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“Summit Ridge’s handbook is a boon for academics and practitioners seeking to engage the difficult
issues of valuing, transacting, and planning wireless investments. It provides a comprehensive and
holistic overview of the technical, legal, and economic challenges of spectrum management in a single
and easily accessible volume that still manages to go deep in addressing the challenges confronting
the experts today. In light of the fast pace of innovation, we are lucky to have a recently updated and
expanded Spectrum Handbook 2018!”

William Lehr, PhD
Research Scientist
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“An extraordinary comprehensive and well-organized overview of the multi-faceted complexities of
spectrum issues, including technical, economic and regulatory considerations. The Spectrum Handbook
2018 is an invaluable primer for both those new to the field and a handy reference for experienced
practitioners.”

Andrew D. Lipman
Partner and Legal Practice Group Leader
Morgan Lewis

“The Spectrum Handbook 2018 is a rare — and extremely valuable — guide to the business and regulatory
issues affecting the use of spectrum in the 21st Century. The Handbook goes beyond the typical

review of US regulatory issues by supplying the technical overview that is so often lacking from other
handbooks. Additionally, the Handbook provides an excellent review of global markets, plus an insider’s
discussion of the valuation process. The Handbook is a great reference guide for both experienced
telecoms professionals and those new to the industry.”

Lee G. Petro
Special Counsel, Pillsbury Winthrop Shaw Pittman LLP
President, Federal Communications Bar Association (2018-2019)

“A very comprehensive book covering, every aspect and issues related to spectrum, a necessary
resource for all wireless services. Excellent read and reference source for anyone involved in spectrum
from new to the field to experienced practitioners, they are guaranteed to learn something.”

Veena Rawat, O.C., Ph.D
Senior Spectrum Advisor and CEO, Expert Strategies International
Former President of Industry Canada’s Communications Research Center

“The Spectrum Handbook 2018 is a comprehensive survey of spectrum regulation, key technologies,
and the state of the wireless business. It focuses on the United States, but includes surveys of key
countries world-wide. It would serve well as either a primer for someone entering the field or as a handy
reference for those well-versed in the field.”

Pierre de Vries
Co-director, Spectrum Policy Initiative at Silicon Flatirons Center
University of Colorado




SUMMIT
RIDGE
GROUP

About Summit Ridge Group, LLC

Summit Ridge Group is the premier provider of valuation and financial advisory services
specializing in the satellite, media and telecom sectors. We provide business appraisal,
intangible asset valuation, strategic consulting, custom research and litigation support
service. The client needs we service include transactional support, financial reporting,
financial analysis, market analysis, strategic analysis, regulatory support and litigation
support/expert witness testimony. Visit us at:

www.SummitRidgeGroup.com
Blog: www.SummitRidgeGroup.com/blog
Twitter: @SummitRidgeGrp

J. Armand Musey, CFA, JD/MBA

Mr. Musey is the president and founder of Summit Ridge Group, LLC. He has worked for
over 20 years in telecom finance for a wide variety of clients including corporations,
investors, and governmental agencies. He regularly speaks at major telecom industry
conferences and has been frequently quoted in leading trade publications and by
national publications as an expert in satellite communications finance and in corporate
governance. He authored “The Spectrum Handbook 2013,” and his recent industry
research has been published in leading law journals.

Mr. Musey is a member of the Federal Communications Bar Association, the American
Society of Appraisers, the New York Society of Securities Analysts, and the CFA
Institute. He holds a J.D. degree from Northwestern University’s Pritzker School of Law,
an MBA from Northwestern University’s Kellogg Graduate School of Management, an
M.A. from Columbia University, and an A.B. from the University of Chicago.

E. Barlow Keener, JD, MA, CIPP

Barlow Keener is a Managing Director at Summit Ridge Group and serves as its Chief
Information Security Officer. He has over 20 years of telecommunications, spectrum,
Internet, and privacy law experience. He also earned a CIPP/US (Certified Information
Privacy Professional) from the IAPP (International Association of Privacy Professionals).
Barlow has provided counsel and in-depth regulatory and financial analysis for clients
involved in innovative FCC related spectrum issues, satellite spectrum matters, terrestrial
radio technologies, small cell technologies, long-haul fiber networks, and data centers.

Mr. Keener is a member of the Federal Communications Bar Association, is a principal
at Keener Law Group, and was previously co-founder of a New England facilities-based
CLEC. In addition, he served as General Counsel at a Boston-based marketing firm and
was in-house counsel at BellSouth Telecommunications (now AT&T). Barlow regularly
speaks at major industry spectrum and telecom conferences. He holds a J.D. degree
from Emory University School of Law, an M.A. from North Carolina Central University,
and a B.A. from the University of the South.




The Spectrum Handbook 2018

J. Armand Musey, CFA
Founder/President

E. Barlow Keener
Managing Director

Samantha Lynch
Research Associate

John A. Tardio
Vice President

Fan Jia
Associate

Daniel-dohn Perez
Analyst

For additional copies or inquiries please contact:

Summit Ridge Group, LLC

535 Fifth Avenue, 4™ Floor

New York, NY 10017

Phone: +1.646.843.9850

Email: Admin@SummitRidgeGroup.com

Copyright © 2018 by Summit Ridge Group, LLC

Summit Ridge Group, LLC
535 Fifth Avenue, 4" Floor
New York, NY 10017
www.SummitRidgeGroup.com

Published in the United States of America in 2018

By Summit Ridge Group, LLC

All Rights Reserved. Printed in the United States of America
978-0-9892962-4-3 Hardback ($149.95)
978-0-9892962-6-7 Paperback ($119.95)
978-0-9892962-5-0 Ebook ($79.95)

978-0-9892962-7-4 .PDF ($79.95)

Library of Congress Control Number: 2018910924




SUMMIT
RIDGE
GROUP

IMPORTANT DISCLOSURES

This document is not a recommendation to buy or sell securities of any type. It
is designed to facilitate an understanding of communications industry topics. Please
consult an appropriate professional advisor before making significant business or
investment decisions.

o This document expresses summary views and therefore does not include all
views of Summit Ridge Group, LLC or its professionals.

o General views expressed in this report may or may not be applicable to a given
situation. Adjustments and/or changes may be needed to address the particular
circumstances of that situation.

Forward looking statements expressed in this report are not guaranteed in any
manner and may ultimately prove to be incorrect.

Data in this report, including but not limited to financial information, company and
industry information was derived from a number of sources that we believe to be
accurate. However, we have not independently verified the data and therefore
cannot assume responsibility for its accuracy. Please verify any data before using it
as the basis for an important decision.

Comments about regulatory issues should not be taken as legal conclusions or
advice. Consult an appropriately qualified attorney before making important
decisions requiring regulatory analysis.

Views expressed in this report are subject to change. Summit Ridge Group, LLC
does not assume responsibility for updating its contents. Please contact us for our
most current views.




Executive Summary

This updated Handbook has three objectives: 1) to serve as a primer for explaining the
complex issues around the use of electromagnetic spectrum; 2) to analyze, from both an
economic and a legal perspective, the regulatory processes being considered or
underway to reallocate or change the use of spectrum bands; and 3) to be a reference
source for industry professionals. Part | of the Handbook provides an overview of the
spectrum and the regulatory process. Part Il provides an in-depth overview of various
spectrum bands, discussing their range, location, and physical properties and how
these impact their ability to be used. Part Il explains the various Regulatory Dynamics.
Part IV provides a comparative international overview. Part V is an overview of valuation
methods and trends. An analysis of the current allocation of these spectrum bands in
the United States follows. Throughout the Handbook, we provide links in the footnotes
to sources for additional information.

From a macro-perspective, regulators worldwide are in the middle of a spectrum
reallocation, primarily for 5G, that is unprecedented in its size and speed. This is
occurring at a range of spectrum bands. The most noticeable change since our 2013
Handbook is the clear trend towards increase demand for higher frequencies, most
notably, millimeter wave spectrum in the U.S. In addition, the unlicensed spectrum and
spectrum sharing movements have graduated from a niche into the mainstream. Various
forms of spectrum sharing are now supported by major companies such as Google and
Microsoft. In a sense, they may be a portend a long-term upheaval of the sector by
Silicon Valley players; however, mobile operators are ahead in deployed infrastructure.

In addition, regulatory bodies, including the FCC, repurposed and reallocated spectrum
from 2012 to 2018 for both licensed and unlicensed use. This has dramatically increased
the availability of spectrum, AWS-3, AWS-4, H-Block, 600 MHz incentive auction and
others. And the process is continuing. The 3.5 GHz Citizens Broadband Radio Service,
or CBRS, spectrum sharing proceeding, which will begin operating by the end of 2018
will add 150 MHz of new mid-band service for mobile and fixed use. The 2018 FCC
proceeding to study proposals for satellite vendors to repurpose spectrum from 3.7-4.2
MHz will in the near future add up to another 500 MHz to the 150 MHz at 3.5 GHz. The
24 GHz and 28 GHz auctions are expected at yearend 2018.

Software defined networking technology has also increased the flexibility of
communication networks in all areas from satellite to terrestrial wireless to submarine
cables. Moreover, new technologies to increase spectrum efficiency, such as MIMO,
spectrum sharing, small cell densification, beamforming antennas and spectrum
aggregation (licensed and unlicensed) have evolved at unexpectedly rapid rates. As a
result, not only has spectrum availability increased, but the historical near linear
relationship between bandwidth demand and needed capacity has been broken. This
makes evaluating carriers’ need for spectrum an increasingly difficult exercise.
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Critical Dates in Spectrum History

The history of wireless communications mirrors that of many fields of science. After
many centuries of little progress, significant new technological developments occurred
during the Enlightenment. Progress has generally accelerated ever since, responding to
the increased communications needs of modern society.

e 5™ Century B.C.
o Greek Pre-Socratic philosopher Empedocles opines (correctly) that light
travels at a finite speed
e 1600s
o Isaac Newton opines that light is made-up of particles (1672)
o Christiaan Huygens postulates the wave theory of light (1678), a dualistic
understanding (waves and particles) that continues today
e 1700s
o Leonard Euler (1740s) and Benjamin Franklin (late 1700s) support
Huygens’ controversial theory which supports Newton’s view
e Early 1800s
o Thomas Young confirms Huygen’s wave theory of light (1803)
e Mid 1800s
o James C. Maxwell formulates the mathematical equations for classical
electromagnetic fields using Michael Faraday’s discovery of
electromagnetic fields (1861)
o International Telegraph Union (later to become the International
Telecommunication Union) founded in Paris (1865)
e Late 1800s
o Heinrich Rudolph Hertz proves electromagnetic waves exist (1886)
o Guglielmo Marconi transmits and receives the first wireless signal
e Early 1900s
o Reginald Fesseden makes first voice radio transmission (1900)
o Guglielmo Marconi transmits first transatlantic wireless signal (1901)
e 1910s
o Titanic tragedy emphasizes importance of radio communication (1912)
o During WW [, the U.S. Navy takes control of all radio technology
o After WW |, the Radio Corporation of America (RCA) established to take
over patent control from the government
o First AM licensed radio station, 740 kHz KCBS AM, San Jose, CA (1909)
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1920s

First radio program transmitted on a daily basis (1920)

Marconi discovers short wave radio can reflect from ionosphere (1920)
Working television is demonstrated in London by John Logie Baird at
Selfridge’s Department Store (1925)

First color television transmission is delivered in Scotland (1928)

Frequency-modulated (FM) radio invented by Edwin Armstrong (1933)
The Federal Communications Commission (FCC) established (1934)
First FM station, WAAF 107.3 MHz Westborough, MA (1937)

Wartime military needs encourage deployment of radio services
Radiotelephony commercialized

First Soviet satellite, Sputnik 1, launched, followed by the first U.S.
satellite, Explorer 1
First color television introduced in the U.S. (1953)

Telstar | satellite relays transatlantic television signal (1962)

LORAN becomes leading navigation system
The FCC allocates 40 MHz for cellular service

Cellular spectrum given to local Bell operating companies and ATT (1983)
The first commercial handheld mobile phone was approved by the FCC
(1983)

Bell Breakup (1984)

First cell phone services begin (1984)

FCC allocated ISM bands for unlicensed use (1985)

First generation of GPS satellites completed (1985)

First Internet services provided through dial-up connections

Second generation (2G) cellular technology (digital) launched

First text messages sent from cell phone to cell phone

FCC conducts its first spectrum auction (1994)

Internet commercialized and opened up to the public in 1995

FCC finally publishes unlicensed Wi-Fi standards allocated in 1985 (1997)
Digital television broadcasting begins (late 1990s)

Wi-Fi is trademarked by the Wi-Fi Alliance (1999)

Apple adds Lucent Wireless LAN into the new iBook and Airport (1999)
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2001

2006

2008

2015

2018

Third generation (3G) cellular technology launched

Fourth generation (4G) cellular technology released in South Korea
= 4G not launched in the U.S. until 2008 by Sprint Nextel

First reallocations of U.S. spectrum bands in the 700 MHz range
Analog services phase-out to digital service begins
Licensing TV white spaces accelerates share spectrum movement

4G LTE penetration reaches 100% of the U.S. population

3GPP or Third Generation Partnership Project, defines 5G standards




