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Evolution of Wireless Technologies: Exploring the Technology
Trajectory in Competitive Wireless Industry
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I. Introduction

Today’s modern network industry is challenging
with a variety of rapidly evolving network tech-
nologies. One such evolving network technology is
wireless technologies which have already experi-
enced two generations over a very short period of
time. In the early 1980s, the first generation (1G)
wireless technology was based on analog only for
voice communications. By the mid-1990s, the sec-
ond-generation (2G) wireless technology emerged
as digital suitable for data communications. Now,
the 3G/4G wireless technology is becoming reality
as high-speed multimedia services.

Understanding technological trajectory is an es-

sential step for the development and assessment of
new technologies. There are several methods avail-
able to analyze the technological trajectory, such as
market surveys, historical analogy, time series mod-
els, economic models, diffusion models, economic
cost models, and discrete choice models. We use
the diffusion model which is concerned with the
spread of a new technology in the marketplace, es-
pecially Loglet Analysis tool. It is a new technique
to analyze the complex diffusion process of prod-
ucts or technologies competing in market. In our
study, Loglet analysis is used to analyze the wire-
less technologies.

The paper aims on the structuring and analyzing

of technological trajectory in wireless industry from
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the first generation (1G) to the second generation
(2G) and towards next generation (3G/4G). This
paper investigates the evolution of technologies in
wireless networks to place them in the proper con-
text. For an analysis of these technology evolutions,
we introduce the Logler Analysis tool which is one
of the most popular tools to analyze the technologi-
cal trajectory field (Dolfsma and Leydesdorff, 2009).

II. Literature Review

New technologies often present increasing returns
(Arthur, 1989) through market expansion, product
price reduction (Rosenberg, 1982; Saviotti and Tric-
kett, 1992; Cowan, 1990) and network externalities
{Rohlfs, 1974; Katz and Shapiro, 1994; Economides,
1996; Brynjolfsson and Kemerer, 1996). Other stu-
dies (Oren and Smith, 1981; Farrell and Saloner,
1985; Katz and Shapiro, 1992) focus on the dyna-
mics of technology adoption under increasing re-
turns. Some studies (Cowan, 1991; Dosi, 1993) fur-
ther explored and popularized this dynamics of
product selection by establishing models of compet-
ing technologies.

In general, when economists explain about the
substitution effect (Bohm and Haller, 1987), they
are referring to the fact that as the price of one
good or service rises relative to another, consumers
will tend to favor the latter, cheaper option. If peo-
ple are genuinely indifferent to whether they eat
chicken or beef for dinner, a rise in the price of
steaks, for instance, may cause some to choose
drumsticks instead.

There have been few studies (Fisher and Pry,
1971; Blackman, 1974; Peterka, 1977; Sharif and
Kabir, 1976; Norton and Bass, 1987) in the techno-
logical substitution literature of a series of techno-

logical substitutions. The most intense and interest-

ing competition may indeed be taking place be-
tween the two newest technologies, but there are a
number of examples of simultaneous competition of
more than two generations As each innovation is
studied in finer detail, it is often clear that the pro-
cess is evolutionary, not revolutionary. The process
of multilevel substitution is central to the develop-
ment of the model we propose.

Newer technologies are continually replacing
older ones (Fisher and Pry, 1971). The time inter-
val between successive generations of high-technol-
ogy electronic products has been demonstrated to
be relatively brief in comparison with the time in-
terval between replacing technologies using histor-
ical norms (Norton and Bass, 1987). As the time
interval between technologies decreases the impor-
tance of under- standing the impact of recent tech-
nologies on earlier ones increases (Peterka, 1977).
No matter what their advantages, newer technolo-
gies are not adopted by all potential buyers imme-
diately. Rather, a diffusion process is set into mo-
tion (Blackman, 1974).

Katz and Shapire (1985) provides the following
definition of Network Effect, a network effect is
the increasing utility that a user derives from as-
sumption of a product as the number of other users
who consume the same product increases.

The adoption of new technology creates positive
or negative effects, which are called Network Effect.
Positive network effects are obvious. One example
of positive network effects is increasing returns
(Arthur, 1989) through the usage of a larger dis-
tribution network. If adoption by different users is
complementary, so that each user’s adoption payoff,
and his incentive to adopt, a positive network effect
increases as more others adopt. While negative net-
work effects beyond lock-in also exist. Negative
network effects result from resource limits. An ex-
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ample for negative network effects is Lock-in Ef-
fect (Liebowitz and Margolis, 1994), which pre-
vents firms from leaving an adopted technology,
though the usage of a new technology would be
advantageous in the future.

Another phenomenon of network effects is Path-
Dependency. Path dependency theory was originally
developed by economists to explain technology
adoption processes and industry evolution. The the-
oretical ideas have had a strong influence on evolu-
tionary economics (Nelson and Winter, 1982). It
simply means how the set of decisions one faces
for any given circumstance is limited by the deci-
sions one has made in the past. As its economic
point of view, Arthur (1989) derives a path depend-
ent process from a random-walk model, where two
types of agents have each preference for two types
of various technology standards. Agents consume
decisions, however, not only depend on their own
preference, but also on the overall preference of the
other agents.

. The Model and Hypotheses

3.1 The Model

Many quantitative studies of technology evolu-
tion (Kim and Ahn, 2006) have adopted a single
generation model to simulate the diffusion pattern
of demand, such as logistic s-curve (Altinkemer and
Yilmaz, 2008; Kucharravy and Guio, 2007; Pry,
1971; Marchetti, 1980; Meyer, 1994). However, this
traditional approach only considers the diffusion of
the new technology itself, not taking into account
new generations, which can replace the one just de-
veloped. Recently a new technique, Logler Analysis,
is developed to analyze the complex diffusion proc-
ess of products or technologies competing in mar-

ket (Meyer et al., 1999). For example, we can think
of different modes of transportation (horses, trains,
cars, airplanes, etc.) as competing in the same mar-
ket. Loglet Analysis which is developed by Meyer-
Yung-Ausubel (1999) at the Rockfeller University
refers to the decomposition of growth and diffusion
into S-shaped logistic components.

Loglet Analysis comprises two models: the first
is the component logistic model, in which autono-
mous systems exhibit logistic growth. The second
is the logistic substitution model, which models the
effects of competitions within a market.

First, the component logistic model assumes that
a population N(t) of individuals grows or diffuses
at an exponential rate a until the approach of a
limit or capacity k slows the growth, producing the
familiar symmetrical S-shaped curve. This model
can be expressed mathematically by the following
ordinary differential equation (ODE) which speci-

fies the growth rate d];fit) as a nonlinear function
of N():
dN(t) _ M(t)
a s aN(t)(1 e

For values of N{t)<<k, equation closely re-
sembles exponential growth. As N(t) — &, the feed
back term slows the growth to zero, producing the
S-shaped curve. It is easy to solve the logistic ODE
to find the function N(r) which satisfies equation:

where g is the growth rate; [ is the location
parameter which shifts the curve in time but
does not affect the its shape; and « is the satu-
ration level at which growth stops.
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While « can be easily seen in a graph, a and
can not. Accordingly, we replace them with two re-
lated metrics, the midpoint and growth time. We
define the growth time, Az, as the length of the in-
terval during which growth progresses from 10% to
90% of the limit k. Through simple algebra, the

In(81)

[81

growth time is At = . We define the mid-

. . k .
point as the time ¢, where V(¢,) = 5 Again sim-

ple algebra shows ¢, = f%, which is also the
point of inflection of N(¢), the time of most rapid

growth, the maximum of i%iﬁ

The three parameters x, At, and ¢, define the
parameterization of the logistic model used as the
basic building block for Logler Analysis

17\/(25) =

1
1+exp|— !

Second, let’s introduce competition and then
measure its effect. So, we assume that there are
several technologies to compete each other in the
market. The logistic substitution model generates
substitution curves, L;, Ly -+, L, These curves fol-
low the market share through the three substitution
phases: logistic growth, non-logistic saturation, and
logistic decline. The first step in generating these
curves from the logistic substitution model is to fit
a curve to the growth phase of each technology.
Reiterating from above, because we are working in
the Fisher-Pry transform space, then

i Ins1
YTo A

‘

(t - fm/')

is linear, and we can estimate the parameters for

such a curve with linear regression. As before, At
is the characteristic growth time for the ith technol-
ogy, and t#,; is the midpoint of the ith technology’s
period of growth or decline.

Note that for the logistic substitution model, we
use a logistic with only two parameters, because
the third parameter, saturation level (k) has fixed at
1, or 100%. Without the introduction of a new
technology, the last technology in the growth phase
would grow to a 100% market share. If a new
technology is introduced, its growth must come at
the cost (primarily) of the leading technology, caus-
ing it to saturate and decline.

The growth and decline phases can be repre-
sented by logistic curves, but this is not the case
for the saturation phase. Because only one technol-
ogy(L;) can be saturating at a time, its market share
can be calculated by subtracting the sum of the
shares of all the other technologies-which must be
known, since they must be either growing or de-

clining-from unity (100%):
L= EL./

How do we know when each phase begins or
ends? If

then the termination of the saturation phase

comes at time ¢ at which

Yo, ..
—~ 1S at a mmnimum
Y,

When the saturation phase for a technology ends,

it proceeds directly into its decline phase, and the
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saturation phase for the next technology immedi-
ately commences. The two parameters for the logis-

tic decline phase of the curve are given by:

In(81)
At = —
' y, (t)

[

3.2 Hypotheses

Wireless technology evolution is investigated by
presenting the historical evolution of wireless net-
work technologies, i.e., the transition from first ge-
neration (IG) analog, voice-only communications to
second generation (2G) digital, voice and data com-
munications, and, further, to third generation (3G)
wireless networks and the Internet.

In the evolution of wireless technologies, we as-
sume that existing technologies grow logistically to
their saturation points, and then are replaced by a
superior technology that conforms to the market’s
new requirements. To visualize the impact of new
technologies on wireless market shares, this study’s
parameters are based on a logistic scale, rather than
using regression analysis. A logistic scale is useful
when little or no data is available, as is the case

for new technologies seeking to be market leader.

Hypothesis 1: The evolution of wireless technolo-
gies has followed the traditional lo-
gistic S-curve pattern, but the intro-
duction of new generation technolo-
gies does not decrease immediately
the demand of the existing old gene-

ration technology market.

Technology substitution is a process by which an
innovation is replaced partially or completely by
another in terms of its market share over a period
of time. In this process one technology replaces or
substitutes for another with varying degrees of di-
rect one-to-one competition. The replacement of te-
chnology may be instantaneous, or it may take con-
siderable time (Marchetti, 1995). The advancing te-
chnology may seem to be evolutionary or revolu-
tionary depending upon the take-over time period
and each successive generation of the technology
may have a new niche by creating new customers
(Meyer et al., 1999).

The new technology influences the diffusion of
both new and old generation technologies. Some
times while one technology is replacing an old
technology, a still newer one is replacing it and
multiple substitutions take place. In such situations
of uncertainty, a study of technology substitution is
important for network service providers, whose ef-
forts and huge investments are at stake.

Currently three wireless technologies are offered
competitively in the US; TDMA, CDMA, and GSM.
These technologies are not compatible to each other.
That is, whenever a cellular phone user chooses
one type of service (technology), it is hard for con-
sumer to switch to another type of wireless service

because of a lock-in cycle.

Hypothsis 2: The advent of new wireless technolo-
gy will reduce the market demand for
old wireless technology under condi-

tions of uncertainty.

3.3 Data Collection

This study collects world wireless market data
(i.e., the number of subscribes) for analyzing the
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evolution of wireless technologies. <Figure 1> plots
the number of subscribers in each wireless technol-
ogy from 1990 to 2006. The world wireless market
experienced high growth from the mid-1990’s until
2001. However, in 2002, the growth rate was not
as strong, and expectations are that it will level off
in the next few years, given the current tech-
nologies and the nearly saturated subscriber base.
GSM will continue to be the dominant world tech-
nology, primarily because it is the only standard in
Europe, the leading wireless market. CDMA has ex-
perienced high growth in the limited Asian market
and will become the primary competition for GSM

in the future. TDMA, a technology used mainly in
the USA, will eventually become obsolete as pro-
viders upgrade to more advanced technologies, such
as GSM or CDMA. Analog technology was com-
pletely phased out after 2004.

Based on 19852010 historical data and using
Logler software, <Table 1> shows the three impor-
tant parameters; saturation, midpoint, and growth
time. In the absence of data for WCDMA and cdma
2000 in 3G, the total market of 3G is estimated
and then simply divided according to the current
market share for CDMA and GSM because the 3G

market will most likely evolve from GSM to

World Wireless Market

1,200

1,000 1

800

600

400

Subscribers (Million)

200

@ Analog
B TDMA
B CDMA
o GSM

{Figure 1y World Wireless Market

(Table 1) Estimation of Loglet Parameters for each Technology

Technology Saturation” (Millions) Midpoint (Year) Growth Time  (years)
Analog 50,700 1994 7.6
TDMA 52,300 1999 50
GSM 26,000 2001 7.1
CDMA 77,900 2001 4.7

Note) " Maximum value of this logistic and ratio to prior saturation (in parentheses).

™ The point of inflection of the curve.

" Time in which the logistic goes from 10% to 90% of its expected saturation level.
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WCDMA and from CDMA to cdma 2000.

The first step for visualizing the impacts of new
technologies is to estimate the growth rate, Ati, and
the mid-point of saturation, tn;, of each technology,
based on actual historical data. Using these esti-

mates, the market value line of each techmology is
drawn.

IV. Results Analysis

The wireless market is analyzed by indicating
market size and market share of each technology,

and by separating each technology’s market share

using the Loglet Analysis techniques.

Using world wireless market data, <Figure 2>
shows each individual technology with a single lo-
gistic, with the parameter values estimated using
the least squares algorithm. Despite the upward trend
of the historical data, Analog technology is not a
viable technology for the future. However, the
Loglet Analysis is unable to draw a downward
trend for an individual technology, like the declin-
ing Analog service.

Based on the result, hypothesis 1 is proved that
the wireless technology follows a logistic curve in
each technology.
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<Figure 2> shows the impact of competition
among the various 2G technologies (i.e., GSM ver-
sus CDMA) and the substitution of 2G for 3G
technology (i.e., WCDMA and cdma 2000) in the
high-speed multimedia services market. Market
share is based on the number of subscribers, and
the substitution effect is felt immediately upon in-
troduction of the new technologies. Projected growth
rates and mid-point saturation values for the 3G
technologies are based on the value estimations for
GSM and CDMA technologies. In the base case,
using a growth rate of 7% and a mid-point of satu-
ration in 7 years, 3G technology realizes a 50%

market share in 2010.

V. Conclusions

The paper presents the evolution of wireless te-

chnologies and analyzes the technological trajectory

of wireless technologies using the Loglet Analysis
tool. preliminary result shows that network effect
(i.e., network externality) and substitution effect are
shown and so it will be a main issue when network
service providers introduce new services and tech-

nologies.

5.1 Contribution

This paper should provide strategic help to wire-
less service providers facing upgrades or migrations
to the next generation by resolving the ambiguity
of the nature of network evolution under compe-
tition. In summary, since the next generation wire-
less network technologies and architectures are still
a subject of debate with no substantial implemen-
tation results, there is much work to do. With the
further research, the scope of study can be expan-
ded.
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5.2 Limitation of the Study

The paper is desirable to use all relevant data
concerning technological development problems, but
such data is generally unavailable in the market.
So, the scope of this study is limited to only current
market share data for the competing technologies in
each generation. However, despite the data limi-
tation, numerous experiments have been conducted
by managing the model’s parameters, and the results
were used to explain current situations and give
some clues to establish effective strategies. Although
this stady is purposely limited in scope, it can be
expanded by considering other scenarios under dif-
ferent assumptions. The aim of this case study is to
provide insight on the transition strategy of wireless
service providers towards the next generation wire-
less network technologies.
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Abstract

The paper presents the technology trajectory of competitive wireless techmologies in wireless
industry. We attempt to trace the trajectory of wireless technologies with historical data, and then ana-
lyze its pattern. As a preliminary result, we find that there exists network effect and substitution effect
in the trajectory. Our result can provide insight to wireless service providers where best to focus its
efforts for maximizing overall gain in their networks as well as when to establish the transition strat-

egy towards the next generation wireless network technologies.
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