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About the President’s Council of
Adpvisors on Science and Technology

The President’s Council of Advisors on Science and Technology (PCAST) is an advisory group of the
nation’s leading scientists and engineers, appointed by the President to augment the science and tech-
nology advice available to him from inside the White House and from cabinet departments and other
Federal agencies. PCAST is consulted about and often makes policy recommendations concerning the
full range of issues where understandings from the domains of science, technology, and innovation
bear potentially on the policy choices before the President.

For more information about PCAST, see www.whitehouse.gov/ostp/pcast.
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EXECUTIVE OFFICE OF THE PRESIDENT
PRESIDENT’S COUNCIL OF ADVISORS ON SCIENCE AND TECHNOLOGY
WASHINGTON, D.C. 20502

President Barack Obama
The White House
Washington, DC 20502

Dear Mr. President,

We are pleased to send you this report, Realizing the Full Potential of Government-Held Spectrum to Spur Economic
Growth. As you recognized in “Unleashing the Wireless Broadband Revolution,” your 2010 Presidential Memorandum
requiring 500 MHz of spectrum to be made available for commercial use within 10 years, it is imperative that we make
enough wireless spectrum available to meet the needs of rapidly expanding and innovative sectors of the economy,
while also guaranteeing that the national security and public safety sectors have the spectrum they need to maintain

and advance their missions.

In just two years, the astonishing growth of mobile information technology—exemplified by smartphones, tablets, and
many other devices—has only made the demands on access to spectrum more urgent. This report by the President’s
Council of Advisors on Science and Technology (PCAST) responds to the challenges and opportunities that have arisen
since your earlier Memorandum was issued. It concludes that the traditional practice of clearing government-held
spectrum of Federal users and auctioning it for commercial use is not sustainable. In light of changes made possible by
modern technology, we recommend that you issue a new Memorandum that states it is the policy of the U.S. government
to share underutilized spectrum to the maximum extent consistent with the Federal mission, and requires the Secretary

of Commerce to identify 1,000 MHz of Federal spectrum in which to implement shared-use spectrum pilot projects.

Our report, which is informed by the deliberations of PCAST members and prominent spectrum experts from the public
and private sectors, identifies actions that we think the Memorandum should include so that this vision is reached,

enabling multiple users to share spectrum, under a wide range of conditions, without infringing on each other’s services.

To make a start on the substantial changes that PCAST proposes, the report recommends formation of an Executive
Office of the President Spectrum Management Team (SMT), led by the White House Chief Technology Officer, to
work with the National Telecommunications and Information Administration (NTIA) on carrying out the President’s
Directive. In particular, the SMT should create an accounting and incentive system to promote more effective Federal
spectrum use. PCAST also recommends beginning a pilot program involving spectrum sharing, supported by early
release of funds from various sources, with three key elements: immediate sharing by new low-power devices in two
existing Federal spectrum bands; formation of a Spectrum Sharing Partnership Steering Committee (SSP) of industry
executives (e.g. CEOs) to advise on a policy framework to maximize commercial success; and creation of an urban

Test City and a Mobile Test Service that can support rapid learning in spectrum management technology and practice.

Demonstrating that the United States can move quickly to create easier access to spectrum will not only spur the
domestic economy, but will help us maintain international leadership in this crucial area of modern technological

innovation and commerce.

Sincerely,
John P. Holdren Eric Lander
Co-Chair Co-Chair
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Realizing the Full Potential of
Government-Held Spectrum to
Spur Economic Growth

Executive Summary

The growth of wireless technology in the past few years has been nothing short of astonishing. The
advent of smartphones, tablets, and many other devices has made mobile information access a central
feature of our lives. In the coming years, access to spectrum will be an increasingly important
foundation for America’s economic growth and technological leadership.

In 2011, global mobile data more than doubled for the fourth year in a row.' The number of devices
connected to mobile networks worldwide is around five billion today, and could rise to 50 billion by
20202 By that time, wireless technologies are expected to contribute $4.5 trillion to the global economy
through the expansion of existing business and the creation of new opportunities.This growth has cre-
ated unprecedented demand for commercial access to wireless spectrum. At the same time, U.S. Federal
spectrum needs are also rising. For example, the number of unmanned aerial systems (UAS) operated
by the Department of Defense (DOD) has drastically increased from 167 to nearly 7500 from 2002 to
2010, and the systems are carrying larger payloads and collecting increased volumes of intelligence,
surveillance, and reconnaissance (ISR) data.* This has resulted in a dramatic increase in the number of
sorties flown and domestic training requirements, all of which require spectrum.

To enhance U.S. economic competitiveness, create jobs, improve the quality of Americans' lives, and
provide an environment where innovation thrives and new capabilities are secure and trustwor-
thy, President Obama issued a Presidential Memorandum in 2010 entitled “Unleashing the Wireless
Broadband Revolution” requiring that the Federal Government make available 500 MHz of Federal or
non-federal spectrum for both mobile and fixed wireless broadband use by commercial users within
10 years.” This President’s Council of Advisors on Science and Technology (PCAST) study responds to
the policy challenges and technological opportunities that have occurred in the two years since this
memorandum was signed.

1. Cisco (2012) Cisco Visual Networking Index: Global Mobile Data Traffic Forecast Update, 2011-2016.
www.cisco.com/en/US/solutions/collateral/ns341/ns525/ns537/ns705/ns827/white_paper_c11-520862.html.

2. OECD (2012). Machine-to-Machine Communications: Connecting Billions of Devices. OECD Digital Economy Papers,
No. 192. dx.doi.org/10.1787/5k9gsh2gp043-en.

3. GSMA/Machina Research (2012). The Connected Life: A USD 4.5 trillion global impact in 2020.
connectedlife.gsma.com/the-connected-life-a-usd4-5-trillion-global-impact-in-2020.

4. Takai, T. (DOD) Information provided by email, June 6, 2012.

5. Presidential Memorandum (2010). Unleashing the Wireless Broadband Revolution.
www.whitehouse.gov/the-press-office/presidential-memorandum-unleashing-wireless-broadband-revolution.
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PCAST finds that clearing and reallocation of Federal spectrum is not a sustainable basis for
spectrum policy due to the high cost, lengthy time to implement, and disruption to the Federal
mission. Further, although some have proclaimed that clearing and reallocation will result in
significant net revenue to the government, we do not anticipate that will be the case for Federal
spectrum. In March of 2012, the National Telecommunications and Information Administration (NTIA)
concluded that clearing just one 95 MHz band by relocating existing Federal users to other parts of the
spectrum would take 10 years, cost some $18 billion, and cause significant disruption to incumbent
users.® The last successful auction that involved cleared Federal spectrum, in 2006, yielded a total of
$13.7 billion for 90 MHz, but only half of the auctioned spectrum was Federal (the other half was already
commercial), and the Federal agencies then required $1.5 billion over the next 6 years to relocate services
out of the cleared bands. In the end, therefore, the Federal contribution of 45 MHz realized a net of just
$5.35 billion.” When this net revenue is annualized over 10 years or more, the typical duration of a license,
the amount of revenue the Federal Government will receive is small. These modest sums should not be
driving the direction of spectrum policy.

Historically, spectrum was managed by assigning exclusive rights to use a specific frequency in a specific
location. Initially, these authorizations were granted to governmental and commercial users at no cost.
Since the mid-1990s, long term commercial licenses have generally been assigned through competitive
auctions. Winning bidders typically receive spectrum access in the form of exclusive assignments of
frequencies to chosen services (i.e., licenses), ensuring that no other services infringe on that assignment
(i.e., no interference). This study finds that today’s apparent shortage of spectrum is in fact an illusion
brought about because of the way spectrum is managed. If the Nation instead expands its options
for managing Federal spectrum, we can transform the availability of a precious national resource
—spectrum—from scarcity to abundance. This expansion can be done in such a way that it will not
resultin a loss of revenue to the Federal Government and may result in new revenue either from
enhanced economic growth and innovation or from modest leasing fees. But in either case, the
value to the Federal Government will be greater if the spectrum is available for reuse or relicens-
ing more often than it is today. The new system for Federal spectrum management that this report
calls for—a new spectrum architecture and a corresponding shift in the architecture of future
radio systems that use it—can multiply the effective capacity of spectrum by a factor of 1,000.?

The essential element of this new Federal spectrum architecture is that the norm for spectrum
use should be sharing, not exclusivity. Technology innovations of recent years make this transforma-
tion eminently achievable. Two trends are especially important. First, instead of just the tall cell towers
that provide coverage for very large geographic areas, many wireless services are already moving to
“small cell” operations that provide services for very small geographic areas, reducing the potential
for interference so that other services may operate much closer to them. The huge explosion of Wi-Fi
services is one example of this evolution. Second, improvements in performance make it possible for
devices to deliver services seamlessly even in the presence of signals from other systems, so that they

6. NTIA (2012). An Assessment of the Viability of Accommodating Wireless Broadband in the 1755-1780 MHz Band.
Washington, DC.
www.ntia.doc.gov/report/2012/assessment-viability-accommodating-wireless-broadband-1755-1850-mhz-band.

7. This auction occurred in 2006 and was for the Advanced Wireless Services (AWS) bands (1710-1755 MHz and
2110-2155 MHz).

8. This factor is calculated in Section 2.2; 1,000 is a conservative estimate.



http://www.ntia.doc.gov/report/2012/assessment-viability-accommodating-wireless-broadband-1755-1850-mhz-band

REALIZING THE FULL POTENTIAL OF GOVERNMENT-HELD SPECTRUM TO SPUR ECONOMIC GROWTH

do not need exclusive frequency assignments, only an assurance that potentially interfering signals will
not rise above a certain level.

Taking these and other developments into account, this report argues that spectrum should be man-
aged not by fragmenting it into ever more finely divided exclusive frequency assignments, but by
specifying large frequency bands that can accommodate a wide variety of compatible uses and
new technologies that are more efficient with larger blocks of spectrum.

The recommendations in this report are based on starting with low-risk existing technologies, early
versions of which are already being deployed today. Enacting these recommendations will create
market opportunity for newer technologies, enabling them to mature faster, accelerating the growth of
spectrum sharing capacity, and leading to the development of an ongoing innovation cycle. However,
the policies proposed are consistent with the later deployment of these non-commercial technologies,
only when they are validated for their operational use in Federal spectrum.

To make an analogy, today’s spectrum use resembles road transportation at the beginning of the
automotive revolution when we created our highways and interconnection and commerce flowed.
The mid-1980s innovation of “unlicensed” spectrum use, which makes spectrum available at no cost
to any user willing to abide by technical conditions of use, has been essential to the rise of Wi-Fi and
represents a wireless analogy to the early shared roadways. The rest of the spectrum system, however,
still looks like a series of narrow roads. What PCAST proposes is creating the spectrum equivalent of wide
multi-lane superhighways, where the lanes are continuously shared by many cars, trucks, and other
vehicles. Spectrum superhighways would be large stretches of spectrum that can be shared by many
different types of wireless services, just as vehicles share a superhighway by moving from one lane to
another. In contrast to the way we have allocated spectrum, the road system has always let Federal and
commercial vehicles share the same highways, with the proviso that government use was allowed to
preempt commercial users' rights for reasons of public safety, emergency medical rescue, or national
security. There is no reason that the same principles cannot apply to spectrum management. Users of
spectrum can make use of the wireless equivalents of signals, sensors, and stop lights to avoid “collisions”
with other users. Just as we created the initial transcontinental superhighways in the 20-30 years that
followed the 1939 FDR-commissioned blueprint “Toll Roads and Free Roads,” we have the chance to
create spectrum superhighways today.

As a result, the most urgent recommendation in this report is that the President issue a new memo-
randum that states it is the policy of the U.S. government to share underutilized Federal spectrum to
the maximum extent possible that is consistent with the Federal mission, and requires the Secretary
of Commerce to immediately identify 1,000 MHz of Federal spectrum in which to implement the
new architecture and thereby create the first shared-use spectrum superhighways. Taking this
step represents a continuation and an expansion of the President’s Directive of 2010.

As part of the process to reach this 1,000 MHz goal,”® PCAST recommends that the Federal Government,

using industry partners, establish a new Federal Spectrum Access System (SAS) that will serve as an
information and control clearinghouse for band-by-band spectrum registrations and conditions of use

9. Swift, E. The Big Roads. (2011). New York, NY: Houghton Mifflin Harcourt.
10. Detailed recommendations are provided in Table ES-1.

*oovii ok
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and allow non-Federal users to access underutilized spectrum in Federal bands. The SAS will put into
practice the fundamental principle that underutilized spectrum capacity should be used or shared to
the greatest possible extent. Another recommended change is that Federal spectrum, instead of being
divided into small, dedicated frequency blocks as it is at present, should be divided into substantial fre-
quency blocks spanning several hundred megahertz. Establishing these wide bands will make it easier
for spectrum sharing to be the norm, a transformation in which all Federal agencies would be required
to cooperate. Making spectrum access available to a wide range of services and applications will also
require provision of a framework that establishes minimum technical standards for the coexistence of
transmitters and receivers, in contrast to the present system that focuses on transmitters. Finally, simple
measures that assess individual spectrum uses solely by their need for megahertz must be replaced by
more sophisticated metrics that reveal how effectively a stretch of spectrum can accommodate a variety
of complementary services within a given area.

We recognize that the new spectrum architecture proposed in this report represents a major evolution
of existing spectrum management practices. Implementing it will not be easy and may take a long time.
But just as the transcontinental highway system began with one road, we must actimmediately to act on
theinitial 1,000 MHz. Before they will embrace the new system, incumbent Federal spectrum users will
need to have confidence that sharing of the spectrum they have been allocated will not cause harmful
interference to the technologies that they operate, and commercial operators with new technologies will
need to be made sure of the reliability of the spectrum access needed for their business models. So, to
get started, we are proposing three key elements of a significant pilot program that includes immediate
actions toward implementing our recommendations:

1. The immediate sharing of new low-power civil devices in two existing Federal bands, of over
100 MHz combined.

2. The creation of a group of industry executives (e.g. CEOs), selected by the President and called
the Spectrum Sharing Partnership Steering Committee (SSP), to recommend a policy framework,
centered on a public private partnership for sharing Federally-held spectrum, and implementa-
tion milestones that lay the groundwork for the first spectrum superhighways. We expect the
SSP to make its recommendations over a one-year timeframe as opposed to being a long-
term ongoing effort As necessary, they may wish to call upon the NTIA Commerce Spectrum
Management Advisory Committee (CSMAC) and the Federal Communications Commission
(FCC) Technology Advisory Council (TAC) for technical advice. The products might be short
memorandum or reports focused on specific topics the SSP believes are important to address
for the effort to be successful.

3. The creation of an urban Test City in a major U.S. city along with a Mobile Test Service that can
relocate to urban, rural, and Federal facilities as needed to support rapid experimentation in
spectrum management technology and practice.

We estimate that the overall costs of implementing this program, over the next 3 years, will be in the
range of about $80 million. We view the Federal Government as the initial funding source to cover costs,
along with a public private partnership that will have the aim of transferring most costs to the private
sector over the course of time (see Table ES.2).

*oovili ok
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We believe this shift in direction will also require increased White House involvement. Specifically, we
recommend that that the White House Chief Technology Officer (CTO), with equivalent level representa-
tives from the National Security Staff (NSS), the Office of Management and Budget (OMB), and National
Economic Council (NEC) formalize a Spectrum Management Team (SMT) to work with the NTIA to carry
out the President’s directive.

Federal users currently have no incentives to improve the efficiency with which they use their own
spectrum allocation, nor does the Federal system as a whole have incentives to improve its overall
efficiency. This report therefore proposes an accounting, allocation, and incentive system (nominally
called“Spectrum Currency”) that would work in conjunction with a Spectrum Efficiency Fund (our rec-
ommended evolution of the current Spectrum Relocation Fund), administered by the OMB, to reward
agencies that move quickly to promote more effective spectrum use by making some of their spectrum
available for sharing with other Federal and non-Federal users (see Table ES.2).

One of the other important directions that spectrum policy must take is to create a marketplace that can
accommodate the widest range of commercial users, from initial venture-funded startups to established
service providers. Today’s spectrum ecosystem offers only the choice between unlicensed and long
term, renewable licensed spectrum. The number of business entities that can participate in auctions
for nationwide, long term spectrum licenses, is limited. Experimenting with shorter-term, lower cost,
spectrum license options for commercial users sharing Federal spectrum, will foster new innovative
ideas, increase the number of participants in this market, contribute to economic growth, and also
provide a way to collect an ongoing stream of revenue, if that is desired.

Although complete accomplishment of this transformation, in all Federal spectrum, will take time—
perhaps two to three decades—we stress that implementing our recommendations will lead to rapid
results. The long term direction outlined in this report can start to be operational in 1-3 years. Unless
we make a determined and significant move in this direction, the United States risks falling behind
other countries that are equally aware of looming problems in spectrum management and the huge
advantage to be gained by solving them.
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Table ES.1: PCAST Spectrum Report Findings and Recommendations

Topic

From Scarcity to
Abundance

Findings

Finding 1.1: Spectrum pro-
vides a great economic oppor-
tunity for the Nation. The
economy created by making
spectrum abundant has the
opportunity to provide social
benefits of over $1 trillion and
millions of jobs for Americans
over many years. Most
importantly, it will provide

a foundation for American
economic and technological
leadership.

Finding 1.2: Clearing and real-
location of Federal spectrum
for exclusive use is not a
sustainable basis for spectrum
policy due to the high cost,
lengthy time to implement,
and disruption to the Federal
mission. Sharing of Federal
spectrum, however, would pro-
vide the basis for economic and
social benefits for the Nation.

Finding 1.3: The fragmented
partitioning of Federal spec-
trum leads to inefficiency, arti-
ficial scarcity, and constraints
on current and future Federal
and non-Federal uses.

Recommendations

Recommendation 1.1: PCAST recommends that the
President issue a new memorandum that states it

is the policy of the U.S. government to share unde-
rutilized Federal spectrum to the maximum extent
possible that is consistent with the Federal mission,
and requires the Secretary of Commerce to immedi-
ately identify 1,000 MHz of Federal spectrum in which
to implement the new architecture and thereby create
the first shared-use spectrum superhighways.
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Policy
Hurdles
to Clear

Finding 2.1: Sharing
of Federal spectrum
provides an oppor-
tunity to deploy a
wholly new approach
to Federal spectrum
architecture and
policy by establish-
ing large shared
spectrum blocks, new
effectiveness metrics,
and coordinated and
prioritized Federal and
commercial use.

Finding 2.2: Wireless
architectures have
evolved from a single
model of high-power,
high altitude base
stations to a mix of
capabilities, ranging
all of the way from
base stations to
offload onto com-
mercial Wi-Fi. This
provides an opportu-
nity to locally exploit
Federal spectrum
sharing opportunities
that would not be
otherwise compat-
ible with high power
operations (such as
LTE).

Recommendation 2.1: The Secretary of Commerce, in col-
laboration with the Federal Communications Commission
(FCC), should establish a mechanism to provide the Federal
Government with the ability to manage the sharing of
Federal spectrum. Federal spectrum should be divided into
substantial frequency blocks with common characteristics,
rather than the current narrow band service-specific static
allocation scheme. In addition, rather than the current pre-
allocation and assignment of spectrum, there should be a new
“dynamic sharing” model that makes spectrum sharing by
Federal users the norm, and also allows sharing with com-
mercial users. Shared access to Federal spectrum should be
governed according to a three-tier hierarchy: Federal primary
systems would receive the highest priority and protection
from harmful interference; secondary licensees must register
deployments and use in a database and may receive some
quality of service protections, possibly in exchange for fees;
and General Authorized Access users would be allowed
opportunistic access to unoccupied spectrum to the extent
that no Federal Primary or Secondary Access users are actually
using a given frequency band in a specific geographical area
or time period. All Federal agencies should be required to
cooperate in the implementation of these changes.

Recommendation 2.2: The Secretary of Commerce,
working through the National Telecommunications and
Information Administration (NTIA) and the FCC, should
authorize and implement, directly or through commercial
providers, a Federal Spectrum Access System (SAS) to

serve as an information and control clearinghouse for the
band-by-band registrations and conditions of use that will
apply to all users with access to each shared Federal band
under its jurisdiction. The SAS will protect Federal opera-
tions from interference while allowing non-Federal users to
access underutilized spectrum in Federal bands. Underutilized
spectrum capacity in Federal bands should be made available
to the greatest possible extent for non-interfering shared use,
based on the principle that exclusive assignments should not
be taken as a justification for letting unused or underutilized
spectrum lie fallow.

Xi
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Technology
Advancements
and
Challenges

to Solve

New
Application
Economy

Finding 3.1: Spectrum
management and
regulation is focused

on the characteristics of
transmission, whereas
receiver characteristics
increasingly constrain
effective and flexible
spectrum usage

Finding 4.1: Moving toa
dynamic sharing model
for Federal spectrum
would unlock economic
benefits by allowing the
private sector to make
intensive use of currently
underutilized parts of
the radio spectrum. A
well-designed Federal
spectrum policy opens up
opportunities for innova-
tion and growth in sectors
that are barely imagined,
much less well-defined,
when the policy choice is
made.

Finding 4.2: Sharing

of Federal spectrum
provides an opportunity
to deploy new spectrum
management principles
such as shorter term
licenses that would be
appropriate to new and
innovative spectrum-
based services and
products. This provides
an opportunity to collect
revenue to the Treasury
from the private sector for
assured use of spectrum.

Recommendation 3.1: The Secretary of Commerce working
through the National Telecommunications and Information
Administration (NTIA), in cooperation with the Federal
Communications Commission (FCC), should establish method-
ologies for spectrum management that consider both trans-
mitter and receiver characteristics to enable flexible sharing

of spectrum. To safeguard primary Federal users, FCC should
require that future non-Federal devices will be permitted to share
government spectrum as Secondary Access users only if they

are certified to operate within the stated interference limits for
the band of interest. Initial specification of protection should be
reviewed such that they safeguard new FCC assignments against
harmful interference while grandfathering in existing devices and
operations.

Recommendation 4.1: PCAST recommends that policies
enabling commercial access to Federal spectrum be based
primarily on their effects on innovation and growth in wire-
less devices, services, and associated markets; direct revenue
considerations should be treated as secondary. The Office of
Management and Budget (OMB) should develop a model to
assess future economic growth effects of wireless allocations as
well as revenue from increased economic activity. The National
Telecommunications and Information Administration (NTIA) and
the Federal Communications Commission (FCC) should con-
tinue to embrace the current proven unlicensed model and, for
licensed spectrum, explore adding new short and medium-term
spectrum license models that could both foster growth for these
new applications and collect revenue.

Xii
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Starting
with
Federal
Spectrum

Finding 5.1: There is no
incentive system today
for Federal G overnment
agencies to be efficient
in their use of spectrum
or to share spectrum
allocated to them with
the non-Federal sector.

Finding 5.2: A public
private partnership (PPP)
is the best mechanism to
ensure that optimal use
is made of the Federally-
held spectrum and of
related investments in
spectrum research and
testing.

Finding 5.3:
International harmoniza-
tion of spectrum policies
is essential to product
innovation, interoper-
ability and roaming,
spectrum efficiency, and
cross-border frequency
coordination.

Recommendation 5.1: PCAST recommends that the White

House Chief Technology Officer (CTO) with senior officials at an
equivalent level from the National Security Staff (NSS), the Office of
Management and Budget (OMB), and the National Economic Council
(NEC) formalize a Spectrum Management Team (SMT) to work with
the National Telecommunications and Information Administration
(NTIA), the Federal Communications Commission (FCC), and the
major Federal agencies that use spectrum to carry out the President’s
directive.

Recommendation 5.2: PCAST recommends that the NTIA, working
with the SMT and Federal agencies, reexamine the partitioning of
Federal spectrum usage in light of current and emerging technology.
One objective of this reexamination is to aggregate current spectrum
partitions to create substantial frequency blocks in order to facilitate
sharing through common technical use rules.

Recommendation 5.3: PCAST recommends that the President
indicate that all Federal agencies should cooperate with the SMT

and NTIA to establish and implement a government-wide process
and mechanism to share Federally-held spectrum. Within one year,
the SMT working with the NTIA should formulate concrete 5-year and
10-year goals for Federal spectrum sharing opportunities in order to
recommend to the President how to appropriately update his 2010 goal
of making 500 MHz of Federal and non-Federal spectrum available over
the next 10 years.

Recommendation 5.4: PCAST recommends that OMB, working with
the SMT and NTIA, take steps to implement a mechanism that will
give Federal agencies incentives to share spectrum. Such a mecha-
nism would accurately internalize the opportunity cost of Federal
spectrum resources and manage them over long time horizons using a
“currency-like” accounting, allocation, and incentive system (“Spectrum
Currency”).

Recommendation 5.5: PCAST recommends that OMB should imple-
ment a sustainable funding mechanism to foster a Federal spectrum
sharing system. The existing Spectrum Relocation Fund should be
redefined as a revolving “Spectrum Efficiency Fund”that recycles
private sector payments for use of Federal spectrum into reimburse-
ments to Federal agencies for investments that facilitate spectrum
sharing and enhance spectrum efficiency. Congress should allow the
Fund to reimburse qualifying costs by any Federal service, not just those
in revenue-generating bands.

Recommendation 5.6: PCAST recommends that the President
appoint an advisory committee of industry executives (e.g. CEOs), to
be known as the Spectrum Sharing Partnership Steering Committee
(SSP), to advise the SMT on a policy framework to maximize com-
mercial success, centered on a public private partnership for sharing
Federally-held spectrum, and implementation milestones that lay the
groundwork for the first spectrum superhighways.

Recommendation 5.7: The United States, represented by the
Department of State with advice from NTIA and the FCC, should
make international harmonization of spectrum allocations to wire-
less broadband, particularly in bands used or planned to be used
for mobile broadband applications in the United States, a key ele-
ment of the U.S. position at the 2015 World Radiocommunication
Conference (WRC-15) and in bilateral and regional discussions with
its own neighbors, Mexico and Canada.
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Implementation

Immediate
Selective
“General
Authorized
Access” Sharing

Finding 6.1:
Insufficient opportuni-
ties are available to

test new architectures,
policies, and the new
systems proposed in
this report for the large
scale dynamic sharing of
innovative commercial
products in the presence
of existing real world
public safety and Federal
incumbent applications.

Finding 7.1: Expansion
of the white space sys-
tem to include certain
space-to-ground and
radar-based Federal
bands could allow
immediate “general
authorized access”
device usage while the
other recommenda-
tions of this report are
being enacted.

Recommendation 6.1: PCAST recommends that the
Secretary of Commerce, working through the National
Telecommunications and Information Administration
(NTIA) and the National Institute of Standards and
Technology (NIST), provide test services (a Test City
and a related Mobile Test Service) to support the
development of the policies, underlying technolo-
gies, and system capabilities required to support
dynamic spectrum sharing. Services would include
large-scale sustainable facilities for systems-level
testing across multiple frequency bands, including
public safety and selected Federal bands. The Secretary
should support these services by establishing a Public
Private Partnership (PPP) that would pool the resources
of Federal, state, and local governments with industry
and academia. The Federal contribution to the partner-
ship could be funded, depending on timing and other
factors, by NIST’s Wireless Innovation Fund, by the
Public Safety Trust Fund, and potentially by the Office
of the Secretary of Defense and the National Science
Foundation.

Recommendation 7.1: PCAST recommends that

the Federal Communications Commission (FCC),
working with the National Telecommunications and
Information Administration (NTIA) and the Federal
agencies, immediately start the process to modify its
rules to allow “general authorized access” devices to
operate in two bands in the NTIA Fast track list, specifi-
cally the 3550-3650 MHz (radar) band and another to
be determined by the NTIA and FCC. A feasible way

to operate this system would be as an extension of the
White Space system being developed and deployed by
the FCC and various third party vendors in the TV Bands,
but NTIA and FCC should determine the most appropri-
ate management technology. The rules for this use will
require the general authorized access devices to be both
registered and frequency agile. Over time, these bands
should also be migrated to the system for repurposing
Federal spectrum outlined in the other recommenda-
tions of this report. The migration of these bands will be
the mostimmediate item overseen by the White House
Chief Technology Officer (CTO) in bringing together the
Spectrum Management Team (SMT) created by recom-
mendation 5.1.

Xiv
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Table ES.2: Proposed PCAST Spectrum Federal Funding Mechanisms

Funding Mechanism

Spectrum Currency: Each
agency would be given an allo-
cation of a synthetic currency
that they could use to “buy” their
spectrum usage rights. OMB
would administer this system
with the initial valuations by
using comparable private sector
uses for which the market has
already set a price.

Spectrum Efficiency Fund:
Each agency would receive
financial resources from the pro-
posed Spectrum Efficiency Fund
(the broadened and repurposed
Spectrum Relocation Fund
(SRF)) to reimburse agencies for
the costs of research, planning,
and testing to prepare for shar-
ing. The SRF was established

by Congress in 2004 with the
explicit and limited purpose

of reimbursing agencies for

the actual costs incurred in
relocating Federal systems from
auctioned bands. The 2012
Payroll tax agreement broad-
ened the purposes of the SRF to
also include improving Federal
systems left in bands that have
been auctioned for commercial
use.

Purpose

Provide an initial economic score
and then incentives to Federal
agencies to be efficient in their
spectrum allocation use includ-
ing reducing their own need for
spectrum, by sharing spectrum
with other agencies and non-
government users.

Provide incentives to Federal
agencies to take on the cost and
risk of updating their system
technology to accommodate
and facilitate spectrum band
sharing and to encourage

them to make efficient use of
spectrum.

Kk oOXV Kk

Why is it needed?

For most procurement activi-

ties, agencies are limited based

on market mechanisms such as
budget. This is not true for spec-
trum, so there are no incentives to
be efficient. Reducing their use of
synthetic Spectrum Currency would
reward early adopters of improved
spectrum effectiveness with a trade
for real dollars from the Spectrum
Efficiency Fund.

Federal agencies may have no
incentive or authority to enhance
their use of spectrum if the cost
depletes the budget available

for their core mission. As a result,
they may decide not to take on

the substantial costs of relocating
agency systems and operations,
expanding shared access to Federal
bands, designing or procuring new
and upgraded Federal systems, or
moving to far more spectrum-effi-
cient and/or interference-tolerant
technologies.
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Funding Mechanism

Wireless Innovation Fund
(WIN): This is initially a $100
million fund at the National
Institutes of Standards and
Technology (NIST), and is part of
the 2012 Payroll tax agreement
for Spectrum R&D. (It also adds
an additional $200 million after
$20.4 billion of auction income
has been secured).

Public Safety Trust Fund
(PSTF): As required by the 2012
Payroll tax agreement, funds
from the incentive auctions
carried out by the FCC can be
used to repay amounts bor-
rowed by NTIA (see above). Only
$7 billion is allocated in Federal
funding in the PSTF for Public
Switched Broadband Network
(PSBN) development and opera-
tion. Ongoing PSBN operation
requires further private sector
funding sources

Public Private Partnership
(PPP): This is a new entity that
PCAST recommends that the
Secretary of Commerce form.

Purpose

Provide funding, depending
on timing and other factors, for
NIST to determine if dynamic
sharing can be used for public
safety by funding the public
safety test beds that are an
integral part of the PCAST
proposed Test city.

If PCAST's recommended
system is implemented, after
being tested in the Test City, as
funded by the WIN fund, usage
fees obtained from Secondary
Access users of Public Safety
spectrum could be collected as
revenue for the PSTF.

See above. PCAST recom-
mends that, over time, most of
the costs for running the Test
City should be transferred to

a PPP.

KXV ok

Why is it needed?

Funds are needed for PCAST's
proposed Test City and Mobile Test
Service with estimated costs for
construction and operation for the

first three years of approximately $60

million.

PSTF requires future funding after
the initial $7 billion to expand and

operate PSBN. Proving the viability of

the PCAST recommended system of

primary and Secondary Access users

sharing Public Safety spectrum,
would give Public Safety Federal
Primary Access users the comfort to
go forward to allow sharing of their
spectrum. The implemented pri-
mary-secondary system could then
collect usage fees from secondary

private sector Public Safety spectrum

users to replenish the PSTF.

In order for the United States to be
competitive in its use of spectrum,

government, industry, and academia

need to work together to ensure
industry needs are met.
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I. Introduction

Finding 1.1: Spectrum provides a great economic opportunity for the Nation. The economy
created by making spectrum abundant has the opportunity to provide social benefits of over
$1 trillion and millions of jobs for Americans over many years. Most importantly, it will provide
a foundation for American economic and technological leadership.

Finding 1.2: Clearing and reallocation of Federal spectrum for exclusive use is not a sustain-
able basis for spectrum policy due to the high cost, lengthy time to implement, and disruption to
the Federal mission. Sharing of Federal spectrum, however, would provide the basis for economic
and social benefits for the Nation.

Finding 1.3: The fragmented partitioning of Federal spectrum leads to inefficiency, artificial
scarcity, and constraints on current and future Federal and non-Federal uses.

Recommendation 1.1: PCAST recommends that the President issue a new memorandum
that states it is the policy of the U.S. government to share underutilized Federal spectrum
to the maximum extent possible that is consistent with the Federal mission, and requires
the Secretary of Commerce to immediately identify 1,000 MHz of Federal spectrum in
which to implement the new architecture and thereby create the first shared-use spectrum
superhighways.

1.1 The Need and Opportunity to Create the Spectrum Super Highway

Few developments hold as much potential as wireless technologies to enhance America’s economic
growth and improve our communications, business productivity, and core activities like public safety,
healthcare, education, and electric utilities. In short, wireless technologies have become an indispens-
able element of our overall quality of life.

In 2011, global mobile data more than doubled for the fourth year in a row." According to the
Organisation for Economic Cooperation and Development (OECD), the number of devices connected
to mobile networks worldwide is around five billion today and could rise to 50 billion by 2020."” The
implementation of wireless technologies will generate new revenues and business models as well as
enhance the efficiency and effectiveness of current services, leading to an estimated global business
impact of up to $4.5 trillion by 2020.” And studies of earlier generations of communications technology
suggest that increased penetration is strongly associated with growth. A 2009 World Bank study found
that a 10% increase in broadband capacity was associated with a 1.3% increase in economic growth.™

11. Cisco (2012) Cisco Visual Networking Index: Global Mobile Data Traffic Forecast Update, 2011-2016.

www.cisco.com/en/US/solutions/collateral/ns341/ns525/ns537/ns705/ns827/white_paper_c11-520862.html.

12. OECD (2012). Machine-to-Machine Communications: Connecting Billions of Devices. OECD Digital Economy
Papers, No. 192. dx.doi.org/10.1787/5k9gsh2gp043-en.

13. GSMA/Machina Research (2012). The Connected Life: A USD4.5 trillion global impact in 2020.
connectedlife.gsma.com/the-connected-life-a-usd4-5-trillion-global-impact-in-2020.

14. Zhen-Wei Qiang, C., C. Rossotto, and K. Kimura. (2009). “Economic Impacts of Broadband,” in Information and
Communications for Development 2009: Extending Reach and Increasing Impact, World Bank, July 2009, (Figure 3.2).
issuu.com/world.bank.publications/docs/9780821376058.

* 1


http://www.cisco.com/en/US/solutions/collateral/ns341/ns525/ns537/ns705/ns827/white_paper_c11-520862.html
http://dx.doi.org/10.1787/5k9gsh2gp043-en
http://connectedlife.gsma.com/the-connected-life-a-usd4-5-trillion-global-impact-in-2020
http://issuu.com/world.bank.publications/docs/9780821376058

REPORT TO THE PRESIDENT REALIZING THE FULL POTENTIAL
OF GOVERNMENT-HELD SPECTRUM TO SPUR ECONOMIC GROWTH

Wireless networks are especially useful, compared to fixed broadband, in contributing to socio-economic
value because they enable mobile access, supply connectivity at lower costs in low density areas, and
eliminate the need to wire or rewire when network configurations change. So even when wireless
connectivity is not the only solution, it is often the preferred solution. Most of the socio-economic
value of broadband now comes from wireless media.” The United States has seen vigorous economic
growth from the use of spectrum licensed for exclusive use, notably in nationwide cellular and wireless
broadband services. A recent study of data from 2008 estimated total cellular revenue in the United
States of $141 billion and consumer surplus (value to consumers above what they pay) of $212 billion."
Remarkable economic growth has also come from access to unlicensed regions of spectrum, which are
open to opportunistic access by all users, subject to certain general restrictions and with no guarantees
as to the quality of service available (see Box 1.1). Wi-Fi and Bluetooth are two well-known and hugely
successful technologies that have evolved in unlicensed spectrum. One recent report estimated the
value produced by unlicensed spectrum at $50 billion a year;"” another estimated the value of Wi-Fi alone
at $52-99 billion a year."” Table 1.1 illustrates the enormous range of applications using both licensed
and unlicensed access to spectrum.

Table 1.1: Variety of Spectrum Applications

Cellular telephone systems Wireless broadband Civil and military radar

Wi-Fi Devices—Home and business Tank-level meters Industrial automation controls

networks: Hot-spots

Community, urban & rural broadband Traffic light controls RFID systems

Bluetooth headsets & keyboards Crane controls Retail anti-theft systems

Automobile keyless entry Lighting controls & dimmers Security alarm systems

In-home video distribution Wireless door bells Wireless speakers

Remote control toys Cordless phones Satellite Radio-to-FM radio

Toy walkie-talkie Garage door opener controls Convergence w licensed
devices

Utility meter readers & smart grid energy Sensors for automatic doors Meat thermometers

control

Medical camera pills Inventory control Diaper wetness sensor

Medical panic alerts Pool cover controllers And the list goes on....

Source: Presentation by Julius Knapp, FCC, IDGA 2012 Conference.

15. Forge, S., Horvitz, R., and Blackman, C. (2012). Perspectives on the value of shared spectrum access: Final Report for
the European Commission. SCF Associates.
ec.europa.eu/information_society/policy/ecomm/radio_spectrum/_document_storage/studies/shared_use_2012/
scf_study_shared_spectrum_access_20120210.pdf.

16. Hazlett, TW,, R.E. Muiioz, and D.B. Avanzini. (2012). “What Really Matters in Spectrum Allocation Design.”
Northwestern J. of Technology and Intellectual Property, 10, 93.
scholarlycommons.law.northwestern.edu/njtip/vol10/iss3/2/.

17. Cooper, M. (2012). Efficiency Gains and Consumer Benefits of Unlicensed Access to the Public Airways.
www.markcooperresearch.com/SharedSpectrumAnalysis.pdf.

18. Thanki, R. (2012). The Economic Significance of Licence-Exempt Spectrum to the Future of the Internet. p.8
download.microsoft.com/download/A/6/1/A61A8BE8-FD55-480B-A06F-FBAC65479C58/Economic Impact of License
Exempt Spectrum - Richard Thanki.pdf.
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I. INTRODUCTION

This creation of new industries and associated economic activity took place largely in the United States
because it was the first country to provide the opportunity to develop and deploy the technology. This
provided U.S. firms with a head start in areas such as Internet applications, equipment, and services,
and unlicensed communications. But continued leadership in these new applications, especially those
involving mobile data, requires the United States to redouble its efforts to be innovative because a
shortage of available spectrum will put U.S. industry at a worldwide competitive disadvantage. The
Nation has been at this crossroads before in cellular communications. The United States created the
mobile wireless industry, starting with the introduction of the first car radio by Motorola in 1930. Then
came an early application in public safety with police radios, followed by “walkie-talkie” communications
in World War I, thirteen major communications units on board each Apollo manned space mission in
the late 1960s that allowed words and important telemetry data to be communicated back to Earth,
and the first handheld mobile phone in 1973. But starting with the launch of the first GSM™ system in
Finland in 1991, the center of gravity for cellular-based mobile equipment research, technology and
manufacturing migrated off shore. While, in the past few years, the United States once again houses
leaders like Apple, Google, and Cisco in mobile phone operating systems, application store providers,
and Wi-Fi routers, none of the major base station equipment vendors supplying the cellular carriers are
headquartered in North America.*>”

Box 1.1: Unlicensed Spectrum Explained

Unlicensed spectrum refers to radio frequency bands in which technical rules are specified for
both the hardware and deployment of radio systems that are open for shared use by an unlim-
ited number of compliant users. Although the Federal Communications Commission (FCC)
permits unlicensed use at extremely low power in most frequency bands, the FCC has adopted
rules allowing operation of higher power unlicensed devices in certain bands—such as the so-
called Wi-Fi band at 2.4 GHz—where there is significantly more unlicensed usage. Unlicensed
devices authorized under Part 15 of the FCC’s rules include cordless telephones, garage door
openers, baby monitors and microwave ovens, as well as broadband networks and a rapidly
evolving collection of new technologies. The term “unlicensed” is something of a misnomer
since use is, in fact, regulated to ensure that unlicensed devices do not cause interference to
operations with a higher priority. Any person or entity may use unlicensed spectrum for either
private or public purposes so long as the user’s equipment is certified by the FCC and operated
in conformity with Part 15 of the Commission’s rules. Unlike most licensed spectrum users, unli-
censed spectrum users enjoy no regulatory protection against interference from other licensed
or unlicensed users in the band. Although FCC device certification rules and standardized
protocols (such as the Wi-Fi Alliance’s 802.11 family of protocols) help to mitigate interference,
users must accept any interference caused by all compliant devices in the band.

Source: adapted from
www.ntia.doc.gov/files/ntia/meetings/unlicensedspectrumsubcommitteereport_01102011.pdf.

19. Global System for Mobile Communications, originally Groupe Spécial Mobile, was a harmonization of technical
wireless standards among European countries.

20. Vanu Bose, The AIRWIN Project, Vanu, Inc. Whitepaper 1-12, January 2012.
www.vanu.com/documents/technology/airwin-project.

21. Bernstein Research. (2012). The Long View: Myth and Reality About Small Cells and Wi-Fi in Cellular Networks. p. 26
lists the major wireless network equipment vendors as Ericcson, Nokia, Huawei, Alcatel-Lucent, and ZTE.
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The competition for international leadership in the mobile space is ongoing and tenacious. President
Barack Obama, in his Presidential Memorandum “Unleashing the Wireless Broadband Revolution” of
June 28, 2010, stated that “America’s global technology leadership, and the worldwide wireless revolu-
tion, depends on one of our greatest natural resources—wireless spectrum.?> The economy created by
making spectrum abundant has the opportunity to provide societal value of over $1 trillion and millions

of jobs for Americans in the coming decade.”**

Butin its 2010 analysis that led to the National Broadband Plan, the Federal Communications Commission
(FCC) expected the United States to see a spectrum shortage as early as 2014.” Insufficient spectrum
could limit coverage, service quality, and data connection speeds*® Spectrum is also essential to the
Federal Government which uses spectrum for emergency communications, national security, law
enforcement, aviation, maritime, space communications, and other Federal needs (see Figure 1.1).

In response to these needs, that same Presidential Directive of 2010 provided specific direction to the
FCC and National Telecommunications and Information Administration (NTIA) to obtain access to an
additional 500 MHz for commercial use within 10 years.

Since the Presidential Directive, however, and even with the current FCC plans to repurpose significant
commercial spectrum, the attempt to clear and reallocate spectrum, particularly Federal spectrum, to
meet the 500 MHz target has been progressing slowly. A recent NTIA report on the potential for realloca-
tion of the 1755-1850 MHz band, a high priority candidate in the search for 500 MHz, also demonstrates
that full relocation of government users (see Figure 1.2) may have significant operational impact and
will take up to 10 years and cost some $18 billion.” These relocation costs may even exceed the likely
revenue raised by auctioning the band to commercial users. Second, when the 3550-3650 MHz band
was being considered last year for auction, the need to preserve essential Federal services meant that
spectrum from 3550 MHz to 3650 MHz could only be offered with very large exclusion zones extend-
ing inland nearly 200 miles from both the east and west coasts of the United States and including a
majority of the U.S. population.”® And, as the need for spectrum to support the increasingly mobile
economy has grown, significant tension between different users—cellular, Federal, public safety, and
unlicensed—has emerged.

22. Presidential Memorandum (2010). Unleashing the Wireless Broadband Revolution.
www.whitehouse.gov/the-press-office/presidential-memorandum-unleashing-wireless-broadband-revolution.

23. TechJournal. (Feb. 27, 2012). Growth of Mobile Industry Having Positive Economic Impact.
www.techjournal.org/2012/02/growth-of-mobile-industry-having-positive-economic-impact/.

24, Forge, S.etal. (2012). op. cit.

25. The FCC estimates that “mobile data demand is expected to grow between 25 and 50 times current levels
within 5 years” and that “the broadband spectrum deficit is likely to approach 300 MHz by 2014." See FCC Staff Technical
Paper. (2010). Mobile Broadband: The Benefits of Additional Spectrum, pp. 2, 5. download.broadband.gov/plan/
fcc-staff-technical-paper-mobile-broadband-benefits-of-additional-spectrum.pdf.

26. Ovide, S. (March 21, 2011) “AT&T/T-Mobile Deal: Explaining Wireless Spectrum.” WSJ Blogs: Deal Journal.
blogs.wsj.com/deals/2011/03/21/attt-mobile-deal-explaining-wireless-spectrum/.

27. NTIA. (2012). An Assessment of the Viability of Accommodating Wireless Broadband in the 1755-1780 MHz Band.
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I. INTRODUCTION

Figure 1.1: Examples of Allocated Spectrum Uses, and Federal Spectrum Use in the
High-Value Range
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