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Abstract: This work proposes a novel coding and low-complexity decoding scheme based on BCH codes to meet the
requirements of high-reliability and low-latency communication (HRLLC) applications. In the proposed design, BCH codes
are used as component codes within a twisted-pair superposition transmission (TPST) framework, resulting in TPST-BCH
codes. The upper-layer BCH codeword undergoes a random transformation before being superimposed onto the lower-layer
codeword, and the resulting signal is further interleaved and fed back to the upper layer, enabling code length extension and
reliability enhancement. For decoding, a serial interference cancellation strategy is developed, where ordered statistics de-
coding with local constraints (LC-OSD) is first applied to generate a list of candidates for the upper layer. Given an upper-
layer candidate, LC-OSD decoding is then performed on the lower-layer codeword, and the candidate with the highest poste-
rior probability is ultimately selected as the decoding output. To further reduce complexity, an early termination mechanism
is introduced, including intra-layer early termination within LC-OSD and cross-layer early termination across decoding stag-

es. Simulation results show that the proposed early termination design significantly reduces the average number of searches
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with negligible performance loss. Compared to existing coding schemes, the proposed TPST-BCH codes (with the proposed
decoding algorithm) demonstrate superior frame error rate (FER) performance over BCH codes of the same code length and
rate (decoded with the LC-OSD algorithm) and 5G LDPC codes (decoded with belief propagation decoding). They achieve
comparable or slightly better FER performance than 5G Polar codes (decoded with successive cancellation list decoding),
while exhibiting lower computational complexity and decoding latency relative to 5G Polar codes in the moderate-to-high
SNR regions.

Key words: channel coding; BCH codes; twisted-pair superposition transmission (TPST); ordered statistics decoding
with local constraints (LC-OSD)
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