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Penalties due to Lack of Awareness 

Example:
In 2018, a cellphone company paid $614 million civil 
penalty to the FCC, for violating the radio regulation 
(RR) rules in connection with ~1,000 licenses.



Did you know that…
It’s illegal to design a device to work at certain

frequencies?

You might need an experimental license for
research that involves transmitting at some
frequency bands?

The UN has a body to help regulate RF signals
used all over the World?



Airport Weather radar Interference Example



FCC penalties

Fines for transmitting on the 
wrong frequency band or 
violating in any other way the 
Radio Regulations:



 The RF Spectrum is a 
limited resource.

 RR are constantly      
evolving.



Wireless Medical Telemetry Service (WMTS)

Biomedical devices

Due to interference in 2002, 
the radio regulations were 
updated and moved from 174-
216 & 470-668MHz & 450-470 
MHz to 608-614 , 1395-1400 
and 1427-1432 MHz.
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Webinar Objectives

1. Learn Basic Concepts of RFSM (Radio
Frequency Spectrum Management)

2. Learn basic Radio Regulation (RR)
principles
• how you can select the appropriate frequency
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Imagine a World w/o RF
Without Regulation the RF Interference could render 
your device unusable!

• No data on hurricane monitoring
• No Postal packages tracking
• No 5 days Weather forecasting
• No GPS navigation system 
• No Solar storms prediction

• (Energy grid disruption)

• No cellphones! No text, calls…
• Satellite TV, Wi-Fi internet, AM and FM radio, broadcast TV ,…



Science & Engineering Uses could be affected by RFI 
• El Niño Southern Oscillation monitoring

• Renewable energy management
• Medical monitoring devices

• Iceberg navigation maps
• Fire-prone mapping
• Oil spill monitoring

• Cybersecurity
• Agriculture



What is Spectrum Management?

Spectrum management is 
the process of regulating 
the use of RF to promote 
efficient use and gain a net 
social benefit.

Example of RF Spectrum section for the US 
Table of Frequency Allocations



Frequency Allocation Table (FAT) examples

Canada
Australia Afghanistan

EUSouth Africa UK



Globalization Challenges

• Used to block signals, but also RFI to airport 
weather radars

• Easy to buy online
• Fines of up to over $100,000 per violation and 

could lead to criminal prosecution or seizure of 
the device.



RF Spectrum Definition

UN ITU:  3kHz to 3THz
(ITU Radio Regulations, Art. 2 § I 2016)
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UN – ITU
International Telecommunication Union



ITU Regions



WRC
World Radiocommunication Conference 

International meeting to revise the RR

Every 3-4 years
Lasts ~4 weeks



ITU-R RR & Rec.

• Radio Regulations (RR) are agreed to by International
Treaty

• Rec.=Recommendations are typically non-mandatory
(unless incorporated by reference into the RR)
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US Spectrum Regulation Agencies

• U.S. is special Case
1. FCC

• NonFed-licenses

2. NTIA
• Federal-assignments



U.N. – ITU

WRC-19

International



Notice and Comment Rulemaking

• Used to publish any proposal to change the RF spectrum
regulations in the US and seek comments.

• Typically gives
• 60 days for public comment from any interested party,
• and an additional 30 days for reply comments.

NOI 
(notice of 
inquiry)

NPRM
(notice of 
proposed 

rulemaking) FNPRM 
(further 
NPRM)

New Rule: 
R&O 

(report and 
order) 



The Interdepartment Radio Advisory Committee 
(IRAC)

• Chaired by the NTIA:
• Representatives from all federal agencies that use the spectrum and a

Liaison from the FCC

U.S.
Postal
Service

Commerce

VA
USAGM

DHS Transportation
State

Energy

Agriculture

Navy

FCC
(Liaison)

Air
Force

FAACoast
GuardTreasury

Justice
Interior

NASA

NSF

Chair
(NTIA)

Army



Frequency Allocation Table (FAT) Closer Look Example

Note: 
Capital letters → Primary
Lowercase → Secondary 

Footnotes



Footnotes
• Allocation Footnotes:

• 5.xxx: ITU footnotes. When they appear in 
the U.S. tables, it means that they have been 
adopted in the FCC and/or NTIA tables

• USxxx: Footnotes that apply to both Federal 
and non-Federal allocations

• NGxxx: Footnotes that apply only to non-
federal-government allocations

• Gxxx: Footnotes that apply only to federal 
government allocations



Footnotes
• Allocation Footnotes:

• 5.xxx: ITU footnotes. When they appear in 
the U.S. tables, it means that they have been 
adopted in the FCC and/or NTIA tables

• USxxx: Footnotes that apply to both Federal 
and non-Federal allocations

• NGxxx: Footnotes that apply only to non-
federal-government allocations

• Gxxx: Footnotes that apply only to federal 
government allocations



Outline

• Motivation
• Radio Regulations

• International Level
• National Level

• Selecting a Frequency
• NSF Spectrum Managers

• Acronyms & Concepts
• Conclusion



How to pick a frequency?



How to pick a frequency?
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Spectrum Managers

At: Boeing, Nokia, Google, SpaceX, …
NASA, NOAA, DoI, DoD, FAA, Navy…



NSF has 2 Spectrum Managers
NSF’s Electromagnetic Spectrum Management (ESM) Unit

B. Ashley Zauderer
bezauder@nsf.gov

Jonathan V. Williams
jonwill@nsf.gov

Contact for assistance with frequency assignments or questions:  
ESM@nsf.gov



Outline

• Motivation
• Radio Regulations

• International Level
• National Level

• Selecting a Frequency
• NSF Spectrum Managers

• Acronyms & Concepts
• Conclusion



Allocation vs. Assignment
Analogous to zones in a city:

Credit: Taylor’s Univ. Malaysia



Allocation Types

• Primary allocations grant specific services priority in using a particular
region of allocated spectrum. In cases where there are multiple primary
services within a band, they have equal rights. A station has the right to
be protected from any others that start operation at a later date.

• Secondary allocations involve services that must protect all primary
allocations in a particular band. Services operating in secondary
allocations must not cause harmful interference to, and must accept
interference from, primary users. All secondary service stations have
equal rights among themselves in the same band.



UNII
Unlicensed National Information Infrastructure

Unlicensed means that devices can use this band to transmit 
and/or receive without a license. * Varies by country.

Image from Metageek.com



UNII bands in the U.S.

Band Name(s) Frequency range

U-NII-1 or UNII Low 5.150-5.250 GHz

U-NII-2A 5.250-5.350 GHz

U-NII-2B 5.350-5.470 GHz (need license)

U-NII-2C / U-NII-2e
or U-NII Worldwide*
*not used in China 
or Israel

5.470-5.725 GHz -subject to Dynamic 
Frequency Selection (DFS) for radar 
avoidance.

U-NII -3 or U-NII 
Upper

5.725 to 5.850 GHz, overlaps with ISM

U-NII-4 5.850 to 5.925 GHz (Amateur)



Microwave ovens

• Use 2.45 GHz (within S-band)
• Guard band to reduce RFI with adjacent bands

• 2.4-to-2.4835-GHz ISM band was born.

http://gizmodo.com/tag/ismband/


ISM (unlicensed)
In dustrial, Scientific, and Medical

Examples: Microwave ovens at 2.45Ghz
• Cancer Treatment -Radiation at  several ISM

frequencies for medical diathermy
• Cordless phones
• Internet of Things (IoT) devices
• Bluetooth devices (2.4GHz)
• Wi-Fi on 2.4-GHz and 5GHz
• Walkie-talkies at 900-Mhz
• Cellphones (GSM) operating at some ISM bands
• Radio Frequency Identification Device (RFID)

They all share several ISM bands without any 
regulatory protection from RFI from each other. 



(VHF – mm waves) 

SAR [W/kg]
Specific, Absorption Rate

Depth of radiation absorption from a 900 MHz cell phone signal for 
different age humans: 5 and 10 years’ old and an adult. The legend 
depicts the intensity in Watts per kilogram. (Credit: Gandhi et al., 1996).

SAR varies by country: in the U.S., the FCC requires certification.



Active and Passive Sensors

Tx Rx

Radar

(active sensor)

Rx

Radiometer
(passive sensor)

Passive radars are NOT passive sensors



RFI = RF interference
Passive

Active



RFSM Definitions

• RFI – Radio-frequency
interference

• OOBE =out of band
emissions

• Spurious emission:
nonintentional emission
frequency outside the
necessary BW and the level
of which may be reduced
without affecting TX.

• Harmful interference =
degrades the performance
of  another service

*Image courtesy NTIA via L. Cohen, NRL



List of some RF Services abbreviations
RR definition

No. 1.32
No. 1.33
No. 1.35
No. 1.36
No. 1.46
No. 1.47
No. 1.56
No. 1.57
No. 1.38
No. 1.39
No. 1.51
No. 1.20
No. 1.21
No. 1.22
No. 1.26
No. 1.27
No. 1.50

Abbreviations Radio services

AMS aeronautical mobile service
AM(R)S aeronautical mobile (route) service
AMSS aeronautical mobile-satellite service
AMS(R)S aeronautical mobile-satellite (route) service
ARNS aeronautical radionavigation service
ARNSS aeronautical radionavigation-satellite service
AS amateur service
ASS amateur-satellite service
BS broadcasting service
BSS broadcasting-satellite service
EESS Earth exploration-satellite service
FS fixed service
FSS fixed-satellite service
ISS inter-satellite service
LMS land mobile service
LMSS land mobile-satellite service
MetAids meteorological aids service



MetSat
• Meteorological satellite service- refers to weather

satellites

Hurricane 
Maria seen by 
NOAA GOES 

Puerto Rico on Sept 17, 2017.

WeaaterBug App



RNSS
RadioNavigation Satellite service
• The global navigation satellite system

(GNSS) Service, provide accurate
position and timing data –GPS

Image by Dariusz Sankowski from Pixabay



EESS

• The Earth Exploration Satellite Service – performs remote  sensing
from orbit both active and passive and the data downlinks for their
satellites

NOAA POES Weather Satellite



RAS

Radio Astronomy Service
uses mostly passive ground-based observations for the reception of 
radio waves of cosmic origin but also uses satellites to study objects far 
away in space.

RAS ground-based system: CARMA



SRS

• Space Research Satellite
Service –includes near-
Earth and deep-space
satellites that operate on
or around planets and
includes telemetry and
data downlinks for space
RAS and other science
satellites.

Cassini spacecraft Credit: NASA
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Points to take with you 



Image Credits by Slide #



Questions?
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