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1 INTRODUCTION 

 

Over the past ten years the telecommunications industry has evolved at a rate faster 

than anytime in history. This growth has, and continues to be fueled by the invention,  

evolution and introduction into the marketplace of wireless and broadband 

technologies.  Wireless technologies have created the desire and ability to deliver 

communications services anytime anyplace.  Broadband, through its advanced 

functionality has made available a wider range of applications and services for both 

personal and business needs.  Together these two technologies are making 

telecommunications ubiquitous and wide ranging in their capabilities. 

 

One of the major impacts of Wireless and Broadband technologies is that is has 

drastically broadened the scope of products offered by what has traditionally been 

described as the telecommunications industry.  These new technologies have made 

possible the development and delivery of a variety of telecommunications products 

and services, (broadband internet access, mobile phones, interactive entertainment) 

far beyond the basic phone call, the industries primary product 10 years ago.   

 

As a result, the telecommunications industry now provides services that are 

accessed not only through a telephone, but also the Personal Computer (�PC�), 

mobile device, and even the Television (�TV�).   These products and services have 

been accepted by consumers and businesses worldwide, and today products 

delivering wireless, broadband and interactive services are the fastest growing 

segments of the telecommunications industry.  

 

The evolution of technologies and applications is also blurring the traditional line that 

defined and separated applications, services and networks. As a result, the functional 

boundaries defining the dominant communications tools of our time � the PC, TV, 

and telephone � are disappearing as well. Today, people can watch streaming video 

or DVD�s on PCs, access high speed internet on their TV�s, search the web on their 

wireless phone or Personal Digital Assistant (�PDA�) and make a phone call using a 

computer wirelessly linked to a broadband connection. In a word, technologies are 
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�converging�, and in the process traditional definitions have all but disappeared.   In 

today�s telecommunication market devices no longer provide single solutions, and the 

solutions themselves are not dependent on the network interface or technology. 

 

True convergence however by the very definition of the word, requires the 

development and availability of networks capable of delivering all of these different 

applications over a single network all with the same or similar available functionality.  

In other words the same quality, speed and user experience regardless of the 

manner in which the user accesses the application or service.  In essence this means 

that Broadband quality access, services and applications must be available for the 

wide variety of ways people will access the internet, communicate and be entertained 

and the devices that will deliver that access.  

 

Today, fixed broadband systems are in general readily available in most developed 

countries.  While the technologies differ in name and acronym, the concept of 

broadband access is well proven.  However true convergence of  traditional wireless 

and broadband applications, services and access requires mobile or �wireless� 

networks, networks that allow access that delivers the equivalent or better quality 

than the fixed broadband solutions.  While wireless broadband systems have been 

around for a while, wireless broadband has to date has not provided the speed or 

quality of services necessary for satisfactory reliable broadband experience.  In 

addition wireless broadband systems to date have been more expensive and less 

readily available, when compared to wired broadband technologies such as Cable 

and DSL. 

 

As a result, wireless, from a technology, application and services standpoint, has not 

participated in the digital convergence trend.  This, however, is set to change as the 

development and introduction of a new technology platform, combining two 

technology theories, Non Line of Sight transmission �NLOS� and Orthogonal 

Frequency Division Multiplexing (WOFDM), with an industry backed technology 

specification and marketing strategy, the Worldwide standard for Interoperability for 

Microwave Access (�WiMAX�) and the WiMAX Forum, is about to usher wireless 

technology into the digital convergence family. The technical capabilities of WiMAX 

technology will allow service providers to finally be able to offer voice, data, mobile 
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and entertainment services over a single wireless broadband telecommunications 

infrastructure  (Shoesteck, 2004), while the industry backed standards and marketing 

effort will finally create an economically competitive wireless broadband standard. 

 

While the availability of this technology will cement the convergence of Wireless, PC 

and Broadband technologies, it will in the long term do even more than simply 

converge these services onto single networks.  Because of the inherent cost savings 

in deploying wireless technology, (versus �wired� technology) and the advancement 

of low cost standards based WiMAX equipment, WiMAX will also alter the industries 

current balance of power and regulatory schemes designed to rule and regulate 

them.  By providing �standards� based low cost gear, WiMAX lowers the inherent 

protection afforded to industry incumbents as a result of the historically high cost of 

capital investment required to build single purpose telecommunications or broadband 

networks and the service associated with such networks. In addition, WiMAX will 

through into disarray the logic which is the foundation of the current 

telecommunications and broadband regulatory schemes worldwide, namely the 

regulation of service providers based on the technology they use to deliver their 

services. 

 

This goal of this dissertation is twofold.  First, I hope to make a compelling argument  

that WiMAX is a not simply another wireless broadband technology, but that its 

introduction will push wireless technology into the digital convergence movement and 

in the process force, in a significant way, changes in the manner in which 

telecommunications and broadband services are defined and regulated.  My second 

goal is to look at the market opportunities for WiMAX in particular with a view to the 

current competitive and regulatory environment.  These arguments and suggestions 

while general in nature, focus to some degree on the U.S. and Brazilian market.  

There are a couple of reasons for this.  First, these markets are most relevant to my 

academic and personal experiences.  Second, the U.S. and Brazil are bell weathers 

for developed and developing markets in the telecommunications and broadband 

industries.   

 

Part 2 of this dissertation provides a brief background and context on the wireless 

broadband market.  I highlight how momentum for the technology has recently grown.  



 12

Part 2 concludes with in depth look at the history of wireless broadband, highlighting 

the different wireless technologies and the technological advances over time, and the 

success of various companies and their service offerings. 

 

In Part 3 I discuss the current broadband market today and discuss in some detail the 

technologies currently used to deliver broadband services.  In addition to highlighting 

the technical details, I also outlines some of the advantages of the different 

technologies, the sizes of their market and their future potential. 

 

Part 4 of this dissertation introduces the reader to the basic telecommunications 

technologies and markets that are the focus of this dissertation.  I start with a basic 

overview of telecommunications networking and architecture including the different 

segments of the network.  I then describe and explain in some detail the technologies 

that form the foundation of wireless technologies in general, with the goal of providing 

a foundation for understanding how Wireless broadband technologies are 

architected.  

 

Part 5 of the dissertation focuses in more detail on the current broadband 

technologies.  While the focus of this paper is on wireless technologies, an argument 

for the success of WiMAX requires and existing understanding of the technologies it 

complements and competes with.  Part 5 begins with an analysis on basic 

architechtures used in wireless broadband networks and then moves into related 

concepts such frequencies and spectrum management.  The goal of this section is 

not to provide a comprehensive discussion, rather introduce the concepts in a 

manner sufficient for purposes of this paper.   

 

Part 6 introduces and then takes a look in some detail at the specific technologies 

deployed in past Wireless broadband Service offerings.  While this section is 

somewhat technical, especially for the reader being exposed to these terms for the 

first time, I believe it is an important section because it provides some background as 

to how the technology breakthroughs required to develop WiMAX, provides new 

opportunities for reliable advanced service.  It is important to note that one of the 

goals of this dissertation is not to assess the validity WiMAX technology nor attempt 

to refute any of the basic technical claims made by various groups responsible for it�s 
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development.  This is in part because WiMAX technology is already being built and 

deployed and there are no initial indications that the general technical claims are not 

being met. 

 

Part 7 of this dissertation provides a historical narrative of the development of 

WiMAX.  First, I take a look at the technology on which WiMAX is based, none line of 

sight point-to-multipoint technology, and the related technological breakthroughs that 

make this technology commercially feasible.  After brief explanation of how the 

technology actually functions, I examine how and why WiMAX technology represents 

such an incredible step forward compared to previous Wireless broadband 

technologies.  The advantages for that this technology provide to service providers, 

both from a functionality and cost basis, is the major theme of dissertation and 

pervades the paper as a whole, nevertheless a look at this aspect specifically in Part 

7.   

 

Part 8 of this dissertation analyzes how and why WiMAX will drive digital 

convergence on wireless networks and in the process convergence on existing 

Broadband and Telecommunications services as well.  Part 8 is key to this paper 

because the arguments and conclusions I make further into the paper result from the 

general convergence trends. 

 

Part 9 takes a look at the general regulatory structure that currently governs 

telecommunications and broadband markets.  The goal is to provide a general 

overview historical and present day overview of all the different sectors, as today they 

are regulated separately.  In addition I also take a look at the specific regulatory 

schemes in Brazil and the U.S. 

 

Part 10 outlines the areas of the in the Telecommunications and Broadband markets 

that will experience the most disruption as a result of the introduction of WiMAX 

technology and services.  In particular, I will outline and explain in more detail two 

areas that I believe will be subject to the greatest risk of disruption due to the 

introduction of WiMAX, the capital structure of service providers and regulatory 

structure that generally governs the Telecommunications and Broadband Industries.   

 



 14

I conclude with  Part 11 I will go on to take more detailed look at the market 

opportunities for WiMAX.  I will analyze the market segments in which WiMAX will be 

vital as well as the ways in which WiMAX development and deployment will look in 

developed and developing countrues.  I will conclude by providing suggested 

regulatory schemes for both, providing commentary and analysis on how such 

suggested schemes will affect the adoption and growth of WiMAX, the effect on 

incumbent service providers and the effects such schemes will have on digital 

convergence as a whole.   

 

2 WIRELESS BROADBAND CONTEXT AND BACKGROUND 

 

The hottest topic in the telecommunications industry is wireless broadband.  While 

wireless broadband systems have a long history, they have been used for voice and 

data backhaul; to date they have been far from successful in terms of growth or profit.  

Historically wireless broadband has been more expensive, less available, and offered 

less functionality than traditional broadband technologies such as Cable and DSL.  

These limitations have primarily been the result of a lack standards, instead a 

mishmash of proprietary technology.  These lack of standards have kept the cost of 

equipment high and prevented interoperability between equipment vendors.  As a 

result service providers have been reticent to launch services because of the high 

costs of equipment and the likelihood of a high dependence on a limited number of 

technology vendors.  Though broadband wireless is not an entirely new technology, 

the evolution to a standards-based, interoperable, carrier-class solution makes 

WiMAX the type of technology needed to create the economy of scale to drive wide 

scale deployment.  

 

 

2.1 WiFi; reinvoigorating interest in wireless broadband 

 

Nothing has done more to peek interest in wireless broadband than the very recent 

success of 802.11 WiFi local area network equipment and services.  WiFi goes by a 

variety of names. Some people call it wireless Ethernet, in parallel with the traditional 
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wired Ethernet (802.3), but the WiFi Alliance, a nonprofit trade organization created 

and funded by leading industry participants and responsible for the develop and 

marketing of the WiFi standard, has been pushing its Wi-Fi ("wireless fidelity") 

certification program, which consists of promoting a stylized Wi-Fi logo as a 

marketing monitor for a variety of wireless technologies and certifying products from 

a variety of vendors for compatibility and interoperability.  The goal of the WiFi 

alliance is to increase awareness of the availability and functionality of WiFi.   By 

most accounts their efforts have been very successful.  Any 802.11 vendor can have 

its products tested for interoperability, and it receives a Wi-Fi mark. This certification 

has apparently helped the growth of 802.11b.  2003 saw the WiFi market, non-

existent three years ago; produce more than $2.5 Billion in sales.  WiFi access and 

�hotspots� has proven that consumers want wireless internet access.   

 

While the rapid growth of WiFi has provided a sense of optimism for the industry, for 

WiMAX it has provided a �playbook� or operational manual for how to develop 

wireless standards and bring those standards to market.  WiFi began to take off only 

after the industry developed a single standard, and developed and promoted an 

extensive interoperability testing and marketing push.  These activities were lead by 

the Wi-Fi Alliance,. In 2003, the Wi-Fi hardware market achieved staggering growth.  

Vendors sold 22.7 million units, a 214% increase from 2002�s 7.2 million unit 

shipments (Instat). 

 

2.2 From WiFi to WiMAX 

 

Taking a page from the Wireless LAN Industry, the Wireless broadband Industry is 

calling its plays directly from the WiFi playbook.  The Worldwide Interoperability for 

Microwave Access (�WiMAX�) group, called the WiMAX Forum, was recently formed 

and the group is now helping the telecommunications industry interpret and 

commercially develop a standard for the delivery of Wireless broadband (WiMAX 

Forum).  Accelerating the introduction of cost-effective broadband wireless access 

services into the market is the ultimate goal of the WiMAX Forum. The advent of a 

standards-based, interoperable solution will create economies of scale that will drive 

price and performance to levels unachievable with proprietary equipment.  In fact, 
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this standard was developed by the Institute of Electrical and Electronics Engineers, 

(�IEEE�), the same group that developed the WiFi standard 802.11.   

 

From a technology standpoint, WiMAX, like WiFi,  is a standards-based technology 

enabling the delivery of data over a wireless radio frequency.  What separates 

WiMAX from WiFi, and also makes the technology exciting is that WiMAX has last 

mile wireless broadband capabilities.  WiMAX offers wireless access that is faster 

than today�s cable and DSL services with much lower capital investment costs 

(WiMAX Forum). Once deployed, WiMAX will have the capability of serving multiple 

market segments, including both fixed and mobile service, Broadband access and 

television services.  A single WiMAX base station will provide broadband connectivity 

wirelessly, eliminating the need for wired infrastructure or direct line of sight with a 

base station (WiMAX Forum). Within a typical cell radius deployment of 3 to 5 miles, 

WiMAX systems are expected to deliver connectivity of up to 75 Mbps, which is 

enough bandwidth to simultaneously support hundreds of businesses with T1-type 

connectivity and thousands of residences with DSL-type connectivity. WiMAX holds 

the promise of delivering broadband services on a ubiquitous scale.  

 

Industry participants, from the traditional wireless providers and fixed line carriers to 

equipment and application providers, now see Wireless broadband, and in particular 

�last mile� Wireless broadband as the next step in driving widespread demand for 

internet access, digital convergence and in turn growth for the industry participants.  

WiMAX will bring to the market new service providers seeking to build, from scratch,  

broadband infrastructure to deploy more quickly and at lower costs.  For those 

providers that already have cable or DSL networks, the inherent cost advantages of 

wireless deployment mean that WiMAX will allow these providers to build out their 

networks more cheaply and quickly than by continuing with existing DSL or cable. 

 

WiMAX is a commercially viable technology today.   Limited deployments of WiMAX 

have already begun and there are indications that WiMAX will see its first widespread 

commercially available equipment in 2005.  It is expected that WiMAX technology will 

be broadly incorporated in notebook computers and PDAs in early 2006, allowing 

fixed access, and in mobile devices in 2007 allowing mobile voice and data 

broadband (WiMAX Forum).   
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3 CURRENT  BROADBAND TECHNOLOGIES 

 

3.1 Broadband Defined 

 

The exact point at which a data connection ceases to be narrowband and starts to be 

broadband does not have a precisely defined point.  Service providers, equipment 

vendors, and chip makers all use the term freely. When asked to define broadband 

after using the term in a speech he gave at ComNet 2002 in Washington, D.C., this 

past January, Ivan Seidenberg, president and CEO of Verizon Communications 

pegged it at 640 kb/s and above (IEEE). The U.S. Federal Communications 

Commission (FCC), for the purpose of interpreting its instructions in the Federal 

Telecommunications Act of 1996, has defined high-speed access as any Internet 

connection that offers more than 200 kb/s of data in either direction. Any data 

connection that offers more than 200 kb/s in both directions is dubbed advanced 

service by the FCC (IEEE).  In some circles speeds less than 100 kilobits per second 

(i.e. modem speeds) are narrowband, and speeds of over a megabit per second are 

broadband. Whatever definition one uses is arbitrary and it is likely is that the data 

speeds associated with the term "broadband" will rise as both technologies improve 

and expectations increase.  

 

Another way in which people define broadband is in how and what services are 

delivered or are capable of being delivered (IEEE).  The best way to measure this is 

through the delivery of the services typically associated with broadband, namely 

advanced internet access, voice over internet protocol and video.  Today advanced 

internet access and voice over internet protocol services are widely offered through 

both broadband cable and DSL providers, the dominate wired broadband 

technologies current available.  To deliver viable video over broadband one expects 

to be able to send real-time video streams over any connection. Even using powerful 

MPEG-4 compression, a standard TV transmission still needs about 4 Mb/s to do that 

(IEEE) a level of bandwidth neither cable modems nor digital subscriber lines (DSL�s) 

can meet.   However whether one is talking about advanced internet, voice over 

internet protocol or video as a baseline in defining broadband one thing is clear, there 
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is no widely available wireless wide area network which can deliver these services 

today. 

  

3.2 Wireline Broadband Market 

 

At the end of 2003  the total worldwide broadband market contained approximately 

225 million subscribers (CNET News 2004).  Of this total the majority use the two 

dominant broadband technologies, DSL or cable.  In the United States the number 

one broadband technology is cable, while DSL wins the a broadband face-off 

worldwide (CNET News 2004). According to IDC, the worldwide cable modem 

services market was 32.8 million last year.  While the United States accounted for 

46.7 percent of worldwide cable modem subscribers, the number of cable modem 

subscriptions in the U.S. was 1.5 times the number of DSL subscriptions, but DSL 

continues to close the gap as service providers more aggressively market, price and 

promote DSL services. 

 

The key to success, and the centerpiece of the battle for both cable and DSL 

operators is convergence: the continued bundling of internet, video and voice 

services in a single package (Telecom Agents). Cable operators are looking to voice 

over internet protocol as a way to compete with traditional telephone companies.  

Cablevision, a large U.S. cable company, launched VoIP services to its entire high-

speed data footprint, while Time Warner Cable announced plans to make the service 

available to its entire footprint in 2004 (Telecom Agents). 

 

Telephone companies are moving in the same direction but from a different starting 

point.  In November, SBC the second-largest network operator in the U.S., agreed to 

a 10-year licensing deal, worth $400 million, to use Microsoft's new IP Television 

(IPTV) software Microsoft technology will let SBC compress digital signals and send 

them over its high-speed network. The software also will provide voice and data 

services simultaneously, the operator said. The technology also provides a 

comprehensive security system, including subscriber and end-to-end digital rights 

management technology, to protect content across multiple devices.  SBC plans to 



 19

roll out services, beginning in 2005 that will bundle voice over internet, cable and 

broadband access into one service. 

 

 

 

3.3 Wireline Broadband Technology; Digital Subscriber Line (DSL) 

Traditionally, wire line telephone networks have focused exclusively on the delivery of 

voice services.  Standard telephones consists of a pair of copper wires that the 

phone company installs in your home.  Traditional telephone technology operates 

through copper wire networks, a technology commonly referred to as �a narrow band 

service�.  At one time traditional telephone lines also represented most widely used 

method to access Internet. Using basic copper telephone lines, �dial up� internet 

service was sufficient to deliver basic internet and e-mail, but its speed (maximum of 

56kbs) makes it too slow to leverage today�s advanced services.  These lines, 

however, remained wholly sufficient for voice calls and still handle the vast majority of 

voice traffic worldwide.  

 

The advancement in internet based services created a demand for high bandwith 

connections.  However, the copper wires used to provide basic phone service 

seemed unsuited to deliver the required bandwith necessary for advanced services 

until in a twist of fate, a technology originally developed for the delivery f Video on 

Demand became the ticket to the broadband market.    

 

In the late 1980�s researchers at BellCore, the research arm of what was then the 

telephone monopoly in the United States, began working on a way to deliver Video 

on Demand over telephone networks (DSL Prime).  Video on Demand (VOD) was 

viewed as the way for the telephone company to compete with cable television 

providers (DSL Prime).  Instead, the market for DSL has emerged much differently 

than was once expected, not as a technology to deliver VOD but rather for 

broadband internet access for personal computer users and high-speed access to 

corporate networks from residences and remote offices.   
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To understand DSL, it is helpful to understand how a normal telephone line functions. 

Often referred to as POTS for plain old telephone service,  POTS makes the most of 

the telephone company's wires and equipment by limiting the frequencies that the 

switches, telephones and other equipment will carry. Human voices, speaking in 

normal conversational tones, can be carried in a frequency range of 0 to 3,400 

hertzs, a very small range.  Most stereo speakers, for example,  cover from roughly 

20 Hertz to 20,000 Hertz.  The copper wires themselves have the potential to handle 

frequencies up to several million Hertz in most cases. In addition, copper wire 

networks contain some spare capacity after providing for phone conversations and 

Digital Subscriber Line, (�DSL�) is a technology that exploits this "extra capacity" to 

carry information on the wire without disturbing the line's ability to carry 

conversations. 

 

By limiting the frequencies carried over the lines, the telephone system can pack lots 

of wires into a very small space without worrying about interference between lines. 

Modern equipment that sends digital rather than analog data can safely use much 

more of the telephone line's capacity and in essence this is how DSL functions. The 

technological innovation for this frequency management did not arrive until the late 

1990�s, but it brought the introduction of higher bandwidth and advanced services to 

telephone companies.  Various types of DSL technologies differ according to this 

limitation.  

 

ADSL technology, a variant of DSL can provide maximum downstream (Internet to 

customer) speeds of up to 8 megabits per second (Mbps) at a distance of about 

6,000 feet (1,820 meters), and upstream speeds of up to 640 kilobits per second 

(Kbps). In practice, the best speeds widely offered today are 1.5 Mbps downstream, 

with upstream speeds varying between 64 and 640 Kbps.   

 

 

 

Type  Full Name  
Downstream 

Speed  

Upstream 

Speed  

Max. 

Distance 
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(feet)  

HDSL  
High-data-

rate DSL  
1.5 Mbps  1.5 Mbps  12,000  

SDSL  
Symmetric 

DSL  
768 Kbps  768 Kbps  10,000  

VDSL  

Very-high-

data-rate 

DSL  

51.8 Mbps  2.3 Mbps  4,000  

RADSL  

Rate-

Adaptive 

DSL  

8 Mbps  1 Mbps  18,000  

ADSL  
Asymmetric 

DSL  
1.5-8 Mbps 640 Kbps  18,000  

 
 

Most homes and small business users are connected to an ADSL line. ADSL divides 

up the available frequencies in a line on the assumption that most Internet users look 

at, or download, much more information than they send, or upload. Under this 

assumption, if the connection speed from the Internet to the user is three to four 

times faster than the connection from the user back to the Internet, then the user will 

see the most benefit. 

 

The advantage in the marketplace DSL provides for telephone companies is that 

technologies are widely available today.  Existing infrastructure for most telephone 

companies supports DSL.  However the technology, specifically its inherent 

limitations, in the long run are their market disadvantage as well.  One disadvantage 

of DSL technologies is that it is distance sensitive.  As a users distance from  the 

telephone companies central office increases, the signal quality decreases and the 

connection speed goes down. The limit for ADSL service is 18,000 feet (5,460 
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meters), though for speed and quality of service reasons many ADSL providers place 

a lower limit on the distances for the service. At the extremes of the distance limits, 

ADSL customers may see speeds far below the promised maximums, while 

customers nearer the central office have faster connections and may see extremely 

high speeds in the future.  

 

The second and more critical limitation, at least as far as telecom companies is 

concerned, is that the operating costs of DSL are higher relative to cable television 

broadband solutions.  These costs are the result of several challenges.  The most 

significant is installation.  Because of complicated and modems deployment costs are 

very high, about $240 per customer according to one estimate (Dorf & Milbrandt 

2003). Telephone companies have worked diligently to drive down the cost of 

installation; by enabling customer self-install to reduce truck rolls. Even with this level 

of automation, however, the capital and operating costs of DSL deployment, using 

the current technology, remain too high. The fundamental problem of this approach is 

that it doesn't easily scale: For every customer turned on, there is significant 

engineering, capital and installation activity.  As a result, the incumbent telephone 

companies, who can't afford to continue losing broadband customers to cable 

competitors in a converged market,  also can't afford to lower the price of DSL 

service below the profitability threshold in order to compete.  

 

 

3.4 Broadband Cable Technology 

 

Cable operators are the single biggest Broadband service providers in the United 

States and second globally, behind DSL. This industry provides broadband services 

via their cable networks, which account for more broadband connectivity to 

residential and small businesses than does the wireline industry (such as DSL or T-1 

and T-2 lines).  In the broadband domain, cable modem services operate quite 

differently from telephone line based-Digital Subscriber Lines.  
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Figure 3.0 

U.S. Cable Subscriber 

 Source:  NCTA, statistics as of December, 2002 

 

Cable systems were originally analog systems designed only for analog transmission 

of television. As a result the original systems lacked the capability to provide 

Broadband connectivity.   However the growth of the internet lead traditional cable TV 

system operators to upgrade their systems with digital fiber optics in order to 

leverage the growth of the Broadband market.  

 

Fiber optic technology is quite complicated to explain, and I will not get into the 

details in this paper, as the technical details are cleary agreed upon.  Fiber optics is 

the fastest most efficient way to deliver a broadband connection and there are 

several reasons for this:  

• Less expensive - Several miles of optical cable can be made cheaper than equivalent 
lengths of copper wire. This saves your provider (cable TV, Internet) and you money.  

• Thinner - Optical fibers can be drawn to smaller diameters than copper wire.  
• Higher carrying capacity - Because optical fibers are thinner than copper wires, more 

fibers can be bundled into a given-diameter cable than copper wires. This allows more 
phone lines to go over the same cable or more channels to come through the cable into 
your cable TV box.  

• Less signal degradation - The loss of signal in optical fiber is less than in copper wire.  
• Light signals - Unlike electrical signals in copper wires, light signals from one fiber do not 

interfere with those of other fibers in the same cable. This means clearer phone 
conversations or TV reception.  
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• Low power - Because signals in optical fibers degrade less, lower-power transmitters can 
be used instead of the high-voltage electrical transmitters needed for copper wires. Again, 
this saves your provider and you money.  

• Digital signals - Optical fibers are ideally suited for carrying digital information, which is 
especially useful in computer networks.  

• Non-flammable - Because no electricity is passed through optical fibers, there is no fire 
hazard.  

• Lightweight - An optical cable weighs less than a comparable copper wire cable. Fiber-
optic cables take up less space in the ground.  

 

In short, Broadband delivered through fiber optics enjoys a substantial advantage 

over copper wire delivered Broadband. 

 

4 IN INTRODUCTION TO WIRELESS BROADBAND 

 

4.1 Wireless broadband Defined 

 

The term �Wireless broadband" is an umbrella term for a number of technologies and 

standards that allow for the provision or delivery, from a wireless connection to 

telecommunications networks, of data bandwidth sufficient for such "advanced" 

services as point-to-point, bi-directional video communications, high-quality 

multimedia streaming, audio and video downloads (Shrick and Rietzman).  More 

simply put, it is the combination of Broadband and Wireless connectivity, and 

combination that clearly has advantages from cost and user experience standpoint.   

 

Anyone has used either type of system understands the advantages.  Wireless data 

gives you the freedom to work from almost anywhere and gives you access to 

personal information when you are on the go. Whether the wireless system is 

accessing e-mail from an airport or receiving dispatch instructions as a taxi driver, 

you'll find it extremely effective to be able to maintain a data connection with a 

remote network from almost anywhere. Once you begin using wireless data, you'll 

wonder how you ever lived without it. In addition wireless, due to the fact that much 

less infrastructure is required is much cheaper to deploy that wired systems.  The 

illustration below details the how infrastructure requirements decrease in wireless 

networks.  In addition to extensive process of actually laying wired infrastructure 
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under or above ground, wired systems also require expensive right of way or 

easement processes.  

  

 

  
 

 
Figure 4.0 � Wireless vs. Wired Networks 

Source: (Community Wireless website) 
 

The benefits of Broadband are also widely and generally accepted.  Unlike slow-

speed dialup connections, broadband provides "always on" connectivity, for instant 

access to applications and services.  In addition high-speed data transfer, eliminates 

much of the "world-wide wait" that characterized the early days of the Internet, and 

can also support more users on single connections.  In addition today Broadband is 

enabling the development and access to multimedia applications and services, such 

as videoconferencing, which are greatly facilitating regular communications and in 

many cases reduce or eliminate the cost and time required for travel.   

 

For consumers and companies that sell to them this has opened up tremendous 

opportunities and projects.  In the last couple of years, Broadband has paved the way 

some very successful e-commerce, entertainment and information opportunities on 

the internet.  The public and the private sectors are also realizing significant benefits 

from broadband networks, services and applications.  With near universal Broadband 

access, both the private and public sector are adopting e-business and e-commerce 
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to increase revenues, reduce transaction costs, reduce errors, eliminate handling 

costs, and reduce inventory and inventory carrying costs. 

 

Combined, wireless and broadband really are an unbeatable combination. In addition 

to the obvious benefits above another strength of wireless broadband is that it 

enables broadband services to be made available to end-users in low density or 

rough terrain areas that otherwise may not have had access to such services at all. 

 

 

5 WIRELESS TECHNOLOGY AND ARCHITECHTURE 

 

This chapter describes the major components that make up wireless systems.  In 

addition to highlighting the basic difference between wireless and wired systems, 

namely that wiring neighborhoods and cities is exhaustive from a time and capital 

standpoint, wireless systems have different architectures, in short the technology is 

quite different.  Section 5.1 looks at wireless system architecture,  specifically the 

different types of configuration combinations and topologies.  5.2 looks at specific 

technology solutions, including the capabilities of different service offerings as well as 

the types of devices and applications supported by these solution. 

 

5.1 Wireless Network Segments 

 

Telecommunications networks are comprised of several components or levels.  For a 

network to function, connectivity is required at the all these levels.   In a typical wired 

network, these levels consist of the household, the local loop and the backbone.  The 

household is essentially the phone line that comes into the home and typically is 

copper wire.  The local loop is generally a loop of wires, which can be copper or fiber, 

and connects a neighborhood or small area.  Backbone in essence is the highway of 

a telecommunications network connecting far apart areas.  Backbone provides 

transport of voice or data but generally does not connect data or voice calls to the 

final destination. 
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Figure 5.0 � Different segments in connectivity 

Source: (Best 2003) 
 

 

 

Wireless telecommunications networks function differently.  Figure (5.0) taken from 

Michael Best (Best 2003), describes basic wireless architecture.  In this figure several 

elements are depicted: 

 
A: Radio tower connected to the internet through a wired connection 
B: Intermediate radio tower 
C: Building with base station/access point 
D: End-user equipment, e.g. personal computer. 
 

 

Best illustrates how wireless technology is deployed in each of the network 

segments.  Greater detail can be found in Michael Best�s original publication but for 

purposes of this paper a shortened version is presented here.  Wireless backhaul, 

the wireless equivalent of wired backbone, refers to wireless networking over long 

distances.  Wireless Metropolitan Area Network (WMAN) is the wireless equivalent of 

a local loop and wireless device (often Wireless Local Area Network (WLAN), 802.11 
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networks) is the most well known WLAN technology, is the wireless household.  Like 

the different wired network segments, wireless network segments are differentiated 

by the distances they connect and the number of distribution points. 

 

Connections move in a bi-lateral fashion from A-D and D-A (Best).  The purpose of 

the connection between radio towers A and B is to transmit over long distances (in 

the order of tens of kms) (Best). Several of these links may exist and can be used, 

and the signal leapfrogs from one tower to the next, in �hops�, to a potentially remote 

location. This is normally referred to as wireless backhaul.  The connection from B to 

C is a point-to-multipoint connection. This means that radio tower B sends and 

receives from several stations of type C, i.e., several buildings with base stations, or 

access points. This is normally called a Wireless Metropolitan Area Network 

(WMAN).  The access point in C will then radiate the signal to end-user equipment in 

its closer proximity, usually in the same building or neighborhood, depending on 

population density. This is what is normally called a Wireless Local Area Network 

(WLAN) 

 

While Best�s configuration describes a situation where all segments are being 

deployed with and connected to other network nodes wireless, this need not be the 

case (Best). These segments can, and in many cases already are a mix of fiber, 

cable or other wired networks.  

 

5.2 Wireless Frequency 

 

The possibility of wireless transmission and communication has been made possible  

by the incredible technology evolution over the past century.  Wireless 

communication is made possible by the transmission of radio waves.  These radio 

waves transmit the communications and when there are too many radio waves in an 

area these communications will be disrupted.  By analogy it is like trying to fill  a room 

beyond capacity.  At some point the room will be full and some will have to be turn 

away.  Radio communications work this way.   
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5.2.1 Wireless Frequency; how it works 

 

Technically, electromagnetic transmission is the result of oscillating electrical and 

magnetic energy capable of traversing space without a physical interconnection.  The 

rate of this oscillations is the �frequency� (Harvey 1971).  All of the frequencies 

together, which combined make of the entire electromagnetic spectrum, this 

spectrum ranging from 10KHz to 3,000GHz (Harvey 1971).  As a result, radio 

spectrum is limited.  Electromagnetic interference functions in such a way that if two 

users transmit in the same place, at the same time, in the same frequency, and with 

sufficient power, they will interfere with each other (Neto 2004).  This is particularly 

true with narrowband technologies. 

 

6 LEGACY WIRELESS BROADBAND SYSTEMS AND TECHNOLOGY 

 

Generally speaking Wireless broadband systems differ from standard wireless 

systems primarily in that they can deliver data at higher bandwidth speed than 

regular or narrow band wireless technologies.  A secondary result of the additional 

bandwith is that these devices, to date, cannot be accessed from mobile phones or 

other truly portable devices.  This is more the result of limitations in processor 

power/battery life issue related to devices, than to limitations of the networks 

themselves.   

 

Wireless broadband systems have been around longer than many realize.  Generally, 

these Wireless broadband technologies can be classified broadly into either line of 

sight point-to-point systems (point-point, point- consecutive point, point to multipoint) 

and non line of sight point to multipoint systems. It is non line of sight technologies,  

recently developed but not deployed in any wide scale commercial setting, that are 

the basis of WiMAX.  Non-Line of sight is covered in more detail in Part 7.  

 

6.1 Point-to-Point Wireless 
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Point-to-point microwave connections have long been used for voice and data 

communications, generally in backhaul networks operated by phone companies, 

cable TV companies, utilities, railways, paging companies and government agencies, 

and will continue to be an important part of the communications infrastructure 

(Werbach)  Frequencies used range from 1 GHz to 40 GHz  (Werbach)    

 

Point-to-point (PTP) networks,  one of the oldest wireless transmission technologies, 

consist of one or more fixed PTP links, usually employing highly directional 

transmitting and receiving antennas with such links connected end to end that can 

span great distances.  In layman�s terms PTP networks transmit data in a single 

direction and each point on a network talks only to one other point.  As a result the 

reliability of a PTP network is only as reliable as the weakest PTP connection.  As a 

result this technology is very unreliable in delivering data in a consumer environment 

as it is very difficult to build redundancy into this type of network architecture. 

 

 
 

Figure 6.0 Point to Point Network 

Best 2003 

 

Consecutive point networks, (CPN) are similar to PTP�s in that they consist of a 

number of links connected end to end.  However unlike PTP�s CPN�s are also 

generally connected to a fiber ring at each link.  As a result when there is problem 

with a link, traffic can be re-routed through the fiber optic network to the next link.  
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The problem with this architecture is that in essence each link must be connected to 

the fiber ring.  In addition any wireless user must be in line of sight with a working 

link.  Points to multi-point (PMP) solutions connect users to a base station to share 

the common resource of the transmission capacity available. PMP uses a hub and 

spoke system in which a powerful hub transmits and receives from more that one 

�spoke� within the system.  First used in traditional wired telephone, cellular and 

cable systems, this architecture, while often a good option for co-located small 

groups of users, requires heavy capital investment.  Because these systems require 

line of sight connectivity, there must be a hub within line of sight for the customer or 

transmission will not work.   

 

 
Figure 6.1, Point to multipoint network 

Best 2003 

6.1.1 The limitations of line of sight Point-Point technology 

 

To date P-P, and specifically PMP technologies have powered the vast majority of 

wireless broadband services.  There technical limitations have limited the success of 

these services in large part because their installation costs were too high. PMP 

systems required a directional antenna to be installed on the subscriber's premises 

with Line of Sight to a base station antenna. Since service providers often find out 

that a potential location has no unimpeded view of the base station only when they 

send an installer to the site, the average successful installation takes more than one 
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visit. In addition, these "truck rolls," as technician visits are known, can cost 

anywhere from US $300 to $800.  As a result these truck rolls can equal more than a 

year's worth of subscriber revenue.   In addition line-of-sight (LOS) systems do not 

scale well. When a base station's capacity reaches saturation, the usual procedure is 

to divide the coverage area into two pieces, use the existing antenna to serve half of 

it, and put up a new antenna to serve the other half. With directional antennas, that 

means that the antennas at roughly half the existing subscriber locations will have to 

be re-aimed at the new base station site, necessitating more truck rolls that bring in 

no new revenue. 

 

The end result of these LOS systems is that to date no company has rolled out 

wireless broadband services that have been financially successful.  Both large 

companies, such as AT&T, Sprint, and WorldCom, and start-ups such Winstar and 

Teligent, all of which rolled out broadband LOS wireless Internet access services, 

have pretty much given up on LOS wireless, at least insofar as price-sensitive 

residential customers are concerned. Last year, AT&T stopped service to 47 000 

customers, Sprint stopped marketing the services; Worldcom sold the frequency to 

Nextel, while Teligent and Winstar filed for bankruptcy protection. 

   

7 NON LINE OF SIGHT FOR THE FUTURE; WIMAX AND THE ARRIVAL OF 
VIABLE WIRELESS BROADBAND 

   

Three or four years ago when companies such as Winstar, Sprint and Teligent, rolled 

out Wireless broadband Services using advanced PMP technology, they were 

greeted with enthusiasm from commentators and investors.  Commentators hailed 

these service offerings as the first movers in what was sure to be huge market.  After 

Wireless broadband stood at the junction of the telecommunications industries two 

fastest growing sectors, wireless and broadband.  Investors and Wall Street praised 

these companies� business plans and invested billions of dollars through debt and 

equity financing.   
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History tells us that both the commentators and investors miscalculated the market.  

Winstar and Teligent are both bankrupt, while Sprint no longer markets its Wireless 

broadband Services.  Were the commentators and investors foolish?  An analysis 

these companies within the context of the history of technology markets lead to the 

conclusion that yes these commentators and investors were in fact foolish.   

 

The reality is that these early Wireless broadband systems faced insurmountable 

obstacles.  First, there was no standard established. As a result the equipment 

developed was generally proprietary, sole sourced and expensive. Second, these 

technologies were designed for high frequency spectrum which was expensive to 

build equipment for because it required more complex technology than lower 

frequency applications including cellular wireless and WiFi.  Finally, the technology 

needed for non line of sight service (�NLOS�) technology did not exist. 

 

7.1 WiMAX; delivers on the promise of non-line-of sight technology 

 

Multipoint NLOS uses smart base-station antenna that instead of transmitting in a 

single direction or assigning each antenna a specific territory, use an �array� of 

radiating elements. Specifically, each antenna is fed a version of the signal to be 

transmitted that differs from the others only in its amplitude and phase (time delay). 

The signals radiated by the array elements combine with each other in space to form 

one or more beams of carefully calibrated strength propagating in specific directions. 

The directions are so chosen that the beams--after bouncing off assorted objects in 

the environment, like mountains, buildings, motor vehicles, and even aircraft--all 

reach the location of the intended subscriber at the same time and in phase with one 

another.   
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Figure 7.1, Non Line of Sight Architechture 

Wimax forum 

 

 

How does this actually work?  The answer in a nutshell is that the antennas not only 

transmit signals, but also monitor the signals from subscribers and the overall 

wireless environment.  For example, if the subscriber unit has a simple one direction 

antenna, the signal it transmits will, in general, undergo distortion--that is, it will take 

multiple paths to the base station, bouncing off various objects and impeded to 

various degree, and undergoing various delays, depending on the different path 

lengths.  Say the base station receives two signals, one from the north and later, one 

from the south that is weaker. Then the base station transmitter will format its signal 

into two beams, first a strong one to the south, and later a weaker to the north. Of 

course, since the environment is constantly changing, the base station must keep 

monitoring subscriber transmissions, analyzing them, and updating its picture of the 

environment. Improvements and enhancement in the technology should continue 

mirroring the PC and networking/Internet industries.  

 

Three or four years ago technologies now being employed in WiMAX were previously 

so expensive the technology would have been priced out of the mass markets.   Wide 

band Orthogonal Frequency Division Multiplexing (WOFDM), which forms the 

backbone of WiMAX technology, was a theoretical technology for several years.  

OFDM is a modulation scheme that offers several access and signal processing 
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benefits not available in other modulation schemes, allowing wireless networks pack 

high spectral efficiency into relatively small spectrum bandwidths (Rappaport 2002). 

OFDM chops a large frequency channel into a number of subchannels, which are 

then used in parallel for higher throughput. The frequencies of the transmitted 

carriers are arranged in a precise mathematical relationship such that the sidebands 

of the individual carriers overlap and the signals are received without adjacent 

channel interference (Carter et al. 2003). 

 

According to Rappaport OFDM technology possesses a number of unique features 

(Rappapport 2002): 

 

• Robustness against multi-path fading and inter-symbol interference 

• Efficient use of the available radio frequency (RF) spectrum 

• robustness against narrowband interference 

• OFDM does not require contiguous bandwidth for operation 

• Enables single-frequency networks, which is particularly attractive for 

broadcasting applications 

 

Thanks to improvements in Digital Signal Processing (DSP) technology WOFDM has 

become a viable technology.  Cheaper and more powerful digital signal processors 

now mean WOFDM is economically viable. Today it is possible to manufacture 

WiMAX with the entire sophisticated signal processing at a fraction of the cost 

required three or four years ago.  In addition, the standardization of these 

technologies is driving competition and lowering costs. 

 

The viability of WOFDM has made multipoint NLOS system possible as well.  At first 

glance non line of sight networks (NLOS) use the same technology and architecture 

as traditional wireless broadband systems.  However NLOS takes advantage of the 

technological gains in transmission and radio technology. 

 

8  WIMAX: DELIVERING CONVERGENCE TO WIRELESS BROADBAND 
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While from a technical standpoint WiMAX offers upgraded wireless technology, it is 

the implications for the telecommunications market in general that offer both the most 

promise and most uncertainty for the industry.  By filling the gap between local 

Wireless LANs and wide area cellular networks, WiMAX-compliant systems will 

provide, for the first time a true a cost-effective, technologically sufficient fixed 

wireless broadband  solution.  With the roll out of WiMAX a wireless alternative to 

conventional wire-line DSL and cable will be available. Eventually the ongoing 

evolution of IEEE 802.16 will even expand the standard to address mobile 

applications thus enabling broadband access directly to WiMAX-enabled portable 

devices ranging from smartphones and PDAs, in addition to notebook and laptop 

computers. 

 

So in a practical sense what does this mean?  For providers, WiMAX represents an 

opportunity to provide, broadaband, enhanced VOIP services and potentially video 

and television through wireless network.  The bundling or convergence of these 

products are necessary for the survival of both service providers and technologies.  

In addition, WiMAX, with greater bandwidth and lower costs than DSL or cable, 

provides a less expensive route to provide these services than the so called �fiber to 

the curb� strategies being employed today. As a result of the cost and competive 

advantages of this new technology, incumbent service providers will be able to offer 

converged services on WiMAX networks.   

 

 

8.1 WIMAX: Driving the convergence of Wireless, Broadband and Telecom  

 

 

The capabilities of WiMAX technology, especially when combined with other 

advances, such as voice over internet protocol service (�VOIP�) and Internet Protocol 

Television (�IPTV�) and mobile WiMAX mean that carriers potentially will be able to 

offer voice, data, and mobile and entertainment services over a single 

telecommunications infrastructure (Shoesteck).  This potentially means huge savings 

in economies of scale and the potential for new entrants in segments because of the 

versatility of the technology.  For example, WiMAX could lead to fixed line traditional 
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telephone operators entering the wireless and broadband markets, and traditional 

wireless providers to offer a variety of voice, data and entertainment services 

(Shoesteck). 

 

 

 

 

9 WIMAX: DISRUPTING THE CURRENT MARKET STRUCTURE 

 

Until very recently wireless, cable, telephone and DSL companies competed in their 

own separate worlds.  Because of technology limitations it was impossible, for 

example, for cable operators to offer mobile services.  Mobile phone companies 

could provide wireless access from a laptop computer, but never could they offer a 

true broadband experience.  Fixed line voice service was dominated by state owned 

fixed line monopolies or their legacy companies.   

 

However the digital convergence seen today is  only a microscosm of what can an 

will happen when true Wireless broadband, as WiMAX represents, is widely 

available.  WiMAX will blur divisions between fixed and mobile broadband data 

services in the short term and voice and entertainment in the long term.  With so 

many companies looking to involved in the market and the disruptive nature of the 

technology the existing rationale and structure of regulation, based on the type of 

service, must be re-worked.  Traditional definitions of phone calls, wireless, mobile, 

media etc, are quickly melding rendering their classifications irrelevant.  

  

With WiMAX cable operators will be able to offer not only the fixed Broadband and 

cable they provide today but also a mobile solution.  Mobile Operators will be able to 

offer true Broadband experiences for their customers.  Fixed line companies will be 

able to add Broadband and mobile services to existing voice with the need to 

purchase expensive celluallar networks or install costly fiber underground. 

 

In short, WiMAX will present a genuine opportunity for real convergence.  WiMAX 

blurs the line that traditionally separated these services, and forced consumers to 
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make a separate purchasing decision for each.  Instead we could see these 

companies in what was previously seperate sectors competing with each other 

across the entire product spectrum. However before this can happen, the 

telecommunications, cable, wireless and telephony will be turned upside down.   

 

As a result, understanding the disruptive effects of WiMAX requires and 

understanding of the market structure of the telecommunications, cable and wireless 

industries market structure and how they have evolved and reformed as a result of 

changing technology, services and conditions.  Technologies like WiMAX will not only 

effect companies, but regulators and consumers as well.  Because of the way in 

WiMAX broadens service offering potential and blurs lines of service, it is clearly a 

very disruptive technology for service providers and regulators.  

 

 

9.1 WiMAX: disrupting the Telecommunications regulatory strategy 

 

Generally telecommunications services are regulated based on the type of service 

being provided to end users.  Today each technology is associated with an industry 

that has it own regulatory rules and a history of vertical integration. Just as the rules 

for the telephone industry differ than those for cable television, cable modem and 

DSL services regulation are not the same. As a result voice, data, wireless and cable 

fall under separate regulatory strategies with telecommunications services regulated 

based on the type of service being provided to end users.  New technologies are 

blurring the lines between telecommunications services, traditionally regulated, and 

unregulated Internet services1.   

 

9.2 Telecommunications Regulation; A General Overview 

 

The telecommunications Industry traditionally has been organized through monopoly 

or government owned organizations.  The rationale for this structure was the result of 
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two arguments.  The first was that that telecommunications was a �natural monopoly�.  

Because of the extremely high fixed costs required to develop and build out 

traditional telecommunications infrastructure, capital costs were so high and such an 

overwhelming part of the business, that economically it made sense to have those 

high costs spread over as large a customer base as possible.  The more companies 

that existed the less those costs could be spread out, and as result would be 

detriment to the general public.  The second was the public policy implications of 

telecommunications.   Most often cited were the network externalities associated with 

telecommunications, the desire to subsidize development of infrastructure in low 

density and rural areas (commonly referred to as universal service), and the national 

security concerns and issues that naturally arise.   

 

Not surprisingly though, telecommunications monopolies generally have proved 

disappointing.  Commentators, and certainly customers, viewed these firms as being 

rife with inefficiency, high prices and regulatory capture (i.e. non independent 

regulators) (Neto 2004).  Regulatory capture proved to be especially problematic as 

technology improvements sped up as the regulatory bodies generally lacked the 

technical skills to effectively manage with a long term vision (Neto 2004).   

 

In most first world countries, telecommunications has been privatized, and 

government control of these companies, whether direct or indirect is slowly being 

replaced by market forces (Beardsley et al. 2002).  In addition the removal of 

monopoly right is a requirement of the World Trade Organization (WTO) and the 

Reference Paper on Telecommunications (Bronckers et. Al. 1997, Fredebeul-Krein et 

al. 1999). 

 

Despite liberalization, in many markets the legacy of monopolies still dominant the 

market and represent a significant barrier to entry or to changes in the market 

structure that do not benefit the existing legacy companies.  While many of these 

companies have seen governments divest ownership or direct control, the head start 

that many of these companies had, combined with their  political influence and brand 

recognition make them extremely formidable.   
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While markets have liberalized it would also be difficult to argue that regulation is not 

need.  Regulation can, and has in many instances, be used to spur and speed up 

development of new technologies such as WiMAX, which will ultimately increase 

competition and limit legacy monopoly power.  In Part 8  I suggest actions regulatory 

agencies should take to increase the viability of WiMAX  

 

9.2.1 Universal Service 

 

The philosophy behind natural monopolies and government ownership or influence is 

indirectly tied to the concept of Universal Service.  Universal Service refers to 

providing telecommunications access universally, to anyone who wants it,  so that the 

entire population is served.  The modern connotation of the Universal Service is 

based in the philosophy that in an industrialized world telecommunications access is 

basic right due to the fact that the telephone is a necessity not a luxury in the modern 

world (Sawhney 1994).   According to the World Bank, Universal Service means a 

policy of providing telephone service to all households, regardless of location or 

income level  (World Bank 1997).  No country has reached 100% universal service 

and a lot has been written about what exactly the goals of Universal Service should 

be, i.e. what level needs to be reached (Neto 2004). 

 

However the slogan "one system, one policy, universal service" was coined by AT&T 

president Theodore Vail in 1907, in the middle of the early competitive period of the 

phone industry (Riordan 2002). Telephone competition posed a "universal service" 

problem because the competing telephone exchanges refused to interconnect with 

each other. Subscribers in the same city could not call each other if they were 

customers of competing networks. They might also be unable to call users in other 

cities if the city was controlled by a network hostile to the one in their city. 

Interconnection of competing networks was not perceived as a viable option at that 

time  (Riordan 2002).  The telephone companies, and most legislators and 

regulators, agreed that complete interconnection required a single franchised 

telephone system in each community. But if ending fragmentation meant eliminating 

competition as well, was it worth it?  
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From 1907 to 1920 there was a vigorous debate in the United States about the merits 

of interconnection, competition, and monopoly in telephone service (Riordan). The 

issue was resolved in favor of monopoly with the passage of the Willis-Graham Act in 

1921. This law exempted telephone companies from the antitrust laws in order to 

make it possible for them to "unify the service" by merging compe ting telephone 

exchanges. In so doing, it provided the legal foundation for the first generation 

universal service policy.  

 

Universal service at this time meant that all telephone subscribers should be 

connected to each other. Its main concern was not the level of household telephone 

penetration, but the fragmentation created by competing systems. "Universal service" 

was the Bell system's own brand name for the concept of total connectivity; city 

officials, state regulators and users more commonly referred to "unified service� 

(Riordan) But the idea was the same--to eliminate the fragmentation created by 

competition. Competing local exchanges were merged into territorial monopolies and 

linked into a nationwide system.  

 

Generally Universal Service is funded when national governments require the 

monopoly or legacy of the monopoly to implement Universal Service as a social 

service.  This social �service� is usually paid for through cross subsidization, that is 

the price for services is set a slightly higher standard price along with above market 

prices for premium services. These premium services usually were categorized in 

one of two areas.  The first were services provided as option to basic residential 

service, such caller ID to voice mail.  More common, especially prior to the advent of 

technology that makes such premium services available today, is to add the surplus 

to non residential phone service.  In almost all Universal Service schemes there is a 

transfer form business to residential; long distance to local; and urban to rural (CSTB 

2002). These transfers created the  �surplus� is used to pay for the extra cost of 

providing service to users in sparsely populated areas, and keep basic service more 

affordable for poorer citizens. 

 

The debate as to whether Universal Service  was successful is hotly debated.   A 

shortcoming of Universal Service is that "affordability" is directly related to income 

and not some of the other factors that were subsidized under Universal Service.  For 
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example, under the Universal Service scheme in the United States consumers in high 

income, low density  Aspen, Colorado, generally have no need for a subsidy yet 

under the existing system, low income inner city users in Newark and Camden New 

Jersey pay more for telephone service in order to keep the rates of Aspenites lower 

rates lower. 

 

More importantly the biggest legacy of Universal Service is the large and powerful 

telecommunications companies that exist today as result of the policy.  The 

companies that today dominate in terms of size and access to customers are all 

legacy companies of state owned or sanctioned monopolies.  These companies wield 

tremendous business and political  power, which  has proven to be a threat to new 

technologies such as WiMAX because these technologies represent a threat to the 

status quo, dominated by the legacy telco�s.     

9.3 Cable Industry Regulation 

 

Today, cable remains the most popular and widely used broadband channel to 

access the Internet. It has a more than sufficient bandwidth to provide high speed 

data, video and voice transmission. Another thing that brings it very close to the 

traditional copper wire telephone is its ubiquity. Huge investments are being made in 

replacing the traditional coaxial systems with modern hybrid systems comprised of 

fiber optics. A special cable modem is required to access these lines for Internet. 

Data can be transmitted at the speed to 10 Mbps, which means a 50 Mega Byte file 

can be down loaded in five seconds. In addition to traditional video services, cable 

broad bands can now provide telephony, Internet and other high-speed interactive 

services.   
 

Because of its history as television service, Cable in many parts of the world is not 

regulated in the same manner as telecommunications.  For example in the United 

States the FCC has adopted very little regulation with regard to cable systems 

despite the fact that they now offer both local and local distance voice, and in 

addition to Broadband.   On March 14, 2002, the FCC adopted a major rulemaking 

change that sought to grapple with policy uncertainty regarding the regulation of 

cable modem services.  In a declaratory ruling, the agency classified cable modem 
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service as an "interstate information service" subject to FCC jurisdiction. In stating 

that modem service is not part of "cable service," the agency undercut state claims to 

regulate cable modem access.  Further, the FCC explicitly stated that cable modem 

service is not a separate "telecommunications service" and therefore cannot be 

subject to common carrier regulations.  This was prompted in part by state claims 

that cable modem service is more properly treated as a common carrier component 

of cable service and therefore should be regulated in much the same way as 

telecommunications providers, who as monopoly legacies are required to open their 

networks so that other would-be competitors could use those facilities to provide 

broadband access.  

9.4 U.S. Telecommunications Regulatory Overview 

 

In 1984 the United States broke up its monopoly carrier, American Telephone & 

Telegraph (AT &T), starting a wave of de-monopolization and de-regulation.   

9.5 Brazil Telecommunications Regulatory Overview 

 

In 1998 Sergio Motta, Brazil�s late Minister of Telecommunications, orchestrated the 

deregulation of government-owned Telebras (Budde Communications, 2003).   

However because deregulation happened fourteen years later than in the U.S., de-

regulation in Brazil targeted both state owned monopolies in both the fixed and 

wireless markets.  Eventually Telebras was broken up into twelve holding companies, 

three last mile or local companies, eight wireless operators and one domestic and 

one international operator (Budde Communications, 2003). 

 

Since the privatization of the Telebrás system in 1998, competition has grown in all 

segments of the Brazilian telecom arena.  Several major players have entered the 

market, infrastructure was intensively built up, prices decreased, and telecom 

services are now more available than ever.   Since 1998, Brazil�s telecommunications 

market has grown at a rapid pace.  The fixed telephone density increased from 10.66 

in 1997 to 22.32 in 2002, while mobile phone subscribers increased from 

approximately 4.5Million  to 35Million in the same period (Camacho, 2003). 
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9.6 Brazilian Broadband Market; An Overview 

 

Brazil is Latin America's largest Information Technology (IT) market and the 

broadband segment in particular enjoys the best prospects for the near future.  The 

broadband market experienced impressive growth in 2002.  Internet use and PC 

penetration in Brazil are the highest in Latin America.  According to the International 

Data Corporation (IDC) there are 695,000 subscribers to broadband in Brazil for all 

types of technology.  This represents an increase of more than 100 percent as 

compared to the previous year.  By the end of 2003, the telecom carriers expect to 

have up to 1.3 million subscribers for this service, an impressive growth as compared 

to only 124,000 subscribers in 2000.  Just to have an idea of the huge potential for 

this market, as of August 2003, Brazil had 39 million telephone lines installed.  Of this 

amount, about 15 to 20 percent belong to subscribers in the upper-medium income to 

upper income households - 5.8 to 7.8 million people, which mean that there are lots 

of customers to attract if we take into consideration only this portion of the population. 

 

 

9.7 Wireless Regulation; A General Overview  

9.7.1 Frequency Regulation 

 

In the United States and most of the world, until the 1930�s anyone could broadcast 

any signal over the air.  Quickly, interference became a problem, reliable 

transmission a rarity and as a result the market quickly went into crisis (Carter et al. 

2003).  As a result governments, and international organizations such as the ITU, 

today managed wireless spectrum on a worldwide basis.2   

 

                                            
2 Spectrum management cannot be managed solely by national governments since interference in 
border regions.  In addition, global coordination of spectrum ensures that the same frequencies are 
used for the same , lowering equipment costs by raising economies of scale 
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Government and organizations have divided wireless spectrum in different layers, 

usually called bands, with separation between the bands, and allocated different 

services to each band.   The ITU�s Radio communication Sector (ITU-R) develops 

and maintains a Table of Frequency Alllocations which identifies spectrum bands for 

the variety of wireless service categories.  The spectrum bands are wide, or general 

guidelines and the goal of the ITU-R is to avoid interference between all the wireless 

services and design a system that ensures the best quality of service (Nunno 2002).  

Once the broad categories are established, each country allocates more specific 

spectrum requirements, and specific technical requirements, and then generally 

assigns specific spectrum to companies through a license process.  For example in 

2000 the ITU identifies the bands from 1885-2025 MHz and 2110-2200MHz as the 

intial band for IMT-2000, better known as 3G.  The European countries then chose a 

specifc IMT standard, generally referred to as UMTS.  European countries then 

raised billions of dollars licensing spectrum for 3G use. 

 

Spectrum allocation is a long and bureaucratic process.  Commentators give several 

reasons for this.  One is the organizational structure of the ITU.  The ITU is a 

specialized branch of the United Nations (Drake 200) that works on a consensus 

basis (ITU website).  As a result decisions are grounded in compromise as much as 

they are in reason.   In addition to making the process take a long time, the ITU�s 

wrangling also interferes with the regulatory schemes on a national level.  Although 

technically nations have sovereignty  over their spectrum decisions, the ITU does 

have the force of a treaty obligation between nations. 

 

9.7.2 Frequency and spectrum regulation: does it make sense today? 

 

While spectrum is a limited resource, it is not subject to any particular market forces.  

The explains in part why spectrum allocation regimes are often described as between 

inefficient to totally illogical.  A good example of this is the imbalance between bands.  

Some bands are heavily used, over allocated once could say, while others the 

opposite, underutilized.  In addition an efficient mechanism does not exist  for holders 

of underused spectrum, or bands assigned to obsolete technologies to be returned in 

to the spectrum pool or transferred through market forces.  Many commentators have 
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argued that market mechanisms inserted into spectrum policy would ensure more 

efficient use (Cave 2002).   Examples of market based mechanisms include the use 

of licensing fees, spectrum pricing and trading rights (Bauer 2002, Hazlett 1998, 

Kwerel et al 2002). 

 

9.7.3 Technology advancements and spectrum interference 

 

The past decade has seen the evolution of a variety of technologies that directly or 

indirectly limit interference and at the same time have dramatically improved the 

frequency capacity and use efficiency (Cave 2002).  For example WiFi and WiMAX 

both contain so called smart and polite technologies.  These technologies are 

embedded in the specs of both technologies (WiMAX website), (WiFi alliance 

website).  Utlra Wide Band wireless (UWB) contains an even more radical technology 

that in theory makes frequency practicall limitless (UWB WG Website).  These 

technologies control interference when traditional �narrow� band technologies would 

fail due to interference. 

 

Because of these technology developments, arguments for the decentralization of 

spectrum management have increased (Cave 2002).  This has happened in parallel 

with the movement to establish more license exempt bands.  WiFi for example, which 

has been hugely popular and is fueling the current growth in wireless, operates in 

these bands exclusively.  Most countries have set aside specific bands as unlicensed 

frequencies. 

 

Some argue that unlicensed frequency does not go far enough.  This group argues 

that spectrum should be treated as �common� rather than a property right it is viewed 

as today.  Under this scheme, licenses would not be needed.  The rational of this 

direction of thought is that any current shortages in spectrum are the result, not of an 

actual lack of spectrum, but rather the inefficiency of old technologies and poor 

management (Ikeda 2003).  According to these commentators, the market oriented 

property right is misleading because new packet technologies enable efficient 

communications by sharing, and the grant of exclusive frequency is in essence a 

government subsidy.  
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With all these issues surrounding spectrum management it easy to see why the topic 

is currently being hotly debated within the telecommunications industry.  The FCC for 

example, completed a substantial review of its spectrum management policy, through 

the Spectrum Policy Task Force (SPTF) (FCC 2002b).  The Task Force final report 

offered sweeping overhauls of previous policy that flew in the face of tradition 

spectrum management theories and included such schemes as tradable spectrum 

rights and a commons based approach (Lynch).  To date, however, the commission 

Task Force recommendations have not been fully implemented or tested, 

exemplifying the difficulty in reversing course in regulatory matters.  

 

9.8 WiMAX Regulation Today  

 

While WimAX technology has seen only very limited deployments, the technology is 

already being regulated under an amalgam of regulatory schemes.  However, it is 

difficult predict at this point to predict how the majority of regulatory bodies will treat 

WiMAX and as a result which companies will be able to provided WiMAX services.   

 

9.8.1 WiMAX Spectrum 

 

Like any wireless technology, WiMAX operates in a �spectrum�, and this spectrum 

must be defined and agreed upon by regulators and service providers3.  Once 

spectrums are allocated and agreed upon, equipment vendors will design develop 

and manufacture devices (modems, mobile phones etc.) with radios that 

�communicate� in the appropriate spectrum frequency.   

 

As with any telecommunications or broadband service, one of the key hurdles to 

overcome in order to accelerate access and availability is cost. Although the total 

cost of deployment is composed of a myriad of factors (licenses, rooftop or tower 

space, backhaul expenses), the cost of the actual equipment is a major cost 

                                            
3 Telephony�s Complete Guide to WiMAX: The Business Case For Service Provider�s Deployment, 
Telephony Online, www.telephony.com, June 2, 2004 
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component.   As a result one of the key initiaves for WiMAX proponents is the global 

harmonization of spectrum worldwide.  Global spectrum harmonization, quite simply, 

is the uniform allocation of spectrum worldwide for the deployment of WiMAX 

services.  This element is crucial to lowering equipment costs because radios are a 

major cost component in developing wireless technologies. To maximize radio 

performance and minimize costs, radios must be optimized for each of the major 

spectrum bands identified as suitable for WiMAX deployments. The fewer radios 

needed to serve the worldwide market, the greater the economies of scale that can 

be achieved in manufacturing, resulting in lower equipment cost. 

 

In addition to harmonization, actual frequency bands will also greatly effect the cost 

of deployments. Radio waves propagate further the lower the frequency 

Band.  As a result, the lower the frequency, the further waves can be transmitted and 

a result fewer base stations are required.  This direct relationship between the 

number of base stations required to cover a given service area means that the lower 

the frequency band, the fewer base stations are required. Since cost of deployment is 

one of the key factors to accelerating deployment of WiMAX access to lower 

frequency bands is critical. There are many examples in developing nations of the 

use of lower frequency bands to increase Telecommunications investment and 

availability.  Availability of lower frequency bands for broadband access will similarly 

increase capital investment and as a result wireless broadband penetration. 

 

Spectrum generally comes in two flavors �licensed�, which is spectrum assigned to 

specific service providers generally through an auction process, and �unlicensed� 

spectrum in which the appropriate regulatory agency sets aside a band of spectrum 

for a specific use4.  Traditionally wireless voice services have operated in licensed 

spectrum while services such as WiFi operate in unlicensed spectrum. 

 

Navigating the mess of international spectrum policy to bring WiMAX to the licensed 

frequencies will be nightmare.  The strategy of the WiMAX forum is to select a few 

                                            
4 Id. 
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bands that meet the world's needs5.  Essentially the WiMAX Forum is concentrating 

on a strategy that combines licensed and unlicensed spectrum.   

 

In the licensed arena the WiMAX Forum is focusing its efforts on three frequencies 

bands, sub 1GHz, 2.5 GHz and 3.5 GHz.  The Forum has already in place an 

aggressive effort to work with both WiMAX forum members and regulatory agencies.  

Bands in the sub 1 GHz frequency range are expected to become available as 

television stations transition from analog to digital broadcasting. For example, in the 

U.S., the Federal Communications Commission is considering both licensed and 

license exempt allocations in the 700 MHz band.  

 

As a result of this work,  bands between 2.5 and 2.69 GHz have been allocated in the 

U.S., Brazil, Mexico and some Southeast Asian countries. The WiMAX Forum is 

participating in ongoing global efforts � stemming from recommendations that came 

out of the World Radio Conference (WRC) �00 with the objective to widen the 

availability of these bands for fixed, portable and mobile broadband applications. Also 

prevalent in Southeast Asia (including Australia, South Korea & New Zealand), is the 

2.3 GHz band, which the Forum expects to cover with the 2.5 GHz radio. 
 
With regard to unlicensed spectrum the frequency range of interest includes bands 

between 5.25 and 5.85 GHz. While in the majority of countries unlicensed spectrum 

is �free� to use, Many will note that this frequency is in a much higher range than 

licensed frequencies and even differs from Wi-Fi spectrums, and many will wonder 

why �free� Wi-Fi and WiMAX should not reside in the same frequency.  Wi-FI is 

primarily targeted for Local Area Network (indoor) applications.  As a result the range 

of Wi-Fi radios generally is limited to distances of 300 feet and less.  In addition this 

general frequency range is also used by a variety of other devices.  As a result many 

countries limit the power radios can have in this frequency.  WiMAX is targeted for 

longer range Metropolitan Area (indoor & outdoor) applications and thus benefits 

from higher allowable power output levels. In the upper 5 GHz band (5.725- 5.850 

GHz), many countries allow higher power output (4 Watts vs. 1 Watt EIRP) which 

makes this band more attractive to WiMAX applications.  
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While there are other spectra under consideration and technically WiMAX could 

support them, the Forum and most of its vendors have chosen to concentrate their 

energies on the three licensed bands6.  Because of the perception that licensed 

spectrum is more robust and allows greater control of quality of service, most large 

providers would prefer licensed spectrum.  This however means the need to invest 

capital in frequency auctions, and because frequency is limited likely not all 

interested parties can actually purchase frequency7. 

 

10 DISRUPTIVE EFFECTS OF WIMAX 

10.1 WiMAX; turning telecommunications upside down 

 

As previously discussed, wireless, cable, telephone and DSL companies traditionally 

have competed in their own separate worlds.  Because of limits of technology, 

providers operated in silos, offering a single service over a single network.  Mobile 

phone companies for example, offer wireless access from a laptop computer, but 

they cannot provide true broadband experience because of technology limitations.   

 

However as a result of it�s technical capabilities WiMAX will blur divisions between 

fixed and mobile broadband data services, and accelerate the convergence of 

broadband, voice and  entertainment services over wireless networks.  This in turn 

will create opportunities for new and incumbent service while at the same time disrupt 

the market dynamics that exist today.  In short, WiMAX will not only accelerate the 

blurring lines between traditional voice, mobile and broadband networks and 

services, but will also further disrupt the current market in which these networks 

operate and these services are provided.  

 

WiMAX will disrupt the current market in several ways.  First, because of its cost 

structure, WiMAX will begin to breakdown the competitive advantage incumbents 

have due to the high cost investment traditionally required to enter the market.   In 

addition as a result of the escalated construction and implementation timelines, 

                                            
6 Id. 
7 Id. 
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WiMAX networks can be designed and built much quicker than DSl or Cable, WiMAX 

will spur the creation of �targeted� broadband markets.  Specifically new and 

incumbent providers will seek out market opportunities and use WiMAX technology to 

provide service these underserved but profitable markets.   

 

WiMAX will also for the first time allow new market entrants for the first time to enter 

the market and provide �bundled services� and own the facilities in which these 

services are provided.  While this decade has seen new entrants provide broadband 

and IP based services, these new entrants have done so generally by offering a 

single product, such as VOIP or internet access, and doing so through the �leasing� of 

capacity from incumbents.  As stated above the cost structure of WiMAX allows new 

entrants to invest in networks and because WiMAX will be the first Wireless 

broadband technology integrated into the IP based data networks IP solutions such 

as VOIP will be simple to provide on WiMAX networks. 

 

For incumbents, WiMAX provides a reasonable option of investing from the ground 

up  and using the inherent cost advantages of the technology to deliver services 

more efficiently.  For cable and DSL broadband providers WiMAX is both an 

alternative to cable modems and DSL lines, a "last mile" technology that brings 

wireless broadband to office parks and neighborhoods and does so without the 

expensive costs of �wiring� neighborhoods and homes.   

 

10.2 Competition and cost: killing the �capital� advantage 

 

Compared to other markets, launching new services and technologies in the 

telecommunications services market is quite complicated.  A major obstacle is the 

high amounts of capital investment required.  The high capital costs are important not 

only in decisions regarding new infrastructure but also because of the high amounts 

invested in existing equipment.  For example, in the late 1990�s wireless carriers 

worldwide spent over $100 Billion dollars alone on third generation �3G� wireless 

spectrum and are currently spending billions more for network equipment to build 

these 3G networks that promise the delivery of advanced voice, data and video 
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services8.  For most major carriers 2004 was the first year these networks came 

online and many of these carriers are carrying substantial debt due to the cost of the 

frequency and equipment, they have upgraded only a fraction of their networks to 3G 

and have largely been unsuccessful in selling these services.  These carriers have an 

interest in seeing the 3G technologies, which they invested into  capital, marketing 

and intellectual dollars, develop as the standard for next generation wireless. 

 

The cellular industry however is not alone when it comes to high sunk capital 

investments in infrastructure and technology. Cable and phone companies have 

dominated the broadband business so far because offering speedy Net access has 

required multibillion-dollar investments in a sophisticated communications network 

(Business Week).  Because of the high investment cost required, new entrants simply 

could not compete. 

 

 Yet WiMAX is on the horizon with the promise of more advanced services at 

substantially lower costs.  As standards mature with WiMAX, costs and 

interoperability will improve, which will spur alternative telecommunications carriers to 

turn to technology with a viable business model.  The business model for WiMAX is 

already proving out.   Today there are several rural operators offering fixed wireless 

services over pre-standard WiMAX equipment (e.g., NextWeb, DTN Speednet, 

TransAria, Unwired, Irish Broadband).  In addition several providers are also now 

focusing on business services in metro areas (e.g., TowerStream, VeriLAN). Fixed 

wireless is also growing quickly in some geographic areas in Australia.  

 

According to the Meta Group, WiMAX is leveraging the lower costs inherent in 

wireless to provide a competitive solution.  If a WiMAX standard is widely adopted 

and embraced by a variety of vendors and providers, volume economics that reduce 

costs and enable broader market growth will create a spiraling effect with regard to 

cost structure that will give WiMAX a cost advantage over broadband services 

provided over cable or DSL.   Meta group predicts that by 2007, the total capital cost 

per customer for moderate-size deployments (200 customers/cell) will be under $240 

per year. In per-customer equipment costs will improve in 2006/07, as WiMAX 
                                            
8 Keenan Vision, European Wireless Doom and Gloom, September 26, 2001, www. 
keenanvision.com/doc/eurowire/eurowire-1.asp 
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emerges as an embedded solution into notebooks and PDAs, delivering true portable 

wireless broadband without external client premises equipment. By 2008, the cost 

per customer will be dramatically reduced to below $80 per client per client.  Overall 

Meta predicts that operational costs will be cut by 41%, compared to current DSL 

operational costs. 
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Current fixed broadband offerings cannot provide mobility. With the explosion of VoIP 

(voice over IP) during the same period, mobility will grow significantly in importance. 

With WiMAX and VoIP, operators will be able to offer a voice service for both fixed 

lines and mobile users in a metropolitan area.  

As a result for most carriers these 3G investments are quickly becoming a liability.  

 

11 WIMAX AND TARGETED MARKET 

 

WiMAX delivers network solutions to end-users Internet access equal to DSL, cable, 

and T1 solutions with the added benefit of eliminating the cost of wiring infrastructure.  

Combined with WiMAX�s simplified installation, WiMAX will enable connectivity of 
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markets where wired or satellite-based solutions are unavailable, cost prohibitive, or 

lack the robustness required to support network applications such as IP telephony.  

 

 As with any emerging technology and market, the immediate and future business 

opportunities for service providers deploying WiMAX to provide converged services is 

at best educated guessing and at worse pure speculation.  Nevertheless, already 

immediate business opportunities are already developing for service providers to 

deliver services and applications which are comparable to other existing broadband 

technologies (e.g. cable or DSL).  These opportunities lie in different markets and 

market segments, ranging from backhaul connectivity, broadband access for specific 

geographic and market segments, and of course for new entrants into the market. 

 

Backhaul describes connectivity between networks, whether they are broadband, 

wireless, or combination networks.  To date, this market is dominated by T-1 

technologies, but WiMAX, with its inherent cost and deployment advantages, should 

be an immediately viable technology in the backhaul market.  Filling the gap between 

Wireless LANs and wide area networks, WiMAX-compliant systems will provide a 

cost-effective fixed alternative in the broadband market competing directly against 

conventional wire-line DSL and cable in areas where those technologies are readily 

available. Within the broadband market WiMAX technology  will be particularly within 

segments of that market that have traditionally been underserved by 

telecommunications and cable companies.  WiMAX will be particularly effect as a 

way of providing a cost-effective broadband access solution in areas beyond the 

reach of DSL and cable.  

 

Another area that should see success, and is already using WiMAX, is the corporate 

or enterprise broadband market.  Several small companies are currently using 

WiMAX to deliver business connectivity in large cities, leveraging the low cost of the 

equipment with dense urban areas.  Finally, the ongoing evolution of WiMAX to 

802.16e will expand the technology to to address mobile applications thus enabling 

broadband access directly to WiMAX-enabled portable devices ranging from smart 

phones and PDAs to notebook and laptop computers. 
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For fixed wireless solutions, which will be the first application to reach the market, 

there are several potential types of providers delivering services over WiMAX.  One 

obvious provider will be incumbent operators.  For incumbent operators, WiMAX 

provides opportunities to deliver services at a lower cost by leveraging the inherent 

lower costs associated with wireless technologies, and the �commodity� based 

standards associated with WiMAX.   

 

For new entrants, WiMAX presents the opportunity to overcome the hurdle 

associated with the traditionally high levels of capital investment required in delivering 

telecom, broadband and wireless services. The lower costs of WiMAX, compared to 

traditional technologies, combined with the ability to deliver multiple types of services 

over a single infrastructure, may from the standpoint of return on investment, spark 

the emergence of new entrants into the market.  This is already beginning to take 

place in the delivery of consumer service lower population density areas, often 

referred to as rural or Greenfield markets, and in delivering business service in high 

density urban areas. 

 

11.1 Business Case for Wireless Backhaul over WiMAX 

 

Wireless backhaul is the use of broadband wireless technologies to connect cell or 

broadband networks. The original incentive for the development of WiMAX was for 

the use of the technology for wireless backhaul.  Much of this market centers on 

backhauling voice from cell towers. This is typically done at very high frequencies 

(greater than 10 GHz) using line-of-sight radios. While there are current solutions in 

market today, the vendors in this market all have proprietary solutions, so a WiMAX 

standard will reduce costs. 

 

In the US the majority of backhaul is done by leasing T1 services from incumbent 

wire-line operators. (WiMAX Forum).  With WiMAX technology cellular operators will 

have the opportunity to lessen their independence on backhaul facilities leased from 

their competitors. (WiMAX Forum).  Outside the US, the use of point to point 

microwave technology is more prevalent for mobile backhaul, but WiMAX can still 

play a role in enabling mobile operators to cost-effectively increase backhaul capacity 
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using WiMAX as an overlay network. This overlay approach will enable mobile 

operators to add the capacity required to support the wide range of new mobile 

services they plan to offer without the risk of disrupting existing services. In many 

cases this application will be best addressed through the use of 802.16 based point-

to-point links sharing the PMP infrastructure. (WiMAX Forum) 

 

11.2 Business Case for Broadband over WiMAX 

 

The business case for offering broadband services over WiMAX networks must be 

examined within the framework of the current broadband market.  This framework is 

shaped most importantly by existing broadband networks, and the availability of 

existing infrastructure.  As previously discussed, in countries or geographic areas 

where little infrastructure exists, the inherent cost advantages of wireless 

technologies  means that business case is extremely attractive.  By using wireless 

technologies, particularly a standards based technology, wireless service providers 

have an inherent business advantage.  As a result the business case for wireless 

broadband in markets without infrastructure are very easy to make.  

 

However in the United States, Europe and most centers of business and commerce, 

broadband infrastructure, in the form of DSL or cable, already exists.  In these areas 

and markets, the immediate opportunity lies in underserved areas of the 

telecommunications market. 

 

11.2.1 Business Case for WiMAX in underserved market segments 

 

The WiMAX forum has done extensive research into business cases for WiMAX, 

particularly looking at those market segments where success likely is likely.   Their 

work uncovered three market segments that will be targeted; Residential and SOHO 

Internet Access and Small and Medium Business. (WiMAX Foum). 

 

Today, the Residential and SOHO market is primarily dependent on the availability of 

DSL or cable. In many areas the available services don�t meet customer expectations 
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for performance or reliability and/or are too expensive. (WiMAX Forum)  In many rural 

areas residential customers are limited to low speed dial-up services. The analysis by 

the WiMAX Forum concludes that WiMAX technology provides a winning business 

case to serve this demographic.  (WiMAX Forum).  "WiMax is going to push 

broadband usage to rural areas and developing countries," says Pyramid Research 

analyst Anshu Dua. (Davidson) 

 

Roadstar Internet, a 2year old wireless broadband provider in rural Virginia, was 

started with $750,000 outlay.  Today the company beams the signals to 36 Blue 

Ridge foothill communities that have a repeater antenna on a home, silo or water 

tower. Residential customers pay $250 for equipment and installation and $59 to $99 

a month for service. The 2-year-old, which is run with three employees from an old 

barn, has 400 customers and turned a profit last year.  (Davidson) 

 

The small and medium sized business market segment very often underserved in 

even in areas that most think of as highly competitive urban environments. (WiMAX 

Forum) WiMAX technology can cost-effectively meet the requirements of small and 

medium size businesses in low density environments and can also provide a cost-

effective alternative in urban areas competing with DSL and leased line services. 

 

Based in Waltham, Massachusetts TowerStream was formed with the sole purpose 

of providing business customers in the Northeast with high quality, carrier-class, fixed 

broadband wireless access, essentially replacingT-1 service.  (Urso and Thompson) 

The average price of T-1 Internet access in the Boston market today is more than 

$1,000 per month.  A TowerStream T-1 speed connection costs $500 a month.  

 

TowerStream�s competitive advantage is not limited to just costs.  (Urso and 

Thompson) In addition to enabling TowerStream to scale its network costs effectively, 

the wireless aspect of WiMAX gives TowerStream a competitive advantage from a 

service standpoint as well by allowing customers to upgrade their bandwidth almost 

instantly. As their Internet usage increases, they can add additional bandwidth as 

they need it. There�s no need to order another T-1 line well in advance of carefully 

calculated growth or add or change subscriber equipment when upgrades are 

executed. Towersteam can deliver additional bandwidth to any subscriber in seconds� 
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time. Customers may not buy the service with this benefit in mind, but they are quick 

to grasp its significance once they�ve made a no-hassle, no-additional-cost upgrade 

or two. 

 

The infrastructure deployed to address the residential and SME market segments 

can also be shared with other wireless access applications such as cellular backhaul, 

public safety services and private networks. Public safety services would make use of 

the nomadic capability of IEEE 802.16d. These applications provide additional 

revenue opportunities for the WiMAX operator with minimal added CAPEX and 

OPEX. 

12 CONCLUSION 

 

Together, wireless and broadband technologies have created the desire and ability to 

deliver communications services anytime anyplace.  These two technologies are 

making telecommunications ubiquitous and wide ranging in their capabilities. 

Because of the inherent cost savings in deploying wireless technology compared to  

�wired� technology and the creation for the first time low cost standards,  based 

WiMAX equipment will alter the industries current balance of power and regulatory 

schemes designed to rule and regulate them.  By providing �standards� based low 

cost gear, WiMAX lowers the inherent protection afforded to industry incumbents as a 

result of the historically high cost of capital investment required to build single 

purpose telecommunications or broadband networks and the service associated with 

such networks. In addition, WiMAX will through into disarray the logic which is the 

foundation of the current telecommunications and broadband regulatory schemes 

worldwide, namely the regulation of service providers based on the technology they 

use to deliver their services. 
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