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Preface

The origins of this book lie in the frequent questions that I have been asked by colleagues
in the different companies I have worked for about how to proceed in the dimensioning
and optimization of a transceiver line-up. The recurrence of those questions, along with the
problem of identifying suitable reference sources, made me think there could be a gap in the
literature. There is indeed an abundant literature on the physical implementation of wireless
transceivers (e.g. the RF/analog CMOS design), or on digital communications theory itself (e.g.
the signal processing required), but little on how to proceed for dimensioning and optimizing
a transceiver line-up.

Furthermore, the fact is that those questions were coming from two distinct categories of
engineers. On the one hand, RF/analog designers are curious to understand how the specifi-
cations of their blocks are derived. On the other hand, the digital signal processing engineers
in charge of the baseband algorithms need to understand the mechanisms involved in the
degradation of the wanted signal along the line-up for optimizing their processing. Obviously,
it is the job of an RFIC architect to make the link between the two communities and to attempt
to overcome the communication problems between those two groups. Roughly speaking, you
have on the one hand the baseband engineers that process complex envelopes while bench-
marking their algorithms using AWGN, and on the other hand the RF/analog designers that
optimize their designs based on the use of CW tones for evaluating the degradation of a signal
expected to be modulated. Based on my experience, even if the difficulty in the discussion
can be related somehow to the different nature of the technical issues addressed by the two
communities, it is also closely related to the different formalisms traditionally used in those
two domains of knowledge.

I therefore wrote this book with two aims in mind. I first tried to detail the mindset
required, at least based on my professional experience, to take care of the system design
of a transceiver. Expressed like this, we understand that the purpose is not to be exhaustive
about how to perform such dimensioning for all the architectures one can imagine. Rather
the goal is to explain the spirit of it, and how to initiate such work in practice. Conversely,
in order to be able to react correctly whatever the architecture under consideration, there
is a need to understand as far as possible the constraints we have to take into account in
order to dimension a transceiver. Practically speaking, this means understanding the system
design of transceiver line-up in its various aspects. We can, for instance, mention the need to
understand the purpose of a transceiver from the signal processing perspective. Indeed, from
the transmitted or received signal point of view, the transceiver implements nothing more than
signal processing functions, mainly analog signal processing, but signal processing when all
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is said and done. Alternatively, we can mention the need to understand the various limitations
one can face in the implementation of this analog signal processing using electronic devices.
Those limitations can indeed be encountered whatever the architecture implemented.

I then also tried to unify the formalisms used in the various domains of knowledge involved in
the field of wireless transceivers. In practice, this means considering the digital communications
formalism and the extensive use of the complex envelope concept for modeling modulated
RF signals. As discussed above, the first goal was to make easier the link between RF and
digital communications people who need to work together in order to optimize a line-up. This
approach also happens to have many additional benefits. It allows us to correctly define RF
concepts for modulated signals often introduced in a more intuitive way. It also allows us to
perform straightforward analytical derivations in many situations of interest, as in nonlinearity
for instance, while allowing explicit graphical representations in the complex plane. I am now
fully convinced that this formalism is of much interest to RF problems and I would be pleased
if this book can help to propagate its use.

As a result, this book consists of three parts. Part I focuses on the explanation of what is
expected from a transceiver. This part is composed of three chapters dedicated to the three
areas that drive those requirements: (a) the digital communications theory itself, which allows
us to define the minimum set of signal processing functions to be embedded in a transceiver,
as well as introducing key concepts such as complex envelopes; (b) the electromagnetism
theory, as theoretical results in the field of propagation allow us to explain some architectural
constraints for transceivers; (c) the practical organization of wireless networks, as it drives
most of the performance required from transceivers in practice. By the end of Part I we should
thus have an understanding of the functionalities required in a transceiver as well as their
associated performance.

Part 11 is then dedicated to a review of the limitations we face in the physical implementation
using electronic devices of the signal processing functions derived in Part I. Those limitations
are sorted into three groups, leading to three chapters dedicated to: (a) the noise sources to be
considered in a line-up; (b) the nonlinearity in RF/analog components; (c) what are classically
labeled RF impairments.

Part III then turns to the transceiver architecture and system design itself. We can now focus
on how to dimension a transceiver that fulfills the requirements derived in Part I while taking
into account the implementation limitations reviewed in Part II. Practically speaking, this is
done through three chapters. The first of these is dedicated to the illustration of a transceiver
budget for a given architecture. This shows how a practical line-up budget can be done, i.e.
how the constraints linked to the implementation limitations can be balanced between the
various blocks of a given line-up in order to achieve the performance. The second chapter
reviews different architectures of transceivers. In contrast to what is done in the previous
chapter, we can see here how the fundamental limitations of a given line-up can be overcome
by changing its architecture. The third chapter then examines some algorithms classically used
for improving or optimizing the performance of transceiver line-ups.

At this stage, I need to highlight that, due to the organization of the book, only the rea-
soning used for the architecture and system design of transceivers is discussed in Part III.
All the theoretical results, as well as the description of the elementary phenomena that are
involved in this area, are detailed in Parts I and II. As a result, I recommend that the reader
should not embark on Part IIT without sufficient understanding of the phenomena discussed in
Parts I and II.
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