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I dedicate this book to a little-known
Brazilian hero. He was born in Piracicaba,
in the interior of the State of Sdo Paulo,
Brazil, in the middle of the nineteenth
century, more precisely on October 26, 1853.
His name: Evaristo Conrado Engelberg, son
of Swiss immigrants. A mechanical engineer
by profession, he developed something
important, the coffee and rice hulling and
separation machine, at a time when Brazil
and the State of Sao Paulo depended
economically and fundamentally on coffee
culture, considered the green gold. At that
time, coffee represented 56% of all Brazilian
exports. Engelberg became so famous that
Brazilian Emperor Dom Pedro Il went
personally to Piracicaba to meet him. He
became a member of the Paris Academy of
Inventors and was awarded with the gold
medal. He set up factories in Brazil and in
the USA to produce his invention. He didn't
become rich, probably because he didn't
have enough capital to participate in the
investments of the companies that he helped
to create and that carried his name. He had
to leave the companies, but not before having
the satisfaction of seeing his invention
patented in the USA on August 4, 1914. He
died in 1932, and today he is only
remembered in a few books that tell the
history of industrialization in Brazil. I am
very proud to be his great-grandson. José
Luiz Frauendorf



Foreword

I met Frauendorf when I took over the direction of DirecTV Brazil in 1997. At that
time, he was the general director of operations of TVA, a Pay-TV company. Soon
after, he became an independent consultant, but continued to work for Editora Abril.
Later, as general director of TVA, I had the pleasure of interacting with him for
many years and always learned a lot in our conversations and debates. In fact,
Frauendorf and Virgilio Amaral, TVA's Technology Director, were very patient,
teaching me everything I could learn about wireless technology.

Frauendorf then became general director of Neotec, the Brazilian association of
MMDS (Multichannel Multipoint Distribution Service) operators. This association
was formed by initiative of the brothers Lins de Albuquerque, Hermano, and Carlos
André, from TV Filme Brasilia. Neotec was created with the objective of searching
in the international market new digital technologies that would allow the expansion
of services provided by operators that held the MMDS spectrum concession. The
operators, around 2001, were limited, providing pay TV service over the air using
the 2.5 GHz band and had great difficulty competing with operators that were pro-
viding service using coax cable. At that time everything was analog, but digitaliza-
tion was very close.

In addition to TVA, TV Filme, Acom, Teleserv, and MMDSC made up a very
united team willing to fight for the right to use the spectrum for any other possible
service. Carlos André Lins de Albuquerque, representing TV Filme, Jodo Reino and
Mario de Paula for Acom, Gisele Gomes for Teleserv, and Odilon Silva for MMDSC
completed the team that worked together to optimize the use of the 2.5 GHz spec-
trum. In leading the association, Frauendorf was tireless in searching new technolo-
gies and regulatory alternatives.

Acom had already launched its digital service in Natal and served as a “guinea
pig” for the digitization of video services, but this was not enough. MMDS had to
provide access to the Internet. TV Filme had launched the provision of access using
an MMDS channel for the downstream, and the return, upstream, was done by tele-
phone line. Soon, the services evolved to DOCSIS modems, the same used by cable
TV operators. But the team wanted something innovative.
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viii Foreword

TV Filme, located in the USA some companies that developed specific technolo-
gies for wireless. Two of them, Navine and NextNet, were interested in the Neotec
project and were willing to perform field tests in Brazil. The Brazilian city of Belo
Horizonte, where TV Filme had a concession, was chosen as the ideal stage for the
tests. Effectively, after overcoming all the importation and licensing bureaucratic
procedures, the equipment arrived in Brazil and the tests could begin in early 2003.

Navine used TD-SCDMA modulation, which had been employed initially in
China, like W-CDMA modulation used in 3G. NextNet came with a technological
innovation, OFDM modulation, the same used in digital television. OFDM’s supe-
riority was verified right at the beginning of the tests that lasted many months. A van
was traveling the central streets of BH receiving and transmitting video signals and
allowing Internet access, while the connection was always maintained, provided by
handover between the three cells installed, covering each an area of 2 to 5 km radius.
The success was impressive. The speeds achieved for that time were quite satisfac-
tory: 2 Mbps downstream and 0.8 Mbps upstream.

All operators were invited to witness the success of the tests, as well as, of course,
the staff of Anatel, the Brazilian Telecommunications Agency. The then board
member of Anatel, Antdnio Carlos Valente, soon warned: Hire a good lawyer to
defend your rights. This was how Dr. Elinor Cotait came to represent Neotec in all
the battles for the rights of operators to use the spectrum.

We are very proud of all the work developed by the MMDS operators’ associa-
tion, which was, at that time, recognized internationally.

The results of the BH tests were presented by Frauendorf at a WCA (Wireless
Communications Alliance) conference in Palo Alto, California, in January 2004.
Among the influential and recognized people in the market who attended the con-
gress were Sean Maloney, VP of Intel, and Barry J. West, CTO of Nextel
Communications (Sprint). The invitation for Neotec to be part of the WiIMAX
Forum, where the proposed technologies solutions were in discussions, was imme-
diate. Intel and Samsung had an agreement to create WiMAX, which would be a
system similar to Wi-Fi for outdoor use and intended to be the fourth generation of
cellular systems. Shortly after, the WiMAX/4G—Global Development Committee
(GDC) was created within the WCA and Neotec was indicated to the co-chair posi-
tion alongside a representative from Sprint.

All this development motivated Samsung and Motorola to promote WiMAX
tests in Brazil, which took place in Sao Paulo in 2005, and I had the pleasure to fol-
low. Interesting to note that, in the case of Samsung, Sdo Paulo was the second city
where field tests were conducted, right after the tests in Seoul, Korea, and before the
tests performed by Sprint in the USA, demonstrating that Brazil was really commit-
ted to the development of the new technology.

WiMAX didn't take off, but it was the embryo of what we now know as LTE/4G,
which in turn was the embryo of 5G, which will enable the transformation of vari-
ous industries and services.

I was very happy when Frauendorf called me saying that he was launching a
book 20 years after Neotec was founded, writing about the technology whose birth
and development worldwide he had the opportunity to follow. I was very proud to
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have participated in an organization that was developing pioneering and innovative
work in a country that does not always value initiatives like this.

It is a privilege for me to be able to tell a little of this story and, at the same time,
to register how important was the participation of Virgilio, Carlos André, Odilon,
Jodo Reino, Mdrio de Paula, and Gisele in Neotec. The partnership with the opera-
tors allowed Frauendorf, as general director of the Association, to have the opportu-
nity to follow the evolution of cellular technology in Brazil and in the world.

To Frauendorf, my special thanks for his dedication and competence in conduct-
ing this important project, which, with the arrival of 5G, will bring so many benefits
to society.

Chairman of the Board of Directors IBGC (Brazilian Institute of Corporate
Governance)

Leila Abraham Loria,

Séao Paulo, Brazil



Preface

I stayed almost 10 years away from my professional origin, taking care of other
interests not related to telecommunications.

I had the privilege of working with WiMAX technology, an innovative technol-
ogy, evolution of Wi-Fi for outdoor networks and precursor of LTE/4G. It was an
incredible learning experience. Unfortunately, the technology didn't take off and I
got frustrated.

With the pandemic, I had to retire from the day-to-day work I've done for over
50 years. [ became interested in 5G just because I soon realized there was something
disruptive on the horizon. The beginning was difficult. The number of acronyms
confused me. I felt like I didn't understand anything. In part, this was due to my total
lack of knowledge about the architecture of the LTE system, used in both 4G and
4.5G. In fact, I knew very little about the previous systems, as I had not participated
in any project that required me to deepen my knowledge in this segment. I was heav-
ily involved in video digitization for a long time, an activity that required me to be
very focused.

Gradually, I understood the logic that guided the development of 5G and realized
the greatness of this revolutionary technology that will certainly radically change
the telecommunications scenario in a very short time. As I understood it, I realized
how innovative it is.

As I had done since I was in college, I made summaries of everything I learned.
I acted more like a journalist studying a new subject. I hope this book can be of
value and inspire those who wish to understand a little about cellular systems and
anticipate everything that 5G will mean for users, network operators, and, above all,
equipment suppliers, service providers, and application developers.

Basically, the great objective of this book is to divulge new opportunities that
will be available to those who are alert.

Three technological quantum leaps are occurring almost simultaneously. The
most advanced is photovoltaics, which will greatly change the way electricity is
generated and consumed.

The second is exactly 5G, the subject of this book.
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The third is electric and hydrogen-powered vehicles, which are already begin-
ning to unbalance a long-standing hegemony. A single indicator is enough to dem-
onstrate their transformative character. While a conventional car is composed of
30,000 parts, electric cars require only 6,000 to be assembled. It is just a matter of
time and production scale. Countless opportunities will come around.

But, as more heads think much better than just one, I went searching help from
incredible people who shared my professional history, to help me in the task I had
set myself. Erika Almeida de Souza collaborated a lot with the preliminary texts,
inserting points that required further clarification. She ended up becoming my co-
author for her valuable contributions. Erich Baumeier, with an excellent profes-
sional background in IT, information technology, also collaborated a lot with
comments and suggestions, mainly in the segment he dominates. Working with
more people makes the task even more interesting and much more enjoyable.

Our intention is to write something that will help all readers interested in 5G to
be more knowledgeable and aware of the new opportunities. I hope we can achieve
our goals. Happy reading!

Important note: for those less familiar with some basic concepts used in telecom-
munications and computer networks, we advise reading three additional chapters:
“Digital Modulation,” “Computer Networks,” and “Al—Artificial Intelligence/
ML—Machine Learning.”

Ouro Fino, MG, Brazil José Luiz Frauendorf
April 2022
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Chapter 1
Remembering the Technological
Revolutions

Humankind takes cultural and technological leaps from time to time. The first one
was during the Renaissance, more specifically between the fifteenth and sixteenth
centuries. But it was only with the invention of the steam engine, already in the
eighteenth century, that animal traction, the power of windmills and water wheels,
and even with the progressive abolition of slavery, that humanity had a new option
of driving force, met the First Industrial Revolution, and entered the Age of Steam
and machinery. It was then that the first railroads were born. This revolution brought
some important consequences, such as the coming of the people from the country-
side to the cities, and the replacement of craft work by industrial work, especially in
the textile industry. Unfortunately, the emergence of capitalism, creating the bour-
geois and proletarian classes, would generate social conflicts in a very short time.
The main source of energy was coal, which caused the increase of atmospheric
pollution.

The Second Industrial Revolution did not take long to emerge, already at the
beginning of the twentieth century. It was characterized by the introduction of elec-
tricity, telegraph, and telephone, allowing greater communication between peoples.
It was indeed a revolution, especially with the possibility of displacement of people
and the intensification of the use of railroads. It became a landmark of the internal-
ization of the American territory, beginning a new era of development for its popula-
tion. The steel industry allowed the construction of ships and the consequent impulse
to maritime navigation. The radio, the cinema, the airplane, the combustion engine,
and the plastic were also born, and the concept of mass production with Ford was
established. The process was totally verticalized and standardized, there was no
room for customization. The oligopolies and transnational companies emerged,
with a strong concentration of economic power. The chemical and mechanical
industries gained prominence. The airplane began to emerge as a means of transpor-
tation, competing with railroad and naval transportation. Oil and electricity replaced
partially coal as sources of energy generation.
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