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This book presents a compact history of the international mobile- phone 

industry. Although it explores the technical dimensions of cellular sys-

tems, it emphasizes the economic and business dimensions of the indus-

try’s history.

Our book is structured in four major parts, each corresponding to a gen-

eration of cellular phones up to the present. These generations, in turn, are 

reasonably well matched to decades: the 1980s was the decade of the first 

cellular generation (1G), the 1990s the decade of the second (2G), the 2000s 

the decade of the third (3G), and the 2010s the decade of the fourth (4G). 

The caveat is that generations started at different points in time in different 

parts of the world. Two of the most widely diffused first- generation stan-

dards, for example, were the Advanced Mobile Phone Service (AMPS), cre-

ated in the United States, and the Nordic Mobile Telephone (NMT) system, 

developed in Scandinavia. Both became operational in the early 1980s 

in their countries of origin. A few years later, they were exported to, and 

adopted by, countries around the world. AMPS became widely used all 

over Central and South America and the Caribbean, whereas NMT was 

heavily adopted in European countries outside Scandinavia. In practice, 

1G cellular started later— and sometimes several years later— in standard- 

importing countries than it did in standard- creating countries.

INTRODUCTION
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2 IntroduCtIon

Similarly, the second- generation Global System for Mobile Commu-

nications (GSM) standard was launched in several Western European 

countries in the early 1990s and later was adopted in Eastern Europe and 

other parts of the world. Thus, 2G cellular started later in Eastern Europe 

than it did in Western Europe. Further, some countries in Africa were still 

launching 1G systems in the early 1990s while some European countries 

were already operating on 2G standards.

Lags of this sort happened also in third- generation cellular, which 

started in many Organisation for Economic Co- operation and Develop-

ment countries at the beginning of the 2000s. In China, however, and due 

mainly to industrial policy factors, 3G cellular was not introduced until the 

very late 2000s. Almost a full decade went by between the launch of 3G 

cellular systems in several Western European countries and 3G adoption 

in China.

With this caveat, each of the four parts in our book corresponds to a 

cellular generation and thus roughly to a decade. Each part, in turn, is 

organized into three chapters. The first chapter in each part presents an 

introduction to the relevant generation and its corresponding standard 

or standards. Thus, each part’s first chapter identifies the novel elements 

associated with each generation (and its standards), including new tech-

nologies, new users, and new functions. In the second chapter of each 

part, we study in more detail the evolution of cellular in different coun-

tries, emphasizing the role that national governments played in shaping 

the cellular industry and fostering cellular growth. The final chapter of 

each part examines cellular product and service markets in the context 

of each standard, highlighting the markets for cellular infrastructure, cel-

lular handsets, and cellular network services. In the last two parts of the 

book, which cover 3G and 4G, we also study the market for mobile semi-

conductors and the market for mobile operating systems.

THEMES OF THE BOOK

Although our book is organized chronologically, we focus on several 

important themes that have defined the cellular industry to thread our 

narrative. These themes include the importance of cellular standards, dif-

ferences between closed and open standards, competition among standards 
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IntroduCtIon  3

and among firms within standards, the impact of technological change, 

and the role of national governments in shaping the evolution of the cellu-

lar industry. We also consider the changing roles that cellular phones have 

played in the everyday lives of people around the world and across time.

Although we usually associate the word cellular with the mobile devices 

we carry around every day, the cellular industry is a system- type industry. 

This means that different components of the cellular ecosystem have to 

interact smoothly with one another for us to be able to communicate with 

one another. It also means that companies operating in different markets 

have to cooperate with one another. From the early 1980s through the 

late 1990s, the cellular industry comprised three groups of companies. 

The first group supplied the cellular infrastructure, the second group the 

cellular devices, and the third group the cellular network services. Start-

ing in the late 1990s, two additional groups of companies started play-

ing an important role in the cellular industry: developers and sponsors 

of smartphone operating systems, and designers and makers of mobile 

semiconductors, especially baseband processors.

Because the interactions between base stations and cellular devices are 

especially crucial, organizations and companies have, from the begin-

ning of cellular history, formed committees to define the rules governing 

such interactions (and other technical details). Those rules of interaction, 

usually called standards, are codified in detailed technical documents. 

Standards have contributed to defining the way the cellular industry has 

evolved because they have laid down the rules dictating how the various 

components of the cellular system interoperate. Without standards, the 

cellular industry would have been infeasible.1

A few standards in the early years of the industry were closed: they 

were developed by a single company, which owned all of the intellectual 

property— the technical specifications— associated with the standard. In 

such cases, only the standard owner was able to manufacture, or license 

other firms to manufacture, equipment adhering to the standard. In 

other cases, however, cellular standards were open. In such cases, several 

organizations interacted (often in committees) to create technical specifi-

cations, which were then made available to all comers, such that multiple 

companies were able to produce technology that adhered to the rules of 

interaction.
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4 IntroduCtIon

In the history of the cellular industry, standards have competed with one 

another and firms have competed with one another within specific stan-

dards. Between- standard competition happened when promoters of differ-

ent standards competed with one another to gain adoption for their own 

standard in different countries and regions of the world. Within- standard 

competition happened when companies competed with one another by 

selling products, such as infrastructure technology and handsets, that 

adhered to a specific standard. By their very nature, closed standards tended 

to suppress within- standard competition, whereas open standards tended 

to promote it. Because they encouraged within- standard competition in 

the supply of cellular technology, open standards fostered wider adoption.

Open standards encouraged cellular adoption in two ways. First, the 

fact that firms competed with one another within specific standards led 

to lower prices for cellular technology, which in turn made it possible 

for wider segments of a country’s population to access cellular prod-

ucts, handsets especially. Second, “network effects” kicked in. As more 

people acquired mobile phones and became cellular subscribers, cellular 

networks became more valuable for both existing and future subscrib-

ers. Large, and rapidly increasing, numbers of users attracted new users, 

and the size of cellular networks exploded. Both effects— lower technol-

ogy prices and network effects— had an impact across countries as well. 

Closed standards were almost never adopted outside the country where 

they were created, but several open standards were widely adopted in 

countries other than the ones where they were developed. During the 1G 

era, AMPS and NMT were the main examples of open standards that were 

widely adopted outside the countries where they were created. During 

the 2G era, GSM was the leading example.

It has been argued that, with full interconnection among cellular net-

works and between each of the cellular networks and the fixedline tele-

phone system, network effects should not matter. (Fixedline telephony 

is the traditional system of wired telephones, also known as the wireline 

system or the public switched telephone network.) Why would somebody 

benefit more from subscribing to a cellular system that has more subscrib-

ers if all systems are interconnected with one another and with the fixed-

line network? Historically, however, network effects have played a role 

in fostering the growth of cellular systems, among other things because 
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carriers have implemented pricing structures in which calls that terminate 

on competing networks are more expensive than calls that terminate on 

each carrier’s own network. These pricing structures have given rise to 

network effects based on differential pricing of services that, from the sub-

scriber’s perspective, are identical.2

Standards also exist in other high- tech industries, such as comput-

ers and semiconductors. Cellular standards, however, are different from 

computer standards in a fundamental way. Computer standards tend to 

be market based: a computer system, such as the IBM System 360, became 

an industry standard because it was successful in the marketplace.3 Many 

cellular standards, by contrast, are committee based: they have been 

shaped by committees consisting of representatives of various organiza-

tions, and governments have frequently intervened to promote the adop-

tion of a particular cellular standard.

This government involvement highlights another theme we explore in 

this book: the role national governments have played in shaping the way 

the cellular industry evolved in each country. First, they have allocated 

portions of the spectrum to cellular communications. The timing of this 

allocation and how generous it was shaped the evolution of cellular ser-

vices in each country. Second, during the early years of the industry, some 

of the first cellular operators were often subsidiaries of a government- 

owned fixedline incumbent. Third, governments promoted the adop-

tion of specific cellular standards— often just a single standard— in each 

country. Fourth, in some countries, governments encouraged the rise of 

“national champions”— large domestic corporations that became leading 

producers of cellular technology with government support. Fifth, gov-

ernments licensed cellular operators and, by doing so, often shaped the 

structure of the network- services market in each country. Finally, gov-

ernment regulators frequently intervened in interconnection disputes 

between cellular operators and the incumbent fixedline telephone opera-

tor. In the early days of cellular, such disputes were frequently conflicts 

between private corporations (or consortia) and a state- owned entity. In 

short, national governments have played a much more influential role in 

the cellular industry than in other high- tech industries.

Another major theme in our book is the impact technological progress 

has had on the cellular industry. One aspect of this theme is the influence 
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of changing semiconductor technology on the size, weight, and func-

tionality of mobile devices. Semiconductor components became smaller 

over time, and this facilitated the transition from bulky, heavy, and rudi-

mentary mobile phones to the smaller, lighter, and more sophisticated 

smartphones in use today. Another dimension of this theme, largely 

invisible to consumers, involves the changing approaches for allocating 

radio frequencies to multiple users so that many calls can be completed 

simultaneously. The cellular industry moved from frequency division 

multiple access, used in all 1G (analog) systems, to time division multiple 

access and code division multiple access, both used in the digital cellular 

systems adopted from the beginning of the 1990s. More recently, the 4G 

Long- Term Evolution (LTE) standard has relied on yet another approach, 

orthogonal frequency division multiple access.

A final theme we explore in our book is how people have used their 

mobile phones over time and across regions of the world. During the 

1980s, in the 1G era of cellular, cellular devices facilitated voice commu-

nications when users were on the move. During the 1990s, in the 2G era, 

cellular subscribers started using short messaging service (texting), but 

voice communications continued to play a crucial role. Change accel-

erated during the 3G era of cellular, starting in the early 2000s, when 

texting became pervasive and mobile devices started supporting versions 

of the Internet and email. Change accelerated again in the late 2000s 

with the introduction of the Apple iPhone and the Android smartphones. 

These mature smartphones had many of the functions of a true computer. 

After Apple introduced the iPhone in 2007, and especially after it intro-

duced the second version in 2008, mobile apps became the core feature 

of mobile phones. Apps captured the attention of users and shaped their 

choices in many areas of everyday life, from transportation to banking to 

entertainment, to mention just a few.

STRUCTURE OF THE BOOK

As explained earlier, our book is divided into four parts, each with three 

chapters. The first part covers roughly the 1980s and focuses on the first 

generation of cellular phones, also known as the 1G or analog era. Chap-

ter 1 argues that cellular systems did not come into existence out of the 
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blue: wireless telegraphs existed before there were wireless phones, and 

mobile phones existed before there were cellular phones. We track the evo-

lution of mobile communications before the rise of cellular phones and 

explain the originality of the cellular concept. Chapter 2 focuses on the 

launch of the early cellular systems in Japan, Scandinavia, and the United 

States, as well as in other Western European countries that created their 

own standards. Among the countries that developed cellular standards, the 

United States and Britain were peculiar because they introduced competi-

tion in cellular services from the very beginning. Chapter 3 explores the 

early markets for cellular infrastructure, handsets, and network services.

The second part covers roughly the 1990s and focuses on the transi-

tion from first- generation to second- generation cellular, or from 1G to 2G. 

Second- generation cellular was the first generation of digital cellular sys-

tems. Chapter 4 highlights some of the new features of 2G cellular net-

works. In the 2G era, the existing standards for analog transmission were 

replaced with those for digital transmission. In addition, mobile phones 

were adopted widely by consumers (rather than just by business users and 

wealthy subscribers). Chapter 5 examines the transition from analog to 

digital cellular in some of the pioneering cellular countries, including the 

United States and Japan, as well as in several other large cellular markets 

in Europe. It also explores the rise of cellular systems in two countries 

that would eventually become massive cellular markets: China and India. 

In many of the countries studied in chapter 5, the evolution from 1G to 

2G also involved the transition from monopoly to competition in cellular 

network services. Chapter 6 examines the dynamics of cellular product 

and service markets— infrastructure, handsets, and network services— 

during the 2G era.

The third part covers roughly the 2000s and focuses on the transition 

from second- generation to third- generation cellular networks, or from 

2G to 3G. Chapter 7 explores how the 3G cellular standards were devel-

oped and the novel features they introduced. During the third cellular 

generation, feature phones and smartphones replaced voice- only phones, 

and data- related applications on mobile phones slowly became pervasive. 

Chapter 8 compares the evolution of cellular systems in several markets 

in the Asia- Pacific region, the Middle East, and Latin America. Chapter 9 

analyzes changes in cellular product and service markets during the 3G 
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8 IntroduCtIon

era, tracking the growing importance of two ancillary markets: mobile 

semiconductors and mobile operating systems.

Lastly, the fourth part covers roughly the 2010s and examines the 

transition from third- generation to fourth- generation cellular systems, or 

from 3G to 4G. Chapter 10 tracks how the LTE standard was developed, 

and how smartphones came to play an increasingly important role in the 

cellular industry, especially after the introduction of Apple’s iPhone in 

2007 and of the first Android phones in late 2008. Chapter 11 analyzes 

cellular markets in Africa. Chapter 12 studies the dynamics of cellular 

product and service markets during the 4G era, highlighting the growing 

importance of Chinese companies in several of those markets.

In the concluding chapter of our book, we summarize the main themes 

developed in the book and reflect on 5G, the new generation of cellular 

systems. At the time of writing, the fifth cellular generation has become a 

topic of intense debate, not only because of its technical dimensions and 

the lifestyle changes it is expected to introduce but also for its national- 

security and geopolitical implications.

RELATED LITERATURE

Among the histories of mobiles phones, three excellent books stand out: 

Garry Garrard’s Cellular Communications (1998), Guy Klemens’s The Cell-

phone (2010), and Jon Agar’s Constant Touch (2013).4 Garrard presents 

a wealth of information on the evolution of cellular communications 

all over the world but covers only the first generation and a fraction of 

the second generation of cellular phones. Klemens devotes substantial 

portions of his book to the technical foundations of wireless and cel-

lular communications. Agar tends to emphasize the cultural and social 

dimensions of mobile phones. In addition, Martin Cooper’s Cutting the 

Cord (2020) contains valuable insights on the business and technologi-

cal developments that led to the introduction of cellular systems in the 

United States.5 We have also consulted dozens of peer- reviewed articles 

and books on the evolution of cellular networks in specific countries and 

regions of the world, as well as a variety of technical books on wireless 

and cellular communications. These sources are reflected in the endnotes 

for each chapter.
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Two short and carefully written introductions to the history of cellu-

lar phones are John Meurling and Richard Jeans’s The Mobile Phone Book 

(1994) and Karyn Poupée’s La téléphonie mobile (2003).6 The former covers 

the first generation and the beginning of the second generation of cellu-

lar systems, whereas the latter focuses on the second generation and the 

early years of the third generation.

Among the books that highlight the economic and business dimensions 

of cellular phones, four have been especially useful to us: Jeffrey Funk’s 

Global Competition between and within Standards (2002), Harald Gruber’s The 

Economics of Mobile Telecommunications (2005), Peter Curwen and Jason 

Whalley’s The Internationalisation of Mobile Telecommunications (2008), and 

Curwen and Whalley’s Mobile Telecommunications in a High- Speed World 

(2010).7 We have also drawn from a collection of excellent book chapters, 

including Jerry Hausman’s “Mobile Telephone” (2002), Jeffrey Church and 

Neil Gandal’s “Platform Competition in Telecommunications” (2005), and 

Joshua Gans, Stephen King, and Julian Wright’s “Wireless Communica-

tions” (2005).8 Two books are full of insights on telecommunications eco-

nomics more generally: Jean- Jacques Laffont and Jean Tirole’s Competition 

in Telecommunications (1999) and Carlo Cambini, Piercarlo Ravazzi, and 

Tommaso Valletti’s Il mercato delle telecommunicazioni (2003).9

In the process of writing this book we received superb research assis-

tance from Nicolas Garcia- Vicente and Florencia Garcia- Vicente. Two 

anonymous reviewers made extremely helpful comments. The views 

expressed in this book are those of the authors and do not reflect or rep-

resent the views of Charles River Associates, Warwick University, or any 

of the institutions with which the authors are, or have been, affiliated.
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1. On cellular standards, see especially J. Funk, Global Competition between and within 
Standards: The Case of Mobile Phones (Houndmills, UK: Palgrave, 2002); and R. Bek-
kers, Mobile Telecommunications Standards: GSM, UMTS, TETRA, and ERMES (Boston: 
Artech House, 2001). On the history of the standard- setting movement since the 
late nineteenth century, see especially J. Yates and C. Murphy, Engineering Rules: 
Global Standard Setting since 1880 (Baltimore: Johns Hopkins University Press, 2019).

2. See J. Laffont, P. Rey, and J. Tirole, “Network Competition: I. Overview and Non-
discriminatory Pricing,” RAND Journal of Economics 29, no. 1 (Spring 1998): 1– 37; 
and J. Laffont, P. Rey, and J. Tirole, “Network Competition: II. Price Discrimina-
tion,” RAND Journal of Economics 29, no. 1 (Spring 1998): 38– 56.

3. See M. Campbell- Kelly and D. Garcia- Swartz, From Mainframes to Smartphones: A 
History of the International Computer Industry (Cambridge, MA: Harvard University 
Press, 2015), 57– 102.

4. G. Garrard, Cellular Communications: Worldwide Market Development (Boston: 
Artech House, 1998); G. Klemens, The Cellphone: History of the Gadget That Changed 
the World (Jefferson, NC: McFarland, 2010); J. Agar, Constant Touch: A History of the 
Global Mobile Phone (London: ICON Books, 2013).

5. M. Cooper, Cutting the Cord (New York: RosettaBooks, 2020).

6. J. Meurling and R. Jeans, The Mobile Phone Book (London: Ericsson Radio Systems, 
1994); K. Poupée, La téléphonie mobile (Paris: Presses universitaires de France, 2003).

7. Funk, Global Competition; H. Gruber, The Economics of Mobile Telecommunica-
tions (Cambridge: Cambridge University Press, 2005); P. Curwen and J. Whalley, 
The Internationalisation of Mobile Telecommunications: Strategic Challenges in a Global 
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Market (Cheltenham, UK: Edward Elgar, 2008); P. Curwen and J. Whalley, Mobile 
Telecommunications in a High- Speed World: Industry Structure, Strategic Behavior and 
Socio- economic Impact (Farnham, UK: Gower, 2010).

8. J. Hausman, “Mobile Telephone,” in Handbook of Telecommunications Economics, 
vol. 1, Structure, Regulation, and Competition, ed. M. Cave, S. Majumdar, and I. Vogel-
sang (Amsterdam: Elsevier, 2002), 563– 604; J. Church and N. Gandal, “Platform 
Competition in Telecommunications,” in Handbook of Telecommunications Economics, 
vol. 2, Technical Evolution and the Internet, ed. S. Majumdar, I. Vogelsang, and M. Cave 
(Amsterdam: Elsevier, 2005), 119– 53; J. Gans, S. King, and J. Wright, “Wireless Com-
munications,” in Majumdar, Vogelsang, and Cave, Handbook of Telecommunications 
Economics, 241– 285.

9. J.- J. Laffont and J. Tirole, Competition in Telecommunications (Cambridge, MA: MIT 
Press, 1999); C. Cambini, P. Ravazzi, and T. Valletti, Il mercato delle telecomunicazioni 
(Bologna: Il Mulino, 2003).

CHAPTER 1

1. A. Mehrotra, Cellular Radio: Analog and Digital Systems (Boston: Artech House, 
1994), 146– 150. In his recent book on the origins of cellular phones, Martin Cooper 
argues that there were proto- cellular systems many years before 1978. He mentions 
a system set up in the late 1960s for the New York City– Washington, DC, Metroliner 
train that included a “handoff” feature from one system to another. He also men-
tions a system that Motorola set up for the Chicago Police Department in the 1960s 
and that included all the cellular features with the exception of the call “handoff.” 
See M. Cooper, Cutting the Cord (New York: RosettaBooks, 2020), esp. 49– 50, 57– 64. 
These systems may well have been precursors of cellular networks, but they were not 
nearly as fully developed as the Chicago system of 1978.

2. As of mid- 1988, forty- two countries had cellular systems, according to US Depart-
ment of Commerce, A Competitive Assessment of the U.S. Cellular Radiotelephone Indus-
try (Washington, DC: US Department of Commerce, 1988), 37– 38, 76. There were 
forty- five countries with at least one cellular system by the end of 1988, according 
to J. Funk, Global Competition between and within Standards: The Case of Mobile Phones 
(Houndmills, UK: Palgrave, 2002), 43– 45. The 2.5- million subscriber number comes 
from US Department of Commerce, Competitive Assessment, xi. According to the 
International Telecommunications Union (ITU) database, there were more than four 
million cellular subscriptions by the end of 1988.

3. The story of how an NMT 450 system came to be launched in Saudi Arabia very 
early in the history of cellular networks can be found in J. Meurling and R. Jeans, 
The Mobile Phone Book (London: Ericsson Radio Systems, 1994), 55– 57.

4. On the history and economics of spectrum allocation in the United States, see espe-
cially T. Hazlett, The Political Spectrum (New Haven, CT: Yale University Press, 2017).

5. H. Aitken, Syntony and Spark: The Origins of Radio (New York: John Wiley and 
Sons, 1976), 179– 297. This book also has excellent chapters on Heinrich Hertz and 
Oliver Lodge. On electromagnetic experimental and theoretical developments in the 
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nineteenth century, see B. Hunt, Pursuing Power and Light: Technology and Physics 
from James Watts to Albert Einstein (Baltimore: Johns Hopkins University Press, 2010); 
and “Electrical Theory and Practice in the Nineteenth Century,” in The Cambridge 
History of Science, vol. 5, The Modern Physical and Mathematical Sciences, ed. M. Nye 
(Cambridge: Cambridge University Press, 2003), 311– 327. For the mathematics of 
Maxwell’s equations, see D. Fleisch, A Student’s Guide to Maxwell’s Equations (Cam-
bridge: Cambridge University Press, 2008).

6. Aitken, Syntony and Spark, 202.

7. Marconi’s patent, No. 763,772, “Apparatus for Wireless Telegraphy,” was filed on 
November 10, 1900. This patent generated disputes with the Serbian- born American 
engineer Nikola Tesla, whose two important radio- related patents were granted in 
1900: No. 645,576, “System of Transmission of Electrical Energy,” and No. 649,621, 
“Apparatus for Transmission of Electrical Energy.” The patent office denied Mar-
coni’s patent in 1903 on the basis of Tesla’s preexisting patents. However, in 1904, 
and without any explanation, the patent office reversed its decision and granted 
Marconi’s patent. The disputes continued for decades. See G. Klemens, The Cellphone 
(Jefferson, NC: McFarland, 2010), esp. 34– 37.

8. When the Titanic hit an iceberg on April 14, 1912, the crew used a Marconi wireless 
telegraph system to send distress signals to other ships. The system, which was capable 
of transmitting signals as far as 350 miles, was used on the ship for two purposes: 
to send “marconigrams” (wireless telegrams) on behalf of the first- class passengers, 
and to send and receive weather reports and ice warnings. See J. Ouellette, “US 
Court Grants Permission to Recover Marconi Telegraph from Titanic Wreckage,” Ars 
Technica, May 28, 2020, https:// arstechnica . com / science / 2020 / 05 / us - court - grants 
- permission - to - recover - marconi - telegraph - from - titanic - wreckage /  .

9. H. Aitken, The Continuous Wave: Technology and American Radio, 1900– 1932 (Princ-
eton, NJ: Princeton University Press, 1985), esp. 1– 27.

10. For details on these devices, see Aitken, 28– 161; and F. Nebeker, Dawn of the 
Electronic Age (Hoboken, NJ: John Wiley and Sons, 2009), 23– 24, 27, 37.
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