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EXECUTIVE SUMMARY

The availability of the radio spectrum in the United Statesis critical to over 40 radio services
that providefunctionsranging fromair traffic control to amateur radio operations. Although theradio
frequency spectrum is not a consumabl e resource, the use of afrequency at a given location usually
preventsthat frequency from being used by othersinthesamegeographicarea. Thisneedfor exclusive
geographic useto preclude harmful interference hasled to current spectrum regul ationsthat establish
spectrumuserules, such as granting licensesfor spectrum use, and partitioning the spectrumfor shared
use between radio services.

The National Telecommunicationsand Information Administration (NTIA), under amandate
from Congressto devel oplong-range spectrum plans, initiated the Strategi ¢ Spectrum Planning Program.
Aspart of thislong-term planning effort, NTIA released itsNTIA Requirements Study (U.S. National
Spectrum Requirements: Projections and Trends) in March 1995 addressing al radio services, and
foundthat eight of these servicesneeded accessto additiona spectruminorder to satisfy user requirements
to the year 2004.

Whileall radio servicesareimportant to the nation, one of the very important usesof spectrum
isfor radars. Radars, by meansof the propagation propertiesof radiowaves, can determinean object’s
position, velocity and/or other characteristics. Radarscomeinavariety of sizesand power, fromultra-
wideband milliwatt systems to very high-power systems used primarily for long-range search and
surveillance. This report limits its investigation to mainly radars used for military radiolocation,
radionavigation, meteorological, and Earth observations.

AlthoughtheNTIA Requirements Study indicated spectrum allocated for theradionavigation,
radiolocation, and meteorol ogical radars was considered to be adequate to the year 2004, this report
revistsFederd radar spectrum requirementsneeded to support continued and evol ving radar requirements
inthe United States based on information gathered from spectrum management data, agency inputs,
avallableliterature, andthelifecycleprojectionsof theplatformsemploying radar. Thisreport describes
the present and projected spectrum requirements for many Federal radar users.

For the purposesof spectrum planning, thefollowing tablelistsfrequency bandsthat have been
identified as necessary to support radar spectrum requirements for various Federal agencies. The
information in the table below should be considered as long-range planning information for Federal
radar systems. Because Federa agency missionsare unlikely to change, and radar platformsarelikely
tobeupdated or replaced, theactua timeframefor theradar spectrum requirement islikely to beextended
beyond the 20—year time frames shown below.



20-Year Federal Spectrum Requirement Forecast for Radar Bands

Frequency Federal Government Use
Bands

92-100 GHz Airborne fire-control, beacons, atmospheric research, cloud detection, and synthetic vision radars

31.8-36 GHz Airbornenavigational, mapping, weather, beacon, terrainfollowing & avoidance; aircraft carrier PAR,
test range, atmospheric & oceanic research, altimeter, scatterometer, and synthetic vision radars

24.05-24.65 GHz Doppler radiolocation, vehicle speed detection, scatterometer, and precipitation radars

15.4-17.3 GHz Airborne and shipborne multimode search, battlefield, aircraft carrier PAR, fire-control, test range,
ASDE, scatterometer, precipitation, atmospheric research, and spaceborne radars

13.25-14.2GHz Airborneand shipborne search and acquisition Doppler, airborneweather, altimeters, scatterometer,
precipitation, environmental research, and spaceborne radars

8.5-10.55 GHz Airborneand shipborne surveillance and navigation, fire-control, battlefield, maritime, weather, test
range, airborneradionavigation, ATC, SAR’s, altimeters, ASDE, scatterometer, vehicle speed detection,
and spaceborne radars

5250-5925 MHz NOAA weather radars, FAA TDWR, surveillance and air defense (airborne, shipborne, land-based),
fire-control, maritime, test range, SAR'’s, altimeters, scatterometer, airborne, and spaceborne radars

42004400 MHz Aircraft radar altimeters

3100-3650 MHz DOD surveillanceand air defense (airborne, shipborne, land-based), ATC, SAR’s, altimeters, test range,
and spaceborne radars

2700-3100 MHz ATC, maritime, and weather radars; DOD shipborne, airborne, ground air surveillance radars; range
control, and spaceborne radars

23102385 MHz Planetary and lunar radar

1215-1390 MHz ATC, SAR’s, and DOD early warning air defense, battlefield, shipborne long-range surveillance, and
spaceborne radars

890-942 MHz Navy shipborne long-range surveillance, test range, NASA research, and wind profiler radars

420-450 MHz DOD early warning and long-range surveillance radars; and wind profiler radars

216220 MHz DOD space surveillance radar

3-30 MHz DOD OTH and surface wave radar

Vi



FOREWORD

The Battle of Britain (June - September 1940) pitted the air forces of England and Germany in aaerial
dud of proportions unknown until that time. The Royal Air Force (RAF), athough largely outnumbered, had
two advantages. One advantage was that they were fighting on hometerritory, and the other wasthe use by the
English of a newly-developed eectronic device termed RADAR to detect incoming waves of aircraft in time
tolaunch andvector RAFfighterstointercept them. PrimeMinister Churchill later proclaimed, about theRAF,
“Never in the field of human conflict was so much owed by so many to so few.”

Theuseof radar during that battlewascritica tothe outcome. Radar wasusedtoleveragetheair resources
and skillsof the RAF pilotsto defeat asuperior enemy. Today wecall thistype of leveragea”forcemultiplier”
whereasmall number of warfighterscan defeat larger numbersby use of these systems. Radar and other electronic
systems areimportant today asforcemultipliersmuch astheold“ ChainHome” radar systemwascritical during
World War I1.

Although the military forces are the primary users of radar systems, other Federal agencies such as
the Federal Aviation Administration (FAA), National Aeronautical and Space Administration (NASA), and
National Oceanic and Atmospheric Administration (NOAA) have critical applicationsfor these systems. The
useof radar by the Federal agenciesassistsinthepreservation of lifeand property, enhanceswesather forecasting,
environmental and resource monitoring, and allows safe and efficient transportation by air and sea.

The National Telecommunications and Information Administration (NTIA) released areport in 1995
entitled U.S. National Spectrum Requirements: Projectionsand Trends (hereinafter NTI A Requirements Sudy)
whereit addressed 18 radio servicesand devel oped aspectrum forecast for a10-year period. The study concluded
that eight of these services needed accessto additiona spectrum in order to satisfy user requirementsto theyear
2004. Thestudy aso concluded that the spectrum allocated for radar use, such as theradionavigation, radiol ocation,
and meteorological aids radio services, was adequate for the foreseeable future.

However, as aresult of spectrum transfers mandated by the Omnibus Budget Reconciliation Act of
1993 (OBRA-93)*, the Balanced Budget Act of 1997 (BBA-97)?, and the constant pressureon Federal spectrum
by potential commercia users, NTIA was requested to undertake a follow-on study to document current and
future Federal radar spectrum requirements.

NTIA’s approach to this study was to document current Federal radar uses, review radars currently
inthesystemsreview cycle, examinethe projected lifecyclesof radar platformsthat radarsare expectedto operate
onand support, and investigate research and devel opment effortsthat may lead to futureradar spectrum requirements.

NTIA believes that the preservation of adequate radar spectrum isimperative, not only for national
defense, but for other Federally-mandated services, and should beahigh priority for national spectrum managers.

vii



Endnotes: Foreword

1. Omnibus Budget and Reconciliation Act, Title VI, § 6001(a)(3), Pub. L. No. 103-66, 107 Stat. 379,
(Aug. 10, 1993) (codified at 47 U.S.C. 8§ 921 et seq.) [hereinafter OBRA-93].

2. Balanced Budget Act of 1997, Pub. L. No. 111, Stat. 251 (1997), § 9233(a) (4) [hereinafter BBA-97].
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Chapter 1

RADARS AND FEDERAL GOVERNMENT APPLICATIONS

INTRODUCTION

In today’s life style, many U.S. citizens are assisted
intheir persond lifeby information garnered from land-basad,
airborne, shipborne, and spaceborneradars. Wehear daily
westher broadcastsfrom tel evision and radio stationswhere
thewegther radar ismentioned, providing Sgnificant detailed
information of the weather situation. Air travelers are
generaly aware that air traffic control radars help with
the safeand efficient movement of commercia and military
aircraft, athough theradars are not dwaysvisibleto the
traveler. Many automobile drivers know of radar speed
guns and their use by law enforcement unitsto help curb
speedingdrivers. Many ocean-going boatsand shipsemploy
maritimesurveillance and westher radarstohelpinpiloting
during adverse weather conditions.

Historically, the military is primarily credited with
developing theradar. Theterm RADAR isderived from
thedescription of itsfirst primary roleasaRAdio Detection
And Ranging system. Originally, it was developed asa
means of detecting approaching aircraft at long rangesto
enablemilitary defensesto react in sufficient timeto counter
incoming thrests. Most natural and man-madeobjectsreflect
radiofrequency wavesand, depending ontheradar’ spurpose,
information can be obtained from objectssuch asaircraft,
ships, ground vehicles terrain festures, weather phenomenon,
and eveninsects. Thedetermination of theobject’ sposition,
velocity and other characteristics, or the obtaining of
information rel ating to these parametersby thetransmission
of radio waves and reception of their return is sometimes
referred to as radiodetermination.*

RADAR FUNDAMENTALS

In most cases, a basic radar operates by generating
pulses of radio frequency energy and transmitting these
pulses viaadirectional antenna. When apulse impinges
on aobject? in its path, a small portion of the energy is
reflected back to the antenna. Theradar isin thereceive
mode in between the transmitted pul ses, and receivesthe
reflected pulseif itisstrong enough. Theradar indicates
the range to the object as a function of the elapsed time

of thepulsetravelingtotheobject and returning. Theradar
indicates the direction of the object by the direction of the
antenna at the time the reflected pulse was received.

The"radar equation” mathematically describesthe process
and may be used to determine maximum rangeasafunction
of the pulsewidth (PW) and thepulserepetitionrate (PRR).
In most cases, narrow pulses with a high PRR are used
for short-range, high-resolution systems, whilewide PW’ s
with a low PRR may be used for long-range search.

Ingenerd, ahigher gain (larger aperture) antennawill
givebetter angular resol ution, and anarrower pulsewidth
will givebetter rangeresolution. Changingtheparameters
of radars to satisfy a particular mission requires radar
designersto have avariety of frequenciesto choosefrom
so that the system can be optimized for the mission and
the radar platform.

RADAR DEVELOPMENTS

Radar asameansof detection hasbeen around for over
60 years, and dthough technol ogy hasbecomeimmensely
more sophisticated than it was in the 1930's, the basic
requirement remainsthesame—to meesuretherange, beering,
and other attributesof atarget. Regardlessof whether the
systemisland-based, shipborne, airborne, or spaceborne,
thisremainstruesincewhatever thetarget may be, aircraft,
ship, land vehicles, pedestrians, land masses, precipitation,
oceans—dl| providereturnsof thetransmitted radar energy.
What has changed dramatically isthe system design, the
method and speed of processing the return radar signals,
the amount of information which can be obtained, and the
way that theinformationisdisplayedtothe operator. The
key to modern radar systemsis the digital computer and
itsdataprocess ng capability which can extract avast amount
of information fromtheraw radar signalsand present this
informationinavariety of graphic and alphanumericways
ondisplaysaswell asfeedingit direct to weapon systems.
It also enablesthe systemsto carry out many more tasks
such astarget tracking and identification. Inaddition, modern
signal processorsprovideadaptive operation by matching
the waveform to the environment in which the radar is
operating.



Much of thedevel opment effort over the past 50 years
has been aimed at anumber of operational requirements:
improvementsin the extraction of return signalsfromthe
background of noise, provision of moreinformationtothe
operaor, improvement of digplays, andincreased automeation.
Other developments have responded to the increasing
operational requirementsfor radarsto operateinahostile
electromagnetic environment. It isno longer enough to
provide only bearing and range information; to this must
be added dltitude information, the ability to track alarge
number of moving targets, including airborne targets at
supersonic and hypersonic speedsand to carry out normal
aurvellancea thesametime. Thelaest shipbornesurvellance
andtracking radars, and someland-basad sysems aredesigned
toallocatethethreat priority toincomingtargetsand guide
weapons against them on this basis. Many radars are
specifically designedfor fire-control of missilesand guns,
and also for usein missile guidance and homing systems,
which entails packing the systeminto avery small space.
In the airborne role, systems have to be packaged into a
relatively small spacewith unitssometimes scattered around
the airborne vehicle.

Radars have seen significant use in the Earth
exploration-satellite service (EESS) especially with the
deployment of airborneand spaceborne synthetic aperture
radars (SAR’s). Significant contributionsin the areas of
Earth observations, assisting in natural resourcemonitoring,
hazard monitoring, and other globa benefits can beattributed
inpart to the use of radars. The general categoriesof the
active spacebornesensorsusedinthe EESSincludeSAR's,
altimeters, scatterometers, precipitation, and cloud profile
radars.

RADAR PROPAGATION LIMITATIONS

Thereare numerousradio frequency bandsallocated
to support radar operationsintheUnited States. TABLE 1
bel ow presentsthe broad categoriesof theradio frequency
spectrumandwhy geophysical and mechanical limitations
make one region of the spectrum more attractive for a
particular radar application. Theselimitations are some
of thereasonswhy operational compromisesare necessary
for today’ s multi-role, multi-function radars.

GENERAL APPLICATIONS—FEDERAL
GOVERNMENT RADARS

Over theyears, radar hasbeen used for many and varied
military and non-military purposes. Mog Federd Government
radarsarefunctionally classified aseither surveillance or
tracking radars, or some combination of the two. A
surveillanceradar is designed to continuously search for
and detect new targets. Thebasic surveillanceradar function
hasa2—dimensional (2-D) plot showingthetarget object
positionin degreesfrom North (azimuth) and range (distance)
fromtheradar. Radarsthat can determineazimuth, distance,
and elevation are called 3-dimensional (3-D) radars. A
tracking radar calculates a path for individual targets by
using radar return echoes from one scan to the next, and
areusudly 3-D radars. Radarsthat perform both surveillance
andtracking areloosdly cdled multi-moderadars. A sampling
of someof themoresignificant Federal Government radar
applications are described as follows:

Air Traffic Control

Radar is an important tool in the safe and efficient
management of the U.S. national airspace system (NAS)
whichisthelargest, busest, most complex, andtechnologicaly
advanced aviation operationintheworld. Safeand efficient
air travel involvesradars for short-range surveillance of
ar trefficand weather inthevidinity of airports, thelong-range
surveillanceand tracking of aircraft and weather on routes
between airports, and thesurvelllanceof aircraft and ground
vehicles on the airport surface and runways.

Aeronautical Radionavigation

Radar isemployed by many of today’ spilotsto assist
inarcraft navigation. Forinstance, theaircraft height above
groundisdetermined by radar altimetersthat assistinsafe
and efficient flight. Airborne Doppler navigation radars
measurethe vector velocity of theaircraft and determines
thedistancetraveled. Weather avoidance radarsidentify
dangerouswesther phenomenaand assist thepilot toavoid
them. Somemilitary pilots, whotrainat low altitudes, use
terrain-following and terrain-avoidanceradarsthat allow
thepilot toclosdly fly over theground and fly over or around
other obstacles in its path.



TABLE 1

Frequency Bands and Radar Operational«Propagation Limitations

LF Allocations are provided in the frequency range but no radar usage or applications have been
30-300 kHz identified.
MF Used by continuous wave (CW) radar systems for accurate position location. Very high noise

300-3000 kHz

levels are characteristic of this band.

Refractive properties of the ionosphere make frequencies in this band attractive for long-range
radar observations of areas such as over oceans at ranges of approximately 500-2000 nautical
miles. Only afew radar applications occur in this frequency range because its limitations frequently
outweigh its advantages: very large system antennas are needed, available bandwidths are narrow,
the spectrum is extremely congested with other users, and the external noise (both natural noise

For reasons similar to those cited above, this frequency band is not too popular for radar. However,
long-range surveillance radars for either aircraft or satellite detection can be builtin the VHF band
more economically than at higher frequencies. Radar operations at such frequencies are not
affected by rain clutter, but auroras and meteors produce large echoes that can interfere with
target detection. There have not been many applications of radar in this frequency range because

Larger antennas are required at the lower end than at the upper end of the UHF band. As compared
to the above bands, obtaining larger bandwidths is less difficult, and external natural noise and

HF
3-30 MHz
and noise due to other transmitters) is high.
VHF
30-300 MHz
its limitations frequently outweigh its advantages.
UHF

300-3000 MHz

weather effects are much less of a problem. Atthe lower end, long-range surveillance of aircraft,
spacecraft, and ballistic missiles is particularly useful. The middle range of this band is used
by airborne and spaceborne SAR’s. The higher UHF end is well suited for short to medium-range
surveillance radars.

SHF
3 GHz-30 GHz

Smaller antennas are generally used in this band than in the above bands. Because of the effects
of atmospheric absorption, the lower SHF band is better for medium-range surveillance than the
upper portions. This frequency band is better suited than the lower bands for recognition of individual
targets and their attributes. Inthis band, Earth observation efforts employ radars such as SAR’s,
altimeters, scatterometers, and precipitation radars .

EHF
30-300 GHz

It is difficult to generate high power in this band. Rain clutter and atmospheric attenuation are
the main factors in not using this frequency band. However, Earth observation efforts are made
in this band employing radars such as altimeters, scatterometers, and cloud profile radars.

Ship Safety

U.S. Navy and U.S. Coagt Guard (USCG) shipsemploy
maritimenavigationradarsto assistinavoiding collisions,
assgtinginmakinglandfal, and pilotinginrestricted waters.
Radars are also used on shore for harbor surveillance
supporting the vessal traffic system (VTS).

Space

NASA adronautsfirs usad and continueto usegpaceborme
radarsto assist in the rendezvous of their spacecraft with
other pacecraft or space objects, aswell aswiththedocking
and landing of spacecraft. Spaceborne radars have also
been used for atimetry, ocean observation, remotesensing,
mapping, navigation, and weather forecasting.

Law Enforcement

Thefamiliar police speed-gunradarsareawel I-known
application of radar for law enforcement. Radarsarea so
used by many Federd agenciesfor intruson detection systems
invarious protected areas. Lately, land-based, airborne,
and shipborne radars are being employed in Federal law
enforcement efforts.

Environmental Monitoring

Radar isanimportant application for several Federa
agendesinvolved in making westher observations, conducting
geological surveys, and making Earth observations. Inthe
meteorol ogical aidsservice, radarsare empl oyed to detect
precipitation, wind speeds, wind shear at airports, forming
tornadoes, and hurricanes. Radarshave been usedin space
toassistinwesather forecasting (hurricanes, tropical storms,



etc.), measureocean characteristicsand mineral resources
on Earth. Finally, scientistsare employing radarsto help
monitor bird migrations as well as insect migrations and
their flight characteristics.

Instrumentation

Radar isused extensively by variousFedera agencies
ontest rangestotrack aircraft, unmanned aircraft, pacecraft,
and missilesto measureand determining quantitatively the
actionsthat takeplaceduring test flights. Federa geologists
and surveyors use radar devices for precise position
measurementsassociated with geologica andwater/shordine
boundary surveys.

National Defense

Radar originally was devel oped to meet the needs of
the military services, and it continues to have critical
applicationsfor nationa defense purposes. For instance,
radars are used to detect aircraft, missiles, artillery and
mortar projectiles, ships, land vehicles, and satellites. In
addition, radar controls and guides weapons; allows one
class of target to be distinguished from another; aids in
the navigation of aircraft and ships;, and assists in
reconnai ssance and damage assessment.

Military radar systemscan bedividedintothreemain
classesbased on platform: land-based, shipborne, and arborme.
Withinthesebroad classes, thereareseverd other categories
based mainly on the operational use of the radar system.
For the purposes of thisreport, the categories of military
radarswill beasdescribed bel ow, dthoughtherearesome
“gray” areaswhere some systemstend to cover morethan
onecategory. Thereisasoatrend to develop multimode
radar systems. Inthese cases, theradar category isbased
on the primary use of the radar.

Land-Based Air Defense Radars. Theseradarscover
all fixed, mobile, and transportable2-D and 3-D systems
used in the air defense mission.

Battlefield, Missile Control, and Ground Surveillance
Radars. Theseradarsdsoincludebattlefie d surveillance,
tracking, fire-control, and wegpons-locating radar systems,
whether fixed, mobile, transportable, or man-portable.

Naval and Coastal Surveillance, and Navigation
Radars. Theseradarscons st of shipbornesurfacesearch
andair search radars (2-D and 3-D) aswel| asland-based
coastal surveillance radars.

Naval Fire-Control Radars. Theseareshipborneradars
that are part of a radar-based fire-control and weapons
guidance systems.

Airborne Surveillance Radars. Theseradar systems
aredesgnedfor early warning, land and maritimesurvellance,
whether for fixed-wing aircraft, helicopters, or remotely
piloted vehicles (RPV’S).

Airborne Fire-Control Radars. Indudesthosearborne
radar systemsfor weaponsfire-control (missilesor guns)
and weapons aiming.

Spaceborne Radar Systems. Considerable effort
has been applied to spaceborne radar (SBR) research for
intelligence, surveillance, and reconnai ssance missonsover
thelast 30years. TheDepartment of Defense(DOD) seems
to be expressing new interest in SBR.

Military Air Traffic Control (ATC), Instrumentation
and Ranging Radars. Theseincludebothland-based
and shipborne ATC radar sysemsused for assisting aircraft
landing, and supporting test and evaluation activities on
test ranges. See Appendix B for descriptionsof shipborne
ATC radars.

TYPES OF RADARS

Some of the more prominent types of radars used by
Federal agenciesaredescribed below. Thesedescriptions
arenot precise, for each of theseradar typesusualy employ
a characteristic waveform and signal processing that
differentiate it from other radars.

Simple Pulse Radar: Thistypeisthemost typica radar
with awaveform consisting of repetitive short-duration
pulses. Typica examplesarelong-rangeair and maritime
surveillanceradars, test rangeradars, and weather radars.
Therearetwo types of pulseradarsthat usesthe Doppler
frequency shift of thereceived sgnd to detect moving targets,
such as aircraft, and to reject the large unwanted echoes
from stationary clutter that do not have a Doppler shift.
Oneis called moving-target indication (MTI) radar and
theotheriscaled pulseDoppler radar. Usersof pulseradars
includethe Army, Navy, Air Force, FAA,USCG, NASA,
Department of Commerce (DOC), Department of Energy
(DOE), U.S. Department of Agriculture(USDA), Department
of thelnterior (DOI), National ScienceFoundation (NSF),



and Department of Treasury.

Moving-Target Indication (MTI) Radar: By sensing
Doppler frequencies,anMTI radar can differentiate echoes
of amoving target from stationary objectsand clutter, and
regject the clutter. Itswaveform isatrain of pulseswith
alow PRR to avoid range ambiguities. What this means
is that range measurement at the low PRR is good while
speed measurement islessaccuratethan at ahigh PRR’s.
Almost all ground-based aircraft search and surveillance
radar systems use someform of MTI. The Army, Navy,
Air Force, FAA,USCG, NASA,and DOC arelargeusers
of MTI radars.

Airborne Moving-Target Indication (AMTI) Radar:

AnMTI radar inan aircraft encountersproblemsnot found
inaground-based system of the samekind becausethelarge
undesired clutter echoesfromthe ground and the seahave
aDoppler frequency shift introduced by the motion of the
aircraft carrying theradar. The AMTI radar, however,
compensatesfor the Doppl er frequency shift of theclutter,
making it possible to detect moving targets even though
theradar unititselfisinmotion. AMTI radarsareprimarily
used by the Army, Navy, Air Force, and the USCG.

Pulse Doppler Radar: Aswiththe MTI system, the
pulse Doppler radar is atype of pulse radar that utilizes
the Doppler frequency shift of theecho signd toreect clutter
and detect moving aircraft. However, it operates with a
much higher PRRthantheMTI radar. (A high-PRR pulse
Doppler radar, for example, might haveaPRR of 100kHz,
as compared to an MTI radar with PRR of perhaps 300
Hz) Thedifferenceof PRR' sgivesrisetodigtinctly different
behavior. TheMTI radar usesalow PRRinorder toobtain
an unambiguous range measurement. This causes the
measurement of thetarget'sradia velocity (asderivedfrom
the Doppler frequency shift) to be highly ambiguous and
canresult in missing sometarget detections. On the other
hand, the pulse Doppler radar operates with ahigh PRR
so asto have no ambiguitiesin the measurement of radial
velocity. A highPRR, however, causesahighly ambiguous
range measurement. Thetruerangeisresolved by transmitting
multiplewaveformswith different PRR’ s Pulse Doppler
radarsareused by theArmy, Navy, Air Force, FAA, USCG,
NASA, and DOC.

High-Range Resolution Radar: Thisisapulse-type
radar that usesvery short pul sesto obtainrangeresolution
of atarget thesizeranging fromlessthan ameter to several
metersacross. Itisusedto detect afixed or stationary target

inthe clutter and for recognizing one type of target from
another andworksbest at short ranges. The Army, Navy,
Air Force, NASA, and DOE areusarsof high-rangeresolution
radars.

Pulse-Compression Radar: Thisradar issimilar to
a high-range resolution radar but overcomes peak power
and long-range limitations by obtaining the resolution of
a short pulse but with the energy of along pulse. It does
this by modulating either the frequency or the phase of a
long, high-energy pulse. Thefrequency or phasemodulation
allows the long pul se to be compressed in the receiver by
anamount equal tothereciprocal of thesignal bandwidth.
The Army, Navy, Air Force, NASA, and DOE are users
of pulse-compression radars.

Synthetic Aperture Radar (SAR): Thisradarisemployed
on an aircraft or satellite and generally its antenna beam
isoriented perpendicular toitsdirection of travel. TheSAR
achieves high resolution in angle (crossrange) by storing
the sequentially received signalsin memory over aperiod
of time and then adding them asif they werefrom alarge
array antenna. The output is a high-resolution image of
ascene. TheArmy, Navy, Air Force, NASA, andNOAA
are primary users of SAR radars.

Inverse Synthetic Aperture Radar (ISAR): Inmany
respects, anlSARissimilar to SAR, except that it obtains
cross-range resolution by using Doppler frequency shift
that results from target movements relative to the radar.
Itisusually usedto obtainanimageof atarget. ISAR radars
areused primarily by the Army, Navy, Air Force, and NASA.

Side-Looking Airborne Radar (SLAR): Thisvariety
of airborneradar employsalargesde-looking antenna(i.e.,
one whose beam is perpendicular to the aircraft's line of
flight) andiscapableof high-rangeresolution. (Theresolution
incrossrangeisnot asgood ascan be obtained with SAR,
but it issmpler than thelatter and is acceptablefor some
aoplications) SLAR generatesmap-likeimagesof theground
and permitsdetection of groundtargets. Thisradar isused
primarily by the Army, Navy, Air Force, NASA, and the
USCG.

Imaging Radar: Synthetic aperture, inverse synthetic
aperture, and side-looking airborne radar techniques are
sometimesreferred toasimaging radars. TheArmy, Navy,
Air Force, and NASA are the primary users of imaging
radars.



Tracking Radar: Thiskind of radar continuoudy follows
asingletarget in angle (azimuth and el evation) and range
todetermineitspath or trgjectory, and to predict itsfuture
position. The single-target tracking radar providestarget
location amost continuoudly. A typical tracking radar might
measurethetarget |ocation at arate of 10timesper second.
Rangeinstrumentation radarsaretypical tracking radars.
Military tracking radarsemploy sophisticated Sgnd processng
to estimate target size or identify specific characteristics
beforeaweapon system isactivated against them. These
radars are sometimes referred to as fire-control radars.
Tracking radars are primarily used by the Army, Navy,
Air Force, NASA, and DOE.

Track-While-Scan (TWS) Radar: Therearetwodifferent
TWS radars. One is more or less the conventional air
surveillance radar with amechanically rotating antenna.
Target tracking isdonefrom observationsmadefrom one
rotationto another. Theother TWSradar isaradar whose
antennarapidly scansasmall angular sector to extract the
angular location of atarget. The Army, Navy, Air Force,
NASA, and FAA are primary user of TWS radars.

3-D Radar: Conventiond air surveillanceradar measures
thelocation of atarget intwo dimensions—+angeand azimuth.
Thedevationangle, fromwhichtarget height can bederived,
also can be determined. The so-called 3-D radar isan air
surveillance radar that measures range in a conventional
manner but that has an antenna which ismechanically or
electronically rotated about a vertical axis to obtain the
azimuth angleof atarget and which haseither fixed multiple
beams in elevation or a scanned pencil beam to measure
its elevation angle. There are other types of radar (such
aselectronically scanned phased arraysand tracking radars)
that measure the target location in three dimensions, but
aradar that is properly called 3-D isan air surveillance
system that measuresthe azimuth and elevation anglesas
just described. Theuseof 3-D radarsisprimarily by the
Army, Navy, Air Force, NASA, FAA, USCG, and DOE.

Electronically Scanned Phased-Array Radar: An
electronically scanned phased-array antennacan position
its beam rapidly from one direction to another without
mechanica movement of large antennastructures. Agile,
rapid beam switching permitstheradar totrack many targets
simultaneoudly and to perform other functionsasrequired.
The Army, Navy, and Air Force are the primary users of
electronically scanned phased-array radars.

Continuous-Wave (CW) Radar: Sincea CW radar
transmits and receives at the same time, it must depend
onthe Doppler frequency shift produced by amoving target
to separatethewesak echo signa fromthe strong transmitted
sgnd. A smpleCW radar can detect targets, measuretheir
radial velocity (from the Doppler frequency shift), and
determine the direction of arrival of the received signal.
However, a more complicated waveform is required for
finding therangeof thetarget. Almost all Federal agencies
used sometype of CW radar for applicationsranging from
target tracking to wespons fire-control to vehicle-speed
detection.

Frequency-modulated Continuous-wave (FM-CW)
Radar: If thefrequency of aCW radar iscontinualy changed
withtime, thefrequency of theecho signal will differ from
that transmitted and the differencewill be proportional to
therangeof thetarget. Accordingly, measuring thedifference
between thetransmitted and received frequenciesgivesthe
range to the target. In such a frequency-modulated
continuous-waveradar, thefrequency isgenerally changed
inalinear fashion, sothat thereisan up-and-down dternation
in frequency. The most common form of FM-CW radar
istheradar atimeter used onarcraft or asateliteto determine
their height abovethesurface of the Earth. Phasemodulation,
rather than frequency modulation, of the CW signal has
al so been used to obtain range measurement. Theprimary
usersof theseradarsarethe Army, Navy, Air Force, NASA,
and USCG.

High Frequency Over-the-Horizon (HF OTH) Radar:
Thisradar operatesin the high frequency (HF) portion of
thed ectromagnetic spectrum (3-30 MHz) to take advantage
of therefraction of radio wavesby theionospherethat alows
OTH rangesof upto approximately 2,000 nautical miles.
HF OTH can detect aircraft, ballistic missiles, ships, and
ocean-waveeffects. TheNavy and Air ForceuseHF OTH
radars.

Scatterometer: This radar isemployed on an aircraft
or satellite and generaly its antenna beam is oriented at
various aspectsto the sides of itstrack vertically beneath
it. The scatterometer uses the measurement of the return
echo power variation with aspect angle to determine the
wind direction and speed of the Earth’s ocean surfaces.

Precipitation Radar: Thisradarisemployedonanaircraft
or satellite and generally its antennabeam is scanning at
anangleoptimumtoitsflight path to measureradar returns



from rainfall to determine rainfall rate.

Cloud Profile Radar: Usudly employed aboard an aircraft
or satellite. Theradar beamisoriented at nadir measuring
theradar returnsfrom doudsto determinethed oud reflectivity
profile over the Earth’s surface.

Enhanced«Synthetic Vision Radars. Theseradars

are under development for aviation useand will provide
computer-generated visual scenesduring approachesand
landings. Radarsoperating at 34.7-35.2 and 92-100 GHz
rangeswill beused to providethepilot with high-resol ution
video displays of the terrain and environment during low
vighility conditions TheNASA, FAA, and DOD areinvolved
in these efforts.



Endnotes: Chapter 1

1. In spectrum management, the term radiodetermination is defined as. “The determination of the
position, velocity and/or other characteristics of an object, or the obtaining of information relating to these
parameters, by means of the propagation properties of radio waves.” Later in this report, the two sub-
categories of radiodetermination, radiolocation and radionavigation, are discussed.

2. Inthe case of aradar in the meteorological aids service, the “object” may be rain, inhomogeneities in the
atmosphere, etc.

3. A modified form of pulse Doppler radar that operates at alower PRR (10 kHz, for example) than the
above-mentioned high-PRR pulse Doppler system has both range and Doppler shift ambiguities. It is,
however, better for detecting aircraft with low closing speeds than high-PRR pulse Doppler radar (whichis
better for detecting aircraft with high closing speeds). An airborne medium-PRR pulse Doppler radar might
have to use seven or eight different PRR’sin order to extract the target information without ambiguities.



Chapter 2

RADARS AND SPECTRUM MANAGEMENT

INTRODUCTION

Spectrum management isacombination of adminidretive
and technical procedures which are necessary to ensure
theefficient operation of radio communications, taking into
account legal, economic, engineering, and scientific aspects
for theuseof theradiofrequency spectrum. Current spectrum
management policiesareunder increesng drainasthepublic's
demand for wird esssarvicesgrows, and new spectrum-reated
technol ogiesand applicationsemerge. IntheUnited States,
NTIA isrespons blefor managing the Federd Government's
use of the radio spectrum. Management of the spectrum
for the private sector, including Stateand local governments,
is the responsibility of the Federa Communications
Commission (FCC).

SPECTRUM CERTIFICATION OF FEDERAL
RADAR SYSTEMS

NTIA’ sauthority in spectrum management isextensve.
The National Telecommunications and Information
Administration Act * and the Office of Management and
Budget (OMB) Circular No. A-11 provideNTIA withthe
authority to assign frequenciesand approvethe spectrum
useof new systems. Federa usersmust obtain frequency
assignments before they can operate transmitters. OMB
Circular No. A—11 requiresthat Federd usersobtain certifica
tion of spectrum support fromNTIA (certificationthat new
radiocommunication systems are expected to be able to
operate compatibly with exigting and planned sations) before
developing and procuring major systems. Spectrum
certificationisespecidly important for radar sysemsbecause
of their long lead times and large system costs.

Inthe Federa Government, theidentification of spectrum
requirements, including radar systems, occurs primarily
through two ongoing, but separate, processesat NTIA—the
systemsreview and frequency assignment processes. Two
Sanding subcommitteesof thelnterdepartment Radio Advisory
Committee (IRAC), the Spectrum Planning Subcommittee
(SPS) and the Frequency Assgnment Subcommittee (FAS),

support thiseffort. Systemsreview and frequency assgnment
informationissupplemented through NTIA spectrumresource
assessments, spectrum occupancy measurements, and
preparationsfor internationd radio conferences. Thecallective
information available from these sources portray short-
and mid-term Federa spectrum requirements.

Thesygemsreview processexigsto stisfy the spectrum
certification requirements of OMB Circular No. A—11.2
The systemsreviewed are"major” systems (including all
spaceradiocommunicationssysgems). A sysemisconsdered
"major" if it will have asignificant impact on existing or
potential futureuse of the portion of the spectruminwhich
itisintendedto operate. Thesystemsreview identifiesthe
level of conformity of the system to the spectrum standards
andtotheU.S. National Tableof Frequency Allocations.
Systemsthat do not conform, but are otherwisecompatible
with existing uses, aregenerally approved on asecondary
or noninterference basisto other systems, current or future,
that do conform. Systemsthat havepotentid for interference,
but are essential for national defense, are reviewed with
regardto thecoordination and conditionsrequiredto allow
operation in the United States.

Approximately 36 radar systems are currently under
systems review within the SPS. Of the 36 radar systems,
the Departments of the Army, Navy, and Air Force have
14,11, and 8, respectively. TheNational Aeronauticsand
Space Administration, Department of Commerce, and
Department of Energy eachhaveone. Whiletherehasbeen
atrend for radar systems to move into higher frequency
bands, it isinteresting to note that there are afew radar
systems operating in or through the HF and very high
frequency (VHF) bands.

FREQUENCY ALLOCATION OVERVIEW

Under current regulations, before spectrum can beused,
it must first be allocated for a particular use. These
regulations are either the FCC's regulations contained in
Title47 of the Code of Federal Regulations, or theregulations
governing Federd useof thepectrum contained intheM anual




of Regulationsand Proceduresfor Federal Radio Frequency
Management (NTIA Manual).® At the present time, the
radiofrequency spectruminthe United Statesfrom9kHz
to 300 GHz is completely allocated to one or more radio
services.

Asabascplanfor usage, theradio spectrumisallocated
tovariousradio sarvicesinblocksof frequencies. Theconcept
of the block allocation system provides for a band of
contiguousfrequend esdedicated to oneor moreradio Svices,
depending onthetechnical and operational characteristics
of theservice(s). A block sodedicatedissaid to bedllocated
totheradio service(s) associated with that block. Further,
within ablock, theradio servicesmay haveahierarchical
structurethat grants rights or imposes limitations on the
srvicesreaiveto other servicesinthesamehblock.* Footnotes
totheadlocation tabledraw attentionto theuse of aspecific
band by providing for anadditional allocation, alternative
allocation, or adifferent category of service. Withinthe
United States, the compilation of these spectrum blocks,
along with associ ated footnotes, iscalled theU.S National
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Table of Frequency Allocations,” and is used for genera
spectrumplanning. Thetablealsofurther separatesthose
allocation blocks that are managed by NTIA from those
managed by the FCC.® For the allocation of frequencies
internationally, theworld hasbeendividedintothreeregions
ascontainedinthelnternational Telecommunication Union
(ITU) Table of Frequency Allocationsof Article 8 of the
ITU Radio Regulations. TheUnited Statesiswithin Region
2 as shown in the figure below.

Thereis, however, consderableflexibility intheblock
allocation system. Footnotestotheallocation blocksmay
permit operation of additiona radio servicesinthe spectrum
block, redtrict theoperation of servicesalocatedintheblock,
specify or clarify therelative status of servicesinablock,
or dipulateother requirementsfor operation. Other footnotes
may permit multi-mode operation, where the transmitted
dgnd isused for morethan one purpose, and would otherwise
be separate radio services.
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Figure 2-1. Chart

RADIO SERVICES SUPPORTING RADARS

Radarstypically operatein radio frequency bands of
the electromagnetic spectrum that are allocated for the
radiodetermination, Earth exploration-satellite, and the
meteorological aidsradio services. Sinceradars became
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of ITU Regions.

operational over 60 years ago, the need for management
of spectrum for their use became apparent and scores of
frequency bands have been allocated for their use. These
allocations are contained in the U.S. Nationa Table of
Frequency Allocations.



In spectrum management, thetermr adiodetermination
isdefined as. “ Thedetermination of theposition, velocity
and/or other characteristics of an object, or the obtaining
of information relating to these parameters, by means of
the propagation properties of radio waves.” In the U.S.
National Table of Frequency Allocations, no allocation
islisted for theradiodetermination serviceper sebecause,
in practice, radiodetermination operations are allocated
either asthe radionavigation service or the radiol ocation
service, with the radionavigation service a so subdivided
as aeronautical radionavigation service and maritime
radionavigation service.

Theseradio sarvicesarejust part of the 34 radio services
defined in the NTIA Manual.” These six radio services
aredefined below and aretreated asdistinct radio services
insubsequent sectionsof thisreport when consdering radar.

a. The radionavigation service is defined as
“radiodetermination used for the purpose of navigation,
including obstructionwarning.”® Theradionavigation service
isuniqueinthat it isreferred to as a safety service—any
radiocommunication service that is used permanently or
temporarily inthesafeguarding of human lifeand property.®

(1) A subset of theradionavigation serviceintended
for thebenefit and for thesafeoperation of aircraft isdefined
astheaeronautical radionavigation service® andisconsidered
a safety service.

(2) Themaritimeradionavigation serviceisasubset
of theradionavigation serviceintended for the benefit and
for the safe operation of ships' and is also considered a
safety service.

b. The radiolocation service is defined as “a
radiodetermination serviceused for the purposesother than
those of radionavigation.”*?

Cc. The meteorological aids service is a
radiocommunication serviceused for meteorologicd,, indluding
hydrological, observations and exploration.™®

d. The Earth exploration-satellite service is a
radiocommuni cations service between earth stations and
oneor more space stations, which may includeoneor more
space stations, in which:

(1) Similarinformationiscollected fromairborne
or earth-based platforms;
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(2) Suchinformation may bedistributed to earth
stations within the system concerned;
(3) Platform interrogation may be included.
This service may aso include feeder links necessary
for its operation.*

RADAR TRENDS: FREQUENCY AND POWER

Sinceradars werefirst developed, it appearsthat the
frequency and power regquirements of many radars have
beenincreasing. Thismay have been the result of users
radar search requirementsaswell asadvancing technology
to support greater surveillance distances, placing radars
on shipborneand airborne platforms, and accommodating
theshrinking availableplatform space. Thefollowing chart
shows that radar frequency usage had already expanded
by 1960 to the full spectrum availablefor practical use.®

Thetrendsinradar power aresmilar tothoseof frequency.
By 1960, both peak and average power had reached levels
about ashigh asthose used intoday’ s high-power radars.

FREQUENCY BANDS SUPPORTING RADAR
ALLOCATIONS

Frequency bandsthat providethe greatest protection
for radarsarethosethat haveaprimary dlocation and where
radars in that radio service share with no other primary
users. Next inthelevel of protection are the bands that
areallocated on aprimary basi sbut sharethis statuswith
one or more radio services. Less protection is afforded
wherebandsaredlocated totheradiol ocation, radionavigetion,
Earth exploration-satellite, or meteorological aidsradio
services on asecondary basisto other radio services. The
frequency bands that support radar operations in the
radiolocation, radionavigation aeronautical radionavigation,
maritimeradionavigation, Earth exploration-satellite, and
meteorologicd aidsradio servicesshownintheU.S. Nationd
Tableof Frequency Allocationsarelisedin TABLE 2 beow.
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TABLE 2

U.S. Radar Operating Bands, Radio Services, and Allocation Status

Frequency Radiolocation | Radionavigation Aeronautical Maritime Meteorological | Earth Exploration-
Band (MHz) 9 Radionavigation | Radionavigation Aids Satellite
216-2251 Sec
420-450 Pri
890-902 NIB
902-928 Pri
928-942 NIB
1215-12402 Pri Pri Pri
1240-1300 2 Pri Pri Pri Pri Pri
1300-1350 Sec
1350-1370 Pri Pri Pri
1370-1390 Pri
2310-2320 Sec Pri
2320-2345 Pri Pri
2345-2360 Sec Pri
2360-2390 @ Pri
2390-2417 NIB
2417-2450 Sec
2450-2483.5 Sec Sec
2483.5-2500 Sec
2700-2900 Sec Pri Pri Pri
2900-3000 Sec Pri Pri Pri
3000-3100 Sec Pri Pri
3100-3300 2 Pri Sec Sec Sec
3300-3500 Pri Sec
3500-3650 * Pri Sec Pri
4200-4400 Pri Pri
5250-5350 2 Pri Sec Pri Pri
5350-5460 2 Pri Sec Pri Pri Pri Pri
5460-5470 Sec Sec Pri Pri
5470-5600 Sec Sec Pri Pri
5600-5650 Sec Sec Pri Pri Pri Pri
5650-5925 Pri
8500-8550 Pri Sec
8550-8650 2 Pri Sec Pri Pri
8650-8750 Pri Sec
8750-8850 Pri Sec Sec Sec
8850-9000 Pri Sec
9000-9200 Sec Sec Pri Pri
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TABLE 2

U.S. Radar Operating Bands, Radio Services, and Allocation Status

Frequency Radiolocation | Radionavigation Ae_ronal_nicz_al l_\/Iariti_me _ Meteorplogical Earth Epr(_)ration—
Band (MHz) Radionavigation | Radionavigation Aids Satellite
9200-9300 Sec Sec Pri Pri
9300-9500 Sec Sec Pri Pri Sec Sec

9500-9800 2 Pri Sec Pri Pri
9800—9975 Pri Sec
9975-10025 Pri Sec Sec Sec
10025-10500 Pri Sec
10500-10550 Pri Pri
13250-13400 2 Pri Pri Pri Pri
13400-13750 2 Pri Sec Pri Pri
13750-14000 Pri Sec
14000-14200 Pri Pri
15400-15700 Pri Pri
15700-17200 Pri Sec
17200-17300 2 Pri Sec Pri Pri
17300-17700 Sec
24050-24250 Pri Sec Sec Sec
24250-24450 Pri
24450-24650 Pri Pri
24750-25050 Pri Pri
25050-25250 Pri
31800-33400 Pri Pri
33400-35500 Pri Sec
35500-36000 2 Pri Sec Pri Pri
59000-64000 Pri Pri
66000-71000 Pri Pri
76000-77000 Pri Pri
77000-78000 Pri Pri
78000-79000 Pri Pri Pri Pri
79000-81000 Pri Pri
92000-94000 Pri Pri
94000-94100 2 Pri Pri Pri Pri
94100-95000 Pri Pri
95000-100000 Sec Pri Pri
126000-134000 Pri Pri
134000-142000 | Sec Sec Pri Pri
144000-149000 Pri Pri
190000-200000 Pri Pri

14




TABLE 2
U.S. Radar Operating Bands, Radio Services, and Allocation Status

Frequency

Band (MHz) Radiolocation

Radionavigation

Aeronautical
Radionavigation | Radionavigation Aids

Maritime Meteorological | Earth Exploration-

Satellite

231000-235000 | Sec Sec

238000-241000 | Sec Sec

241000-248000 Pri Pri

252000-265000 Pri Pri

Notes:

1. Thisband isused for aDOD space surveillance radar system. Under BBA-97, this band was identified for reallocation on January 2002. The space
surveillance radar located at three transmitter sites and six receiver siteswill be protected indefinitely. See National Telecommunications and Information
Administration, U.S. Department of Commerce, Specia Report 98-36, Spectrum Reallocation Report, Response to Title 111 of the Balanced Budget Act of

1997, (Feb. 97) at iv-v.

2. Allocation for EESS is pending implementation of World Radio Conference 97 changes.

3. The 2385-2390 MHz portion of this band isidentified for reallocation on January 2005.

4. Prior to OBRA-93, 3100-3700 MHz was alocated to the radiolocation service on aprimary basis. The 3650-3700 MHz portion was identified for
reallocation on Jan 1999. Three essential military radar operations will be continued at three sites. See National Telecommunications and Information
Administration, U.S. Department of Commerce, NTIA Specia Publication 95-23, Spectrum Reallocation Final report (Feb. 1995), at 4-16 to 4-4-21.

EROSION OF RADIOLOCATION SPECTRUM
AVAILABILITY

Spectrumis allocated internationally as aresult of
international radio conferences held under the auspices
of the International Telecommunication Union (ITU).
TheWorld Radiocommunication Conferences(WRC' )
determine the spectrum allocation to radio services for
thethreel TU Regions.®® Many administrationsusethe
international Tableof Frequency Allocationsasatemplate
for their national frequency alocation tables. For this
reason, decisonsmadeat international conferenceshave
aprofound effect onworldwide use of specificfrequency
bands. Many administrations do not have the heavy
operational useof radiolocation asthe United States, and
the potential for commercial use of radiolocation bands
creates a pressure to reallocate radiol ocation bands to
other services. Althoughthe United Stateshasnot dways
followedthel TU alocationswhen establishing domestic
alocationstoalow for operation of high-priority systems,
alack of worldwidedlocationsmakeit difficult to operate
some military systems globally without individual
coordination with host countries.

International Changes

Changesto gpproximately 3.64 GHz of internationally
allocated spectrum supporting radar operationsin Region
2 have been effected at three WRC' s and are described

below:

WARC-79

The World Administrative Radio Conference held
in 1979 (WARC-79) revised theinternational Table of
Frequency Allocationsand Radio Regul ationsthat affected
radar operation statusin frequency bandsfrom 200 MHz
to 20 GHz. Although the United States may not have
implemented all of the changes affecting radiol ocation,
thefollowing summarizesallocation changestotaing 856
MHz in the Region 2:*

a. Inthe 216225 MHz band, the primary status
of the radiol ocation service ceased after January 1,
1990 and after thisdate, no new radiol ocation stations
could be authorized, and any existing radiolocation
devices were afforded secondary status.'®

b. In the 420450 MHz band, radiolocation was
downgraded from primary to secondary status in
20 MHz. The 20 MHz includesthe 420-430 MHz
and 440-450 MHz bands.*®

c. Inthe890-942 M Hz, 3400-3700 M Hz, 5850-5925
MHz, and17.3-17.7 GHz bands, radiol ocation was
downgraded from primary to secondary status.®

WARC-92
Redll ocationsat WARC-92 affected theradiolocation
service in two bands; 13.75-14.0 GHz and 17.3-17.8



GHz. Takinginto account WARC-79 changes, anadditiona
350 MHz of spectrum alocation changes affecting
radiolocationwasmadeat thisWARC. Prior to WARC-92,
theradiol ocation serviceenjoyed exclusive primary status
inthe13.75-14.0 GHzband. Theredlocationat WARC-92
added the fixed-satellite service as co-primary with the
radiolocationservice. Inthe17.3-17.8 GHz band, where
theradi ol ocation service had worldwide secondary status
tothefixed satellite service (Earth-to-space), the broadcast
satdlitesarvice(BSS) dlocationwasadded withaprimary
status. The BSS allocation is scheduled to be in effect
on April 1, 2007.%

WRC-97

The WRC-97 affected the radiolocation and
radionavigation services in 2,435 MHz of spectrum
dlocations, Inthe United States, theradiol ocation service
was affected by upgrading the secondary allocation of
radio services in some of its bandsto primary. Either
by direct tablelisting or by footnote, the EESS and space
research (SR) services were upgraded in the following
bands: 1215-1300 MHz, 3100-3300 MHz (secondary
status), 5250-5460 M Hz, 8550-8650 M Hz, 95009800
MHz,13.4-13.75GHz, 17.2-17.3 GHz, 35.5-36 GHz,
and 94-94.1 GHz. Theradionavigation servicealocations
at 31.8-33.4 GHz were affected with the addition of the
fixed service as a co-primary service.

National Changes

Even within the United States, radiol ocation bands
have been reduced to makeroom for emerging commercid
sarvices Asaresult of the OBRA-93 and BBA-97, changes
affecting theradiol ocation and theaeronautica radionaviga:
tion services in the national table of alocations will be
madeinthevery near future. Inapproximately 139 MHz
of the 255 MHz of spectrum identified for reall ocation,
future private-sector usersmay beaffected by adjacent-band
interference from radars. The bands affected are:

a 216220 MHz. Prior to the BBA—-97, thisband
wasallocated to the radi ol ocation serviceon asecondary
basis. This band was identified by NTIA, under the
BBA-97, to bereallocated on a mixed-used basiswith
a scheduled availability date of January 1, 2002. The
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military space surveillance radar system sites will be
protected indefinitely.?

b. 13901400 MHz. Prior to OBRA-93, theentire
1350-1400 MHz band wasall ocated to theradiol ocation
serviceonaprimary basis. Under theOBRA-93,NTIA
identified the 1390-1400 MHz for redlocetion to the privete
sector on January 1, 1999.

C. 2300-2310 MHz. This band wasidentified by
NTIA for reallocation, effective August 10, 1995, for
excdusveprivate-sector useunder OBRA-93. Any exiding
Federal Government operations in this band are on a
non-interference basis to private-sector operations.

d. 2385-2450 MHz. Under the BBA-97, the
23852390 MHz radiolocation band wasidentified for
redllocationfor private-sector useeffective January 2005.
Under OBRA-93, the 2390-2400 M Hz and 2402-2417
MHz portionsof thisband wereidentified forimmediate
reallocation, effective August 10, 1994, for exclusive
private-sector use. Thesamewasapplied to the 24002402
MHz band but became effective August 10, 1995. The
2417-2450 MHz wasidentified for reall ocation, effective
Augud 10, 1995, for mixed government and non-government
use under OBRA-93

e 3650-3700MHz. Priortoredloceation, theentire
3500-3700 M Hz band supported radar operationstoinclude
radiolocation and aeronautical radionavigation. The
3650-3700 MHz band was identified by NTIA for
redllocation, effective 1 January 1999, for mixed government
and non-government use under OBRA-93.2

Summary of Allocation Changes Affecting Radar
Operations

Since 1979, spectrum all ocated for radar operations
inthe United States has seen someerosion of all ocations
whether it be from changes of its status from primary
to secondary, the sharing with non-radar primary radio
sarvices, spectrumalocationtransfers, or lost dlocations.
Thetotal amount of spectrum affectedisabout 3.78 GHz
and is depicted in the following table:



TABLE 3
Summary of Allocation Changes

Speﬁtrrnuorrl1J r,]’:f?;cted Action Arena
847 MHz Primary to Secondary Status WARC-79 (Region 2)
9 MHz Lost Allocation WARC-79 (Region 2)
750 MHz Share with New Primary Service WARC-92 (Region 2)
2,435 MHz Share with New Primary Service WRC-97
139 MHz Allocations Transferred to FCC OBRA-93, BBA-97

Note: In WARC-92, 400 MHz of the 750 MHz indicated above was also changed at WARC-79.

SUMMARY OF RADAR OPERATIONS

3-30 MHz Band. Thisband, normally referred to as
the high frequency (HF) band, has only asmall portion
allocated to the radiolocation service and with only a
secondary status. Radarsoperatein variousportionsin
theHF band onanon-interferencebasis. Typical radars
in this band are referred to as over-the-horizon radars
or skywave radars.

216-225 MHz Band. This band is alocated on a
secondary basisto theradiol ocation serviceand government
radiol ocation operationislimitedtothemilitary services.
Inthisband, the United States operatesthe Navy space
survelllance (SPASUR) redar aspart of theNorth American
Air Defense (NORAD) system for space detection and
tracking. TheSPASUR system detectsand trackssatellites
asthey passesthroughitsfan-shaped radar beamsextending
from San Diego onthewest coast to Fort Stewart, Georgia
on the east coast.?*

420-450 MHz Band. IntheUnited States, thisband
is alocated on aprimary basisto Federal Government
radiol ocation serviceoperations. Military radar support
includesnationa air defenseradar systemsfor surveillance
of spacecraft and balistic missiles; service-uniqueground
andarborneearly warning radars; battlefield radar systems
for search/survelllance, positionlocation; shipbornelong
and medium-range air search and surveillance radars,
and maritime radionavigation. Non-military radars
operaionssupport law enforcement, wind profiling, nuclesr
safety programs, and environmental monitoring.

890-902 MHz Band. Inthe United States, this band
isalocated exclusively tothenon-Government for fixed,
mobile, |and mobile, and aeronautical mobile services.
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However, Federal Government off-shore radiol ocation
operationispermitted onanon-interferencebasislimited
tothemilitary services. Radiolocation operationisprimarily
by the Navy for their shipborne radars.

902-928 MHz Band. Inthe United States, thisband
is alocated on a primary basisto Federal Government
radiolocation service operations. Federal Government
usageincludeNavy shipbornelong-rangeair surveillance
radars, vehicletracking radars, and mobilerange control
radarssupporting research, development, test, and evaluation
(RDT&E) activities.®

928-942 MHz Band. Inthe United States, thisband
isdlocated to the radiol ocation service for Government
ship stations(off-shore areas) onanon-interferencebasis
to non-Government land mobilestations. Radiolocation
operation is primarily by the Navy for their shipborne
radars.

1215-1390 MHz Band. In various portions of this
band, theradiol ocation and aeronauttical radionavigation
radio services share co-primary status. Primary status
for theradiol ocation serviceisintwo portionsof theband,
1215-1300 MHz and 1350-1390 MHz, andissecondary
inthe 1300-1350 MHz portion. From 1240-1370 MHz,
theaeronavttical radionavigation servicehasprimary status.
The band 1390-1400 MHz was once alocated to the
radiolocation serviceonaprimary statusbut wasidentified
for reall ocation under OBRA—-93 (1390-1400 MHz) to
theprivatesector on January 1, 1999. Themilitary services
operaemany radarsinthisband that perform suchfunctions
asair defensesurveillance; military and national test range
ingrumentationradars, battlefidd early warning, survelllance
and tracking, man-portable search and target acquisition;



shipbornelong-rangeair survellance; and minimaly attended
radars. Non-military radarsprovideair routesurveillance;
test range safety surveillanceradars; and spectral imaging
radars. Thisband hasbeenidentified by theFAA asneeded
for aeronautical surveillanceinthemodernizedair traffic
control system.? Pending implementation of WRC-97
allocation changes, the EESS shares primary statusin
the 1215-1300 MHz band. NASA performs Earth
observationsinthisband and operatesspaceborneactive
sensors primarily SAR imaging radars.

2310-2385 MHz Band. Theradiolocation servicehas
primary statusin thisband except for 23202345 MHz,
in which it is secondary. NASA operates a tri-static
planetary and lunar radar in this band supporting space
exploration. TheNational Science Foundation operates
ahigh-power radar initsresearch and studies of objects
beyond the moon.

2417-2500 MHz Band. Theradiolocation servicehas
secondary statusin the 2417—2450 MHz portion of this
band and government radiol ocation operationislimited
tothemilitary services. Government radiolocation services
is permitted in the remainder of the band (2450-2500
MHz) on the condition that harmful interference is not
caused to non-Government services.

2700-2900 MHz Band. Theaeronauticd radionavigation
and meteorol ogical aidsradio servicesshareco-primary
status in this band; however, the radiolocation service
issecondary for government radiolocation services. The
FAA and military services operate airport surveillance
radarsfor the safe and efficient management of aircraft
during gpproach and departuresto/from arportsor military
airfields. Many Federal agenciesoperateweather radars
insupport of thenational meteorologica operationswith
the Next Generation Weather Radar (NEXRAD) being
the most recently commissioned system. There are
goproximatdy 150 NEXRAD commissoned Stesbdonging
totheDOC (Nationd Westher Service), DOD (Air Force),
and Department of Transportation (FAA).?” NASA aso
operatesarange safety surveillanceradar to detect aircraft
and shipsduring airbornetest operationsaswell asduring
space launches.

2900-3100 MHz Band. Themaritimeradionavigation
servicehasprimary statusthroughout thisband; however,
it shares co-primary statuswith the meteorological aids
radio servicein the 2900-3000 MHz portion of theband.
Themeteorologicd aidsdlocationislimited to government
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NEXRAD sysemswhereaccommodationinthe2700-2900
MHz band isnot technically practical.*® Radiolocation
services are secondary inthisband. The USCG and the
Navy operaenumerousshipborne maritimeradionavigation
and seerchradarsaswell aspositioning aidsto radionaviga-
tion. Several NEXRAD radarsare supported in thisband.
Thisband supportsvariousmilitary radiol ocation services
such as air base and tactical airfield ATC surveillance
radars mediumandlong-rangebatlefidd ar defenseradars,
and shipborne long-range air surveillance radars.
Non-military radiolocation radars support such functions
as atmospheric weather research and studies;, marine
fisheries; range safety search and surveillance; NASA
ships; and law enforcement. Thisband hasbeenidentified
by the FAA as needed for aeronautical surveillance as
well as for critical aviation support services in the
modernized air traffic control system.®

3100-3650 MHz Band. Theradiolocationservicehas
primary allocation status throughout this band for
Government operationsand issscondary for non-Government
operations. Primary statusis shared in the 3500-3650
MHz with aeronautical radionavigation service where
itisprimary only for Government operetions. Themilitary
serviceshaveradiol ocation operationsthroughout the band
in support of air base and tactical airfield ATC search
and surveillance; aircrew bombscoring; airborne search
and surveillance; battlefiel d weapons-locating, Doppler
radar; shipbornefleet air defenseradar systems (search
and survelllance, tracking, fire-control, etc.); aircraft carrier
precision approach control; and point area defense for
small surfaceshipsand patrol craft. Other radiolocation
radarssupport non-military functionsat themany nationa
and agency test rangesfor search radarsfor range saf ety
todetect unauthorizedtrangting aircraft and ships. Pending
implementation of WRC-97 dlocation changes, the EESS
has secondary statusinthisband. NASA performsEarth
observationsinthisband and operatesspaceborneactive
sensors primarily SAR imaging radars

4200—-4400 MHz Band. Thisbandisallocated on a
primary basisfor aeronautical radionavigation whereits
only usein this band is for aircraft radar altimeters.

5250-5925 MHz Band. Thisband containsfiveradio
serviceallocations supporting radarswith many sharing
sub-bands. The radiolocation serviceis primary in the
sub-bands 5250-5460 MHz and 5650-5925 MHz. In
the 5350-5460 MHz band, theaeronautical radionavigeation
serviceisco-primary with theradiolocation service. The



radionavigation serviceisprimary inthe 5460-5470 MHz
band. In the 5470-5650 MHz band, the maritime
radionavigation sarvicehasprimary satusandisco-primary
with the meteorological aids service in the 5600-5650
MHz portion. Finaly, theradiolocation serviceisprimary
in the 5650-5925 MHz band and is secondary in the
5460-5650 MHz band. The military services operate
numerousradarsinthe 5250-5925 MHz band in support
of national and military test range surveillance and
instrumentation operations; airborneradar transponders;
battlefield misslesurvelllanceand tracking; westher radar
obsrvaions, shipbornefire-control of surface-to-air missles,
shipborne surface search radars; shipborne missileand
gunfire-control radar; and navigational aidsto assistin
precise positioning of ships. Non-military government
radar operations include support for airborne weather
and navigation; missileand rocket target instrumentation
radarsat test sitesand ranges, range safety surveillance
radars; radar transponders aboard unmanned airborne
vehidles; airborneradionavigationradars, nuclear incidents
situations; weather phenomena research and studies;
geologica and weater/shordinesurveys, and airport terminal
Doppler weather radars. Pending implementation of
WRC-97 dlocation changes, the EESS shares primary
status in the 5250-5460 MHz band. NASA performs
Earth observationsin thisband and operates spaceborne
active sensors such as SAR imaging radars, altimeters,
and scatterometers.

8500-9000 MHz Band. Theradiolocationservicehas
primary status throughout this band for Government
radiol ocation servicesand issecondary for non-Government
operations. In the sub-band 8750-8850 MHz, the
aeronautical radionavigation servicehassecondary satus.
Themilitary services operate numerousradarsfor such
operationsasairborne multimodeweaponsfire-control;
arbornesearch andinterception radars, mobileand portable
battlefield radarsfor air search and surveillance; artillery,
rockets, and mortar locating radars; airborneanti-submarine
warfare radar; shipborne weapons fire-control radars;
submarinesurfacenavigation and searchradars andarborne
maritime Doppler surveillanceradars. Non-military radars
are supported in this band for such search and tracking
of arbornetest/experimenta manned and unmanned vehides;
tracking radars supporting nuclear reactor test activities
and limited nuclear test band treaty; mobilemeteorologica
radars, andland-based planetary radars. Withimplementa:
tion of WRC-97, the EESS will share the 8550-8650
MHz band on co-primary basis where NASA operates
spaceborne active sensors consisting primarily of SAR
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imaging radars, altimeters, and scatterometers.

9000-9200 MHz Band. The primary radio service
in this band is aeronautical radionavigation and the
radiol ocation sarviceissecondary for Government operations
Theusersof thisband arethemilitary servicesin support
of fixed and mobilebaseand arfiedd ATC precison gpproach
radars(PAR); airborne search and rescueradar and law
enforcement radars; airbornemaritime Doppler navigation
and surveillanceradars. This band has been identified
by theFAA to support anew, low-cost version of anairport
surface detection equipment (ASDE) inthe modernized
air traffic control system.*

9200-10550 MHz Band. From 9200-9500 MHz, the
maritimeradionavigaion serviceisprimary from 9200-9300
MHz, radionavigation serviceisprimary from 9300-9500
MHz, radiol ocationissecondary from 9200-9500 MHz,
and themeteorol ogical aidsissecondary from 9300-9500
MHz. Pending implementation of WRC-97 dlocation
changes, the EESS shares primary statusin the 9500-9800
MHz band. NASA performs Earth observationsin this
band and operates spaceborneactivesensorssuchasSAR
imaging radars and plans to operate atimeters and
scatterometers. NASA also operates spaceborneactive
sensorsinthe 9975-10025 M Hz band and plansto operate
mainly spaceborne weather radars in this band. The
radiol ocation service hasprimary statusintheremainder
of the band, 9500-10550 MHz. The military services
aretheprimary Federal usersof thisband with operations
suchasbomb scoring radars; intrusion detectionradars;
airborne search and rescueradars; airborne multi-mode
wegponsfire-control radars, airbornesearch andinterception
radars; airbornewesather and navigation; airbornebeacon
rendezvousradar; airborneterrainfollowing and terrain
avoidanceradars, airborneanti-submarinewarfareradars;
arbornemaritimesurvelllanceradars, mapping andimaging
radars, airborneside-looking surveillanceradar; airborne
reconnaissanceand survelllanceradars, mobileand portable
battlefield radarsfor air searchand surveillance; artillery-,
rocket-, and mortar-locating radars; battlefiedld ATC ground
approach control radars, microwavelanding systemradars;
battlefield air defense weapons fire-control radar; base
security and areaperimeter surveillanceradars, weather
radars; various shipborne navigation and surveillance
radarsfor ships/boats, aircraft, and submarine periscopes,
guided missilefire-control radars; land-based harbor search
radars; military and national test rangeinstrumentation
radars, and vehicle speed detectionradars. Non-military
use support airborne weather radars; maritime search



and navigationradars; natural resource pulseradar used
inthegtudy of fireproperties(wind, flame, partidevelodities
etc.); entomological radar to study aerial populationand
flight characteristicsof insectsand their migration patterns;
ground and airbornemeteorologica resesarchradars, marine
sanctuary monitoring radars; land-based radionavigation
radar; rangesafety search, survelllance, and indrumentation
radars; airborneradar beacons; cadastral and geological
survey radars, atmospheric studies and wind research
radars, space shuttlesupport ships, maritimemobileradars;
and vehicle speed detection radars.

13250-14200 MHz Band. The aeronautical
radionavigation serviceis primary in the 13250-13400
MHz portion of this band, the radiolocation service is
primary in the 13400-14000 MHz portion, while the
radionavigation service is primary in the remainder,
14000-14200 MHz.®* Thepredominant usersinthisband
arethemilitary servicesfor airborneand shipborneradars.
Airborneradar applicationssupport multimode Doppler
navigation and searchradars; and navigation and seasearch
radars. Shipborne radar applications in 13400-14400
MHz bandinclude pulse Doppler search and acquisition
radarsaswell aspulse Doppler weapons system control
radars. Non-military applicationsincludeairborneocean
wave spectrometer radars that measure ocean surface
characteristics. Pending implementation of WRC-97
allocation changes, the EESS shares primary statusin
the 13250-13750 MHz band. NASA performs Earth
observationsinthisband and operatesspaceborneactive
sensorssuch asdtimeters, scatterometers, and precipitation
radars.

15400-17700 MHz Band. Theaeronautical radionaviga:
tion serviceisprimary inthe 15400-15700 MHz portion
of thisband whilethe radiolocation service has primary
and secondary allocationsinthe 15700-17300 MHz and
17300-17700 MHz bands, respectively. Pending
implementation of WRC-97 dlocation changes, the EESS
secondary statusinthe 17200-17300 MHz band will be
upgradedto primary. NASA peformsEarth observations
inthisband and operates spaceborne active sensorssuch
asscatterometersand precipitation radars. Themilitary
services arethe largest users of thisband with airborne
multi-modeweaponsfire-control radars; airbornesearch
andinterception radars; airborneweather and navigation
radars; airborneterrainfollowing andterrain avoidance
radars; battlefield weapons-locating radars; battlefield
arcraft gpproach landing systemradars; battlefield mobile
and portable ground surveillance radars weapons
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guidance/control radars; aircraft carrier precision gpproach
andlanding systemradars; shipbornewesponsfire-control
radars, shipbornenavigationd radars, and variousnational
and military test rangetarget tracking andinstrumentation
radars. Non-military radar applicationsinthisbandinclude
microwavelanding systemssupporting thespace shuttle;
search radars supporting atmospheric research studies;
airport surface detection equipment radarsfor thecontrol
of aircraft and ground vehicles on airport surfaces.

24050-24650 MHz Band. Inthisband, the sub-band
24050-24250 MHz has primary and secondary status
for Government and non-government operations respectively.
In the 24050-24250 MHz band, the EESS operate
spaceborneactivesensorson asecondary bass. TheEESS
intendsto operatemainly scatterometersand precipitation
radarsinthisband. From 24250-24650 MHz, thissub-band
is alocated to the non-government for radionavigation
on a primary basis, however, the Government shares
co-primary statusat 2445024650 MHz. The predominant
Government operationsinthisbandisfor theuseof vehicle
speed detection radars in 2405024250 MHz. The
2425024450 MHz band wasreallocated on May 1997
(FCC 97-95) by the FCC to thefixed service to support
theDigital Electronic Message Service(DEMS) service.

24750-25250 MHz Band. Theradionavigationservice
has primary statusin thisband and the Government has
primary alocation statusin only the 24750-25050 MHz
band. NTIA could notidentify any operational radar usage
inthisband. Theband 25050-25250 MHz wasred |l ocated
onMay 1997 (FCC97-95) by theFCCtothefixed service
to support the DEMS service.

31800-36000 MHz Band. Inthisband, theradionaviga:
tionserviceisprimary inthe31800-33400 MHz portion
and theradiol ocation serviceisprimary in 33400-36000
MHz. Themilitary serviceshaveradarsinthisbandfor
airborne navigationa and mapping radars; weather
avoidance; aircraft radar beacon rendezvous; airborne
terrainfollowing and avoidanceradars, arbornelong-range
mappingradars; aircraft carrier precision approach and
landing systemradars, cloud measurement radars; military
and national test rangeinstrumentation radars; and vehicle
speed detection radars. NASA, FAA, andtheDOD are
involvedin synthetic vision radar research at around 35
GHz. Non-government radar operationssupport millimeter
waveradar reseerch of amospheric radiation measurements;
multi-mode airborne radar atimeters for profiling
topographicfeaturesof |and and ocean surfaces; and radar



measurementsof aircraft wakevorticesduring approach
and departures. With implementation of WRC-97, the
EESSwill sharethe 35500-36000 M Hz band on co-primary
basis where NASA plans to operate spaceborne active
sensorssuch asscatterometersand wideband altimeters.

92000-95000 MHz Band. Thisbandisallocated to
theradiol ocation serviceonaprimary basis. Themilitary
operates airborne pulse Doppler fire-control radarsand
arborneradiometer beacons. NASA, FAA, andtheDOD
areinvolvedin synthetic vision radar research at around
94 GHz. Additionaly, numerousRDT& Eisconducted
in this band for various radar systems. Non-military
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operations consist of ground-based CW pulseradarsin
the high-resolution profiling of clouds and for airborne
test and evaluations of cloud detection radars. With
implementation of WRC—97, the EESS will share the
9400094100 MHz band on co-primary basis. NASA
performs Earth observationsinthisband andisplanning
to operate cloud profile radars.

95000-100000 MHz Band. Thisband is allocated
totheradionavigation service on aprimary basisand to
the radiolocation service on a secondary basis.
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1. The National Telecommunications and Information Administration Organization Act, Pub. L. No.
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for Federal Radio Frequency Management § 1.1, at 1-1 (Sep1995, Jan and May 1997 revisions)
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15. David K. Barton (ANRO Engineering, Inc.), Keynote Address at the 1999 Tri—Service Radar
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17. Similar changes were made in ITU Regions 1 and 3 for the bands discussed.
18. Inthis band, the DOD operates a national space detection and tracking radar system.

19. The DOD operatesin this band a national air defense radar system for surveillance of spacecraft and
ballistic missiles as well as other types of airborne shipborne, and battlefield radar systems. These DOD
radars are radiolocation systems and the secondary allocation status applies not only in Region 2 but also
in Regions 1 and 3.

20. The DOD operates numerous radiolocation radar systems in these bands on a secondary allocation
status and, at times, must operate them worldwide.

21. S5.517. NTIA believesthat the use of the 17.3-17.7 GHz band by radiolocation may be impractical
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22. See Balanced Budget Act of 1997, Pub. L. No. 111, Stat. 251 (1997), § 9233(a) (4); seeadso TABLE
3-2 and Figure 3-2 at 3-18 and 3-19, respectively.
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Telecommunications and Information Administration, U.S. Department of Commerce, NTIA Specia
Publication 95-23, Spectrum Reallocation Final Report (Feb. 1995), at 4-16 to 4-21.

24. Jane s Information Group Limited, National and International Air Defense Systems, Jane’'s Radar
and Electronic Warfare Systems, 1995-96, at 35 (Bernard Blake ed, 7" ed, 1995).

25. Department of Transportation, Federal Aviation Administration, Radio Spectrum Requirements for a
Modernized Air Traffic Control System, July 1997, at 31 [hereinafter FAA Spectrum Requirements]. This
FAA report was in response to a recommendation by the White House Commission on Aviation Safety and
Security report that the FAA should identify and justify the frequency spectrum necessary for the transition
to amodernized air traffic control system.

26. 1d.

27. U.S. Department of Commerce, National Oceanic and Atmospheric Administration/OFCM, The
Federa Plan for Meteorological Services and Supporting Research, FCM P1-1998, June 1998, at ix.

28. See U.S. Footnote US316, NTIA Manual, supra note 3, § 4.1.3, at 4-113.
29. See FAA Spectrum Requirements, supra note 25, at 31 and 42.
30. Id.

31. At 1325013400 MHz, primary status of radiolocation applies to Government operations and is
secondary for non-government operations.
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Chapter 3

RADARS AND THE ELECTROMAGNETIC SPECTRUM

INTRODUCTION

Theoptical and radio portionsof the el ectromagnetic

spectrum occupy positionscoincidental with two important

The range of all el ectromagnetic wavesis called the
electromagnetic spectrum. Inthed ectromagnetic spectrum,
long wave engthscorrespond to theradio frequency spectrum,
intermediatewave engthsto millimeter andinfrared radiation,
short waveengthstovisbleand ultraviolet light, and extremely
short wavelengthsto x—raysand gammarays. Figure3-1
isagraphica depiction of the electromagnetic spectrum.

atmosphere and be received on the Earth's surface.!

transparent bandsinthe Earth'satmosphereand ionosphere.
Thesetransparent bands are commonly referred to asthe
optical and radio windows, and are depicted in Figure 3.
The optical and radio windowsareimportant becausethey
allow these electromagnetic waves to pass through the

Radars operate in radio frequency bands normally

Inthee ectromagnetic spectrum, thereisgeneraly no
basic bounds on radar frequencies. Any electromagnetic
device that detects and locates a target by radiating
electromagnetic energy and usesthe echos scattered from
atarget canbedassfied asaradar, regardiessof itsfrequency.
Radarshave operated at frequenciesfromafew megahertz
to the ultraviolet region of the electromagnetic spectrum.
The fundamental principlesof radars are the same at any
frequency; however, thetechnica implementationiswidely
different. Most radars, in practice, operate between 400
MHzto 36 GHz; however, thereare Somenotableexceptions.
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Visible Light
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Figure 3-1. The Electromagnetic Spectrum.
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desgnated for radar operationsto ensurecompetible operations
with other radar systems. These frequency bands are
sometimesidentified by aletter band and are used by many
radar engineers and others involved with radar matters.
Theselettersgenerally refer to older military designations
of thedifferent frequency bandsinwhichtheseradarsoperate.
They relate back to the early devel opment of radar inWorld
War Il whentheletter designatorswereused for purposes
of secrecy and after the requirement for secrecy was no
longer needed, these letter band designators remained.




RADAR FREQUENCY SELECTION

The best frequency to usefor aradar depends upon
its application. Like most other radio design decisions,
the choice of frequency usualy involvestradeoffsamong
severa factors such as physical size, transmitted power,
antenna beamwidth, and atmospheric attenuation.

Physical Size. The dimensions of the hardware used
togenerateand tranamit radio frequency power are ingenerd,
proportional to wavelength. At lower frequencies where
wavelengthsarelonger, thehardwareisusually largeand
heavy. At the higher frequencies where the wavelengths
areshorter, radarscan be housed in smaller packagesand
operatein more limited spaces with correspondingly less
weight.

Transmitted Power. Thechoiceof frequency (wavdength)
indirectly influencesthe ability of radar to transmit large
amountsof power becauseof itsimpact on hardwaresize.
Thelevels of power that can be reasonably handled by a
radar transmitter are largely limited by voltage gradients
and heet diss pation requirements—thelarger, heavier radars
operating at wave engthson theorder of meterscantranamit

megawaitsof average power, whereasmillimeter-waveradars
may belimited to only afew hundred waitsof averagepower.

Beamwidth. The narrower the beam, the greater the
tranamitted power that isconcentrated inaparticular direction
at any onetime, and the finer the angular resolution. The
width of theradar’ santennabeamisdirectly proportional
totheratio of the wavel ength to the width of the antenna.
At low frequencies, largeantennasmust generally beused
to achieveacceptably narrow beams. At higher frequencies,
small antennas will suffice.

Atmospheric Attenuation. In passing through the
atmosphere, radio waves may be attenuated by two basic
mechanisms. absorption and scattering. The absorption
is mainly dueto oxygen and water vapor. The scattering
isduedmog entirdy toliquid hydrometeors. Both absorption
and scattering increasewith frequency. Below about 100
MHz, atmospheric attenuationisnegligible. Aboveabout
10 GHz, it becomes increasingly important.

Figure 3-2 below isintended to show how, at about
10 GHz, absorption, scattering and refraction by amospheric
gasesandliquid hydrometeors(rain, fog, deet, and snow)
becomeimportant limiting factorsfor el ectromagneticwave
propagation.
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Figure 3-2. Attenuation Due to Atmospheric Gases and Liquid Hydrometeors.
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RADAR DESIGN CONSIDERATIONS

Fromthe preceding discussion, it isapparent that the
selection of theoperating radio frequency bandisinfluenced
by several factors such as the radar’ s intended function,

itsoperationa environment, thephysical constraintsof the
radar’ s operating platform, and cost. To illustrate this,
thefollowing tabledepictstherel ationship among theradar
design requirements and spectrum issues.

TABLE 4
Spectrum Issues Versus Radar Design Requirements

Impact on Spectrum Characteristics
Radar Design Requirements

Frequency Bandwidth Power
Mission: surveillance, tracking, etc. Primary Primary Secondary
Target Recognition: aircraft, ship, clouds, etc. Primary Primary Secondary
Antenna: shape, size Primary Primary Secondary
Mobility: size, weight, etc. Primary Secondary Secondary
Environment: land, sea, air, etc. Primary Secondary Secondary
Mutual Interference Primary Primary Secondary
Spectrum Regulations Secondary Secondary Secondary

Note: In varying degrees, the above radar design requirements will influence frequency selection, bandwidth, and power. However,
some factors have more influence than others on the spectrum elements. The primary and secondary designations are relative
indications of thisinfluence on the radar design. Physical constraints are shown to outweigh regulations since they are less amenable to
modification (i.e., the mission and the laws of nature can not be change).

The characterigtics of the specific electromagnetic
spectrum band selected for radar development have a
significant impact ontheinformation providedtotheuser.
Radar systemsin low bands provide the ability to detect
targets at long distances and track space assets. On the
other hand, high-band systems have only limited ability
for search functions, but can track objectswith very high
precision, potentially forming an actual image of the object
toassst inclassfication and discrimination. For example,
the8-12 GHz missledefenseradar requirescuing by low-
band radar sysemstofocusonaspecificsearcharea. Because
of therdationshipsbetween frequency bandsand capabilities,
DOD andthe Navy specifically, will continueto retain radar
systems that operate throughout the spectrum.?

Ground-Based Applications. Ground-basedradars
operateinmost alocated frequency bands. Atoneendare
the long-range multi-megawatt surveillance radars.
Unconstrained by sizelimitations, they can be constructed
largeenoughto provide acceptablehigh angular resolution
whileoperating a rdaivey low frequencies. Over-the-harizon
radarscan operatein the HF band (3-30 MHz) wherethe
ionosphereisidedly reflective. Space surveillance and
early warning radars operate in the very high frequency
(VHF) and ultrahigh frequency (UHF) bands where
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amosphericatenuation and naturd noissarenearly negligible,
Thesebands, however, are crowded with communications
sgnds, sotheir useby radarsisrestricted to specia applica-
tions and geographic areas. Where such long ranges are
not required and some atmospheri ¢ attenuation and noise
istolerable, ground-based radars may be reduced in size
by moving up to higher frequencies.

Shipborne Applications. Physca Szebecomesalimiting
factor aboard shipsfor many applicationsincluding radar
systems. While at the same time, the ship’ s requirement
to operate in various types of weather conditions puts a
constraint on the upper portions of the radio frequency
spectrumthat may beused. Thislimitiseased somewhat
whereextremely longrangesarenot required. Higher fre-
quenciesareusudly employed when operating againg surface
targets and targets at low elevation angles, such as
sea-skimming missiles.

Theradar returnreceived directly fromtargetsat very
low elevation anglesarevery nearly canceled by thereturn
from the same target reflected off the water (multipath
propagation). Thiscancdlaionisduetoal80e phasereversd
occurring when the return isreflected. Asthe eevation
angleincreases, thismulti path propagation problem decreases.



This multipath problem decreases at higher frequencies.
For thisreason, the short wavel engths of the 2.7-10.5 GHz
band are widely used for surface search, detection of low
flying targets, and piloting of ships?

AirborneApplications. Inanarcraft, thehousng limitations
of radars are more severe than on ships. Frequenciesin
the 400-1000 MHz and 20004000 GHz bands are the
lowest frequency bandswhereaircraft radarsoperate. These
bands providethelong detection rangesrequired by military
airborneearly warning aircraft andtheir antennasarevery
largeto providethedesired angular resolution. Abovethese
bands, the next application are radar altimetersusing the
4200-4400 MHz band.*

Airbornewegther radars, whichrequiregrester directivity,
operatein5.2-5.9 GHz and 8.5-11 GHz bands. Thechoice
of these two bands for airborne westher radars indicates
adua trade-off of functional requirements: oneisbetween
storm penetration/scattering and the other is storm
penetration/equipment size. If thereistoo much scattering,
theradar will not penetrate deeply enough into the storm
toseeitsfull extent. However, if toolittleenergy isscattered
back totheradar, thestormwill not bevisibleontheradar
scope. Thelarger aircraft use5.2-5.9 GHz band weather
radars, even though they are larger and heavier, because
of the better storm penetration capabilitiesandlonger range
performance. Themgority of smaller aircraft employ lighter
weight 8.5-11 GHz band wegther radarsthat provide adequate
performance.
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The mgjority of military fighter aircraft have attack
and reconnai ssance radars operating in the 8.5-11 GHz
and 13-18 GHz bands with alarge number operating in
the upper portionsin the 8.5-11 GHz band. Thisupper
portion of the8.5-11 GHz bandisvery attractive because
of itsrelatively low atmospheric attenuation and avail ability
of narrow beamwidths.

Freguencies above the 8.5-11 GHz and 13-18 GHz
bands are used where limited range is not a problem and
angular resolution and small size aredesirable. Aircraft
radarsoperatinginthe31-36 GHz band areused for ground
search functions and for terrain following and terrain
avoidance.

SpaceborneApplications. Inaspaceplatform, the power
and space limitations for radar systems are most severe.
Conddering thelimited power availableon spaceplatforms
andtheavailability of small radar componentsmakeradars
operatinginthe UHF and abovefreguency rangesabetter
choice. For spacebornesurveillanceradars, thefrequencies
from 1—18 GHz would begood choices. Frequenciesfrom
1-11 GHz arefrequency bandswhere SAR imaging radars
operate. Spacebornedtimetersgeneraly usefrequencies
inthe 2-18 GHz band while scatterometersgenerally use
frequencies between 5-36 GHz. Frequenciesaround the
13-18 GHz band is where precipitation radars generally
operate.



Endnotes: Chapter 3

1. Source for these transparent bands came from John D. Kraus. See John D. Kraus, Radio Astronomy,
2" ed., 1986, at 1-4. These transparent bands are the result of the resistance (opacity) of Earth’s gases to
certain electromagnetic radiation. The opacity of air to visble light is very small; hence, we have no
difficulty seeing each other. The water vapor contained in the air is opaque to various wavelengths in the
infrared frequency ranges.

2. Department of Navy email comments from Mr Bruce Swearingen, Director, Naval Electromagnetic
Spectrum Center, at 2. (See email from swearinb@navemscen.navy.mil, March 24, 2000 on file at
NTIA).

3. For adiscussion of ground echoes, see Richard K. Moore, Ground Echo, Radar Handbook, at 12.3
(Merrill 1. Skolnik, 2™ ed. 1990).

4. Radar altimeter use of the 42004400 MHz band alows for conveniently small equipment packages
because the band permits good cloud penetration, require modest amounts of power, and do not require
highly directional antennas for satisfy altimeter requirements.
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Chapter 4

INVENTORY OF FEDERAL RADAR USE

This chapter will briefly survey the principal uses of
radar by various Federal Government agencies. So that
thereader canrdatethematerid presented in previouschapters
tothegpplicationsdescribe here, thekindsof radarsgenerdly
employedintheapplicationswill be categorized asland-based,
shipborne, airborne, or spaceborne.

Federal Aviation Administration:
Air Traffic Control

Thenationa air traffic control system operated by the
FAA has as its purpose the safe and efficient operation
of aircraft flyinginthevicinity of airports, aircraft flying
enroutefrom oneairport to another, and aircraft and vehicles
onthegroundat airports. Commercia aviation and general
aviation, aswell asmilitary aircraft, areal included within
the purview of an air traffic control system.

Several different radars are employed for the control
of artraffic. Theairport survelllanceradar (ASR) provides
information on the location and movement of all aircraft
flyingwithinthevicinity of airports. Itissometimesreferred
to asaterminal radar. The air route surveillance radar
(ARSR) has asiits purpose the detection and tracking of
aircraft that are enroute from one airport to another with
aradar range of about 200 nautical miles. For thisreason,
itissometimescalled anenrouteradar. Theairport surface
detection equipment (ASDE) isaradar that mapstheairport
surfaceto provideinformation to thecontroller concerning
aircraft on the ground as well as certain vehicular traffic
withintheairport. TheASRand ARSR radarsa so provide
theair traffic controller with thelocation of hazardouswesther.
The location of dangerous weather phenomena such as
"downburds' and windshear can bepinpointedwithaspedidly
configuredterminal Doppler weather radar (TDWR) located
near airports. On board FAA aircraft, there are radar
atimetersaswell asradionavigation and weather radars.
Further, for vehicle speed detection on oneof itsfacilities,
the FAA operate a Doppler speed detection radar. The
following table depictstherange of radarsoperated by the
FAA and their operating frequency bands.
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Radar Radar Frequency Band
Category Function (MHz)
Air Route Surveillance 1240-1370
Airport Surveillance 2700-2900
2700-3000
Land Based Weather Radars 5600-5650
Airport Surf_ace Detection 15700—16600
Equipment
Vehicle Speed Detection 10450-10550
) Aircraft Altimeter 4200-4400
Airborne
Radionavigation & Weather 8750-8850
Shipborne Radionavigation & Weather 9300-9500

Themilitary departmentsa so provideair traffic control
primarily at and around their air bases, naval air stations,
and airfields. Their primary ATC radar operates in the
2700—-2900 MHz band and the military departmentsal so
usethe 1030/1090 M Hz interrogator-responder systems.

U.S. Coast Guard:
Coastal and Waterway Security

TheUSCG hasfour manroles. maitimelaw enforcemernt,
maritimesafety, nationa defense, and marineenvironmentd
protection. Inaccomplishing theserespongbilities, theUSCG
employsvariousradars: shipbornemaritimeradionavigation
and search radars; shipborne air search and surveillance
radars; radar beacons; radar altimeters; airbornemaritime
Doppler navigation and surveillanceradars; airbornesearch
and rescue radars; land-based and shipborne harbor
surveillance radars; and radar speed detection devices.
Aninventory of the USCG radarsisdescribed inthefollowing
table:

Radar Radar Frequency Band
Category Function (MHz)
Harbor Surveillance 9300-9500
. o . 2900-3100
Land Based Radionavigational Aids 9300—10000
Vehicle Speed Detection 10450-10525




. 420-450
. Search & Surveillance 9200—10000
Shipborne
Radionavigation & Search 2900-3100
Surveillance Radars 420-450
Radar Altimeters 4200-4400
8500-9000
. Navigation & Surveillance 9000-9200
Airborne 9200-9600
9000-9200
Search & Rescue 9200-9600
13250-13400

Department of the Navy:
National Defense

The primary mission of the Department of the Navy
isto protect the United States by the effective prosecution
of war at seaincluding, withitsMarine Corpscomponent,
thesai zureor defense of advanced naval bases; to support,
as required, the forces of all military departments of the
United States; and to maintain freedom of theseas. Naval
and marine forces depend heavily on radar systems and
many of their radarscan be categorized as |and-based nationd
air defenseradars, nava survelllanceand navigationradars,
naval fire-control radars; arbornesurvelllanceand navigation
radars, airbornefire-control radars; battlefidd, misslecontrol
and ground surveillance radars; land-based air defense;
air traffic control for land-based Naval Air Stations and
carrier-based flight operations; and range safety, surveillance,
and instrumentation radars. The following table depicts
theinventory of nava and marineforcesradars. Thefrequency
bandsindicated arethebandswheretheradarsareauthorized
to operate and may not reflect the compl ete tuning range
for some of the radar systems.*

Radar Radar Frequency Band
Category Function (MHz)

Search & Surveillance 420-450
Navigation & Search 420-450
Search & Surveillance 902-928

Shipborne Long-Range Surveillance 1215-1390

Long-Range Surveillance 2900-3100

Fleet Air Defense System 3100-3500

Missile & Gunfire-control 3400-3650

Long-Range Surveillance 3500-3650

Long-Range Surveillance 3550-3650

Aircraft Carrier ATC-PAR 3550-3650
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Missile & Gunfire-control 5250-5800
Surface-to-Air Missile 5400-5900
Control
Sea Surface Search 5400-5900
Ship Positioning NAVAID 5400-5550
Missile & Gunfire-control 8500-9600
Submarine Surface
Nav/Search 8500-9000
Fire-control & Surveillance 8500-9600
Navigation & Surveillance 9300-10000

Guided Missile Fire-control

10000-10550

Combat Surveillance

10000-10550

Missile & Gunfire-control

10200-10500

Missile & Gunfire-control

13400-14400

Aircraft Carrier ATC-PAR

15300-15900

Gunfire-control

16000-17000

Navigational

16000-17000

Aircraft Carrier ATC-PAR

31800-33400

Fire-control 92000-100000
Early Warning 420-450
Radar Altimeters 4200-4400
Radar Transponders 5500-5900
ASW Search & Detection 8500-9600
arvome | contolTargeting 9200-5800
Maritime Surveillance 9200-9800
Helicopter Search 9200-9800
ASW Search & Detection 9600-10000
Radar Transponders 9200-10000
Helicopter Nav/Search 13250-13400
Over-the-Horizon 3-30
Space Surveillance 216-220
Tactical Air Defense 1215-1390
Base ATC Search 2700-2900
W eather 2700-2900
W eather 5600-5650
Airfield Precision Approach 9000-9200
Battlefli_eclga\glnegapons 9300-10000
Battlefield NAVAID 9300-10000

Perimeter Surveillance

10200-10500

Vehicle Speed Detection

10450-10550

Battlefield Weapons
Locating

15840-16160




Battlefield Precision 15300-15900

Approach
Vehicle Speed Detection 24050-24250
5400-5900
Range Safety, Surveillance, 9200-9600
Target Tracking & Instru- 9600-10000

10000-10550
15700-17300

mentation

Department of the Army:
National Defense

Aspart of our national military team, the Army focuses
onland operations. Itssoldiersare trained with modern
arms and equipment and areready to respond quickly. In
the battlefield environment, the Army relieson radarsfor
success. TheArmy spectrum of radarsthat it operatesand
trains on can be categorized as. land-based air defense
radars; battlefield, missile control and ground surveillance
radars, airbornesurveillanceand navigationradars; military
ATCradars, andrangesafety, survelllance, andindrumenta-
tion (telemetry) radars. Thetablebel ow depictsthevarious
Army radar functions and operating frequency bands:

Airfield Precision Approach 9000-9200

Battlefield GCA 9000-9600

Battlefield Air Defense 9200-10000

Battlefield Weapons 9200-10000

Locating

Antljalrcraft Gun 9200-9500
Fire-control

W eather Radars 9200-9500

Battlefield Surveillance 10000-10550

Perimeter Intrusion

Detection 10000-10550

Vehicle Speed Detection 10450-10550

Battlefield Microwave 15300-15900

Landing System

Portable Ground
Surveillance

15700-17300

Battlefield Weapons
Locating

15700-17300

Battlefield Surveillance &
Tracking

15700-17300

Battlefield Weapons
Fire-control

15700-17300

Vehicle Speed Detection

24050-24250
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Radar Radar Frequency Band
Category Function (MHz)
Battlefielq Ground 220-450
Surveillance
Position Location 420-450
Battlefield Early Warning 1215-1390
Man-portaple Early 1215-1390
Warning
Air Defense 1215-1390
Airfield ATC Search 2700-2900
Battlefield ATC Search 2700-2900
W eather Radars 2700-2900
Air Defense 2900-3100
Battlefield Weapons 3100-3400
Locating
Doppler Radar Sensors 3100-3400
Battleflek_j Missile 5250-5925
Surveillance
Land Based Battlefield Missile Tracking 5250-5925
W eather Radars 5600-5650
Battlefield _Search & Sur- 8500-9600
veillance
Battlefield Weapons 8500-9600
Locating
Doppler Radars >30000
902-928
Range Safety, Surveillance, 1215-1390
Target Tracking, & 5250-5925
Instrumentation Radars 9200-10000
33400-36000
Radar Altimeters 4200-4400
Radar Beacons 5250-5925
Airborne Side Looking Airborne 9200-9500
Radar
Navigation, Weather, & 9200-10000
Mapping

N A T1T O O

Department of the Air Force:
National Defense

The Department of the Air Force is responsible for
lefending the United Statesthrough control and exploitation
f air and space. Radarsare heavily employed by the Air
force and many can becategorized as. land-based national
ir defense radars; ground surveillance radars; airborne

urveillance and navigation radars; airborne fire-control



radars; spaceborneradars; military ATC radars; and range
safety, survellance andindrumentationradars. Thefollowing

table describes the Air Force' sinventory of radars:

Radar Radar Frequency Band
Category Function (MHz)
Intrusion Detection VHF
Long Range Surveillance 420-450
Air Defense 1215-1390
Search Radars 1215-1390
Base Search Radars 2700-2900
Airfield Search Radars 2700-2900
W eather Radars 2700-3000
Airfield Surveillance Radars 2900-3100
Airfield ATC Radars 3100-3650
Bomb Scoring Radars 3100-3650
W eather Radars 5600-5650
Target Bomb Scoring 8500-9000
Airfield PAR 9000-9200
Base PAR 9000-9200
Land Based Bomb Scoring Radars 9200-10000
Intrusion Detection 9200-10000
Intrusion Detection 10000-10550
Perimeter Surveillance 10000-10550
Vehicle Speed Detection 10450-10550
Missile Guidance/Control 15700-16600
Missile Guidance/Control 16600-17300
Vehicle Speed Detection 24050-24250
Cloud Height Detection 33400-36000
Vehicle Speed Detection 33400-36000
902-928
1215-1390
Range Safety, Surveillance, 2700-2900
& Instrumentation Radars 5400-5925
15700-16600
33400-36000
Airborne Surveillance 3100-3650
Airborne Search & Surveillance 3350-3600
Radar Altimeters 4200-4400
Fire-control & Intercept 8500-9000
Multi-mode Fire-control 9200-10000
Intercept Radars 9200-10000
Navigation & Mapping 9200-10000
Navigation & Weather 9200-10000
Beacon Rendezvous 9200-10000
Terrain Following/Avoidance 9200-10000
Maritime Surveillance 9200-10000
Search & Rescue Radars 9200-10000
Fire-control Radars 9200-10000
M”“‘;\T;S%Zt%;pp'er 13250-13400
All Weather Target Attack 15700-16600
Multi-mode Fire-control 15700-16600

Intercept Radars 15700-16600

Terrain Mapping &
Avoidance

15700-16600

Multi-mode Doppler

S 16600-17300
Navigation

Intercept Radars 16600-17300

Terrain Mapping &
Avoidance

16600-17300

Navigation & Weather 31800-33400

Beacon Rendezvous
Radars

31800-33400

Terrain Following &

Avoidance 31800-33400

Long Range Mapping 31800-33400

National Aeronautics and Space
Administration: Space Research

NASA conducts flight research for the solution of
problemsof flight within and outs dethe Earth’ satmosphere
and devel ops, constructs, tests, and operatesaeronauitical
and space vehicles. It aso conducts Earth exploration
experimentsand operationsfor Earth observationand aids
inresourcemonitoring, hazard monitoring, and other benefits
tothegloba community. Finaly, NASA conductsactivities
required for the exploration of space with manned and
unmanned vehicles and arranges for the most effective
utilization of the scientific and engineering resources of
the United Stateswith other nationsengaged in aeronautical
and space activities for peaceful purposes.

Radars are one of its chief tools supporting NASA’s
mission described above. Itsradarsalmost cover theentire
spectrumof frequency bandsfor radar operationsand can
generaly be grouped as: range safety, surveillance, and
instrumentation (tel emetry) radars; airbornetransponders;
airborne search and navigationradars; airborneand ground
weather radars; radar altimeters; maritime search and
survelllanceradars, pacetransportation system (ST, space
shuttle) navigational radars, planetary radars, STSlanding
systemradars; airborne surveying radar altimeters; cloud
detectionand profiling radars; aircraft radiometer beacons;
oceanwave, wind, and vortex research radars; spaceborne
SAR's, dtimeters, scatterometers, precipitation and cloud
profileradars. Thetablebelow describesNASA’ sinventory
of radars:



Radar Radar Frequency Band

Category Function (MHz)

. Search & Surveillance 2900-3100

Shipborne —

Navigational & Search 9300-9500
2700-2900
Range Safety, Surveillance, 3000-3500
& Instrumentation Radars 5250-5925
9200-9500
Search & Surveillance 420-450
Wind Measurement Radars 902-928
Planetary Radars 2310-2345
W eather Radars 5600-5650
Land Based Planetary Radars 8500-9000
Vortex Research Radars 9200-9500
Ground Weather Radars 9300-9500
Wind Shear Measurement 9300-9500
Vehicle Speed Detection 10450-10550
STS Landing System 15460-15616
Vehicle Speed Detection 24050-2250
Vehicle Speed Detection 34400-36000
Vortex Research Radars 34900-35800
Search & Navigation 5250-5925
Airborne Transponders 5400-5900
Precision Tracking Radars 9000-9200
Search & Navigation 9200-9500
Airborne Weather Radars 9300-9500
Airborne Transponders 9300-9500
Radar Altimeters 4200-4400
Airborne | Ocean Wave Spectrometer 13250-13400
Ground/Ocean Mapping 33400-36000
Aircraft Radiometer 85000
Beacons
Aircraft Radiometer 92000-95000
Beacons
Cloud Detection &
Profiling Radars 92000-95000
SAR Imaging Radars 1215-1300
SAR Imaging Radars 3100-3300
SAR'’s, Altimeters, 5250-5460
and Scatterometers
SAR'’s, Altimeters,

Spaceborne and Scatterometers 8550-8650
SAR'’s, Altimeters, 9500-9800
and Scatterometers

W eather Radars 9975-10025

Altimeters, Scatterometers,
Precipitation Radars

13250-13750

Scatterometers, &
Precipitation Radars

17200-17300

Scatterometers, &
Precipitation Radars

24050-24250

Altimeters &
Precipitation Radars

35500-36000

35

Altimeters &
Precipitation Radars

Cloud Profile Radars

78000-79000

94000-94100

Department of Commerce:
Environmental Monitoring

TheDOC hasmany different bureausthat encourage,
sarve, and promotethe nation’ sinternationd trade, economic
growth, andtechnol ogical advancement. TheNOAA works
to improve our understanding and benefits of the Earth’s
physical environment and oceanic resources. NOAA is
thelargest user of radarsinthe DOC anditsradarssupport
theNationd MaineFsheariesSavice, Nationd Ocean Savice,
Office of Oceanic and Atmospheric Research, National
Weather Service, and National Environmental Satellite,
Data, and Information Service. NOAA'’s radars can be
categorized as. land-based search and surveillanceradars;
land-basad radionavigationd radars, westher radars, shipborne
surveillanceand navigationa radars; airbornesurveillance
and navigational radars; aircraft weather radars; radar
dtimeters, coagd and marinesanctuariessurveillanceradars,
andradar speed gun. Thefollowingtabledepictsthevariety
of radars employed by the DOC:

Radar Radar Frequency Band
Category Function (MHz)
Wind Profilers 404
Wind Profilers 449
W eather Radars 2700-3000
W eather Radars 5600-5650
Land Based Balloon Tracking Radars 8500-9000
Atmospheric Research 9200-10000
e Soveany, | oz0-t0000
Radionavigation Radars 9300-9500
Vehicle Speed Detection 10450-10550
Shipborne Radionavigation & Search 2900-3100
Radar Altimeters 4200-4400
Airborne Weather Research & Nav 5370-5480
Radionavigation & Weather 9300-9500




Department of Energy:
Science and Technology Research

The DOE isaleading science and technol ogy agency
whoseresearch supportsour nation'senergy security, netiona
security, environmental quality, and contributesto abetter
quality of life for all Americans. Quite an array of
radiocommunicationsisused tofacilitatemany of theDOE' s
programsinitslaboratoriesor a itsmany test ranges. Many
radarsare employed by DOE to support itsmission &t its
many test ranges, sites, and facilities. Radarsareusedfor
perimeter monitoring; motion sensing; weather research
and environmenta monitoring; security surveillance; terrain
mapping and air sampling; weapon systemtesting and flight
test tracking; joint programs with other agencies; and a
variety of research and development programs. Radars
canbegenerally categorized asintrusion detection radars;
fixed and mobile search and surveillance radars; range
safety, surveillance, and instrumentation radars; aircraft
radionavigation and wegther radars, mobilemeteorological
radars; speed gun radars; wind profiler radars; airborne
radar trangponders; atmosphericand cloud researchradars.
Thetablebelow providesaninventory of thevariousradars
employed by DOE:

Radar Radar Frequency Band
Category Function (MHz)
Intrusion Detection Radars 30-100
" . 404
Wind Profiler Radars 449
Mobile Search Radars 420-450
Wind Profiler Radars 915
Surveillance Radars 8500-9000
Mobile Weather Radars 8500-9000
Land Based Vehicle Speed Detection 10450-10550
Atmospheric Research 15700-16600
Vehicle Speed Detection 24050-24250
Atmospheric Research 33400-36000
1215-1390
Range Safety, Surveillance, 2900-3100
o - 3100-3650
Target & Missile Tracking, &
Instrumentation Radars 5400-5900
8500-9000
9200-9600
Radar Transponders 5250-5925
Airborne Radionavigation Radars 5350-5460
W eather Radars 9300-9500
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U.S. Department of Agriculture:
Supporting Production of Agriculture

The USDA, in addition to developing and expanding
themarketsof agricultural products, worksto enhancethe
environment andto maintain production capacity by helping
landownersprotect thesoil, water, forests, and other natural
resources. The Departments s research findings benefit
all Americans. Radar devicesareused by the Department
to support itsmission areas of research and the management
of natural resources and the environment. Itsinventory
of radars includes airborne weather radars, maritime
surveillanceradars, entomol ogical radars, and pul seradars
and are described in the following table:

Radar Radar Frequency Band
Category Function (MHz)
Entomological Radar 9300-9500
(Insect Research)
Land Based Natural Resource 9300-9500
Management
Vehicle Speed Detection 10450-10550
Shipborne Maritime Search Radar 9200-9500
Airborne Airborne Weather Radar 9300-9500

Department of the Interior:
Land and Resources Management

TheDOI managesthenation’ spubliclandsand mineral
resources, national parks, nationa wildlife refuges, and
western water resources. Radarsaid the DOI initsland
and resource management by providing position location
determination in support of geological survey activities:
coastal waterway, lake, and river mapping and other related
survey ectivities. Additionally, radar gpeed detection devices
ass g park managerswith maintaining vehicle speed detection
at various national parks. The following table describes
the various radars and their operating frequency bands:

Radar . Frequency Band
Category Radar Function (MH2)
i ; 5470-5600
Mobile Gt;c;llgegllr(;al Survey 93509450
Land Based 10000-10550
; . 10450-10550
Vehicle Speed Detection 2405024250




Department of Justice:
Law Enforcement

The Department of Justice (DOJ) playsasignificant
rolein protecting American citizensthrough it effortsfor
effective law enforcement, crime prevention, and crime
detection. Indoing so, the Department employsavariety
of radiocommunicationsequipment including radar devices.
Radarsareemployed by thevarious DOJagenciesfor radar
atimeters, vehicletracking, and crimesceneinvestigations.
Thefollowing tabledescribesthefunctionsand frequency
bands employed the DOJ.

Radar . Frequency Band
Category Radar Function (MHZ)
Vehicle Tracking UHF
Land Based
Crime Scene Investigations UHF
Airborne Radar Altimeters 4200-4400

National Science Foundation:
Research and Testing

TheNSF promatesthe progressof stienceand enginesring
through the support of research and education programs.
TheNSF employsradarsfor wind and atmospherictesting,
radar atimeter aboard the National Center for Atmospheric
Research aircraft, range safety (search radars), and for
the study of objects beyond the Moon. An inventory of
the types of radars employed by the NSF is described in
the table below:

Radar . Frequency Band
Category Radar Function (MHZ)
Atmospheric
Research-Wind Profiler Ra- 908-928
dar
Land Based Radar Astronomy 2380
W eather Radars 2700-2900
W eather Radars 9200-9400
Search Radar 9200-9500
Airborne Radar Altimeters 4200-4400
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Department of Treasury:
Law Enforcement

Oneof thebas cfunctionsof the Department of Treasury
islaw enforcement. Land-based, airborne, and shipborne
surveillance and acquisition radars are used by various
Treasury agenciesto executetheir mission. Also, radars
are used for automatic vehicle identification. The table
below lists some of the radar bands employed by radars
of the Treasury Department.

Radar . Frequency Band
Category Radar Function (MHZ)
420-450

Land Based Surveillance Radars 2900-3100

9200-9500

Shipborne Maritime Mobile Radar 9400-9500

Airborne Balloon-borne Surveillance 1215-1390

Radars

Veterans Administration, US Postal Service,
Health and Human Services, General
Services Administration:

Theseagenciesemploy radarsfor vehiclespeaed detection
on their various facilities.

Radar Radar Frequency Band
Category Function (MHz)
. . 10450-10550
Land Based Vehicle Speed Detection 24050—24250




Endnotes: Chapter 4

1. Department of Navy email comments from Mr Bruce Swearingen, Director, Naval Electromagnetic
Spectrum Center, at 2. (See email from swearinb@navemscen.navy.mil, March 24, 2000 on file at NTIA).
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Chapter 5

RADAR SPECTRUM REQUIREMENTS

INTRODUCTION

The NTIA Requirements Study addressed 18 radio
services, and developed a 10—year forecast of national
spectrum needs. In that study, it noted that spectrum
allocated for radiolocation, radionavigation, and mete-
orological aids was adequate. This study revisits Fed-
eral radar spectrum requirements at the request of sev-
eral Federal agencies. Additionally, radar spectrum
requirements of the EESS (active) are also discussed
herein.

Asdiscussed earlier, radar developers and the even-
tual radar users need assurance that spectrum will be
available for their use not only to amortize their invest-
ments but also to accomplish the agencies’ mission. In
the NTIA Requirements Study, NTIA cited radar ex-
perts who concluded that radars employing new tech-
nologies have an approximate 1520 year development
time between concept to deployment.* A classic exam-
ple was the NEXRAD radar (Weather Surveillance
Radar—1988 Doppler, WSR-88). The program began
in FY 81, had itsfirst limited production WSR—-88 radar
installed at Oklahoma City, Oklahoma in 1990, and
was commissioned in 19942 So when radars systems
are in the conceptual, design, and developmental stage,
the manufacturer and end user need some assurance
that the radar band will be available when the radar is
commissioned and for some time in the future for the
user to amortized its investment. The FAA, which op-
erates some of the WSR-88's, has planned en-
hancements to this system that will extend the radar’s
service life to 2040.°

Historically, the development and acquisition of
aeronautical radionavigation and maritime radionavi-
gation systems usually considered the requirements of
diverse international groups, including the North Atlan-
tic Treaty Organization (NATO) and other alies, Inter-
national Civil Aviation Organization (ICAO), and the
International Maritime Organization (IMO). Radar
requirements such as performance, standardization, and
cost not only influence the search for an international
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consensus on a selection of radionavigation radar sys-
tems but also on their operating frequency bands.

The FAA and USCG are Federal users of spectrum
as providers and operators of radionavigation services.
The FAA use of spectrum is primarily in support of
aeronautical safety services used within the Nationa
Airspace System. This exclusively allocated spectrum
must be free from interference due to the safety of life
aspects of FAA services. The USCG also uses spec-
trum as a provider of critical maritime radionavigation
services and whose maritime radionavigation systems
must also be interference free.

While DOD access to current radar spectrum bands
will continue, the overall trend is toward a greater de-
mand for spectrum especially in bands that support sur-
veillance, fire control and imaging radar. The largest
increase in spectrum use by radar systems will occur in
the upper frequency bands, above 6 GHz, with an over-
al 70 percent growth in DOD spectrum use projected
over the next decade.*

PROJECTED REQUIREMENTS: RADARS
UNDER SYSTEMS REVIEW

As mentioned earlier, various Federal agencies cur-
rently have a total of 36 radar systems under systems
review. For most of these radar systems, the table be-
low depicts the agencies, radar system description, and
operating frequency range. A short description of the
radars under systems review is provided for selected
radar systems.

The Army has 14 systems under systems review,
the Navy has 11 systems, and the Air Force has 8 sys-
tems. Information on most of these radar systems are
not yet releaseable.

The NASA system is an airborne VHF radar for
the measurement of terrestrial vegetative biomass. The
BioSAR will enable the investigation of 82 percent of



the Earth’ s biomass which is beyond the capabilities of
currently available SAR systems, which benefit
NASA’s mission to Planet Earth. NASA has five
EESS active sensor types: SAR’s, atimeters, scattero-
meters, precipitation radars, and cloud profile radars.
Examples of planned NASA radar systems usage in-
cludefor the SAR: the shuttle radar topography mission

(SRTM) to be flown on the Shuttle in 2000; for the al-
timeter: the ocean topography experiment (TOPEX)
follow-on; for the scatterometer: the SEAWINDS; for
the precipitation radar:  the tropical rain measuring
misson (TRMM) follow-on; and for the cloud profile
radar (the cloud satellite, CLOUDSAT).

TABLE 5
Radars Under SPS Review
Agency System Description Operating Frequency
Range (MHz)
DOE Ground Penetrating Radar .009-600
Commerce Alaska MF Radar 2.409-2.451
Navy HF OTH Radar 5-30
Navy HF Frequency Surface Wave Radar 15-25
Army DARPA Foliage Penetration SAR légzg;
Army ARL Ultrawide Band Radar 40-1800
NASA NASA Biomass SAR (BioSAR) 80-120
Navy ERIM Concealed Target Detection Radar 187-913
Navy Wideband Impulse Transmitter Radar 210-1690
Army Geographic SAR (GeoSAR) 9630-9790
Navy AN/TPS-59 (V) 1 Radar 1215-1400
Air Force Next Generation Target Control System 1370-1385
Air Force Linear Array Intrusion Detection System 1678-2678
Air Force AN/GPN-XX Digital ASR (ASR-11) 2700-2900
Navy Naval Space Command Bi-Static Radar 3100-3600
Navy Signature Managed ATC Approach & Landing System 3195-3690
Air Force Hughes XR640-3500A SAR 8400-9000
Army ATNAVICS PAR 9000-9200
Army Multimode Survivable Radar 9200-10500
Army Interferometeric SAR 9456.5-9749.5
Navy AN/SPQ-9B Radar 9467.5-9972.5
Army Crusader Projectile Tracking System 15700-16200
Air Force SAR (Tier lll UAV) 15970-16970
Army Tactical Endurance SAR 15970-16970
Army Small Tactical SAR 16472-17128
Air Force Haystack Millimeter Wave Radar ;23040000__130%000000
Army Millimeter Wave Ground Radar 34000-35986

The DOE system is a micro-power pulse radar us-
ing ultra-wideband technology that is being developed
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for applications including bridge-deck inspection,
ground penetration, mine detection and precision



distance resolution. The system is expected to be acti-
vated in 1999 with the technology expanded to many
other applications over the next several decades.

INCREASED MILITARY RADAR
DEVELOPMENT

Planning for the increased access to the
electromagnetic spectrum required by future radar
systems is essential to maintaining information
superiority. The military systems using radar provide
the United States with the capability to conduct
effective campaigns and to maintain security in peace.
The guidance and fire control radar systems for
precision munitions used in the Gulf War and in Bosnia
allow military missions to be conducted against
high-value targets in populated areas with minimal risk
to civilians. The new Theater High Altitude Area
Defense System (THAAD) radar system will afford
warfighters protection against conventional and nuclear,
biological, or chemica theater missiles, while the Na-
tional Missile Defense (NMD) radar will protect
civilian populations. The Discoverer 11 space-based
radar is designed to aid in detecting moving targets and
delivering precision guided munitions accurately.®

The growth in electromagnetic spectrum use is due
primarily to the fielding of follow-on systems with
enhanced features that require increased spectrum ac-
cess for functionality. The use of surveillance, fire
control and imaging radars will increase significantly
during the projected period. New systems such as the
AN/SPY-2, AN/TPS-59 (v)1 and new generations of
missile defense radars are due to be fielded during this
period, as well as a new constellation of space-based
synthetic aperture radars for increased imaging capa
bilities in support of contingency operations. These
new radars generally process a much wider bandwidth
signal than current generation systems, to provide en-
hanced target recognition capabilities. The wider pro-
cessing band of newer systems relative to current sys-
tems is reflected in the projected 70 percent increase in
overall spectrum use.®

Radar systems above 6 GHz currently planned for
deployment include THAAD and NMD ground-based
radar systems that take advantage of the characteristics
of high frequencies, as do the Discoverer 11 space-based
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radar and the F-22 radar system. All radar systems are
expected to receive future upgrades which will include
features such as multi-function and dual band modes
and systems designed for intrusion detection and
improved space surveillance.”

New developments are centering on the upper
bands, but these developments are generally intended to
enhance capabilities rather than supplant the existing
systems in the lower bands. Additionally, the trend in
radar is towards wider bandwidths to better
discriminate target objects and to provide additional
signal processing for anti-jam techniques. While DOD
access to current radar spectrum bands will continue,
the overall trend is toward a greater demand for
spectrum especiadly in bands that support surveillance,
fire control and imaging radar. The largest increase in
spectrum use by radar systems will occur in the upper
frequency bands, above 6 GHz, with an overall 70
percent growth in spectrum use projected over the next
decade.®

PROJECTED REQUIREMENTS:
CURRENT RADAR SYSTEMS

The following sections describe the projected usage

time frame for various Federal agencies radar systems.

Some requirements were extracted from reports,

derived as afunction of the radar platform’s life cycle,

or aforecast based on the agency’s continuing mission
requirements.

FAA Spectrum Requirements for a Modernized
Air Traffic Control System

Historically, the requirements for specific
frequency bands for different aeronautical
radionavigation applications necessitated that segments
of spectrum be reserved for specific applications. In
many cases, allocations for aeronautical use was
exclusive in order to meet the stringent requirements of
aviation safety. As the FAA trangitions to a more
modernized air traffic control system, it has identified
and justified the spectrum necessary to support its
mission. Included initslist of spectrum requirements,
was spectrum for the operations of FAA radars. The
following is a summary of those requirements. NTIA



believes the FAA spectrum requirements will remain
unchanged in the foreseeable future.

1215-1390 MHz. Air route surveillance radars will be
needed and remain essential for the foreseeable future to
both satisfy civil aviation’s need for long-range
surveillance, and to provide weather data to air traffic
controllers.®

2700—2900 MHz. Airport surveillance radars
operating in this band will remain essential to providing
safe and reliable air traffic control near airports.
Replacements for ASR’s deployed in the early 1970's
are being jointly developed by the FAA and DOD.
Further, plans for a new “multipurpose” terminal radar
have been outlined that would combine the terminal
surveillance and weather radars of some of today’s
operating radars about the year 2020. If deployed, this
new radar would likely use the same spectrum as the
two systems its replaces (2700-2900 and 5600-5650
MHz, and part of 5150-5250 MHz).*

2700-3000 MHz. The NEXRAD operates in this
frequency band and is the primary system for collecting
wide-area weather information for flight planning
purposes. The FAA believes that planned
enhancements to the NEXRAD should extend its
service life to the year 2040."

42004400 MHz. According to the FAA and ICAOQ,
radar altimeters will remain an essential element of the
modernized air traffic control system. The spectrum
used by these systems will be needed indefinitely, and
must be available for exclusive use. Also, because of
the critical safety aspects of its use, this band must be
protected from out-of-band interference due to
adjacent-channe or harmonics encroachment.*?

51505250 and 5600-5650 MHz. Terminal Doppler
weather radars will continue to provide weather
surveillance in the air traffic control terminal areas.
These two frequency bands will be needed to support
the modernized air traffic control system.*®

5350-5470 MHz, 9300-9500 MHz, and 13250—
13400 MHz. The FAA believesthat airborne weather
radars operating in these bands will continue to be
important to commercial aviation, especially in those
areas with limited or no air traffic control service.**

42

90009200 MHz. A low cost ASDE system is being
developed in this band to support ground surveillance at
smaler airports. Designed to complement the more
complex, expensive ASDE-3 system that is installed at
larger airports, this system will assist controllers at
reducing the number of runway incursions, a top
priority in improving the safety of the flying public.

1570016200 MHz. The FAA is currently using this
band for ASDE-3 radars and sees continued use of this
band in the foreseeable future. Additionaly, to satisfy
the need for ASDE systems at smaller airports, this
band is being considered aong with the 9000-9200
MHz for the development of alow-cost ASDE.*

2425024650 MHz. The ASDE operating in these
bands have been decommissoned and the FAA has
identified no further requirements for this band.*

Navy Radar Spectrum Requirements

As the Navy looks to the 21% century, it is
redefining sea power as well asits ability to project and
sustain power ashore. The Navy’suse of radars aboard
its various platforms (ship, aircraft, and shore vehicles)
play a significant role in its platform’s mission
accomplishment. NTIA envisionsthe Navy radar usage
requirements to increase, particularly above 6 GHz, but
to be accommodated within the current frequency
allocations.

Shipborne Radars. Shipborne radars support the
ship’s mission support operations during the ship’s
operational life cycle. Naval ships are normally
projected to be in operation for 20-30 years while
aircraft carriers are projected for a 40-50 year life
cycle.® Thus, the various U.S. Navy shipborne radars
will continue to operate on their supporting platforms
for at least the next 20 years. For example, the
AN/SPN-43 radar has been in use for over 30 years.
As required, these systems are removed from
decommissioned ships and re-installed into new ship
congtruction.  Thus, the Navy's active fleet of air-
capable ships are always equipped with the AN/SPN-
43 radar. These bands are:

420450 MHz



902928 MHz
1215-1390 MHz
2900-3100 MHz
3100-3650 MHz
5250-5900 MHz

8500-10550 MHz
13400-14000 MHz
15300-15900 MHz
16000-17000 MHz
31800-33400 MHz

92000-100000 MHz

Airborne Radars. The range and depth of naval
aviation supports a broad force structure representing
diverse missions such as air-to-air, air-to-ground, fleet
early warning, troop transport, and search and rescue
functions. The main sizing elements in current Navy
planning includes:

* Anaircraft carrier fleet comprising 11 active and
one reserve carrier.’

* By the turn of the century, 10 active and one
reserve air wing will support the carriers. Each air
wing will comprise 50 high performance F-18 and
F-14 multiple mission capable strike fighter
aircraft, EA-6B’s, E-2C’'s, S-3B’sand ES-3A’s. 2

» Marine aircraft wings will consist of three active
and one reserve squadrons.?

» Maritime patrol aircraft at the turn of the century
will consist of 12 active and 8 reserve squadrons
flying P-3C aircraft supporting increasing
multi-mission anti-surface warfare requirements.

The Navy expects its aviation effectiveness to
remain unchanged in the foreseeable future and its
present aircraft and replacements to be in operation to
at least the year 2020. Therefore, the radar frequency
bands supporting airborne radars will be required to at
least the year 2020 in the following bands:

420450 MHz
42004400 MHz
5500-5900 MHz
8500-10000 MHz
13250-13400 MHz
Land-Based Radars. The Navy operates many
various land-based radars ashore. Many are integral
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systems supporting the USMC, air traffic control at its
naval air stations, and many others for its various tests
ranges. NTIA believes Navy ground-based radar
spectrum requirements will remain the same in the
foreseeable future. These bands are:

3-30 MHz
216220 MHz
1215-1390 MHz
2700-2900 MHz
2900-3000 MHz
5400-5900 MHz
9000-10550 MHz
1530017300 MHz
24050-24250 MHz

Air_Force Radar Spectrum Requirements

Airborne and Land-based Radars. The Air
Force employs thousands of aircraft and aviation
systems in mission areas such as aerospace control,
theater battle management, combat delivery, strategic
ar defense, surveillance and reconnaissance, airlift and
rescue, and specia operations. Both airborne and land-
-based radars are integral parts supporting the various
Air Force mission areas. By the year 2020, the Air
Force aircraft force structure for fighter, bomber, and
attack aircraft will number approximately 2,800; airlift
and rescue aircraft approximately 675; special
operations aircraft approximately 175; airlift and
refueling aircraft approximately 775; and other aircraft
approximately 160.2 NTIA believes the airborne and
land-based radars operating in the following bands will
be required to at least the year 2020 to support the
various Air Force mission aress:

420450 MHz
902928 MHz
1215-1390 MHz
2700-2900 MHz
2900-3100 MHz
3100-3650 MHz
42004400 MHz
5400-5925 MHz
8500-10550 MHz
13250-13400 MHz
15700-17300 MHz
31800-33400 MHz



33400-36000 MHz

Army Radar Spectrum Requirements

Airborne Radars. Army aviation provides
versatile, rapidly deployable, responsive forces that
overcome the limitations of ground systems by easily
negotiating terrain obstacles; expanding the battle
space; massing the effects of fire without missing
forces; and delivering precise, lethal fires. Airborne
radar systems are an integral part of the resources
employed by Army aviation to ensure successful
airborne missions. As a result of its downsizing, the
Army has reduced rotary-wing aircraft to
approximately 4,805. Thisis also the projected number
of rotary-wing aircraft it plans to have in the year
2020.* NTIA envisions no change to the Army
airborne radar spectrum requirements in the foreseeable
future. The following radar bands will be needed to
support the Army airborne radar systemsto at least the
year 2020:

42004400 MHz
5250-5925 MHz
9200-10000 MHz

Land-Based Radars. Army forces are primarily
ground forces that, when deployed, rely heavily on
radars for air and battlefield defense. While in-
garrison, radars are used for land-based air defense,
training in the proper use of battlefield, missile control
and ground surveillance radars. Additionally, the Army
uses many radars on its various test and operationa
ranges for range safety, surveillance, and
instrumentation (telemetry). NTIA believes Army
ground based radar spectrum requirements will remain
the same in the foreseeable future. These bands are:

420450 MHz
902928 MHz
1215-1390 MHz
2700-2900 MHz
2900-3400 MHz
5250-5925 MHz
8500-10550 MHz
1530017300 MHz
2405024250 MHz
33400-36000 MHz

U.S. Coast Guard Radar Spectrum
Requirements

Airborne Radars. The USCG presently operates
throughout the United States and its Possessions
approximately 202 aircraft from its 26 Air Stations.®
These aircraft are primarily of four different types: the
HH-65 Dauphin helicopter for short-range recovery
missions; the HH—60 Jayhawk helicopters for
medium-range recovery missions, the HU-25 Guardian
fixed-wing aircraft for medium-range surveillance; and
the HC-130V Hercules fixed-wing for its long-range
surveillance missions.® Each aircraft is equipped with
radar systems that are integral assets that help the
USCG accomplish its various roles. Aircraft in the
USCG inventory have a planned service life of 20
years. Presently, al but the HH-60 helicopter are
undergoing mission analysis for replacement, fleet
rehabilitation, or future acquisition decisions. The
planned service life for the USCG aircraft is around the
year 2010. All the radar bands that the USCG uses
aboard its aircraft will be needed to at least the year
2010.

420450 MHz
42004400 MHz
8500-9600 MHz

13250-13400 MHz

Shipborne Radars. With U.S. maritime trade
possibly tripling by 2020, the number of oceangoing
vessdls transiting U.S. waters will increase.?” Coupled
with USCG’s increased role in maritime law
enforcement against illicit maritime activities, the
USCG will place heavy reliance on its ships and its
various surveillance systems. Shipborne radars will be
one of the tools expected to be employed in support of
the USCG mission. USCG ships, like Navy ships, are
normaly projected to an operational life cycle for
20-30 years. Therefore, the various USCG shipborne
radars will continue to operate on their supporting
platforms for at least the next 20 years. NTIA believes
USCG shipborne radar spectrum requirements will
remain the same in the foreseeable future. These bands
arel

420-450 MHz
2900-3100 MHz



9200-10000 MHz

Land-Based Radars. Land-based radars are
employed by the USCG as aids to navigation, search
and rescue services, port safety and security, as well as
for automobile vehicle speed detection. NTIA envisons
no reduction in this USCG mission requirement and
foresees continued USCG radar usage in the following
bands.

2900-3100 MHz
9300-10000 MHz
10450-10550 MHz

NASA Radar Spectrum Requirements

Radar is a very important tool that NASA employs
as it conducts flight research within and outside the
Earth’s atmosphere and the testing and operation of
aeronautical and space vehicles. Additionally, NASA
makes good use of radars in the exploration of space
with manned and unmanned vehicles and in its Earth
exploration programs. NTIA foresees long continued
use of radars by NASA for land-based, airborne,
shipborne, and spaceborne missions and operations well
beyond 2020.

420450 MHz
902928 MHz
1215-1300 MHz
2310-2345 MHz
2700-2900 MHz
2900-3500 MHz
42004400 MHz
5250-5925 MHz
8500-9800 MHz
9975-10025 MHz
10450-10550 MHz
13250-13750 MHz
15460-15616 MHz
17200-17300 MHz
2405024250 MHz
33400 MHz
35500-36000 MHz
7800079000 MHz
85000 MHz
9200095000 MHz
130000-195000 MHz
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>300000 MHz

Department of Commerce Radar Spectrum
Requirements

With the nation’s increased reliance on accurate
weather forecasts, weather-related information, and
desire for better management of our natural resources,
the dependence on radars to assist in these efforts is
also increased. NTIA sees a radar spectrum
requirement by NOAA (primarily NWS and NFS) for
the foreseeable future in the following bands:

404 MHz
449 MHz
2700-3100 MHz
42004400 MHz
5370-5480 MHz
5600-5650 MHz
8500-9000 MHz
9200-10000 MHz
10450-10550 MHz

Department of the Interior Radar Spectrum
Requirements

As the Department of the Interior moves into the
21% century, its mission to continue land and resource
management will more than likely continue. Itsreliance
on radars to support its geological survey and park
management activities will also be required and NTIA
sees their radar spectrum requirement continuing for the
foreseeable future in the following bands:

5470-5600 MHz
9350-9450 MHz
10450-10550 MHz
24050-24250 MHz

Department of Agriculture Radar Spectrum
Requirements

The Department of Agriculture envisions the
continued need for its radars in the research and
management of natural resources and the environment.
NTIA seestheir radar spectrum requirement continuing



for the foreseeable future in the 9300-9500 MHz and
10450-10550 MHz frequency bands.

Department of Justice Radar Spectrum
Requirements

The Department of Justice expects to continue
employing a variety of radio communications
equipment including radar devices in its law
enforcement, crime prevention, and crime detection
efforts. NTIA sees their radar spectrum requirements
continuing for the foreseeable future in the 300-3000
MHz and 42004400 MHz bands.

National Science Foundation Radar Spectrum
Requirements

In its promotion of scientific and engineering
research programs, the NSF employs radars for a
variety of purposes ranging from atmospheric research,
radar astronomy, and range safety. NTIA envisionsthe
NSF’'s need for radars to supports its research
programs well into the future. The following
frequencies and frequency bands are anticipated to be
required by the NSF in the foreseeabl e future:

908-928 MHz
2380 MHz
2700-2900 MHz
9200-9500 MHz

Department of Treasury Radar Spectrum
Requirements

Inits law enforcement function, the Department of
Treasury will continue to employ land-based, airborne,
and shipborne radars well into the future. NTIA
expects their radar spectrum requirements to continue
for the foreseeable future in the following bands:

420450 MHz
1215-1390 MHz
2900-3100 MHz
9200-9500 MHz

Department of Energy Radar Spectrum
Requirements

Radars are an important tool that DOE employs in
its research that supports our nation’s energy security,
national security, and environmental quality. The
Department envisions its use of radars well into the
future. NTIA sees their radar spectrum requirements
continuing for the foreseeable future in the following
bands:

30-100 MHz
404 MHz
420450 MHz
915 MHz
1215-1390 MHz
2900-3650 MHz
5250-5925 MHz
8500-9000 MHz
9200-9600 MHz
10450-10550 MHz
15700-16600 MHz
24050-24250 MHz
33400-36000 MHz

The Department of Energy laboratories are performing
research in new radar techniques with possible uses
ranging from ground penetrating technologies with 3-D
displays to support law enforcement, materials
composition, construction safety, medical research and
national security.

Veterans Administration, US Postal Service,
Health and Human Services, and the General
Services Administration:

These departments employ radars for vehicle speed
detection on their various facilities. NTIA expects
10450-10550 MHz and 24050-24250 MHz will
continue to be used well into the future for vehicle

speed detection.



EXPECTED RADAR SYSTEMS FOR
SYSTEMS CERTIFICATION

Considerable effort has been applied to spaceborne
radar research for the Northern American continentd
defense and for Earth observations over the last 30
years. The DOD and NASA have led the U.S. efforts
in SBR research.

With two new SBR systems being investigated, the
DOD seemsto have expressed new interest in launching
SBR systems. One SBR system is the Discoverer 1l
program that will develop and demonstrate an
affordable SBR with high-range resolution ground
moving target indication, synthetic aperture radar
imaging capabilities, and digital terrain mapping
elevation data collection. The other is the Tactical
Satellite Radar (TACSRAD) envisioned as a
spaceborne, multi-mission active and passive system.
The envisioned TACSRAD constellation will be
medium Earth orbit, consisting of 10 satellites in an
equatorial orbit, and providing essentially continuous
coverage from the Equator to approximately 60 degrees
north and south latitudes. Each of these SBR systems
are expected to operate in a least one of the radar
bands between 1-20 GHz.

Pending WRC-97 implementation of new
frequency allocations for EESS, NASA has plans to
use these bands for SAR imaging, altimeter,
scatterometers, cloud profiling, and precipitation
radars. These spaceborne radars are planned in the
8550-8650, 9500-9800, 17200-17300 MHz,
35500-36000 MHz, and 94000-94100 MHz bands.

NTIA expects these spaceborne radar systems will
be submitted for systems certification. Should
development lead to procurement, NTIA expects the
DOD and NASA to seek worldwide notification as well
as protection. It is expected the DOD spaceborne radar
systems will seek authorization to operate in at least
one of the radar bands between 1-20 GHz. and the
planned NASA spaceborne radars in the spectrum
indicated. Spectrum for these spaceborne radar
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systems will probably be required beyond 2025.

INCREASED MILITARY RADAR USAGE

For military radar systems, the increased demand
for information of all types has resulted in the increased
use of radar in the battlespace and procurement of radar
systems with improved target detection range and target
definition. Consequently, the density of radar emitters
in military operating areas is projected to increase
which directly trandates into increased use and demand
for electromagnetic spectrum. Given this increase in
density, high-power radar system spectrum
requirements must also reflect consideration of the
guard bands necessary to protect the radar functionality
and avoid interference to adjacent spectrum usersin the
battlespace. These guard bands vary as a function of
design-specific characteristics including but not limited
to peak radiated power, the level of noise outside the
radar fundamental emission , and their relationship to
one another. Further, widely varying radar system
mission requirements dictate operations in awide range
of frequency bands, with large and varying bandwidths,
from 300 MHz through 12 GHz and beyond.?

TOTAL FEDERAL RADAR SPECTRUM
REQUIREMENTS

For the purposes of spectrum planning, the
following table lists frequency bands that have been
identified as necessary to support radar spectrum
requirements for various Federal agencies. The
information in the table below should be considered as
long-range planning information for Federal radar
systems. Because Federa agency missions are unlikely
to change, and radar platforms are likely to be updated
or replaced, the actual time frame for the radar
spectrum requirement is likely to be extended beyond
the 20—year time frames shown below.



20-Year Federal Spectrum Requirement Forecast for Radar Bands

Frequency Bands

Federal Government Use

92-100 GHz

31.8-36 GHz

24.05-24.65 GHz

15.4-17.3 GHz

13.25-14.2 GHz

8.5-10.55 GHz

5250-5925 MHz

42004400 MHz

3100-3650 MHz

2700-3100 MHz

2310-2385 MHz

1215-1390 MHz

890-942 MHz

420-450 MHz

216220 MHz

3-30 MHz

Airborne fire-control, beacons, atmospheric research, cloud detection, and synthetic vision radars

Airborne navigational, mapping, weather, beacon, terrain following & avoidance; aircraft carrier PAR,
test range, atmospheric & oceanic research, altimeter, scatterometer, and synthetic vision radars

Doppler radiolocation, vehicle speed detection, scatterometer, and precipitation radars

Airborne and shipborne multimode search, battlefield, aircraft carrier PAR, fire-control, test range,
ASDE, scatterometer, precipitation, atmospheric research, and spaceborne radars

Airborne and shipborne search and acquisition Doppler, airborne weather, altimeters, scatterometer,
precipitation, environmental research, and spaceborne radars

Airborne and shipborne surveillance and navigation, fire-control, battlefield, maritime, weather, test
range, airborne radionavigation, ATC, SAR’s, altimeters, ASDE, scatterometer, vehicle speed
detection, and spaceborne radars

NOAA weather radars, FAA TDWR, surveillance and air defense (airborne, shipborne, 1and-based),
fire-control, maritime, test range, SAR’s, altimeters, scatterometer, airborne, and spaceborne radars

Aircraft radar altimeters

DOD surveillance and air defense (airborne, shipborne, land-based), ATC, SAR’s, altimeters, test
range, and spaceborne radars

ATC, maritime, and weather radars; DOD shipborne, airborne, ground air surveillance radars; range
control, and spaceborne radars

Planetary and lunar radar

ATC, SAR’s, and DOD early warning air defense, battlefield, shipborne long-range surveillance, and
spaceborne radars

Navy shipborne long-range surveillance, test range, NASA research, and wind profiler radars
DOD early warning and long-range surveillance radars; and wind profiler radars
DOD space surveillance radar

DOD OTH and surface wave radars
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18. Interview with Mr Anthony Nickens, Division Director, Corporate Research & Development, Naval
Sea Systems Command, U.S. Department of the Navy, April 21, 1999.

19. See Department of Defense, Joint Aeronautical Commander Group Aviation Science & Technology
Pan, Volume 1: Aviation Vision, March 1999, at 2920 [hereinafter DOD Aviation Vision].

20. 1d.

21. 1d. Each air wing will consist of high performance F-18 and AV-8B aircraft for close air support and
EA-6B aircraft for electronic warfare.
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22. 1d.
23. 1d.
24. 1d.

25. The USCG Auxiliary (acivilian volunteer group) operates approximately 206 aircraft to assist with
USCG missions.

26. See DOD Aviation Vision, supra note 19, at 29-20.

27. U.S. Department of Transportation, U.S. Coast Guard, Coast Guard 2020, at 9.

28. See Swearingen, supra note 4, at 2.
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AEW
am
AMTI
ARSR
ASDE
ASR
ATC
BBA-97
BSS

LIST OF ACRONYMS AND ABBREVIATIONS

Airborne Early Warning

Attometer (1078 meter)

Airborne Moving-Target Indication
Air Route Surveillance Radar

Airport Surface Detection Equipment
Airport Surveillance Radar

Air Traffic Control

Balanced Budget Act of 1997
Broadcast Satellite Service

CLOUDSAT Cloud Satellite

cm
Ccw
DEMS
DOD
DOE
DOl
DOJ
EESS
EHF
FAA
FAS
FCC

FM
FM-CW
GHz

HF

HF OTH
ICAO
IFF
IMO
IRAC
ISAR
ITU
kHz
MHz
mm
MTI
NAS
NASA

NATO

Centimeter (107 meter)

Continuous Wave

Digital Electronic Message Service
Department of Defense

Department of Energy

Department of the Interior

Department of Justice

Earth Exploration-Satellite Service
Extra High Frequency

Federal Aviation Administration
Frequency Assignment Subcommittee
Federal Communications Commission
Femtometer (10™° meter)

Frequency Modulation
Frequency-Modulated Continuous-wave
Gigahertz (10° Hertz)

High Frequency

High Frequency Over-the-Horizon
International Civil Aviation Organization
Identification, Friend or Foe
International Maritime Organization
Interdepartment Radio Advisory Committee
Inverse synthetic aperture radar
International Telecommunication Union
Kilohertz (10° Hertz)

Megahertz (10° Hertz)

Millimeter (107 meter)

Moving-Target Indication

National Airspace System

National Aeronautics and Space
Administration

North Atlantic Treaty Organization

NEXRAD
nm

NMD
NOAA

NORAD
NSF
NTIA

OBRA-93
OMB
PAR

pm

PRR

RAF
RDT&E
RPV
SAR
SBR
SHF
SLAR
SPASUR

SR
SRTM
TDWR
THAAD
THZ
TOPEX
TRMM
TWS
UHF
USDA
VHF
VTS
WARC
WRC

um

2D
3D
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Next Generation Weather Radar

Nanometer (10~° meter)

National Missile Defense

National Oceanic and Atmospheric

Administration

North American Air Defense

National Science Foundation

National Telecommunications and

Information Administration

Omnibus Budget Reconciliation Act of 1993

Office of Management and Budget

Precision Approach Radars

Picometer (1072 meter)

Pulse Repetition Rate

Pulse Width

Royal Air Force

Research, Development, Test, and Evaluation

Remotely Piloted Vehicle

Synthetic Aperture Radar

Spaceborne Radar

Super High Frequency

Side-looking Airborne Radar

Space Surveillance

Spectrum Planning Subcommittee

Space Research

Shuttle Radar Topography Mission

Terminal Doppler Weather Radar

Theater High Altitude Area Defense System
Terahertz (10" Hertz)

Ocean Topography Experiment

Tropical Rain Measuring Mission

Track-While-Scan

Ultra High Frequency

U.S. Department of Agriculture

Very High Frequency

Vessd Traffic System

World Administrative Radio Conference

World Radiocommunication Conference

(formerly WARC)

Micrometer (107° meter)

2-Dimensiona

3-Dimensiona



