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In a February 2010 speech previewing the Federal Communications Commission (FCC) 
spectrum plans for the National Broadband Plan, Chairman Genachowski described spectrum as 
“the oxygen of mobile broadband.”1  During the speech the Chairman introduced a key goal of 
FCC’s National Broadband Plan “freeing up to 500 Megahertz of spectrum over the next 
decade.”2  The Plan focuses extensively on the issue of spectrum for increasing broadband 
access. It is seen not only as key to promoting continued innovation in mobile broadband, but 
also underpins the FCC’s strategy for increasing competition in the broader market for 
broadband access – where it expects mobile broadband to serve as a close competitor to lower 
speed fixed broadband services.3    
 
Much of the discussion in the press and at the FCC thus far regarding spectrum and the National 
Broadband Plan has centered on the goal of re-claiming 120 MHz of the frequency band 
currently utilized by over-the-air broadcasters. In exchange for a percentage of auction proceeds, 
broadcasters could voluntarily agree to go off the air or agree to share a channel with another 
broadcaster.4  Proposals to also free up underutilized spectrum currently assigned to federal 
government users for auction are also at the top of the FCC’s agenda for implementing the Plan.5  
In both of these contexts, the overriding policy focus is on clearing incumbent and often 
inefficient users of spectrum for the purpose of auctioning to the highest bidder.   

 
Over the past two decades, the reliance on spectrum auctions to allocate spectrum has grown 
substantially.6   Auctions have been theorized to be a fairer, more efficient and more transparent 
method for assigning frequencies among contending parties and interests. They also have been 
favored for their ability to generate substantial short-term revenues for the U.S. treasury.7  
However, recent spectrum auctions have also demonstrated severe limitations in terms of 
promoting competition and ensuring access to valuable frequencies for smaller firms, local 
communities, non-profit organizations, public interest groups, and civil society NGOs. Even with 
flexible-use licenses, auctions are inherently biased towards specific spectrum uses and users.  
Moreover, the value of spectrum sold to the highest bidder reflects the highest economic value at 
the time of the auction, while failing to account for the future, and often much higher value of the 
resource.  
 
As the FCC looks to meet the concomitant goals of allocating 300 MHz of newly available 
spectrum for “mobile flexible use” by 2015, 500 MHz by 2020, as well as address the nation’s 
long term spectrum needs, the FCC will find it extremely difficult to achieve those goals only 
through a ‘clear and auction’ strategy.8   The spectrum allocation process does not exist in a 
vacuum and “today’s spectrum incumbents—including broadcasters and the government itself—
use their political clout to stifle competition by keeping a firm chokehold on large swaths of 
spectrum that could be put to more efficient uses.”9  As is often the case, technology has 
outpaced regulation and new thinking is needed to take advantage of innovations that will reduce 
scarcity and dramatically increase spectrum access and efficient use.10  This impending paradigm 
shift in spectrum use will require policymakers to utilize a broad set of spectrum allocation 
options to both meet increasing demand for spectrum access and promote continued innovation.   
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The Rise of the Spectrum Auction  

 
The 1927 Radio Act allowed for “the use of such [radio] channels, but not the ownership there 
of.”11 This “nonownership” clause was seamlessly transferred into the 1934 Communications 
Act.12 These acts clearly established the foundation for licensure rather than exclusive private 
ownership of the airwaves. Ronald Coase, in his seminal 1959 article, “The Federal 
Communications Commission,”13 characterized the precursor 1927 Radio Act as a missed 
opportunity for asserting a property rights regime of spectrum management in which market 
operations would dictate allocations.14 The article, which helped launch an intellectual movement 
in support of spectrum privatization, lamented the fact that these early laws codified the public 
interest doctrine and established the spectrum as public property, albeit under federal oversight 
and management.   
 
According to the “Coase Theorem,” spectrum policy based on public interest grounds was 
fundamentally flawed and a private property regime would allow the free market to allocate 
resources to their most efficient use—assuming that transaction costs are kept low. Coase argues, 
“since it is generally agreed that the use of private property and the pricing system is in the 
public interest in other fields, why should it not also be in broadcasting?”15 Coase’s market-based 
approach was later adapted to fit a licensure model, falling short of treating spectrum as private 
property and instead replacing the comparative hearings model with allocating spectrum to the 
highest bidder via auctions—a practice that became increasingly standard in the 1990s under the 
Clinton administration. Other market-oriented reforms dictated that personal communication 
services and secondary markets were operated in ways that treated spectrum as a private good. 
The past few years have witnessed a renewed call for further privatization of spectrum.16  
 
The private property approach to spectrum management generally views the market as a neutral 
if not benevolent arbiter. However, policymakers often ignore the approach’s inherent biases 
towards the monetization of “public interests” and externalization of benefits that cannot be 
commoditized. Critics see this approach as disproportionately benefiting powerful economic 
interests and privileging profit-making uses, especially given the prohibitive upfront costs for 
purchasing exclusive rights to spectrum. In light of this bias, policy historians David Moss and 
Michel Fein provide a critique of Coase’s assumption arguing that the driving concern behind the 
1927 Radio Act was primarily technical and economic.17 Moss and Fein demonstrate that 
officials were less concerned about devising an economically efficient means of allocating scarce 
spectrum and more concerned with preventing monopoly markets and the concentration of 
political power. The decision by U.S. regulators to license radio and television stations on a local 
basis, rather than regionally or nationally like other nations, further underscores the desire to 
limit monopolies as well as to encourage local use of the public airwaves.  By privileging 
democratic principles over economic concerns, a number of government officials involved in 
these policy debates aimed to create a diversity of voices on the airwaves and maximize social 
welfare. Nevertheless, such normative concerns have been largely stripped from the property 
rights model of spectrum management. 
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Broadening Our Spectrum Thinking  

 

A singular focus on one-off auctions does not fully take into account the trade-off between 
maximizing short-term revenues and addressing other policy goals such a promoting 
competition, addressing the digital divide, and encouraging new, innovative uses and 
technologies.  Since pioneering the use of spectrum auctions as the dominant paradigm for 
frequency assignment, the U.S. has seen diversity and competition suffer greatly, with the levels 
of independent carriers and minority and women-owned spectrum licenses plummeting and 
spectrum consolidation increasing.18 The high price of spectrum at auction only furthers the 
incentive for commercial users of spectrum to prioritize higher revenue customers and delay 
coverage to less densely populated areas.19  Moreover, given an auction's reliance upon monetary 
bidding as a sole determinant for awarding spectrum licenses, even a model auction may fail to 
maximize the social and economic benefits derived from spectrum access to all possible users, 
especially given the difficulty of estimating potential consumer and societal benefits from new 
business models and technologies that are being developed.20   
 
The point of the above critique is not to dismiss auctions as a viable or appropriate allocation 
mechanism, but to suggest that spectrum allocation decisions should act in concert with public 
policy goals; allowing regulators to explore and utilize a broad range of solutions to meet those 
goals. To ensure that spectrum allocation decisions and assignments as a whole are fair and 
maximize the public benefit, it is critically important to look beyond auctions as a sole solution. 
Telecommunications regulators and policymakers have a responsibility as stewards of the public 
airwaves to examine both efficient and equitable outcomes in an effort to maximize social 
welfare and ensure that all sectors within a democratic society have access.     
 
In this paper we propose and examine seven key options for spectrum allocation that the FCC 
should consider:  
 

1. Traditional auctions: one-time payments from the highest bidder for the exclusive use of 
a particular frequency. 

2. Annual and revenue-sharing fees: recurring (e.g., yearly) payments for the exclusive use 
of specific frequencies. 

3. Micropayments and real-time auctions: “pay-for-play” for the use of specific frequencies 
at a specific time. 

4. Lite licensing: requirement to license a transmitter, but providing no primary or exclusive 
use of a frequency. 

5. Primary and secondary shared use: allow high power and low power uses to co-exist on 
the same frequencies. 

6. Unlicensed: opening a specific frequency to all devices that meet a specific set of 
technical specifications and requiring no licensing of these transmitters. 

7. Opportunistic (re)use: Allowing devices to opportunistically identify unused frequencies 
and transmit on those frequencies.  

 
This paper explores each of these options and provides: criteria for ensuring fairness and 
transparency; strengths and weaknesses for each option; the key opportunities for spectrum usage 
that each approach facilitates; and, real-word exemplars from around the globe. The additional 
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options to traditional auctions take advantage of technological innovations over the past several 
decades, facilitating lower barriers to entry for new providers and end users, encouraging greater 
innovation and potentially increasing revenues for the public treasury. Different spectrum 
assignment options will prove optimal depending upon the unique characteristics and desired 
uses for various spectrum bands; however, all are needed to maximize both the public and 
economic benefit from spectrum resources. 
 

Seven Key Options for Spectrum Allocation and Assignment  
 
1. Traditional auctions: one-time fees from the highest bidder for the exclusive use of a 

particular band.21 
 
Auctions have been theorized to an efficient mechanism for allocating spectrum.  But often 
auctions are driven by the goal of revenue maximization, even though such a focus often results 
in poor communications policy.22  As Peter Cramton contends the “goal for the government 
should be efficiency, not revenue maximization.” The latter is likely to encourage the creation of 
monopolies “which would create the highest profits before spectrum fees, and therefore would 
sustain the largest fees.” 23  In the long-run facilitating competition will “lead to greater 
innovation and better and cheaper services and will likely generate greater government 
revenues.” 24  
 
Policymakers should recognize that new entrants face two substantial hurdles; the fixed cost of 
building a network and the vested interest incumbent providers have in preventing the entry of 
new players.25

 As a consequence, auctions must be designed to factor in policy goals such as 
facilitating competition or increasing access in un-served or underserved areas. Designs should 
reflect the market realities and allow for conditions that will move toward policy goals – even if 
they do not maximize short-term revenues.  The statute providing authority for the FCC to 
organize spectrum auction, does not specify the extent to which auction revenues should direct 
federal spectrum policy, only instructing the FCC to “pursue the public interest” and forbidding 
them from “merely equating the public interest with auction revenue.”26     
 
The FCC has placed conditions and limitations on its past auctions to facilitate competition. It 
successfully utilized spectrum caps in the 1994 PCS auction.27 In the auction of the 700 MHz C 
block the winning bidder was subject to open device requirements – although it is unclear the 
extent to which the FCC will enforce those requirements.28  Other past efforts to utilize set-
asides, bidding credits, and installment payments to increase the number of new entrants have 
also yielded mixed results.29  Even so, given the increasing dominance of a small number of 
firms in recent auctions, the FCC must continue to look for means to facilitate competition and 
entry within the auction model. 30  It should continue to refine and learn from other successful 
efforts around the world such a Canada’s use of set-asides in its 2008 AWS auction31 or the UK 
government’s inclusion of roaming mandates on incumbents as a condition of winning a license 
in its 3G auction. 32  
 
Ensuring Fairness and Transparency  

Spectrum auction must be fair and transparent. The preconditions to an auction (e.g., eligibility 
criteria, timelines for getting ready for an auction), the auction process itself, and follow-ups to 
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the auction (e.g., implementation of public interest obligations, deployment/build-out schedules, 
vacancy of bands auctioned) should be held to the highest standards.33  However, the challenge 
of creating fair and transparent auctions must be acknowledged.  As former FCC Chief 
Economist, Simon Wilkie noted, “spectrum allocation does not happen in a vacuum.  Various 
incumbent players in the sector... have strong incentives to influence this process to their 
benefit.”34 This is particularly true for the regulatory process to determine the auction design and 
rules; which can be prone to the very same rent-seeking behavior that auctions were intended to 
combat.35     
 
Strengths  

1. Provides an “objective” method for assigning spectrum frequencies.  
2. With proper safeguards, creates a transparent process for determining spectrum allocation 

and/or assignment.  
3. Allows for the build-out of large (regional, national, and international) networks and 

facilitates the creation of new markets and consumer services.  
 

Weaknesses  

1. Limits competition, local access and marginalizes constituencies who lack the necessary 
capital reserves to purchase spectrum rights.   

2. Allows for “spectrum warehousing” and “spectrum flipping.”36 
3. Measures the exchange value of spectrum but ignores social and economic benefits that 

are not commodified by the license bidder nor the value of the resource to consumers.37 
    

Optimal Spectrum Uses  

1. Cellular telephone networks.  
2. Broadcast services.  
3. Allocating scarce spectrum assets within a short amount of time among multiple 

competitors.   
 

Real-World Exemplars 

1. Most cellular telephone networks.  
2. Satellite-based services.  
3. Advanced Wireless Services (AWS), LTE, and 4G.  

 

2. Annual and revenue-sharing fees: recurring (e.g., yearly) payments for the exclusive use 

of specific frequencies.  
 
Rather than potential licensee bidding in terms of a one-time payment, they can bid in terms of 
an annual fee to lease the spectrum. Although auctions may offer a higher, immediate influx of 
revenues in return for an exclusive license, annual spectrum fees can provide the opportunity for 
perpetual income for the government. They also can encourage more entry by reducing the 
capital needed initially to acquire a license.38  More importantly, they create an opportunity cost 
for the licensee to assist in aligning incentives away from spectrum warehousing or 
underutilization, to more efficient utilization of spectrum and secondary market transactions.39 
There is currently almost no option for systematically re-purposing underutilized spectrum. Once 
a license is granted, it is extremely difficult for the government to reallocate that band, even if it 
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is underutilized or not used at all.  Although, a licensee may choose to ignore less profitable rural 
areas, an efficient spectrum fees could induce the licensee to lease spectrum firms willing to 
serve those areas, rather than leave the spectrum idle.40  Properly designed spectrum fees could 
also accelerate the build-out of services, while providing firms the flexibility to make appropriate 
business decisions.41   
 
A variation on the annual spectrum fee is revenue sharing.  In 1999, India moved from an 
allocation approach that required an upfront payment for the spectrum and a fixed annual fee to a 
fee structure where the licensee makes a one-time payment as license price and then pays a 
percentage of their revenue as the annual fee. The former appeared to lead to a low-service 
rollout as result of high annual fees, prompting the government to change its policy. 42  Under the 
new framework, licensees would bid on the entry fee and pay a license fee as percentage of 
revenue to the Indian government.43 An analysis by Karan, Saurabh, Kaur, Satyarth, and Chintan 
investigated India’s decision to utilize the revenue sharing model concluded that “fixed license 
fees [were] in no way superior to a revenue based license fee.” 44 Moreover revenue sharing 
appeared to have “some impact on easing the entry barriers and stimulating competition.”45 
 
The revenue sharing model does include some additional risks when compared to auctions. 
Revenue sharing allows the general public to share in the proceeds that license holders generate 
from the use of the public airwaves; but also places the government with the potential risk of not 
receiving any funding if a license holder fails to prosper. This risk can be alleviated somewhat 
through the use of minimum yearly license fees. Moreover, revenue sharing requires a robust 
enforcement mechanism to ensure licensees are not underreporting revenues.46  Several 
economists have argued that yearly fees would induce corporations to provide services in fewer 
areas and/or to maximize users on existing licenses (i.e., boosting congestion on wireless 
networks).  Since identical market forces exist with auctioned licenses, similar solutions can be 
implemented including mandated build-out, limitations on contention ratios, and specific 
coverage requirements.   
 
Ensuring Fairness and Transparency  

Ensuring fairness for spectrum fee and revenue-sharing can be relatively straight-forward. For 
example, if competition for licenses within a certain class or allocation is minimal, then fee 
amounts should be similar. Where adequate competition exists, revenue-sharing auctions can be 
undertaken to decide who will receive an allocation.  If regulators decide that they wish to raise 
revenue-sharing fees, this should be done at a predetermined time and within preset guidelines in 
order to minimize potential disruptions to existing business models. Likewise, all licenses within 
a certain class of services (e.g., wireless telephone, broadband) should face similar timelines and 
guidelines (as mediated by auction-based arrangements). 
 
Strengths 

1. Allows organizations to compete for frequency assignments that do not have substantial 
capital reserves to pay upfront for spectrum rights. 

2. Facilitates the re-purposing of underutilized or unused spectrum.  
3. Provides an ongoing income source to a federal treasury that will often provide 

substantially more income over time than the one-time revenue from traditional auctions.  
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Weaknesses 

1. Shared risk (i.e., if the company fails to generate revenue, payments to the government 
may be minimal or non-existent if minimum payment amounts are not set).  

2. Some economists state that introducing yearly revenue-based fees would lead 
corporations to provide fewer or more limited services.  

3. May encourage non-interoperable networks and technologies. 
 

Optimal Spectrum Uses 

1. Licensed uses requiring continued public support to maximize their utility to the general 
populace (e.g., BBC in the UK).47 

2. Services where regulators desire to mandate universal service requirements (e.g., 
telephone, broadband). 

3. Allocations where long-term revenue-sharing generates more income than would be 
expected from one-time sales (e.g., technologies that are expected to have a high growth 
and uptake rate).  

 
Real-World Exemplars  

1. This is a de-facto reality in the U.K. where television users pay a yearly fee to the 
government and this funding is used to support programs like the BBC.  

2. M2Z networks, proposed a revenue-sharing model in return for its exclusive use of the 
2155-2175 MHz spectrum in the U.S.  

3. Today, multiple countries around the globe utilize some form of revenue-sharing model.   
 
Country Annual non Spectrum Related Fees  Fee Type  License Types  
Austria  0.1 – 0.2 % of gross turnover  Revenue sharing  All licenses  

Chile  Variable fixed fees  Annual licensing fee  All licenses  

Croatia  USD 6.6M  Annual licensing fee  3G Mobile*  

France  1% of 3G revenues  Revenue sharing  3G Mobile  

Greece  .025 – 0.5% of gross turnover  Revenue sharing  All licenses  

India  6% - 10% of gross revenues  Revenue sharing  Fixed and mobile  

Ireland  0.2% of gross turnover  Revenue sharing  Fixed and Mobile  

Italy  EUR 38 million  Annual licensing fee  3G Mobile  

Jordan  10% of gross revenues  Revenue sharing  Mobile  

Kenya  0.5% of gross turnover  Revenue sharing  All licenses 
except paging  

Luxembourg  0.2% of gross turnover  Revenue sharing  Mobile  

Korea (Rep.)  Approximately 1- 3.0% of gross revenues 
(annual adj.)  

Revenue sharing  All licensed 
operators  

Spain  0.2% of gross turnover  Revenue sharing  Fixed Mobile 

Venezuela  5.3% of gross revenues  Revenue sharing  Mobile 

(Source: Dave Karan, Kumar Saurabh, Sarbjeet Kaur, Shubham Satyarth, and Valia Chintan. “Analyzing Revenue 
Sharing Model  [sic] And Developing an Efficient Auction Framework.” (IPR, 2008). 

 

3. Micropayments and real-time auctions: “pay-for-play” for the use of specific bands at a 

specific time. 

 
Micropayments allow devices to utilize spectrum in return for small payments in real time or 
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create a ‘spot’ market for spectrum access.  Micropayments for spectrum access could help to 
facilitate an end-to-end network (i.e., one where the “intelligence” is at the edges of the 
network), but need both smart devices at the edges of the network as well open lines of 
communication and information to allow for device to quickly make decisions as to what 
frequencies are available and for how long.  Micropayments could allow for the development of 
a system of open access similar to unlicensed spectrum within a licensed spectrum framework. 
For example a licensee could allow any number of devices to utilize its spectrum in real-time.48    
 
Although, micropayments offer a promising model to increase secondary markets for spectrum 
use, there are a number of considerable challenges to overcome including the development of an 
infrastructure that would allow mobile devices to communicate with a licensee or regulator, 
request the right to use the spectrum, and agree on a real-time price, including mechanisms for 
authentication, transferring payments and monitoring usage.49 Transaction costs remain 
considerable obstacle for the implementation of the model and must be less than the value of the 
spectrum to lessors.50   As important, transactions need to be completed in a manner of 
milliseconds to limit latency on a network.  A number of solutions have been proposed to 
increase the viability of micropayment and real-time auctions.51  For example, Google as offered 
that web-based technologies could support a real-time auction at a fairly low-cost basis, just as it 
conducts real-time auction matching advertisers to search terms.52  

 
Ensuring Fairness and Transparency  

There are three key elements for ensuring fairness for micropayment regimes. First, pricing data 
must be made available in a transparent and accessible manner. However, when information is 
not made transparent, transaction costs rise and the model become far less viable.  Second, the 
standards for smart devices must be technologically neutral and unencumbered by patents and 
other proprietary entanglements to encourage interoperability and economies of scale. Third, 
transaction costs must be kept to a minimum (and as close to zero as is possible) to ensure that 
seamless mobility across multiple networks is maintained.  
 

 

Strengths  

1. Potentially ties spectrum use more directly to demand.  
2. Facilitates the re-purposing of underutilized or unused spectrum and secondary markets.   
3. Lowers barriers to entry for new service providers.  
 

Weaknesses  

1. Without transparent pricing information and low transaction costs, the model will not 
function efficiently.   

2. Works best when several networks or competitors are vying for customers.  
3. Still requires additional research and development before capable of widespread 

deployment.  
 

Optimal Spectrum Uses  

1. Next generation cellular telephone and PDA networking (as indicated by Google's recent 
patent to create cellphones that could swap network providers based on 
“microauctions”53).  
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2. Emergency response and other situations where on-demand, supplemental capacity may 
be needed for existing telecommunications networks.  

3. Wireless broadband networking.  
 
Real-World Exemplars  

1. Google patent on telephone system microauctions.  
2. Several test-bed and simulated environments in laboratories around the globe.  
 

4. Lite licensing: requirement to license a transmitter, but providing no primary or 

exclusive use of the frequency.  
 
 
In 2005, the Federal Communications Commission opened up underutilized spectrum in the 
3650 – 3700 MHz band to non-exclusive licensed use for fixed wireless broadband.54  The rules 
created a streamlined license process to encourage multiple entrants and stimulate rapid 
utilization of spectrum by small Wireless Internet Service Providers (WISPs), especially in rural 
areas, while also protecting incumbent satellite and radiolocation users.  This non-exclusive 
licensing scheme or “lite licensing” requires operators to register fixed and base stations at 
specific locations and to list their technical parameters in a common database. This database is 
then used by WISPs to coordinate their operations and minimize the potential for harmful 
interference with one another.  
 
The approach has been extremely successful.  Within the first year after the final FCC order in 
2007, WISPs and other providers began deploying services in this spectrum band.  Its use 
continues to increase, with an increasing number equipment manufacturers developing WiMAX 
equipment for this band.  Contrast this with the spectrum auctioned AWS-1 band, which did not 
see any significant deployment even 18 months after the auction was completed and today, over 
two years later, remains substantially underutilized.55     
 
Ensuring Fairness and Transparency  

Licensing or registration process should be streamlined to limit the regulatory burden and costs 
for small operators.  The common registration database should be easily accessible, with 
adequate information to limit the potential for interference.  In addition, power limits and other 
mechanisms such as transmit power control56

 should be required to allow for a large number of 
concurrent users and to promote efficient use of the spectrum.     
  
Strengths  

1. Encourages rapid and intensive use of spectrum by limiting barriers to spectrum access.  
2. Provides incumbent and/or grandfathered users with a high-level of interference 

protection from new spectrum users.  
3. Facilitates cooperation among operators to coordinate spectrum usage to avoid harmful 

interference with one another.     
 

Weaknesses  

1. Tends to favor high-powered fixed point-to-point wireless services over low-powered 
services such as mesh networks.   
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2. Although non-exclusive, the approach can favor the first operator to register its services 
in a local area.57  

3. Relies on mutual cooperation of operators to coordinate spectrum use.  If spectrum 
becomes scarce in a particular area, voluntary cooperation may be inadequate and require 
the oversight agency to intervene to resolve spectrum use disputes.    

 
Optimal Spectrum Uses  

1. Fixed wireless broadband in rural areas where large blocks of open spectrum are 
available.  

2. Fixed point-point wireless services such as those providing wireless backhaul for 
broadband networks.  

 
Real-World Exemplars  

1. The non-exclusive licensing or “lite licensing” approach is being utilized by the FCC in 
the 3650 – 3700 MHz band in the U.S.  

2. Part 74 wireless devices (e.g., wireless microphones) use a similar technique whereby all 
eligible organizations may register a microphone, but none receive exclusive rights to the 
band. 

3. The FCC’s part 90 rules for private land mobile users in several bands employ a similar 
approach.58 

 

5. Primary and secondary shared use: allow high power and low power uses to co-exist on 

the same frequencies.   
 
The propagation characteristics of radio signals allows for the potential of very low-power 
unlicensed devices to operate on the same frequencies as high-power licensed devices through a 
concept called "interference temperature."  As a wireless signal travels greater distances, the 
strength of the signal degrades. Depending upon the power level of a wireless transmitter, the 
signal will eventually become so faint that it will drop below what is known as the noise floor, 
where a receiver is unable to distinguish between the signal and background noise. As a 
consequence, to ensure a transmission reaches a receiver, the signal strength must always be 
greater than the noise floor.59   
 
The noise floor consists of intentional or unintentional radiators and varies over time, location, 
and physical geography.  In 2002, the FCC’s Spectrum Policy Task Force (SPTF) proposed 
quantifying the noise floor levels on a band-by-band basis and permit unlicensed low-power 
wireless devices to operate below this level.  SPTF recommended placing an interference 
temperature cap over the service area of a licensee that would offer licensed spectrum users 
“certainty with regard to the maximum permissible level of aggregated noise, or interference, in 
their band,” and “to the extent that the interference temperature in a particular band is not 
reached, other users (e.g., unlicensed devices) could operate in the same band – with the 
interference temperature serving as the maximum cap on the potential RF energy they could 
introduce in the band.”60   
 

In 2007, the FCC decided to terminate its inquiry into interference temperature, but did not 
completely abandon the concept.  The FCC approved the use of a very low-power service known 
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as Ultra-wideband (UWB) in the range from 3.1 GHz up to 10.6 GHz.61   UWB devices operate 
under the same premise as the concept of “interference temperature,” at power levels low enough 
not to interfere with existing users in the band.  UWB is a wireless technology that allows 
tremendous throughput at close distances (e.g., 480 MB/sec over a 10-foot range or 120 MB/sec 
over a 100-foot range depending upon the standard) and is designed to replace wires such as 
USB, audio, and video cables.  Through UWB, a digital camcorder could play a just-recorded 
video on an HDTV without wires, or a portable MP3 player could stream audio to high-quality 
surround-sound speakers anywhere in the room.62 Although extensive research and development 
has occurred on bringing UWB devices to market, disagreements regarding industry standards 
have thus far limited consumer-ready devices. 
      

Ensuring Fairness and Transparency  

Given the opposition of the proposal to licensed users, any decision or inquiry would need to be 
as open and transparent as possible.  Testing and analysis to determine interference temperature 
caps would need to open to public and allow for extensive public comment in order to set 
appropriate standards for low-power unlicensed devices operating on the same frequency as 
licensed user.  
 

Strengths  

1. Opens up considerable amounts of spectrum for unlicensed use.  
2. Allows low-power unlicensed devices to scale-up in terms of throughput (speed) and 

capacity.  
3. Permits more efficient use of spectrum through shared bands.   
 

Weaknesses  

1. Given the necessary power limits, devices would only be able communicate over very 
short distances.  

2. Disagreements over industry standards may arise among competing technological 
organizations if interoperability is not mandated.  

3. The proposal is controversial among most licensees and would require substantial 
regulatory overhaul. 

 
Optimal Spectrum Uses  

1. Devices designed to move data over very short distances.   
2. Co-channel use is also best accomplished when very high-powered transmissions 

covering large areas are partnered with exceedingly low-powered secondary users.   
 
Real-World Exemplars  

1. Ultra-wideband  
 

6. Unlicensed: opening a specific band to all devices that meet a specific set of technical 

specifications and requiring no licensing of these transmitters. 

 

Unlicensed spectrum is widely used in a number of different products, in countries around the 
globe.  For example, everything from microwave ovens to garage door openers, baby monitors to 
Wi-Fi equipped laptops all employ unlicensed spectrum.  Originally, unlicensed spectrum such as 
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the 2.4 GHz band was considered a "junk band" – with limited value and few possibilities for 
viable use.  However, as digital radio technologies developed and the importance of inter-device 
connectivity grew, unlicensed spectrum provided the essential open platform to permit 
applications that could not be anticipated.  With the advent of 802.11 standards, which first 
passed in 1997, the junk bands began to have a substantial and real social and economic value.  
As the technologies matured (in particular, with the passage of 802.11a and 802.11b in 1999 and 
802.11g in 2003), the use of Wi-Fi increased dramatically.   
 
Today, almost all new laptops are sold with Wi-Fi radios, as well as smartphones such as the 
iPhone and gPhone. Many airports, cafes, libraries and other public spaces provide wireless 
connectivity (either for free or for a fee).  Unlicensed bands have also become a critically 
important driver for new technologies and broadband connectivity -- most small, independent 
wireless Internet service providers (WISPs), who do not have access to the capital to purchase 
spectrum at auction, make widespread use of the unlicensed bands to serve suburban and rural 
communities.  In addition to WISPs, mainstream cellular providers like AT&T regularly use Wi-
Fi to augment their own mobile broadband service offerings. 
 
The benefits of unlicensed spectrum include more efficient use (i.e. more traffic can be carried) 
through spectrum sharing, reduced barriers to entry for new providers and greater 
experimentation and innovation.63 The uptake of unlicensed band use has been so great that in 
many areas, additional unlicensed spectrum is needed to further expand service offerings and 
relieve congestion.  Thus, one challenge to policy-makers is to ensure that ample unlicensed 
spectrum is made available to meet growing consumer demand.  While the number of unlicensed 
wireless devices has increased by tens of thousands of percent over the past decade, the amount 
of spectrum allocated for their use has remained static. Current trends project that the number of 
unlicensed wireless devices will continue to increase at double-digit rates. Without this 
additional space, urban centers may find that the overcrowding of unlicensed bands will reach 
unprecedented levels in the coming years, thus dramatically lowering the utility of unlicensed 
bands. 
 
The National Broadband Plan proposes the allocation of a new nationwide contiguous unlicensed 
band, although it did not specify where or how much spectrum.64  Critics of allocating more 
spectrum for unlicensed often cite its inability to generate direct government revenues for 
spectrum use or the lack of property rights associated with a commons model. The former can be 
accounted for through the use of certification or device fees that could create a perpetual revenue 
source for the use of the spectrum. To preserve the property rights frameworks, one possible 
solution would be analogous to establishing a “land trust” or “national park” for unlicensed 
spectrum. In this model, the Federal government would purchase a block of spectrum and then 
open it for unlicensed use.65  Moreover, state or local government could follow suit to establish 
their own public spaces within their more narrow geographic areas.66  
 
Ensuring Fairness and Transparency 

Ensuring fairness necessitates setting technological standards that support shared use as well as 
taking proactive steps to limit congestion in the bands.  Unlicensed frequencies create an open 
commons for spectrum use, and similar to other commons, they can be exploited by nefarious 
users (especially since unlicensed devices receive no legal protections to operate and must accept 
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whatever interference they receive).  These challenges can be addressed in part through general 
rules of spectrum etiquette and interoperability.67  For example, a device that has been 
transmitting for long periods at high power may receive de-prioritized access to the spectrum 
when contending with other devices.68  Properly designed equipment will help alleviate potential 
tragedies of the commons; however, even with the best equipment available today, given the 
limited amount of unlicensed spectrum that is made available, congestion will be largely 
inevitable.   
 
Strengths  

1. Most unlicensed equipment is substantially cheaper than licensed equipment due to the 
large economies of scale created by standardized technology.    

2. Many unlicensed technological standards have been set by the Institute of Electronics and 
Electrical Engineers (IEEE) and are royalty-free.  

3. Widespread pre-existing adoption helps ensure that a myriad of options exist for 
consumers and network implementers. 

 
Weaknesses 

1. As uptake has increased, congestion has become a growing problem in some urban areas 
as well as for WISPs operating in suburban or exurban areas.  

2. Many unlicensed bands are in frequencies with limited propagation characteristics (often 
needing line of site between receivers and transmitters). 

3. Many unlicensed technologies are now "old" -- dating back to pre-cognitive radio 
technological development. 

 
Optimal Spectrum Uses  

1. Wireless hot spots and metro-scale wireless networks.  
2. Off-the-shelf wireless devices (e.g., cordless phones, garage door openers, baby monitors, 

microwaves).  
3. High-throughput point-to-point links with line of sight between the transceivers. 

 
Real-World Exemplars 

1. Wi-Fi (2.4 GHz and 5 GHz bands) – a.k.a. 802.11a/b/g/n. 
2. 900MHz Industrial, Scientific, and Medical (ISM) Band (902-928 MHz) -- often used for 

cordless phones. 
3. 57-64GHz and 92-95 GHz -- often used for high-bandwidth point-to-point links between 

wireless towers. 
 

7. Opportunistic (re)use: Allowing devices to opportunistically identify unused frequencies 

and transmit on those bands.69 

 
The Spectrum Policy Task Force’s (SPTF) “Unlicensed Devices and Experimental Licenses 
Working Group” proposed another method of introducing innovation to exclusive-use bands by 
introducing “underlay” rights, thereby allowing unlicensed users to access the exclusive use 
bands in such a way that prevents interference with the license holder.70 Advances in smart or 
cognitive radio (CR) and software defined radio (SDR) technologies have fundamentally 
expanded options for spectrum use. Traditionally, the spectrum scarcity rationale has led to 
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difficulties in finding frequencies to support wireless broadband Internet. However, these 
technological advances have created opportunities for dynamic spectrum sharing, thus 
potentially ending the persistent problem of artificial scarcity of spectrum.71  
 
This especially holds true for use within vacant spectrum, referred to as “white spaces,” where 
cognitive radios, for example, rapidly scan and process spectrum use in real time, identify 
underutilized frequencies and can adapt to changes in this electromagnetic space.72   Thus, within 
a given band, two transceivers can send data between each other while “frequency hopping” 
among available open frequencies. By opportunistically occupying unused frequencies within 
specific bands, these devices are far more efficient than traditional “dumb” technologies, which 
often broadcast on a single frequency regardless of other users.  
 
In November 2008, the FCC opened up vacant television channels to unlicensed “white space” 
devices.73  These devices are required to employ spectrum sensing technologies (so-called, 
“smart radios”) and a geolocational database to automatically detect occupied television 
frequencies and other protected users in the band.74 These technologies allow WSDs to identify 
and utilize the unassigned frequencies between broadcast television channels and outside the 
coverage areas of licensed broadcasters for digital communications—including broadband 
networks. While civilian use of WSD technology is awaiting technical specifications from the 
FCC,75 the military has been testing similar WSD technology for years and has run numerous 
tests demonstrating its feasibility as a part of the DARPA XG project.76 
 
Beyond the TV white space, the gelocational database under development could be expanded to 
include other underutilized licensed frequencies, including federal spectrum.  Federal spectrum 
sharing through opportunistic access offers a more feasible approach to accessing valuable 
federal spectrum bands than clearing and auctioning.  Through this approach, federal spectrum 
users could maintain access to frequencies when they need them, such as in times of emergency, 
while ensuring access when the spectrum would otherwise be idle. Such sharing could be 
accomplished through an active system like the aforementioned database, or passively through 
sensing such as the 5470 – 5725 MHz band where devices must vacate frequencies if they detect 
military radar signals.77  The database also offers sufficient flexibility to possible incorporate a 
micro-payment or real-time auction mechanism to allow either the government or a current 
licensee to be compensated for offering access, although as discussed earlier issues of latency 
and transactions cost would need to be addressed.78  
 
Ensuring Fairness and Transparency  

Maintaining fair use of opportunistic spectrum access technologies requires ensuring access to 
information for all devices, the interoperability among devices (i.e., avoiding proprietary systems 
that do not cooperate with other devices), and avoiding dependencies within opportunistic access 
technologies. Opportunistic devices are also most efficacious when they can network and share 
information.  Thus, for example, several devices that cooperate to sense their local RF 
environment (and share information about other users, occupied frequencies, etc.) operate far 
more efficiently than non-interoperable technologies.  While several industry groups have 
already formed to address different elements of these technologies (e.g., the White Space 
Database Group and CogNeA Alliance), further attention will need to be paid to ensure that these 
efforts do not lead to closed standards.  Finally, since opportunistic spectrum access technologies 
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are so new, there is a danger of market capture by dominant players.  Several companies have 
already announced their intentions to create white space devices (e.g., Philips, Motorola, 
Adaptrum), and it is unclear whether these systems will be built to interoperate with one-another 
and with third party technologies.  Regulators can help lessen market uncertainties and ensure 
better outcomes by mandating interoperability and the publication and utilization of open 
standards for devices. 
 
Strengths  

1. Vastly increase the spectrum capacity available for unlicensed and dynamic use. 
2. Do not displace existing spectrum users.  
3. Can be implemented immediately with technologies available today. 
4. Encourages efficient spectrum use through permitting dynamic access of unused or 

intermittently used spectrum.  
 

Weaknesses  

1. Face substantial political resistance from current license holders due to interference 
claims and its potential to devalue existing spectrum licenses by reducing the artificial 
scarcity of spectrum access.  

2. May have trouble identifying pre-existing "dumb" transmitters (e.g., wireless 
microphones) in certain circumstances (current testing has, thus far, been inconclusive).  

3. Is a relatively new technology that is still undergoing rapid evolution; thus, early adopters 
will need to be careful to avoid path dependencies or inadvertent obsolescence.  

 
Optimal Spectrum Uses  

1. Portable/mobile broadband devices.  
2. Ad hoc networks (e.g., local networks within a house, business or emergency responders 

in remote locations) and other communications systems that may need local 
communications but not necessarily need to connect to the Internet itself.  

3. Metro-scale wireless networks, wireless Internet service providers and other uses that 
require penetration into buildings, through trees, etc. 

 
Real-World Exemplars  

1. FCC order permitting unlicensed “white space” devices to operate on unused frequencies 
in the current television bands.  

2. The DARPA-XG (Next Generation) project developed prototype dynamic spectrum 
access technologies that have been commercialized by a company called Shared 
Spectrum.  These devices are currently being used in battlefield warfare to interconnect 
ground troops and ensure that remote devices like Predator drone ships cannot be 
jammed.  

3. OFCOM in the UK approved the use of cognitive devices in "interleaved spectrum" in 
their TV band.79   

 

Concluding Remarks    
 
Today, communications technologies are rapidly changing and yet most spectrum policies and 
regulations still reflect 20th century technologies and thinking.  As demand for spectrum 
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continues to outpace current allocation methods, the FCC must account for these changes and 
broaden its spectrum thinking. This will require both the FCC and the nation’s policymakers to 
explore much-needed spectrum allocation and licensure reforms to create a more dynamic 
spectrum ecosystem that is better tailored to meet the wireless needs of not just current large 
wireless incumbents and technologies, but new competitors, business models, civil society and 
the general public.  The clear lesson to learn from the current environment is that a singular focus 
on auctions will not suffice in maximizing the public benefit or meeting public policy goals.  
   
Advances in communication and other digital technologies have enabled entirely new 
approaches for spectrum licensure and use. End-user devices are “smart,” capable of adapting to 
changing environments and maximizing efficient use of available spectrum to deliver mobile, 
affordable broadband connectivity.  With continued advances in these technologies and in more 
efficient and shared use of spectrum, increasingly the historic scarcity rationale no longer holds, 
and traditional spectrum management strategies are becoming obsolete. As Nuechterlein and 
Weiser suggest, “Just as the First Amendment bars the government from limiting who can own a 
printing press,” “it might well bar the government from restricting access to the airwaves as a 
medium of communication in the hypothesized world of super-abundant spectrum.”80 These 
arguments for expanded public access to the public’s airwaves will only continue to proliferate as 
arguments for maintaining an outdated status quo—to the benefit of incumbent users and the 
detriment of innovation and the public—become decreasingly tenable.81   
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