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Abstract: To meet the requirements of fifth-generation (5G) new radio (NR) for high-rate and reliable data transmission,
an efficient low-density parity-check (LDPC) decoding system was proposed. The system used odd-even interleaving to
decompose each quasi-cyclic matrix into two submatrices, while a differential circular-shift network was employed to
further reduce hardware redundancy and alleviate routing congestion. To reduce pipeline stalls caused by inter-layer data
dependencies, a three-frame interleaved pipeline and an offline static scheduling strategy were introduced. The strategy
replaced complex conflict detection with a pre-generated microcode stream. Field-programmable gate array (FPGA)
implementation and fixed-point simulation results show that, for both base graphs and various configurations of code
length, code rate, and lifting size defined in the 5G-NR standard, the frame error rate (FER) decreases rapidly with no no-
ticeable error floor. The proposed system achieves a normalized throughput-to-resource ratio comparable to state-of-the-
art commercial intellectual property (IP) cores and further integrates a rate-dematching module. These results demon-
strate that the proposed system can satisfy the channel decoding requirements of non-terrestrial network (NTN) and re-
lated scenarios.
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