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1. Lecture 1: Panel on Radio Astronomy Spectrum Policy and Management 

 
 

Video 
 
Advanced Spectrum Policy Lecture 1: NRAO Panel Discussion 
https://www.youtube.com/watch?v=JKP7fuc-
hNI&list=PLIbQnBe9lRS_YjEJyMEqm_QNFbmld5_ko&index=2 

 
 
On February 21, 2025, a panel of experts from the National Radio Astronomy Observatory 
discussed current issues and activities in spectrum policy. The panel featured three 
experts from the National Radio Astronomy Observatory (NRAO): Harvey Liszt (NRAO 
Spectrum Manager), Chris De Pree (Deputy Spectrum Manager), and Sheldon Wasik (Zone 
Regulatory Services Coordinator).  
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Figure 1.1. Panel Discussion with NRAO Spectrum Policy Experts1 
 
They gathered to discuss spectrum management challenges for radio astronomy. Harvey 
represents radio astronomy internationally at the ITU-R, while Chris focuses on internal 
monitoring of radio frequency interference (RFI) and coordinates with satellite operators. 
Sheldon manages coordination in the National Radio Quiet Zone and conducts 
propagation analysis. 
 

1.1. Learning Objectives 
 
 

Statement 
 
Understand the unique spectrum management challenges faced by the radio astronomy 
community, including interference sources, coordination mechanisms, and policy 
tensions with commercial and defense interests. Explore innovative solutions and 
international frameworks addressing growing space congestion and radio frequency 
interference (RFI). 

 
 

1.2. Radio Astronomy's Unique Spectrum Challenges 
 

 
1 Video available here:  https://techpolicyinstitute-
org.zoom.us/rec/share/3pN2ZQfd1dWnXpgs2GdfAoky7ZLCV4V5r4hJktPKu0DPclhshpofAv1RsPDyXJHK.0gEz
dtceJbAmsPym?startTime=1740153862000.  
Passcode: &^7&5alq.  
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Radio astronomy faces unique spectrum challenges as it operates across the entire radio 
spectrum but only has allocations in very small parts of it. Below 86 GHz, only about 2% of 
the spectrum is protected for radio astronomy. This creates a difficult situation as radio 
telescopes are billions of times more sensitive than typical commercial transmission 
levels, making them extremely vulnerable to interference. The telescopes must follow 
natural phenomena across different frequencies, including red-shifted signals from the 
early universe. 
 
Telescopes include, among others, the Altcama Large Millimeter/submillimeter Array 
located in the Altacama Desert in Chile, the Very Long Baseline Array (VLBA) of telescopes 
stationed across 5,351 miles, and the Very Large Array (VLA) which is the most advanced 
array of telescopes on Earth spanning across 22 miles.2 
 

 
 

Figure 1.2. NRAO Telescopes3 
 
 

1.2.1. The National Radio Quiet Zone 
 
The National Radio Quiet Zone, covering about 13,000 square miles in West Virginia and 
Virginia, provides unique protection for radio astronomy. Within this zone, all permanent 
fixed transmitters must coordinate with NRAO before receiving FCC or NTIA licenses. 
Sheldon runs propagation analyses based on power flux density values to evaluate 
potential interference. The coordination encompasses public safety systems, cell towers, 
microwave links, and other technologies. Radio telescopes generally point upward, giving 
them reduced sensitivity to the horizon, which helps with terrestrial coordination.  
 

“The NRQZ was established by the Federal Communications Commission 
(FCC) in Docket No. 11745 (November 19, 1958) and by the Interdepartment 
Radio Advisory Committee (IRAC) in Document 3867/2 (March 26, 1958) to 
minimize possible harmful interference to the National Radio Astronomy 
Observatory (NRAO) in Green Bank, WV and the radio receiving facil ities for 

 
2 NRAO, National Radio Astronomy Observatory Telescopes, https://public.nrao.edu/.  
3 NRAO, National Radio Astronomy Observatory Telescopes, https://public.nrao.edu/.  
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the United States Navy in Sugar Grove, WV. The NRQZ is bounded by NAD-
83 meridians of longitude at 78d 29m 59.0s W and 80d 29m 59.2s W and 
latitudes of 37d 30m 0.4s N and 39d 15m 0.4s N, and encloses a land area of 
approximately 13,000 square miles near the state border between Virginia and 
West Virginia.”  
https://info.nrao.edu/do/spectrum-management/national-radio-quiet-
zone-nrqz-1  

 
 

Quote 
 
The National Radio Quiet Zone, which contains the Green Bank Observatory, was 
established in 1958. 

 

 
Figure 1.3. National Radio Quiet Zone (Source: NRAO)4 

 
4 NRAO, National Radio Quiet Zone, https://info.nrao.edu/do/spectrum-management/national-radio-

quiet-zone-nrqz-1  
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1.2.2. Coordination Beyond Protected Zones 
 
At sites outside the National Radio Quiet Zone, coordination becomes more challenging as 
operators aren't required to work with NRAO. For example, at the Very Large Array in 
New Mexico, the team reaches out to cell phone carriers and other operators for 
voluntary mitigation efforts. Modern radio astronomy doesn't observe in narrow protected 
bands but uses receivers with 4-8 GHz bandwidths that inevitably cross bands allocated 
to other users, making RFI management essential everywhere. 
 
 

Multiple Choice Question 
 
Radio astronomy is resilient to radio frequency interference from satellite and space 
development because of its large array antennas and highly specialized radio engineers. 
(False. Radio astronomy requires quiet zones for highly sensitive antennas that are able 
to detect light and electromagnetic waves from distant planets and constellations.) 

 
 

1.2.3. Types of Interference 
 
Radio telescopes experience various types of interference: narrow band, broadband, 
intermittent, constant, ground-based, and increasingly sky-based from aviation and 
satellites. The biggest challenge with space-based transmissions is the lack of protection 
mechanisms compared to terrestrial sources. However, the National Science Foundation 
has established cooperative agreements with several satellite constellation companies that 
require them to work with observatories, especially those in the Radio Quiet Zone. 
 

1.2.4. Innovative Private Coordination Solutions 
 
NRAO has developed innovative coordination methods with satellite operators like 
SpaceX. They created an "operational data sharing" system that publicly shares real-time 
data about telescope activities, including pointing position, frequency band, and 
observation timing. Satellite operators can query this system and, depending on their 
capabilities, avoid transmitting in those specific bands during observations. This allows 
radio astronomy to recover use of spectrum that has been licensed to others without 
completely restricting the satellite operators' service. 
 

1.2.5. The Sensitivity Challenge 
 
Radio astronomy telescopes are extraordinarily sensitive, measuring signals in micro-
Janskys, which are millions of times weaker than typical commercial service levels. This 
extreme sensitivity is what allows astronomers to detect distant cosmic phenomena but 
also makes the telescopes highly vulnerable to interference. Historically, astronomers 
have addressed this by locating observatories in remote locations at great expense, but 
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the proliferation of satellites means there are no longer any truly radio-quiet locations on 
Earth. 
 

1.3. Space Congestion and Growing Challenges 
 
Space has become increasingly congested for radio astronomy. Where once the largest 
satellite constellation was Iridium with 66 satellites, SpaceX now has over 6,600 satellites 
in orbit. These newer satellites are also much larger and more powerful, with SpaceX 
Generation 2 satellites weighing nearly a ton compared to the much lighter Generation 1 
satellites. The burden on both the electromagnetic spectrum and the Earth's environment 
has increased dramatically with this expansion in satellite technology. 
 

1.3.1. Unintended Electromagnetic Radiation 
 
Beyond the known frequencies used by satellite systems, radio astronomers also detect 
unintended electromagnetic radiation (UEMR) from onboard electronics. Recent research 
has documented this issue with telescopes like LOFAR in Europe detecting radiation 
around 180 MHz from satellites. Despite satellites passing lab tests, the extreme sensitivity 
of radio telescopes picks up this background electronic noise, creating additional 
challenges that are difficult to manage. 
 

1.3.2. Coordination Complexities with Multiple Operators 
 
As more satellite constellations from different companies enter orbit, new coordination 
challenges emerge. Each constellation presents unique problems based on orbit type 
(geostationary vs. low Earth orbit), movement patterns, and frequency ranges. 
Understanding the specific interference patterns is critical to developing mitigation 
techniques. The increasing diversity of satellite systems and their expanding use of 
different frequency bands create a more complex interference environment for radio 
astronomy. 
 

1.3.3. New Interference Calculation Methods 
 
Cell phone operators are now facing similar interference concerns from neighboring 
countries' satellites, requiring them to adopt the same aggregate interference calculation 
methods that radio astronomy has used for years. The signal levels used for direct 
satellite-to-cell phone communication are approximately 10,000 times stronger than 
what SpaceX needs for home broadband, creating new challenges for spectrum 
management across services. 
 
 

Multiple Choice Question 
 
Direct satellite-to-cell phone communication uses signal levels approximately 10,000 
times stronger than those used by SpaceX for home broadband. (True. There are 
concerns for interference from higher powered radio users disrupting passive radio 
observation.) 
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1.4. Radar Interference and Coordination 
 
Orbiting radars used for Earth mapping pose a particular threat to radio astronomy as they 
can potentially burn out receivers if telescopes point too close to them. Coordination for 
these systems has been limited, though some progress has been made. IUCAF recently 
established an agreement with the European Space Administration to prevent their 94 GHz 
radar from illuminating radio telescopes working at that frequency, creating a 25 km 
exclusion zone with minimal impact on their operations. 
 
 

Multiple Choice Question 
 
Orbiting Earth-mapping radars pose no threat to radio astronomy because they operate 
at completely different frequencies. (False. They pose a significant threat and can 
damage receivers if not properly coordinated.) 

 
 

1.4.1. NRAO's Radar Development 
 
Interestingly, NRAO is in the early stages of developing radar systems for mapping 
celestial objects, which will reverse the usual situation by directing power toward 
satellites. This development may require new coordination approaches where satellite 
operators need to know where NRAO's radar transmitters are pointing to avoid 
interference with their systems. 
 

1.4.2. Commercialization of Federal Spectrum 
 
Another emerging challenge is the increased commercialization of frequency bands 
previously reserved for federal use. Similar to the Citizens Broadband Radio Service 
(CBRS) transition, parts of the spectrum that have been relatively quiet near radio 
astronomy sites may become more congested as they open to commercial users. This 
requires new approaches to incentivize coordination and protect radio astronomy 
operations while allowing commercial entities to meet their communication needs. 
 

1.4.3. Competing Interests in Spectrum Allocation 
 
The panel noted the competing interests in spectrum allocation, including defense needs. 
As the commercial sector eyes frequency bands currently allocated to groups like the 
Department of Defense, questions arise about the appropriate balance. These federal 
users may utilize the spectrum less intensively near radio astronomy sites, which has 
benefited observatories, but commercial users would likely create more consistent 
interference. 
 

1.5. Other Topics 
 



 

11 

1.5.1. Spectrum Encroachment at Higher Frequencies 
 
Looking to the future, a significant challenge is the encroachment of active services into 
higher frequency ranges (above 230 GHz) where radio astronomy has traditionally 
operated alone. As solid-state sources improve and more sensitive receivers are 
developed, commercial interests are moving into these previously unallocated frequency 
bands. The spectrum above 275 GHz is currently unallocated but will need to be 
addressed soon as technology advances. 
 

1.5.2. The Next Generation Very Large Array 
 
NRAO's Next Generation Very Large Array (ngVLA) will present new spectrum 
management challenges as it operates from 1 to potentially 120 GHz across approximately 
260 telescopes spread throughout the American Southwest and into Mexico. This 
distributed array will require extensive coordination to understand and manage the RFI 
environment across numerous sites in different regulatory jurisdictions.  
 
 

 
 

Figure 1.4. ngVLA (Art Credit: Sophia Dagnello, NRAO/AUI/NSF)5 
 

 
5 NRAO, “The Next Generation Very Large Array – ngVLA,” https://public.nrao.edu/ngvla/; NRAO, “$21 
Million NSF Award Will Bring ngVLA Design to Life,” September 14, 2023,  https://public.nrao.edu/news/21-
mil-nsf-ngvla-design-award/.    
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Figure 1.5. ngVLA Explainer Video6 

 
 

1.5.3. Consumer Electronics and Increasing RFI 
 
The proliferation of electronics in everyday life is creating more sources of radio frequency 
interference. Modern vehicles, especially electric ones, generate so much interference that 
many don't include AM radios anymore. Self-driving technology, radar mapping for cars, 
and other electronics are pushing into higher frequency ranges that were previously 
unaffected, creating new potential sources of interference for radio astronomy. 
 

1.5.4. International Coordination Frameworks 
 
International coordination remains critical for radio astronomy. Organizations like the ITU 
maintain databases of telescope locations, and these records have been recently updated 
to support coordination efforts. As radio astronomy facilities expand globally, these 
international frameworks will become increasingly important for protecting observations 
from interference. 
 
The fundamental challenge for spectrum policy in the next decade will be balancing the 
needs of passive scientific users like radio astronomy with the explosive growth in 
commercial applications. Finding technical and regulatory solutions that allow both to 
coexist will require innovative approaches to coordination, creative use of technology, and 
collaborative efforts across the spectrum community. 

 
6 NRAO, “Discoveries of Tomorrow: Envisioning the Next Generation VLA,” https://vimeo.com/280254012.  
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1.6. In the News 

 

 
 

Figure 1.6. Satellite Operators Coordinate with Astronomers7 
 
 

1.7. Assignment 
 
 

Fill in the Blank 
 
Read about the Q&A with Harvey Liszt at https://council.science/blog/rising-conflicts-
for-radio-and-space-astronomy/. What are some of the international agreements that 
have been signed as key accomplishments of IUCAF?  

 
 
 

1.8. Reading List 
 
 

 
7 NRAO, News Release, “Astronomers, Satellite Internet Provider Develop New System to Share the Sky,” 
Aug 9, 2024, https://public.nrao.edu/news/astronomers-satellite-internet-provider-develops-new-
system-to-share-the-sky/  
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 List  
 

● NRAO, National Radio Quiet Zone (NRQZ), https://info.nrao.edu/do/spectrum-
management/national-radio-quiet-zone-nrqz-1  

● NRAO, The Next Generation Very Large Array – ngVLA, 
https://public.nrao.edu/ngvla/  

● Rising Concerns for Radio and Space Astronomy: Q&A with Harvey Liszt, Mar. 23, 
2021, https://council.science/blog/rising-conflicts-for-radio-and-space-
astronomy/  

 

2. Lecture 2: Federal Spectrum Policy   

 

Video 
 
Advanced Spectrum Policy Lecture 2: Federal Spectrum Policy 
https://www.youtube.com/watch?v=J-
Jz0ElMCMY&list=PLIbQnBe9lRS_YjEJyMEqm_QNFbmld5_ko&index=3  

 
 
In this lecture, we will discuss institutions that manage spectrum policy, starting with the 
White House. The Executive Office of the President has the Office of Science and 
Technology Policy (OSTP) and also includes other staff who monitor spectrum policy 
issues from the National Security Council and Office of Management and Budget.  
 
Recently, the White House released the National Spectrum Strategy 2024 which was 
accompanied by an Implementation Plan and Research and Development Plan. This 
output was discussed at the NTIA’s annual Spectrum Symposium. The U.S. Department of 
Commerce agency NTIA manages federal spectrum policy while the Federal 
Communications Commission as an independent agency manages commercial spectrum 
policy. We will discuss in more detail the NTIA and FCC in the next lecture. 
 
Next, we discuss Congressional oversight of spectrum policy by two main subcommittees, 
the U.S. House of Representatives Energy and Commerce Committee Subcommittee on 
Technology and the U.S. Senate Commerce Committee Subcommittee on 
Telecommunications.  
 
Last, we recognize the importance of research institutions in the development of spectrum 
policy. Various educational programs and policy research are conducted by academics, 
scholars, lawyers, economists, and engineers.  
 

2.1. Learning Objectives 
 

Statement  
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Analyze the key components of the 2024 National Spectrum Strategy and its 
implementation, including the roles of federal agencies and Congress in shaping U.S. 
spectrum policy. Understand how research institutions and oversight bodies contribute 
to the development and governance of national spectrum initiatives. 

 
 

2.2. National Spectrum Strategy 2024 
 

2.2.1. National Spectrum Strategy 2024 (Nov. 13, 2023) 
 
The National Spectrum Strategy (NSS),8 prepared by the NTIA under the Biden 
Administration, is a comprehensive approach to modernize spectrum policy and maintain 
U.S. leadership in wireless technologies. The NSS emphasizes collaboration between 
government agencies and the private sector, establishing four pillars focused on creating a 
spectrum pipeline, long-term collaborative planning, fostering technological innovation in 
spectrum access and management, and expanding spectrum expertise and awareness.  
 
The NSS identifies specific spectrum bands for study and establishes a framework for 
future planning and technology development, the strategy aims to expand access to 
advanced wireless networks, boost competitiveness, and enhance national security. 
Ultimately, this document serves as a blueprint for a whole-of-nation effort to address 
current and future spectrum needs. 
 
The NSS was required by Presidential Memorandum entitled Modernizing United States 
Spectrum Policy and Establishing a National Spectrum Strategy.9 For more on a summary 
of the NSS, visit the NSS webpage.10 
 

 
8 National Spectrum Strategy, Nov. 13, 2023, 
https://www.ntia.gov/sites/default/files/publications/national_spectrum_strategy_final.pdf  
9 Modernizing United States Spectrum Policy and Establishing a National Spectrum Strategy, A Presidential 
Document by the Executive Office of the President on 11/17/2023, 
https://www.federalregister.gov/documents/2023/11/17/2023-25627/modernizing-united-states-
spectrum-policy-and-establishing-a-national-spectrum-strategy 
10 NTIA, National Spectrum Strategy, https://www.ntia.gov/programs-and-initiatives/national-spectrum-
strategy 
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Figure 2.1. National Spectrum Strategy 
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Figure 2.2. Ongoing Efforts to Study Spectrum Bands11 
 

 
11 National Spectrum Strategy, Nov. 13, 2023, at p. 5, 
https://www.ntia.gov/sites/default/files/publications/national_spectrum_strategy_final.pdf . 
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Figure 2.3. 2,790 MHz of Spectrum Meriting Further Study12 
 

2.2.2. National Spectrum Strategy Implementation Plan 2024 (Mar. 12, 2024) 
 

 
12 Id. at 6-7. 
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The National Spectrum Strategy Implementation Plan,13 is a detailed roadmap for achieving 
the goals outlined in the broader National Spectrum Strategy. It is organized around four 
key pillars aimed at ensuring U.S. leadership in wireless technologies, fostering long-term 
collaborative spectrum planning, promoting innovation in spectrum access and 
management, and expanding expertise in the field.  
 
For each strategic objective within these pillars, the plan identifies specific, measurable 
outcomes, along with the responsible federal agencies, contributing stakeholders, and 
estimated timelines for completion, emphasizing a commitment to a transparent and 
collaborative approach to spectrum management.  
 
 

 
 

Figure 2.4. National Spectrum Strategy Implementation Plan 
 

 
13 National Spectrum Strategy Implementation Plan, Mar. 12, 2024, 
https://www.ntia.gov/sites/default/files/publications/national-spectrum-strategy-implementation-
plan.pdf.  
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Figure 2.5. Organizational Structure for Implementation Plan 14 
 

2.2.3. National Spectrum Research & Development Plan (Oct. 2024) 
 
The National Spectrum Research and Development Plan,15 is the U.S. government's 
strategy for advancing innovation in the use and management of radio frequencies. 
Prepared by the Networking and Information Technology Research and Development 
(NITRD) Subcommittee under the National Science and Technology Council (NSTC), it 
identifies key research areas and priorities aimed at improving spectrum efficiency and 
access.  
 
The plan addresses both fundamental and use-inspired research, along with crucial 
accelerators like public datasets and testbeds, and proposes organizational improvements 
to foster collaboration and progress in spectrum technology and policy. This report serves 
as a guide for government support in spectrum-related R&D, intending to shape private-
sector efforts and promote continued U.S. leadership in this vital domain. 
 

 
14 Id. at A-2. 
15 National Spectrum Research and Development Plan, Oct. 2024,  https://www.nitrd.gov/pubs/National-
Spectrum-RD-Plan-2024.pdf. 
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Figure 2.6. National Spectrum Research and Development Plan 
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Figure 2.7. Thirteen Highest Priority Areas for R&D16 
 

 
16 National Spectrum Research and Development Plan, Oct. 2024, at v, 
https://www.nitrd.gov/pubs/National-Spectrum-RD-Plan-2024.pdf. 
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Figure 2.8. Spotlight 2.2: Artificial Intelligence and Machine Learning (AI/ML) in Spectrum 
R&D17 

 

 
17 Id. at 13. 
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Figure 2.9. Index of Spectrum R&D Topics18 
 
 
 

Multiple Choice Question 
 
The National Spectrum Strategy of 2024 was followed by an Implementation Plan and a 
Research and Development Plan which further described the steps that the federal 
government would take to conduct studies and find additional spectrum. (True. The 
Implementation Plan and Research and Development Plan were released in the months 
following the National Spectrum Strategy.)   

 
 
 

 
18 Id. at 38-39. 



 

26 

2.2.4. 2024 NTIA Spectrum Symposium 
 
The NTIA has hosted an annual spectrum symposium for the last 6 years to convene 
spectrum policy experts. The 2024 NTIA Spectrum Symposium focused on the National 
Spectrum Strategy release and implementation of the strategy.19 Video recordings of the 
morning20 and afternoon21 sessions are available online. 

 

 
Figure 2.10. Morning Session of the 2024 NTIA Spectrum Symposium 

 

 
19 2024 NTIA Spectrum Policy Symposium, https://www.ntia.gov/events-and-meetings/2024/2024-ntia-
spectrum-policy-symposium  
20 Morning Session, 2024 NTIA Spectrum Symposium, Feb. 1, 2024, 
https://www.youtube.com/watch?v=nuDBtpmnoGo  
21 Afternoon Session, 2024 NTIA Spectrum Symposium, Feb. 1, 2024, 
https://www.youtube.com/watch?v=ssCZx-BJve4.  
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Figure 2.11. Afternoon Session of the 2024 NTIA Spectrum Symposium 
 
 

2.3. Congressional Oversight  
 

2.3.1. U.S. House of Representatives Energy and Commerce Committee, 
Subcommittee on Communications 
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Figure 2.12. U.S. House E&C Committee Hearing on “American Leadership in Wireless 
Technology”22 

 
2.3.2. Senate Commerce Committee Subcommittee on Telecommunications 

 
 
 

 
 
 
 
 
 

 
22 House Committee on Energy and Commerce, “C&T Subcommittee Hearing: Strengthening American 
Leadership in Wireless Technology.” Jan. 23, 2025, https://www.youtube.com/watch?v=83sZKRdh94w.  
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Figure 2.13. Senate Commerce Committee Hearing on Spectrum Auction Delays23 
 
 
 

 
23 Senate Commerce Committee, Hearing on Spectrum Auction Delays, Feb. 19, 2025, 
https://www.youtube.com/watch?v=jpNPjPH0DiU.  
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Figure 2.14. Senate Commerce Committee Hearing on “Spectrum and National Security”24 

 

 
 

24 Senate Commerce Committee, Hearing on Spectrum and National Security, 
https://www.youtube.com/watch?v=UUkb3aNygDc.  
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Figure 2.15. Senate Commerce Committee Hearing on Mid-Band Spectrum and 

Government Spectrum Valuation Act25  
 
 
 

2.4. Research Institutions  
 
Research institutions such as the Technology Policy Institute contribute to educational and 
research efforts in spectrum policy.  
 
 
 

 
 

Figure 2.16. Technology Policy Institute Panel on the 2025 Spectrum Agenda26 

 
25 Senate Commerce Committee Hearing on Mid-Band and Government Spectrum Valuation Act, 
https://www.youtube.com/watch?v=J-kqZRXyHjg.  
26 Technology Policy Institute, Panel on the 2025 Spectrum Agenda, Mar. 11, 2025, 
https://www.youtube.com/watch?v=1PEhhqjccE0&list=PLIbQnBe9lRS8gL5lbTtAbu504fVczfuzm.  
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Figure 2.17. Technology Policy Institute Spectrum Series27 

 
 

2.5. In the News 
 

 
27 Technology Policy Institute, Winter Spectrum Series, Panels, 
https://www.youtube.com/watch?v=kbFYWLk8BIg&list=PLIbQnBe9lRS8gL5lbTtAbu504fVczfuzm.  
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Figure 2.18. NTIA Releases National Spectrum Strategy28 
 

2.6. Assignment 
 
 

Fill in the Blank 
 
Read the National Spectrum Strategy, Implementation Plan, and R&D Plan. National 
Spectrum Strategy, Nov. 13, 2023, 

 
28 Kelly Hill, “NTIA Releases Implementation Plan for National Spectrum Strategy,” RCR Wireless, Mar. 20, 
2024, https://www.rcrwireless.com/20240312/featured/ntia-releases-implementation-plan-for-national-
spectrum-strategy.  
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https://www.ntia.gov/sites/default/files/publications/national_spectrum_strategy_final.
pdf; National Spectrum Strategy Implementation Plan, Mar. 12, 2024, 
https://www.ntia.gov/sites/default/files/publications/national-spectrum-strategy-
implementation-plan.pdf; National Spectrum Research and Development Plan, Oct. 
2024,  https://www.nitrd.gov/pubs/National-Spectrum-RD-Plan-2024.pdf.  
 
How do you think the federal government will decide on priorities and which bands to 
release to the commercial sector? Will the process be fast or slow? What do you think 
about the R&D Plan? 

 
 

2.7. Reading List 
 
 

File Attachments 
 

● National Spectrum Strategy, Nov. 13, 2023, 
https://www.ntia.gov/sites/default/files/publications/national_spectrum_strateg
y_final.pdf 

● National Spectrum Strategy Implementation Plan, Mar. 12, 2024, 
https://www.ntia.gov/sites/default/files/publications/national-spectrum-
strategy-implementation-plan.pdf.  

● National Spectrum Research and Development Plan, Oct. 2024,  
https://www.nitrd.gov/pubs/National-Spectrum-RD-Plan-2024.pdf. 

● Modernizing United States Spectrum Policy and Establishing a National Spectrum 
Strategy, A Presidential Document by the Executive Office of the President on 
11/17/2023, https://www.federalregister.gov/documents/2023/11/17/2023-
25627/modernizing-united-states-spectrum-policy-and-establishing-a-
national-spectrum-strategy 

  
 
Lecture 3: Federal Agencies FCC and NTIA and OSTP 
Concepts: Structure, responsibilities, independent agency structure and subagency of the 
Department of Commerce, organizational chart, federal and non-federal spectrum users, 
spectrum reauthorization authority, ULS universal licensing system database at FCC, 
experimental license database  
Spectrum in the News: Headlines (FAA altimeter/C-Band) 
Case Study: Altimeters   
 

3. Lecture 3: FCC and NTIA and OSTP 

 
 

Video 
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Advanced Spectrum Policy Lecture 3: FCC and NTIA and OSTP 
https://www.youtube.com/watch?v=GBpXUUXmHng&list=PLIbQnBe9lRS_YjEJyMEqm_
QNFbmld5_ko&index=4 

 
 
In this lecture, we will review the structure, responsibilities, and independent agency 
structure of the Federal Communications Commission,structure of the National 
Telecommunications and Information Administration in the Department of Commerce, 
and the role of the OSTP at the White House. We will go over the organizational charts of 
these agencies and how each of them process radio spectrum licenses for federal and 
non-federal spectrum users. We will go over some main tools of each of the agencies 
including the Universal Licensing System (ULS), Electronic File System (ECFS), and 
spectrum auction facilities. We will also discuss the IRAC committee within the NTIA that 
is used to manage interagency spectrum allocations as well as the CSMAC committee that 
brings together commercial and federal spectrum users.  
 
While the FCC and NTIA have distinct roles, their collaboration is essential to maintaining a 
balanced and efficient spectrum management system in the United States. As demand for 
wireless technologies like 5G, Wi-Fi, and satellite services continues to grow, the 
coordination between these two agencies ensures that spectrum resources are allocated 
fairly and used in a way that supports innovation, economic growth, national security, and 
public benefit. 
 

3.1. Learning Objectives 
 
 

Statement  
 
Examine the roles and organizational structures of the FCC, NTIA, and OSTP in federal 
spectrum management, including tools like licensing databases and comment systems. 
Understand interagency coordination through mechanisms such as the FCC-NTIA 
Memorandum of Understanding and advisory bodies like IRAC and CSMAC. 

 
3.2. Federal Communications Commission (FCC) 

 
The Federal Communications Commission (FCC) is an independent agency of the U.S. 
government responsible for overseeing and managing the use of the radio frequency 
spectrum for non-federal users. This includes commercial entities such as wireless 
carriers, broadcasters, satellite companies, and private users, as well as state and local 
governments. The FCC allocates different frequency bands for specific types of services, 
develops rules and regulations to govern how those bands can be used, and issues 
licenses to users, often through competitive auctions. A major part of its mission is to 
promote efficient spectrum use and prevent harmful interference between different 
spectrum users, ensuring that the radio spectrum—an essential and finite resource—is 
accessible and reliable for a wide range of communication needs. 
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3.2.1. FCC Organizational Chart 

 
The FCC’s organizational chart29 shows that a Chairman leads the agency and has 4 other 
Commissioners who vote on regulatory matters. The Chairman directs the offices and 
bureaus which administer the FCC’s mandates under the 1996 Telecommunications Act 
and other communications laws. The Wireless and Wireline Bureaus manage mobile 
service matters and fixed broadband matters. The Space Bureau focuses on satellite 
licensing and international matters. The Media Bureau focuses on broadcasting regulations. 
 
The Office of Economics and Analysis, Office of Engineering, and the Wireless Bureau have 
spectrum auction expertise with economists and engineers.  
 
 

 
29 FCC Organizational Chart (2024), https://www.fcc.gov/about-fcc/jobs-internships/new-employee-
orientation.  
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Figure 3.1. Organizational Chart of the FCC (2024)30 
 

 

 
30 FCC Organizational Chart (2024), https://www.fcc.gov/about-fcc/jobs-internships/new-employee-
orientation. 
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3.2.2. Universal Licensing System Database (ULS) 
 
The FCC’s Universal Licensing System Database31 contains an advanced search tool that 
provides visibility into all spectrum licenses across frequency bands, services, and 
geographies. The ULS shows the breadth of the spectrum allocation table with service 
specific search, specialized search, and advanced license searches based on state, zip 
code, license code, dates of grant or last action, license status, radio service code, and 
more. The ULS also includes historical data and information on secondary leases. Buildout 
deadlines are included in license data, as well as different market geographies, antenna 
structure registrations, facility identification numbers, and auction information.  
 

 
 

Figure 3.2. FCC’s Universal Licensing System32 
 
 

 
31 FCC ULS, https://wireless2.fcc.gov/UlsApp/UlsSearch/searchLicense.jsp .  
32 FCC ULS, https://wireless2.fcc.gov/UlsApp/UlsSearch/searchLicense.jsp .  
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Fill in the Blank 
 
Go to the FCC’s Universal License System webpage. Explore the database for spectrum 
licenses by service or customized criteria. What do you notice about the spectrum 
licenses? How much information is required by applicants and why does the FCC keep 
track of all these details for licensees?  

 
 

3.2.3. Electronic Comment Filing System (ECFS) 
 
The FCC’s Electronic Comment Filing System (ECFS)33 is the administrative docket and 
official record of FCC proceedings from 1992 to today. The ECFS is open to the public to 
retrieve documents and selected pre-1992 documents as well.   
 
According to the Administrative Procedure Act and rulemaking procedures, the FCC posts 
its notices of proposed rulemakings (NPRM), notice of inquiry (NOI), reports and orders 
(R&O), and collected comments from the public to the ECFS.34   
 
Each of the FCC’s proceedings is categorized by the bureau that it belongs to and has 
identifying proceeding numbers assigned. The FCC makes available a list of the popular 
proceedings.35 A category of “Express Reply” has been made available for the general 
public to submit short comments whereas most industry stakeholders submit longer, 
more developed comments with expert reports in the proceedings.  
 
 
  
 
 
 

 
33 FCC ECFS, https://www.fcc.gov/ecfs/search/search-filings.  
34 See, e.g., https://docs.fcc.gov/public/attachments/DA-25-219A1.pdf.  
35 FCC ECFS Popular Proceedings, https://www.fcc.gov/ecfs/search/browse-popular-proceedings.  
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Figure 3.3. FCC’s Electronic Comment Filing System36 
 
 
 

Fill in the Blank 
 
Go to the FCC’s Electronic Comment Filing System webpage. Explore the list of FCC 
ECFS Popular Proceedings, https://www.fcc.gov/ecfs/search/browse-popular-
proceedings.  
 
Why do you think the FCC processes comments in an administrative docket? List a few 
proceedings that you have heard of, and if not any, list one or two dockets that are 
relevant to you. What do you notice about the comments filed? Who filed comments 
and how did the FCC respond?   

 
36 FCC ECFS, https://www.fcc.gov/ecfs/search/search-filings. 
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3.2.4. Spectrum Auctions 
 
The FCC has held auctions for spectrum licenses since 1994, with over 100 auctions and 
over $200 billion in gross proceeds.37 These completed spectrum auctions represent 
market demand for radio spectrum licenses and a supply of spectrum use rights for the 
private sector and commercial use facilitated by the FCC.  
 
 

 
 

Figure 3.4. FCC Auctions Summary38 
 
 
 

 
37 FCC Auctions Summary, https://www.fcc.gov/auctions-summary.  
38 FCC Auctions Summary, https://www.fcc.gov/auctions-summary.  
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Multiple Choice 
 
The FCC conducts lotteries to determine among many competing radio spectrum users 
who should get which bands and what frequencies and what the terms of those licenses 
will be. (False. Since 1994, the FCC has conducted spectrum auctions rather than 
lotteries to allocate spectrum licenses to non-federal uses). 

 
 

Multiple Choice 
 
The United States has run spectrum auctions since 2004 when computing power was 
powerful enough to handle the second price auctions and billions of dollars of bids. 
(False. Spectrum auctions started in 1994 and were codified in the 1996 
Telecommunications Act.) 

 
 

3.3. National Telecommunications and Information Administration (NTIA) 
 
The National Telecommunications and Information Administration (NTIA), on the other 
hand, operates within the U.S. Department of Commerce and is responsible for managing 
spectrum use by federal government agencies. This includes critical users such as the 
Department of Defense, the Federal Aviation Administration, and NASA, which rely on 
spectrum for national security, public safety, and scientific operations. The NTIA 
coordinates closely with the FCC to ensure that federal and non-federal spectrum users 
can coexist without interference. Additionally, the NTIA leads spectrum policy 
development for the Executive Branch and represents the United States in international 
negotiations on spectrum issues, such as those conducted by the International 
Telecommunication Union (ITU). 
 

3.3.1. NTIA Organization Chart 
 
The NTIA’s organization chart shows the structure of the agency tasked with federal 
spectrum management within the U.S. Department of Commerce. 
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Figure 3.5. Organization Chart of NTIA (Source: CRS)39 

 
The framework, however, for U.S. spectrum management involves interagency 
coordination and a number of other entities that facilitate decision-making across the 
federal government.  
 

 
39 Congressional Research Service, “The National Telecommunications and Information Administration 
(NTIA): Current Roles and Programs,” CRS Report No. R47075, April 20, 2022, 
https://sgp.fas.org/crs/misc/R47075.pdf.  
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Figure 3.6. U.S. Spectrum Management Framework40 
 

 
40 John Alden, “The U.S. Federal Government: 
Spectrum Management Processes,” NTIA Office of Spectrum Management, at 5, https://ustti.org/wp-
content/uploads/2023/07/Day-1-4_Alden_Federal-Spectrum-Management_draft.pdf.  
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Figure 3.7. Office of Spectrum Management Organization Chart41 
 

3.3.2. IRAC 
 
The Interdepartment Radio Advisory Committee (IRAC) was established in 1922 and has 
been where federal spectrum allocations are determined between agencies. It is chaired 
by the NTIA and includes representatives from each of the federal agencies that use radio 
spectrum.  
 
The members include the Dept. of Agriculture, Air Force, Army, Coast Guard, Dept. of 
Commerce, Dept. of Energy, Federal Aviation Administration, Dept. of Homeland Security, 
Dept. of the Interior, Dept. of Justice, National Aeronautics and Space Administration, 
Navy, National Science Foundation, Dept. of State, Dept. of Transportation, Dept. of the 
Treasury, United States Agency for Global Media, United States Postal Service, Dept. of 
Veterans Affairs, and as liaison, the Federal Communications Commission.42  
 

 
41 Id. at 12. 
42 NTIA, IRAC, https://www.ntia.gov/page/interdepartment-radio-advisory-committee-irac.  
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The IRAC has subcommittees including the IRAC Secretariat and the Radio Conference 
Subcommittee (RCS), Space Systems Subcommittee (SSS), Spectrum Planning 
Subcommittee (SPS), and the Technical Subcommittee (TSC).  
 
The IRAC’s activities are governed by the “Redbook” which is the Manual of Regulations 
for Federal Radiofrequency Spectrum Management. This manual helps agencies know 
how to apply for spectrum assignments and the procedures for coordination of federal 
radio frequencies. 
 

 
 

Figure 3.8. Manual of Regulations and Procedures for Federal Radio Frequency 
Management (“Redbook”)43 

 
 
 

Multiple Choice 
 
The NTIA has a manual called a “bluebook” that contains regulations and policies around 
federal agency management of radio spectrum. (False. It’s a manual called the 
“redbook”).  

 
 
 
 
 
 

 
43 NTIA, Manual of Regulations and Procedures for Federal Radio Frequency Management (“Redbook”), 
https://www.ntia.gov/publications/redbook-manual.  
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Figure 3.9. Overview of the NTIA Interdepartment Radio Advisory Committee (IRAC)44 
 
 

Multiple Choice 
 
The NTIA relies on the Interdepartment Radio Advisory Committee (IRAC) to run 
auctions between federal agencies to determine who gets which spectrum bands and 
for what time frames they are permitted to use the spectrum. (False. Federal spectrum is 
not auctioned by the IRAC, but the IRAC runs an internal process to determine spectrum 
allocations among federal users).  

 
 

3.3.3. Spectrum Table NTIA 
 

 
44 Overview of the NTIA Interdepartment Radio Advisory Committee, https://www.youtube.com/watch?v=-
TwvDfd6Xys.  



 

48 

The United States Frequency Allocation Chart may be the most recognizable image 
pertaining to radio spectrum policy.  
 

 
 

Figure 3.10. U.S. Frequency Allocations Spectrum Table45 
 
The NTIA also maintains a Table of Frequency Allocations which includes the international 
table and regional allocations next to the United States allocations and service 
descriptions.46 
 

 
45 U.S. Frequency Allocations Spectrum Table, https://www.ntia.gov/page/united-states-frequency-
allocation-chart. 
46 NTIA Table of Frequency Allocations, 2021 Edition, Revised 2023, 
https://www.ntia.gov/sites/default/files/2023-11/4_2021_edition_rev_2023.pdf.  
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Figure 3.11. Table of Frequency Allocations47 
 
For certain bands, detailed channel plans are included in the NTIA’s table as well.  
 

 

 
47 NTIA Table of Frequency Allocations, 2021 Edition, Revised 2023, at 4-4, 
https://www.ntia.gov/sites/default/files/2023-11/4_2021_edition_rev_2023.pdf. 
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Figure 3.12. 4400-4940 MHz Channel Plan48  

 
 

3.3.4. NTIA CSMAC 
 
The CSMAC is the Commerce Spectrum Management Advisory Committee (CSMAC) and 
advises the Assistant Secretary for Communications and Information at NTIA of spectrum 
issues. It’s a group of 30 spectrum experts appointed as "Special Government Employees," 
from outside the Federal government who are selected based on their expertise and 
ability to meaningfully advise NTIA on spectrum decisions. The committee was created in 
2004 and members apply to join the committee for 2-year terms.  
 
A record of CSMAC meetings is posted going back to 2006.49 The CSMAC serves various 
functions with notable assistance in identifying government spectrum that can be 
repurposed for commercial use. In 2012, it was used to help identify 500 MHz of federal 
spectrum that could be cleared for commercial use.50  
 
 
 
 
 

 
 

Figure 3.13. CSMAC Working Group Report 
 

 
48 Id. at 4-262. 
49 NTIA CSMAC Meetings, https://www.ntia.gov/meetings/CSMAC. 
50 NTIA CSMAC, https://www.ntia.gov/category/csmac. 
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https://www.ntia.gov/files/ntia/publications/csmac_search_1755-
1850_recommendations_final.pdf 
 
CSMAC meeting proceedings are also available for public viewing on YouTube. The 
morning51 and afternoon52 sessions are available.  
 
 

Multiple Choice 
 
The Commerce Spectrum Management Advisory Committee (CSMAC) advises the 
Assistant Secretary for Communications and Information at NTIA. It’s a group of 30 
spectrum experts appointed as "Special Government Employees," from outside the 
Federal government. (True. Federal spectrum policy involves many industry 
stakeholders whether they are neighboring users of spectrum or whether they are 
developers of technology used by the federal government and committees such as 
CSMAC are important ways that industry can advise policymakers at NTIA). 

 
 

 
 

 
51 NTIA CSMAC Meeting Part 1, 2018, https://www.youtube.com/watch?v=qQbBfJ7ayz4. 
52 NTIA CSMAC Meeting Part 2, 2018, https://www.youtube.com/watch?v=sch3IEJ2Wis. 
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Figure 3.14. CSMAC Meeting (July 2018)53 
 

3.4. FCC and NTIA Memorandum of Understanding (Aug. 2022) 
 
The FCC and NTIA have a Memorandum of Understanding54 that outlines their cooperation 
in federal spectrum management. The FCC is an independent agency which operates 
separately from NTIA which is an agency of the U.S. Department of Commerce. While the 
NTIA Act requires the NTIA administrator to meet with the FCC chair biannually, the MOU 
outlines the framework for compliance with this requirement.  
 
The NTIA is the sole agency responsible for Federal spectrum authorizations and the 
President’s principal spectrum advisor. The FCC and NTIA jointly manage radio spectrum 
uses in the public interest. The MOU outlines expectations for the FCC and NTIA staff  to 
meet monthly and to give each other notice of proposed actions that could have impacts 
on federal users. Likewise, NTIA also is expected to give notice to the FCC for federal uses 
that impact non-federal radio licensees.  
 
This MOU was drafted in 2003 and renews every 4 years.  
 

 
53 NTIA CSMAC Meeting Part 1, 2018, https://www.youtube.com/watch?v=qQbBfJ7ayz4. 
54 FCC and NTIA Memorandum of Understanding (Aug. 2022), 
https://www.ntia.gov/sites/default/files/publications/ntia-fcc-spectrum_mou-8.2022.pdf.  
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Figure 3.15. Memorandum of Understanding Between the FCC and NTIA (2022) 
 
 

Multiple Choice 
 
The FCC and NTIA have joint jurisdiction of federal and non-federal spectrum. True or 
False? (False. NTIA has jurisdiction over federal spectrum and FCC has jurisdiction over 
non-federal spectrum with a memorandum of understanding for coordination between 
the two). 
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3.5. White House Office of Science & Technology Policy (OSTP) 
 
The White House Office of Science and Technology Policy has a central role in directing 
the President’s agenda in spectrum policy in coordination with the Secretary of Commerce 
and the Administrator of the NTIA. Other spectrum policy experts may be found among 
the staff of the National Security Council, National Economic Council, and Office of 
Management and Budget as well.  
 
The National Security Council has influence on spectrum policy as coordination between 
the Department of Defense and other public safety federal agencies often is needed in 
addition to the NTIA’s spectrum management roles. The Office of Management and Budget 
gets involved with spectrum asset valuation and any scoring or decisions related to the 
Spectrum Relocation Fund.  
 
 

Multiple Choice 
 
The National Security Council does not participate in spectrum policy decisions. (False. It 
does play a role, particularly in coordinating with the Department of Defense and public 
safety agencies.) 

 
 
The Spectrum Relocation Fund (SRF) was created in 2004 to reimburse federal agencies 
with relocation and clearing costs related to freeing up spectrum for commercial use. It 
was a part of the goal to find 500 MHz of federal spectrum by 2020 for commercial 
use.The SRF has gone through some adjustments since then, notably in 2015,55 to make it 
more flexible for the purposes it was created for.  
 
The Commercial Spectrum Enhancement Act (2023) required a report from NTIA that 
details the current state of the SRF and other efforts to find federal spectrum for more 
efficient use.56  
 
 

Multiple Choice 
 
The Office of Science and Technology Policy coordinates executive direction for federal 
spectrum policy from the White House while the NTIA is a subagency within the U.S. 
Department of Commerce. Both are important for directing interagency spectrum 
coordination. (True. While the Secretary of Commerce directs the NTIA which has an 
administrator, there are many occasions where the White House weighs in on decisions 
between agencies such as the Department of Defense and sets national policy.) 

 
55 NTIA, Updating Spectrum Relocation Fund to Enable Innovation and Flexiblity in Spectrum Use, 2015, 
https://www.ntia.gov/blog/2015/updating-spectrum-relocation-fund-enable-innovation-flexibility-
spectrum-use 
56 NTIA, 2023 Commercial Spectrum Enhancement Act Report, https://www.ntia.gov/report/2024/2023-
commercial-spectrum-enhancement-act-csea-report 
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Multiple Choice 
 
The White House Office of Science and Technology Policy plays a leading role in 
coordinating the President’s spectrum policy agenda. (True. The OSTP is typically the 
office with spectrum policy expertise from the White House.) 

 

 
 

Figure 3.16. NSF Spectrum Week Keynote Address by Austin Bonner, OSTP 57 
 
 

3.6. In the News 
 

 
57 2024 NSF Spectrum Week - Day 4, Joint Spectrum Week and IEEE DySPAN - Keynote: Austin Bonner, 
https://www.youtube.com/watch?v=M7Ouj30rmWQ.  
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Figure 3.17. SpaceNews Headline on Spectrum Auction Showdown58 
 
 
 

3.7. Assignment 
 
 

Fill in the Blank 
 

 
58 “FCC Sets Stage for SpaceX and Wireless Industry C-Band Showdown,” Space News, Feb. 7, 2024, 
https://spacenews.com/fcc-sets-stage-for-spacex-and-wireless-industry-c-band-showdown/.  
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Read the FCC and NTIA MOU. Memorandum of Understanding Between the FCC and 
NTIA (2022), https://www.ntia.gov/sites/default/files/publications/ntia-fcc-
spectrum_mou-8.2022.pdf. Can you think of examples where federal and non-
federal/commercial spectrum users may have conflicts or interference disputes that 
would put the FCC and NTIA at odds with each other? Where does the OSTP or White 
House fit into this MOU?  

 
3.8. Reading List 

 
 

File Attachments 
 

● Manual of Regulations and Procedures for Federal Radio Frequency Management 
(Redbook), https://www.ntia.gov/publications/redbook-manual  

● Memorandum of Understanding Between the FCC and NTIA (2022), 
https://www.ntia.gov/sites/default/files/publications/ntia-fcc-spectrum_mou-
8.2022.pdf.  

 
 

4. Lecture 4: FCC Rulemaking Process 

 
 

Video 
 
Advanced Spectrum Policy Lecture 4: FCC Rulemaking Process 
https://www.youtube.com/watch?v=TpOaBRDwoA8&list=PLIbQnBe9lRS_YjEJyMEqm_
QNFbmld5_ko&index=5 

 
 
The Federal Communications Commission (FCC) primarily uses a "notice and comment" 
rulemaking process to create or modify regulations. This involves informing the public 
about proposed rules and soliciting their feedback. The FCC then analyzes these 
comments to develop the final rules. This process is designed to ensure public 
participation, especially from individuals and small businesses.   
 

4.1. Learning Objectives 
 

Statement 
 
Understand the FCC rulemaking process under the Administrative Procedure Act, 
including how rules are proposed, reviewed, and challenged. Learn how to draft, 
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submit, and evaluate effective public comments to influence spectrum-related policy 
decisions. 

 
 

4.2. Rulemaking Process 
 
The FCC’s rulemaking process is well-established with hundreds of communications 
lawyers who file comments, read orders, and submit expert reports for consideration by 
the FCC. The Federal Communications Bar Association is the main professional association 
for lawyers who practice before the FCC in filing these comments.  
 
 

Multiple Choice 
 
The only way that industry stakeholders and organizations can give input into federal 
spectrum policy is by visiting the FCC and NTIA regulators and conducting meetings. 
(False. The administrative process mostly involves administrative filings and comments 
in the FCC’s Electronic Comment Filing System and the NTIA’s regulatory docket).  

 
 

4.2.1. Administrative Procedure Act 
 
The Administrative Procedure Act (APA)59 governs how federal agencies create rules. It 
outlines both formal and informal (notice-and-comment) rulemaking procedures, with 
most rules issued through the informal process. The report briefly explains various 
rulemaking methods—including formal, informal, hybrid, direct final, and negotiated 
rulemaking—and the legal standards for changing or repealing rules. It also covers how 
courts review agency rules and notes exceptions to APA procedures, such as the "good 
cause" exception and rules about policy statements, interpretive rules, and procedural 
rules. 
 

 
59 5 U.S.C. § 551(1). See generally 5 U.S.C. §§ 551-59, 701-06 (2012). 
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Figure 4.1. Administrative Procedure Act60 
 
A general overview of the federal rulemaking process is important to understand the 
procedural posture of administrative dockets, proceedings, and comments filed with the 
FCC and NTIA.61  Federal regulations typically begin with an act of Congress and serve to 
implement laws by detailing specific requirements. The terms "rule" and "regulation" are 
used interchangeably. The Administrative Procedure Act (APA) defines a rule as an agency 
statement meant to implement or interpret law or policy.   
 

4.2.2. Starting a Rulemaking 
 
The FCC starts a rulemaking process based on several causes. A Congressional statute 
may direct the agency to open a rulemaking. The agency itself can identify a need for a 

 
60 See generally 5 U.S.C. §§ 551-59, 701-06 (2012). 
61 Congressional Research Service, “The Federal Rulemaking Process: An Overview,” June 17, 2013, CRS 
Report No. RL32240, https://sgp.fas.org/crs/misc/RL32240.pdf.  
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rule and open a rulemaking. The FCC can also receive a petition from interested parties to 
open a rulemaking.62 
 
The rulemaking process includes various types of submissions and orders such as the 
Notice of Inquiry (NOI) which typically starts the process of opening a docket, a Notice for 
Proposed Rulemaking (NPRM) which sets out the specific questions that the agency is 
seeking comments, and later the agency’s Report and Order (R&O) which issues the 
agency’s decisions based on the comments submitted. There are various other filing types 
such as Reply Comments, Second, Third, and Fourth Reports and Order, Petition for  
Reconsideration, Orders on Reconsideration, Further Notices for Proposed Rulemaking 
(FNPRM), and Ex Parte meeting notices that are posted in the dockets.  
 
The rulemaking process is governed by legal requirements under the Administrative 
Procedure Act and the FCC is constrained to its statutory authority as defined by Congress. 
The agency is required to read and consider each comment and explain in its order that it 
took the comments into consideration.  
 

 
62 Overview of the FCC’s Rulemaking Process, NTIA, Suzanne Tetrault, ISART 2022 Tutorial Series, 
https://www.youtube.com/watch?v=LHRKwfDbw18&t=1s.  
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Figure 4.2. FCC Public Notice of Seeking Public Input in Docket No. 25-13363 
 

 
63 In the Re: Delete, Delete, Delete, GN Docket No. 25-133, Mar. 12, 2025, 
https://docs.fcc.gov/public/attachments/DA-25-219A1.pdf.  
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Figure 4.3. Overview of the FCC’s Rulemaking Process64 
 

4.2.3. Judicial Review of Agency Rulemaking 
 

Judicial review of agency rulemaking is embodied in the Administrative Procedure Act. 
Article III courts can set aside agency action and hold it unlawful under different 
circumstances, notably if the agency’s actions are arbitrary, capricious, or an abuse of 
discretion.65 
 
 

Multiple Choice 
 
If a federal agency makes decisions beyond the scope of their statutory authority or in 
an arbitrary and capricious manner, the only recourse is to vote the elected officials out 
of office and to change the rules after an election. (False. Under the Administrative 
Procedure Act, the harmed party can bring a federal lawsuit against an agency to dispute 

 
64 NTIA, Overview of the FCC’s Rulemaking Process, 
https://www.youtube.com/watch?v=LHRKwfDbw18&t=1s  
65 Congressional Research Service, A Brief Overview of Rulemaking and Judicial Review, Mar. 27, 2017, CRS 
Report No. R41546, at p. 13, https://www.congress.gov/crs_external_products/R/PDF/R41546/R41546.13.pdf .  
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its rulemaking decision. The agency can then defend itself and appeals can go up 
through the federal appellate courts and all the way to the Supreme Court.) 
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Figure 4.4. Judicial Review of Agency Rulemaking66 
 
 

 
 

Figure 4.5. ITS v. FCC Decision by the D.C. Circuit67 
 

Intelligent Transportation Society of America v. FCC68 is an example of litigation around a 
spectrum allocation order by the FCC that was appealed up to the U.S. Court of Appeals 

 
66 Congressional Research Service, “A Brief Overview of Rulemaking and Judicial Review,” Mar. 27, 2017, CRS 
Report No. R41546, at p. 13, https://www.congress.gov/crs_external_products/R/PDF/R41546/R41546.13.pdf .  
67 Intelligent Transportation Society of America v. FCC, No. 21-1130, Aug. 12, 2022, 
https://media.cadc.uscourts.gov/opinions/docs/2022/08/21-1130-1959069.pdf. 
68 Intelligent Transportation Society of America v. FCC, No. 21-1130, Aug. 12, 2022, 
https://media.cadc.uscourts.gov/opinions/docs/2022/08/21-1130-1959069.pdf.  
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for the District of Columbia Circuit. The FCC reallocated 45 MHz of spectrum in the 5.9 
GHz Band Order (2020)69 and it was upheld in 2022 by the court in the face of a legal 
challenge that the order violated the 1998 Transportation Equity Act for the 21st Century 
which had allocated 75 MHz for intelligent transportation systems and amateur radio. The 
D.C. Circuit upheld the FCC’s broad authority and expertise to reallocate spectrum bands. 
The court found the statute did not give the Department of Transportation a veto over the 
FCC on spectrum allocation management decisions.70  
 
FCC agency actions have been litigated up to federal appellate courts in the D.C. Circuit, 
2nd Circuit, 3rd Circuit, 5th Circuit, 10th Circuit, and the Supreme Court in several cases. 71 
Two cases that were heard before the Supreme Court are briefly described below, 
namely, City of Arlington v. FCC, No. 11-1545 and FCC v. Fox Television Stations, No. 10-
1293. 
 

 
 

Figure 4.6. Major Court Cases of the FCC72 
 

 
69 FCC, 5.9 GHz Band Order, Nov. 18, 2020,  https://www.fcc.gov/document/fcc-modernizes-59-ghz-
band-improve-wi-fi-and-automotive-safety.  
70 Seth L. Cooper, Upholds FCC's 5.9 GHz Order Reallocating Spectrum for Unlicensed Use, Sept. 12, 2022, 
https://fedsoc.org/commentary/fedsoc-blog/d-c-circuit-upholds-fcc-s-5-9-ghz-order-reallocating-
spectrum-for-unlicensed-use.  
71 FCC, Archive of Major Court Cases of the FCC, https://www.fcc.gov/archive-major-court-cases-fcc.  
72 FCC, Archive of Major Court Cases of the FCC, https://www.fcc.gov/archive-major-court-cases-fcc.  
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In City of Arlington v. FCC,73 the FCC set time limits on zoning decisions at the municipal 
level for building wireless towers or attaching wireless equipment to buildings. The local 
governments said that the FCC did not have the power under its governing statute to do 
so. In a 6-3 decision in favor of the FCC, the Supreme Court held that the court should 
defer to the agency’s interpretation of its jurisdiction under the Chevron doctrine. 
 
In FCC v. Fox Television Stations,74 the FCC almost fined Fox for indecency for allowing 
Cher and Nicole Richie for vulgarity that was not bleeped during a live broadcast in 2002 
and 2003 during an awards show. In a unanimous decision, the Supreme Court held that 
the FCC’s standards were vague and that the agency did not give TV stations proper notice 
that they would be penalized for fleeting expletives.  
 

4.3. Filing Comments 
 
The first step in filing comments in a regulatory proceeding is to find the docket in the 
ECFS to view the FCC’s NPRM and to view other filer’s comments. For example, in the case 
above on the 5.9 GHz Order, we can look up Docket No. 19-138.75  
 

 
 

Figure 4.7. ECFS Docket No. 19-138 from the 5.9 GHz Order76 
 

 
73 City of Arlington v. FCC, 569 U.S. 290 (2013), https://www.oyez.org/cases/2012/11-1545.  
74 FCC v. Fox Television Stations, 567 U.S. __ (2012), https://www.oyez.org/cases/2011/10-1293.  
75 https://www.fcc.gov/ecfs/search/search-filings/results?q=(proceedings.name:(%2219-138%22))  
76 https://www.fcc.gov/ecfs/search/search-filings/results?q=(proceedings.name:(%2219-138%22)) 
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Fill in the Blank 
 
Go to the ECFS on the FCC webpage. Find the 5.9 GHz Order docket no. 19-138. Look 
through the comments filed. What do you notice about the FCC’s docket? Who are the 
filers? What types of comments are filed?  

 
 
 

In the 5.9 GHz Docket, you can see many different filings from stakeholders and ex parte 
notices which disclose in-person meetings with the FCC staff. A few notable filings include 
a letter from the NTIA on technical specifications for the band77 and the petitioners the 
Intelligent Transportation Society.78 There are also many filings from automotive 
associations, car part manufacturers, chip manufacturers, and more.79.  
 

 
77 https://www.fcc.gov/ecfs/search/search-filings/filing/1060767641685  
78 https://www.fcc.gov/ecfs/search/search-filings/filing/10706717221155  
79 https://www.fcc.gov/ecfs/search/search-filings/filing/107050745008634  
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Figure 4.8. NTIA Letter Filed with the FCC in the 5.9 GHz Order80 
 

 
80 https://www.fcc.gov/ecfs/search/search-filings/filing/1060767641685   
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Figure 4.9. Intelligent Transportation Society Filing with the FCC in the 5.9 GHz Order 81 
 
 
 

 
81 https://www.fcc.gov/ecfs/search/search-filings/filing/10706717221155 
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Figure 4.10. 5G Automotive Association Letter filed with FCC in the 5.9 GHz Order82 
 
 

Fill in the Blank 
 

 
82 https://www.fcc.gov/ecfs/search/search-filings/filing/107050745008634 
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What do you observe about these three sample FCC filings? How do the commenters 
begin their filings and what do you notice about the content of the documents?  

 
 

4.3.1. Drafting and Submitting a Comment 
 
The FCC launched “ECFS Express” to enable citizens to submit comments with minimal 
input in an easy form into the FCC record.83  
 
Unlike the standard ECFS, which allows for more detailed submissions (including 
attachments) and is meant for users who engage with specific proceedings, ECFS Express 
is meant for citizen access. It requires minimal input, enabling users to submit comments 
quickly and easily without needing to navigate complex filing requirements.   
 
Through ECFS Express, citizens can submit brief, typed comments directly into a text box, 
which are then entered into the FCC’s official record for consideration in relevant 
proceedings. The standard ECFS remains available for more detailed or technical 
submissions, such as those from industry stakeholders, legal representatives, or 
individuals who wish to upload supporting documents. Both systems ensure that 
comments become part of the public record, which the FCC reviews when developing or 
amending its regulations.   
 
 

 
 

 
83 https://docs.fcc.gov/public/attachments/DOC-230234A1.doc.  
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Figure 4.11. ECFS Express Comment Submission Form84 
 

 
 

Figure 4.12. Express Comments in the 5.9 GHz Order85 
 
There are critiques about the efficacy of express comments, however. These citizen 
comments do not amount to votes in a legislative sense, even if they convey or 
communicate some level of engagement by the general public. Oftentimes these 
campaigns may not truly represent understanding of the issues where people 
indiscriminately click to send their form letters through automated means, or in some 
cases, fake names and profiles are submitted with “astroturf” or robot comments. 
Commentators have questioned the usefulness of express comments and whether they 
represent meaningful input in the rulemaking process.86 
 
 

Multiple Choice 
 
Anyone can file a comment in the FCC or NTIA’s regulatory dockets when they ask for 
comments on rulemaking proceedings. (True. The FCC established an Express Docket in 
order to help citizens with short comments submit their feedback into the record.) 

 

 
84 FCC, “Submit an Express Comment,” https://www.fcc.gov/ecfs/filings/express.  
85 https://www.fcc.gov/ecfs/search/search-filings/results?q=(proceedings.name:(%2219-138%22)) 
86 Scott Wallsten, Does It Matter if Millions of People Send Comments to the FCC?, June 16, 2017, 
https://techpolicyinstitute.org/publications/broadband/net-neutrality/does-it-matter-if-millions-of-
people-send-comments-to-the-fcc/.  
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Fill in the Blank 
 
Go to the FCC site to “Submit an Express Comment,” 
https://www.fcc.gov/ecfs/filings/express. Select a proceeding from the FCC’s list of 
popular proceedings, FCC ECFS Popular Proceedings, 
https://www.fcc.gov/ecfs/search/browse-popular-proceedings. File an express 
comment that reflects your recommendations or views on the proceeding.  

 
 

4.3.2. Preparing Effective Comments 
 
The FCC has posted guidance on what constitutes effective comments.87 The FCC suggests 
that comments directly address the agency questions raised in the NPRM, organized in 
sections that correspond to the NPRM. Clear explanation and support for the view with 
reasoning and basis for the position are important for the FCC to consider in its rulemaking 
process. Additional evidence or data in supplemental documents and expert reports are 
helpful to support positions explained in the comment. Real world examples of concerns 
are important to raise and with specificity. It is important as well that the commenter 
understand the FCC’s scope of authority to know whether alternatives proposed or 
suggested rules would be possible under the law.  
 

 
87 FCC, Rulemaking Process, FAQs, https://www.fcc.gov/about-fcc/rulemaking-process. 
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Figure 4.13. FCC FAQ: How Do I Prepare Effective Comments?88  
 
 

 
88 FCC, Rulemaking Process, FAQs, https://www.fcc.gov/about-fcc/rulemaking-process.  
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Multiple Choice 
 
The FCC reads every comment and takes them into account in rulemaking proceedings, 
but sets guidelines for what makes an effective comment with substantive 
recommendations, evidence, expert reports, and legal support. (True. The 
Administrative Procedure Act governs the federal rulemaking process and directs the 
FCC to receive comments on rulemaking proceedings). 

 
 

4.4. Case Study: Broadcast Incentive Auction 
 
Congress authorized the FCC to conduct incentive auctions on February 22, 2012, directing 
the implementation of an incentive auction of broadcast television spectrum in the Middle 
Class Tax Relief and Job Creation Act of 2012, Pub. L. No. 112-96, §§ 6402, 6403, 125 Stat. 
156 (2012) (Spectrum Act).89 This statute followed the 2010 National Broadband Plan which 
suggested the use of an incentive auction to transition broadcast TV spectrum to 
broadband use.90 
 
The reverse auction 1001 involved television broadcast stations to determine how much 
they could reap from selling their spectrum, while the forward auction 1002 sold those 
licenses to wireless providers in flexible-use licenses with geographic shapes amenable to 
mobile service. 
 
But before getting to the auctions which took place in 2016 and 2017, a significant amount 
of work was needed to clear out the users of analog TV sets through the digital television 
converter box program, and then to create a band plan that would be agreeable to the TV 
stations which would repack their operations into more efficient bands, as well as to 
potential new bidders who would bid for rights to new flexible-use licenses in the 600 
MHz bands.  
 

 
89 https://www.congress.gov/112/plaws/publ96/PLAW-112publ96.pdf.  
90 National Broadband Plan 2010, https://transition.fcc.gov/national-broadband-plan/national-broadband-
plan.pdf.  
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Figure 4.14. TV Broadcast Over-the-Air Spectrum Bands91 
 

 
 

Figure 4.15. Digital TV Converter Box Program92 
 

 
91 https://stopthecap.com/2012/09/11/fcc-prepares-to-sacrifice-free-over-the-air-uhf-tv-channels-for-
lucrative-wireless-auctions/.  
92 https://en.wikipedia.org/wiki/Coupon-eligible_converter_box.  
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Figure 4.16. National Broadband Plan of 2010 with Timeline for 2015 Spectrum Needs93 
 
 
The FCC initiated the Notice for Proposed Rulemaking in October 2012 which formally 
began the process of administering the rules and the auction.  
 

 
93 Id. at 84. 
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Figure 4.17. Broadcast Incentive Auction Rulemaking Timeline94 
 
 

 
94 FCC, Broadcast Incentive Auction, https://www.fcc.gov/about-fcc/fcc-initiatives/incentive-
auctions/resources.  
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Figure 4.18. Broadcast Incentive Auction NPRM 201295 
 
 

 
95 Broadcast Incentive Auction NPRM, In the Matter of Expanding the Economic and Innovation 
Opportunities of Spectrum Through Incentive Auctions, Notice of Proposed Rulemaking, GN Docket No. 12 -
268, October 2, 2012, https://docs.fcc.gov/public/attachments/FCC-12-118A1.pdf.    
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Figure 4.19. Broadcast Incentive Auction 600 MHz Band Plan in NPRM 201296 
 
 

 
 

Figure 4.20. Scenarios for 600 MHz Band Plan in Report and Order 201497 
 

 
96 Broadcast Incentive Auction NPRM, In the Matter of Expanding the Economic and Innovation 
Opportunities of Spectrum Through Incentive Auctions, Notice of Proposed Rulemaking, GN Docket No. 12 -
268, October 2, 2012,  id., at 46, https://docs.fcc.gov/public/attachments/FCC-12-118A1.pdf.  
97 Broadcast Incentive Auction R&O, In the Matter of Expanding the Economic and Innovation Opportunities 
of Spectrum Through Incentive Auctions, Report and Order, GN Docket No. 12-268, June 2, 2014, 
https://docs.fcc.gov/public/attachments/FCC-15-69A1.pdf.  
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Figure 4.21. Broadcast Incentive Auction Report and Order 201498 
 

 
98 Broadcast Incentive Auction R&O, In the Matter of Expanding the Economic and Innovation Opportunities 
of Spectrum Through Incentive Auctions, Report and Order, GN Docket No. 12-268, June 2, 2014, 
https://docs.fcc.gov/public/attachments/FCC-15-69A1.pdf.   
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Figure 4.22. Broadcast Incentive Auction Regional Coordination99 
 

 
99 FCC, Incentive Auctions, Transition Schedule, https://www.fcc.gov/about-fcc/fcc-initiatives/incentive-
auctions/transition-schedule.  
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Figure 4.23. Broadcast Incentive Auction Commenters100 

 
 

 
 
The FCC launched a historic “incentive auction” on March 29, 2016, to repurpose 
broadcast spectrum for modern uses like video streaming and mobile broadband. 
Mandated by the 2012 Spectrum Act, this auction uniquely leveraged market mechanisms 
to shift underutilized broadcast frequencies toward more in-demand wireless services, 
aligning with evolving consumer needs. 
 
The auction balanced the interests of broadcasters and mobile users by allowing stations 
to earn revenue while continuing to serve their communities. It freed up low-band 
spectrum, which is especially valuable for wireless broadband due to its wide coverage 

 
100 Broadcast Incentive Auction R&O, In the Matter of Expanding the Economic and Innovation Opportunities 
of Spectrum Through Incentive Auctions, Report and Order, GN Docket No. 12-268, June 2, 2014, 
https://docs.fcc.gov/public/attachments/FCC-15-69A1.pdf.  
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and penetration, thereby helping to alleviate network congestion and laying the foundation 
for 5G innovation and economic growth. 
 
By its close on March 30, 2017, the auction had reallocated 84 MHz of spectrum and 
generated $19.8 billion in revenue. A portion went to broadcasters, while over $7 billion 
was earmarked for U.S. deficit reduction. Following the auction, a 39-month transition 
period began to allow affected TV stations to shift to new channels, with ongoing support 
and updates provided by the FCC to all stakeholders. 
 

 
 

Figure 4.24. Auction 1000 with a Reverse Auction 1001 and Forward Auction 1002 101 
 

 

Flashcards 
 

i. Card 1  
1. Front - Reverse Auction 
2. Back - Auction 1001 

ii. Card 2 
1. Front - Forward Auction 
2. Back - Auction 1002 

 
 

 
101 FCC, Auction 1000, https://www.fcc.gov/auction/1000.  
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Figure 4.25. Auction 1001 Timeline102 
 

 
102 FCC, Auction 1001, https://www.fcc.gov/auction/1001.  
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Figure 4.26. Auction 1002 Timeline103 
 

Reverse Auction 1001 determined how much TV broadcasters were willing to accept in 
exchange for relinquishing their spectrum rights, while Forward Auction 1002 sold the 
repurposed spectrum to wireless providers as flexible-use licenses configured to suit 
mobile service across defined geographic areas. 
 

 

 
103 FCC, Auction 1002, https://www.fcc.gov/auction/1002.  
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Figure 4.27. Bid Options for UHF Stations104 

 

 
 

Figure 4.28. Bid Options for High-VHF Stations and Low-VHF Stations105 
 
 

 
104 Power Auctions, Reverse Auction Clock Phase User Guide, at A4-1, 
https://www.fcc.gov/file/3797/download.  
105 Id. at A4-2.  
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Figure 4.29. Auction Results106 
 
The Broadcast Television Spectrum Incentive Auction, designated as Auction 1000 by the 
Federal Communications Commission (FCC), included a reverse auction (Auction 1001) 
and a forward auction (Auction 1002). This auction, authorized by the Middle Class Tax 
Relief and Job Creation Act of 2012 (Spectrum Act), aimed to repurpose spectrum from 
broadcast television for mobile broadband use. Below is a detailed summary of the 
requested statistics based on available information. 
 
In the Reverse Auction (Auction 1001), the reverse auction cleared payments totaling 
$10.05 billion to winning broadcast TV stations that voluntarily relinquished their spectrum 
usage rights. In the Forward Auction (Auction 1002), the gross proceeds from the forward 
auction amounted to $19.8 billion for the licenses created from the released spectrum. The 
auction yielded a total of $19.8 billion in revenue, which includes the $10.05 billion paid to 
broadcasters, more than $7 billion deposited to the U.S. Treasury for deficit reduction, and 
additional funds allocated for other purposes such as a TV Broadcast Relocation Fund.  
 

 
106 FCC Auction Reporting System, Auction 1001 and 1002, https://auctiondata.fcc.gov/public/projects/1000.  
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There were 142 winning bidders in the reverse auction, representing the broadcast entities 
that successfully bid to relinquish their spectrum. There were 50 bidders placing winning 
bids in the forward auction for the new wireless licenses. At least 142 broadcasters and 50 
wireless bidders were involved in the winning bids. 
 
The reverse auction resulted in 175 TV stations successfully relinquishing their spectrum 
rights, either by going off-air, sharing channels, or moving to different bands.  
 
The post-auction transition involved the relocation of nearly 1,000 broadcast TV stations 
to new channels as part of the repacking process to clear spectrum for wireless use. This 
included both stations that participated in the auction and non-participating stations 
affected by the repacking.  
 
Up to 858 stations were willing to give up their spectrum, suggesting a larger pool of 
potential participants in the reverse auction, though only 175 were winning bidders.  
 
 

List 
 
In the forward auction (Auction 1002), 50 bidders placed winning bids for a total of 2,776 
of 2,912 licenses offered. The major winners included:  
 

● T-Mobile: Spent $8 billion for 1,525 licenses. 
● Dish: Spent $6.2 billion for 486 licenses. 
● Comcast: Spent $1.7 billion for 73 licenses. 
● AT&T: Spent $910 million for 23 licenses. 
● U.S. Cellular: Spent $328.6 million for 188 licenses. 

 
 
Nearly 30 rural and regional carriers also secured licenses, though specific counts are not 
detailed. Major carriers Verizon and Sprint did not participate in the forward auction.  
 
The auction repurposed 84 megahertz of spectrum, with 70 megahertz allocated for 
licensed wireless use and 14 megahertz for wireless microphones and unlicensed use. 
Bidding began on March 29, 2016, with reverse auction applicants committing to initial bid 
options. Bidding closed on March 30, 2017, with the auction formally closing on April 13, 
2017. 
 
The post-auction repacking process commenced in April 2017 and was scheduled to 
conclude by July 2020, involving a phased approach with ten transition phases. Initial 
relocation moves began in November 2018. The repacking required modifying towers, 
moving radio transmitters, manufacturing antennas, and hiring engineering consultants. 
External factors like weather, local zoning, and permitting processes impacted the 
timeline. Nearly 1,000 stations were reassigned channels, with most continuing to operate 
by sharing frequencies or moving to new channels. 
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In total, broadcaster payments amounted to $10.05 billion which was paid to 142 winning 
broadcasters for 175 stations. Over $7.3 billion from forward auction proceeds was 
allocated to the U.S. Treasury for deficit reduction after other obligations were met. 
The TV Broadcast Relocation Fund was established to cover costs for non-participating TV 
stations involuntarily repacked, with an initial allocation of $1.75 billion for 
reimbursements. 
 
The auction was conducted in multiple stages, with each stage consisting of a reverse 
auction followed by a forward auction. The initial spectrum clearing target was set based 
on broadcasters’ willingness to relinquish spectrum, with a maximum target of 126 
megahertz, adjusted downward as needed to meet the final stage rule. 
 
The auction fell short of the National Broadband Plan’s goal of repurposing 120 megahertz 
by 2015, achieving only 70 megahertz by 2020 due to administrative complexities and 
lower-than-expected demand. The auction was a complex, two-sided process involving 
a reverse auction to buy back spectrum from broadcasters and a forward auction to sell 
licenses to wireless carriers. The FCC’s projections, based on the earlier AWS-3 auction 
($41.33 billion), overestimated demand, as the final stage rule was met with only $18.2 
billion for 70 megahertz. 
 
The process disrupted broadcast TV, with some stations ceasing operations and others 
facing significant relocation costs. Critics argued that the auction degraded TV 
broadcasting’s universal coverage and that payouts to broadcasters were unlikely to be 
reinvested in the industry. 
 
The repacking process was logistically challenging, with external factors like weather and 
zoning complicating the transition. The FCC’s structured approach, while innovative, 
incurred high administrative costs and missed initial timelines.  
 

4.5. In the News 
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Figure 4.30. Article on Bots Submitting FCC Comments107 

 
 

 
107 Issie Lapowsky, “How Bots Broke the FCC's Public Comment System,” Wired Magazine, Nov. 28, 2017, 
https://www.wired.com/story/bots-broke-fcc-public-comment-system/.  
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Figure 4.31. Article on Bot Comments to the FCC108 
 

 
108 Lorenzo Franceschi-Bicchierai, “More Than 80% Of All Net Neutrality Comments Were Sent By Bots 
Researchers Say,” Vice Media, October 3, 2017, https://www.vice.com/en/article/80-percent-net-
neutrality-comments-bots-astroturfing/. 
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Figure 4.32. Commentary on AI and Regulatory Comment Submissions109 
 
 

 
109 Scott Wallsten, “AI May Soon Weigh In on Regulation”, Wall St. J., Oct. 24, 2023,  
https://www.wsj.com/opinion/ai-may-soon-weigh-in-on-regulation-artificial-intelligence-agencies-
public-comment-periods-766436ec.  
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4.6. Assignment 

 
 

Fill in the Blank 
 
Read the Broadcast Incentive Auction NPRM (2012) and Report and Order (2014) to see 
the rulemaking process for one of the largest spectrum auctions held by the FCC which 
involved hundreds of interested parties and comments. Broadcast Incentive Auction 
NPRM, In the Matter of Expanding the Economic and Innovation Opportunities of 
Spectrum Through Incentive Auctions, Notice of Proposed Rulemaking, GN Docket No. 
12-268, October 2, 2012, https://docs.fcc.gov/public/attachments/FCC-12-118A1.pdf; 
Broadcast Incentive Auction R&O, In the Matter of Expanding the Economic and 
Innovation Opportunities of Spectrum Through Incentive Auctions, Report and Order, 
GN Docket No. 12-268, June 2, 2014, https://docs.fcc.gov/public/attachments/FCC-15-
69A1.pdf.  
 
Why do you think it was necessary to design a forward and reverse auction? What are 
the incentives of the broadcast stations to holdout and not give up their spectrum? What 
are the incentives of the bidders for new licenses to seek low prices? How do broadcast 
stations get compensated for their true valuations? Do broadcast stations have an 
incentive to seek higher than true valuations for their spectrum?  

 
 

4.7. Reading List 
 
 

File Attachments 
 

● Congressional Research Service, “A Brief Overview of Rulemaking and Judicial 
Review,” Mar. 27, 2017, CRS Report No. R41546, at p. 13, 
https://www.congress.gov/crs_external_products/R/PDF/R41546/R41546.13.pdf.  

● Congressional Research Service, “The Federal Rulemaking Process: An 
Overview,” June 17, 2013, CRS Report No. RL32240, 
https://sgp.fas.org/crs/misc/RL32240.pdf.  

● Broadcast Incentive Auction NPRM, In the Matter of Expanding the Economic and 
Innovation Opportunities of Spectrum Through Incentive Auctions, Notice of 
Proposed Rulemaking, GN Docket No. 12-268, October 2, 2012, 
https://docs.fcc.gov/public/attachments/FCC-12-118A1.pdf.  

● Broadcast Incentive Auction R&O, In the Matter of Expanding the Economic and 
Innovation Opportunities of Spectrum Through Incentive Auctions, Report and 
Order, GN Docket No. 12-268, June 2, 2014, 
https://docs.fcc.gov/public/attachments/FCC-15-69A1.pdf.  
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5. Lecture 5: Congressional Involvement in Spectrum Policy 

 
 

Video 
 
Advanced Spectrum Policy Lecture 5: Congressional Involvement in Spectrum Policy 
https://www.youtube.com/watch?v=LB723e12ZHo&list=PLIbQnBe9lRS_YjEJyMEqm_QN
Fbmld5_ko&index=6 

 
 
Spectrum policy often requires Congressional involvement to direct the executive branch 
to conduct studies on certain federal spectrum bands, to find spectrum for auction from 
the federal sector to private sector, and to authorize the FCC to conduct spectrum 
auctions. Since federal spectrum auctions can also raise revenue for the Treasury, the 
Congressional Budget Office is involved in scoring auction bills to estimate the value of the 
spectrum that could be auctioned.  
 

5.1. Learning Objective 
 
 

Statement 
 
Explore how Congress shapes spectrum policy through key statutes, including auction 
authorizations and spectrum reallocation laws. Understand the role of the Congressional 
Budget Office in scoring and valuing spectrum assets for legislative decision-making. 

 
 

5.2. Statutes 
 
 

Multiple Choice 
 
Congressional involvement is needed in national spectrum policy with the committees 
that do the most oversight being the U.S. House of Representatives Energy and 
Commerce Committee Subcommittee on Communications and the Senate Commerce 
Committee Subcommittee on Telecommunications. (True. These two subcommittees 
are the main committees for spectrum policy oversight and legislation).  

 
 

5.2.1. Spectrum Auction Reauthorization 
 
The Federal Communications Commission is authorized by Congress to license spectrum 
rights through auctions or competitive bidding. But as of March 9, 2023, Congress has not 
reauthorized the FCC to run spectrum auctions. In 2025, it is expected that auction 
authority will be reauthorized by Congress.  
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The history of spectrum auction authorization by Congress is rather piecemeal. Over the 
years the following statutes have authorized auctions for different lengths of time: 
Omnibus Budget Reconciliation Act of 1981 (P.L. 97-35) (authorized spectrum licenses by 
lottery); Omnibus Budget Reconciliation Act of 1993 (P.L. 103-66) (authorized spectrum 
auctions by competitive bidding); Balanced Budget Act of 1997 (P.L. 105-33) (extended 
FCC auction authority for 10 years); Deficit Reduction Act of 2005 (P.L. 109-171) (extended 
FCC auction authority for 4 more years); Digital Television Delay Act (P.L. 111-4) (extended 
FCC auction authority for 1 more year); Middle-Class Tax Relief and Job Creation Act of 
2012 (P.L. 112-96) (extended FCC auction authority for 10 more years); four more 
extensions in the 117th Congress extended auction authority to March 9, 2023, and it has 
been expired since. 
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Figure 5.1. FCC’s Spectrum Auction Authority Timeline (Source: CRS) 110  
 

5.2.2. Commercial Spectrum Enhancement Act of 2004 (P.L. 108-494) 
(created the Spectrum Relocation Fund) 

 
The Commercial Spectrum Enhancement Act of 2004 (P.L. 108-494) established the 
Spectrum Relocation Fund to reimburse federal agencies for costs incurred when vacating 
spectrum for auction.111 Successful commercial bidders fund these relocation costs. The 
auctions must recover at least 110% of NTIA-projected costs, and any unused funds return 
to the Treasury after eight years. 
 

5.2.3. Spectrum Act of 2012 (P.L. 112-96) (established the Broadcast Incentive 
Auctions of 2016) 

 
The Spectrum Act of 2012 (P.L. 112-96) required the establishment of 3 spectrum auctions, 
one of which was the Broadcast Incentive Auction which began in March 2016.   
 
The most innovative of these three spectrum auctions was the Broadcast Television 
Spectrum Incentive Auction (Auction 1000), which began on March 29, 2016, and 
concluded on April 13, 2017. This voluntary, two-sided auction, authorized by Section 
6403, involved a reverse auction (Auction 1001) that paid $10.05 billion to 142 
broadcasters for 175 TV stations to relinquish 84 MHz of spectrum, and a forward auction 
(Auction 1002) that raised $19.8 billion from 50 bidders for 2,776 wireless licenses, with 
major winners like T-Mobile ($8 billion) and Dish ($6.2 billion). The auction cleared 70 
MHz for licensed wireless use and 14 MHz for unlicensed purposes, but fell short of the 
National Broadband Plan’s 120 MHz goal due to lower participation and demand. Nearly 
1,000 stations were repacked into new channels by July 2020, supported by a $1.75 billion 
relocation fund, though challenges like weather and zoning complicated the process.  
 
The second auction, the H Block Auction (Auction 96), held from January 22 to February 
27, 2014, raised $1.564 billion for 176 licenses in the 1915–1920 MHz and 1995–2000 MHz 
bands, with Dish Network acquiring all licenses.  
 
The third auction, the AWS-3 Auction (Auction 97), conducted from November 13, 2014, to 
January 29, 2015, generated $41.329 billion for 1,614 licenses in the 1695–1710 MHz, 1755–
1780 MHz, and 2155–2180 MHz bands, with major carriers like AT&T and Verizon driving 
high bids. Collectively, these auctions repurposed spectrum for 4G and 5G, funded the 
FirstNet public safety network, and contributed over $60 billion to deficit reduction, 
though the incentive auction faced criticism for disrupting broadcast TV and high 
administrative costs. 
 

 
110 Congressional Research Service, “The Federal Communications Commission’s Spectrum Auction 
Authority: History and Options for Reinstatement (Updated September 12, 2023),” CRS Report No. R47578, 
https://sgp.fas.org/crs/misc/R47578.pdf. 
111 Congressional Research Service, “Framing Spectrum Policy: Legislative Initiatives,” CRS Report No. R44433, 
Oct. 26, 2016, 
https://www.everycrsreport.com/files/20161026_R44433_8cd6b08a30aebb35670b034ae938d19df2f24da9.
pdf. 
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5.2.4. Spectrum Pipeline Act of 2015 (P.L. 114-74)  
 
The Spectrum Pipeline Act of 2015 (P.L. 114-74) required the release of 130 MHz of 
spectrum in 3 phases, with a process to begin in 2022.   
 
The first phase required the National Telecommunications and Information Administration 
(NTIA) to identify 30 MHz of federal spectrum below 3 GHz, excluding the 1675–1695 MHz 
band used for weather forecasting, for reallocation to non-federal or shared federal-non-
federal use, with the process starting no later than January 2022 and auctions 
commencing by July 2024. The spectrum had to be in contiguous bands of at least 10 MHz 
to ensure usability for commercial applications.  
 
The second and third phases tasked the Federal Communications Commission (FCC) with 
identifying two additional 50 MHz tranches of spectrum below 6 GHz for licensed or 
unlicensed use, with reports due to Congress by January 1, 2022, and January 1, 2024, 
respectively, outlining federal operations and auction timelines.  
 
The Act prioritized auction proceeds to fund the Spectrum Relocation Fund for research to 
enhance spectrum efficiency, supporting federal agencies’ relocation or sharing efforts. It 
also amended the NTIA Organization Act to allocate $500 million from the Spectrum 
Relocation Fund, with up to 10% of future deposits, for federal entities to conduct 
research, engineering studies, and planning to improve spectrum use, subject to approval 
by a Technical Panel.  
 
This legislation complemented the 2012 Spectrum Act by expanding spectrum availability 
for 5G and Internet of Things applications, fostering innovation, and promoting spectrum 
sharing, though challenges included coordinating federal and commercial needs and 
meeting tight deadlines. 
 
 

Multiple Choice 
 
The Spectrum Relocation Fund was established in 2015 to fund commercial spectrum 
expansion.(False. The SRF was created in 2004, and amended in 2015.) 

 
 

Multiple Choice 
 
The SRF was created to help federal agencies cover costs related to moving off certain 
spectrum bands to allow commercial use. (True. The federal government has unused or 
underused spectrum that could be used more efficiently by the commercial sector, and 
when those bands are auctioned off, the Spectrum Relocation Fund would help federal 
agencies replace and upgrade their radio equipment.) 
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5.2.5. MOBILE NOW Act of 2018 (P.L. 115-141) 
 
In the MOBILE NOW Act of 2018 (P.L. 115-141), Congress mandated that the Secretary of 
Commerce, via NTIA and in collaboration with the FCC and affected federal agencies, 
submit a report by March 23, 2020, assessing the feasibility of sharing the 3.1-3.55 GHz 
spectrum segment with commercial wireless services.112 
 
A key provision mandated that the Secretary of Commerce, through the National 
Telecommunications and Information Administration (NTIA), in collaboration with the 
Federal Communications Commission (FCC) and affected federal agencies, submit a report 
to Congress by March 23, 2020, assessing the feasibility of sharing the 3.1–3.55 GHz 
spectrum band with commercial wireless services. This mid-band spectrum, prized for its 
balance of coverage and capacity, was largely occupied by federal users, including the 
Department of Defense for radar and other critical systems. The report was required to 
evaluate the potential for reallocation or sharing, identify technical and operational 
challenges, and propose strategies to protect incumbent federal operations while enabling 
commercial access.  
 
The NTIA’s analysis, informed by technical studies and coordination with agencies like the 
Department of Defense, highlighted the complexity of sharing due to high-power military 
systems but identified portions of the band, notably 3.45–3.55 GHz, as viable for 
commercial use with mitigation measures like geographic coordination zones. This effort 
built on prior spectrum reallocation initiatives, such as the Spectrum Pipeline Act of 2015, 
and supported the FCC’s subsequent auctions, including Auction 110 in 2021, which raised 
$22.9 billion for 100 MHz in the 3.45–3.55 GHz band. The MOBILE NOW Act’s focus on the 
3.1–3.55 GHz band underscored the strategic importance of mid-band spectrum for 5G 
expansion, though challenges like federal incumbent relocation and interference 
management persisted. 
 
The Emerging Mid-Band Radar Spectrum Sharing (EMBRSS) was established as an 
initiative to develop ways to share the 3.1- 3.45 GHz segment and another group called 
Partnering to Advance Trusted and Holistic Spectrum Solutions (PATHSS) under the 
National Spectrum Consortium to work with industry and academia to develop ways to 
share the 3.1-3.45 GHz band.113  
 
 

Multiple Choice 
 
Congressional oversight is occasional and not as impactful as the agency actions and 
White House OSTP reports. (False. Congress plays an important role in drafting 
legislation to direct the federal agencies in finding spectrum for auction such as mid-
band or unlicensed bands.) 

 

 
112 Congressional Research Service, “Repurposing 3.1-3.55 GHz Spectrum: Issues for Congress,” CRS In Focus 
Report No. IF12351, https://sgp.fas.org/crs/misc/IF12351.pdf.  
113 Congressional Research Service, “Repurposing 3.1-3.55 GHz Spectrum: Issues for Congress,” CRS In Focus 
Report No. IF12351, https://sgp.fas.org/crs/misc/IF12351.pdf.  
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5.3. Congressional Budget Office Scoring 

 
The Congressional Budget Office (CBO) plays an important role in determining projected 
revenues from spectrum auction-related legislation. This “score” by the CBO is part of the 
budget procedure according to the Senate Pay-As-You-Go Rule (PAYGO Rule) and other 
budget principles.114 
 

 
 

 
114 Framing Spectrum Policy: Legislative Initiatives, Congressional Research Service Report No. R44433, Oct. 
26, 2016, 
https://www.everycrsreport.com/files/20161026_R44433_8cd6b08a30aebb35670b034ae938d19df2f24da9.
pdf  (“For a discussion of the congressional budget process, see CRS Report RL31943, Budget Enforcement 
Procedures: The Senate Pay-As-You-Go (PAYGO) Rule, and CRS Report 98-721, Introduction to the Federal 
Budget Process.”). 
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Figure 5.2. CBO Cost Estimate for H.R. 3565 (2023)115 
 
 

Multiple Choice 
 
The Congressional Budget Office with its spectrum valuation expertise runs spectrum 
auctions for the FCC and NTIA. (False. Spectrum auction authority is authorized by 
Congress and granted to the Federal Communications Commission by statute. The NTIA 
or CBO do not run spectrum auctions.) 

 
 

5.3.1. Spectrum Valuation 
 
The factors that are used by the CBO to estimate projected spectrum auction proceeds are 
described: 
 

Three key estimates of value considered by the CBO are: quantity of spectrum 
auctioned; market value of spectrum; and net proceeds. It also considers the 
historical values of earlier auctions. Spectrum license auctions that were 
considered in scoring the Spectrum Act were held during the period FY2001-
FY2010. They yielded an average MHz-pop19 of $0.80, within a range of $0.55 
to $1.10. Weighing these and other factors, the CBO initially projected that 
spectrum licenses auctioned during the FY2013-FY2021 period would have an 
average market value of $0.70 per megahertz per person. (cite omitted) The 
score was subsequently revised slightly upwards to cover the period FY2013-
FY2022.116 
 

The Congressional Budget Office (CBO) scores legislation involving spectrum auctions, by 
estimating the net revenue from auctioned spectrum licenses. To establish value, the CBO 
considers three key factors: the quantity of spectrum auctioned, the market value per 
megahertz per person (MHz-pop), and the net proceeds after costs. Historical auction data 
from FY2001-FY2010, which yielded an average MHz-pop of $0.80 (ranging from $0.55 to 
$1.10), informed the CBO’s initial projection for the Spectrum Act auctions.  
 
For the period FY2013-FY2021, the CBO estimated an average market value of $0.70 per 
MHz-pop, later extending this projection to FY2022 with a slight upward revision. The 
CBO’s original estimate projected $30 billion in net revenue across three required auctions 
under the Spectrum Act, balancing historical trends and anticipated market conditions.  
 
Actual auction outcomes varied significantly from the CBO’s initial estimates. The H Block 
auction, concluded in February 2014, achieved a low $0.50 MHz-pop with a single 
bidder,117 while the AWS-3 auction in January 2015 far exceeded expectations at $2.21 

 
115 CBO Cost Estimate, H.R. 3565 Spectrum Auction Reauthorization Act of 2023, 
https://www.cbo.gov/system/files/2023-07/hr3565.pdf.   
116 Congressional Research Service, “Framing Spectrum Policy: Legislative Initiatives,” CRS Report No. 
R44433, Oct. 26, 2016, https://sgp.fas.org/crs/misc/R44433.pdf.  
117 Id. at 4. 
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MHz-pop.118 For the remaining Broadcast Incentive Auction, the CBO estimated $25 billion 
in net proceeds, assuming an MHz-pop value similar to the AWS-3’s $2.21, though a 
February 2015 FCC-commissioned report suggested a lower $1.50 MHz-pop.119 These 
estimates faced uncertainties, including unknown quantities of spectrum to be auctioned 
and broadcaster compensation for relinquishing spectrum, highlighting the complexity of 
predicting spectrum value amidst fluctuating market dynamics and auction structures. 
 
 

Multiple Choice 
 
The Office of Management and Budget is responsible for spectrum asset valuation and 
decisions related to the Spectrum Relocation Fund. (True. OMB has traditionally been an 
important office for budget assessment of federal spectrum assets and reallocation. The 
Spectrum Relocation Fund is the collection of proceeds from auctioning federal 
spectrum for reallocation to commercial use.) 

 
 

5.4. In the News 
 

 
118 Id. 
119 Id. citing Greenhill, “Incentive Auction Opportunities for Broadcasters,” prepared for the Federal 
Communications Commission, February 2015, https://wireless.fcc.gov/incentiveauctions/learn-
program/Incentive_Auction_Opportunities_Book_Information_Sessions_2_5_15.pdf .  
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Figure 5.3. Commentary on Need for More Spectrum120 

 
120 Aji Pai, “America Has Lost Its Lead in 5G,” Wall St. J., May 4, 2025, 
https://www.wsj.com/opinion/america-has-lost-its-lead-in-5g-fcc-tech-telecom-spectrum-auctions-
c64d395f?st=eCQfWn&reflink=desktopwebshare_permalink.  
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Figure 5.4. Potential Upper C-Band and AWS-3 Re-Auction121  
 

 
121 Kelly Hill, Carr Eyes Upper C-Band, Promises AWS-3 Re-Auction, Feb. 6, 2025, RCR Wireless, 
https://www.rcrwireless.com/20250206/policy/upper-c-band-aws-3.  
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Figure 5.5. Spectrum Pipeline in Reconciliation Bill 122 
 

 
122 Jake Neenan, “Cruz Still Aiming for Spectrum Pipeline in Reconciliation Bill,” Mar. 25, 2025, 
https://broadbandbreakfast.com/cruz-still-aiming-for-spectrum-pipeline-in-reconciliation-bill/.  
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5.5. Assignment 
 
 

Fill in the Blank 
 
Read the CRS Report on “Framing Spectrum Policy” and a CBO Cost Estimate of the 
Spectrum Auction Reauthorization Bill of 2023. CBO Cost Estimate, H.R. 3565 Spectrum 
Auction Reauthorization Act of 2023, https://www.cbo.gov/system/files/2023-
07/hr3565.pdf; Congressional Research Service, “Framing Spectrum Policy: Legislative 
Initiatives,”  CRS Report No. R44433, Oct. 26, 2016, 
https://www.everycrsreport.com/files/20161026_R44433_8cd6b08a30aebb35670b034
ae938d19df2f24da9.pdf. 
 
After reviewing the CBO’s estimates on various spectrum bills, how important do you 
think the CBO’s spectrum valuation scores are to spectrum policy? The CBO estimates 
spectrum valuations and makes recommendations to Congress, but estimates can be 
wrong. Is it possible to ever precisely estimate the valuation of spectrum bands before 
an auction reveals market prices?  

 
  

5.6. Reading List 
 
 

File Attachments 
 

● Congressional Research Service, “Framing Spectrum Policy: Legislative 
Initiatives,”  CRS Report No. R44433, Oct. 26, 2016, 
https://www.everycrsreport.com/files/20161026_R44433_8cd6b08a30aebb356
70b034ae938d19df2f24da9.pdf.  

● Congressional Research Service, “Repurposing 3.1-3.55 GHz Spectrum: Issues for 
Congress,” In Focus Report No. IF12351, https://sgp.fas.org/crs/misc/IF12351.pdf.  

● Congressional Research Service, “FCC Spectrum Auction Authority: Background 
and Proposals for Extension,” CRS Report No. R47258, Dec. 30, 2022, 
https://www.congress.gov/crs_external_products/R/PDF/R47258/R47258.17.pdf. 

● Congressional Research Service, “Budget Enforcement Procedures: The Senate 
Pay-As-You-Go (PAYGO) Rule,” CRS Report RL31943, 
https://sgp.fas.org/crs/misc/RL31943.pdf.  

● Congressional Research Service, “Introduction to the Federal Budget Process,” 
CRS Report 98-721, https://sgp.fas.org/crs/misc/98-721.pdf.  

● Congressional Research Service, “The Federal Communications Commission’s 
Spectrum Auction Authority: History and Options for Reinstatement (Updated 
September 12, 2023),” CRS Report No. R47578, 
https://sgp.fas.org/crs/misc/R47578.pdf. 
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6. Lecture 6: International Spectrum Policy 

 

Video 
 
Advanced Spectrum Policy Lecture 6: International Spectrum Policy 
https://www.youtube.com/watch?v=6qUmln6Naq8&list=PLIbQnBe9lRS_YjEJyMEqm_Q
NFbmld5_ko&index=7 

 
 
For purposes of coordinating with other agencies for preparation for the ITU WRC 
meetings, this schematic also shows the coordinating activities between NTIA and the U.S. 
State Department.  
 

 
 

Figure 6.1. NTIA Coordination with State Department for ITU123 
 
 

6.1. Learning Objectives 
 

 
123 International Committee on Global Navigation Satellite Systems, “Introduction to National Spectrum 
Agencies and National Applications,” https://www.unoosa.org/pdf/icg/2015/presentations/38.pdf.  
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Statement 
 
Understand the role of international organizations like the ITU and CITEL in global 
spectrum policy, including the outcomes and goals of WRC conferences. Examine how 
standards bodies such as IEEE influence international coordination and technical 
guidelines for spectrum use. 

 
 
6.2. International Telecommunications Union World Radio Conference 

 
The World Radiocommunication Conference (WRC) is organized by the International 
Telecommunication Union (ITU), a specialized agency of the United Nations responsible 
for information and communication technologies. The WRC is held every four years and 
brings together representatives from ITU member states, industry stakeholders, and 
international organizations to review and update the Radio Regulations—the international 
treaty governing the use of the radio-frequency spectrum and satellite orbits. 
 

 
Figure 6.2. World Radiocommunication Conference Process124 

 
 

 
124 ITU, “The International Telecommunication Union (ITU): Results of the Radiocommunication Assembly and 
World Radiocommunication Conference 2023,”  Feb. 1, 2024, at 2, 
https://www.unoosa.org/res/oosadoc/data/documents/2024/aac_105c_12024crp/aac_105c_12024crp_23_
0_html/AC105_C1_2024_CRP23E.pdf.  
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Figure 6.3. WRC in the ITU125 
 
The World Radiocommunication Conference (WRC) is organized under the ITU 
Radiocommunication Sector (ITU-R), which is one of the three sectors of the International 
Telecommunication Union (ITU). The other two sectors are the ITU Telecommunication 
Standardization Sector (ITU-T) and the ITU Development Sector (ITU-D). The WRC is a 
conference convened periodically (typically every three to four years) under the ITU-R to 
address global radio spectrum management and radiocommunication issues. The 
Plenipotentiary Conference is the ITU's highest governing body, which sets the overall 
policies and strategies for the ITU, including for its sectors, but it does not directly oversee 
the WRC.126  
 
 

Multiple Choice 
 
The United States’ involvement in the ITU WRC meetings is voluntary and not required 
for satellite spectrum licenses since nations can allocate spectrum in their borders 
without international law. (False. While terrestrial spectrum is within nation-state 

 
125 Government of Canada, “ISED's Involvement in the International Telecommunication Union: Evaluation 
Report,”  https://ised-isde.canada.ca/site/audits-evaluations/en/evaluation/iseds-involvement-
international-telecommunication-union-evaluation-report.  
126  Government of Canada, “ISED's Involvement in the International Telecommunication Union: Evaluation 
Report,”  https://ised-isde.canada.ca/site/audits-evaluations/en/evaluation/iseds-involvement-
international-telecommunication-union-evaluation-report. 
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borders, the ITU WRC meetings are where global satellite spectrum rights are allocated 
since satellites orbit around the globe. While satellites may have license to transmit in 
certain regions, they use the airspace above the earth in a shared manner.) 

 
 
The WRC updates the Radio Regulations to reflect new technologies, services, and global 
needs. These regulations include frequency allocations (which bands are assigned to 
which services, like mobile, satellite, or radio astronomy), technical standards, and 
procedures to prevent interference between countries and systems. 
 
Each WRC sets an agenda for the next conference, allowing years of preparation, studies, 
and regional consultations. For instance, WRC-23 (held in 2023) might have paved the 
way for WRC-27 by identifying future spectrum needs for emerging technologies. 
 
The WRC’s decisions are binding on ITU member states, shaping national spectrum 
policies and influencing everything from smartphone connectivity to weather forecasting. 
By fostering international cooperation, it ensures that wireless technologies can operate 
seamlessly across borders, supporting global communication and economic growth. 
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Figure 6.4. World Radiocommunication Conferences (WRC)127 

 
The last 5 WRC meetings have been held in Dubai, United Arab Emirates (WRC-23), 
Sharm El-Sheikh, Egypt (WRC-19), and Geneva, Switzerland (WRC-15, WRC-12, WRC-
07).   
 
 

Multiple Choice 
 
The WRC meetings are held in Geneva, Switzerland each year in a neutral location in 
order for countries to be on level footing. (False. The WRC meetings used to be held in 
Geneva, but the host country pays the costs of hosting the conference and in the last 
decade or so, the conference has moved from host city to host city. The location for 
WRC-27 is still to be determined.) 

 
 

6.2.1. WRC-23 
 
The U.S. delegation went and returned from WRC-23 in Dubai with successes but some 
losses according to industry reports.  
 
The U.S. delegation was prepared with the WRC Advisory Committee’s draft 
recommendations, a 433 page report, that included input from U.S. stakeholders and 
government agencies.128   
 
Among the draft recommendations are detailed notes on specific agenda items that were 
slated for WRC-23. For example, Agenda Item 1.1 discusses measures to protect 
aeronautical and maritime mobile services in the 4800-4990 MHz band.129 Agenda Item 
1.12 focuses on studies for a potential secondary allocation to the Earth exploration-
satellite service around 45 MHz,130 while Agenda Item 1.13 considers upgrading the 
allocation of the 14.8-15.35 GHz band to the space research service.131 Agenda Item 9 
reviews studies on space weather sensors, their characteristics, spectrum needs, and 
service designations.132  
 
The recommendations also include suggestions for future WRC-27 agenda items to 
propose at the WRC-23 meeting, such as Agenda Item 10 to identify frequency bands 
within 7.125 – 15.35 GHz for IMT.133 Different views (View A, View B, View C) are presented 

 
127 ITU WRC, World Radiocommunication Conferences (WRC), https://www.itu.int/en/ITU-
R/conferences/wrc/Pages/default.aspx.  
128 FCC, OIA Seeks Comment on Recommendations Approved by the WRC Advisory Committee, 
https://docs.fcc.gov/public/attachments/DA-23-296A1.pdf; see also FCC, WRC-23 Advisory Committee, 
https://www.fcc.gov/wrc-23-advisory-committee. For prior WRC Advisory Committee recommendations, 
see FCC, WRC, https://www.fcc.gov/wrc-23.  
129 Id. at 17. 
130 Id. at 74. 
131 Id. at 79. 
132 Id. at 171. 
133 Id. at 39. 
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regarding the FCC's approach to the agenda item proposal for International Mobile 
Telecommunications (IMT).134 Future agenda items also address limits on satellite and fixed 
services in the 71-76 GHz and 81-86 GHz bands.135 Furthermore, Preliminary WRC-27 
Agenda Item 2.6 considers regulatory provisions for the recognition and protection of 
space weather sensors.136 Views on a WRC-27 agenda item for studying satellite-to-
satellite links in certain mobile-satellite service bands are also included.137  

 
134 Id. at 37. 
135 Id. at 73. 
136 Id. at 204. 
137 Id. at 147. 
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Figure 6.5. FCC WRC-23 Advisory Committee Recommendations138   
 
At the meetings, there were 4,500 government officials from 193 nations participating in 
the meetings.139 The U.S. delegation was led by Nathaniel Fick, U.S. ambassador at large 

 
138 Id. 
139 Sandra Erwin, “U.S. Delegation Stokes Optimism on Wireless and Satellite Goals at WRC-23,” Space 
News, Nov. 20, 2023, https://spacenews.com/u-s-delegation-stokes-optimism-on-wireless-and-satellite-
goals-at-wrc-23/.  
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for cyberspace and digital policy. The U.S. delegation included “200 government officials 
from the State Department, the Federal Communications Commission, the Department of 
Commerce, the Department of Defense, NASA and the White House.” 140  
 
 

Multiple Choice 
 
The United States sends a delegation to the WRC meetings with many different policy 
positions since there are many different industries represented. Each company argues 
for its own positions at the meetings and negotiates privately. (False. The WRC is a 
treaty-level meeting where the United States sends a delegation led by the State 
Department in coordination with the federal agencies and industry participants. 
Decisions are made to affect the United States as a country and not for companies 
independently.) 

 
 
The U.S. Wi-Fi industry was pleased that 6 GHz would be considered for unlicensed usage 
around the world in the Radio Local Area Network (RLAN) savings clause,141 while the 
GSMA wireless association interpreted the results as promoting primarily IMT 
(international mobile technologies) in the below 1 GHz, 3.5 GHz, and 6 GHz bands. 142 
 
 

 

 
 

 
140 Id.  
141 Monica Alleven, “U.S. Wi-Fi Industry Declares Victory at WRC-23”, Fierce Network, Dec. 15, 2023, 
https://www.fierce-network.com/tech/us-wi-fi-industry-declares-victory-wrc-23.  
142 GSMA, “GSMA Hails Groundbreaking Spectrum Decisions at WRC-23,” Dec. 15, 2023,  
https://www.gsma.com/newsroom/press-release/gsma-hails-groundbreaking-spectrum-decisions-at-
wrc-23/.  
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Figure 6.6. ITU WRC-23 in Dubai, Nov. 20-Dec. 15, 2023143 
 

 
 
Figure 6.7. ITU WRC-19 in Sharm El-Sheikh, Egypt, Oct. 28-Nov 22, 2019 (Source: ITU)144 

 
 

6.2.2. WRC-27 
 
The FCC is beginning preparations for the next WRC meetings in Docket 24-30. The WRC 
Advisory Committee is a body of stakeholders that will meet to help the FCC formulate its 
positions to contribute to the positions of the U.S. delegation as led by the U.S. State 
Department and WRC Ambassador.  
 
 
 

 
143 ITU WRC-23 in Dubai, Nov. 20-Dec. 15, 2023, https://www.itu.int/wrc-23/.  
144 ITU WRC-19 in Sharm El-Sheikh, Egypt, Oct. 28-Nov 22, 2019.   
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Figure 6.8. The FCC’s WRC-27 Preparations145 
 

6.2.3. CITEL PCC.II 
 
The U.S. also participates in the CITEL PCC.II meetings which is a regional section of the 
WRC.146  
 

 
145 FCC, WRC-27, https://www.fcc.gov/wrc-27.  
146 FCC, U.S. Contributions Sent to CITEL, PCC.II (WRC-27), https://www.fcc.gov/us-contributions-sent-
citel-pccii-wrc-27-0. 
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Figure 6.9. CITEL Structure147 
 

 
 

Figure 6.10. PCC.II Structure148 
 
In the most recent meeting, the U.S. submitted agenda items to the regional meeting 
related to earth-to-space satellite spectrum, uplink spectrum for fixed satellite service 
earth station antennas, studies for gateway earth station spectrum for non-geostationary 

 
147 CITEL, 2021 Annual Report, at 8, https://scm.oas.org/pdfs/2024/CP49464E.pdf.  
148 CITEL, 2021 Annual Report, at 13, https://scm.oas.org/pdfs/2024/CP49464E.pdf. 



 

123 

satellite orbit (NGSO) systems, and several other agenda items related to new spectrum 
allocations related to satellite operations.149    
 
CITEL PCC.II, or the Permanent Consultative Committee II: Radiocommunications, is a key 
body within the Inter-American Telecommunication Commission (CITEL), an entity of the 
Organization of American States (OAS). CITEL itself is focused on promoting 
telecommunications and information and communication technology (ICT) development 
across the Americas. PCC.II specifically deals with radiocommunications and 
broadcasting, playing a critical role in coordinating regional preparations for international 
events like the World Radiocommunication Conference (WRC), organized by the 
International Telecommunication Union (ITU). 
 
The PCC.II develops common positions and Inter-American Proposals (IAPs) for WRCs, 
which are submitted to influence revisions to the ITU Radio Regulations—the treaty 
governing global radio-frequency spectrum and satellite orbit use. PCC.II operates through 
meetings where member states, including the United States, collaborate with associate 
members (e.g., industry stakeholders) to negotiate and refine these positions. It’s a 
platform for dialogue, technical studies, and consensus-building ahead of global 
conferences like WRC-27. 
 
 

Multiple Choice 
 
The WRC meetings that are held every 4 years are the only meetings where decisions 
are made, regional meetings such as CITEL PCC.II are not important. (False. The regional 
meetings that are held in between WRC meetings are important for regions to make 
decisions that will be brought as regions to the WRC meetings.) 

 

 
149 Id. 
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Figure 6.11. Gatherings at the 43rd Meeting of CITEL-PCC.II (2024)150 
 
The United States participates in CITEL PCC.II to shape regional and global spectrum 
policies for WRC-27, scheduled for 2027. As an ITU member state and a leader in 
telecommunications innovation, the U.S. leverages PCC.II to align its interests with those of 
the Americas while influencing the international agenda. 

 
6.3. IEEE and Other Standards Bodies 

 
The Institute of Electrical and Electronics Engineers (IEEE) and other standards bodies 
significantly influence discussions at the ITU World Radiocommunication Conference 
(WRC) regarding wireless equipment standards, though their impact is indirect and occurs 

 
150 LACNIC Blog, “Connecting the Americas: Thoughts from the 43rd Meeting of CITEL-PCC.II,” Apr. 30, 2024,  
https://blog.lacnic.net/en/connecting-the-americas-thoughts-from-the-43rd-meeting-of-citel-pcc-ii/.  
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through technical contributions, advocacy, and the development of standards that shape 
the global telecommunications ecosystem.  
 
The IEEE, particularly through its 802 LAN/MAN Standards Committee (e.g., IEEE 802.11 for 
Wi-Fi), develops standards for wireless communication technologies that define how 
devices operate within specific spectrum bands. These standards, such as IEEE 802.11ax 
(Wi-Fi 6) or 802.11be (Wi-Fi 7), specify technical parameters like modulation, channel 
access, and spectrum efficiency. 
 

 
 

Figure 6.12. IEEE Standards Association151 
 
Other standards bodies such as 3GPP, ETSI, and the Wi-Fi Alliance also influence 
standards that influence wireless communications policy.  
 
The 3rd Generation Partnership Project (3GPP) develops standards for cellular 
technologies (e.g., 4G, 5G, and future 6G under the ITU’s International Mobile 
Telecommunications (IMT) framework). 3GPP standards influence WRC agenda items 
related to IMT spectrum allocations, such as the 3.3–4.2 GHz and 6 GHz bands. 
 

 
151 IEEE SA, https://standards.ieee.org/.  
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Figure 6.13. 3GPP152 
 
The European Telecommunications Standards Institute (ETSI) contributes to standards like 
those for Reconfigurable Intelligent Surfaces (RIS) and collaborates with ITU-R on 
harmonized technical specifications. 
 

 
152 3GPP, https://www.3gpp.org/.  
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Figure 6.14. ETSI153 
 
The Wi-Fi Alliance ensures interoperability of IEEE 802.11-based devices and advocates 
for unlicensed spectrum, influencing WRC debates on bands like 6 GHz. 
 

 
153 ETSI, https://www.etsi.org/standards/types-of-standards.  
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Figure 6.15. Wi-Fi Alliance154 
 
These standards shape the technical feasibility and market viability of technologies 
proposed for spectrum allocation at WRC. For example, IEEE 802.11’s compatibility with 
unlicensed spectrum influences WRC discussions on whether bands like 6 GHz should be 
allocated for unlicensed use (e.g., Wi-Fi) or licensed IMT (e.g., 5G). 
 

6.4. In the News 
 

 
154 Wi-Fi Alliance, https://www.wi-fi.org/.  
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Figure 6.16. Op-Ed on WRC-27 Location155 
 

 
155 Dean Bubley, U.S. Must Prepare for China to Host the World Radio Conference, Fierce Network, Feb. 28, 
2025, https://www.fierce-network.com/wireless/op-ed-us-must-prepare-china-host-world-radio-
conference.  
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Figure 6.17. WRC-23 News156 
 

 
156 Sandra Erwin, “U.S. Delegation Stokes Optimism on Wireless and Satellite Goals at WRC-23,” Space 
News, Nov. 20, 2023, https://spacenews.com/u-s-delegation-stokes-optimism-on-wireless-and-satellite-
goals-at-wrc-23/. 
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Figure 6.18. Wi-Fi Industry Views on WRC-23157 
 

 
157 Monica Alleven, “U.S. Wi-Fi Industry Declares Victory at WRC-23”, Fierce Network, Dec. 15, 2023, 
https://www.fierce-network.com/tech/us-wi-fi-industry-declares-victory-wrc-23.  
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Figure 6.19. GSMA Statement on WRC-23158 
 
 
 

6.5. Assignment 
 
 

Fill in the Blank 
 
Read the draft proposal for the work of the WRC conference. FCC, OIA Seeks Comment 
on Recommendations Approved by the WRC Advisory Committee, 
https://docs.fcc.gov/public/attachments/DA-23-296A1.pdf;  
 
Why is it necessary for the ITU WRC nations to make such technical decisions at the 
international treaty-level? Can these global spectrum issues be resolved in bilateral or 
multilateral forums or are these technical spectrum details necessarily international in 
nature? On page 15, for example, you see major companies agreeing or disagreeing with 
a proposed position. How do the FCC and State Department decide between conflicting 
positions?  

 
 

6.6. Reading List 
 
 

File Attachments 

 
158 GSMA, “GSMA Hails Groundbreaking Spectrum Decisions at WRC-23,” Dec. 15, 2023,  
https://www.gsma.com/newsroom/press-release/gsma-hails-groundbreaking-spectrum-decisions-at-
wrc-23/. 
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● Allocation of ITU-R Preparatory Work for WRC-27, 

https://www.cv.nrao.edu/~hliszt/rfi/MyWrc27Agenda.pdf.  
● FCC, U.S. Contributions Sent to CITEL, PCC.II (WRC-27), 

https://www.fcc.gov/us-contributions-sent-citel-pccii-wrc-27-0. 
● FCC, OIA Seeks Comment on Recommendations Approved by the WRC Advisory 

Committee, https://docs.fcc.gov/public/attachments/DA-23-296A1.pdf.  

 

7. Lecture 7: Competition and New Use Cases 

 

Video 
 
Advanced Spectrum Policy Lecture 7: Competition and New Use Cases 
https://www.youtube.com/watch?v=CXiMD_Z22A4&list=PLIbQnBe9lRS_YjEJyMEqm_Q
NFbmld5_ko&index=8 

 
The FCC promotes new use cases and competition in spectrum use through experimental 
licensing, innovation zones, and considerations of new use cases. Dynamic spectrum 
sharing and other novel sharing band plans have been released with the most recent 
notable system in the Citizens Broadband Radio Service (CBRS).  
 

7.1. Learning Objective 
 
 

Statement 
 
Analyze emerging spectrum use cases enabled by frameworks like the Experimental 
Licensing System and Citizens Broadband Radio Service (CBRS). Understand the tiered 
access model, auction outcomes, and real-world deployment of CBRS devices in 
promoting competition and innovation. 

 
 
7.2. FCC Experimental Licensing System (ELS) 

 
The FCC issues experimental licenses and special temporary authority (STA) to spectrum 
users through the Office of Engineering and Technology (OET). The applications and 
licenses are searchable on the Experimental Licensing System (ELS).  
 
The Federal Communications Commission (FCC) issues experimental licenses under Part 5 
of Title 47 of the Code of Federal Regulations to facilitate research, development, and 
testing of new radio technologies, services, or devices. These licenses are intended for 
experimentation, product development, market trials, and demonstrations without 
providing commercial services. They allow innovators to test radio frequency (RF) 
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equipment in real-world conditions on a non-interference basis, ensuring that new 
technologies can be developed without disrupting existing services. 
 
The Experimental Radio Service was formalized to encourage technical innovation and the 
development of new communication technologies while maintaining regulatory oversight 
to prevent interference with authorized services. The intent was to provide a controlled 
environment for testing novel ideas, fostering advancements in telecommunications, and 
ensuring public safety by regulating experimental use of the spectrum. 
 
The Experimental Radio Service traces its roots to the Radio Act of 1927, which established 
the Federal Radio Commission (predecessor to the FCC) and emphasized the need to 
manage the spectrum for public interest. The specific rules for the Experimental Radio 
Service, as we know them today, were significantly revised and codified in 1998 (63 FR 
64199, November 19, 1998) to streamline processes, promote innovation, and reduce 
regulatory burdens while protecting public safety frequencies. 
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Figure 7.1. OET Experimental Licensing System159 
 
STAs are granted by the FCC to permit temporary operation of radio facilities for a limited 
period (typically up to 6 months, renewable under certain conditions) under specific 
circumstances. These include emergencies (e.g., natural disasters), restoration or 
relocation of facilities, temporary non-recurring services, or extraordinary situations 
where delay would harm the public interest. STAs allow operators to deviate from 
standard licensing requirements or operate without a full license temporarily.  
 
The STA mechanism was designed to provide flexibility in urgent or unique situations 
where immediate operation is necessary, and the normal licensing process would be too 
slow. It ensures continuity of communication services during crises, supports temporary 
experimental operations, and allows quick response to unforeseen events like equipment 
failures or natural disasters. 
 
The STA framework is part of the FCC’s broader licensing authority, with specific 
procedures outlined in regulations like 47 CFR § 1.931 and § 5.61. While the concept of 
temporary authorizations existed since the FCC’s formation in 1934 under the 
Communications Act, the modern STA process was refined with the adoption of electronic 
filing systems and updated rules in the late 1990s and early 2000s (e.g., electronic filing 
mandated by January 1, 2004, per 47 CFR § 5.61). 
 
 

Multiple Choice 
 
The FCC’s Experimental Licensing regime allows spectrum users to access any spectrum 
bands just as long as their use is low power and for short periods of time. (False. 
Applicants need to apply to use certain bands and can gain Special Temporary Authority 
to use the spectrum without interference to licensed users) 

 

 
159 FCC, OET Experimental Licensing System, https://apps.fcc.gov/oetcf/els/index.cfm.  
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Figure 7.2. 47 CFR § 1.931160 
 
FCC guidance documents, such as the “WTB Special Temporary Authority and Waiver 
Request Filing Guide” (2021), detail STA procedures and use cases, reflecting their practical 
application.  
 
The FCC issues public notices or orders for specific STA grants or experimental licenses, 
especially for high-profile cases (e.g., emergency STAs during hurricanes or experimental 

 
160 47 CFR § 1.931, https://www.ecfr.gov/current/title-47/chapter-I/subchapter-A/part-1/subpart-F/subject-
group-ECFR8fff3365c42ee11/section-1.931. 
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licenses for space missions). These are available via the FCC’s Electronic Comment Filing 
System (ECFS) or OET’s ELS. 
 

 
 

Figure 7.3. Special Temporary Authority (STA) Licensing161 
 
Some broadcast stations have exploited silent STAs to avoid license forfeiture under the 
Telecommunications Act of 1996, operating minimally to maintain licenses without full 
service. The FCC initiated a crackdown in 2018 to address this loophole. 
 
Experimental licenses and STAs serve as critical tools for innovation and emergency 
response in the FCC’s spectrum management framework. Experimental licenses, rooted in 
the 1927 Radio Act and modernized in 1998, enable R&D for new technologies, while STAs, 
formalized under the 1934 Communications Act, provide flexibility for urgent or temporary 
operations. Their uses span from testing cutting-edge 6G networks to restoring broadcast 

 
161 FCC, Special Temporary Authority Licensing, https://www.fcc.gov/research-reports/guides/special-
temporary-authority-licensing.  
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services after disasters, offering benefits like innovation, rapid response, and cost-
effectiveness. While FCC reports are not centralized, databases like the ELS and 
rulemaking orders provide detailed insights. Critical scrutiny reveals challenges like 
potential abuse and access barriers, but these mechanisms remain vital for advancing 
telecommunications and serving the public interest. 
 

7.3. Citizens Broadband Radio Service  
 
In 2015, the FCC established the Citizens Broadband Radio Service (CBRS) to enable 
shared commercial use of the 3550-3700 MHz (3.5 GHz) band. Governed by Part 96 of 
the FCC’s rules, CBRS uses a three-tiered access framework to coordinate federal and 
non-federal use.162 
 

7.3.1. Tiered Access Model 
 
The three tiers are (1) Incumbent Access: Protects existing users, primarily Department of 
Defense (DoD) radar systems; (2) Priority Access: Licensed users with guaranteed access 
to specific spectrum portions; (3) and General Authorized Access (GAA): Opportunistic, 
unlicensed use of available spectrum. 
 

 
 

Figure 7.4. Three-Tier CBRS Architecture (Source: 5GStore)163 
 

 
162 FCC, Citizens Broadband Radio Service, https://www.fcc.gov/wireless/bureau-divisions/mobility-
division/citizens-band-radio-service-cbrs. 
163 5GStore, “CBRS: Revolutionizing Wireless Communication with Shared Spectrum,” July 24, 2023, 
https://5gstore.com/blog/2023/07/24/cbrs-revolutionizing-wireless-communication-with-shared-
spectrum/.  
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Flashcards 
 

iii. Card 1  
1. Front - Incumbents 
2. Back - Fixed Satellite Service, US Navy, Radar, etc 

iv. Card 2 
1. Front - PAL 
2. Back - Priority Access, ISPs, Enterprises with license 

v. Card 3 
1. Front - GAA 
2. Back - General Access, IoT devices, Smartphones, CBRS Gateways 

 
 
Spectrum access is managed by an automated Spectrum Access System (SAS), which 
coordinates operations among tiers to prevent interference. The SAS may use data from 
an Environmental Sensing Capability (ESC), a sensor network that detects DoD radar 
signals in or near the 3.5 GHz band and relays this information to the SAS. Both SAS and 
ESC systems require FCC approval. 
 
The FCC’s Wireless Telecommunications Bureau and Office of Engineering and 
Technology, in collaboration with the National Telecommunications and Information 
Administration (NTIA) and the DoD, approved four ESC sensor registrations: CommScope, 
Federated Wireless, Inc., Google, and Key Bridge. 
 
For further details on the CBRS and 3.5 GHz band history, refer to FCC dockets 12-354, 17-
258, 15-319, and 19-244 in EDOCS or ECFS.  
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Figure 7.5. Citizens Broadband Radio Service (CBRS)164 
 
 

Multiple Choice 
 
The Citizens Broadband Radio Service has four tiers that gives amateur radio users 
access to all of the CBRS bands at lower power, with three other tiers for general, 
priority access, and incumbent fixed services. (False. There are only three tiers in the 
CBRS sharing regime, amateur radio users are not in the scheme). 

 
 

7.3.2. Auction 105 Results 
 
FCC conducted Auction 105 for the CBRS licenses. Auction 105, conducted by the Federal 
Communications Commission, was a landmark event that auctioned Priority Access 

 
164 FCC, Citizens Broadband Radio Service, https://www.fcc.gov/wireless/bureau-divisions/mobility-
division/citizens-band-radio-service-cbrs.  
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Licenses (PALs) in the 3550-3650 MHz band, critical for advancing 5G wireless, IoT, and 
other spectrum-based services in the United States. Running from July 23 to August 25, 
2020, it offered an unprecedented 22,631 licenses—the most ever in a single FCC auction—
across 76 bidding rounds, attracting 271 qualified bidders. This auction underscored the 
FCC’s commitment to expanding mid-band spectrum access, fostering innovation, and 
enhancing connectivity nationwide. 
 
 

Multiple Choice 
 
The CBRS spectrum bands were allocated through a lottery in order to make sure that 
spectrum users had fair access to the areas around incumbents such as military radar 
units on the coasts. (False. The FCC held Auction 105 to auction the CBRS bands.) 

 
 
The auction resulted in 228 winning bidders securing 20,625 licenses, generating gross 
proceeds of $4,585,663,345, with net proceeds of $4,543,232,339 after $42,431,006 in 
bidding credit discounts.165 The FCC retained 2,006 licenses, reflecting strategic spectrum 
management. Auction 105’s success, driven by its scale and economic impact, has 
positioned the 3.5 GHz band as a cornerstone for next-generation wireless services, 
enabling robust deployment of 5G and IoT applications to meet growing connectivity 
demands. 
 

 
165 FCC, Auction 105 Results, https://auctiondata.fcc.gov/public/projects/auction105.  
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Figure 7.6. Auction 105 CBRS Results166 
 
 

 
166 FCC, Auction 105 Results, https://auctiondata.fcc.gov/public/projects/auction105.  
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Figure 7.7. Auction 105 CBRS Bids167 
 

The top 20 bidders in Auction 105 included Verizon, Dish, Charter, and Comcast. 168 The 
FCC's 2020 3.5 GHz CBRS spectrum auction (Auction 105) saw Verizon lead as the top 
spender, investing heavily to secure 557 Priority Access Licenses (PALs) to bolster its 4G 
and 5G network capacity, particularly in urban markets. Other major winners included 
Dish Network, which acquired 5,492 licenses for $913 million, aiming for a nationwide 5G 
footprint, and cable giants Comcast, Charter Communications, and Cox, spending $458 
million, $464 million, and $213 million respectively. These cable companies plan to 
leverage CBRS spectrum to build their own wireless networks, reducing reliance on 
MVNO agreements with carriers like Verizon, though FCC rules prevented winners from 
discussing specific plans at the time. 
 
Beyond the major players, the auction attracted diverse bidders among over 200 winners, 
including smaller cable operators like Cable One, Shentel, and Mediacom, and telecom 
providers like Windstream and U.S. Cellular, who likely aimed to enhance mobile or fixed 
wireless services.169 Unexpected participants, such as utility providers (Sempra Energy, 
Southern California Edison, Alabama Power) and real estate firm JBG SMITH, also secured 

 
167 FCC, Auction 105 Results, https://auctiondata.fcc.gov/public/projects/auction105/reports/bids.  
168 Mike Dano, “Verizon, Dish, Charter, Comcast: Here Are The 20 Biggest CBRS Auction Winners”, 
LightReading, Sept. 2, 2020, https://www.lightreading.com/5g/verizon-dish-charter-comcast-here-are-
the-20-biggest-cbrs-auction-winners.  
169 Id. 
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spectrum, eyeing private wireless networks for utility monitoring or indoor connectivity. 170 
The auction's broad participation highlights the CBRS band's versatility for 5G, IoT, and 
private network applications. 
 

 
Figure 7.8. Twenty Biggest CBRS Auction Winners171 

 
170 Id. 
171 Mike Dano, “Verizon, Dish, Charter, Comcast: Here are the 20 biggest CBRS Auction Winners,” Sept. 2, 
2020, LightReading, https://www.lightreading.com/5g/verizon-dish-charter-comcast-here-are-the-20-
biggest-cbrs-auction-winners.  
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Figure 7.9. ISART 2022: Citizens Broadband Radio Service (CBRS) as a Case Study172 
 

7.3.3. CBRS Device Deployment 
 
In the years since CBRS was established, a few studies have tracked the usage and 
deployment on the CBRS bands. In November 2024, the NTIA issued a report on aggregate 
CBRS data between 2021 and 2024.173 
 
 

 
172 ISART 2022, Putting the Spectrum Sharing Regulatory Process All Together - CBRS as a Case Study, 
Rebecca Dorch, https://www.youtube.com/watch?v=n8x6NhOk3Cs. 
173 NTIA, Douglas M. Boulware and Anthony W. Romaniello,  “An Analysis of Aggregate CBRS SAS Data from 
April 2021 to July 2024,” NTIA Report 25-575,  https://www.ntia.gov/report/2024/analysis-aggregate-cbrs-
sas-data-april-2021-july-2024; and https://www.ntia.gov/sites/default/files/reports/an-analysis-of-
aggregate-cbrs-sas-data-from-april-2021-to-july-2024.pdf.   
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Figure 7.10. NTIA Aggregate CBRS SAS Data Report 2021-2024174 
 

 
174 Id. 
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Figure 7.11. Nationwide Number of Active CBRS Devices175 
 

 
175 Id. at 4. 
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Figure 7.12. Map of Active CBRS Devices by State176 
 
 

 
176 Id. at 19. 
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Figure 7.13. Map of Active CBRS Devices by State by 10,000 People177 
 

 

 
177 Id. at 21. 
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7.4. In the News 

 
 

 
 

Figure 7.14. CBRS Spectrum Auction Maps178  
 

 
178 Mike Dano, “CBRS Spectrum Auction Maps: Who Won What, and Where”, Urgent Communications, Sept. 
11, 2020,  https://urgentcomm.com/coverage-interference/cbrs-spectrum-auction-maps-who-won-what-
and-where.  
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Figure 7.15, Proposal to Reallocate CBRS to Flexible Use179 
 

179 Mike Dano, “DoD Reportedly Enlists in AT&T’s Plan to Blow Up CBRS Band,” Light Reading, May 1, 2025, 
https://www.lightreading.com/5g/dod-reportedly-enlists-in-at-t-s-plan-to-blow-up-cbrs-band.  
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7.5. Assignment 
 
 

Fill in the Blank 
 
Read the 2024 CBRS Report from NTIA. NTIA, Douglas M. Boulware and Anthony W. 
Romaniello,  “An Analysis of Aggregate CBRS SAS Data from April 2021 to July 2024,” 
NTIA Report 25-575,  https://www.ntia.gov/report/2024/analysis-aggregate-cbrs-sas-
data-april-2021-july-2024; and https://www.ntia.gov/sites/default/files/reports/an-
analysis-of-aggregate-cbrs-sas-data-from-april-2021-to-july-2024.pdf. 
 
Does the band look like it has successful deployments? Is it a good use of the spectrum? 
How would you evaluate spectrum efficiency or the opportunity costs of using the 
spectrum a different way?   

 
 

7.6. Reading List 
 
 

File Attachment 
 

● NTIA, Douglas M. Boulware and Anthony W. Romaniello,  “An Analysis of 
Aggregate CBRS SAS Data from April 2021 to July 2024,” NTIA Report 25-575,  
https://www.ntia.gov/report/2024/analysis-aggregate-cbrs-sas-data-april-
2021-july-2024; and https://www.ntia.gov/sites/default/files/reports/an-
analysis-of-aggregate-cbrs-sas-data-from-april-2021-to-july-2024.pdf.  

 

8. Mid-Term Exam and Final Exam - Without Answers 

The course will include a mid-term and final assessment and an essay assignment. The 
mid-term will be ten true/false questions after Lecture 3 and the final assessment will be 
twenty multiple choice questions after Lecture 7.   
 

8.1. Mid-Term Exam - True or False 
 

1. The FCC and NTIA have joint jurisdiction of federal and non-federal spectrum.   
2. Radio astronomy is resilient to radio frequency interference from satellite and 

space development because of its large array antennas and highly specialized radio 
engineers.  

3. The Office of Science and Technology Policy coordinates executive direction for 
federal spectrum policy from the White House while the NTIA is a subagency 
within the U.S. Department of Commerce. Both are important for directing 
interagency spectrum coordination.   
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4. The NTIA has a manual called a “bluebook” that contains regulations and policies 
around federal agency management of radio spectrum.  

5. Congressional involvement is needed in national spectrum policy with the 
committees that do the most oversight being the U.S. House of Representatives 
Energy and Commerce Committee Subcommittee on Communications and the 
Senate Commerce Committee Subcommittee on Telecommunications.   

6. The National Spectrum Strategy of 2024 was followed by an Implementation Plan 
and a Research and Development Plan which further described the steps that the 
federal government would take to conduct studies and find additional spectrum.   

7. The only way that industry stakeholders and organizations can give input into 
federal spectrum policy is by visiting the FCC and NTIA regulators and conducting 
meetings.  

8. The FCC conducts lotteries to determine among many competing radio spectrum 
users who should get which bands and what frequencies and what the terms of 
those licenses will be.   

9. The NTIA relies on the Interdepartment Radio Advisory Committee (IRAC) to run 
auctions between federal agencies to determine who gets which spectrum bands 
and for what time frames they are permitted to use the spectrum.  

10. The Commerce Spectrum Management Advisory Committee (CSMAC) advises the 
Assistant Secretary for Communications and Information at NTIA. It’s a group of 30 
spectrum experts appointed as "Special Government Employees," from outside the 
Federal government.   

 
8.2. Final Exam - True or False 

 
1. The FCC’s Experimental Licensing regime allows spectrum users to access any 

spectrum bands just as long as their use is low power and for short periods of time.   
2. The Citizens Broadband Radio Service has four tiers that gives amateur radio users 

access to all of the CBRS bands at lower power, with three other tiers for general, 
priority access, and incumbent fixed services.   

3. The CBRS spectrum bands were allocated through a lottery in order to make sure 
that spectrum users had fair access to the areas around incumbents such as 
military radar units on the coasts.   

4. The United States’ involvement in the ITU WRC meetings is voluntary and not 
required for satellite spectrum licenses since nations can allocate spectrum in their 
borders without international law.   

5. The WRC meetings are held in Geneva, Switzerland each year in a neutral location 
in order for countries to be on level footing.   

6. The United States sends a delegation to the WRC meetings with many different 
policy positions since there are many different industries represented. Each 
company argues for its own positions at the meetings and negotiates privately.   

7. The WRC meetings that are held every 4 years are the only meetings where 
decisions are made, regional meetings such as CITEL PCC.II are not important.   

8. The Congressional Budget Office with its spectrum valuation expertise runs 
spectrum auctions for the FCC and NTIA.   

9. The United States has run spectrum auctions since 2004 when computing power 
was powerful enough to handle the second price auctions and billions of dollars of 
bids.   
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10. Anyone can file a comment in the FCC or NTIA’s regulatory dockets when they ask 
for comments on rulemaking proceedings.   

11. The FCC reads every comment and takes them into account in rulemaking 
proceedings, but sets guidelines for what makes an effective comment with 
substantive recommendations, evidence, expert reports, and legal support.   

12. If a federal agency makes decisions beyond the scope of their statutory authority or 
in an arbitrary and capricious manner, the only recourse is to vote the elected 
officials out of office and to change the rules after an election.  

13. Congressional oversight is occasional and not as impactful as the agency actions 
and White House OSTP reports.   

14. The White House Office of Science and Technology Policy plays a leading role in 
coordinating the President’s spectrum policy agenda.   

15. The National Security Council does not participate in spectrum policy decisions.   

16. The Office of Management and Budget is responsible for spectrum asset valuation 
and decisions related to the Spectrum Relocation Fund.  

17. The Spectrum Relocation Fund was established in 2015 to fund commercial 
spectrum expansion. 

18. The SRF was created to help federal agencies cover costs related to moving off 
certain spectrum bands to allow commercial use.   

19. Direct satellite-to-cell phone communication uses signal levels approximately 
10,000 times stronger than those used by SpaceX for home broadband.   

20. Orbiting Earth-mapping radars pose no threat to radio astronomy because they 
operate at completely different frequencies.   
 

9. Mid-Term Exam and Final Exam - With Answers 

The course will include a mid-term and final assessment and an essay assignment. The 
mid-term will be ten true/false questions and the final assessment will be twenty multiple 
choice questions.   
 

9.1. Mid-Term Exam   
 

1. The FCC and NTIA have joint jurisdiction of federal and non-federal spectrum. True 
or False? (False. NTIA has jurisdiction over federal spectrum and FCC has 
jurisdiction over non-federal spectrum with a memorandum of understanding for 
coordination between the two) 

2. Radio astronomy is resilient to radio frequency interference from satellite and 
space development because of its large array antennas and highly specialized radio 
engineers. (False. Radio astronomy requires quiet zones for highly sensitive 
antennas that are able to detect light and electromagnetic waves from distant 
planets and constellations.) 

3. The Office of Science and Technology Policy coordinates executive direction for 
federal spectrum policy from the White House while the NTIA is a subagency 
within the U.S. Department of Commerce. Both are important for directing 
interagency spectrum coordination. (True. While the Secretary of Commerce 
directs the NTIA which has an administrator, there are many occasions where the 
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White House weighs in on decisions between agencies such as the Department of 
Defense and sets national policy.) 

4. The NTIA has a manual called a “bluebook” that contains regulations and policies 
around federal agency management of radio spectrum. (False. It’s a manual called 
the “redbook”).  

5. Congressional involvement is needed in national spectrum policy with the 
committees that do the most oversight being the U.S. House of Representatives 
Energy and Commerce Committee Subcommittee on Communications and the 
Senate Commerce Committee Subcommittee on Telecommunications. (True. These 
two subcommittees are the main committees for spectrum policy oversight and 
legislation).    

6. The National Spectrum Strategy of 2024 was followed by an Implementation Plan 
and a Research and Development Plan which further described the steps that the 
federal government would take to conduct studies and find additional spectrum. 
(True. The Implementation Plan and Research and Development Plan were released 
in the months following the National Spectrum Strategy.) 

7. The only way that industry stakeholders and organizations can give input into 
federal spectrum policy is by visiting the FCC and NTIA regulators and conducting 
meetings. (False. The administrative process mostly involves administrative filings 
and comments in the FCC’s Electronic Comment Filing System and the NTIA’s 
regulatory docket). 

8. The FCC conducts lotteries to determine among many competing radio spectrum 
users who should get which bands and what frequencies and what the terms of 
those licenses will be. (False. Since 1994, the FCC has conducted spectrum auctions 
rather than lotteries to allocate spectrum licenses to non-federal uses). 

9. The NTIA relies on the Interdepartment Radio Advisory Committee (IRAC) to run 
auctions between federal agencies to determine who gets which spectrum bands 
and for what time frames they are permitted to use the spectrum. (False. Federal 
spectrum is not auctioned by the IRAC, but the IRAC runs an internal process to 
determine spectrum allocations among federal users).   

10. The Commerce Spectrum Management Advisory Committee (CSMAC) advises the 
Assistant Secretary for Communications and Information at NTIA. It’s a group of 30 
spectrum experts appointed as "Special Government Employees," from outside the 
Federal government. (True. Federal spectrum policy involves many industry 
stakeholders whether they are neighboring users of spectrum or whether they are 
developers of technology used by the federal government and committees such as 
CSMAC are important ways that industry can advise policymakers at NTIA). 

 
9.2. Final Exam   

 
1. The FCC’s Experimental Licensing regime allows spectrum users to access any 

spectrum bands just as long as their use is low power and for short periods of time. 
(False. Applicants need to apply to use certain bands and can gain Special 
Temporary Authority to use the spectrum without interference to licensed users) 

2. The Citizens Broadband Radio Service has four tiers that gives amateur radio users 
access to all of the CBRS bands at lower power, with three other tiers for general, 
priority access, and incumbent fixed services. (False. There are only three tiers in 
the CBRS sharing regime, amateur radio users are not in the scheme).  
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3. The CBRS spectrum bands were allocated through a lottery in order to make sure 
that spectrum users had fair access to the areas around incumbents such as 
military radar units on the coasts. (False. The FCC held Auction 105 to auction the 
CBRS bands.) 

4. The United States’ involvement in the ITU WRC meetings is voluntary and not 
required for satellite spectrum licenses since nations can allocate spectrum in their 
borders without international law. (False. While terrestrial spectrum is within 
nation-state borders, the ITU WRC meetings are where global satellite spectrum 
rights are allocated since satellites orbit around the globe. While satellites may 
have license to transmit in certain regions, they use the airspace above the earth in 
a shared manner.) 

5. The WRC meetings are held in Geneva, Switzerland each year in a neutral location 
in order for countries to be on level footing. (False. The WRC meetings used to be 
held in Geneva, but the host country pays the costs of hosting the conference and 
in the last decade or so, the conference has moved from host city to host city. The 
location for WRC-27 is still to be determined.) 

6. The United States sends a delegation to the WRC meetings with many different 
policy positions since there are many different industries represented. Each 
company argues for its own positions at the meetings and negotiates privately. 
(False. The WRC is a treaty-level meeting where the United States sends a 
delegation led by the State Department in coordination with the federal agencies 
and industry participants. Decisions are made to affect the United States as a 
country and not for companies independently.) 

7. The WRC meetings that are held every 4 years are the only meetings where 
decisions are made, regional meetings such as CITEL PCC.II are not important. 
(False. The regional meetings that are held in between WRC meetings are important 
for regions to make decisions that will be brought as regions to the WRC meetings.) 

8. The Congressional Budget Office with its spectrum valuation expertise runs 
spectrum auctions for the FCC and NTIA. (False. Spectrum auction authority is 
authorized by Congress and granted to the Federal Communications Commission 
by statute. The NTIA or CBO do not run spectrum auctions.) 

9. The United States has run spectrum auctions since 2004 when computing power 
was powerful enough to handle the second price auctions and billions of dollars of 
bids. (False. Spectrum auctions started in 1994 and were codified in the 1996 
Telecommunications Act.) 

10. Anyone can file a comment in the FCC or NTIA’s regulatory dockets when they ask 
for comments on rulemaking proceedings. (True. The FCC established an Express 
Docket in order to help citizens with short comments submit their feedback into the 
record.) 

11. The FCC reads every comment and takes them into account in rulemaking 
proceedings, but sets guidelines for what makes an effective comment with 
substantive recommendations, evidence, expert reports, and legal support. (True. 
The Administrative Procedure Act governs the federal rulemaking process and 
directs the FCC to receive comments on rulemaking proceedings). 

12. If a federal agency makes decisions beyond the scope of their statutory authority or 
in an arbitrary and capricious manner, the only recourse is to vote the elected 
officials out of office and to change the rules after an election. (False. Under the 
Administrative Procedure Act, the harmed party can bring a federal lawsuit against 
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an agency to dispute its rulemaking decision. The agency can then defend itself and 
appeals can go up through the federal appellate courts and all the way to the 
Supreme Court.) 

13. Congressional oversight is occasional and not as impactful as the agency actions 
and White House OSTP reports. (False. Congress plays an important role in drafting 
legislation to direct the federal agencies in finding spectrum for auction such as 
mid-band or unlicensed bands.) 

14. The White House Office of Science and Technology Policy plays a leading role in 
coordinating the President’s spectrum policy agenda. (True. The OSTP is typically 
the office with spectrum policy expertise from the White House.) 

15. The National Security Council does not participate in spectrum policy decisions. 
(False. It does play a role, particularly in coordinating with the Department of 
Defense and public safety agencies.) 

16. The Office of Management and Budget is responsible for spectrum asset valuation 
and decisions related to the Spectrum Relocation Fund. (True. OMB has 
traditionally been an important office for budget assessment of federal spectrum 
assets and reallocation. The Spectrum Relocation Fund is the collection of proceeds 
from auctioning federal spectrum for reallocation to commercial use.) 

17. The Spectrum Relocation Fund was established in 2015 to fund commercial 
spectrum expansion.(False. The SRF was created in 2004, and amended in 2015.) 

18. The SRF was created to help federal agencies cover costs related to moving off 
certain spectrum bands to allow commercial use. (True. The federal government 
has unused or underused spectrum that could be used more efficiently by the 
commercial sector, and when those bands are auctioned off, the Spectrum 
Relocation Fund would help federal agencies replace and upgrade their radio 
equipment.) 

19. Direct satellite-to-cell phone communication uses signal levels approximately 
10,000 times stronger than those used by SpaceX for home broadband. (True. 
There are concerns for interference from higher powered radio users disrupting 
passive radio observation.) 

20. Orbiting Earth-mapping radars pose no threat to radio astronomy because they 
operate at completely different frequencies. (False. They pose a significant threat 
and can damage receivers if not properly coordinated.) 

  
 

10. Essay Assignment  

 
The course will include an essay assignment on global spectrum policy.  
 
Write an essay on the institutions governing spectrum policy at the federal and 
international level. Discuss the division of responsibilities for spectrum management 
between the FCC and NTIA, and analyze how coordination is achieved between federal 
and non-federal spectrum users. In your answer, address the roles of the White House, 
Congress, advisory committees such as CSMAC and IRAC, and the administrative 
processes for public and industry input. Provide examples of both collaboration and 
conflict in spectrum management, and reflect on the significance of recent policy 
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initiatives like the National Spectrum Strategy of 2024 and its subsequent implementation 
plans. 
 
 
 
 


