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1 Introduction
There are several contributions [1], [2] which show the performance gain of non-uniform QAM (NU-QAM) in conjunction with LTE Turbo codes. Now, in RAN #86bis, it was agreed that LDPC is considered as one of the channel coding scheme for eMBB data. Therefore, in this contribution we would like to show performance gain of NU-QAM with LDPC codes for various modulation order and coding rates. 
2 Non-uniform QAM Constellations
It is well known that a uniform constellation which is uniformly spaced constellation point is a near-optimum constellation shape for uncoded communications [3]. However, in case of coded communications, better performing constellation shape can be designed by virtue of the effect of powerful channel coding, bit-interleaving. The newly designed constellations, known as non-uniform constellations, show that each constellation point is not uniformly distributed. Recent wireless communication and broadcasting standards have widely adopted this kind of non-uniform constellations in order to enhance the reception SNR range and/or increase the throughput of communication systems. One of the most recently finalized communication standards, the Advanced Television Systems Committee (ATSC) 3.0 physical layer standard (A/322), has also actively adopted non-uniform constellation from 16-QAM up to 4096-QAM [4]. Figure 1 shows an example of 1-dimensional and 2-dimensional NUC of ASTC 3.0. In ATSC 3.0, constellations from 16-QAM to 256-QAM are designed in the 2-dimensional manner while other high order constellations such as 1024-QAM and 4096-QAM are designed in the 1-dimensional manner in order to keep receiver complexity reasonable and implementable.
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Figure 1: 1D-NU-1024QAM and 2D-NU-64QAM constellation optimization
 3 
Performance Evaluation of NU-QAM

LDPC codes in ATSC 3.0 have a wide range of code rate from 2/15 to 13/15, in steps of 1/15. Each NU-QAM from NU-16QAM to NU-4096QAM is carefully optimized based on the operation SNR range of each modulation and coding combination. Figure 2 shows the bit-error-rate (BER) performance of NU-256QAM which is designed for 10/15 LDPC code, compared with uniform-256QAM. In this simulation, 64800 bit length LDPC code with code rate of 10/15 in ATSC 3.0 was chosen as FEC. As shown in Figure 2, the NU-256QAM provides 0.9 dB shaping gain over uniform-256QAM in the AWGN channel.
	Parameter
	Value

	FEC
	64800 bit length LDPC (ATSC 3.0)

	Channel
	AWGN

	Modulation
	Uniform & Non-uniform 256QAM

	Code rate
	10/15


Table 1: Simulation conditions
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Figure 2: Performance of 256NU-QAM with code rate = 10/15 in AWGN channel
Figure 3 shows the shaping gain of NU-QAM over uniform-QAM for various modulation and coding combinations. Since there is a distinct gap from Shannon limit when high order modulation with uniform constellation is used, it implies that there is also considerable room for improvement. As shown Figure 3, it is observed that the shaping gain of NU-QAM over uniform-QAM increases as the modulation order increases. The maximum shaping gain is approximately 1.8 dB in case of 1D-NU-4096QAM with code rate 7/15. 
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Figure 3: Waterfall SNR gain of 1D and 2D NU-QAM over uniform QAM 

for various modulation order and code rate combinations
The following observations can be made:
Observation 1: The gain of NU-QAM over uniform QAM increases as the modulation order increases.
Observation 2: The gain of NU-QAM can be achieved in conjunction with LDPC code as well as Turbo code
3 Conclusions
In this contribution, we reported the study of NU-QAM constellations in conjunction with LDPC code while observing as follows:
Observation 1: The gain of NU-QAM over uniform QAM increases as the modulation order increases.
Observation 2: The gain of NU-QAM can be achieved in conjunction with LDPC code as well as Turbo code
From these observations, we would like to propose as follows:
Proposal 1: RAN1 should consider the use of NU-QAM constellations in the NR
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