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Abstract
The paper focuses on third generation wireless technologies and on alternative technologies for wireless local area
networks. The authors present the evolutionary migration path from second to third generation systems. Technological,
economic and behavioral factors related to decision-making towards the migration are proposed. As an example, the paper
studies the case of the national incumbent operator of India. It analyzes qualitatively the migration problem from the
perspective of the operator, the equipment manufacturer and the users. For the quantitative analysis, real options are used
to value the investment decisions. The analysis suggests that the initial (sunk) investment cost, the average revenue per
user, the growth of the subscriber base and the volatility of the markets are the key factors in the investment process.
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1. Introduction
The evolution of the internet has led to the convergence of telecommunications networks and computers.
Beneﬁts associated with the World Wide Web (WWW) are of great importance nowadays: people are able to
communicate via e-mail, perform data transfers, online shopping, online auctions, etc.
Traditionally, internet services have been provided by internet service providers (ISPs) using modems, with
data rates limited to 56.6 kbp. With the need for higher speed internet services, Broadband ISPs emerged
providing faster data rates based on Cable and Digital Subscriber Line (DSL) technologies. In the United
States, the Federal Communications Commission (FCC) deﬁnes as broadband internet services those
operating at 200 kbp in both directions. According to a December 2004 report, US broadband penetration is
at 53.6%, far behind the penetration rate in other developed countries, e.g., Japan and Korea (Web Site
Optimization).
Recently evolved IEEE 802.11x technologies have opened a whole new era accessing the internet wirelessly,
giving traditional users the advantage of mobility. The majority of existing technologies are localized, difﬁcult
to deploy in accessible areas, time consuming and expensive. The increasing demand for wireless packet data
services has opened a new market segment in the wireless industry: Wireless Internet Services (WIS). The WIS
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market provides excellent opportunities to telecom operators and entrepreneurs to become wireless ISPs
(WISPs). WISs can provide high-speed services in remote areas and offer cost-effective solutions, overcoming
the limitations of wired and short-range wireless services.
The commercial wireless industry was built in a span of three decades. It has evolved from circuit switched
voice service to IP-based voice and data services. The importance of mobile services grew in people’s day-today life, since the ﬁrst service was launched. The fundamental idea behind launching mobile services was voice
communication with an added feature of short messaging services (SMS). Thanks to continuous growth in the
mobile subscriber’s base and the use of internet, the need for information retrieval ‘‘anywhere anytime’’ is now
a reality. During this period, many new competing technologies have emerged. For example, we are witnessing
operators integrating their intermediate generation (2.5G) networks with Wireless Local Area Networks
(WLANs) to provide data services. With voice service fully deployed, operators are not able to make
additional revenue. The only additional revenue operators can make is when subscribers switch service
providers. In order to enhance their average revenue per user (ARPU), operators started offering data
services. The need for higher data rates and new applications has led the industry to think about future
network conﬁgurations. Since wireless companies already have stable voice subscriber bases, provision of
internet services opens a new segment for business and additional revenue. This presents a challenge to the
operators to re-design their business strategy and enhance their capability.
The present paper deals with third generation (3G) wireless technologies, i.e., Global System for Mobile
Communications (GSM) family (General Packet Radio Services (GPRS), Enhanced Data Rate for GSM
evolution (EDGE) and Universal Mobile Telecommunications Systems (UMTS)), Code Division Multiple
Access (CDMA) and alternative technologies especially, wireless ﬁdelity (Wi-Fi). It tries to answer very
general, yet popular, questions among operators, not only in developed countries but emerging markets as
well. It approaches the case as follows: (1) the above next generation wireless technologies are compared and
differentiated focusing on their broadband internet services capabilities; (2) technological, economical and
behavioral factors are identiﬁed and proposed that affect the selection of wireless technologies for migration
paths; (3) the case of the national incumbent operator in India is studied and the options this operator has in
migrating to 3G systems; (4) real options are used to value the most suitable to the operator migration path
towards 3G.
The paper ﬁnds that capital expenditure, future subscriber growth that directly affects the revenue stream
and ARPU are the key explanatory variables in the analysis. The authors believe that the uncertainty involved
around high technology investments plays a key role in the deployment and success of wireless networks.
Therefore, the wireless industry is a suitable domain to apply real options for investment analysis (Alleman,
2002; Alleman & Noam, 1999; Alleman & Rappoport, 2002; Harmantzis & Tanguturi, 2004a, b; Kim & Weiss,
2004; Kulatilaka, 2001; Paxson & Pinto, 2004).
The following section reviews the wireless technologies and traces the different evolutionary migration
paths. Following this, technological, behavioral and economic factors associated with the migration process
are identiﬁed and proposed. The case of an Indian operator qualitatively and quantitatively (using real options
theory) is then studied. In conclusion, the study is summarized.
2. Wireless technology overview
2.1. Historical overview of mobile communications
Before explaining what constitutes 3G mobile technologies, it is worthwhile to take a look at the history of
mobile communications. The evolution of mobile systems was based on common themes across different
standards: mobility, security, roaming and improved voice service.
First generation (1G) mobile networks were designed with primary focus on voice communications—analog
in nature—and provided localized wireless services. Examples of major 1G systems are: Advance Mobile
Phone System (AMPS), Total Access Communications System (TACS) and Nordic Mobile Telephone
(NMT).
By the late 1990s, the second generation (2G) systems were deployed. 2G systems were digital in nature, had
enhanced voice capability in comparison to analog systems, better spectrum management, wider coverage
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area, circuit switching and better mobility. 2G technology was composed of GSM, Time Division Multiple
Access (TDMA) and CDMA. The primary objective of 2G was to offer voice with added capability of SMS
and text delivery. 2G technologies were deployed in 800, 900, 1800 and 1900 MHz bands, offering data rates in
the range of 9.6–14.4 kbp (speed of a dial-up modem). During this time period, the market experienced the
emergence of the internet. The ﬁrst equipment used to connect to the internet provided data rates of
9.6–14.4 kbp. With advances in telephony industry, new technologies started offering broadband services over
200 kbp using Cable and DSL. The possibility of offering the same data services using wireless technology was
far from reality at that time.
By the end of 2000, wireless voice services were already matured. The focus of wireless companies shifted to
enhance data rates and make available the very same applications of wired networks to the wireless
community. Advancements were made to 2G technologies to meet the market expectations. By 2001, 2.5G
technologies were introduced, High Speed Circuit Switched Data (HSCSD), GPRS, EDGE and CDMA20001xRTT (Radio Transmission Technology) were introduced. 2.5G technologies were digital in nature, offering
circuit and packed switched data services. 2.5G technologies offered data rates in the range of 28.8/
56.6–384 kbp (in ideal conditions), and services such as voicemail, e-mail, location-based services (LBS), web
surﬁng using Wireless Application Protocol (WAP) and other e-commerce services.
The International Telecommunications Union (ITU) created IMT-2000 (International Mobile Telecommunications), a single standard under which all the 3G systems were deﬁned (Selian, 2002). According to
IMT-2000, the design of 3G technologies should be based on the following objective (Selian, 2002): an
architecture proving maximum network capacity, offering content-rich applications independently of user
location. The main features of 3G systems are ‘‘Always-on connectivity’’, all ‘‘IP network’’, ‘‘Global roaming’’
and value added services (Selian, 2002).
2.2. 3G wireless
The mobile industry follows two major standards: the GSM, developed by the European Telecommunications Standardization Institute (ETSI), and the CDMA developed by the Telecommunications Industry
Association (TIA). Currently, there are two major partnership project groups: the 3G Partnership Project
(3GPP) (http://www.3gpp.org) and 3G Partnership Project 2 (3GPP2) (http://www.3gpp2.org), that
undertook the development of these technologies (Patel & Dennett, 2000; 3GPP; 3GPP2). 3GPP is a
standardizing GSM-based system, whereas 3GPP2 is standardizing CDMA-based system. Under the IMT2000 umbrella, UMTS based on Wideband CDMA (WCDMA) and CDMA2000 constitute the 3G systems.
According to ITU, 3G systems should provide data rates of 144 kbp for vehicular, 384 kbp for pedestrian and
2 Mbp for indoor environment, in order to meet the IMT-2000 requirements (Selian, 2002). Table 1
demonstrates the 3G data capabilities.
2.2.1. Universal mobile telecommunications systems
UMTS is the evolutionary 3G system of the GSM family, developed by European standard bodies.
Currently, the 3GPP group is responsible for the development and growth of the UMTS technology. UMTS
air interface is based on direct sequence WCDMA (DS-WCDMA). WCDMA has a RF signal bandwidth of
5 MHz. It can be operated in two different modes: (a) Frequency Division Duplex (FDD), where uplink and
downlink are on different RF channels and (b) Time Division Duplex (TDD), where uplink and downlink are
on the same RF channel, and separation is achieved in time. The FDD mode will be implemented ﬁrst. UMTS
operates in different spectrum bands (see Table 1).
2.2.2. Code Division Multiple Access 2000 (cdma2000) systems
cdma2000 is the 3G variant of 1G CDMA (IS-95) systems that provides enhanced services. The main
advantage of the cdma2000 systems is that they can be deployed in the same spectrum as IS-95A and IS-95B:
Therefore, they do not require separate spectrum, as in case of UMTS/WCDMA deployments in Europe. The
RF channel bandwidth in cdma2000 is 1.25 MHz times {1, 3, 6, 9 or 12} or multiples of its 2.5G variant
cdma2000 1x-RTT RF bandwidth (1.25 MHz).
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Table 1
Comparison of mobile technologies based on data capabilities
Generation

System

Data rates

Spectrum band

Second generation (2G)

GSM
TDMA (IS-136)
CDMA

9.6–14.4 kbp
9.6 kbp
9.6 kbp

800, 900, 1800, 1900 MHz

Intermediate generation (2.5G)

GPRS
EDGE
Cdma2000 1x-RTT

160 kbp
473.6 kbp
144 kbp

Overlay approach

Third generation (3G)

UMTS/WCDMA

Rural: 144 kbp
Urban: 384 kbp
Indoor: 1.92 Mbp

Europe: FDD
Uplink: 1920–1980 MHz
Downlink: 2110–2170 MHz
US: No allocation

cdma2000 family

cdma2000 1x

Downlink:384 kbp
Uplink: 144 kbp

450 MHz–Romania
850 and 1900 MHz
(Verizon and Sprint)
1700 MHz–S. Korea

cdma2000 1xEV-DO

Downlink: 600 kbp
Uplink: 144 kbp
Projected 1.2 Mbp

cdma2000 1xEV-DV

The evolution of cdma2000 is divided into three phases. In Phase I: cdma2000 1x (commercially available)
provides simultaneous circuit switched voice and packet data calls in the same RF channel. It offers increased
voice capacity compared to the 1G IS-95 and data rates up to 307 kbp. Phase II: cdma2000 1xEV-D0
(implemented by few operators such as Verizon, Sprint PCS and South Korea Telecom) is based on
Qualcomm’s High Data Rate (HDR) wireless technology, and offers data rates in the range of 2.45 Mbps. It
supports packet switched data and handles voice calls while on data calls simultaneously; ideal for providing
wireless internet services (WISP) and ﬁxed wireless services, lowers the investment cost as no circuit switch
equipment is needed. In addition, cdma2000 1xEV-DV is the advanced version of cdma2000 1xEV-DO. This
system offers data rates from 3 to 5 Mbp, real time packet data service are made possible as are simultaneous
data and voice calls. Finally, Phase III: Multi-carrier cdma2000, i.e., cdma2000 3x is still in the research
phase. The primary focus of this system is to provide 1 Mbp for vehicular and 2 Mbp for pedestrian trafﬁc (see
Table 1).
2.2.3. Evolution of mobile technologies: the migration path
This section provides a brief overview of what has been already accomplished and the possible expected
migration path of mobile operators.
Looking back at the 1G systems, there were three major systems: AMPS, TACS and NMT (900). Migrating
from 1G to 2G (analog to digital systems) TACS and NMT (900) operators migrated to GSM (900) systems
whereas AMPS operators moved to TDMA (IS-136) or CDMA (IS-95), both operating in the 800 and
1900 MHz bands (see Fig. 1). The exception here are operators in North America operating in 850 and
1900 MHz bands. Major IS-136 operators included AT&T and Cingular Wireless. AT&T Wireless and
Cingular Wireless are braced for GSM system (see Fig. 1).
At the 2G phase, there were three major dominant systems in the market: (a) GSM operating in 900, 1800
and 1900 MHz band, (b) TDMA operating in 800, 1900 and 850 MHz (North America) and (c) CDMA
(IS-95) operating in the 1900 and 800 MHz band. 2G systems offered enhanced voice services and improved
capacity to their customers.
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TACS
GSM (900)
GPRS

NMT (900)

WCDMA

GSM (1800)

GSM (1800)
GPRS
IS-136 (1900)
IS-95 (1900)

EDGE

IS-136 (800)
AMPS
IS-95 CDMA
(800)
1G

2G

cdma 2000 1x
2.5G

cdma2000 Mx
3G

Fig. 1. Expected migration path for mobile technologies.

With the growing demand in mobile services and the need to connect corporate networks for data
communications, an intermediate generation (2.5G) of technologies was developed: GPRS and EDGE (both
in the GSM family) and cdma2000 1X-RTT. While migrating from 2G to 2.5G, operators made decisions
based on their future planning and business interests targeting 3G networks. From 2G to 2.5G, GSM
operators migrated to GPRS and EDGE systems with some of the TDMA operators also migrating to GSM/
GPRS systems (see Fig. 1). Among them, Vodafone is the largest player with a global footprint in offering
GSM/GPRS services. Prominent TDMA operators in the United States include AT&T Wireless and Cingular
Wireless. Other major operators include T-Mobile USA offering GSM/GPRS services. In India, Bharti
Cellular (AirTel), IDEA Cellular and Hutchinson are GPRS commercial network operators who have
announced their support, together with the GSM operators for GPRS network (GSM World) (see Fig. 1). On
the other hand, CDMA operators migrated to cdma2000 1X-RTT (see Fig. 1). Some of the major CDMA
operators include Verizon Wireless, Sprint PCS in North America and SK Telecom (South Korea). Migrating
from 2G to 2.5G, no new spectrum was required: in the case of an existing spectrum, an overlay approach was
used. This stage of migration did not require major capital investment; the exception being the migration from
GSM/GPRS to GSM/GPRS/EDGE (see Fig. 2). According to GSM World as of May 2005, 51 networks are
offering EDGE-enabled services in 36 countries and many more were in the deployment phase. In North
America, Cingular Wireless launched EDGE services in the US Virgin Islands and T-Mobile USA is in the
deployment phase and plans to launch in 2005 (GSM World). In India, Bharti AirTel, IDEA Cellular and
Hutchison Max Telecom launched EDGE services in 2004 (GSM World). Many researchers consider EDGE
as a 2.75G technology, as it offers higher data rates in comparison to 2.5G technologies. On the other hand,
the upgrade to EDGE required changes in both hardware and software. The highlights of the migration from
2G to 2.5G were packet switched data and improved data rates (from 14.4 to 160 kbp (GPRS), to 473.6 kbps
(EDGE)). Intermediate 2.5G systems were seen as a platform for providing data services and as an initial step
towards offering enhanced wireless data services.
In the 3G wireless market, two dominant technologies have emerged: WCDMA, as the default evolution of
GSM operators, and the cdma2000 evolution for CDMA operators. 3G technologies adhere to requirements
of ITU to be labeled as 3G mobile technologies. Under ideal circumstances, GSM operators would migrate to
WCDMA and CDMA operators would migrate to cdma2000 systems (see Fig. 1). NTT DoCoMo, Japan, and
Vodafone, Japan, were the ﬁrst to deploy WCDMA systems in 2001 (GSM World) (see Fig. 2). According to
GSM World, 38 operators were offering UMTS/WCDMA services in a total of 23 countries in Asia, Europe
and the Arab states as of April 2004. As of June 2005, 126 operators have launched 123 cdma2000 1X and 22
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GSM/GPRS

GSM

GSM/GPRS

WCDMA

GSM/GPRS/EDGE
(A)

TDMA and GSM Service Providers Migration Path
cdma2000 1x EV-DO
cdma One

cdma 2000 1x-RTT
cdma 2000 1x EV-DV

(B)

CDMA Service Providers Migration Path

cdma 2000 1x EVDO
NMT450

cdma 2000 1x-RTT
(cdma450)
cdma 2000 1x EVDV

(C)

NMT450 Service Providers Migration Path
Fig. 2. GSM, CDMA and NMT450 service providers realized migration path.

1xEV-DO commercial networks across Asia, Europe and the Americas (CDMA Development Group) (see
Fig. 2). 20 1X and 20 1xEV-DO networks were scheduled to be deployed in 2005 (CDMA Development
Group). In North America, Verizon Wireless offers Wireless Internet Broadband access based on cdma2000
1xEV-DO in more than 30 markets nationwide at a monthly rate of $79.99 for unlimited access. An operator
that migrates from 2.5G to 3G faces several critical issues, e.g., new spectrum requirements, capital
investment, backward compatibility of handhelds, new handhelds and applications to be offered, etc. For
example, a GSM operator migrating to WCDMA would require new spectrum allocation and new cell phones
that makes the migration a capital intensive project. A CDMA operator on the other hand can build on the
existing spectrum i.e., ‘‘spectrum re-farming’’ (see Fig. 1).
Operators in Europe using analog NMT system in 450 MHz band did not have a deﬁned evolutionary path.
The ‘‘Digital Interest Group’’ (DiG) working group formed by NMT association in 1998, ﬁnalized the use of
cdma2000 systems at 450 MHz as a replacement for NMT450 systems (CDMA Development Group) (see
Fig. 2). An important feature of the cdma450 system is that it offers larger coverage area because it operates in
a lower frequency band. It requires a small chunk of spectrum (1.25 MHz) for operation (CDMA
Development Group). Furthermore, cdma450 systems require fewer cell sites as compared to systems
operating at a higher frequency band, e.g., UMTS (CDMA Development Group), and a clear evolutionary
path to future CDMA systems. Airvana, Ericsson, Lucent Technologies, Nortel Networks, and Qualcomm are
some of the major equipment vendors offering solutions to operators worldwide. As of May 2005, according
to CDMA Development Group, more than 20 commercial networks are offering cdma2000 at 450 MHz
(cdma450) services across Western Europe, Asia, Latin America and Africa.
2.3. WLANs
The US FCC’s decision to authorize the public use of the Industrial Scientiﬁc and Medical (ISM) bands
resulted in the growth of WLANs in the mid-1980. Wi-Fi is the standard of the IEEE 802.11x family (IEEE).
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Table 2
Wireless LANs
WLAN

802.11b

802.11a

802.11g

HiperLAN2

Spectrum band
Max data rates
Modulation
Range
Pros

2.4 GHz
11 Mbps
DSSS
50–100 m
Low cost, commercially
available, good range,
good throughput, best
for pvt. networking
Lowest throughput, poor
security

5 GHz
54 Mbps
OFDM
20 m
Higher throughput than
802.11b, smaller
coverage area,
multimedia apps.
Not backward
compatible, expensive

2.4 GHz
54 Mbps
OFDM

5 GHz
54 Mbps
OFDM

Improved throughput,
compatible with 802.11b,
coveragep802.11b

Higher security,
guaranteed bandwidth

Used already crowded
2.4 GHz band

Only in Europe

Cons

The FCC decision to free the ISM bands eliminated the need for organizations and end users to obtain FCC
licenses to operate the wireless devices. IEEE established the 802.11 working group to create a WLAN
standard.
Today, the two most popular WLAN technologies are the IEEE 802.11x and the High-performance Radio
Local Area Network Type 2 (HiperLAN2). This paper will refer to the IEEE 802.11x family as Wi-Fi.
WLANs operate in the unlicensed spectrum band, 2.4 and 5 GHz. IEEE 802.11b or Wi-Fi was the ﬁrst
commercial product of the 802.11x family operating in the unlicensed spectrum band of 2.4 GHz, offering
maximum data rates of 11 Mbp. Today, 802.11a and 802.11g standards exist, offering data rates in the range
of 54 Mbp and operating in Unlicensed National Information Infrastructure (UNII) 5 GHz band. HiperLAN2
was developed by the ETSI, Broadband Radio Access Networks (BRAN). Table 2 provides a comparative
overview of WLAN standards.
Typically, WLANs are deployed as ‘‘Hot Spots’’ in indoor places, e.g., hotels, private networks (home
and corporate), airports, shopping malls and convention centers. Researchers have proposed integration
of WLANs with their 2.5G networks and provide 3G-like services (Salkintzis, Fors, & Pazhyannu,
2002). Different integration architectures, e.g., tight and loose coupling have been proposed (Salkintzis
et al., 2002). The WLAN market is one of the fastest growing markets in the short-range broadband internet
access.
T-Mobile USA operates in more than 5400 locations in the United States offering wireless broadband
services (T-Mobile, USA). SK Telecom (South Korea) is the world’s largest service provider of WLAN
services in Seoul (Interlink Networks, SK Telecom). Wi-Fi is the most popular means of providing data
communications because of its commercial availability, low-cost equipment, minimum required knowledge to
operate the equipment and, most importantly, it operates in the unlicensed spectrum band.
3. Factors associated with wireless technologies
This section proposes several technological, economic and behavioral factors which the authors have
developed and which should be considered in the processes of deciding which migration path to follow.
3.1. Technological factors
Technology factors consist of the availability of economic systems, provision of high-speed access, user
friendly devices, multimedia applications, etc. Technological factors are the driving force of the next
generation mobile systems and internet services. This section compares different wireless technologies based
on maturity, cost, embedded applications, business models and, most importantly the spectrum required to
deploy such technologies.
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802.11g

2.5G Systems

3G (WCDMA &
cdma2000)

LOW

Bluetooth & 802.11a

LOW

MEDIUM

HIGH

COST
Fig. 3. Wireless technology: maturity vs. cost.

Video apps,
Web Access

Range

Home, Office,
and Public
Spaces

Video Streaming,
Web access
Multimedia
Apps,
VoIP

Country Wide
+
Metros
Email, Web
Surfing
Big
Metropolitan

802.11a &
HyperLAN2

802.11b

3G

2.5G
SMS

Country Wide

2G

9.6kbps

171kbps

144--384Kbps
in some case
1Mbps

11Mbps

54Mbps

Data Rates
Fig. 4. Comparison of wireless technologies based on application range and data rates.

3.1.1. Technology maturity vs. cost
Fig. 3 shows a classiﬁcation of wireless technologies based on maturity and cost. The most matured
technology is WLANs (802.11b and HyperLAN2). Wi-Fi has been in the industry for more than a decade
which the organizations involved in standardization and development are making continuous progress.
Compared to any other wireless product, Wi-Fi is cheap, easily available and easy to install. On the other
hand, 3G systems are by far the least mature and most costly solution. 2.5G systems are somewhere in the
middle: less mature in comparison with 3G systems and not as costly.
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3.1.2. Embedded applications, data rates and range
Fig. 4 compares the evolution of wireless technologies with regard to range, applications and data rates. In
short-range technologies, WLANs are the best performers. They offer data rates in the range of 11–54 Mbp,
suitable for deployment at home, ofﬁces, public spaces and private networks. If consideration is given to a
wide range of technologies such as 2G, 2.5G and 3G, they offer theoretical data rates in the range of
9.6–384 kbp and in some cases nearly 1 Mbp, respectively. 2G systems have been deployed countrywide, as
their main purpose was to provide voice services. 2.5G and 3G systems are deployed in big metropolitan areas,
as their main objective is to enhance voice services and add data services. In terms of embedded applications,
short-range technologies offer an alternative solution to wired technologies. In terms of applications, they are
good in offering video applications, web surﬁng and video streaming.
Fig. 3 pictures the cost vs. maturity comparison of various technologies. Less mature and more costly 3G
technology cannot single handedly be used to realize the aim of being a 3G ISP. It involves high cost and high
uncertainty. Fig. 4 shows that bandwidth intensive applications may not be well supported by the 3G systems
because of limited bandwidth in a big geographical coverage. Hence, a combination of low cost and more
mature technologies would provide 3G internet services at a reasonable cost and efﬁcient data rates (Salkintzis
et al., 2002).
3.1.3. Spectrum management
It is a common belief that 3G systems are the answer to providing high-quality voice and data services. To
provide such services, 3G networks require additional spectrum to be released. For example, European
operators adopted UMTS as the 3G standard. During the auction era in Europe, owning spectrum was
considered prestigious among carriers. Europeans paid exorbitant amounts of money to acquire those licenses.
The price varied from 20 to 650 Euros per capita (Klemperer, 2002).
In the United States, the National Telecommunications and Information Administration (NTIA) is working
with FCC in 3G spectrum allocation. They focus on the 1710–1770 MHz band and 2110–2170 MHz band
(FCC). The main difference between Europe and the US is that while in Europe all bids are for national
licenses, in the US operators bid for speciﬁc markets (Yazbeck, 2003).
Moving to the Asia-Paciﬁc region, the Japanese government has awarded licenses to major operators in
Japan without referring to auctions (UMTS World). This was a major step taken by the Japanese government
and it helped operators to utilize their resources in the deployment of 3G networks. Table 3 gives a summary
of spectrum band allocation in Europe, the US and the Asia-Paciﬁc region. It is evident that next generation
wireless networks need new additional spectrum. WLANs operate in unlicensed spectrum bands whereas 3G
networks operate in licensed ones.
Table 3
Spectrum allocation for 3G and WLAN technologies
Third generation spectrum (3G)—licensed spectrum
Region and standard—UMTS
Europe
Japan
USA no speciﬁc spectrum allocated
Region and standard—cdma2000
Europe
South Korea
USA

FDD Approach

TDD Approach

Uplink: 1920 to 1980 MHz
Downlink: 2110 to 2170 MHz
Same as Europe

Uplink: 1900 to 1920 MHz
Downlink: 2010 to 2025 MHz
No speciﬁc spectrum allocated

450 MHz
800 MHz, 1700 MHz
850 MHz, 1900 MHz

Romania–Telemobil
KT Freetel, SK Telecom
Verizon, Sprint PCS

WLAN technologies—unlicensed spectrum
Region and standard—IEEE 802.11(a, b, g) Technologies
USA
2.4 GHz and 5 GHz
Region and standard—HIperLAN1 and HiperLAN2
Europe

5 GHz
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3.2. Behavioral factors: users requirements
The migration plan should include the users’ expectation from the new technology as well. Users are
classiﬁed in three broad categories: Students, Home Users and Enterprise users. Across all categories,
common expectations include improvement in voice quality, coverage, capacity, enhanced mobility,
availability of services ‘‘anywhere anytime’’, friendly pricing plans, better customer services, availability of
choices in selecting pricing plans according to customer needs and simpliﬁed service contracts. As the quest is
to capture such a varied market segment, operators should develop solutions which would attract customers
with a friendly pricing scheme. Virgin Mobile offers ﬂexible pricing plans to its customers in Australia,
Canada, United Kingdom and the United States. In the United States, Virgin Mobile offers ‘‘Pay As You Go’’
service and targets customers in the age group 13–24 years (Virgin Mobile). Similarly, Boost Wireless USA is
the fastest growing wireless provider in the US in terms of the number of subscribers (Boost Mobile). Boost’s
success comes largely from its understanding of the American youths’ lifestyle market and from creating a
brand differentiation (Boost Mobile). Services can be classiﬁed based on the user category as shown
in Table 4.
3.3. Economics factors
The demand for wireless services has been growing tremendously over the years. This is made possible
because of the technological advancements, price and the plethora of choices given to subscribers. Voice has
been the major source of revenue for operators around the world. So far the operators have been surviving on
revenue generated from voice services, even after the introduction of 2.5G services that promised data
capabilities. Today, operators are migrating from existing systems to 3G systems. The aim of migrating to 3G
is to provide enhanced mobility and improved data services. Service providers are faced with the challenges of
generating additional revenue and reducing cost, while migrating from the existing technology platforms to
next generation wireless technologies.
Any evolution in the mobile industry is always marked by infrastructure changes, software changes,
introduction of new access devices, easily useable interfaces and meeting the users’ expectations. No matter
which migration path an operator chooses, these economic issues remain common for an incumbent and a
Greenﬁeld operator, operating in both developed and developing countries.
Operators should be able to avoid dramatic changes in the existing infrastructure and balance the ﬁnancials
of the company, while try to beneﬁt from the technology and meet clients’ expectations at the same time. In
migration, they should make optimum use of their legacy systems. The authors think that economic factors,
such as capital expenditure, cost reduction and additional revenue generation, are the two most important
issues operators face, and these issues are related to each other (see Fig. 5).
3.3.1. Cost reduction
Reduction in cost and maximum use of available resources should be the prime objective of a service
provider. Fig. 5 shows how an operator can reduce cost in the deployment of next generation wireless
technology, both by internal and external factors. Internally: there are three general directions to migrate from
the existing to a future technology: upgrade, overlay and forklift. Careful consideration has to be given to the
selection process of infrastructure vendors, as equipment should be scalable. Also, reductions of recurring
expenses on facilities, personnel and maintenance should be anticipated. Regarding head count, growing staff
Table 4
User categories: 3G service classiﬁcation
Features and categories

Home

Student

Enterprise

Service and applications

Web access, e-mail, online
shopping, video applications

Web access, e-mail, ﬁle transfer,
gaming, navigation systems,
video applications

B2B applications e-commerce,
location based services, ﬂeet
mgmt, MMS
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Internally

Revenue

Implementation Methodology,
Customer Acquisition,
Operating Expenses,
R&D of new products,
Head-Count, Technical and
Administrative

Marketing,
Subsidization,
Customer Experience,
Freebies,
Minimize Churn,
New Applications,
Enterprise Solutions

Externally

Cost Reduction

Outsourcing: Customer Services,
Billing, Technical Support

Partnership in: Content Management,
Third Party Services, Contract
Specturm to MVNOs

Fig. 5. Economic issues for operators.

is not a healthy sign; staff should be hired when and where required. Externally: the operator can outsource
departments such as billing, customer services and technical support.
3.3.2. Additional revenue generation
The next major challenge that service providers are faced with is how to generate additional revenue, i.e., the
other side of the equation. Service providers must develop new innovative products for both general and
corporate users. From Fig. 5, it can be seen that operators could achieve this goal in two ways: internally and
externally.
Internally: Phone subsidization can act as an incentive for existing customers to adopt new systems and can
attract new customers to adopt new technology at affordable prices. Customer experience in usage of previous
technologies should be emphasized. New applications and solutions will attract new customers. Minimization
of the churn rate can be achieved by service quality improvement, offering of better coverage capacity, voice
quality and new services. Numerous internet equipment companies provide software and technical know-how
to wireless companies in managing their bandwidth efﬁciently and offer new services to customers. Companies
such as IPWireless, Bridgewater Systems and Convergys Corporation provide software, tools, billing and
customer care management services to help companies to connect with their customers. Woosh in New
Zealand in collaboration with IPWireless is offering a broadband solution. It has been observed that 40% of
all the new broadband subscribers in coverage areas choose Woosh’s over Telecom New Zealand’s DSL offer
(IP Wireless, Woosh). Lastly, marketing or sales should be coordinated with technical services conveying the
right information to customers.
Externally: The operator could tie up content management providers and third-party providers who
specialize in speciﬁc services such as sports, stock market quotes and weather reports. The recent collaboration
between Cingular Wireless and the mobile content and media provider Motricity helped Cingular to increase
its mobile games services by 25% (Motricity). Operators can increase revenue and their subscriber base linking
with mobile content hosts and service providers (9squared—Wireless Content Providers, http://www.9squared.com; (M) FORMA, http://www.mforma.com; UPOC Networks). Secondly, they can also lease spectrum to
Mobile Virtual Network Operators (MVNOs), in areas where it is not heavily used and earn additional
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revenue. For example, Virgin Mobile USA leases spectrum and infrastructure from Sprint PCS USA. Thus,
the service providers can diversify into new areas and offer attractive services to their customers.
Finally, operators should be able to use the legacy systems to gain in investment cost, scalability, faster time
to market, availability of terminals, ﬂexibility in future migration, service offering and meeting the users’
expectations.
4. Case study: Bharat Sanchar Nigam Limited (BSNL Ltd.) Indian telecom operator
BSNL Ltd. is India’s only nationwide telecommunications service provider (BSNL). BSNL offers world
class telecommunications services, from basic telephone services to mobile services, across India. Services such
as basic telephone services, internet, ISDN, intelligent network solutions, a X.25-based packet switched public
data network, leased lines and datacom and cellular mobile services are only part of its portfolio. Being a
national telecommunications service provider, BSNL covers the remotest areas of India.
BSNL offers countrywide cellular services using GSM technology and Wireless Local Loop (WLL) services
using CDMA technology. It is the third largest mobile service provider in the country, with a market share of
18.5% (Telecom Regulatory Authority of India (TRAI), 2004a, b, c, July–September ’04). It has a subscriber
base of more than 7.5 million people on its GSM network and a subscriber base of 0.4 million on its CDMA
network (TRAI, 2004, July–September ’04) (see Table 5). The authors study the migration choices for BSNL
in providing high-speed data service to its current subscribers, considering prevailing market opportunities.
First the paper introduces the company’s current service offering to its customers. As of 2005, BSNL offered
traditional voice, voicemail and SMS, both national and international, countrywide through its GSM
network. It also offered data services, e.g., MMS, GPRS and WAP, through its GSM/GPRS networks that
are deployed in speciﬁc markets in India. In addition, it offered countrywide WLL services, using CDMA
technology. WLL services are currently being offered in areas where wireline services are difﬁcult to deploy.
Table 6 summarizes BSNL’s network information and services.
Most wireless mobile service providers adopt a migration path based on their existing technological
infrastructure, upgrading to either cdma2000 or UMTS. BSNL Ltd. is one of the few operators around the
world who have both the IS-95 (CDMA) and GSM-based technology in their portfolio of cellular services.
The company has the option to either migrate towards UMTS or cdma2000 (see Fig. 6). Studying the
migration process for BSNL’s two alternatives, the paper tackles the problem from the perspective of the
service provider, the equipment provider and the users, considering business opportunities for the company.

Table 5
Company-wise market share of Indian operators as of 2004 (TRAI, 2004, July–September 2004)
Mobile group

Subscribers

Market share

Technology

Reliance Group
Bharti Group
BSNL
Hutchison Group
IDEA Group

9,041,113
8,702, 255
7,964,284
6,371,335
4,355,230

21.0
20.2
18.5
14.8
10.1

GSM and CDMA
GSM
GSM and CDMA
GSM
GSM

Table 6
BSNL’s network information and services (CDG, GSM World)
2G/2.5G/3G

Band

Status

Coverage

Service

2G-IS-95A
2G-GSM
2.5G-GSM/GPRS

WLL 800 MHz
900 MHz
900 MHz

3G-cdma2001x-RTT
Active
Active

Country
Country
Geo. Markets

Voice
Voice
WAP/MMS
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EDGE
2.75G
GSM/GPRS

UMTS

2.5G

3G

Internet Serivces

BSNL Ltd

Geographic
Expansion

Enterprise Solutions

Solutions for General
Users

WLL
IS-95A/B

WLL
cdma20001xRTT
3G

2G
Current Position

cdma20001xEvDO

Future Migration Path

Fig. 6. Possible migration paths for BSNL.

4.1. Valuation
In general, WISs are characterized by instant connectivity, ‘‘always on’’ and ‘‘anywhere anytime’’ features.
In developing nations, for example, India in the present case, the penetration rate of internet services is lower
compared to developed nations. This can be attributed to lack of social awareness and several socio- and
techno-economic factors. According to a TRAI report (September 2004) on the performance of internet
services, India has 188 operational ISPs across the country with a total subscriber base of 5 million subscribers
(TRAI, 2004, July–September 2004’). The majority of subscribers are located in large urban areas where
telecom infrastructure is well positioned. This has been possible due to the existence of 10,709 cyber cafes, an
increase in the number of leased line connections and a 38.74% growth of high-speed connectivity (TRAI,
2004, July–September 2004). Those facts are attributed to personal computer penetration. However, in rural
and remote areas where basic telephone service infrastructure is not well positioned, wireless provision of
internet services can be a viable solution. Operators can provide internet services using different pricing
schemes, e.g., monthly ﬂat fees for unlimited access, usage-based access, etc. An incumbent provider like
BSNL, who enjoys the largest countrywide coverage in providing basic telephone services, is the leader in the
ISP market with a market share of 28.08%. BSNL has countrywide WLL and GSM coverage; the company
clearly has advantages in evolving towards a WISP.
4.2. Financials for WISP
4.2.1. Capital and operational expenditures
Upgrading from existing technological systems is a capital intensive process. Different ﬁgures have been
quoted by industry experts regarding the cost of rolling out 3G. Investment costs vary, depending on the
technological path that operators decide to follow. In the case of BSNL, the operator faces two choices: (a) to
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migrate from the existing GSM/GPRS (2.5G) system to EDGE or UMTS (3G) or (b) to upgrade the existing
CDMA (WLL) network to CDMA2000 1x-RTT (3G) and then to CDMA2000 1xEV-DO.
The authors believe that the cost of rolling out a nationwide coverage of 3G services for BSNL is mainly
associated with (1) the technology in consideration, (2) the spectrum band of operation, (3) equipment
vendors, (4) terminal vendors and (5) operational expenditure.
The technology selection process in the case of BSNL is difﬁcult, as the company has GSM- and CDMAbased technologies in its portfolio. In the case of GSM evolution to UMTS (3G), the operator has to
undertake major infrastructural changes. In the case of CDMA evolving to cdma2000 (3G), equipment
upgrade (hardware and software) is required for the existing systems.
The spectrum requirements are also an issue of major concern in evolving the respective networks. New
spectrum is required in the case of UMTS network deployments (which are cost intensive); on the contrary,
cdma200 systems can be deployed in their existing 2G spectrum.
In order to cover the same geographic area with new 3G systems, the operator might have to build more cell
sites, based on the different technological choices. The higher the frequency of operation, the smaller the
coverage area; therefore, more cell sites are required to cover the same geographic area. The selection of the
equipment and terminal vendor is also vital, in terms of support in the long run.
The capital expenditures in the case of mobile services include the cost of base station equipment, cell site
construction, rents, integration cost, switching cost, etc. Table 7 shows the capital expenditure for several
operators in different countries. Operational expenditures are also a key player for the network roll out.
Expenses incurred in day-to-day maintenance, rents, customer acquisition cost, marketing, content cost and
organizational cost cannot be ignored.
4.2.2. Revenues
Being an incumbent operator, having a large coverage area and an established subscriber base, gives an
additional advantage to the operator that migrates to new technologies. To recoup, the investing operator has
to increase the ARPU. This can be achieved via a higher penetration rate, better services, user friendly service
plans, a reduction of subscriber volatility, bundling of voice and data services in the case of post- and pre-paid
services, etc.





The average ARPU for mobile services for the quarter (January–March 2004) in India was Rs. 424 ($9.67)
per month as against Rs. 457 ($10.43) per month during the previous quarter. The ARPU per month for
cellular alone was Rs. 436 ($9.95) and for WLL (M) is Rs. 382 ($8.71) (TRAI, 2004, January–March 2004’).
BSNL’s ARPU for cellular services during the quarter ending March 2004 was Rs. 453 ($10.34) as against
Rs. 431 ($9.84) for the private operators (TRAI, 2004, January–March 2004’).
As of September 2004, BSNL had a total subscriber base of 7,964,284 of which 7,539,623 were GSM
subscribers and 424,652 were CDMA subscribers.

Table 7
Capital expenditure by network operators
Country

Operator

Total capital expenditure
(US $bn)

Korea

SKT (CDMA2000 1  and CDMA2000 1xEv-DO)
KTF (CDMA2000 1  and CDMA2000 1xEv-DO)
LGT (CDMA2000 1  )
KDDI (CDMA2000 1  and 1xEv-DO)
DoCoMo (WCDMA)
Sprint PCS (CDMA2000 1  and 1  Ev-DO)
AT&T Wireless (GSM/GPRS/EDGE/WCDMA)

2.4
1.2
0.4
2.5
10.9
2.4
4.4

Japan
U.S.

Source: Morgan Stanley, June 2002.
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4.3. Valuation of CDMA migration path
In this section, the evolutionary CDMA migration path is valued using both traditional valuation and real
options.
Wireless operators face several challenges in making crucial decisions in complex projects where huge
investments are made. They also face tremendous uncertainty in market trends and ﬁerce competition.
Telecom projects in particular involve huge sunk costs. The ﬁnal decisions made have also a crucial impact on
the future of the company and its business. Special attention has to be given to the information presented, key
input parameters and assumptions made regarding the future.
4.3.1. Traditional valuation
In the traditional valuation approach of Discounted Cash Flow (DCF) analysis, the decision rule narrows
down to whether the company should make the investment or not. In DCF analysis, managers forecast future
cash ﬂows and discount them back using a risk-adjusted factor, e.g., weighted average cost of capital
(WACC). Management believes it has a clear view of future outcomes that are incorporated in its cash ﬂow
numbers. The difference between the present value V of cash inﬂows and the investment cost K is deﬁned as
the NPV of the project. The NPV is given as follows:
NPV ¼

n
X

F n ðP=F ; i%; NÞ  K ¼ V  K,

(1)

N¼1

where Fn is the expected cash ﬂow at the end of the Nth period and i is the discount rate per period (it can vary
from year to year or can be constant for the duration of the project). The ﬁnal decision rule in DCF analysis is
simply as follows: undertake the project if V 4 K, otherwise, i.e., if V o K, reject the project.
In the case of BSNL, the operator wants to migrate from its current system to next generation technology
and is considering the evolutionary migration path of CDMA technology. The project has a life of 5 years with
an initial upfront investment cost K of $2.4 billion (see Table 7). The initial investment cost of the project will
generate revenues during the life of the project.
According to the Cellular Operators Association of India (COAI), the Indian mobile market subscriber base
has increased from 1.5 million subscribers as of 31 December 1999 to (approximately) 37.38 million
subscribers as of 31 December 2004. The Indian mobile market grew at a compound average growth rate of
87.81% every year since 1999 (COAI). This tremendous growth was mainly due to regulatory changes,
signiﬁcant growth of the Indian economy, decrease of the unemployment rate, a shift from a duopoly to a
competitive market, increase in investments in the private sector, reduced tariffs and increased coverage area
of the networks. India has a penetration rate of approximately 3.7%, which is considered low compared with
other developing countries in Asia (DOT). With a population of approximately 1 billion, India offers a big
market and great opportunities (Sinha, 2002; Srivastava, 2000; TRAI, 2004, 16/2004). Moving forward, the
Indian cellular market can witness the same or even higher growth rates, depending on the execution of the
strategic plans of cellular operators.
Table 8 shows the authors’ projections regarding BSNL subscribers and revenue ﬁgures for next generation
wireless networks. Starting from a subscriber base of 424,652 customers at the end of the ﬁrst year, assumption
is made that BSNL’s base will grow following the market pace, i.e., 87.81% year to year growth in subscribers.
The revenue ﬁgures are calculated considering an annualized industry ARPU of $10.34.1 We assume that the
ARPU will remain constant over the life of the project.
Discounting the future cash ﬂows with a WACC of 15% which is typical for Indian telecommunications
companies, a calculation is made of the present value of future cash ﬂows to be $1,443.25 million. From
Eq. (1), the static NPV (no option) of the project is
Static NPV ¼ V  K ¼ $956:75 million:
1

(2)

Annualized ARPU of BSNL is Rs. 453 converted with a exchange rate of 1USD ¼ Rs. 43.81; Reserve Bank of India, http://
www.rbi.org.in.
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Table 8
BSNL: predicted subscriber growth and revenue projections

Subscribers
Revenue

2004

2005

2006

2007

2008

2009

424,652
$52.69 m

797,569
$98.96 m

1,497,974
$185.86 m

2,813,455
$349.09 m

5,284,156
$655.65 m

9,924,560
$1,231.43 m

According to the traditional valuation approach, the project has a negative net present value (NPV) and
therefore should not be undertaken. However, in reality, such projects are very complex and the future of
emerging markets and high-tech sectors is very risky. The sunk cost is enormous and in a competitive arena,
operators have little control over market forces. Therefore, real options theory can be applied to shed some
light on these situations.
4.3.2. Real options
An ‘‘Option’’ is a contract that gives the buyer the right but not the obligation to buy or sell an underlying
ﬁnancial asset at a particular price (strike) in the future. ‘‘Real options’’ refers to situations where the
underlying asset is a physical asset but is not traded. Real options theory is an extension and enrichment of
traditional DCF analysis.
Investment decisions in the telecommunications industry involve irreversibility and uncertainty. Demand,
pricing, scale of deployment and technical uncertainty are few of the variables of which some can be initially
accounted for when planning the deployment of new technology. Uncertainty in these parameters creates the need
for a strategic decision-making theory. Real options theory has been used in the domain of ﬁnancial settings and
it has also been applied in many other industries, e.g., pharmaceuticals, energy, mining, environmental technology
and information technology (Schwartz & Trigeorgis, 2001; Trigeorgis, 1996). In the telecommunications industry,
applications of real options pricing models have been used to evaluate technologies, companies, capacity and
demand planning. Alleman (Alleman, 2003; Alleman & Rappoport, 2002; Alleman & Noam, 1999; Alleman,
2002) uses the strategic beneﬁts that options offer for issues such as cost modeling, modeling regulatory
distortions and strategic evaluation. Economides (1999) applies real options in studying the economic principles
on which cost calculations should be based. Other authors (Edelmann, Kylaheiko, Laaksonen, & Sandstorm,
2002; Kulatilaka, 2001) capture the strategic ﬂexibility offered by real options in understanding alternatives in the
telecommunications industry. Basili and Fontini (2003) use the Black–Scholes formula to evaluate the aggregate
option value of the UK 3G telecom licenses. Herbst and Walz (2001) use the options of abandonment and growth
to analyze the value of auctioned UMTS licenses in Germany. Furthermore, the real options pricing model offers
a means of formulating the timing of the introduction of new technologies, capacity and demand planning, which
are critical parameters in investment decisions (e.g., d’Halluin, Forsyth, & Vetzal, 2002; d’Halluin, Forsyth &
Vetzal, 2003; Paxson & Pinto, 2004).
In formulating the investment decision and valuing projects using real options in the wireless industry, the
service provider can utilize inherent strategic ﬂexibility and advantages. A uniﬁed objective of all operators is
to enhance the value of the project while retaining the ﬂexibility to change the course of action in the future.
For example, in the wireless industry, the operators have to invest upfront to build the network. If the
investment is irreversible and uncertainty is evolved around the success of deployment of new technology, one
can choose a wait-and-see-strategy, or delay the investment until new information is gathered (Amram &
Kulatilaka, 1999; Pindyck, 1988). Uncertainty is the key factor in real options analysis (Amram & Kulatilaka,
1999). A wait-and-see-strategy and deferment can have their own intrinsic beneﬁts and disadvantages. If the
operator intends to provide WIS, the risk involved would involve how fast the new technology and its
products would be adopted. Deferment can lead to losses due to competition. New investments allow the
operator to maintain, if not increase, market share, introducing new products and services into the market.
Real options account for future uncertainty, i.e., volatility, in a systematic manner.
Technology selection in terms of real options can be viewed as a compound option (option on option)
(Trigeorgis, 1993, 1996). Technology roadmap selection involves interdependency among equipment
manufacturers (network and mobile phones), integrators, content providers and most importantly the end
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users as well as the threat of alternative technologies. In the case of BSNL, both 3G technologies strive to
improve in the key areas of voice and data services, mobility and capacity. The success of each is evident from
the increasing number of commercial networks around the world CDMA Development Group; (GSM
World;). Sufﬁcient numbers of manufacturers of network equipment and devices exist to support both CDMA
and GSM technologies. Threats from alternative technologies and devices, e.g., WLANs, have to be factored
into the decision-making process. Lastly, the most important piece in the thread of interdependency is the end
user. With technology advances and availability of choices, the end user always looks for the one which gives
her the greatest power of selection. It is hard to resolve the issue of interdependency. Operators should always
study (option to discover) market needs before going commercial.
Based on the results in the discovery phase, new investment allows the operator to expand (option to expand)
in new markets. Operators can offer a twin solution of cellular services along with localized wireless services
(WLAN) and offer attractive solutions to their customers. Alternatively, operators can always decide to defer
(option to defer) further investment at different stages if the market conditions are not suitable and time allows
further information gathering. Furthermore, if a pilot project turns out to be successful, the operator can scale
(option to scale) its network into new areas. BSNL can scale its CDMA network to rural areas and offer voice
and internet services where delivery is not possible via traditional modes of communication. Finally, the
project can always be abandoned (option to abandon) when no other options are viable.
As mentioned earlier, operators are dependent on equipment vendors, handset vendors, integrators and
third-party groups who sell services (franchise). The operator could contract (option to contract) its
deployment and maintenance of its network to a company that specializes in this area, e.g., equipment
vendors. They could also outsource its customer service division, e.g., business process management vendors,
and could contract with third parties to sell their products to customers. Also operators can lease out the
spectrum to potential corporate clients, e.g., Virgin Mobile USA using Sprint PCS network in USA. By
leasing the spectrum, the operator is exercising the option to let a third party use its network in offering
services. This strategy has its own advantages and disadvantages. The choice would allow the operator to enter
a segment of the market where he does not have the service expertise or experience. The downside of the
strategy is the possibility of making a destructive investment by loosing potential market in exchange for ﬁxed
monetary gains.
In this paper, the operator is deemed to face a challenge in selecting the appropriate technology in order to
migrate to next generation wireless networks. In order to capture the growing cellular market, the operator has
to make the decision between migrating to UMTS or cdma2000 (see Fig. 6). For BSNL, the migration of the
existing 2.5G system to UMTS can be delayed, as there is uncertainty about spectrum auctions and cost of
deployment. However, BSNL could expand its CDMA network, because of its inherent advantages mentioned
earlier in the paper. This will allow the operator to use its resources in a cost-effective manner.
The BSNL dilemma could be modeled as an American call option, as the option can be exercised any time
during the life cycle of the project. The option parameters are calculated as follows: The life of the project (T)
is 5 years. The present value of future cash ﬂows i.e., the underlying asset S0 equals $1,443.25 million. The
investment cost (K) of $2,400 million is the strike price. The annualized standard deviation, i.e., volatility (s),
is calculated from the historical price movement of the Bombay Stock Exchange Technology, Media and
Telecom Index (BSE TECk), as 46.96% annually. The risk free rate (rf) of 6.48% reﬂects the 5-year yield of
Government of India bond corresponding to the life of the project.
In order to value the strategic CDMA migration path, the authors use Black–Scholes options pricing
formula to value the option (this is a lower bound, since the option is worth more, being an American and not
European option) (Damodaran, 2002):
c ¼ S0 Nðd 1 Þ  Ke  rf TNðd 2 Þ,
ln ðS0 =KÞ þ ðrf þ s2 =2ÞT
pﬃﬃﬃﬃ
,
s T
pﬃﬃﬃﬃ
d2 ¼ d1  s T .
d1 ¼

(3)
(4)
(5)

Using Eq. (3), the calculation is made of the option value in migrating to cdma2000 (3G) as $499.14 million.
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The option value improves the static NPV of the project:
NPV ðWith OptionÞ ¼ Static NPV þ Value of Option
¼  $457:61 million:

ð6Þ

Even with the consideration of the option value, the project has a negative present value of $457.61
million. This should be anticipated due to high investment cost and moderate volatility (refer to Table 7 for
investment cost ﬁgures in other countries as well).
Scenario analysis and Monte Carlo simulations can be done on different key option parameters, e.g.,
growth of subscriber base, volatility, etc. Identifying and valuing other options embedded in the project can
lead to a better understanding of the decision process.
5. Summary and conclusion
WISs are making inroads into the day-to-day life of people all around the globe. Internet connectivity is the
major driving force behind the tremendous growth in the wireless market. The article began with the theme of
‘‘What does it take to become a Wireless Internet Service Provider’’.
First, it presents a detailed qualitative and quantitative discussion analyzing the current wireless broadband
technologies, both cellular (GSM, CDMA) and local area network technologies (802.11x, HiperLAN). It
provides the reader with a historical overview of wireless technologies, discusses 3G wireless technologies—
UMTS and CDMA—compares and contrasts them in terms of offered data rates and operating spectrum
bands, discusses the possible migration paths providing real examples and highlights the socio-economic and
technological factors involved in the migration of wireless technologies. Besides the technical constraints,
operators are also faced with uncertainty about the future evolution of these technologies, spectrum
availability and alternatives to providing 3G-like services and more importantly, how to ﬁnance such huge
investments, especially during periods of economic recession.
Provision of WISs has been tested and proven to be successful in European countries, South Korea, Japan,
etc. Operators have achieved satisfactory penetration levels, due to adequate PC and internet penetration
rates. However, in the case of developing countries, e.g., India, PC penetration rates are very low, mainly due
to social and economic factors. According to TRAI’s latest report, India has a subscriber base of
approximately 5 million people (TRAI, 2004, July–September ’04). Quality internet services, via traditional
wireline access, are available in large metros and developed cities, where more advanced telecommunications
infrastructure exists. However, large populations in rural areas and remote locals are devoid of such services,
since traditional wireline services are not available. In such places, operators could provide voice and data
services using wireless technologies.
Business strategies of implementing new services differ from operator to operator in any country. The
overall goal of operators across the world, is to initiate proﬁtable ventures, deploy cost effective solutions and
regain the investment.
This paper has presented the case of BSNL Ltd., the national incumbent telecommunications provider in
India. That selection was inﬂuenced by the fact that this operator has the largest countrywide footprint in
providing basic telephony services, and a unique distinction of having two competitive wireless technologies in
its portfolio: GSM and CDMA.
The case study reports brieﬂy on BSNL’s service offerings to its customers, its strengths and its market
position. It also discusses in detail the possible migration paths the company can follow. It summarizes the
comparison, highlighting the perspectives of the operator, the equipment manufacturer and the users.
Furthermore, it analyzes the migration path both quantitatively and qualitatively. Valuation is conduced
using both the traditional valuation approach and a real options approach. Given the limitations of data
availability, assumptions have been made with regard to capital investment and the future growth of the
cellular market, relying on historical market data from 1999 to 2004. At this stage, only the valuation of the
CDMA migration path has been conducted. Analysis using the traditional valuation approach suggests that
the project should not be undertaken, as the investment cost is very high and there are not enough subscribers
to generate adequate revenue.
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When ﬂexibility and uncertainty are incorporated into the analysis, the project turns out to be a viable
venture. However, the NPV (with option) is still out of money, as it only improves the NPV (without option).
Options parameters are key to the success of the analysis of projects in the wireless industry. Since real
numbers are hard to gather due to proprietary information, assumptions need to be as realistic as possible.
Further investigation would involve collecting more data on capital investments, operational expenditure and
identiﬁcation of other embedded options and business models that will be favored in emerging markets.
Acknowledgments
The authors would like to thank Dr. K. Ryan, Dr. C. Smith and Dr. A. Curtis, all at Stevens Institute of
Technology, for their valuable input regarding technological details related to wireless networks, also
participants at the 2005 Annual Real Options Conference, Paris, France, ITS Berlin and Dr. L. Trigeorgis for
real options and Dr. B. Preissl for speciﬁc comments on the paper and anonymous reviewers.
.
References
Alleman, J. (2002). A new view of telecommunications economics. Telecommunications Policy, 26, 87–92.
Alleman, J. (2003). How should telecom companies be valued? America’s Network, 107(15), 34–40.
Alleman, J., & Noam, E. (1999). Real options: The new investment theory and its implications for telecommunications economics. Dordrecht:
Kluwer Academic Publishers.
Alleman, J., & Rappoport, P. (2002). Modeling regulatory distortions with real options. The Engineering Economist, 47(4), 390–417.
Amram, M., & Kulatilaka, N. (1999). Real options: Managing strategic investment in an uncertain world. Harvard Business School Press.
Basili, M., & Fontini, F. (2003). The option value of the UK 3G telecom licenses. Info: The Journal of Policy, Regulation and Strategy for
Telecommunications, 5(3), 48–52.
Bombay Stock Exchange (BSE), The Stock Exchange, Mumbai, http://bseindia.com.
Boost Mobile, http://www.boostmobile.com.
BSNL: Bharat Sanchar Nigam Limited, http://www.bsnl.co.in.
CDG: CDMA Development Group, http://www.cdg.org.
COAI: Cellular Operators Association of India, http://coai.com/index.html.
Damodaran, A. (2002). Investment valuation: Tools and techniques for determining the value of any asset (2nd ed). Wiley Finance
Publishers.
DOT: Department of Telecommunications India (Licensor), http://www.dotindia.com.
d’Halluin, Y., Forsyth, P. A., & Vetzal, K. R. (2002). Managing capacity for telecommunications network under uncertainty. IEEE/ACM
Transactions on Networking, 10(4), 579–588.
d’Halluin, Y., Forsyth, P. A., & Vetzal, K. R. (2003). Wireless network capacity investment. Working Paper, University of Waterloo.
Economides, N. (1999). Real options and the cost of the local telecommunications network. In J. Alleman, & E. Noam (Eds.), The new
investment theory of real option and its implications for the cost models in telecommunications. Kluwer Publications.
Edelmann, J., Kylaheiko, K., Laaksonen, P., & Sandstorm, J. (2002). Facing the future: Competitive situation in telecommunications in
terms of real options. In IAMOTO2002 The 11th international conference of management of technology.
Federal Communications Commission (FCC), http://www.fcc.gov.
GSM World, The Website of the GSM Association, http://www.gsmworld.com/index.shtml.
Harmantzis, F., & Tanguturi, V. P. (2004a). Delay in the expansion from 2.5G to 3G wireless networks: A real options approach. In
International telecommunications society 15th biennial conference, Berlin, Germany.
Harmantzis F., & Tanguturi, V. P. (2004b). Real options analysis for GPRS network with Wi–Fi integration. In 31st annual conference of
the northeast business & economics association, New York, NY.
Herbst, P., & Walz, U. (2001). Real options valuation of highly uncertain investments: Are UMTS-Licenses worth their money? Working
Paper, Department of Economics, University of Tuebingen, Mohlstr.
Institute of Electrical and Electronics Engineers (IEEE), http://www.ieee.org.
Interlink Networks, http://www.interlinknetworks.com.
IP Wireless—Generation Ahead, http://www.ipwireless.com/index.html.
Kim, H. -J., & Weiss, M. (2004). Strategic options for managing technology evolution in wireless industry. In international
telecommunications society 15th biennial conference. Berlin, Germany.
Klemperer, P. (2002). How (not) to run auctions: The European 3G telecom auctions. Nufﬁeld College, Oxford University, http://
www.paulklemperer.org.
Kulatilaka, N. (2001). A real and better option for valuing highly speculative investments focus: The 3G Spectrum Auction. Working Paper.
Motricity, http://www.motricity.com/
Patel, G., & Dennett, S. (2000). The 3GPP and 3GPP2 movements towards an All-IP mobile network. IEEE Personal Communications,
7(4), 62–64.

ARTICLE IN PRESS
V.P. Tanguturi, F.C. Harmantzis / Telecommunications Policy 30 (2006) 400–419

419

Paxson, D., & Pinto, H. (2004). Third generation mobile games—an application of real competition options. In 8th annual real options
conference. Montreal, Canada.
Pindyck, R. (1988). Irreversible investment, capacity choice, and the value of the ﬁrm. The American Economic Review, 78(5), 969–985.
Reserve Bank of India, http://www.rbi.org.in.
Salkintzis, A. K., Fors, C., & Pazhyannu, R. (2002). WLAN-GPRS integration for next-generation mobile data networks. IEEE Wireless
Communications, 9(5), 112–124.
Schwartz, E. S., & Trigeorgis, L. (2001). Real options and investment under uncertainty: Classical readings and recent contributions.
Cambridge, MA: The MIT Press.
Selian, A. (2002). From GSM to IMT-2000—A comparative analysis. International telecommunications union (ITU). Case Study.
Sinha, S. (2002). Competition policy in telecommunications: The case of India. International telecommunication union (ITU). Case Study,
pp. 1–45.
SK Telecom Most Valuable Company, http://www.sktelecom.com/eng/index.html.
Srivastava, L. (2000). Fixed-mobile interconnection: The case of India. International telecommunication union (ITU). Case Study,
pp. 1–45.
Telecom Regulatory Authority of India (2004a). Consultation paper on growth of telecom services in rural India. TRAI Report 16/2004,
pp. 1–45.
Telecom Regulatory Authority of India (2004b). The Indian telecom services performance indicator. TRAI Report for Q.E. July–September
’04, pp. 1–53.
Telecom Regulatory Authority of India (2004c). The Indian telecom services performance indicator. TRAI Report for Q.E. January–March
’04, pp. 1–60.
T-Mobile USA, http://www.tmobile.com.
Trigeorgis, L. (1993). Real options and interactions with ﬁnancial ﬂexibility. Financial Management, 22(3), 202–224.
Trigeorgis, L. (1996). Real options: Managerial flexibility and strategy in resource allocation. Cambridge, MA: The MIT Press.
UMTS World, ‘‘News and Information about 3G mobile networks’’, http://www.umtsworld.com.
UPOC Networks, http://upocnetworks.com.
Virgin Mobile, http://www.virgin.com/gateways/mobile.
Web Site Optimization, http://www.websiteoptimization.com.
Woosh in New Zealand, http://www.woosh.com.
Yazbeck, S. (2003). The U.S. Road to 3G: An overview of telecom regulations, carrier strategies, and the consumer market. In 10th
international conference on telecommunications, Vol. 1. pp. 25–32.

