using 1D-NUCs and 2D-NUCs optimized at SNR = 6.75dB (Figure3(a) and (b)), 8.65dB (Figure3(c) and (d)), 10.7dB (Figure3(e) and (f)) and 12.6dB (Figure3(g) and (h)). Simulation parameters are summarized in Table 1.
Table 1: parameters for Link-Level simulation
	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	700 MHz

	CP/Numerology
	Extended

	Channel speed
	120km/h

	Effective Code Rate (ECR)
	0.4785; 0.6016; 0.4551; 0.5537

	Modulation 
	Uniform 16QAM, 64QAM and 1D-NUCs and 2D-NUCs optimized at 6.75dB, 8.65dB, 10.7dB and 12.6dB

	FEC
	LTE Turbo code and rate matching

	Channel
	TDL-A / AWGN

	Number of antennas
	1Tx, 1Rx



[bookmark: _GoBack]Figure 4 compares performance in AWGN for Uniform QAM and NUCs (including 1D-NUCs and 2D-NUCs) in constellation order 16 and 64, optimized at 6.75dB (Order-16, ECR=0.4685), 8.65dB(Order-16, ECR=0.6016), 10.7dB(Qrder-64, ECR=0.4551) and 12.6dB(Qrder-64, ECR=0.5537) .
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Figure 4: Performance of NUCs in AWGN
Observation 1: Shaping gain in general increases with the order of the NUC. In specific, 2D-16NUC provides about 0.1dB shaping gain over 16QAM while 2D-64NUC can provide 0.5dB shaping gain over 64QAM, both in AWGN channel.
Observation 2: 2D-NUC provides more shaping gain than 1D-NUC over QAM in AWGN channel.
Observation 3: Significant shaping gain (about 0.5dB) is observed for 2D-64NUC in AWGN channel.

Figure 5 compares the performance in TDL-A channel [5] of 64NUCs (including 1D-64NUCs and 2D-64NUCs) optimized at 10.7dB and 12.6dB.
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Figure 5: Performance of NUCs in TDL-A channel
Observation 4: 64NUCs maintains shaping gain in TDL channel over 64QAM.

[bookmark: _Ref129681832]Conclusions
Based on the simulation results, the following observations are provided:
Observation 1: Shaping gain in general increases with the order of the NUC. In specific, 2D-16NUC provides about 0.1dB shaping gain over 16QAM while 2D-64NUC can provide 0.5dB shaping gain over 64QAM, both in AWGN channel.
Observation 2: 2D-NUC provides more shaping gain than 1D-NUC over QAM in AWGN channel.
Observation 3: Significant shaping gain (about 0.5dB) is observed for 2D-64NUC in AWGN channel.
Observation 4: 64NUCs maintains shaping gain in TDL channel over 64QAM.

From these observations, we would like to propose as follows:
Proposal 1: RAN1 should consider the use of NUC for LTE-Based 5G Terrestrial Broadcast/ LTE ENTV.
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