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ABSTRACT 
 

My thesis research focuses on the historical progression of spectrum management and 
policy leading up to the recent implementation of the FCC Broadcast Incentive Auctions. 
As America's society becomes more dependent on technology, the need to have 
additional commercial spectrum has become more salient. This need was recognized in 
2010 by the Obama Administration and is the crux of the memorandums Unleashing the 
Wireless Broadband Revolution, Expanding America’s Leadership in Wireless 
Innovation, and Expanding Broadband Deployment and Adoption by Addressing 
Regulatory Barriers and Encouraging Investment and Training.  

From the aforementioned memorandums, the FCC and NTIA have been delegated the 
authority to implement policies that specifically outline processes and procedures 
regarding spectrum allocation and management that are unique to today’s spectrum 
challenges on behalf of commercial and governmental interests respectively. In that 
regard, my research on the historical underpinnings of spectrum management provides a 
chronological perspective on spectrum regulations by holistically reviewing laws and 
policies have that have led to current spectrum recourses such as the Broadband Incentive 
Auctions.  

The overarching goal has been to provide additional commercial spectrum for a more 
robust economy, while allowing America to remain at the forefront of technological 
innovation.  With a finite amount of spectrum and a seemingly infinite amount of end 
users, decisions regarding spectrum allocation and management need to be able to sustain 
American consumers, businesses, Wireless Broadband Service Providers, the Internet of 
Everything (IoE), as well as national security interests conducted by federal users.  

Through my research, I hope to provide an updated viewpoint on America’s efforts to 
innovate technology by making frequency bands available for commercial utilization 
through a historiography of wireless technologies and their effects on spectrum policy. 
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INTRODUCTION 

In the Beginning… Electromagnetic Spectrum was just another occurrence in 

nature; an abundant resource as society was ignorant of its existence. There were no 

providers, consumers, or devices and none of the entities had a claim to what it should be 

used for or which bands were allocated to whom. There was no prioritization or 

congestion (or lobbying); it was just simply in existence. The need for radio spectrum 

regulation first was recognized during the rapid growth of broadcasting during World 

War I (Wiley & Misener 1995). After the First World War, radio emerged throughout the 

commercial sphere; spectrum became an increasingly important asset that allowed 

America's citizens to be engaged with the world around them without ever having to 

leave the comfort of their own home. As the need for more radio continued, the need to 

allocate additional spectrum for this service became even more evident. This is the first 

time America was forced to create and implement spectrum management, policy, and 

laws in order to accommodate the public's need and increased interest in radio 

communications.   

Fast-forward 130 years later, and technology is still on a rapid incline. Americans 

are beginning to demand a more mobile and digitally synchronous lifestyle. There are a 

multitude of providers, consumers are ranging in the billions, and there is an arsenal of 

wireless devices being created every year. However, spectrum is no longer the abundant 

resource it once was; spectrum availability in America has become scarce. The regulators 

are now scrambling to create updated guidelines to allocate more spectrum for 

commercial use in order to accommodate America’s interest and desire for more wireless 

technologies and services. 
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PROGRESSION OF TECHNOLOGY 
 
The progression of wireless technology is a convoluted story as there are many 

contributors and several inventors that have led to multiple technology emergences 

overtime. This work follows the commercialization of wireless technological 

advancements and their influence on spectrum management, policy, and law within the 

constraints of a spectrum scarce economy.  

The use of electromagnetic spectrum may not have been possible without the 

work of Michael Faraday and James Clerk Maxwell. Faraday and Maxwell provided the 

foundational study of electromagnetism and its usages, which would lead to real world 

applications at the turn of the 19th century. They theorized the possibilities that could be 

accomplished if one changed the electromagnetic field (as electricity and magnetic fields 

do not go anywhere by themselves) - hypothetically, one could harness the electro-

magnetic field at their will (Maxwell 1881). 

Faraday and Maxwell’s theories were later realized by Heinrich Hertz who was 

able to demonstrate electromagnetic waves through the development of the radio in the 

1880’s (Hertz & Kelvin 1893). Hertz’s research proved theories that were postulated by 

James Clerk Maxwell and Michael Faraday, specifically that of transverse free space 

electromagnetic waves and how these waves can travel over a certain distance. 

Additionally, Hertz’s experiments demonstrated that wave propagation could be achieved 

through various media as described in his theory the Hertzian waves. Heinrich Hertz’s 

studies on electromagnetism led to developments that substantiated that radio waves 

could be transmitted through different types of materials, which would later provide as a 

foundation to radar technologies in the future (Hertz & Susskind 1927).  
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In September of 1899, Guglielmo Marconi ushered in a new era of mobile radio 

communication with his historical radiotelegraph transmission that sent the first signal 

across the Atlantic Ocean. By 1922, the Marconi Company began to expand its 

capabilities for long distance communications. Yet, as long distance telegraphy became 

widespread they experienced inaugural issues of interference. As interference among 

stations grew, it became apparent that interference between stations (a physical constraint 

that could be controlled by regulation) could be more easily resolved than interference 

created by natural electric waves or static (occurrences that arise naturally) (Marconi 

1922). However, this occurred during the time when devices and spectrum allocation 

were just beginning. Spectrum licenses were essentially free so long as a licensee applied 

for it. During this period, regulators only needed to concern themselves with radio - the 

only service and device using spectrum at the time.  

By the 1930’s a new technology emerged. Philo T. Farnsworth’s advancements in 

electromagnetism gave way to electron image scanning and the image dissector, which 

allowed for an all-electronic television- a modern marvel (Farnsworth 1934). Despite the 

emergence of the television, spectrum allocation within the decimeter band at this time 

was still drastically underwhelmed compared to the spectrum environment we have 

today.  

Radio and television services were just the beginning of the long-term 

dependence the United States would come to have regarding technologies that required 

spectrum in order to operate. Furthermore, public interest in wireless technologies would 

also develop as technology continued to emerge. At the beginning of innovation, wireless 

technologies were categorized based on their lack of wire and need for electromagnetic 
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waves. Nowadays, the term wireless is used more in the context of mobile devices and 

services, expanding past the original affordances of radio and television.  

Additional technologies and services that require spectrum would began to 

increase in the 20th and 21st centuries. During this time period, uses for spectrum would 

be allocated to accommodate two-way radio communications, cellular phones, personal 

digital assistants (PDAs), wireless networking, global positioning systems (GPS), garage 

door openers, Bluetooth, radio receivers, satellite television, broadcast television, 

cordless phones, media streaming devices, and other mobile technologies that operate 

through wireless services, specifically within the Ultra High Frequency (UHF) bands.  

The Ultra High Frequency (UHF) band contains waves ranging from 300 MHz to 

3 GHz and is allocated for uses such as mobile, mobile satellite, fixed services, 

aeronautical radio navigation, radio navigation satellite, meteorological satellite, amateur 

radio, radio astronomy, space research, standard frequency and time signal, maritime 

radio navigation, radiolocation, broadcast satellite, and television broadcasting. In spite of 

all of the various services that reside within this range of radio frequency (RF), some 

scholars have proposed that spectrum scarcity is artificial. This assertion is based on the 

predilection that this scarcity could be circumvented if “regulatory reforms were adopted 

to make it easier to reallocate spectrum to more efficient higher value uses, and to 

encourage adoption of new spectrally-efficient wireless technologies” (Lehr 2004).  

Currently, there are thousands of licenses allocated for wireless broadband use. 

Wireless broadband services that are receiving exclusively licensed spectrum from the 

Federal Communications Commission (FCC) consist of categories such as fixed wireless, 

mobile radio, phone, television, and safety of life services. However, these licenses are 
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not enough to support the influx of devices that will compose the Internet of Everything 

(IoE).  

Previous works within the technology and telecommunication policy fields have 

alluded to the Internet of Things (IoT), which received the overarching definition of 

several technologies and communication solutions (Atzori et al 2010). As technology 

becomes more prominent in various different forms - gadgets & gizmos of plenty along 

with who's its and what’s its galore - all connected to one another and/or wireless 

broadband services; America is entering the Internet of Everything (IoE) era, surpassing 

what was previously dubbed the Internet of Things (IoT), however, the range and scope 

of technologically enabled things is no longer a randomized occurrence. Devices are 

being specifically targeted to allow the American consumer to lead a more 

technologically dependent lifestyle; coupled with Nano technology, RFID capabilities, 

and other bite sized technologies, there is no limit to what can essentially enter the 

technology arena that will demand spectrum allocation for commercial use, thus adding 

to the scarcity that regulatory frameworks have yet to resolve.  

The National Intelligence Council (NIC) foresees that ‘‘by 2025 Internet nodes 

may reside in 64 everyday things – food packages, furniture, paper documents, and 

more”(Atzori et al 2010). As many living in today’s society may be able to attest, the 

presence of Internet nodes residing in everyday things may not need until 2025 to 

pervade its way into everyday devices. Watches are able to start vehicles, refrigerators 

are enabled with Wi-Fi (as are ovens), everyday jewelry, technologic pens, and other 

daily use items are well on their way to becoming a digitized part of the everyday 

American consumer’s technologic life. As technologies continue to advance and 
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permeate throughout America's society, the radio frequency (RF) spectrum bands that 

these technologies depend upon also needs to be able to sustain the increased supply and 

demand. 

SPECTRUM UNDER THE OBAMA ADMINISTRATION 
 
Since the majority of these new technologies are built for wireless connectivity 

and require wireless broadband service providers in order to operate, it has become more 

pressing than ever to come up with solutions to allow new technologies to thrive, while 

allowing legacy technologies to operate within the same frequency bands with little to no 

interference. Because of the imminent demand for more spectrum, the Obama 

Administration released a series of memorandums to specifically address the spectrum 

scarcity issue head on while providing the Federal Communications Commission (FCC) 

and National Telecommunication and Information Administration (NTIA) with a set 

mission. 

Unleashing the Wireless Broadband Revolution was the first memorandum to be 

set forth, debuting in 2010, it portrayed President Obama’s expectation for commercial 

spectrum availability, while also highlighting the need for economic growth and 

technologic innovation. According to the conditions described in the memo, the NTIA 

and FCC have until 2020 to make 500 MHz of spectrum available for commercial 

utilization. However, even if the regulatory offices are successful, there is no guarantee 

that by 2020 more spectrum won’t be needed for commercial entities to optimize wireless 

broadband services. 

In 2013, President Obama focused his memo Expanding America’s Leadership in 

Wireless Innovation on additional efforts to repurpose spectrum for wireless 

technologies. Although the President commends the efforts of the Department of 
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Commerce, the National Telecommunications and Information Administration (NTIA), 

and Federal Communications Commission (FCC) for their work striving towards 

achieving the initiatives he proposed in his 2010 memo, he acknowledges that even more 

spectrum is needed. President Obama also discusses the possibility of creating 

availability of spectrum through better management practices such as the sharing or 

relinquishing of frequency by federal users. Six months after this memo was released, the 

National Telecommunications and Information Administration (NTIA) were tasked to 

provide the President with their report of their recommendations. In turn, this decision 

placed the burden of self-reporting and self-spectrum regulation on to federal users to 

determine which frequencies of spectrum they would be able to relinquish or alternative 

frequency bands that their technology could operate on.  

Additionally, this memo urges for rapid deployment of wireless broadband, 

encouraging the Federal Communications Commission (FCC) and the National 

Telecommunications and Information Administration (NTIA) to work as expeditiously as 

possible to accelerate the repurposing of spectrum for commercial usage. By providing a 

truncated timeline regarding spectrum management, policy, and law the regulators are 

forced to choose the best possible solutions at the time being to implement new 

frameworks for spectrum management in order to fulfill their mission, however, will 

these solutions be able to become a long-term answers to the spectrum scarcity issue in 

America?  

The most current memorandum released from the White House in 2015, is the 

initiative for Expanding Broadband Deployment and Adoption by Addressing Regulatory 

Barriers and Encouraging Investment and Training. This memo states that “access to 
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high-speed broadband is no longer a luxury; it is a necessity for American families, 

businesses, and consumers” (Obama 2015). This statement is very reminiscent of 

universal service as a principle for all Americans to have access to communication 

services and was also the pivotal point in the Communications Act of 1934; however, 

wireless broadband services abide by different rules from the common telephone, in 

addition to also contrasting from traditional radio guidelines.  Furthermore, this memo 

focuses more on wired broadband availability and affordability; this was done in an 

attempt to augment wireless broadband services and availability. Moreover, this memo 

also highlights the need of advanced wireless broadband technologies to accomplish the 

goals set forth, more so than the policy objectives he provided in his previous memos. 

 Through my research, I have observed that spectrum management, policies, and 

the executive office’s mission change with each administration; a new President will soon 

be in office, and with their newly appointed authority they may have a different agenda 

regarding spectrum management, policy, and law. The regulatory authorities are the only 

entities that provide some sort of continuity regarding the progression of spectrum 

management and policy. However, their actions are at the behest of the executive office. 

 
 MAKING ROOM FOR MORE COMMERCIAL SPECTRUM  

 
Concerns have been brought to light in regards to methods being put forth in order 

to reallocate spectrum licenses held by broadcasting services and federal users in order to 

make more frequencies available for commercial use. Currently, resolutions to foster 

spectrum availability for commercial use include, but are not limited to the FCC’s 

broadcast incentive auction, the NTIA’s joint venture with the FCC to pilot the Spectrum 

Sharing Innovation Test-bed, and utilizing unlicensed frequency bands.   
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One of the primary concerns is the practice of paying broadcasters for their 

spectrum in order to reallocate it for wireless broadband services. The issue is that 

broadcasters are essentially being paid to relinquish spectrum that they received for free 

and has been considered publicly owned space from a commons-based standpoint – 

“institutional devices that entail government abstention from designating anyone as 

having primary decision-making power over use of a resource” (Benkler 1998). 

Additionally, spectrum policy and law advocate that spectrum is good for public interest. 

Lately, the public’s interests have shifted to wireless devices, services, and availability.  

Another concern is harmful interference (signal obstruction resulting in loss of 

life or limb). Historical examples of this can be traced back to the RMS Titanic, which 

experienced radio interference on the fateful night of April 14, 1912. Another very public 

scandal regarding interference (which was fortunately averted) is the LightSquared 

incident. Although LightSquared received authority to utilize satellite frequencies (under 

suspicious circumstances), tests conducted by the NTIA demonstrated that 

LightSquared’s technology would have created interference with global positioning 

systems (GPS) (Clark 2012).  

Lastly, utilizing unlicensed frequency bands may lead to spectrum congestion 

within those frequencies (not dissimilar from overburdened and crowded frequencies 

licensed for exclusive use). For example, the wireless microphones fiasco where these 

devices were authorized to utilize Television White Spaces (TVWS) and ended up 

causing interference due to the Federal Communications Commission providing approval 

for Wi-Fi to also utilize television white spaces, in turn making it less available for 

wireless microphone usage. Furthermore, TVWS decreased after the analog to digital 
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television transition. Therefore, what outcome could the public expect if the FCC 

promotes free-for-all use of unlicensed spectrum?	  

Unlicensed spectrum includes television white spaces, which were originally 

intended as buffer zones –frequencies set aside- in order to avoid interference. However, 

newer technologies are relying on television white spaces in order to utilize wi-fi through 

their mobile devices. A technique that is becoming increasingly popular is the use of 

cognitive radio to scan for available electromagnetic spectrum, which can then be used 

and shared among the public. This technique helps detect unlicensed spectrum for 

commercial use. According to the 2003 Spectrum Policy Task Force (SPTF), which 

reviewed 90 years worth of spectrum policy, they recommended that a new paradigm be 

implemented in order to optimize spectrum utilization. One of the Task Force’s 

recommendations was to increase the amount of unlicensed market based devices and 

decrease the level of command and control (spectrum uses and users limited by 

regulation) (Kolodzy 2002). 

Besides cognitive radio techniques, there are other methods currently undergoing 

research and further development that will also assist in sensing available white space. 

Geo-location database technology, Spectrum Access Systems, DSM Wi-Fi Prototype, full 

duplex radios for LTE networks, and Google’s spectrum database are a few products and 

services that promote the use of white space for broadband purposes. Although the 

encompassing goal is to find a solution to repurpose spectrum to be used towards wireless 

services, the recommendations set forth have been modeled in a manner to utilize all 

developed spectrum for a product or service - using up all the parts of the pig as it were, 
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and leaving no morsel of meat left unfed- or in this case any frequency of spectrum 

unused.  

Since there has been extreme growth in the advancement of technological devices, 

electromagnetic spectrum has become a resource of high demand and high market value. 

More recently, the 700 MHz frequency band of has become a commodity asset for 

wireless service providers. With technological advancements and capabilities such as 4G 

LTE, wireless technologies has become symbiotic in American society, in which the 

President of the United States responded to in his 2010 memorandum outlining a 10 year 

initiative to make 500 MHz available for commercial use, America's policy on spectrum 

has become very reminiscent of the game Tetris - shifting all the pieces (in this case, the 

devices, services, and frequency allocations) - so that each component can fit and utilize 

the space provided, however, we are nearing the ceiling of what has been developed for 

utilization. It seems as though America is taking the “finger crossed” approach, hoping 

that the initiatives taken to repurpose spectrum will clear society to another level of 

technological advancements, widespread utilization, and economic growth all the while 

staying at the forefront of technological innovation.   

The need for spectrum altogether is making it essential to have more frequency 

bands available to accommodate all services, consumers, and products. There is a great 

chance that there will be undue harm to the Internet of Things (IoT)/ Internet of 

Everything (IoE) if new policy approaches are not being thought of and implemented in 

regards to spectrum allocation and policy (de Costa 2013). 

My work investigates the injudicious spectrum management, policy, and law that 

regulate America’s scarce spectrum environment. Is our country utilizing the best 
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possible frameworks that would enable the United States’ Internet of Everything (IoE) 

epoch to withstand the ruthless increase of wireless devices and services that require 

radio frequency (RF)? Furthermore, would a solution such as the Broadband Incentive 

Auction be a policy that could be adapted and implemented to the other bands of 

spectrum? 

CHAPTER OVERVIEWS 
 
Chapter one discusses background information regarding electromagnetic 

spectrum and its usages within the American society. Although the mathematical and 

technical attributes are not discussed in detail, the information provided is to afford the 

reader a general understanding of spectrum in regards to the content, discussion, and 

ideas portrayed in this work. Additionally, this chapter outlines the roles of regulatory 

authorities such as the Federal Communications Commission (FCC) and the National 

Telecommunications and Information Administration (NTIA.gov). Moreover, chapter 

one discusses some of the current challenges faced in today’s spectrum environment. 

Chapter two provides in depth context regarding laws and policies that were 

implemented, that not only established regulatory authorities, but provided overall 

regulatory spectrum management initiatives that each office governs. The content 

discussed within this chapter provide the temperament of the current spectrum policy 

environment and how it has shaped the landscape for some of today’s spectrum problems, 

as well as scarcity resolutions.  

Chapter three focuses on the emergence of spectrum and policies and law that was 

developed as the spectrum demand increased based on the advent of radio and television 

services. Additionally, this chapter also discusses the technological advancements made 
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leading up to1950 that contributed to shaping initial spectrum management, regulations 

and policy.  

Chapter four builds on the policies and law provided in Spectrum Era I. Never 

before seen technologies evolved between 1951-2000. The technology that was 

developed during this time period can be considered the foundational devices to majority 

of the technology we have today. With the increase of wireless technologies needing a 

slice of the spectrum pie, additional policy efforts were implemented in order to make 

more spectrum available for the influx in commercial products and services.  

Chapter five discusses technologies that developed in the 21st century and 

onward. In this section we begin to see a shift to additional wireless technologies. This 

chapter also discusses the spectrum policies, laws, and guidance that have been 

reconfigured in order accommodate a more wirelessly enabled America. Moreover, this 

chapter examines how earlier policy rulemakings continue to effect new initiatives.  

Chapter six is an account of the various observations made based throughout my 

research. Additionally, this chapter suggests future research implications regarding 

spectrum policy and law, research pitfalls, and limiting factors. The final thoughts and 

assessments regarding spectrum management, policy and law are also recapitulated 

within this section. Although several scholars have discussed spectrum management, 

policy, and law the research provided incorporates recent information and events, while 

assessing spectrum management development within the United States. 
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CHAPTER I 
BACKGROUND 

 
WHAT IS SPECTRUM? 
 
Electromagnetic spectrum is a continuum of electric, magnetic, and visible 

radiation and is composed of gamma rays having a wavelength of 0.001 angstrom to 

wavelengths that exceed 1 million kilometers. In simpler terms, the smallest wavelength 

of electromagnetic spectrum is equal to the distance of an oxygen molecule to the 

hydrogen molecule in a particle of H2O. While the longest distance of electromagnetic 

wavelength is similar to the distance between the Earth and the Sun. Figure 1.0 located 

below shows the relationship between wavelength and frequency. Although wavelength 

propagation and other technical attributes are important to understanding the 

characteristics and affordances of spectrum, this paper focuses solely on the historical 

progression of spectrum management, policy, and law while concentrating on the 

evolution technology in relation to its most current role within wireless broadband 

services and the regulatory initiatives that govern it. 

 
Figure 1.0.Spectrum Wavelength and Frequency. NTIA.gov 
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Once the spectrum that the United States has developed is allocated, the only way 

we can make additional frequencies available (without doing further research and 

development in other frequencies of electromagnetic spectrum) is to repurpose existing 

licenses. It is interesting that as a developed country with over a hundred years of 

spectrum management, policy, and law, the real world effects of interference, the eminent 

consumption of unlicensed spectrum, and having to bribe broadcasters to relinquish their 

party favor licenses, America is still struggling to conceptualize long-term spectrum 

policy frameworks in order to keep pace with the emergence of wireless and other 

technologies.  

TYPES OF SPECTRUM USAGES 
 
Electromagnetic spectrum in the 21st century is shifting from legacy technologies 

toward spectrum to accommodate the influx of wireless broadband services. Purposes for 

spectrum has evolved from the radio to television, cordless phones, satellite television, 

and the effervescent Internet of Everything (IoE) among other wireless services and 

technologies. An increasing amount of products and services are being unveiled to allow 

a more technologically connected life, which American consumers are beginning to 

demand more of. Products such as watches, cars, washing machines, refrigerators, ovens, 

home monitoring systems, drones (unmanned aerial vehicles (UAVs)), etc. are being 

enabled to become more advanced and more connected through spectrum, as well as 

commercially available. Although this may be very advantageous to the masses, the 

innovation we are advancing towards requires additional frequencies from a resource that 

is becoming meager. 
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The various allocations of spectrum are capitulated within figure 1.1 on below, 

which exhibits the dastardly spectrum allocation chart for the United States, which shows 

what each frequency of spectrum, is allocated and its respective service. There is no way 

our nation can wipe the slate clean, however, with the right policies, law, and regulation 

in place we may be able to keep America at the forefront of innovation with more 

innovative approaches to policy implementation which will bolster spectrum optimization 

and spectrum management and policy, in addition to the economy. 

 
Figure 1.1.Spectrum Allocation Chart 2016. NTIA.gov 

 

 Americans continue to consume mammoth amounts of data with their 

smartphones and tablets, the United States is rapidly exhausting the capacity available 

from the existing supply of viable commercial spectrum (Beard et al 2012). Not only are 

the amounts of smartphones and tablets increasing, but also various everyday devices are 

now falling in line and joining the ranks in order to form the Internet of Things (IoT) (or 
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rather, the Internet of Everything (IoE)). Policies, laws and executive orders have been 

continuously implemented overtime in order to address the ever-changing spectrum 

environment. 

REGULATORY AUTHORITIES 
 
Because electromagnetic spectrum has no concrete boundaries, other than the 

natural restrictions inherent to its own wavelength, the United States has departments to 

create regulations, enforce policies, and allocate electromagnetic spectrum. Overtime, 

offices such as the Office of Telecommunications Policy (OTP) (established under the 

Nixon Administration), The Interdepartment Radio Advisory Committee (IRAC) 

(implemented under Secretary Hoover during his time at the Department of Commerce), 

the Federal Radio Commission (FRC), the Telecommunications Coordinating Committee 

(TCC), the Office of Defense Mobilization (ODM) (enacted under the Eisenhower 

Administration), and several other offices that were stood up under each president have 

come and gone to pass each dealing with communications issues, specifically focusing on 

the problems of spectrum management during their respective times in office. 

However, in our present day the two organizations remain that regulates 

electromagnetic spectrum in the United States are the National Telecommunications and 

Information Administration (NTIA) and the Federal Communications Commission 

(FCC). The NTIA and the FCC manage their respective constituents' uses of the 

spectrum; however, both must keep in mind the overall best interests of the public 

(NTIA.gov 2016). 

The Federal Communications Commission focuses on non-federal users of 

electromagnetic spectrum. The FCC’s responsibilities include but are not limited to 

license applications, auctions of electromagnetic spectrum, and investigating complaints 
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concerning electromagnetic spectrum infractions. Organizations that are considered to be 

non-federal users are businesses, state and local agencies, entertainment, commercial 

organizations, and private organizations. 

The National Telecommunications Information Administration focuses on the 

federal use of electromagnetic spectrum. This office creates policies and guidelines for 

the peacetime and wartime utilization of electromagnetic spectrum, maintains databases 

regarding electromagnetic spectrum use, along with participating in federal conferences 

and activities for spectrum. The organizations that are included in the NTIA’s regulation 

of spectrum are National Defense, Law enforcement & Security, Transportation, 

Resource Management & Control, Federal Government, and Emergencies. The NTIA 

and the FCC have offices that coordinate with one another concerning the management of 

electromagnetic spectrum. In addition, the Interdependent Radio Advisory Committee 

(IRAC) is an advisory agency for the NTIA, while it is a liaison to the FCC. 

Spectrum management has come a long way since the Office of 

Telecommunications Policy (OTP) and Federal Radio Commission (FRC). These offices 

provided the structure for carrying out governmental objectives for spectrum policy while 

enabling industry and public needs for this asset. There hasn't been a complete overhaul 

of how America accomplishes spectrum management, policy, and law since regulations 

was originally needed for the radio. The policies and guidelines for spectrum have not 

remained as current as the technology. This country has been reconfiguring how 

spectrum has been allocated since its inception in the 1880’s, society has much expanded 

and technological capabilities and the demand for them have greatly increased since then; 

and that need is wireless. 
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WIRELESS BROADBAND SERVICES 
 
Wireless broadband is an umbrella term that refers to wireless communication 

services. Wireless devices and services have become comparable to DSL and cable 

modem connectivity (broadband.gov 2016). Wireless allows consumers the affordance to 

disconnect from the telephone line and ditch the modem. There is a convenience to 

wireless devices and services that enable consumers to be connected and online 

fundamentally anywhere and everywhere the wish to be. The Federal Communications 

Commission, who implements policies and is the regulatory authority for commercial 

spectrum is responsible for about two million spectrum licenses (FCC.gov 2016). 

Currently, products and services that are considered wireless communications, include 

cellular phones, tablets, wireless computers, smart watches, Bluetooth, streaming media 

devices, global positioning systems (GPS), and other devices that regularly connect to or 

depend on spectrum either through Wi-Fi and/or mobile to mobile (M2M) connection in 

order to function. 

The advent of Wi-Fi as a means to connect to the Internet has been one of the 

major components that have contributed towards the shift to use more wireless devices 

and services. “Wi-Fi's commercial success has raised a series of important questions for 

policymakers and has forced the FCC to take seriously the promise of technologies that 

use "commons access spectrum," such as the unlicensed 2.4 GHz band that facilitated the 

success of Wi-Fi” (Weiser & Hatfield 2005). Additionally, the Commission has been 

investigating the 5GHz band in order to provide more spectrum for Wi-Fi, however, in 

the 1990’s this frequency band was set aside for Dedicated Short Range Communications 

Service (DSRC) systems in order to foster roadway safety. 
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Figure 1.2.300MHz to 3GHz Spectrum Allocation. NTIA.gov 

 
Figure 1.2. Shown on the above is a closer representation of the 300 MHz to 3 

GHz frequency allocations, which is most commonly licensed for wireless 

communications. The teal colored blocks represent the licensing allocated for 

broadcasting, while the violet and plum colored blocks signify the spectrum being 

utilized for mobile and fixed services. Everything is positioned one exclusive license of 

allocation after another, leaving no room for margin of error, this makes finding a proper 

solution for spectrum management, policy, and law more difficult as well as imperative 

when attempting to allocate additional resources towards wireless broadband services. 

The chart has slightly changed over time with shifts occurring with each decrease from a 

service relinquishing their license in order to increase spectrum availability for wireless 

broadband services. 

HISTORIOGRAPHICAL APPROACH 
 
I began my thesis by investigating various issues of spectrum management and 

allocation ranging from technical to regulatory concerns. There are a myriad of spectrum 

solution topics that can be discussed (e.g. cognitive radio, usage of unlicensed spectrum, 

spectrum sharing, etc.), however, as technology within America's society seems to 

emerge and/or evolve every 12-14 months, I thought it would be important and relevant 

to the fields of communications and policy to assess some of the most recent occurrences 

in spectrum management, law, and policy. The broadcast incentive auctions, the 

spectrum-sharing pilot, and the utilization of unlicensed frequencies that are being used 
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to meet the 2020 deadline to make 500 MHz of spectrum available for commercial use 

will be successful, however, what will happen after 2020 when even more spectrum will 

be needed?  

In order to search for answers and insights, I reviewed public law, FCC rulings, 

articles, and journal entries written by regarded telecommunications scholars. 

Additionally for the breadth and scope of knowledge base needed to review historical and 

current spectrum management, law, and policy, additional sources were conferred to 

provide context on solutions, policies, and events within the spectrum policy 

environment.  

The emergence of spectrum issues and the need for solutions are not new 

adversities in regards to policy. As technologies continue to develop and permeate 

throughout America's society, the spectrum management that these technologies depend 

upon also needs to expand and be able to sustain the supply and demand of technologic 

innovation. Each decision will have an unforeseeable outcome, however, in regards to 

communications policy matters, similar missteps were taken in regards to 

telecommunication policy; pitfalls, and other negative externalities that arose with the 

railroad and eventually led to similar antitrust issues that became indicative during the 

rise of the cable and broadcast era (Crawford 2013). 

For the purposes of my research, I have differentiated each spectrum era based on 

the technology that was developed within a certain time period and its effects on 

spectrum management and policy. Although this is an uncommon approach for reviewing 

spectrum policy, it has become apparent through research conducted that spectrum 

management, policy, and law may be fragmented due it being a more reactive response 
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towards emerging technology instead of a consistent framework to which technology 

must conform. For example, the radio was one of the first technologies within the United 

States that required spectrum allocation, since it was an unprecedented occurrence, this 

technology and the policies that governed it were the first of their kind. These inaugural 

occurrences constitute as Spectrum Era I; technologies predating 1950 as additional 

technologies during that timespan had an impact on the policy and law developed during 

that time. 

Technologies between 1951-2000 emerged and additional frameworks in 

spectrum policy were required to start specifically allocating specific frequencies for 

services in order to meet the demand brought on by developments within technology.  

Additional spectrum would also be needed in Spectrum Era III, however, instead 

of carving out specific frequencies for services, the goal has shifted to repurposing 

spectrum that was allocated in previous eras. The technologies that occurred during 2001- 

Present day, consistently present issues within spectrum management, policy, and law, in 

addition to having future implications for regulatory solutions. 

 

 

 

 

 

 
 
 

 
 
 



	   23 

CHAPTER II 
SPECTRUM LAW & POLICY 

  
America has taken a particularly defensive strategy regarding the implementation 

of rules and regulations regarding spectrum. Policies have fallen far behind the 

advancements of technology and there has been an endless game of “catch-up” in order to 

make sure end users and wireless services providers from all industries are not making up 

their own rules as new frequencies are developed or repurposed for utilization. Until the 

early 1980’s, most contributions on frequency assignment used heuristics based on the 

related graph-coloring problem (Aardal et al 2007). Aside from the spectrum allocation 

chart, various acts were passed to aid in shaping how spectrum should be managed and 

who the regulators would be to ensure this resource would be allocated based on the 

needs of public interest, as well as national security needs. Originally, spectrum policy 

began with radio frequency allocation outlined in the Wireless Ship Act of 1910. 

A little over 20 years later, the Communications Act of 1934 was implemented by 

Congress and established the Federal Communications Commission (FCC) as the 

centralized authority to several agencies, in addition to granting this entity authority with 

respect to interstate and foreign commerce in wire and radio communication for non-

federal users (47 U.S.C. 151). Additionally, this act outlines the range and scope of 

authority of the FCC; specifically detailing definitions of terms, provisions (governed by 

five commissioners, similar to the FRC, however, these appointees are not selected by 

time zone), fund appropriations, determination authority of new technologies and 

services, application of fees, regulatory fees, competition in provision of 

telecommunications services, common carrier regulations, annual reports, privacy of 
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customer information, and other regulations that can be determined at the Commission’s 

discretion.  

26 years after, Congress amended the Communications Act of 1934 in order to 

promote public interest. The Communications Act Amendments clarified items that may 

not have been outlined explicitly in the 1934 act. Additionally, the repeal of provisions 

permitting acceptance of honorariums, short term grants, pre-grant procedures, local 

notice and local hearings; payoffs, special requirements with respect to certain 

applications in the broadcasting service, revocation and cease and desist orders, forfeiture 

provisions relating to broadcast licensees, disclosure of certain payments, and deceptive 

contests. 

By 1962, Congress enacted the Communications Satellite Act in order to provide 

for the establishment, ownership, operation, and regulation of a commercial 

communications satellite system, and for other purposes (Public Law 87-624). This 

policy was implemented in order for the United States to work in conjunction with other 

countries to be a part of an improved global communications network. Additionally, as 

the satellite terminals were deemed as common carrier, this act falls under the purview of 

the FCC based on the outlined guidance provided in the Communications Act of 1934.  

According to the policy, the President was delegated to aid in planning and 

development, provide continuous review of all phases, coordinate the activities of 

government agencies, exercise supervision over the relationships of the corporation with 

foreign governments/entities, insure the availability and appropriate utilization of the 

communications satellite systems for general governmental purposes, and exercise his 

authority to help attain coordinated and efficient use of the electromagnetic spectrum.  
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Further amendments would be made in 1981, to give the Commission the 

authority to assign a broad range of licenses by lottery (Public Law 97- 35, 95 Stat 7w36-

737 amended). However, by 1987, the FCC was mandated to discontinue their pre-lottery 

screening, in order to provide a low entry barrier so that all potential applicants could 

participate fairly. The auctions were intended to correct the issues the FCC faced with the 

lotteries; however, the Commission faced different challenges, such as license 

aggregation and collusion.  

30 years after the 1962 amendments, Public Law 102-538 (The National 

Telecommunications and Information Administration Organization Act) was 

implemented to authorize appropriations for the National Telecommunications and 

Information Administration, and for other purposes. Fundamentally, this act is to the 

NTIA as the Communications Act of 1934 was to the FCC.  

The NTIA Organization Act outlines the regulatory jurisdictions of the NTIA, 

including their role in regards to spectrum management activities as outlined by Sec. 104 

(47 U.S.C. 903) for federal users. Additionally, this law delegated that 180 days after its 

inception, the Secretary of Commerce and the NTIA will amend the ‘‘Manual of 

Regulations and Procedures for Federal Radio Frequency Management’’. Additional 

guidelines were articulated in order to foster changes that would need to be made for the 

transition of the Department of Commerce to transition certain responsibilities to the 

NTIA. Furthermore, the transfer of auctionable frequencies was also determined within 

this law. Joint spectrum planning was encouraged in order to resolve the following issues 

at that time licenses for spectrum use, future spectrum uses for public and private 

utilization (to include state and local government safety), spectrum allocation actions 
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necessary to for the aforementioned issues, and actions necessary to promote efficient use 

of spectrum. Moreover, this law mandated that the Secretary provide a report identifying 

and recommending reallocation bands of frequencies, this was to include present and 

future governmental spectrum needs and have the greatest impact for the public. 

The next year, Congress passed a bill for Competitive Bidding for Spectrum and 

authorized the FCC to hold auctions for spectrum in order to promote development and 

rapid deployment of new technologies, products and services for the benefit of the public 

interest; including those residing in rural areas, without administrative or judicial delays 

(FCC 97-353).  The main goal of this law was to generate additional interests in licensing 

as well as provide more value to spectrum frequency allocation; however it was also to 

encourage the entry of small businesses and previously under-represented groups (e.g., 

women and minorities) into the wireless telecommunications industry (FCC 97-353). 

Additionally, the FCC’s report discusses how scarce spectrum was 19 years ago, which 

punctuates the cyclical nature of issues concerning spectrum management, policy, and 

law. 

When the Telecommunications Act of 1996 occurred, it was dubbed the first 

major policy overhaul, occurring 62 years after the Communications Act of 1934. The 

Act signed by President Bill Clinton set forth to allow anyone entry into any 

communications business, building upon the 1993 Competitive Bidding for Spectrum 

enacted by Congress three years prior. The Telecommunications Act of 1996, outlined 

eligibility requirements, the need for competitive markets, broadcast flexibility, cable 

services, video programming provided by telephone services, as well as miscellaneous 

provisions that covered items such as radio frequency emission standards, providing 
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mobile services direct access to long distance carriers, and advanced telecommunications 

initiatives. Furthermore, this act includes the AT&T consent decree, as well we the 

judgment for Bell’s monopoly of services, truncating their entities into local exchange 

carriers. Essentially, this law reestablished and clarified guidance that was arbitrarily 

given with the 1934 Communication Act, refining the FCC’s authority to a greater extent. 

The following year, the Balanced Budget Act was proposed. If this act were to be 

passed, it would provide for reconciliation pursuant to subsections (b)(1) and (c) of 

section 105 of the concurrent resolution on the budget for fiscal year 1998 (Pub Law 105-

32). Title III of this act specifically focuses on Communications and Spectrum Allocation 

Provisions, which concentrates on spectrum auctions (extension and expansion of the 

FCC’s authority), termination of lottery authority, resolution of pending comparative 

licensing, accelerated availability of the 1.7 MHz, the Commission’s obligation to make 

additional spectrum available by auction, charging the Commission to make the 2.1 MHz 

frequency band of spectrum available for public interest, convenience, and 

necessity,  relocation of federal government stations, identification and reallocation of 

auctionable frequencies, auction of recaptured broadcast spectrum, spectrum reversion 

and resale, flexible use of electromagnetic spectrum and limitations on qualified bidders. 

After taking a look at the pre-existing and/or current spectrum policy, the same 

need (regardless of technologic emergence) seems to be “make more spectrum available”. 

Yet, each time additional spectrum is repurposed for broadband, the FCC seems to 

auction, license, and hand out these newly acquired frequencies of spectrum like a clown 

hands out balloon animals to young children at a carnival. Even though these hastened 

spectrum management, policy, and law initiatives seem to work for the truncated amount 
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of time provided, no long-term strategy is concocted that would allow the FCC to 

repurpose spectrum as needed, while maintaining some frequencies to foster an actual 

spectrum framework in the future.   

The goal to obtain more spectrum is never truly achieved, and how can it be if the 

regulators are consistently initiating quick fix, Band-Aid solutions to a persistent problem 

that requires intensive care? Additional proposals for spectrum solutions that I found 

during my research were to utilize unlicensed spectrum and another suggestion was to 

share spectrum among federal and non-federal users. Not only does the question of how 

will this be interpreted on the heuristic spectrum chart arise, but also what level of risk 

are the regulators willing to gamble in regards to issues such as frequency interference, 

what to do when the unlicensed spectrum becomes much more popular for wireless 

providers to engineer their products fully utilize a free resource instead of one they have 

to purchase licenses for, and lastly, how will this be regulated in regards to spectrum 

policy?  

As we steer full speed ahead into a more semantically enabled America, current 

policies and initiatives are becoming more reminiscent of past policy initiatives that did 

not meet the margin of goals originally outlined. Current resolutions for spectrum 

allocation are reliant upon technologic advancements and/or innovative ways to utilize 

technology in order to foster innovation and economic growth, instead of providing a 

more flexible long-term approach to spectrum policy, law, regulation, and reinforcement. 

The National Broadband Plan proposes a similar resolution to some of the other 

policy endeavors. It sets forth a detailed plan to make 300 MHz of spectrum available for 

wireless broadband use within the next five years, and another 200 MHz in the five years 
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after that. It seeks to achieve this freeing of spectrum by auctioning unused bands, lifting 

burdensome regulations to bolster wireless broadband service in certain spectrum ranges, 

and reallocating spectrum from other services – notably broadcast television – to enable 

such spectrum to be used for wireless broadband (Rosen 2011). However, this is the same 

approach set forth by the unleashing of wireless broadband services, and other guidance’s 

prior to where the solution has been to relocate and repurpose frequency allocation. 

Currently, bills that have been introduced regarding new ways to regulate 

spectrum for decades, but many have not yet been to the House of Representatives or the 

Senate in regards to broadband infrastructure and by extension, spectrum policy and 

management. Propositions include but are not limited to the Rural Broadband 

Infrastructure Investment Act, Streamlining and Investing in Broadband Infrastructure 

Act, additional amendments to the Communications Act of 1934, the PREPARE Act, 

MOBILE NOW Act, and the DIGITAL Act. 

The Rural Broadband Infrastructure Investment Act was introduced 2015 in order 

to provide additional loans and grants for the development of telecommunications and 

broadband services in rural areas (H.R. 3103, 114th Congress 2015). It is no secret that 

there are still disparate areas within the contiguous United States that are not afforded the 

same opportunity for wireless broadband services that major cities and economically 

profitable areas have been provided. Most notably, this is important in regards to the 

effectiveness of past and current policy initiatives as the Communications Act of 1934, as 

well as the memorandums disseminated by the Obama Administration mandate that 

“communication by wire and radio, so as to make available to, so far as possible, to all 
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the people of the United States” (Sec 1, 47 U.S.C. 151); however, this has still not 

happened within the last 82 years of spectrum management, law, and policy. 

Additionally, the Streamlining and Investing in Broadband Infrastructure Act was 

also introduced in 2015, and proposed to require the National Telecommunications and 

Information Administration to issue best practices relating to broadband infrastructure 

and installation for state broadband coordination offices, with an emphasis on rural areas 

(S. 2163, 114th Congress 2016). 

As of 2016, a bill was introduced to amend the Communications Act of 1934 to 

require providers of a covered service to provide call location information concerning the 

telecommunications device of a user of such service to an investigative or law 

enforcement officer in an emergency situation involving risk of death or serious physical 

injury or in order to respond to the user's call for emergency services (H.R.4889 114th 

Congress (2015-2016)).   

Also proposed, were changes to 6 U.S.C.  572: National Emergency 

Communications Plan. Changes to this law were introduced under the PREPARE ACT, 

which has not yet passed the house or senate. The goal of this act is to “To reform and 

improve the Federal Emergency Management Agency, the Office of Emergency 

Communications, and the Office of Health Affairs of the Department of Homeland 

Security, and for other purposes” (H.R. 3583, 114th Congress (2015-2016)). Despite 

previously established law and executive order initiatives, the separation of the “haves 

and have not’s” has become even more apparent as an increasingly large amount of the 

country has been afforded the opportunity to lead a more technology driven lifestyle, 

while leaving those who reside in rural areas in literal dust and lack of comparable 
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wireless broadband services. Some time ago, the NTIA planned on leading a 

collaborative effort in order to ensure those residing in rural areas were connected, 

however, over a decade later this has yet to be achieved (Compaine 2001). 

As of this year, the DIGITAL Act was proposed on March 2016, to “To ensure 

appropriate spectrum planning and interagency coordination to support the Internet of 

Things” (S.2607, 114th Congress (2015-2016)). Additionally, for this bill “the Senate 

unanimously passed Senate Resolution 110, 114th Congress, agreed to March 24, 2015, a 

resolution calling for a national strategy for the development of the Internet of Things” 

(S.2607, 114th Congress (2015-2016)). Resolutions on how to accomplish this have been 

proposed to implement a working group, not dissimilar from past or current initiatives 

striving to find a solution to reallocate spectrum in order optimize utilization.  

 Additionally, the MOBILE NOW Act, also introduced March 2016, “requires the 

National Telecommunications and Information Administration (NTIA.gov) and the 

Federal Communications Commission (FCC), by December 31, 2020, to make available 

at least 255 megahertz of federal and nonfederal spectrum below the frequency of 6000 

megahertz for mobile and fixed wireless broadband use” (S. 2555, 114th Congress (2015-

2016)). However, this leads back to reallocating broadcasting spectrum frequencies.  

 Moreover, the Integrated Public Alert and Warning System Modernization Act of 

2015 passed the house 21 March 2016 and are awaiting Presidential action. S.1180 

directs FEMA to “(1) modernize the integrated U.S. public alert and warning system to 

help ensure that under all conditions the President, federal agencies, and state, tribal, and 

local governments can alert and warn the civilian population in areas endangered by 

natural disasters, acts of terrorism, and other man-made disasters or threats to public 
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safety; and (2) implement such system to disseminate timely and effective warnings” 

(S.1180, 114th Congress (2015-2016)). Due to the varied capabilities, devices, and 

services that are afforded to the America's people, it would be interesting to see a 

standardized public warning system implemented when there are areas of the United 

States that are not receiving the same communication capabilities as their metropolitan 

counterparts. 

So how did the United States get so far removed from the goal of providing all 

Americans communication services? When did the backlog pile up and meeting the 

original goals begin to be pushed to side? In order to know why regulators such as the 

FCC are carrying out the broadband incentive auctions in an attempt to persuade 

broadcasters to relinquish their spectrum for commercial usage, it is imperative to start 

from the beginning. 
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CHAPTER III 
SPECTRUM ERA I - THE EMERGENCE OF A NEW RESOURCE 

 
 Technologies that were developed prior to the 1950’s set the stage for all of the 

technologies utilized today within America's society. Devices that emerged during this 

timeframe included the radio, the television, and two-way radio communications. 

However, when Congress set out to regulate the telecommunications industry in the 

1930s, it simply had to concern itself with two separate and distinct categories of 

technologies: telephone and radio (Nuechterlein & Weiser 2005).  

The radio was one of the first technologies within the United States that required 

spectrum allocation, since it was an unprecedented occurrence; this technology and the 

policies that governed it were key contributors on how spectrum management was 

approached in America. When the radio emerged and became commercialized, America 

saw the inaugural issues that would arise as the demand for radio frequency increased. 

During those times, our nation saw the first allocation of spectrum. 

When radio became commercialized, a lot of issues with interference arose. 

Government regulation at the time was predominantly focused on the prevention of 

interference - which was typically caused by users operating in the same or near the 

frequency bands of radio (Robinson 1985). The RMS Titanic and proliferation of radio 

communications between ships began to cause interference at the time and led to 

management needs during the rearing of spectrum into its commercialization. Other 

factors and users would begin to become attributes of consideration within the equation 

for radio spectrum frequency management.  

“From about 1920 to 1945, radio developed into the first electronic mass medium, 

monopolizing “the airwaves” and defining, along with newspapers, magazines, and 
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motion pictures, an entire generation of mass culture”(Skretvedt 2015). The radio 

transcended from being a medium for the purposes of report, into a vehicle of rapport, 

utilized for its entertainment value and potential for social engagement within American 

society. With the advent of variety shows, advertising, sports commentary & coverage, 

and other non-news related uses, the radio became an instant commodity that widespread 

inspiring new demands for regulation and policy to ensure the populous could enjoy 

segments and other public interest related topics. From the interest of the general public, 

additional radio stations emerged during this time period, and the influx can be seen 

below in figure 3.1.  

Number of Radio Stations in the US, 1921-1940 

Year Number 
1921 5 
1922 30 
1923 556 
1924 530 
1925 571 
1926 528 
1927 681 
1928 677 
1929 606 
1930 618 
1931 612 
1932 604 
1933 599 
1934 583 
1935 585 
1936 616 
1937 646 
1938 689 
1939 722 
1940 765 

Figure 3.1. Number of Radio Stations in the U.S. Sterling and Kittross 1978 
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The selling of spectrum during the golden age of radio did not appear to be 

important during this era; “the spectrum was rationed by the government, which parceled 

it out to selected parties for free” (Economic History Association 2016). 

 Later came television. The all- electric television was developed in the 1930’s and 

commercialized during the 1940’s. Additional actions were made to accommodate the 

emerging technology obligating lawmakers to incorporate spectrum regulations and 

policies that needed to be established in order to manage spectrum allocations for this 

new technology. When the television was incepted, additional spectrum regulations and 

policies needed to be established in order to incorporate this new technology in the radio 

frequency (RF) bands.  

During the 1940’s, cable television also began taking root in American society, 

the inaugural process for cable television utilized radio frequency (cable programming 

networks in the fashion that exist today would emerge later in the 1970’s)(NCTA.com 

2016). Primarily, cable television during this era was thought to hinder competition 

within the television market. The Federal Communications Commission, relying on its 

vague statutory mandate to further the public interest, actively blocked the development 

of cable TV, arguing that it was a threat to the free television offered by broadcasters 

(Gattuso 2012). The popularity of community antenna television also sprung up during 

this time, adding another service for technology to the spectrum environment.  

 Subsequently, two-way radio communications - such as land mobile radios - also 

emerged during this era around the 1880’s. This form of communication principally 

started with law enforcement within the northeast region of the United States. The two-

way radio gained more commercial appeal towards the late 1940’s (Noble 1962). Analog 
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two-way radio communications were simple constructs, their capabilities included push-

to-talk, scanning, and permitted group conversations. In subsequent adaptations this radio 

will be manufactured to operate within the frequency modulation (FM) band of spectrum. 

However, its usages for law enforcement and similar occupations were imperative at the 

time as it bolstered occupational effectiveness. 

Towards the end of this era, garage door openers were conceptualized. Although 

conceptualized in the 1920’s, the garage door opener wasn’t commercialized until the 

mid 1940’s. This was exacerbated by the Ford Model T, which began mass production 

around this time, therefore created a niche market for car accessories such as the garage 

door opener.  

As more usages for connectivity within radio frequency became more widespread, 

the federal government adopted a command-and-control approach for spectrum 

regulation. This type of regulatory stance would become the precedent for all future 

policy implementation for spectrum management.  

SPECTRUM REGULATION EMERGES 

 The first recognized method of spectrum management, policy, and law is in the 

early 1900’s. Original petitions in 1910 and 1911 gave too many powers to the military 

and government, Congress turned down the bill proposed by the Navy to regulate 

spectrum. Electromagnetic waves used for radio communications primarily fell under the 

Department of the Navy’s purview. Originally having ownership of 111 of the 127 

existing American commercial shore stations (Coase 1959). However, the Navy’s 

monopoly did not last long, they were forced to relinquish their ownership when 

Congress passed the 1912 Act that gave the President the powers to regulate radio 
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spectrum. Their original solution was to allow the Secretary of Commerce to have 

regulatory authority of spectrum licenses, until they overturned their own decision and 

provided that power to the President in 1912 (Coase 1959). 

 The Wireless Ship Act of 1910 was one of the inaugural policies implemented 

during the emergence and widespread popularity of the radio. When congress 

implemented this act, their goal was to promote safety, mandating that ships carrying 

passengers and travelling beyond a certain distance were radio capable to communicate 

emergencies. Unfortunately, the increase in radio capabilities caused interference 

amongst vessels, which led to one of the communication issues caused during the sinking 

of RMS Titanic. 

 After the Titanic travesty, the Radio Act of 1912 superseded the Wireless Ship 

Act. The goal of the radio act (U.S.C. 37 stat 302), was to regulate licensing for all radio 

stations under the federal government. As the interest in radio communications continued 

to flourish, more structure was needed in order to optimize consumer utilization of the 

radio. More changes occurred and subsequent amendments were later made to the 1912 

Radio Act. The regulatory authority at that time shifted from the U.S. Department of 

Commerce to a newly created office, the Federal Radio Commission (FRC). 

 The FRC was empowered to accept or deny licensing applications at their 

discretion, which is a power the Department of Commerce, was unable to execute. 

Furthermore, the Davis Amendment was added in 1928, which was a provision that 

required each zone (as the FRC was composed of one representative from each time 

zone, totaling five representatives that made up the FRC commission), to have equal 

allocations of licensing. However, the Davis Amendment did not allow small 
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communities in the southwest to add local stations, despite the evidence that they would 

not cause interference. Later emerged the Communications Act of 1934 the purpose of 

this act was to regulate commerce in communication by wire and radio and was directed 

to be available for all people of the United States for a rapid, efficient, nationwide, and 

worldwide wire and radio communication service with adequate facilities and charges 

(Communication Act 1934). This act also established the Federal Communications 

Commission (FCC) as a regulatory authority. 

 The early1900s gave way for more spectrum, which was based on conflicts of war 

and the need for government to effectively communication, which led to an overhaul of 

the National Communications System (NCS). Again, this ensured that national security 

was at the forefront of America’s communication needs and just as the country had done 

in the past, as soon as the conflict was no longer an imminent threat, communication 

needs once again became the primary proponent for commercial interests. 

In 1927, the Federal Radio Commission (FRC), the predecessor the FCC laid the 

foundation regarding spectrum allocation from their work accomplished during this time. 

Spectrum regulation was recognized as need and implemented. Since the foundational 

days of spectrum management, policy has been built upon existing ideologies and 

recourses that worked when there wasn't a congestion of spectrum licensees as it is 

present day. Additionally, certain negative externalities such as interference, and more 

stringent enforcement of policy may have set a spectrum policy and law tone that may 

have hindered technologists and service providers from operating outside their frequency 

bands, or take on self regulation to make better products in order to avoid interference. 
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 Original spectrum management efforts were focused on the assignment of 

frequencies for AM radio bands. Later, around the 1950’s additional needs and attention 

were shifted towards television and spectrum needed for this technology (Levin 2013). 

There was no prophecy to foreshadow the emergence of radio during this time, therefore 

the after the fact responds to regulate spectrum was a natural occurrence and response to 

the technology. However, as time and technologies developed, it seems as though the 

issues regarding radio spectrum have been resolved through ad hoc, piecemeal tactics in 

order to license spectrum frequencies per band, per need (de Vries 2009). 
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CHAPTER IV 
SPECTRUM ERA II: THE EVOLUTION OF TECHNOLOGY AND POLICY & 

LAW 
 

 Technologies that emerged between 1951 through 2000 required additional 

spectrum management, policy, and law to evolve regulatory solutions implemented prior 

to 1950. With the new technology, additional demands arose regarding spectrum 

licensing and allocation and needed to be addressed in order to accommodate public 

interests. Policy efforts since radio spectrum was established have been focused on an 

inter-technology spectrum environment in order to enable new technologies and services 

more access. Some of the technologies that evolved immensely during this era included 

satellite television, cordless telephones, personal digital assistants (PDAs), global 

positioning systems (GPS), personal computers, and cellular telephones. Each emerging 

technology requiring its own need for spectrum. 

Standard technologies did not remain stationary after 1950. Mobility around the 

house was inspired with the appearance of the cordless Phones developed in the 1970 and 

authorized use in the 47-49MHz bands from the FCC. Around 1990, the FCC granted the 

900 MHz frequency usages for this technology. Further developments were made in the 

mid to late 1990’s, which granted subsequent band usage for this device. The cordless 

phone structure is based on the two-way radio transmissions.  

Another mobile technology to emerge during this era was personal computing, 

“the most dramatic trend in computing in the 1960’s and 1970’s was miniaturization” 

(Abbate 1999). The appeal to consumers for this device was that it was a step away from 

the gawky macroscopic computer constructs that preceded it. Additionally, it fostered a 

mobile computing experience, which fit along with the other types of technologies that 

incited mobility during this time.  
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Soon to follow were cellular phones, which were conceptualized in the 1940’s. 

Handheld version adapted by Motorola in 1973, this technology would become widely 

available in the 80’s. Similarly to the cordless phones, cellular phones depend on radio 

frequencies in order to operate; they differ however, because cellular phones utilize 

transmitters (cellular towers). Due to this fact, cellular devices are able to send signals 

long distance.  

Eventually, a device known as the PDA would appear within the technology 

market. Personal digital assistants (PDAs) were conceptualized in the 1970’s; however, 

they gained commercial appeal in the 1990’s with the launch of Apple’s Newton 

Message Pad in 1993. By 2000, around 12 million PDAs were sold. Personal digital 

assistants (PDAs) and similar devices such as the palm pilot afforded consumers the 

ability to store large amounts of information. PDAs were the predecessors to the tablets 

used in present day and were a novel convenience when they were released. Devices that 

are considered PDAs consist of “smart pagers”, Internet appliances, palm sized 

computers (palm pilots), and other electronic wearable devices (Wiggins 2004). 

As mobile devices continued to thrive during this era, services also began to 

appear in order to perpetuate a more wireless lifestyle. Formerly known as Navstar, 

Global Positioning Systems (GPS) was originally conceived by the Navy who built the 

first satellite system in 1959. Uses for GPS remained focused on military until its 

commercialization in 1998. From 1998 on additional revisions were made to GPS 

technologies for consumer use. This technology then converged with other technologies 

such as mobile phones. “The ease of use and inherent accuracy of GPS made it very 
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popular with millions of yachtsmen, private pilots and hikers as well as commercial 

operators in all domains” (Bonnor 2012). 

 Lastly in this era, television services would also receive an upgrade. The first 

satellite launched for television transmission occurred in the 1960’s, yet it would not be 

available for commercial direct broadcasting satellite services until the mid 1990’s. By 

1998, satellite television had around two-thirds of the market share making this service 

immensely competitive against cable television services (Agyei Karikari et al 2003).  

SPECTRUM REGULATION EVOLVES 

 By 1951, advancements in spectrum allowed the United States the opportunity to 

provide more products and services to America's consumers. Public law 86-752 enacted 

by the 86th Congress amended the Communications Act of 1934. Changes in the law 

were necessary in order to disallow actions such as payoffs between applicants, pre-grant 

procedures, and other business practices that undermined public trust, forced congress to 

implement the Communications Act Amendments of 1960. These amendments were 

implemented in order to promote public interest. Repeal of provisions permitting 

acceptance of honorariums, establishing short term grants, and authorizing the 

Commission to adopt a classification system were a few of the minor changes adopted. 

Additionally, “in the 1960s, after the courts forced the FCC to lower regulatory barriers. 

Thereafter, the cable business grew quickly, growing from 650,000 subscribers in 1960 to 

4.5 million in 1970, to over 50 million in 1990” (Gattuso 2012). 

 In 1962, public law 87-621 was implemented in order to provide for the 

establishment, ownership, operation, and regulation of commercial communications 

satellite systems, and other purposes (P.L. 87-621). The Communications Satellite Act of 
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1962 set forth by congress declared this policy to establish the United States as a part of 

the Global Communications Network.  

 Finally, in 1992, Congress provided a new non-copyright avenue for 

compensation, granting broadcasters “retransmission consent” rights, requiring cable and 

satellite networks to obtain explicit permission from broadcast stations in order to use 

their signals. The details of this system of compensation were left to the FCC (Gattuso 

2012). Additionally, as more providers emerged, more regulation, as well as spectrum 

was needed in order maintain operations to provide consumers the services they were 

demanding.  

The first significant policy upgrade regarding spectrum management since the 

1930’s occurred when former president Bill Clinton signed the Telecommunications Act 

of 1996. This act was the premiere law that included the Internet in regards to spectrum 

management and policy. The primary goal of this act was to deregulate “the converging 

broadcasting and telecommunication markets” (Telecommunications Act 1996). 

However, this law did not outline regulations in regards to public interest, or tangible 

advancements on how to foster more research and development for spectrum. 

Another occurrence in spectrum policy also transpired during 1996. Congress authorized 

the Digital Television Transition. By the 2009 deadline, the FCC delivered the largest 

overhaul of services it has yet to accomplish to date, the transition from analog to digital 

television. This nationwide change was implemented in order to repurpose the way in 

which America utilized broadband frequencies. With this initiative, the lives of millions 

of consumers were changed forever. FCC established low-power television service in 

1982 to provide opportunities for locally oriented television service in small communities 
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(GAO, Goldstein 2008). Yet, was the broadband policy that enacted this change a 

success? Although this implementation surely freed spectrum as far as the spectrum 

allocation chart is concerned. Millions of consumers were forced to turn to third party 

providers for antennas and routers in order to gain basic television access without having 

to purchase a cable package. Additionally, cable service providers benefited greatly from 

the change, as the basic antennas and routers were not guaranteed to capture the lower 

frequency utilized for digital television. 

Originally, when digital television was adopted consumers were given coupons to 

alleviate the coercion of the regulators making them purchase additional merchandise in 

order for them to receive broadcast television. Fast forward 10 years later and digital 

television is mostly consumed through digital cable and digital satellite, almost making 

the original expectation inconsequential. Additionally, the converter boxes and 

accessories that individuals purchased during the first transition may be obsolete once 

again as broadcast begins to shift more towards ATSC 3.0.  

 Moreover, in 2008, prior to the conversion deadline, the better business bureau 

(BBB) warned consumers of the DTV converter box scam, not to mention, there were 

consumer reports conveying the dismay of 145 customers that were not happy with the 

transition, subsequent service, no alternative choice for those residing in disparate areas, 

and/or having their coupons expire because retailers did not have the converters prior to 

some of the expiration dates. Although revenue sales for DTV converter box units sold 

and household affected were unable to be obtained. The NTIA, through their subsidy, 

was tentatively able to provide 33.5 million coupons to consumers to offset converter box 

costs according to GAO-08-881T (GAO, Goldstein 2008). 
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Additionally, in 1997, title III of the Balanced Budget Act was focused on 

communications and spectrum allocation provisions.  This was another subsequent 

amendment to the Communications Act of 1934 and was centered on competitive bidding 

under sec 3004 as it directs that the FCC to allocate frequencies from radio spectrum 

within the 746-806 MHz frequency range. 

The next year, the Defense Authorization Act was set forth to revise the spectrum 

relocation reimbursement policy. Sec 1064 of the relocation of federal frequencies, the 

NTIA worked closely with the FCC to identify federal government spectrum  (by way of 

agencies self reporting) to identify alternative frequency bands that they would be able to 

relinquish in order to make more spectrum available for commercial usage. 

By the turn of the millennium, congress passed the Open-Market Reorganization 

for the Betterment of International Telecommunications (ORBIT) Act to amend the 

Communications Satellite Act of 1962 to promote competition and privatization in 

satellite communications. Additionally, in 2000 a preliminary step to address future needs 

for spectrum, two bills have been introduced in the 111th Congress that would require an 

inventory of spectrum bands and their users This information could be used to identify 

unused or potentially under-used radio frequencies that could be redirected to wireless 

broadband.” (Moore 2010). 

The inaugural kickoff into the 21st century broadband craze was the mass 

migration from analog television to digitally televised services. Later on, more 

personalized devices and services emerged in the form of HDMI and streaming services. 

In 1993, Congress first gave the FCC authority to hold spectrum auctions 

(Sawanobori & Roche 2015). However, plans were needed in order to provide the best 
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ways on how to accomplish this task. The FCC auctions dramatically changed the way 

spectrum licenses are valued, distributed, and aggregated (FCC Report to Congress 1997, 

FCC 97-353).  Concerns and hesitation encapsulated the inaugural trail run for auctioning 

spectrum. Some of the most prevalent reservations were in regards to collusion and 

fairness. “Practical auction design involves the risk that participants may explicitly or 

tacitly collude to avoid bidding up prices” (Klemperer 2002). Aside from concerns 

regarding underhandedness, the question of efficiency was an important and key 

observation. 

Despite the concerns, the FCC was able to $20 billion in revenue by holding 9 

auctions (Cramton 1998). Influenced by auction theory during the time period, the 

auctions provided affordances that the spectrum lotteries did not (e.g. lottery winners 

resealing their newly won spectrum licenses).  By essentially cutting out the middle man 

(spectrum sculptors), the FCC was empowered to generate revenue for the Department of 

Treasury, instead of allowing people who won the lottery to profit on the licenses they 

received for free. Moreover, the overall success of the spectrum auctions is reliant upon 

the supply and demand needed to engage participants with the auction. The overall 

auction structure is threefold, there needs to be a target market (the bidders), desirable 

spectrum (the item for sale), and value of spectrum in relation to those participating in the 

auction (Milgrom 2004). In order to possess spectrum, something has to change regarding 

those who are already licensing the spectrum the FCC would like to sell, a sort of 

spectrum gentrification must take place in order to make enough spectrum available for 

resale. This was accomplished in the 1990’s due to the television transition, which 

allowed the United States to free up spectrum within the television broadcasting bands. 
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CHAPTER V 
SPECTRUM ERA III: FURTHER TECHNOLOGICAL DEVELOPMENTS AND 

RECOURSES ENSUE 
 

2000 through Present day occurrences within technology and spectrum 

management, policy and law are ongoing issues that have future implications on what can 

be accomplished in spectrum going forward. Interestingly enough, not many new 

technologies have emerged, majority of the technology utilized by consumers are an 

evolved iteration of products that emerged between 1950 and 2000. Newer technologies 

of present day have been products such as Bluetooth, wireless networking, mobile 

streaming devices (e.g. Apple TV, Amazon Fire Stick TV, Google Chromecast, Roku, 

etc.), tablets, smartphones, and other mobile-to-mobile technologies such as smart 

watches. As technologies continue to converge and continue to mobilize, wireless 

broadband services have become a prominent fixture on the spectrum allocation chart and 

will require additional frequencies, as society demands more products and things from 

the Internet of Everything. 

 During this era, Bluetooth was one of the first technologies to be developed. 

Bluetooth was conceptualized in the1990s, additional electronics began to be Bluetooth 

compatible during the turn of the century. “Bluetooth is a low cost, low power, short 

range radio technology, originally developed as a cable replacement to connect devices 

such as mobile phone handsets, headsets, and portable computers” (Bray & Sturman 

2002). As this technology matured, it would become a standard capability in technology 

such as cars and other mobile devices to inspire a more wireless experience for 

consumers.  

With the notion of personal area networks (PANs) arising from Bluetooth 

technologies, additional services would occur to foster connectivity. In the 1990’s it was 
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hard generating interest for Wireless Local Area Networks (WLANs). However, by 2004, 

computer hobbyists and consumers alike were mesmerized by the affordances and a 

demand for wireless broadband technology flourished. Wireless Local Area Networks 

(WLANs) have become a staple in America's society. With consumers no longer forced 

to be tethered to their Ethernet or telephone cords in order to connect to the internet, 

many establishments and cellular service providers have provided ways for consumers to 

utilize wireless network technology while on the go whether it is personally procured 

through one's provider or the free Wi-Fi offered at McDonalds. Again, with this 

technology, it utilizes spectrum (the 2.4 GHz band, the same frequency as cordless 

phones and microwaves). Some 75% of young adults without a cable or satellite 

subscription say they can access content they want to watch either online (Horrigan & 

Duggan 2015).  

Additionally, cellular phones receive a drastic upgrade in the form of smartphones 

during this era. Although smartphones evolve incessantly, however, their capabilities 

surpass those of any previous mobile and cellular device technology. Smartphone uses 

include, but are in no way constrained to internet connectivity, social media access, email 

capabilities, location services, local emergency notifications, weather, and messaging 

services. Additionally, legacy technologies such as the camera, video recorder, voice 

recorder, calculator, and standard telephone services converge within this device to 

provide users with ultimate connectivity services to other people, the world wide web, 

and any other information they deem necessary to have on hand in the form of 

applications and basic storage of information. 	  
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Following the mobility trend, we see the concept of the tablet emerge during this 

time period. Computing tablets flopped the first few decades, picked up in 2011 as 

society became more enthralled with mobile technologies. Similar devices like e-readers 

allowed consumers to access information, books, videos, and other converged 

technologies in a more convenient manner than toting around a personal computer.  

The affordances of mobility during this era lead to an increase wireless 

technologies and services such as video streaming. Streaming has become one of the 

most popular ways to watch television since the enforcement of copyright law on illegal 

downloads online. This shift has been based on the increased capabilities and various 

selection of devices now offered that enable consumers to utilize their phones, tablets, 

personal computers, and/or desktops to access content generated for television through 

the world wide web. As more content providers innovate their websites to provide free 

episodes and movies, companies such as Apple, Amazon, Google, and Roku have created 

devices that aid this trend and allow end users to use their personal devices to stream 

content from their phones, tablets, personal computers, and/or desktops directly to their 

televisions.  

Most recently, smart watches have become a novel convenience for consumers. 

Smart watches were theorized in the 1990’s, but were widely adopted and realized 

recently. The concept of the smart watch is predicated as a component to smart phones, 

various forms of smart watches emerged around the same time. The basic notion for this 

technology is that it would be application based which means it would rely on third party 

partnerships in order to thrive. Smart watches have become exceedingly more novel since 
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the Samsung SPH-WP10 and Microsoft’s spot watch, which afforded consumers minimal 

service capabilities.  

SPECTRUM REGULATION SOLUTIONS ENSUE 

The 2004 Commercial Spectrum Enhancement Act was grounded in more 

relocation of federal government spectrum, despite multiple laws and policies striving to 

make federal and nonfederal frequency bands available for commercial utilization. 

Additionally, former President George W. Bush implemented a memorandum for 

spectrum policy and management in the 21st century. The Bush administration thought it 

imperative to determine necessary existing and legal spectrum policy frameworks to 

resolve spectrum frequency issues. This memorandum was centered on the goal to “ 

foster economic growth, promote national and homeland security, maintain global 

leadership, and satisfy other vital needs of the United States. Important infrastructures 

identified for consideration included public safety, scientific research, federal 

transportation infrastructure, and law enforcement. Additionally, then President Bush’s 

memo highlighted his dissatisfaction with the stagnated momentum of policy in regards 

to the technological advancements that were occurring. 

By 2010, a new commander in chief was in office and provided additional 

guidance regarding spectrum management and policy. President Obama’s memo 

“Unleashing the Wireless Broadband Revolution” was centered on America’s 

competitiveness within the global market. Moreover, federal government spectrum needs, 

achieving mobile wireless’s full potential, and providing cost effective connection were 

also pivotal points of President Obama’s guidance.  
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Shortly after President Obama’s memo, provisions in the 2012 Spectrum Act 

arose. This act discusses the relocation of spectrum resources to repurpose federal 

spectrum for commercial utilization.   “The Spectrum Act employs three key policy tools 

for increasing the availability of radio frequency spectrum for wireless broadband: 

allocating additional spectrum; reassigning spectrum to new users; and opening up 

spectrum for unlicensed use ” (Moore 2014). 

In 2013, President Obama released another memo entitled “Expanding America’s 

Leadership in Wireless Innovation”. The guidance provided was essentially the same 

directive provided in his prior memo, however, this memo also revoked former President 

Bush’s memo regarding spectrum management for the 21st century.  

 Another POTUS memo would be released in 2015, this memo focusing on 

Expanding Broadband Deployment and Adoption by Addressing Regulatory Barriers and 

“Encouraging Investment and training”. This memo outlined that “more than 50 million 

Americans cannot purchase wired broadband connection”. This was considered along the 

parameters of the FCC’s guidelines for minimum adequate broadband connection.  Yet, 

in 2015, how is this possible after years of implementing policies and memoranda? Does 

the blame become enforcement, the policies, or a better framework for spectrum 

management - as most of the policies have been built on previously established 

telecommunications law, without the possibility of examining wireless broadband 

services as a separate entity/ utility. 

Fueled by the recent adaptation of a variety of enabling device technologies such 

as RFID tags and readers, near field communication (NFC) devices and embedded sensor 

and actuator nodes, the IoT has stepped out of its infancy and is the next revolutionary 
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technology in transforming the Internet into a fully integrated Future Internet (Gubbi et al 

2013). The problem with cyclical solutions is that they never seem to break the cycle and 

render a true resolution. Over the many years of spectrum regulation, America has been 

confident that imposing the same tactics that didn't work a decade or score ago must be 

the solution to today’s spectrum problem. 

Innovative approaches such as the Broadband Incentive Auction provide methods 

that have been implemented to certain frequencies of spectrum, allowing relocation of 

services to different bands of frequency enabling new technologies to receive space for 

their products and services. 

Throughout the history of spectrum management and policy, various recourses 

occurred on how to deal with spectrum allocation; however, by the 1990’s the general 

conception was that the FCC’s command and control licensing approach was inefficient 

(Nuechterlein & Weiser 2013). Although the FCC spectrum auctions are being thought of 

as innovative, the FCC has had the authority to provide and has carried out license 

auctions before. The previously accomplished spectrum auctions did not occur in all 

frequency bands, yet in the FCC’s 1997 report to congress, the general sentiment was that 

the affordances of holding an auction were greater than allocation methods previously 

imposed. From 1993-1997 alone, the FCC granted 4,300 licenses via auction 

(Nuechterlein & Weiser 2013). The difference with today’s iteration of the spectrum 

auction when compared to those completed in the 1990’s, is that auctions today allow 

broadcasters to relinquish spectrum usage rights through a reverse auction and allows 

mobile broadband providers to forward auction offered under the Broadcast Incentive 

Auction which a new approach to previously accomplished recourses (FCC.gov 2016). 
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When the FCC began their auctions for spectrum licenses, there was a period of 

trial and error where the commission needed to establish the best business practices for 

auction proceedings. In the FCC’s 1997 Report to Congress, they outline these negative 

externalities; however, remain optimistic that the auction method would be beneficial for 

future allocations of licenses. The current incentive auctions are to provide broadcasters 

with more initiatives to make spectrum available for wireless broadband use. How this is 

accomplished, are broadcasters relinquishing their spectrum licenses through the reverse 

auction and new licensees are able to purchase the newly available spectrum through the 

forward auction. 

In today's society, it will be more necessary than ever to define system 

optimization considerations and design goals for future wireless systems more clearly 

than has been done to date (de Vries et al 2012). Additional manufactured hardware for 

these devices will need to be innovated to optimize usage of the bands currently allocated 

for wireless broadband usage. Although the spectrum auction may work as a method to 

repurpose broadcasting frequency bands, the question becomes whether this solution 

would be applicable to other types of frequency (e.g. amateur radio, maritime, etc.). 

These services are less likely to be bought off through relinquishing their spectrum for 

money. What incentive can the FCC (or NTIA if this method were to be adopted for 

military use), provide to services whose operation and infrastructure would be too costly 

to move. 
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CHAPTER VII 
CONCLUSION 

 
If we were to think of spectrum frequency allocation as the superhighway of 

connectivity based on traditional roadwork paradigms, we would realize that spectrum 

congestion and offline vehicular congestion are very similar in nature. The Boris-Kerner 

three-phase traffic theory states that shorter distances become congested because they are 

well--shorter distances; drivers are more apt to take them to get to their destination faster. 

However, expedient routes that become popularized with drivers can also become the 

most burdensome and time consuming no longer rendering them as a time saving 

alternative. The same can be determined about spectrum management allocation, policy, 

and law in the United States. The policies that we are implementing are based on what 

can be accomplished in the most expedient manner in order to accommodate the 

insatiable needs of commercial spectrum for wireless services, instead of implementing 

policies that may take longer to conceptualize which may also yield more long-term 

solutions for spectrum management and policies.  

Because of America’s inability to set forth a streamlined framework for spectrum 

management, policy, and law piecemeal solutions are implemented as an after-the-fact 

response when a spectrum allocation issue emerges, ensuring that spectrum regulation 

will continue to be an after action to innovations in wireless technologies and 

services.  Although 500 MHz will more than likely be repurposed in hopes of boosting 

our economy, the demand for electromagnetic spectrum is very high, while the supply of 

this resource is exhaustible. Moreover, the costs to end users is a hefty price tag for 

wireless broadband services, especially if we categorize this resource as a commons, we 
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don’t make people pay to go to their local park, but they pay their service providers for 

use of spectrum that has been earmarked for public interest.  

With the job market decline, an unstable economy, and the US currency 

decreasing in value, the regulators cannot expect to see huge economic growth based 

solely on electromagnetic spectrum being repurposed. Through the research conducted, it 

has become more prevalent that “new technologies and their controversies recapitulate 

past technologies and their controversies” (Wolf 2015).  

From the technological perspective, as a new technology erupts within the 

commercial environment it “disrupts” the societal norm of how things are accomplished, 

this has been an exceptionally dominant motif within spectrum management, policy, and 

law within the United States. The societal tradeoff becomes compromising the natural 

progression of technologic innovation in order to have policies and guidelines available 

to regulate how the wireless technology should be accessing spectrum and the 

reinforcements of regulations, in addition to the repercussions for infractions. However, 

there is a domino effect waiting to occur, even with the best possible outcome, negative 

externalities could arise, however, in the best case scenario, all of the pieces will fall into 

place and provide new wireless products and services additional spectrum availability in 

conjunction with ready made policies that can be altered based on circumstance and/or 

service usage. 

  Aside from the FCC and NTIA’s efforts for making more spectrum available to 

sustain the increasing demand for spectrum (for the time being), one cannot be too 

optimistic that this decision will promote investment, economic growth, and jobs when 

providers and manufacturers are ready to hold a “wireless civil war” for the 700 MHz 
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band (or whichever frequency becomes the beachfront property of spectrum for wireless 

innovations).  Wireless broadband service providers have been prematurely engineering 

their products to fit the needs of that band, without owning licenses to operate within the 

700 MHz frequency (as they have done in the past). By allowing wireless service 

providers to put the “cart before the horse”, regulators are setting the precedent that its 

okay for wireless service providers and manufactures to look at the spectrum policies as 

more of a general guide instead of an actual regulation or law they need to abide by. 

Without structure and reinforcement of standards, the spectrum landscape just becomes a 

digital Wild West showdown between users, devices, and services.  

If policy regarding spectrum had been as consistent and maintained similarly to 

the agreement/understanding like Moore’s Law, it is quite possible that spectrum policy 

may have been able to surpass the influx of technologies brought on by the Internet of 

Things (IoT)/ Internet of Everything (IoE) and been able to remain current with the 

technologies. Unfortunately, this is not the case and spectrum policy is staggering behind 

innovation. 

In an attempt to keep up, the FCC and NTIA are implementing policies and 

spectrum allocation methods that will aid them in making their timeline of 2020 to have 

500 MHz of spectrum available, however, at what cost? If the resolutions to repurposing 

broadcast frequency bands are not a method that may be utilized to relocate services 

utilizing other frequency bands, then what future policy could be implemented in the 

future to persuade licensees in the future to relinquish their licensees in order to 

accommodate newer technologies? 
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ADDITIONAL SPECTRUM SOLUTIONS 

Through the research I conducted, I have identified a void in spectrum policy that 

would be relevant for further spectrum policy research, there appears to be 

inconsistencies in spectrum policy and management, which in turn may create a stagnant 

economic growth and thwart technologic innovation. Regulations and policy 

implemented have be done so to fit the needs of the America's society within a given time 

period and must be as emergent as the technology itself in order to remain relevant and 

avoid becoming obsolete.  

When reflecting on the fundamentals that govern the American society such as, 

our Constitution or even one of the main initiatives that govern technology development 

such as Moore’s Law, these “rules” do not work simply because they are written 

documents. They work because they are the consistent basis for everything else 

developed later on. Spectrum policy and management need a foundation similar to these 

foundational frameworks. Although amendments and changes may occur, the underlying 

fundamentals need to be established and maintained in order to foster long-term policy 

and management. 

Additional concepts that derived from this research that could benefit from 

additional analysis in the future, included the conjecture that telecommunications, like 

other utilities are a natural monopoly, just as other utility management has survived the 

pitfalls of trial and error management, so do the technology and services surrounding 

telecommunications and by extension, spectrum policy. 

If policymakers were to take a more offensive strategy, there would already be 

tentative courses of action in place by the time new technology is developed. This would 
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provide foresight to possible long-term solutions, negative externalities, etc. which would 

allow America to remain at the forefront of the technological innovation race. The 

Broadband Incentive Auction may lead to additional solutions that would put the United 

States on a path for more consistent policy that can adapt as quickly as the technology 

itself. 

More wireless broadband service providers and consumers are interested in using 

higher frequencies to communicate and connect faster with less interference. However, 

problems begin to persist because new technology was not created to operate within the 

same frequencies with older technologies; therefore they are not able to optimally inhabit 

the same frequency bands without some sort of interference. 

Media was limited up until the early 1980’s and we are now in the age of mass 

media. We can also apply this to the diffusion of telecommunication services, very few 

service lines have now turned into millions of independent (no party lines) service 

connections and needs which have allowed users to pick a service provider such as 

Verizon, AT&T, Sprint, or T-Mobile, based on their preferences and specific needs 

creating, competition between the major conglomerates. Although there are populations 

and countries that are underrepresented and not connected online through mobile means, 

there are still competitive and noncompetitive atmospheres that exist as they can be 

considered “new frontiers” that can be expanded upon. With the entire world being 

transposed into Boolean logic, information was transformed into digits and the “world” 

(those who are privileged enough to be connected to one another), is allowed endless 

access and connectivity as long as they promptly pay their service providers bill. Drones 
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and other innovations are shaking the foundations of spectrum allocation. What is free, 

what is licensed, and how will we carve future allocations for IoE? 

In some of the older decades, spectrum policy was implemented by Congress, this 

shift for overarching power shifted towards executive branch decisions, however, the 

memorandums enacted by Presidents Bush and Obama are subject to existing laws and 

policies on the subject matter. Additionally, the proposed spectrum policies are still 

awaiting a vote from the House, Senate, and presidential concurrence. 

Although there is no perfect technology as innovative technology emerges in 

order to fulfill a void of previous technological experiences, by extension there will be no 

perfect spectrum policy and/or management. Future initiatives regarding spectrum 

management and policy can be adapted based on prior missteps achieved throughout 

spectrum policy history, however, the onus is then charged to the policymakers and 

regulatory authorities to ensure that the guidance established is as adaptable as the 

technology and services they have oversight. 
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