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Abstract: [Objective] Underwater Wireless Optical Communication (UWOC) offers high data rates and low latency. In addi-
tion, Physical - Layer Network Coding (PNC) can effectively reduce the relay forwarding delay. However, turbulence - induced
channel asymmetry causes constellation overlap at the relay, producing PNC mapping ambiguity. This work studies a three -user
PNC scheme integrated with Low -Density Parity -Check (LDPC) coding for UWOC, aiming to enhance system robustness and
throughput under asymmetric underwater channels. [Methods JLDPC-PNC joint coding-decoding architectures are proposed and
analyzed, and transmitter powers are adjusted according to per-user channel Direct Current (DC) gains. A Four- Timeslot Power
Allocation-based Joint Channel Decoding and PNC (FT-PA-JCNC) algorithm is proposed to reduce the disparities among the re-
lay’ s received signal amplitudes and to improve the reliability of Log Likelihood Ratio (LLLR) soft inputs for LDPC decoding.
[ Results] Simulations show that the proposed scheme provides approximately 4.0 dB Signal-to-Noise Ratio (SNR) gain at the
Forward Error Correction (FEC) threshold compared with uncoded PNC. The best Bit - Error - Rate (BER) performance is
achieved among the considered joint - decoding schemes. In the indoor experiments, the addition of a single relay node increases
the end -to - end distance by 82. 98% compared to a direct link between two users. In underwater experiments, the system can
achieve communication with 5 Mbit/s at distance of 8. 62 m. [Conclusion] The study results indicate that introducing a power-al-
location strategy can effectively reduce the mapping ambiguity caused by channel asymmetry. Optimizing the joint coding - decod-
ing architecture can significantly improve the BER performance, thereby offering new perspectives for the design and optimization
of underwater relay optical communication systems.
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