CHAPTER 3
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TECHNOLOGY

3.1 INTRODUCTION

Cellular technology employs a grid of hexagons, or cells, that cover specific geo-
graphic areas. Each cell contains a low-powered radio transmitter and control equip-
ment located in a building called a cell site. (Outside the United States, cell sites are
often referred to as base stations.) The cell site is connected by wireline, microwave,
or satellite facilities to a mobile telephone switching office (MTSO), which is typi-
cally then connected to the regular landline network through the local telephone
company’s central office. (Direct connections from the MTSO to long-distance carri-
ers can also be made, bypassing the local telephone company’s central office.) With
its electronic switching capability, the MTSO monitors the signal strength of the mo-
bile units used by customers and automatically hands off conversations in progress
to the next cell site as the customer moves from one cell to another. Each cell has a
set of radio frequencies, allowing reuse of every channel for many different simulta-
neous conversations in a given service area. As demand for the service grows, divid-
ing cells into smaller cells allows greater numbers of customers to be served.

Thus, cellular is a wireless technology in the sense that the piece of equipment
used by the customer (the phone) communicates with the network through radio
waves rather than through a wired connection. This fact is significant with respect to
technology for at least two important reasons. First, there are numerous transmis-
sion standards that define the air interface, or the link between the customer’s equip-
ment and the cell-site portion of the network. To analogize, the phone and the cell
site must speak the same language to understand the signals they send to each other.
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Because there are a number of air interface standards in use throughout the world,
either the government or the marketplace must elect which one(s) to adopt. Second,
the wireless aspect of cellular means that it can accommodate both mobile and fixed
uses. Depending on whether a country wishes its network to serve one or both types
of these functions, different network equipment and configurations are available, at
different costs.

3.2 AIR INTERFACE TECHNOLOGIES

The choice of a particular air interface is important for several reasons. Any country
that is considering issuing a cellular franchise will want to use a technology that will
be reliable and have sufficient capacity to serve its citizens well, while not being un-
duly expensive to implement. But the choice is significant for another reason: there is
an advantage to making it as easy as possible for customers visiting from other coun-
tries to use cellular service—for example, by allowing them to bring their phones
with them [1]. It is from these customers, referred to as roamers, that a substantial
amount of the revenue of a cellular business may be derived. Typically, roamers are
charged higher rates than home customers. Roaming charges may include a daily fee
as well as a higher per minute rate. Therefore, a country would want a technology
that serves not only its own citizens, but its foreign visitors as well. Conversely, its
choice might also be affected by the desire for its citizens to be able to use their
phones when they are abroad. (Even given the portability of phones and the identity
of the air interface standard, however, a customer may not be able to use the same
phone she uses in her home system in a foreign country, because the foreign system
may operate at a different frequency; that is, on a different part of the radio
spectrum.)

The first distinction to be made between different types of transmission tech-
nologies is the one between analog and digital [2]. Originally, all cellular systems
used analog radio signals, which mimic the wave pattern of the human voice to con-
vey conversations and data. However, digital technologies, which can fit more trans-
missions into the same amount of spectrum, have since been developed. Digital radio
signals transmit by converting the speech or data being sent to the 0’s and 1’s of
computer language [3]. The increased capacity of a digital system may be of particu-
lar interest in developing countries, which often have very crowded urban areas and
thus a high concentration of phone users in a small area. However, even digital tech-
nologies may not provide sufficient capacity to solve this problem in some countries
[4]. In addition to using the airwaves more efficiently, digital technology may make
it more difficult for eavesdroppers to intercept telephone calls [5].

Analog is not without its advantages, however. It may be deployed more rap-
idly than digital, it is cheaper, it can potentially provide a greater coverage area from
a given cell site, and it is subject to fewer export restrictions [6]. One other advan-
tage to a developing country of using an analog standard is that used analog equip-
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ment may be available through service providers who are switching to digital and
who might be able to resell their equipment in other countries.

The major analog standards in place are Advanced Mobile Phone System
(AMPS), Nordic Mobile Telephone (NMT), and Total Access Communications Sys-
tem (TACS) [7]. AMPS is dominant in the Americas, but has spread to other parts of
the world. A more advanced form of AMPS technology, Narrowband AMPS
(N-AMPS), allows for increased system capacity by splitting each 30-kHz AMPS
channel into three 10-kHz channels [8].

NMT, as the name implies, originated in Scandinavia but is also in use in many
other European countries (particularly eastern Europe), some states of the CIS (the
former Soviet Union), and African countries such as Algeria, Morocco, and Tunisia.
NMT-450 refers to equipment that operates in the 450-MHz frequency range of the
spectrum, and NMT-900 to that which operates in the 900-MHz range. A system
that begins on the 450-MHz range can later be expanded to include the 900-MHz
range [9].

TACS originated in the United Kingdom, but is now used as well in other parts
of Europe and in Asia. Two more advanced versions of TACS are ETACS and TACS
2. ETACS incorporates modifications that increase the spectrum allocation (and
hence the number of channels) and TACS 2 includes improvements that enhance the
signaling and reduce fraud. NTACS expands the original capacity of a TACS system
by narrowing channel separation. JTACS, which is based on the U.K.’s TACS sys-
tem, was put into service in Japan in 1989 [10].

There are two basic types of digital technologies currently contending in the
cellular arena: time division multiple access (TDMA) and code division multiple ac-
cess (CDMA). Analog technology sends one conversation over one channel. For this
reason the technology used by analog systems is called frequency division multiple
access (FDMA). The FDMA approach can also be used with digital, but that would
entail forgoing the spectral efficiency gains associated with digital [11]. In contrast,
TDMA breaks a number of conversations into fragments that it transmits over one
channel at precisely timed intervals [12]. CDMA also fragments conversations, but
does not rely on timing to determine how to reassemble the pieces at the receiving
end. Rather, it attaches a unique identifier, or code, to each piece. TDMA is expected
to at least triple capacity compared to analog. The developer of CDMA at one time
claimed improvements in capacity on the order of 18 times analog. The estimate of
capacity expansion for CDMA has since been reduced to 10 times that of analog [13].

TDMA technology is used in two important digital standards: GSM (originally
derived from Groupe Speciale Mobile, [14] but now modestly called Global System
for Mobile) and Interim Standard (IS)-54 [15]. GSM has been adopted by the Euro-
pean Union as a mandatory standard for member states and is spreading throughout
much of the world [16]. However, the United States and other countries that have
significant investments in their existing analog AMPS cellular systems (or another
analog technology) have chosen to transition the networks they have in place to digi-
tal over time: some channels will use analog technology and some will use digital.
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The proportion of digital to analog channels in the network will increase over time.
This means that the large number of customers who already have analog phones will
not have to replace them immediately and simultaneously. Dual-mode phones, that
use both analog and digital technology, will also be available [17]. At the same time,
this solution allows the carriers to resolve their capacity problems. To accomplish
these goals, the digital technology these countries use must be capable of being over-
laid on the existing analog network. IS-54 TDMA technology was developed for this
purpose. CDMA technology was also developed to address this problem. When
GSM was designed, no attempt was made to make it compatible with the various
analog networks already in place in Europe, the Americas, or any other part of the
world [18].

Even though cellular licensees in the United States are not using GSM, some of
the new operators of personal communications networks that received licenses be-
ginning in 1995 will be [19]. (The new licenses for personal communications net-
works are discussed in more detail in Chapter 7.) Because these companies are
building new networks and do not have an embedded base of customers with analog
phones, they can begin with GSM technology.

The proliferation of GSM systems worldwide can make it attractive to devel-
oping nations [20]. A traveler may take his or her phone to another country that uses
a system that is like the one used at home. Additional flexibility is provided by the
fact that the GSM system operates by allowing any user to have a subscriber identi-
fication module (SIM) card. The user inserts the SIM card into the phone’s handset
in order to activate the phone and verify the customer’s identity and authorization to
use the network [21]; the customer may also be required to enter a personal identifi-
cation number [22]. The SIM card allows a customer to use a phone that she or he
does not own, such as a rental phone or borrowed phone, and still have the charges
billed to her or him directly. Even when a roaming customer cannot use the cellular
phone that she or he uses on her or his home system in a foreign country (because,
for example, the phone is not portable but is installed in the car), she or he can
borrow or rent a phone in the foreign country and make calls if it operates on a GSM
system that will allow the use of a SIM card. This is likely to be less expensive than
buying the service from a middleman (such as the lessor of the phone). Some cellular
carriers that provide service on AMPS systems in the United States have made it
easier for their customers to obtain GSM service while they are traveling in Europe,
and in some cases vice versa [23]. The operators of the home and visited networks
must have entered into a roaming agreement allowing them to bill each other for
usage by each other’s customers. (This is true even when the systems use the same air
interface technology.)

Another advantage of the wide development of GSM digital cellular systems is
that it has led to large-scale production of phone sets at reduced prices. Although the
end user rather than the government bears this expense, high-priced handsets would
certainly pose an obstacle to the government’s goal of deriving social benefit from
increased access to telecommunications [24].
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In addition to achieving widespread acceptance in Europe and a measure of
success in Asia, GSM is also being adopted by some African and Middle Eastern
countries as the standard for one or more of their cellular franchises. These include
Egypt, Algeria, Morocco, Tunisia, Cameroon, and South Africa [25].

However, GSM has been criticized on the ground that coverage area per cell
site is too small in comparison with CDMA. This can increase the cost to such a
degree that GSM may not be viable for some developing countries [26].

3.3 MOBILE, FIXED, AND INTEGRATED USES

3.3.1 Introduction

In most parts of the industrialized countries, cellular technology was initially devel-
oped to serve mobile users traveling in automobiles. In rural parts of these countries,
and in developing or transition countries that lack a strong landline infrastructure,
wireless technology—including but not limited to cellular technology—has been
used as a way to serve homes and offices [27]. This is a trend often referred to as
wireless in the local loop. Over time, however, mobile and fixed uses have converged
so that one system can serve both classes of customers [28]. The convergence of fixed
and mobile aspects of a network is sometimes referred to as personal communica-
tions services (PCS) or the personal communications network (PCN). This section
will discuss wireless in the local loop and PCS/PCN.

The use of wireless in the local loop has increased as the cost associated with it
has decreased more quickly than the cost of a landline system over the years [29].
Cellular as a substitute for landline, or wired, service has the particular advantage of
being modular. That is, the initial investment to erect cell sites can be made and
additional equipment can be purchased as more customers sign up for service. In this
way, expenditures for equipment beyond the initial build-out can be made out of the
revenues of the system. (And the initial build-out itself may be financed by the ven-
dor of the network equipment [30].) Building a landline system cannot follow this
pattern; one does not want to redig trenches to lay a second cable [31]. A cellular
network built to accommodate both fixed and mobile uses may well be more expen-
sive than other types of wireless networks that are designed solely to serve fixed uses
(such as fixed point-to-multipoint radio systems). Employing a system that serves
only fixed uses eliminates the need for a considerable amount of switching and soft-
ware associated with mobile service [32]. However, a cellular system designed to
serve both fixed and mobile uses presents a unique opportunity not available with
less expensive systems engineered solely for fixed uses: the chance to subsidize serv-
ice to fixed subscribers who are not well off with revenues from affluent mobile
users [33].

PCS/PCN is a term that has been used in several ways and that can cause much
confusion if the speaker’s intent is not clear. This chapter will discuss three mean-
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ings. The first is the evolution of existing cellular systems from systems that were
intended to serve mobile users in vehicles to systems that will deliver voice and data
communications to anyone, anytime, anywhere. The second is a cordless voice tele-
phone system that may not be able to receive incoming calls and that is not suitable
for people traveling in cars, because it lacks full ability to hand off calls from cell to
cell. The third is a system that may look much like what the existing cellular system
is evolving into, but that will be provided at a higher frequency than existing cellular.

3.3.2 Evolution of Cellular Technology

Cellular technology was originally developed for use in cars [34]. Therefore, cells
were designed to cover areas where people travel in cars. Radio waves from these
macrocells may not penetrate deeply into buildings and may be blocked on a street
surrounded by skyscrapers. Through the use of microcells and picocells [35] to fill in
the coverage gaps, cellular is evolving into a system that can also be used by callers
who either do not move or who walk rather than drive. (The main purpose of micro-
cells and picocells is to allow coverage indoors. However, they may also be used as
temporary outdoor cell sites in emergency situations, such as natural disasters.)
Moreover, by utilizing advanced intelligent network capabilities built into the lan-
dline network, calls can be delivered to an individual whether he or she is in the car,
office, home, or is walking down the street. The hope is that eventually the intelli-
gent network function will be built into the customer’s cellular equipment. At home
or office, the handset can be plugged into a base station and used like a cordless
phone.

The United States Federal Communications Commission has recently proposed
that broadband commercial mobile radio service providers (a category that includes
cellular carriers) be explicitly authorized to provide fixed wireless local loop services.
The Commission stated that it was taking this step to foster competitive local ex-
change service by allowing wireless carriers to provide the equivalent of local ex-
change service [36].

Cellular technology was also originally developed for voice communications
[37]. However, technological evolution has led to cellular networks being used for
data as well. For example, cellular carriers are developing and using cellular digital
packet data (CDPD) technology for both mobile (e.g., cellular fax, e-mail, and vehi-
cle location) and fixed (e.g., cellular alarm systems and utility monitoring) data ap-
plications. CDPD is designed to be a frequency-agile technology that breaks data
transmissions into bursts, or packets, that can be inserted into the blank spaces in
conversations on different channels and then reassembled at the receiving end. Data
can also be provided on a circuit-switched basis, in which one channel is dedicated to
the transmission (as it would be for a conversation), but CDPD will be more efficient
because it will not tie up channels that could otherwise be used for voice transmis-
sions. Even when a single channel is devoted to CDPD, more than one transmission
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can be carried on it. However, circuit-switched technology is better suited to certain
applications that involve long, continuous transmissions (e.g., file transfer of a word
processing document) than is packet data technology [38].

3.3.3 Cordless Telephony

A second form of PCS/PCN developed along a path that split off early in the process
of cellular evolution. For this reason, as well as its relative lack of success in some
areas, it might be referred to as the Neanderthal family of PCS/PCN. It is called CT-2
and represents the second generation of cordless telephones. Like the first generation
of cordless phones, the subscriber equipment comprises two parts: a base station and
a handset. However, the CT-2 handset is lighter and smaller and thus portable.

CT-2 has certain technical characteristics that make it less expensive than tra-
ditional cellular. Capability for handoff of ongoing conversations when the caller
moves from the coverage area of one cell to the next is limited. Part of the problem
is that the network does not have the intelligence to hand off calls and another part
is that cell-site coverage is rather small and thus a large number of cells must be built
to obtain overlapping coverage [39]. In addition, when the phone is out of range of
its home base station, calls can only be made, not received. This inconvenience can
be ameliorated if the individual carries a pager or uses voice mail and can thereby
retrieve messages to call someone. Moreover, in Japan and France, systems are avail-
able with some incoming call capability outside the range of the home base station.
However, the French system does not hand off in moving cars and the Japanese net-
work hands off only when the car is traveling at speeds of less than thirty kilometers
per hour [40].

A CT-2 handset can be used in the home or office or as a substitute for a public
phone, wherever a base station has been built. As the United States Federal Com-
munications Commission (FCC) described it: “The latter [public phone] aspect of
CT-2 is referred to as ‘telepoint service.’...[P]roviders set up base stations in public
places, such as airports, shopping centers, restaurants, etc. Subscribers to the service
access it with their personal CT-2 handsets when they are within range of a base
station” [41].

CT-2 has been implemented in several countries, including the United King-
dom, Hong Kong, and Singapore. Its introduction in European countries has been
less than fully successful. Reasons given for this are that customers expect a similar
level of coverage to cellular and that cellular is already so inexpensive in some coun-
tries that there is no market for CT-2 [42].

3.3.4 Next-Generation Systems

The third kind of system to which PCS/PCN refers is one that is being drawn on a
blank slate rather than evolving from a vehicle-based, voice transmission arrange-
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ment like cellular. However, when it is completed, it is expected to look, at least to
the end user, much like the system that cellular operators are now creating by filling
in the gaps in their coverage systems and expanding their range of applications. In
the United States, PCS/PCN will use the 1,850- to 1,990-MHz portion of the radio
spectrum [43]; in Europe, 1,710 to 1,880 MHz [44]. The FCC began auctioning
blocks of PCS spectrum in December 1994. The precise technology to be used to
provide services over this spectrum in the United States will be left to the market
[45]. In Europe, PCS/PCN is referred to as DCS 1800. DCS 1800 licenses have
been issued in the United Kingdom, Germany, and France [46]. Other than stating
that the system is expected to compete with existing cellular systems, the French
invitation to tender did not specify services required to be provided over this
spectrum [47].

A projected standard for integration of various communications systems is the
Universal Mobile Telecommunication System (UMTS) currently being developed in
Europe. The goal of UMTS is to integrate the four principal types of mobile commu-
nications—cellular, wireless, paging, and private mobile radio—into one system
with the pocket telephone as the principal customer equipment [48].

Much of this technology may be more advanced (and thus more expensive)
than that needed to meet the needs of a developing country. However, some experts,
cognizant of the way in which voice communications, data communications, and
video communications (including entertainment) are converging [49] have envi-
sioned a way that developing countries can take advantage of this convergence by
using wireless communications. They propose that rural telecommunications sys-
tems can become self-supporting through establishment of community information
centers composed of a computer, a printer, and a packet radio, all tied into a cellular
system [50]. Local enterprises and individuals would pay for time-sharing of this
equipment [S51].

Even if cellular is used by a developing country only for basic voice communi-
cations rather than these more advanced services, it is helpful to understand the way
in which wireless and landline systems are converging. Although some may still see
wireless and landline as two separate beasts, from both a technical and business
point of view, a more flexible approach will allow consideration of more options.
The end result will be a more informed choice.

3.4 WHO CHOOSES?

Who should decide whether analog or digital technology is to be used in a country’s
system and which analog or digital air interface is appropriate? Who should deter-
mine whether the cellular system should be engineered to serve only mobile or fixed
users, or both? What about which services are authorized over the frequencies allo-
cated? In many countries, government has made these decisions; in others, they have



Technology 27

to some degree been left to industry. The answers will depend in some part on cir-
cumstances endemic to the country involved.

As was noted, the U.S. FCC has not specified which technologies must be used
over the portion of the spectrum allocated to PCS. Nor has it required existing ana-
log cellular operations to be converted to digital or mandated the digital format that
must be adopted [52]. Rather, it has left this to the industry on the theory that the
market will make the right decisions.

This was not the case, however, when cellular was first introduced in the
United States. The FCC, over the course of several decades, reviewed the evolving
state of mobile radio technology until AMPS was fully developed and the FCC was
persuaded that it would be worthwhile to allocate sufficient spectrum for cellular to
become widely available [53]. Moreover, because the FCC divided the United States
into hundreds of markets—some geographically quite small—which were to be
served by many different operators, it wanted to ensure that a customer of one op-
erator could use his or her phone in other systems [54].

Today, however, cellular standards are often effectively set by industry groups
such as the Telecommunications Industry Association (TTA). TIA committees are
composed of representatives from carriers and equipment vendors. These commit-
tees write specifications that manufacturers of cellular equipment, while not bound
to do so, generally follow when designing how their equipment should be able to
perform [55].

Although cellular technology is far more advanced now than when the United
States first issued licenses for cellular service, there are still reasons why a govern-
ment might want to specify which technology must be used by cellular licensees in its
country. One reason is the need to have a technology that is compatible with those
in nearby countries for the benefit of the entire region. This has been the driving
force in the European Community’s specification of a GSM standard [56]. Similarly,
members of the Southern Africa Development Community (SADC) [57] have met to
attempt to agree on a common standard [58].

Developing countries might be concerned about compatibility of their system
with that of an adjoining country for another reason. It may be that the profit to be
made from a cellular license to be issued in a developing country would be so small
that it would fail to attract many bidders. However, if the developing country is
adjacent to a larger country that is planning to build or has already constructed a
cellular system, the operator of the cellular system in the larger country might be
able to extend its network into the developing country at a lower cost than an en-
tirely separate operator. It could do this by using cell sites in the adjoining country to
beam into the developing country, or by switching cell sites in the developing coun-
try off switches in the adjoining country. Alternatively, an independent operator in
the developing country might be able to lease switch capacity from an operator in a
larger, adjacent country.

A desire to foster competition is another reason why a government might want
to specify the technology to be used. For example, if a country decides to authorize
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two nationwide cellular systems, it might want them to utilize the same technology.
This would allow a customer to switch from one system to the other—in case of
dissatisfaction with service quality or pricing, for example—without incurring the
cost of new terminal equipment [59].

A middle of the road option might be to ask interested bidders to propose the
technology that they would like to provide and then to pick from among the submis-
sions. This seems to have been the approach taken by Ghana, which ultimately
granted six cellular licenses, although only two are operating [60]. It was also used
in the issuance of the second Israeli license [61]. The disadvantage of this method
is the possibility that none, or not enough of the bids would be acceptable to the
government.

The government of a developing country may want to be more specific on the
question of whether the cellular system(s) licensed by the country will be for mobile
or fixed uses, or some combination of the two. The need for wireless to substitute
for landline service in such countries would drive such specificity. Yet, to date many
countries have not done so. This may be due to the perception of wireless as a
“yuppie toy,” [62] to a concern about alienating potential investors by making too
many demands, or to a lack of knowledge about how to make such specifications
[63]. Chapters 10 and 11 will discuss the ways in which a country might make such
specifications.

3.5 CONCLUSION

A number of types of analog and digital technologies are available for the country
contemplating the implementation of a cellular system to meet its telecommunica-
tions needs. Moreover, recent years have seen an integration of fixed and mobile
applications in cellular systems that may be of particular benefit to a developing
country. The choices a government makes among these options may depend in large
part on the particular geographic and demographic characteristics of its country, as
well as the financial resources available to it. And if the country decides to allow
private interests to build and/or operate its cellular system(s)—the decision ad-
dressed in the next chapter—the choices can be limited by what private business is
willing to provide.
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