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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 I of the Handbook provides an overview of the 
spectrum and the regulatory process. Part II 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 III 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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• 1920s 
o First radio program transmitted on a daily basis (1920) 
o Marconi discovers short wave radio can reflect from ionosphere (1920) 
o Working television is demonstrated in London by John Logie Baird at 

Selfridge’s Department Store (1925) 
o First color television transmission is delivered in Scotland (1928) 

• 1930s 
o Frequency-modulated (FM) radio invented by Edwin Armstrong (1933) 
o The Federal Communications Commission (FCC) established (1934) 
o First FM station, WAAF 107.3 MHz Westborough, MA (1937) 

• 1940s 
o Wartime military needs encourage deployment of radio services 
o Radiotelephony commercialized 

• 1950s 
o First Soviet satellite, Sputnik 1, launched, followed by the first U.S. 

satellite, Explorer 1 
o First color television introduced in the U.S. (1953) 

• 1960s 
o Telstar I satellite relays transatlantic television signal (1962) 

• 1970s 
o LORAN becomes leading navigation system 
o The FCC allocates 40 MHz for cellular service 

• 1980s 
o Cellular spectrum given to local Bell operating companies and ATT  (1983) 
o The first commercial handheld mobile phone was approved by the FCC 

(1983)  
o Bell Breakup (1984) 
o First cell phone services begin (1984) 
o FCC allocated ISM bands for unlicensed use (1985) 
o First generation of GPS satellites completed (1985) 
o First Internet services provided through dial-up connections  

• 1990s 
o Second generation (2G) cellular technology (digital) launched  
o First text messages sent from cell phone to cell phone 
o FCC conducts its first spectrum auction (1994) 
o Internet commercialized and opened up to the public in 1995 
o FCC finally publishes unlicensed Wi-Fi standards allocated in 1985 (1997) 
o Digital television broadcasting begins (late 1990s) 
o Wi-Fi is trademarked by the Wi-Fi Alliance (1999) 
o Apple adds Lucent Wireless LAN into the new iBook and Airport (1999) 

 

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. 

• 5th Century B.C.  
o Greek Pre-Socratic philosopher Empedocles opines (correctly) that light 

travels at a finite speed 
• 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 
• 1700s 

o Leonard Euler (1740s) and Benjamin Franklin (late 1700s) support 
Huygens’ controversial theory which supports Newton’s view 

• Early 1800s 
o Thomas Young confirms Huygen’s wave theory of light (1803) 

• 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) 

• Late 1800s 
o Heinrich Rudolph Hertz proves electromagnetic waves exist (1886) 
o Guglielmo Marconi transmits and receives the first wireless signal 

• Early 1900s 
o Reginald Fesseden makes first voice radio transmission (1900) 
o Guglielmo Marconi transmits first transatlantic wireless signal (1901) 

• 1910s 
o Titanic tragedy emphasizes importance of radio communication (1912) 
o During WW I, the U.S. Navy takes control of all radio technology  
o After WW I, 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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CRITICAL DATES IN SPECTRUM HISTORY



 

 

• 1920s 
o First radio program transmitted on a daily basis (1920) 
o Marconi discovers short wave radio can reflect from ionosphere (1920) 
o Working television is demonstrated in London by John Logie Baird at 

Selfridge’s Department Store (1925) 
o First color television transmission is delivered in Scotland (1928) 

• 1930s 
o Frequency-modulated (FM) radio invented by Edwin Armstrong (1933) 
o The Federal Communications Commission (FCC) established (1934) 
o First FM station, WAAF 107.3 MHz Westborough, MA (1937) 

• 1940s 
o Wartime military needs encourage deployment of radio services 
o Radiotelephony commercialized 

• 1950s 
o First Soviet satellite, Sputnik 1, launched, followed by the first U.S. 

satellite, Explorer 1 
o First color television introduced in the U.S. (1953) 

• 1960s 
o Telstar I satellite relays transatlantic television signal (1962) 

• 1970s 
o LORAN becomes leading navigation system 
o The FCC allocates 40 MHz for cellular service 

• 1980s 
o Cellular spectrum given to local Bell operating companies and ATT  (1983) 
o The first commercial handheld mobile phone was approved by the FCC 

(1983)  
o Bell Breakup (1984) 
o First cell phone services begin (1984) 
o FCC allocated ISM bands for unlicensed use (1985) 
o First generation of GPS satellites completed (1985) 
o First Internet services provided through dial-up connections  

• 1990s 
o Second generation (2G) cellular technology (digital) launched  
o First text messages sent from cell phone to cell phone 
o FCC conducts its first spectrum auction (1994) 
o Internet commercialized and opened up to the public in 1995 
o FCC finally publishes unlicensed Wi-Fi standards allocated in 1985 (1997) 
o Digital television broadcasting begins (late 1990s) 
o Wi-Fi is trademarked by the Wi-Fi Alliance (1999) 
o Apple adds Lucent Wireless LAN into the new iBook and Airport (1999) 
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  • 2001 
o Third generation (3G) cellular technology launched 

• 2006 
o Fourth generation (4G) cellular technology released in South Korea  

§ 4G not launched in the U.S. until 2008 by Sprint Nextel 
• 2008 

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

• 2015 
o 4G LTE penetration reaches 100% of the U.S. population 

• 2018 
o 3GPP or Third Generation Partnership Project, defines 5G standards 
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