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ABSTRACT

The ever-increasing demand for low-latency, higher reliability, and enhanced cov-
erage in next-generation mobile communications, particularly for applications such
as the Internet of Things and autonomous driving, necessitates the development of
new algorithms that improve performance or reduce the complexity of contempo-
rary approaches. Achieving these objectives relies on advancements in areas such
as low-complexity modulation, coding and decoding schemes, detection algorithms,
and beamforming methods.

This thesis aims to address these needs through innovations in machine learning
for channel coding and detection. First, we theoretically investigate neural belief
propagation (NBP) decoders’ ability to enhance decoding performance. Our theoret-
ical and empirical analysis reveals the dependence of NBP decoders’ generalization
capabilities on factors such as code parameters, decoding iterations, and training
dataset size. These insights are crucial for optimizing the design and training of
NBP decoders for practical applications.

Second, we propose Sparse Matrix Codes (SMC), a novel channel coding tech-
nique tailored for ultra-reliable low-latency communications. SMC maps message
bits to a sparse matrix, which is then multiplied by a spreading matrix and transmit-
ted over the communication channel. By adopting tools from compressed sensing,
we derive a low-complexity decoding algorithm to effectively recover the message
from the channel output.

Lastly, we introduce DRE-CUSUM, a machine learning-based change detection
method for high-dimensional data with unknown distribution parameters. The core
idea is to estimate the density ratio before and after a split point in a time series,
using a non-parametric model to detect changes. We provide theoretical justification
and accuracy guarantees for the proposed approach, highlighting its robustness and
reliability.
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QUOTATIONS

न िह ज्ञानेन सदृशं पिवत्रिमह िवद्यते |
तत्स्वयं योगसंʹसद्ध : कालेनात्मिन िवन्द˃त ||

Nothing can purify the mind and soul of
a person like transcendental knowledge.
This knowledge is attained by uniting
individual consciousness with universal
consciousness over time.

Bhagavad Gita: Chapter 4, Verse 38
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Chapter 1

INTRODUCTION AND OVERVIEW OF THIS DISSERTATION

Applications such as augmented reality (AR), virtual reality (VR), autonomous
vehicles, vehicle-to-everything (V2X) communications, the Internet of Things (IoT),
and next-generation (abbreviated as Next-G) networks require high reliability, low
latency communications, and massive device connectivity [7, 8]. The goal of Next-G
communication systems is to provide a framework for such applications. Next-G
communications have been categorized according to use cases and their respective
data rates and reliability requirements. Specifically, there are three categories:

(a) : Supports connec-
tivity for a large number of devices, where data is sent sporadically in appli-
cations such as IoT. mMTC is characterized by its focus on handling massive
numbers of devices with low data rates and sporadic transmission needs.

(b) : Supports applications such as
VR/AR, which have high data rate requirements. eMBB is designed to provide
high throughput and data rates for applications that demand large bandwidths
and consistent connectivity.

(c) : Supports ap-
plications such as autonomous vehicles and V2X communications, which re-
quire latency on the order of 1 ms and a low frame/packet error rate (on the
order of 10�5). Moreover, URLLC aims to achieve these stringent reliability
and latency requirements for a large number of devices simultaneously.
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