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Wireless Spectrum Research and Development (WSRD)
Workshop IV
Promoting Economic Efficiency in Spectrum Use:
the economic and policy R&D Agenda

When: April 23-24, 2013
Where: MIT (32-G449 Patil Conference Room/Kiva, 32 Vassar Street, Cambridge, MA 02139)

The goal of this 2-part/2-day invitation-only workshop is to identify economic and policy R&D that, if
addressed, would have the biggest likely impact in promoting progress toward more efficient spectrum
utilization and sharing.

During the first day, we will hear from key value-chain and customer constituencies engaged in
commercializing the necessary technologies and business models to highlight the progress to date and key
business, market, and policy challenges that need to be addressed in order to secure timely progress.
Building on these insights, during the second day, a group of researchers from industry, government, and
academia will focus on the current status of economic and policy research relevant to addressing those
commercialization challenges, gaps in the research, and the data, tools and methods which are best suited
to address those gaps.

Organizers and Sponsors

This workshop is being organized under the direction of the Wireless Spectrum R&D Senior Steering
Group (WSRD) in the Networking and Information Technology Research and Development (NITRD),
with support from the National Science Foundation (NSF). The workshop organizing committee includes:

William Lehr (MIT, 617-258-0630, wlehr@mit.edu)

John Chapin (DARPA, 703-248-1533, John.Chapin@darpa.mil)

Wendy Wigen (NITRD, 703-292-7921, wigen@nitrd.gov)

Byron Barker (NTIA, 202-566-6207, bbarker@ntia.doc.gov)

Andrew Clegg (NSF, 703-292-4892, aclegg@nsf.gov)

Paul Kolodzy (Kolodzy Consulting, 703-328-9987, pkolodzy@kolodzy.com)
Yochai Benkler (Harvard, 617-496-3022, ybenkler@Ilaw.harvard.edu)

Greg Rosston (Stanford, 650-566-9211, grosston@stanford.edu)

Joe Heaps (DOJ, joseph.heaps@usdoj.gov)

Rangam Subramanian (Idaho National Laboratory, rangam.subramanian@inl.gov)
Douglas Sicker (U. of Colorado, douglas.sicker@colorado.edu)

Background

The growth of wireless in all of its forms — from sensors to mobile broadband, from satellites to ad hoc
mesh networks — is putting increased strain on our scarce RF spectrum resources, motivating both
commercial and government users to look toward new spectrum management models that will support
increased utilization, including spectrum sharing. The Presidential Memorandum Unleashing the Wireless
Broadband Revolution (June 28, 2010) directed
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Sec. 3. The Secretary of Commerce, working through NTIA, in consultation with the National
Institute of Standards and Technology, National Science Foundation (NSF), the Department of
Defense, the Department of Justice, NASA, and other agencies as appropriate, shall create and
implement a plan to facilitate research, development, experimentation, and testing by researchers
to explore innovative spectrum-sharing technologies, including those that are secure and resilient.

In response to this mandate, the Wireless Spectrum Research and Development (WSRD) Senior Steering
Group (SSG) was created in the White House Office of Science & Technology Policy (OSTP) to
"coordinate spectrum-related research and development activities across the Federal government. The
purpose is two-fold: to help coordinate and inform ongoing activities across Federal agencies; and to
facilitate the identification of shortcomings in the Government’s R&D portfolio with respect to
technologies that allow a more efficient use of spectrum.”

Thus far, and in three earlier workshops during 2011-2012, the principal focus of R&D efforts addressed
by WSRD has been technical; however there is growing recognition that for this work to bear fruit, a
broader R&D perspective is required. New wireless and spectrum sharing technologies call forth a need
for new policy frameworks and business models, and confront users and markets with new wireless
economics that need to be better understood in order to realize the full potential of wireless innovation.
Gaining user and network operator acceptance and trust in new spectrum sharing models and designing
such systems to be secure and resilient is not just a technical challenge; it simultaneously calls for
changes in spectrum management procedures and practices by network operators, users, and regulatory
authorities and the evolution of new types of economic relationships among spectrum rights holders. The
non-(engineering)-technical R&D agenda includes theoretical and empirical work on wireless technology
markets, regulatory reform, and radio system design — where one takes seriously the perspective that the
"system™ includes the larger ecosystem of users, network operators, and regulatory authorities.

Examples of open R&D questions in the spectrum-related research with a significant non-engineering
component include:

1. What are the most important new wireless technologies that are not being commercialized
sufficiently quickly? What economic (incentive, business model, or market factors) and policy
challenges explain this?

2. What is the value of spectrum? How does it vary by band, by use, over time, or by regulatory
regime? What metrics are needed to facilitate valuing spectrum and usage rights?

3. What is the optimal institutional framework for managing spectrum interference? How might
existing regulatory institutions best take advantage of the smart radio technologies like cognitive
radio, spectrum access databases, and sensing? How should property rights for primary and
secondary users be modified to align incentives for efficient spectrum use?

4. How will use of DSA-enabled radios affect the operations of public safety professionals? What
will be the operational and financial impact of transitioning to new public safety radio systems?

5.  How much activity might we expect to see in active spectrum sharing markets? Over what time-
scale? How might it vary by band? By spectrum-management framework?

6. What will the economic impact be from increased sharing of spectrum resources? Among
government users? Among commercial users? Among government and commercial users?

7. What is the optimal economic design for small-cell mobile broadband last-mile architectures for
municipalities? What are the implications for sharing spectrum and RAN infrastructure?

8. What are viable business models for using secondary access or pre-emptible spectrum resources?

9. How will DSA impact competition in wireless infrastructure and services?

For questions contact: Bill Lehr (MIT, 617-258-0630, wlehr@mit.edu)

For logistical details: Susan Perez (MIT, 617-253-6002, susanperez@csail.mit.edu)

Page 2 of 4



¢ NITRD

Efficient spectrum utilization: the economic and policy R&D Agenda

When: April 23-24, 2013
Where: MIT (32-G449 Patil Conference Room/Kiva, 32 Vassar Street, Cambridge, MA 02139)

Day 1: Tuesday, April 23

WSRD Workshop IV

Time Agenda Item Description
8:30-9:00 Coffee & Registration
9:00-9:30 Introduction Greeting, Introductions
Spectrum Sharing Status Update
9:30-11:00 Session #1.1 e Panel of industry stakeholders discussing current examples of spectrum
sharing.
11:00-11:15 | Break
Challenges and Opportunities to spectrum sharing, part 1
11:15-12:45 | Session #1.2 e  Operators and Service providers discuss opportunities and challenges to
expanded spectrum sharing.
e Technology providers (handset/chipset providers)
12:45-1:45 Lunch
Challenges and Opportunities to spectrum sharing, part 2
e Niche service/technology providers
1:45-3:15 Session #1.3 e Higher-layer application providers
e End-customers discuss sharing options/requirements
e Wall Street, VC, and investment analyst perspectives
3:15-3:30 Break
Challenges and Opportunities to spectrum sharing, part 3
3:30-5:00 | Session #1.4 ©  Government users
e  Spectrum policy managers
e International policy perspectives
5:00-5:30 Closing Wrap-up Discussion, Summary conclusions
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Efficient spectrum utilization: the economic and policy R&D Agenda

When: April 23-24, 2013
Where: MIT (32-G449 Patil Conference Room/Kiva, 32 Vassar Street, Cambridge, MA 02139)
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WSRD Workshop 1V

Day 2: Wednesday, April 24

Time Agenda Item | Description
8:30-9:00 Coffee & Registration
9:00-9:30 Introduction | Greeting, Introductions
Spectrum Measurement/Valuation/Assessment

e What is the best work on valuing spectrum resources? Pros/cons of
alternative approaches? What next steps?

e  What are the right metrics to assess spectrum "efficiency"? What is the

i i . appropriate public interest metric for maximizing the value from our
9:30-11:00 Session #2.1 national spectrum resources?

e What do we need to measure/what data needed to answer these questions?
How should we undertake measurements?

e Economic impact assessment for spectrum efficiency

e  Assessing market power in spectrum

11:00-11:15 | Break
Government Spectrum Sharing: Empirical Analysis

o Critical goal is to realize at-scale testing of spectrum sharing initiative, with

appropriate economic/policy research. Need empirical insight to understand
. user-adoption issues, and other not-purely-technical aspects of
11:15-12:45 | Session #2.2 commeré)ialization challenge. Py P

e  Case studies of sharing initiatives that worked (and failed). Access point
bleeding into radar? Military sharing fees in UK?

e Possible future cases: LSA/ASA spectrum sharing? Sharing with radar?

12:45-1:45 Lunch
Spectrum Management Reform: Lessons learned and next steps

e What can we learn about policies that worked (failed) from past efforts at
spectrum reform?

e A host of innovations have been proposed that would benefit from more
systematic analysis and exploration, including spectrum fees, government

1:45-3:15 Session #2.3 b_udge_t accoun_ting flclnr spectrum ”Sag?" unli_censed allocations, flexible
licensing, auctions, "spectrum bucks," receiver standards.

e Can we estimate the costs of "getting it wrong"? Costs of policy failures?
What are the modeling challenges, approaches that work best?

e Institutional/market design research on topics like "spectrum bucks,"
incentives for spectrum effciciency, adaptive/flexible spectrum
management frameworks

3:15-3:30 Break
Special Topics
) ) . e Public safety and Spectrum Sharing Economics
3:30-5:00 Session #2.4 e Economics & Policy for Shared Small Cell Infrastrucutures
e  Spectrum rights enforcement models
5:00-5:30 Closing Wrap-up Discussion, Summary conclusions
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