Nonlinear Precoding and Trellis Coding

for Modern Modulation

Introduction

Nonlinear precoding and trellis coding are two
powerful techniques that can be used to improve the
performance of communication systems. Nonlinear
precoding can be used to reduce the effects of
nonlinear distortion, while trellis coding can be used to

improve the error performance of the system.

In this book, we will discuss the theory and
applications of nonlinear precoding and trellis coding.
We will begin by introducing the basic concepts of
nonlinear precoding and trellis coding. We will then
discuss the different types of nonlinear precoding and

trellis codes that are available. Finally, we will discuss



the applications of nonlinear precoding and trellis

coding in communication systems.

Nonlinear precoding is a technique that is used to
reduce the effects of nonlinear distortion. Nonlinear
distortion is a type of distortion that occurs when the
output of a system is not a linear function of the input.
This can occur in many different types of systems,

including communication systems.

Nonlinear precoding can be used to reduce the effects
of nonlinear distortion by predistorting the input
signal. This predistortion compensates for the
nonlinear distortion that occurs in the system, resulting

in a more linear output signal.

Trellis coding is a technique that is used to improve the
error performance of a communication system. Trellis
coding is a type of error-correcting code that uses a
trellis diagram to represent the different states of the
code. This trellis diagram can be used to decode the

code, even if there are errors in the received signal.
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Nonlinear precoding and trellis coding are two
powerful techniques that can be used to improve the
performance of communication systems. In this book,
we will discuss the theory and applications of
nonlinear precoding and trellis coding. We will provide
a comprehensive overview of these techniques, making

them accessible to a wide range of readers.

We hope that this book will be a valuable resource for
researchers, engineers, and students who are
interested in the field of communication systems. We
believe that this book will help to advance the
understanding of nonlinear precoding and trellis
coding, and we hope that it will inspire new research in

this area.



Book Description

Nonlinear Precoding and Trellis Coding for Modern
Modulation is a comprehensive guide to the theory
and applications of nonlinear precoding and trellis
coding. These two powerful techniques can be used to
improve the performance of communication systems
by reducing the effects of nonlinear distortion and
improving the error performance of the system,

respectively.

In this book, Pasquale De Marco provides a thorough
overview of nonlinear precoding and trellis coding,
making them accessible to a wide range of readers. The
book begins by introducing the basic concepts of
nonlinear precoding and trellis coding, and then
discusses the different types of nonlinear precoding
and trellis codes that are available. The book also
discusses the applications of nonlinear precoding and
trellis coding in communication systems, including

both wireless and wireline applications.
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Nonlinear Precoding and Trellis Coding for Modern
Modulation is a valuable resource for researchers,
engineers, and students who are interested in the field
of communication systems. The book provides a
comprehensive overview of these two important
techniques, and it is written in a clear and concise
style. The book is also well-organized, with each

chapter building on the previous chapters.

This book is an essential resource for anyone who
wants to learn about nonlinear precoding and trellis
coding. It is also a valuable reference for researchers
who are working in the field of communication

systems.
Key Features:

e Provides a comprehensive overview of nonlinear

precoding and trellis coding

e Discusses the different types of nonlinear

precoding and trellis codes



Covers the applications of nonlinear precoding

and trellis coding in communication systems
Written in a clear and concise style

Well-organized, with each chapter building on

the previous chapters



Chapter 1: Introduction to

Nonlinear Precoding

What is nonlinear precoding

Nonlinear precoding is a technique used in digital
communication systems to improve the performance of
a communication system by compensating for the
nonlinear distortions that occur in the system. These
distortions can be caused by a variety of factors, such
as the nonlinearity of the power amplifier, the
nonlinearity of the channel, and the nonlinearity of the

receiver.

Nonlinear precoding works by predistorting the signal
before it is transmitted. This predistortion compensates
for the nonlinear distortions that occur in the system,
resulting in a more linear output signal. This can lead
to a number of benefits, including improved error
performance, increased data rates, and reduced power

consumption.



Nonlinear precoding is a powerful technique that can
be used to improve the performance of a wide range of
communication systems. It is a relatively simple
technique to implement, and it can be used with a

variety of different modulation schemes.
* Types of nonlinear precoding

There are a number of different types of nonlinear
precoding techniques that can be used. The most
common type of nonlinear precoding is called
memoryless nonlinear precoding. Memoryless
nonlinear precoding does not take into account the past
values of the signal when predistorting the signal. This
makes memoryless nonlinear precoding relatively
simple to implement, but it can be less effective than

other types of nonlinear precoding.

Another type of nonlinear precoding is called memory-
based nonlinear precoding. Memory-based nonlinear
precoding takes into account the past values of the
signal when predistorting the signal. This can make
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memory-based nonlinear precoding more effective
than memoryless nonlinear precoding, but it can also

be more complex to implement.
* Applications of nonlinear precoding

Nonlinear precoding is used in a wide range of
communication systems. Some of the most common

applications of nonlinear precoding include:

e Mobile communications: Nonlinear precoding
is used in mobile communications systems to
improve the performance of the system in the
presence of nonlinear distortions. This can lead
to improved error performance, increased data
rates, and reduced power consumption.

e Satellite communications: Nonlinear precoding
is used in satellite communications systems to
improve the performance of the system in the
presence of nonlinear distortions. This can lead
to improved error performance, increased data

rates, and reduced power consumption.



e Fiber-optic communications: Nonlinear
precoding is used in fiber-optic communications
systems to improve the performance of the
system in the presence of nonlinear distortions.
This can lead to improved error performance,
increased data rates, and reduced power

consumption.

Nonlinear precoding is a powerful technique that can
be used to improve the performance of a wide range of
communication systems. It is a relatively simple
technique to implement, and it can be used with a

variety of different modulation schemes.
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Chapter 1: Introduction to Nonlinear

Precoding

Benefits of using nonlinear precoding

Nonlinear precoding is a technique that can be used to
improve the performance of communication systems. It
can be used to reduce the effects of nonlinear
distortion, improve the error performance of the
system, and increase the bandwidth efficiency of the

system.

One of the main benefits of using nonlinear precoding
is that it can reduce the effects of nonlinear distortion.
Nonlinear distortion is a type of distortion that occurs
when the output of a system is not a linear function of
the input. This can occur in many different types of

systems, including communication systems.

Nonlinear precoding can be used to reduce the effects
of nonlinear distortion by predistorting the input

signal. This predistortion compensates for the
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nonlinear distortion that occurs in the system, resulting

in a more linear output signal.

Another benefit of using nonlinear precoding is that it
can improve the error performance of the system.
Error performance is a measure of how well a system
can transmit data without errors. Nonlinear precoding
can improve the error performance of a system by
reducing the number of errors that occur in the

transmission process.

Finally, nonlinear precoding can also be used to
increase the bandwidth efficiency of the system.
Bandwidth efficiency is a measure of how much data
can be transmitted over a given bandwidth. Nonlinear
precoding can increase the bandwidth efficiency of a
system by reducing the amount of bandwidth that is

required to transmit a given amount of data.

Overall, nonlinear precoding is a powerful technique
that can be used to improve the performance of

communication systems. It can be used to reduce the
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effects of nonlinear distortion, improve the error
performance of the system, and increase the

bandwidth efficiency of the system.
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Chapter 1: Introduction to Nonlinear

Precoding

Challenges in implementing nonlinear

precoding

Nonlinear precoding is a powerful technique that can
be used to improve the performance of communication
systems. However, there are a number of challenges

associated with implementing nonlinear precoding.

One of the main challenges is the computational
complexity of nonlinear precoding algorithms.
Nonlinear precoding algorithms are typically much
more complex than linear precoding algorithms, and
this can make them difficult to implement in real-time

systems.

Another challenge is the need for accurate channel
state information (CSI) at the transmitter. Nonlinear

precoding algorithms rely on CSI to compensate for the
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nonlinear distortion that occurs in the channel. If the
CSI is not accurate, then the precoding algorithm will
not be able to effectively compensate for the distortion,

and the performance of the system will suffer.

Finally, nonlinear precoding algorithms can be
sensitive to quantization errors. Quantization errors
can occur when the precoding algorithm is
implemented using a digital signal processor (DSP).
These errors can degrade the performance of the
system, and they can make it difficult to achieve the

desired level of performance.

Despite these challenges, nonlinear precoding is a
powerful technique that can be used to improve the
performance of communication systems. By carefully
addressing  the challenges associated  with
implementing nonlinear precoding, it is possible to

achieve significant performance gains.

In this chapter, we will discuss the challenges

associated with implementing nonlinear precoding in
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more detail. We will also discuss techniques that can be

used to overcome these challenges.

Challenges in implementing nonlinear

precoding

The main challenges in implementing nonlinear

precoding are:

e Computational complexity
e Need for accurate channel state information

(CSD)

e Sensitivity to quantization errors
Computational complexity

Nonlinear precoding algorithms are typically much
more complex than linear precoding algorithms. This is
because nonlinear precoding algorithms must take into
account the nonlinear distortion that occurs in the

channel. This distortion can be caused by a variety of
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factors, including amplifier nonlinearities, phase noise,

and intersymbol interference.

The computational complexity of nonlinear precoding
algorithms can be reduced by using a number of

techniques, such as:

e Using a simplified model of the channel
e Using a reduced-order precoder

e Using a parallel implementation

Need for accurate channel state information

(CSI)

Nonlinear precoding algorithms rely on CSI to
compensate for the nonlinear distortion that occurs in
the channel. If the CSI is not accurate, then the
precoding algorithm will not be able to effectively
compensate for the distortion, and the performance of

the system will suffer.

There are a number of techniques that can be used to

obtain accurate CSI, such as:
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e Using a channel estimator
e Using a feedback channel

e Using a training sequence
Sensitivity to quantization errors

Nonlinear precoding algorithms can be sensitive to
quantization errors. Quantization errors can occur
when the precoding algorithm is implemented using a
DSP. These errors can degrade the performance of the
system, and they can make it difficult to achieve the

desired level of performance.

There are a number of techniques that can be used to
reduce the sensitivity of nonlinear precoding

algorithms to quantization errors, such as:

e Using a higher-order quantization scheme
e Using a dithering technique

e Using a pre-distortion technique
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Conclusion

Nonlinear precoding is a powerful technique that can
be used to improve the performance of communication
systems. However, there are a number of challenges
associated with implementing nonlinear precoding.
These challenges include computational complexity,
the need for accurate CSI, and sensitivity to

quantization errors.

By carefully addressing the challenges associated with
implementing nonlinear precoding, it is possible to
achieve significant performance gains. In this chapter,
we have discussed the challenges associated with
implementing nonlinear precoding in more detail. We
have also discussed techniques that can be used to

overcome these challenges.
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This extract presents the opening three

sections of the first chapter.

Discover the complete 10 chapters and
50 sections by purchasing the book,

now available in various formats.
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This extract presents the opening three

sections of the first chapter.

Discover the complete 10 chapters and
50 sections by purchasing the book,

now available in various formats.
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