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Abstract

The rapid development of electronic devices has brought about the advent of
various emerging and future communication applications, which require signifi-
cantly high throughput and low power budgets. The fifth-generation (5G) wire-
less communications system will enable the ever-advancing number of high-tech
and Internet of Things (IoTs) devices to connect to the internet at incredibly
higher speed and with lower latency. This is especially challenging for forward
error correction (FEC) mechanisms in terms of hardware resources and energy
since FEC decoding is one of the most computationally intensive processing
blocks.

Low-density parity-check (LDPC) codes, which were first proposed by Gal-
lager in the 1960s, attracted much attention due to their superior error-correction
performance, and have been adopted as the channel coding scheme for 5G en-
hanced mobile broadband data channel in third generation partnership project
(3GPP) standard meeting. The development of low-complexity and high-
throughput LDPC decoder designs for 5G New Radio (NR) have necessitated
a joint optimization of algorithms, architectures, and implementations to fulfill
the growing demand for ever-increasing data rates.

This dissertation focuses on the design and implementation of various effi-
cient very-large-scale integration architectures of quasi-cyclic low-density parity-
check (QC-LDPC) codes for 5G NR communications. It aims at developing
new approaches to the area and throughput optimizations while maintain-

ing the required error correction performance of the LDPC codes. In this



work, a novel multi-way split-row layered LDPC decoding algorithm, which
significantly reduces the hardware complexity by partitioning each decoding
layer into multiple splits, is introduced. In addition, an efficient encoding
method and a high-throughput low-complexity encoder architecture for QC-
LDPC codes compliant with the 5G NR wireless communication standard is
also described. The proposed encoder indicated a substantial reduction in the
required area as well as memory storage when compared with existing state-
of-the-art encoding approaches. The proposed encoder architecture is capable
of supporting multiple code rates, various block lengths, and several different
submatrix sizes. Generally, multi-mode architectures of QC-LDPC decoders
for 5G NR wireless communication standard suffer from very complex routing
and sorting networks since it caters various submatrix sizes. A novel multi-size
circular-shift network structure for 5G NR QC-LDPC decoders is proposed.
The proposed switch network is able to support all 51 different submatrix
sizes as defined in 5G NR wireless communication standard through an effi-
cient forward-routing switch network and enhance the hardware complexity
using a cyclic shift size decomposition method. Moreover, a hardware-efficient
QC-LDPC decoder architecture was implemented, in order to satisfy the strict
latency and area constraints, imposed by the 5G NR wireless communication
standards. By deploying the hardware reuse technique in check node passed
processors, the proposed decoder outperforms its predecessors in terms of hard-

ware complexity and throughput.
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