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Abstract:  As a novel coded modulation scheme, two-level coded modulation with probabilistic shaping (TLCM-PS)
provides both coding gain and shaping gain while has moderate complexity. However, existing TLCM-PS schemes have not
yet provided effective solutions for channel fading in mobile communications. To address this issue, this paper proposes a
TLCM-PS scheme which is suitable for fading channels. Specifically, low-reliability labeling bits in higher-order signal con-
stellations are coded by 5G low-density parity-check (LDPC) codes, while high-reliability labeling bits are coded using
Bose-Chaudhuri-Hocquenghem (BCH) codes with hard decision decoding. In fading channels, space-time block coding and
multiple-antenna techniques are employed to achieve diversity gain, which reduces the demodulation error probability of the
low-reliability bits and ensures a very low output error probability for BCH codes. Parallel demapping is adopted for high-
reliability labeling bits, whereas hard-decision demapping is used for low-reliability bits. Based on this property, the achiev-
able rate of the coded modulation system is analyzed. Leveraging the achievable rate analysis and the impact of diversity
gain on the error rate of low-reliability labeling bits, this paper proposes a method for redundancy allocation among constel-
lation shaping, LDPC codes, and BCH codes. First, under the assumption of no BCH code, the optimal redundancy alloca-
tion for shaping and LDPC codes is determined by optimizing the achievable rate, achieving good performance in the water-
fall region. Then, with the LDPC redundancy fixed, a small portion of shaping redundancy is reassigned to the BCH code,
trading off a slight degradation in waterfall performance for enhanced reliability of intra-subset labeling bits. Simulation re-

sults show that the proposed scheme can keep the frame error rate below 10* under Rayleigh fading channels. Moreover,
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compared to the uniform bit-interleaved coded modulation system, the proposed scheme offers a gain of 0.75 dB at the trans-

mission rate above 6.0 bits per two-dimensional symbol. Additionally, analysis shows that the complexity of the proposed

scheme is significantly lower than that of the uniform bit-interleaved coded modulation system.
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Figure 1  Ungerboeck’s set partitioning on 64-QAM with 5 levels
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Figure 3 Two-level coded modulation with probabilistic shaping
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Table 2 Parameters of coding and shaping for different transmission
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®3 AWCNEET,.HEFRINAEERILMFENIRILIFE
Table 3  Intra-subset BERs obtained from simulation over AWGN chan-
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Figure 11 Performance comparison of different transmission schemes

over AWGN channels
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over fading channels
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