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Since near the beginning of radio, aviation has depended on high-integrity
communications, surveillance, and navigation information, and its requirements
of any new service are thus necessarily stringent. While aircraft numbers are
relatively small--a few thousand airliners, a few tens of thousands military
aircraft, a few hundred thousand general aviation aircraft-—more than one and
one~half million people per day fly, and depend on the best and safest system
that communications technology can offer.

FAA and the aviation community have been studying the potential of satellite
services faor aviation since 1965. While satellite services have clear and
obvious attractions, their high cost has up to now prevented implementation in
the U.S. and the warld's aviation system. Recent developments of technology
and of cormercial service offering indicate that these services are likely to
i becone cost-effective.

Iin arder to focus more clearly the future role of satellites in air traffic
control, FAA analyzed satellite system concepts which might become acceptable
to FAA and the aviation community, and developed such concepts to the point
that estimates of required radio frequency spectrum might be deduced. In

L Jdoing so, it was necessary to make a series of assumptions about prospective
chainges in technology, the future need for either new services or changes in
cwrrent services, the expected number of participants in the system, and
anticipated distributions of aircraft in representative areas.

FAA did not assume that all aviation services would, a priori, need to be
satellite-based, but tried to forecast applications where satellites have
anicque capabilities to serve aviation effectively. In order to meet
anticipate. requirements, satelilies are likely to become an impartant part of
the avia:lon systel.

Uy (1l not
studlios and

(Lirlssion new stud.ies by outside experts, but drew on previous
internal expertise available to it. The result is a preliminary

dassesshaent .,
required to

Much additional work, system studies, and development will be
bring these concepts to fruition.

FAA examinad a series of potential satellite applications and selected
concepts far which spectrum requirements ocould be identified. The concepts
build on each other. In the first, it is assumed that a highly accurate,
nigh-integrity, multi-purpose (not exclusively aviation) satellite navigation
service would serve as the basis for all air navigation except Category II and
Category III precision approach and landing, and that the navigation

alornation wiil e of
W1 autonat ic Jdependent

sufficient quality to serve also as the data source far
surveillance function, which would be the primary
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survelllance service of the system. Camunications w.il be predominantly
satellite communications, heavily digital data, but with voice service
retainad for emergency and some routine party-line communications. 1t was
postulated that certain communications, predominentl]y in high—density terminal
areas, might be conducted most efficiently ground-to—air without using
satellite relay, but that such cammunications sihwuld be conducted in the same
band to permit the simplest practical avionics complement. Spectrum was set
aside for this function.

In the second concept, it is assumed that automatic dependent surveillance
usliy precision navigation information will not be found fully acceptable to
the comaunity, and, therefore, a cooperative independent surveillance systen
1s added and spectrum set aside far it. Two alternative cooperative
indeperdent surveillance concepts are postulated——one, a space-based evolution
of the Mode S Secondary Surveillance Radar System using a system of
geosynchronous satellites; the other a synchronized satellite ranging system
using a number of geostationary satellites and aircraft-derived altitude
infarmation.

As a third concept, it was further assumed that cooperative independent
surveillance might not be acceptable, and spectrum was set aside for a
noncooperative "space-based" system to perform the same function currently
provided by primary radar. t was recognized that such a system lies far in
the future and its viability is subject to question.

The cooperative independent survelllance system may require exciusive spectrum
allocation far aviation, and the spectrum assigned is sized to meet projected
aviation needs.

ar communicatians, wilile tine expected requirement is substantial, FAA did not
find persuasive reasons why such services cannot be combined in acceptable
ways with service to other users. Vidlie it is expected that a number of
frovuency adlocations ©ow0 acs. s @ channels (or banGwidin oguivalent of
Giiaycs) Wil be usea cad ok, to oxe assigned exclusively for aviation,

Snac ing e sateliite placeo e ', 1o some instances, transponders or
irevuency channels may we possible 1i certain ground rules on primary versus
secoivlary service, including instantanecus access, protection from
interfesenve, and priority are scrypulously alhered to. No compelling reasons
were found why such cammunication services need to be Government-operated as
long as tie requiscements of the responsible government air traffic service
aucthoritles are met. Similarly, the synchronized-ranging type of cooperative
tnaepadent swrveillance could e part of a commercial service, given adequate
Guarantiees of primary service, integrity, and availability.

Dio.s Cevranaued that sateiilte sharing possibilities ocould be baneficial to
aviacoion, especially during the introxduction of, and transition to, a
satulile cowaunicat tons service, becaise i the possibility of sharing the
Dign oost o space sequent rosowces.  lowover, the projected aviation
rejaioeiaent would more than fully utilize gpectruwa equivalent to the bands now
aviocated to the aeronautical moblie sateliite (R) service and the ability to
meet that raquirement nust not be Loreciosed. Uuring the transition period,

-1i-




o

it 1s expected that the bands will not be utilized fully by the aeronautical
safety services. Because the aeronautical requirement is likely eventually to
require all of the spectrun currently allocated, it is considered appropriate
to maintain the aeronautical mobile satellite (R) service as the only primary
service in the currently allocated barxds, with other services which can meet
the ground rules laid out herein des.gnated as secondary. Such a designation
would assure clear precedence of aeronautical safety services.

In determining this reguirement, FAA assumed that an evolution of satellite
tecinmology can be expected in which progressively more capability will be
practically achieved, thereby easing the transition into extensive aviatior:
satellite use.

While FAA considered predominantly safety services, it recognized the
continuing requirement for operational cantrol communications, and included a
spectrun segment for such communications. This requirement was furnished by
ATA/ARDE, amd is included as given. FAA recognized the potential for
avronadt ica’ bublic correspondence, but agreed that it is not an aeronautical
safety service, and therefore no spectrum requirement is specified herein.*

A chiose to size the system under the assumption that all aircraft in the
projected time frame would require services. This approach, which results in
a larger spectrun requirement than would be required if only a portion of the
aircralit were assumed to require services, is offset by other

assunpt ons--which nay be considered optimistic by same—concerning the
otential far frequency reuse, relatively high-efficiency modulation
tectulicqques, etc., which tend to reduce the spectrum requirement.

FAA concluded that the availability of I~-band spectrum in paired channel
assignaents would be a requirement, and that spectrum amounting to more than
the currently allocated 1545-1559/1646.5-1660.5 Miz aeronautical mobile
satellite (R} bands is lirels to be required by the year 2010 to support

acronautcoal satellite canil velaled services. The summary reqguiremnent results
Coooc el Lo 1300 Mz o cor tne cownlink (satellite to aircraft) and 15.95 Mz
for fae upine alrcraic to saveilior,, with an additional 20 Miz (probably of
Lae 1030-10.0 clia radwonavigation satellite band) reserved far the introduction

of noncoopes stive independent surveillance using a radionavigation satellite
oankd .

*OAN XNCODTHRL LSOl witn radio services which are classified by RX and NTIA
A5 s baer Siva dd governaent and nan-governaent or exclusively government, and
AUl ot pealress services sucn as public correspoidence which are exclusively
SO joveruient .
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1. INTRODUCTION AND QUALIFICATIQNS

The competition far the frequency spectrum which is currently allocated
nationally and internationally to the Aeronautical Mobile Satellite (R)
Service and other aeronautical radio services 1is growing increasingly intense,
and there is a risK that spectrum required to serve aeronautical functions in
the future via satellite ar terrestrial services in these freguency bands may
be lost if the aviation community does not state clearly its needs for the

future.

A aunber of activities are underway to establish those future aviation needs.
Among them are the ICAO Future Air Navigation Systems (FANS) Committee, which
is charged with defining aviation's needs and the technology to serve those
necds far the next 25 years; the Radio Technical Cammission for Aeronautics
Sixxrial Camittee 155, User Requirements far Future Camaunications, Navigation
and Surve:llance Systems, Including Space Technology Applications; as well as

a number of activities in other countrieg. Literally hwxdreds of concepts for

aeronaut ical use of satellite services have been offered; yet none have been
accepted by the aviation cammunity, either because the need has not been clear
ar bocause the costs have been elther unknown ar considered toc high to

warrant Lgiewentation. However, there is little doubt in the minds of most

aviation o mts that - 3 Loite 2op.ontiong are highly attractive fox
AVLGoL oL e aad that viase, o ost=olfective applications and service
Arraagera.os w11l pe astoplisnea.

in arder ©o nelp lay out prospective concepts for such sateilite services and
to ooente vational estimates far spectrum requirements, a small group of
LeCiul.ldi 2XDOr LS Was asserbled vy FAA to develop one or more satellite systen
CoOnCepty wWhalkth might becone woceptable to FAA and the aviation community, and
t deve s sl concepts Lo vhe polat where estimates of required frequency
Spectr 21 can e deduced. Inouolag so, 1t has been necessary to make a 3eries
ol rswptions wout prospective changes in technology, the future need for
clther new services or changes in current services, the expected number of
participants in the system, and the anticipated distributions of aircraft in
representative areas ranging fraom high-density traffic environments, to

oceanic, to iw~density operations in developing parts of the world. It was ]
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necessary to postulate a number of technical parameters, such as the level of
achievable frequency reuse in satellite systems through use of spot beams, and
achievable minimum channel spacings for voice and digital data communications.
Any analysis of this kind is, by its nature, presumptuous because it predicts
the future. But without such predictions, realistically and conservatively
api'lied, no result is achievable. In doing its wark, the group attempted to
avoid assertions which would limit design flexibility for the future or
restrict application of technologies anticipated to grow. But there is no
doubt that the judgment of others and time may lead to changes in these
conclusions. The result is a preliminary assessment. Much additional work,
system studies, and development will be required to bring these concepts to

fruition.

In conducting its wark, the group did not assume that all aviation services
would a priori need to be satellite based, but tried to farecast applications
arx services where satellites have unique capabilities to serve aviation
effectively. The group was aware of many studies, concepts, and techniques
conducted by DOT/FAA and its contractors, as well as NASA and DOD, over the
past 20 years. It was aware of many current proposals and the state of
curreac toechnology. It was also aware that technologies are changing rapidly

aliu that the natwre oi whe aviation lLikiustry can be expected to change.

Whiie tne group did not commission new studies by outside experts, but,
instead, drew on previous studies and internal expertise available to it, it

elieves that its conclusions have substance and deserve consideration.
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2. SUMMN\RY INOINSS

Integration of Punctions

e group considered at length the oenelits and liabilities of integrating the
Ciassic functions of communications, navigation, and surveillance. It agreed
waoa number of basic ground rules, the most important of which is that no
systan Wwill be acceptable if failure of a single element could deprive the

Lysten sinultaneously of both navigation and surveillance.

The group agreed further that the traditional philosophy of separation of
funct lons 1s sound, and that backup should be available, but that redundancy
ol sialliar systems can serve in many instances to protect against

s.gie—eienent fallures.

o iab o6
Pa LwaVigablon, thne harigouptal position can pe obtalned from any suitable area
Gavigation system still in use 1in 2010. Because of the major benefits it

o fors, Thae group belleves that . satellite navigation system will eventually
ceplace ost ground-based navigat.on systems for en route operations and for
GO e aPPYoaches . GPS, OO o .o»,.cal technical evolution of it, is
Sl Lo ixy fhabl Navited.oon syste.w. ™ curther, the group assumed that the

G et Ty Capabdc Lty o0 S'S waai econe available to civil users, and that
Crer wnaoent proolems an acanieving coverage, reliability, and integrity will be
Lusolve o one of several means.  Should this come true, it may become
Dreettioal we adhdeve precision approach operations to minimums of 200 feet and
L0 i Lcacrent Caregacy 1) using that satellite navigation system. It is

s L da. et w5 wiil not be adequate for full (CAT [I and CAT III) precision

SO oan L G kel services. [t is anticipated that thie Microwave Landing
SULlemn Cvhess waol provide that service.

ot vegodat, "GPG," waless otherwiso stated, should be interpreted as the

GVl L s/stea evolving from the present GP2S des ign.
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FOR CQXCEPT 2 A or B) -— ATC FUNCTIONS
DOWILINK UPLINK OtIER
Paired L~Band Paired L-Band BANDS

*Space Camunications
(including automatic
Jdependent surveillance
reporting once every
10 seconds)

Digital
Voice

3.3 Miz
1.2 Miz

**orrestrial (Ground—-to-Air)
llon-Satellite Voice & Data
(inclwiing 1 Miz buffer on
Jdownlink)

2.4 Miz

*Sixace Camnunications
Adjacent geographic area
Sayvices (where frequency

mot possible)

1.0 Miz
reuse (8

FrSpace looperative Inddependent
Survelllance (System similar
tor Mxle S survelllance
Jancticn, with independent
Plah xle Shixk)

1.0 Miz

* K R

Gpeote e ot tve Dideparkdent 1.0 Mz
Catver Llance (Synchronlzed,

oo je—oased survelllance

cexjuaring aircraft altimeter

ety

3.9 Miz

Foarne ey eacies can e shared
G i oerey ol L such g [vuner as
e G fud by osatisfied.
ot sharanle
TEEO G0 ot sharable

tditedubtoniittiniiiietn ittt didteii bl del

2.5 Mz
1.2 Miz
1.65 Mliz
1.0 Miz
4.0 Mlz
4.0 Miz
10.35 Miz

w1th a secondary land mobile service which
to assure that the sharing conditions of

PN W W WD W e a
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FOR CONCEPT 1 — ATC FUNCTIONS

DOWLL INK UPLINK OTHER
Paired L-Band Paired L-Band BANDS
*Space Caommunications
(including automatic
dependent surveillance
reporting)
Digital 3.3 Miz 4.8 Miz
Voice 1.2 Miz 1.2 Miz
**Perrestrial (Ground-to~Air) 2.4 Miz 1.65 Miz

Non-Sateilite Voice & Data
{inciuding 1 MIiz buffer on
gownlink)

*Space Camnunications
Adjacent geographic area 1.0 Miz 1.0 Miz
Services (where frequency
reuse is not possible)

7.9 Mlz 8.65 Mz

*aese [requencies coa he saalea o o secondary land mobile secvic: which
s L caentod In suCh L Ay as o assure that the sharing conuitions of
Sectinn .4 are Sully sacisfiedd.
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The growth of technology may make one or another *ransmission method--FIM,
spread-spectrun techniques, TIM systems, etc.--more attractive than others for
sone functions. The group believes that the projections made here will be

applicable for a variety of anticipated infarmation transfer techniques.

The group believes that these projections may have some value in consider ing
thie worldwide situation far the future. In tle calculations, the projected
traffic situation anticipated for the U.S. was used, but it recognized that
ad jacent ar related areas may have lesser demands and may therefare use less

arbitious space systems. Spectrum is identified to permit such operations.

L=AN0 SPHCTRUM REQUIREMENTS pROJECTIQN

Assunptions:

l. The system has oveen sized to provide services to all aircratt.

2. ost ATC func.ions are assumed to use digital communications, but voice
capability must be available for nonroutine, emergency, and some specific
Tunctions (limited pacty Lines.

Voo iueve RIDLOUIR Qitdeant e anient complement, all ATC and cperational
control comnunicat 10ns, lnciwiinyg terrestrial ground-to-air

Venimnatol1te) services are assuned to be at L-pand.

. carun station-satelllte spectrum requirenents are not inciuded.

b drenpdeoney gpecirun requirements for G are not Lacluded 1n tiwese

s PP SN
woalat s s,

oL whii e deglagn stikdles nave not beoen Jdone, there 1s concern that the
sisparity 15 power level between terrestrilal-to-aircratt anu
spacecraft—to—aircraft transmission nay cauwse technical difficulties.
Therefore, o buffer requiring an additional 1 Miz of gpectrum is shown in

Lae gpectrun requlrenent .,

L atn A av e ans anst ses e e e S b it g B A fad - K SR il s R T ——" B VT R N N N W g
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which could eventually permit the elimination of a variety of current systems,
such as VOR/DME; Primary Radar, and possibly Secondary Radar in all but
high-density terminal areas; to substitute L-band voice and data
cammunications for existing VHF and HF communications (except possibly in
polar regions); and eventual removal of other navigation systems, such as
Laran-C, OMEGA, etc.

In making these postulations, the group did not establish the timing fox
withdrawal of such systems, ncr did it decide whether they would indeed be
removed. The group recognized the problems of transition and considered that
the timing of withdrawal of currently existing systems would depend on the
implementation of the new systems, the perceived need far retention by various
elements of the aviation cammmity, the willingness of governments and users
to continue financing eventually redundant systems, and a variety of other
factars.

The purpose here is to identify spectrum requirements for prospective future
systems without assuming or commenting on the timing or need for withdrawal of
current gystemns.

S2ZCTIUM RQUIREMENTS

Cansidering all the foregoing requirements, the following is the task group's
projection. of the spectrum anticipated to be required to suppoart aviation
services to the year 2010. This projectior assumes the use of modern
technology to achieve spectrum efficiency and high spectrum utilization. It
is impartant to note that while the group assumed that all aircraft would
ut:ilize the systenm fully (requiring more spectrum than if only a partion of
the aircraft participated), fairly ambitious assumptions were made about
technoliogical progress in frequency reuse, spacecraft multiple beam
technology, utilization efficiency, etc. (which tend to reduce the spectrum
requirement) .
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The task group considered this concept impartant becadse i the high level of
indevendence it provides for the surveillance functior and the independent

altitude crosscheck it provides.

The group also considered another cancept, Concept .3, u2ing synchronized
ranglg via several geostationary satellites and altitude mput from che
aircrafit. This concept is significantly less independent i 2lative to
Concept 2A, but has merit since it requires fewer satellites and potentially

allows the use of cammercial satellite services to satisfy this function.

Concept 3--Noncooperative Independent Surveillance as a System Requirement

Caincept 3 makes the same assumptions as those far Concept 2, except it
postulates further that coopecrative independent surveillance will not be fully
acceptabie to governments and users, and that a primary surveillance system
wiiCh does not raguire cooperation by the aircraft will continue to be a
requisenent.  1a this concepy, ground-based radar will continue to be
requlred, but space-based radars will v needed for some operations, such as
over oceans, for operations near the ground, and possibly to meet other
specialized requirements. In addition to the spectrum required far Concept 2,
QUi 10nal 50Ctrun wall D€ Lagil o. for the space~based radar. However,
LeCatseG oy one—way rans.138.00. are required to suppart this application,
ibowiil nou e performed 1n the pa.red 1545-1559 Mlz and 1646.5 to 1660.5 Miz

DAViIS .

IL is i cowiverad that space—based primary radar for civil applications is
3 Lear-tern possibility; its cost and complexity are likely to be unacceptable
oo cdecades after its capabilities are demonstrated. Nonetheless, the
atractions of such a capability snould not be foreclosed, and spectrum,
XGS10LY saoewhare 1n a radionavigation sateilite band, should be earmarked

Lo such g potential.,

Removail oL Gxasting Systens

T,

Uiie problea of transition and the ceventual decammissioning and withdrawai of

systens was considered briefly. The group chose to define system concepts
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Cammercial satellite gervices are likely to De the wost attractive way of
neeting these camunications and depe.dent swvelilance requirenents, assuming
strinqent adherence to ground rules sec out nerein. In this concept, there is
a0 requirement for independent surveillanco, either primary | Or.—oooperative)
ar cooperative.* Althougi it 1s recodgr..zci that prisary radar ray oe cetained
in hign-density terminal areas, no new -pecirua is anticlpated to oL newded
for this purpose. Broad carriage of independent collision avoidance systems

contirues to be assumed.

cancopt 2~-Cooperative Independent Survelilance as the Primgy Surveillsnce

§5qrce

Concest 1 assumes the integrity and reiiabiiity of the navigation/
cummunlications system to be 80 nigh that Lt can serve saicly as tne meaium for
avtumatic deperxient sdrvelllance and cavigation everywhera, ~ith appropr iate
ovniv-Ln cedundancy ana ifaalure protecilon Lo essure chae the possibility of
CLncn-ode failures is so low as to be negligibie. In Cuaciot oz, It oUs
asswied that governments and the aviation camunity wili aot agraes chac
GuLOMGt1c Gependent surveillance cun be the primary survelitilance sarvice
evarywhere. Therefare, i additional cooperative indeponcant survelilance
T A L PPN I _ . e TWo ways o Lol L, s
L IO e O QS I e e S . assumes that the Mode S 3w .l luace
S/S LT i ate data iox sl ¥z~ o0 use far a long period, put that a
spuce-basal cocperat.ve Ladapendent sacveiliace system (transponder required
Sier cartrafit), wsing sost of the foleniples of iz sartn-tased Mode S, will

Laa It
2l ..

U]

ToNe 1aLs belng, utilicing the L-Dan: aeronadtical sahel 11te ol

SUHLEL Gu Use 3 SEDRT Ol COMION GYLiiice wleRelils wW.lh The fiiima-oased

aax2 0, Dut tae space elenent will wedve @ sivelllancs oL Tion So.¥Y! i.e.,

Cowiee ransmit ddenticy and Limiied avditioaal informet.dan L. 5 28 W0nee to

ToOuGanlans . Woway data Lind LWiCUWne wiiio colldse tho SOOI O ET IO
2
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-

Mloweves, provision may be mede to enddle ATU £O aolala an independen. single

Gine—of-position 48.nNy A CANYO MGuold Ghend witn the COMUNICa iuls JNandéd (1n
1 3 J N
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separation standards will be implemented based on minimum navigation

per farmance standards suited to the applications. Other suitable navigation
systems may be available and used. The integrity of other systems must be
proven to be as high as the basic service if this concept is to be viable.)

Three—dimensional information will be available, along with a standard system

time service.

Barometric altimetry will remain an important element in the system, but the
geocentric altitude available from the eni.anced GPS will serve as a crosscheck
on barometric altimetry systems and may serve as a primary service in future

collision avoidance system oconcepts.

The GPS signal will be of sufficient integrity to serve as the source for

automatic dependent surveillance, in which navigation position infarmation is
transmitted to the ground either directly ar via satellite relay, to serve as
the primary surveillance system for all airspace. It may also find use as a

data source for collision avoidance systems.

In this concept, a satellite communications relay will be used extensively to
transmit automatic deyendest swveiliance peaition information, along with
additional infarmation, as rejju.rel and available, on aircraft state, intent,
winds aloft, etc. The communications services between aircraft and the ground
system will utilize satellite relay extensively in over-ocean areas, at low

altitude in low-density and high-density airspace, and for other purposes.

It is assumed that in high~density areas, the bulk of communications may be
such that a direct ground-to—aircraft and aircraft-to-ground communications
system may be preferable to a satellite~based cammunications system. For this
purpose, in arder to permit use of comman avionics, spectrum in the L-band
will need to be identified for such a terrestrial-based communications system
as well. Aircraft operatars will continue to require spectrum far operational
cantrol and administrative communications. Much of the communications will be
digital data link, but a continued voice capability is needed and provided.
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While most current navigation systems will not have been phased out at the
campletion of NAS Plan implementation, military use of GPS will be widespread
and civil users will have begun implementation and ugse of GPS—first as a
supplementary and later as a "sole-means" navigatioa system, in a situation in
which minimum navigation perfarmance standards will be widely implemented and

equiprnent choices left to the user.

New Concepts—2010 Time Period

it is in the context of the implemented NAS Plan system that the task group
considered concepts for satellite services. The following are the concepts
selected by the task group. More detailed descriptions of the concepts and
trne spectrum requirements for execution of these concepts are given in
Sections 7 and 8. Far all of the concepts, the group postulated that new
coamunications, navigation, and sucveillance systems should be capable of
moviding their services anywhere on the earth's surface and fram the surface
to 70,000+ feet. They must be practically implementable where they are
needad, without peralizing low-activity areas tc serve high~density areas.
navigation services are likely to be implemented globally: surveillance and

comunications regionally applied and controlled.

Coiclept c-cAdtamatic So-aanit . voonaance as the Primary Surveiliance Source

Caicep. 1 assumes that a satellite navigation system will prove to be a highly
reliable, high inteqrity, and high-accuracy system. The accuracy and

meege ity of the system will be such that it can serve all navigation
foctcns wath essentially instantaneous fa:lure warning in oceanic, en route,
and Lerianal operatluas, providing information adequate to suppart 200 feet
aied 1/2 miie (CAT I, minima. GP’S is likely to be that system. It is assumed
trnat the full-accuracy capaiility of the system wiil be available to all
Loors. ot 18 also assumed thiat the satelilite navigatlion system, if GPS, will
nave evoived and improved to become tiae prime and "sole-means” navigation

system for many operators. (GPS, or an evoliution of it, is assumed here to be

the asic service provided by the government/s. Services will be provided and
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mo*ivation, the provision of a system which permits aircraft to perfarm their
desired missions in the safest, most efficient, aid least constrained way.
New sensar systems will be judged on whether they permi* aircraft operations
which are safer, more flexible, more economical, aor more efficient than

competing alternatives.

The M1d-1990's Baseline

In considering concepts for the fauture, the task g.oowp  issumed that the U.S.
Natlonal Airspace System Plan will be successfully executed by the mid-!990's
and the xxlernized system will be in place. Area Coatrnl Facilities in which
Center functions and approach cantrol functions are beneficially cambined will
be 1n wide use. A high level of gystem automation will have been achieved.
The hunan controller, still an integral part of the system, will be mare a
systen manager than a moment-to-moment control executor. There will be wide
use of digital ground-air-ground communications, but voice will be available
iar nonroutine arkdl emergency caommunications. Extensive use will be made of
Mode S and its data link for safety communications, and a variety of safety-
and efficiency-related data will be exchanged by the Mode S data link.
Different data links inay be in use Ly air operatars for company and other
functions, and 1t 1S aaclclppatou Laal an "open system arciascecture” will be
Lnplenented. Mininun pecfaraance standards for navigation will be in wide
use, and a limited numbes of different area navigation svstems will be in use
to meet those standards—-VOR/OME, DME/DME, Laran~C, OMEGA, INS, and GPS. MLS
will have replaced ILS in most, If not all, applications. Primary radar will
still pe in the system, particularly in terminal areas, but possibly for other
A major FAA data interchange netwark, along with modern voice
switching and control systems wili be in place, designed to take advantage of

4 variety of communications carricrs, both FAA-owned and commercial--possibly

There will be wide use of independent coliilsion avoidance systems which will

- - - . . .
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m SPS. The key requirwaent is for a uaiform and standard system of ground/ 3D

S reference coardinates and a clear statement I manimuwi pur formance

) requirements to which all users agree to adhere.

In the communications and surveillance areas., there 1s an aviation requirement
that there be sufficient uniformity in satellite services, technical
standards, and protocols that the same avionics systems can be used worldwide

and that the need to carry wmecessarily duplicat.ive systems be avoided.

FUTURE SYSTEM CQICEPTS

The task group considered technologies far future aviation communications,
navigation, and surveillance services which are likely to require use of the
aeronautical satellite bands. It agreed on several concepts which have high
potential for implementation and use, and for which spectrum needs to be

wdentified.

The group did not assume that all aeronautical services would need to be
satellite-based, but attempted to select services with a nigh likelihood of
implementation and beneiicial use,

o

Ui aatilve of the Alr oo

LG SO S NI S T, S!Etem
P A

Thne air wralfic nanagement systen will continue to be centrally managed and
ground-based, although there wili continue to be much airspace in which few,

12 any, ocontrols are imposed.

{0 wonsiaering the concepts, the group agreed that tiie basic processes of air

trafliic conirnl are not likely to be igpactel in major ways by the kind of

|
comanications, navigation, and surveililance systems provided. While the |
character ol such systems will influence the air traffic separation process,
impact achilevable separation standards, and have potentially major impact on
@ efficiency and cost of the services, the quiding requirement is that the

- coiaunicat ion, navigation, and survelllance services have, as their basic
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Cammunications Spectrum Shar ing

The group discussed and studied the benefits and liabilities of sharing
aeronautical communications with other services. Such sharing can be

accamplished in a variety of ways, ranging fram the sharing of satellite

platforms to assignment of exclusive channels (ar their future equivalent) far
aeronautical mcbile safety communications, to sharing individual

camunications channels with other services. 3

H‘ MO 'T?""

The group established certain ground rules on sharing. No basic reason was 1
found to indicate that sharing of satellites, same frequency bands, and—with
specific safeqguards——channels, is impractical, assuming that protection is g
adequate. In summary, it concluded that the aviation safety service requires, i
in radio frequency engineering terms, primary allocation status to ensure
against jeopardy to life and property. Other radio services would enjoy

¢ secondary allocation status. While, in practical terms, this does not place

the secondary service at a significant disadvantage since the national and
international frequency authorities will engineer frequency assignments so as
,Aa to preclude interference to the maximum extent, it guarantees that, should the
[rimary service be jecopardized in either an allocation ar assignment matter,

there will be a clear crder 2 precauance.

It is likely that the need for such separate, protected comunications system
channels 1s likely to grow from an initial requirement to a larger

1 requiremnent, and that access to additional channels as they are needed must be
s guaranteed. Given scrupulous adherence to the ground rules, there is no

reason why such services nust be Governnent-owned or operated.

War id-vWide Uniformity

In considering requirements for services and the technological means of
serving such needs, the group recognized the importance of unifarmity of such
services over the world. GPS is warldwide by its nature, but users may find

it appropriate to use other navigation systems instead of, or in addition to,
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Ccomilcat ions

By far the most impoartant application of sateliite technology is in the
provision of communications services. I;. consideration of the ~oncepts
described herein-—ane in whicn autouatic dependent surveillance is the primary
surveillance system, and the others 1in which it 1s assumed that no form of
dependent surveillance alone will be acceptable, the quality of communication

services must be of the highest order.

It was agreed that while much communications will be done by digital means on
data links, voice services must be availaple at all times, for emergency and

san.e routine party-line cammunications.

It was agreed that while much of the air/ground cammunication is likely to be
satellite based, some ~ommunication services, especially those for terminal
area operations, may be better conducted using ground communications
facilities. It was agreed that it may come to be advantageous to utilize the
same avionics and, therefore, the same L-band frequency spectrum to provide
both for satellite~based communications and ground-based air/grounxi
comaunications, perhaps eventually replacing the current VI communications

SDECTY M.

While tne group Jdid not consider tae provision of spectrum for public
carrespondence to be a part of the aeronautical safety spectrum requirement,
it recogiiized the need of coamercial operatars for spectrum for operational
control communications amnd administrative comaunications. ror reascus of
alrcraft ayuipiment economy, such spectrum should be integral or contiguous
witi, other comamunicatian spectrum needs. The group asked the airline industry
Lo estimate their neeas. The airiine industry has indicated a requirement far
5.0 Milz 1ar operaticaal control and administrative communications for the

future. Appeidix A uescribes the ARINC/ATA view.
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The concept of automatic dependent swrveillance is also attractive because
it permits both aircraft and the provider of the air traffic services to
utilize the same reference infarmation It has the disadvantage that a
failure ar an wannunciated error might affect both the crew's information

and the surveillance service.

Cocperative Independent Surveillance

It is FAA's cwrrent policy to provide and utilize a primary surveillance
system, i.e., primary radar, as well as Secondary Surveillance Radar (the
Air Traffic Control Radar Beacon System, evolving to use of Mode S and its
data link). The expected high quality of the GPS-based position data
makes it a logical primary source for supporting an automatic dependent
surveillance function, not only over oceans but also over land. While it
is agreed that such automatic dependent surveillance is likely to become a
primary system, the group believed that there will continue to be a need
for independent surveillance, particularly in high-density congested

terminal airspace.

Because of uncertainty about automatic dependent surveillance, and
recognizing FAA's current policy, the group believed that spectrum must be
retained for a prospective sate.lite-~based cooperative independent

surveillance system.

Independent (Non-Cooperative) Surveillance

The group considered further that a prospective long-term requirement for
a primary (non-cooperative) surveillance cannot be ignored. Since the

possibility exists for viable space-based independent surveillance, it

cunslders spectrum must be retained for such a possibility. However, this
spectrum need not be reserved in the 1545-1559 Miz and 1646.5-1660.5 Miz
bands, but would more likely be located in the 1585-1610 Miz band.
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T While barometric altimetry is likely to continue as an integral part of the
d 4 aviation system, altimetry information Gerived fram the satellite navigation

system is likely to become an important adjunct and crosscheck. It imay also

come to serve as the primary data source far vertical separation in the

en route enviranment and, although geocentrically-based, may caome tO serve as

an altitude sowrce for collisian avoidance systems.

No additional spectrum beyond that currently allocated to GPS service will be
required to support these navigation functions.

The group felt that broad user implementation of high-accuracy, high-integrity

{ satellite navigation service could serve as a position infarmation source for

’[, a future independent airborne collision avoidance system, and could serve as a
®

g basis for a widely implemented automatic dependent surveillance system, both

! over oceans anG over land.

{

¥ Survelllance

o Autonatilc Dependent Survelllance

2ne concepl 0l ate oo S0 ¢ survelllance*® as a oo s irveillance
Svstaa L8 atlieo Tve Pxcdee T e the potential of simplifying the
Ievulred avionics compeemen Lioociocraft and the ground facilities
reguired for ground-based cooperative independent surveillance. It
assumes that the position information derived from the navigation system
arxl transmitted to the ground 13 of high accuracy and integrity, with
essentially ingstantaneous failure warning. It further assames that the

Position data transmitted to the ground for surveillance purposes is

essentially raw infarmation, only minimaily processed in the aircraft, and

F ' without any modification by thoe crew.

.

r

r

r —

L'. *Autonetic dependent surveillance assumes a dependence on aircraft-derived
&f. . navigation data, and is defined as the autamatic readout of navigation data
y and transmission to and presentation to the alr traffic controller without
Mo : .

b7 iuman intervention.

J
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FOP CONCEPT 3 -- ATC FUNCTIONS

DOWNLINK UPLINK OTHER
Paired L-Band Paired L~Band BANDS
as far Concept 2 £.9 Mz 10.35 Miz
plus
Space Radar 20 Mz*
(noncooperative surveillance)
8.9 Miz 10.35 Miz 20 Miz

*Spectrum for this function expected to utilize a radionavigation satellite
band between 1585 and 1610 MHz.

SPECTRUM REQUTREMENT FOR OPERATIONAL CONTRQL FUNCIIONS --—
ALL CONCEPTS

(provided by ARINC/ATA on behalf of scheduled airlines)

DOWNLINK UPLINK OTHER
Paired L-Band Paired L-Band BANDS
Space Cammunications
{Operational Control) 5.6 Miz 5.6 Miz
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n SUMMARY ~- SPECTRUM RBQUIREMENT FOR MOST DIEMANDING CUNCEPT
proe]
: DOWHEL-INK UPLINK OTHER
Paired L-Band Paired L-Band BANDS
*Space Communications
(including automatic
dependent surveillance
reporting once every
10 seconds)
Digital 3.3 Miz 2.5 Miz
Voice 1.2 Miz 1.2 Miz
**Parostrial (Ground-to~Air) 2.4 Miz 1.65 Mz
Non~Satellite Voice & Data
(including 1 Miz buffer on
‘ downlink)
o
k" *Space Communications
Adjacent geographilc area 1.0 Miz 1.0 MHZ
4 Services {(where frequency
i reus2 is not possible)
P~
'. **rShace Jooperative Independent 1.0 Miz 4.0 Miz
j Sarveillance
Space Radar 20 Miz**e*
f (noncooperat ive surveillance)
Spoce soaanlcations
{Coerational Cantrael) 5.6 Miz 5.6 Mz
14.5 Miz 15.95 Miz 20 Miz

*Thase frequencies can be shared with a secondary land mobile service which

Section 4.4 are fully satisfied.

N ) **iot sharable

*xk ot saarable if space~based system similar to Mode S is chosen.

not anarable if gsynchronized, range-based system is used.

® bard between 1585 and 1610 Miz.

is uwplewanted in such a manner as to assure that the sharing conditions of

Possibly

*h ek Soactrun for this function expected to utilize a radionavigation satellite
i 291 g
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3. The Scowe, Ground Rules, and Progpective Services Related to the Task
Group's Work.

3.1 Scope

The year 2010 was selected as the future year for the purpose of
investigating meaningful future ATC system concepts and operational arrange~
ments, and for estimating frequency spectrum needs for ATC services. Airline
operational control and administrative communications, recognized as needed,
were not estimated as part of this exercise.

ATA/ARINC is included in Section 8.

Instead, information provided by

The development of potential future requirements for a limiteda number
»f representative world areas was estimated to be sufficient to bound global
spoctrun necads, assuming that at l=ast rudimentary frequency reuse would be
available to service other areas -f the world, and that similar service needs
were 2o be expected. The areas chosen wer: North America, including the U.S.,
Canada, HMexico, and the Caribpean; South America; the Atlantic Ocean area; and

the Pacific Ocean arca.

The need for services, including communications, navigation,
surveillance {and independent coliision avoidance), were considered in the
> wraffic.

cunteat o0 s omcted levels o onatos Consideration was given to

cvaiviiadg seavices oY tree forescor noed for service levels not presently
oo exd, such as significant lrevels of data link communications to provide

visua. weatier iformation in the cockpit.

. Sroanag Ruies

sasic Study Considerations

- 3
[ )

Wiiile spectrum requirements of present ATC system elements must, of
oowrse, G protected for a number of years to come, the group agreed to
estimate the amount of spectrum that might be needed to satisfy future

aviation safety system requirements under several different concepts.
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The group recognized that about 75 Miz of ‘~band aeronautical spectrum

was potentially available for future services. This spectrum incluies the two

14 MIiz segments planned for aircraft-to-spacecraft and spacecraft-to-aircraft

communications with allowance for suitable diplexer arrangements compatible

with adjacent maritime spectrum allocations.

3.2.2

3.3

ATC Punctional Interrelationship and System Operational Ground Ruies

Assumed

In the ideal situation, excluding any consideration of zvionics
complements, it is desirable o have separate cammunication,

navigation, and surveillance functions.

Combining any of the two functions entirely wil! reguire parallel or
dissimilar redundancy in the avionice camplement of most aircraft

operating in Instrument Metearological Conditions (IMC).

A systen concept 1n which a single system element failure can
simultaneously eliminate both the capability for cockpit anavigation and

ATC surveillance 1s not acceptable.

Colening axl three functions may result in a safe system if sufficient
vodundancy is provided. (iowever, this would require significant
redundancy in the ground anxl/ar space system elements, as well as
aircratt avionics. The costs for this redundancy and related services

(e.g., increased communications) are unknown.

wew sarvelllance/communication systen operational concepts should be
1irijed with regard to their capability to impact a relatively low

e of users if a system failure occurs.

Prospective Services
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Sader..te navigation ls iiaely ta be the primary world-wide horizontal
Lvajation service for the future. A CPS-based system is the likely candidate
coUhas service, and GPS is Lik2ly to evolve to become techmiologically simpler

GaLeloaore applicacle to civii needs. 1Y 1s assumed that this GPS-based system
woia o stand-alone system,; not dependent on other aircraft gyvstere for its
socessfar Gperation.  Futuce availapility of increased accuracy to the civil
cormun.ty from GPS ig ussumed. This may include the availability of useful
vertoal position information; vertical guidance information will be required
LT 0eh 15 to e used to support landing operations with operating minimums tc
SO0 feet wid /2 mile (current CAT i). MLS will be used to support precision
laa ing services. There is at present no foreseen need for additioi.al

Irexjuency spectrum to support future navigation services.

Jdowevor, the present 13+3 GPS satellite constellation ‘ives not lave
st Lsione reliabiiity or inteyrity to satisfy civil aviation requirements for

“wole meanst ravigetion system. To meet civil requirements Zor a soOle means

v PR RN

Gavlulion system, the present constellation needs to be augmented by adding
. Banellates (e.q., 26 sateliites + spares), or addinc several geostationary
oo e s s TS o oeans . on capabilities (nover s cTstalionary

G e L o vy Lo provide communications 1, addition

L S.3ailse. Bitner U gerstationary satellites or communication
L anclCanated o e needed to send GPS health messages to system

sior. o .iferential TS5 operational scheme, with local ground reference

e

O TOont or syshem heaith and provide increased accuracy by trans-

oo ion oo awreraft, wsoasen an oprlion o be ocraidernsx for the

¥

v Yy vrryyv vy

PG e oot Lo o0 assessed on terms of spockroa
ToOThe Lase Tows oXaliaest Sevedel navigation system ooncepts. It

BT e e Dot O syntens winlah Jain aeet the ground rules concerning
| e LT 0erat Lo capabliity, as well as high accuracy worldwide. It
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concladad that systems of nongeostationary satellites, optimally placed, were
tie st likely to find acceptance and use. The task group also considered
the concept cf "dependent nav.ication,”" but chose not to select it for the
failowing reasons: A significant sateliite consteliction would be required to
acnieve services of the quality tc be expected of an evcelved GPS, i.e., high
acuracy, vertical information. high reliability, and adejuate signal
wntegrity. The sequential use of a mi imum of four satellite paths (aircraft
toosatelllte to earth to satellite to aircrafi) would be required to provide
navisyat.on infarmation to the aircraft. Pos.ition report lags of 0.5 seconds
for qeosyichronous-—-altitude satellites (neglecting processing delays) must be

axpected, and such lags woulu not suppart CAT I instrument approach operations.

Lese.l  SACVEeLLLanCe Services

JSoaighay reliable, nign-integrity swveillance function must be
aonaovanie, ad epplied as appropriat.e, in any airspace {(ground to
7,00 evn, . (1) to effect afdequate protection fraa blunders, ATC loop
eorors, aiae Other huaan factor relatel arrors while operating with the most

o

eiflo.ent sceoaration ninima possible, and (2) to effect efficient air traffic

SaTVices.

o Ve e posatica o xn e Lute of greater tharn once in 4 seconds
Soaa. acea anxd otier nigh traff.. iensity operations is anticipated to

i

o2 senend. My thils analysis, ooacaXion o race o0 once cach second has been

he i wo e a useful value for foture operations 1n terminai areas. A
Catoool once G- secoids 1as been assumed for en route operat ions (lesser
Derfaaronitats LAr oCeanrl service;. The surveillance Iunction shouid have the
Locaoaaty o provide a range of positioa yxlate rates.

Proesent JAA poLicy, which Calls for owiependent survelliance for
ST S IO VLG U Ve n e services Ln o sdpport ol DOD requilrenents, and

DOV LGe selvice o alrcralt witi, systen outages, was recognized. It was

U0 gl 5)0CE0 W sadst e providend to aaintaln suche ain independent service.

co e wviievaxd that oan the future, alrcraft transpoider -based cooperative
caocpendent sarvelllaaee or wutonan ic dependens swrveillance could satisfy the
st s et Lattion, i1 andversal carriage can be assuned.  Nonetheless,

L Ve should e sel asde Tor cagepondent, roin-cooperat ive, swrveillance.




3.3.3 Communication Services

There will be a continuing need for air-ground voice and data cammuni-
cations. It is believed that such services could be provided by commercizal
services. Guaranteed high-integrity channels will be required for these
services, wnich would also carry the automatic dependent surveillance

comunications.

If air-ground communication services are most efficiently prcvided by
growxi-based systems in high-density terminal areas (to constrain service
costs due to high system capacity needs), consideration should be given to
satisfying this function at L~band so that most efficient use may be made of

the L~band avionics.

A question remained regarding the provis:on of communication and
survelllance services over the polar areas. At a time when it becomes

aticactive to phase out i, a means nust be found to satisfy this need.




4.0 Radio Frequency Spectrum And Service Sharing Considerations

4.1 Aeronautical Satellite Allocations

The principal portions of the radio frequency spectrum available to the
aerocnautical community for satellite applications are the 1530-1660.5 Miz and
5000-5250 Miz bands.

In the 1530-166G0.5 MIz band, there is 44.5 Mlz of exclusive aeronautical
spectrum and 51.0 Mz of shared spectrum which is available for space
utilization (see Figure 1). The Global Positioning System (GPS), in the SPS
portion currently available to the civil community, uses 2 Miz (centered about
1575.42 MlIz). The full system, with its dual frequency precision ranging
capability, utilizes a total of slightly over 40 MHz (+10.23 MIz each,
centered about 1575.4z Miz and 1227.6 Miz).

The 16i0-1620.5 Miz segment is a suiject of an FCC NPRM addressing future
radiodetermination satellite services. The 1545-1559 Mz and 1646.5-1660.5 Miz
(satel’ite-to-aircraft and aircraft-to-satellite respectively) band segments,
presently the principal aeronautical mobile-satellite (R) bands exclusively
ailwcated, internationally, to aviation, were systematically planned with
SullLl e LIPLeXer arr.uiudenid Sl wese compatible with the adjacent maritime

cpectrian Li.ocations.

Troeo total 5000-5250 Miz band 1s available for aeronautical satellite
applicat.ons with one proviso. Satellite use of this band must not impact
operaticn of the international Standard Microwave Landing System for precision
approacn ane aanding operating in the sub-band 5031-5090.7 MHz. The

Tio=Ta.T i sl 1s alliocated to the aeronautical mobile-satellite (R)

woTvICe, oo Daodeki-satellite service, and the inter-satellite service (see
Cateire oo Lne by tne fixed-satellite and inter-satellite gervices is
ceatrLotel o use La condunction with the aeronautical radionavigation and/or
aeroieadtaTal mobile (R) services. There are no existing U.S. satellite

operacions in this band.
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4.2 Regulated Use of Aeronautical vobile (R) Bands 1/

International Telecommunication Union (ITU. Radio Requlation 3G30
restricts use of freguencies in any band allocated to the aeronautical mobile
(Rj service to "communications related to safety and regularity of flight
bDetween any aircraft and those aeronautical stations primarily concerned with

£1.gnt along national or international civil air routes." Using the principle
imbadded in RR 3630, a strict interpretation wculd require that frequencies
ased for aercnautical mobile (R) communications be on an exclusive basis,

1.e., not shared with other services. This wouid rule out any consideration
cf ooeratlng an aeronautical mobile (R) service within a mobile service
aliocation, for example, even though it would otherwise be appropriate. It
WOL L1 «l30 rule out a band sharing .rrangement involving the aeronautical

mco.le (R) service and another service.

ApDiving a more liberal iaterpretation of the international radio
regu.at.ons, the task group develcped conditions for sharing satellites,
transponders, frequency bands, and individual channels which would satisfy the
irtent of ITJ Radio Regulation 3630. These conditions are preseated in

L R

Gus 0 L Surv .o Snaring Isbue

Une of the principal reasons that aercnautical satellite communications
{atz-cround) are not currently in use is that satellites dedicated to
acroncalcical services have aot been shown to be cost-beneficial. A form of

SvwseG service, whereby several different user groups share the use {(and cost)

ol satellite transponder or platform, might become cost-beneficial for gome
AVIACL M SELVIeS,
L Frogueccaes Inany band aliocated to the acronautical mobile (R) service

are ceserved for communications between any aircraft and those aeronautical
stations primarily concerned with the safety and reqularity of flight along
national or international civil air routes.




There are several ways of sharing—shari.., the use of a satellite

transponder with a user group which has an adlacent frequency allocation
(i.e., the maritime community), or sraring a satellite platform by placing an
aevonautical transponder or package onboard {resulting in significant capital
f.ac avieation community;. A third way is sharing of the same
freqjuency spectrum, as would be the case in a sharing arrangement with a
regional mobile satellit2 service. lerein lies the dilemma: on the one hard,
space segment resource sharing may well be necessary o provide a
cost-beneficial basis for some aeronautical (air—-ground) communication
services. On the other hand, there are potential problems in this kind of
sharing, such as whether sucl. shared service can provide the needed quality of
communications to support safety-of-life services, and concern that the band
segments could e quickly gobbled up by rapid growth of general mobile service

requirements.

Acceptable shared service in these L-band s ts wouid need to satis
f

a nunber of overriding conditions, including:

1. The aviation community would need to be satisfied that their future
soGulrements el DG Wl W0 tiese band segments, considering Gomestic
ané world=widie avieiid, neais. This will include the reservation of
a portion of the band segrmeats for potential future functions that
ma.ght not pe able to use a shacred service (e.g., a high

quality/capacity/capability surveillance function for CONUS).

Anexuate capability must be available, at any future time, to meet
aeronautical reguirements through use of: (aj system capacity from
any implemented mobile satelilte communication systems utilizing
portionsof the presently allocated aeconautical mobile-satellite (R)
spectrum, and/or, (b) use of the remainder of the present aeronautical
mobile-satellite (R) spectrum (assuming no increase in frequency

reuse veyond that utilized 1in the then existing generation mobiie

satellite communication systems).
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2. Any shared service would need to provide the capability/flex bility
for a variety of functiors, and pe able to operate witli user aystem
interface requirements that do not result in an undue cost burden on
the user. Thils aspect is likely to include the consideration of

wor 1d-wide svstem campatibility.
p, L Yy

5. System internrity and long term reliocbliity-~inciuding instant access
Wil priority--aspects are of particular concern in the provision of
an aviation safety service, and would need to be carefully addressed.
4. e potential for "uncentrolled" user classes in any shared service
aia tO ke conslderen .
e oalol 0 hervice Sndaring Conditions

ool Lo wame frecuency spectram, satellite transponder, and
satel Lite platfora, two arranijements are possible——earmarking (dedicating)

LIiC Channels te aeronautical use, ard sharing channels.

S
Tt e siies that the channels ouula e assigned
Ch et LT G e e vl _..ie, landmobile and aeronautical),
Shusoe s L Clow dymando demacd aesagnaent basis and/or an arrangement in which
¢ oo D chnnels temporar. iV aliocotad Lo aeronautical use could vary
vl tlne fe.T., over a Gaily cycle), Jdepenaing on aercnautical service needs.
e T LoWAR COIRLEIONS Aare coas.Gevad essential for e anplementation
oo a s worsaaltical sateliite safety saervice:

GeltransiGal sately SCrvices TS 00 Lo ALTAest priority secvices on

osateilite Jexcent 1a the Tase 91 O rationuan euerIenc/) .
N J

ional agreenants will be requiredd to assure the

Lsoonal/internati
. L b e e Moo aareement o 111 form th
vhoaevenents O systenn stanaurds.  ULOSe agrecients wWlil rora the

€~ ae Ly~ Ny rye vt Cxeave S
caoao GO DIOCUDLAN SeIVICeS.




P

The satellite service shail be as transparent as poseivle regarding

the acceptance of various system operatiorial schemes. The aviation
community reserves the rignht to develop and use system designs,
including system interface specifications, system accessing
techniques, and channel bandwidths, that may optimize service

benefits and costs for the aviation community.

A number of system operationai conditions/guarantees have been identif.ed

as being necessary to make the use of a leased commercial shared satellite

communication service for ATC acceptable, considering both dedicated channel

and shared channel satellite service sharing arrangements. These

conditions/guarantees include:

[N

or dedlcated channel arrangements, a series of channels (or

P:J

alternatively, system power/pandwidth capability) must be provided
wnich will contain only the aeronautical safety service. For shared
channel arrangements, guarantees must be given to insure that other
services potentially sharing the channels do not impact the provision
oi aercnautical safety services w.cn the channel(s) are assigned to

ACTORAULLICAT w2l

Shacec spuceccaft system compionents, including antennas and
troasponders, are acceptapie as 1ong as they meet necessary

reliapility/integrity requirements.

Loadiag on nonaeronaccicsl channels/by nonaeronaut:cal services must
not reduce the performance of dedicated aeronauticai channeis or

Cranmnels assigned to aeronautlical use.

Deddicated aeronautical charnels or cnannels assigned to acronautical
use must e protected agalnst narmiul interference products from any

other services utlilzing spacecratt.

in the case of spacecraft degradation, all other services must be

shed vefore the aercnautical safety services are impacted.
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Catastrophic failures will be mitigated either by an in—orbit "hot

spare satellite,"” separation of services between two or more

satellites, or redundancy of all satellite systems.

Operational access to dedicated aercnautical channels must be
instantaneous. Operational access to shared channels must also be
instantaneous after such channels are assigned to aeronautical use.
The time delay between request and assignment of shared channels to
aeronautical use must be very short if a dynamic channel sharing
arrangement is to be acceptable; acceptable demand access conditions
must be guaranteed prior to the use of such an arrangement. For the
case of possible time division multiplex channel sharing arrangements,

acceptable access and message throughput delay conditions must be met.

for shared channel arrangements, the satellite communication system
must have the capability, if necessary, to insure that messages

provided to the FAA will only be aeronauticai safety messages.

Provided that these conditions are resolved satisfactorily and the

related s

ystem design and operational considerations addressed in the next

section are satisfied, the task group believes that satellite service sharing

can be an acceptapble means of providing a portion of the aeronautical

services,
available

services.

Cons
leased se
could not
services,
the task

the rAA,

including safety services, if sufficient capacity could be made

in the aercnautical bands tn also permit their use by other mobile

idering the present mix of FAA owned and operated services, and
rvices, the task group saw no reason why a leased satellite service
support a portion of the aeronautical needs, including safety
provided that adequate service safeguards were satisfied. Further,
group (did not consider that satellites would have to be dedicated to

again assuming adequate safeguards.
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THE AIRCRAST-TO-SATELUITE LINKS.
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(a1 with the necessary satellite transceivers. (Such groups may already
exiot, i.c¢., helloopter operatirs wo need AC services in low—altitude and
of{-shore alrspace where ATC coverade 1s poor or nonoxistent, and oceanic
LUGTOR Users WO cannct obtaln growwd-basaed VIF line-of-zight services except
inollaltea offstiore arweas. ) rinzily, proof-of-concepl tests would have to be
eiteted, probably for several years, to gala experlence and/or confidence in
the uystem.  As sucn experilence confiilence was gained, the service could be

s Into increasingly compiex or dense airspace on an orderly basis,

cuchs o approach requlres no dranatic switch in ATC systems or procedures;

tows o araduaal, wost-ctfective neans for transition; and pernits the concept

ooovolve to whatever leveil or lmplementotion 1s deemed approgriate.
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encoder in the aircraft to determine altitude. 17 1is interesting to note that
in no airspace do we truly have an independent swveillance system, since we
are always relying on the aircraft (pilot) to provide at least one piece of

essentlal information to the ATC system.

Thus, the concept of operationally using dependent survelllance is well
established in the ATC system. The question 1s, to what degree can this
function be extended to achieve an ATC system totally based on dependent
survelllance. The answer lies with the accuracy of the navigation systems
beirny utilized, the reliability and integrity of the navigation system(s) and
tie commailcations systen elements used to transmit and receive the infor-
nation, the system redundancy to assure that a single failure does not cause
the loss of poth navigation and surveillance, and the confidence of all

pacties concerned in using such a system.

Technology is moving rapidly to solve the accuracy, reliability, and
inteyrity issues raised above. It is possible today to buy RIAV reccivers
pasex] on VOR/Orll, LOKAN-C, DME/DML, OMEGA/VLF, and, in the not-too-distant
future, GPS. ©For the purpose of this discussion, the source is not important

Laltiowgh the a~curacs cioorly etweos on the source), but rather the fact

: Tooln DOCOMLING i Woewaa, . oo common (and cost-efrectiive;] for & large
Gl e aarerafl o nave Oibien . oo.clon determination systems. Thus, the

et Lo- o automatic dependent survelllance system i1s being created at the
tiae.  What 1s pecded is a system to transfer this onboard information
to the ATC system at a sufficient update rate to be used for ATC purposes.

one way Lo Goothils woulid be to use a satellite iink as the transmission medium.

cow onald such a system be intraduced into Lhie A0C gystam Inan
Decier Ly, sZetematle wey) First and foraaost, there would have (o be
wnatwent oon the pars f the SAA and wers to nove toward such o system.
Send et osateriite Dine WOLGTD Lave oo e provided,  Such a Tink could be a
Subsysten onoa vartety of commeraial on government-owned geosynchronous

satellite aystens.  Third, a certain et of users would have to be willing to
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1s discussed. It allows the ATC system to be extended to areas where, toda .
few or no services are available, and to evolve to other areas as onbnard
position determination accuracy, re.iability, and 1ategrity improve to a level
consistent with the separation standards needed. It also est.bl.shes the
potential bandwidth requirements wrich would be rniecessary for the satellite

systen whicih woulG be used to support the system.

Accurate and timely position determination of aircraft ;s essential to
oo oroper functioning of any air traffic control system. The more accurate
the determination is, the smaller separation standards can be in any
particular airspace. Today, separation standards are based on the —apability
of the navigation system to achieve an acceptable level of performance and the
caiaab1llity of the surveilllance function to monitor aircraft separation and
navigation performance on & real—-time (or aear real-time) basis. Surveilliance
T such high-trafiic density areas as CUUS are based principally on some
torm f radar (orimary or secondary). lHowever, if one couid e assured that
regarciess of the source of the position determination, it would be accurate,
Cimery, and reliable. There 1s o reason why it must be independent from the
aircrait’s onboard navisarion uystens. If one can accept the srincinle that
so o reliability and 3ras T v f cmboard
GeooverntrT s L. e Lo concept of air tradfic conerot tused

LLosurvelle aow Goservel ouno.aeration.

o aska's alrspace, there are thrée principal mechods used to locate

GLorath g provide separation services,  Flrst, in low=dens!ty airspace

Tt e Ladiyr coverace exists, we sely on opillot positilon repss s basedd on
v k. A

CianL o noAnc I navigatlon faxes. Thils s degenuent swrveidiance, (.., the
SOV L el a5 Qe adent Ol Lo Lavicialidat Y3 LOm 051 0100 date . L eartalin

Lol atun, e, W AV Qled e Uo o0 a0 Y FdGal’s Wit Luuonati o

VLS cenxortiasg, Theas L DOVIGay, o o ol LoSerendent sarvels lance s so long
+ e B . - - : P . - _ . R [y

W3 oDt e e LT Gas e and cneoding Gitimeter) are working.
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Coiariay, o vigo=density termioal asvepane ad most, 1 not alil, of the

Shgir-astitade en o rodte airspace, we jrrovide both primary axd Beacon radar

A e Lt , evenL DeTe We s e Sely o altiher o priot report or oo aitiaocuae
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7. ifuture System Concepts

The task group considered the nature of future air traffic system :
management, the mid-1990's baseline ATC system following implementation of the q
Hational Airspace System Plan, and new AUC concepts for the 2010 time period. ;
. 4
A discussion of these subjects, 'including overviews of the system concepts for [
2010 which are considered in more detail below, is presented in Section 2. i
|

The concepts considered below focus on providing services for
4

anticipated continental U.S. traffic {see Section 5). Consideration for
global service has been given, resulting in the following design philosophy
assumptions: There will be several areas cf the world, which would have a
sufficiently large user base {possibly not limited to aviation) to justify the

cost of a satellite system employing multiple beams and a fair degree of

" A"l] N

Irevueacy ceuse. Other areas of the world would have service from satellite
systems employing larger beams giving iittle opportunity for frequency reuse.

All the services would have overlapping coverage to provide continuity of

I i,

seovice on a gloval basis. It is assumed that when the user base of an area

o)

and service demands grow to a substantial level, that area would also justify
the use of a multiple peam satellite system employing frequency reuse. It is

assumed trat the basic functions considered below, inciuding voice andd data

U PR

GO Ml TATIONS, Gulonett T Gy Sucvelllance, and globai satciiite

LAVIGAl G SUSViCaes, e aaascane. roougnout the world.

R Atoo Ui Dependent Surveisdlarce Basec ondreg —Uoncept 1
7.0 introdaction
Ttois thie intent of thils section o develop wlr AN Lyt L o ae o nal concept

Lasad on automatic dependent survelilancr s The praely Means SOl insaring

separation, aid to dilustrate how 1t Could DO LLLraiacest noa systenat1c way, R

Dased on the accuracy of the navigation systems bDedng wsaed and the ailrspace

involved. A viable concept for intradiucing aatomat io dependent swverllance, J

using a satellite link as the transmission medium for the surverllance data, !:
.
|
;
1
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TA.E 6-2
TERMINAL COMUNICATIONS (DIGITAL)
SATIILLITE PER AIRCRALMT 2LCR ALRCRAIMY 1
LLLK PARTD TUNCTIAN AVE BPS PK RBPS ‘
\
o Aircraft o ATC 8.4 x10 04 |
to - Tactical (ack.)
Sround - Automated clearance {(rea.)
o Flight Services (req.; G.3 x10 3
- Urgent ETIS
~ Routine ETIS
- Digitized Wx
o Automated Dependent Surv. 500 500
- Position
~ Cxtended Position
o Wind Report 7.5 7.5
o Total per aircraft 504,65
o Total for 7.5K aircraft 4.5 17108
o Sround o ATC 40 X5 20U
Lo - Tactical
Aircraft - Automated Clearances
o rlight Services 4.6 x5 23
¢ Traffic Advisory 50 5S¢
(assumes 10% A/C)
SoToTaL por Lircrailt
O Subtoldl el V.o ooorL 7 MaA0S
CLIOaGCLst
- ALl Call 100 100
-~ Nav. System integrity 20 20
- Nav. Systenm Differential 20 90
210 210
o Totar for 7.5K ailrcrait 2 MBS
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SATELLITE
LINK PARY

o Aircraft
to
Sround

o Ground
to
Aircraft

“N ROUTE COMULIICATIQUS

O-3

TARLE 6~1
(DICITAL)

PER AIRCRAFT PER AIRCRAFT

b WP I T WS T T VAT YY)

i

et et At e e
S W W IN

FUNCTIQ AVE BPS PK BPS
o ANXC 8.4 x10 84
- Tactical (ack.)
- Automated clearance (req.)
o Flight Services (req.) 0.03 x10 0.3
o Automated Dependent Surv. 125 125
- Position
- Extended Position
o Wind Report 2 2
o Total per aircraft 211.3
o Total for 42.5K aircraft 8.97 MBPS
o ATC 8.4 x10 84
- Tactical
- Automated Clearances
o Flight Services 2.3 x10 23
o Traffic Advisory 6.5 x10 65
(assumes 53 A/C)
o Total per aircraft 172
O Subtocal xr 42.5K Alrcraft 7.3 MBPS
O Broadcust
- A1l Calxl 100 100
- Nav. System Integrity 20 2
- HJav. System Differential 20 20
210 210
o Total for 42.5K aircraft 7.3 MBPS
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The digital data to support automatic dependent surveillance (item d)
includes the aircraft ident, state vector (or pseudo ranges from GPS),
barometric altitude, and altitude rate. This data is transmitted at a 1 liz
rate for terminal area applications and at a 0.25 llz rate for en route
operations. An extended position report is also provided to permit ground
control to detect flight paths that appear to be inconsistent with the flight
plan. As noted from Tables 6-1 and 6-2, the data requirements to support
automatic dependent surveillance dominate the other service because of the

relatively high update rate per aircraft.

The aircraft counts used in Tables 6-1 and 6-2 were obtained from
Section 5. By using the peak counts in CONUS, an upper bound on the

communication requirements can be obtained.

The emergency traffic advisory is provided to aircraft that are in the
vicinity of another aircraft whose navigation or communication equipment
failed. It is assumed that 10 percent of the aircraft in terminal areas and
5 percent of the aircraft en route would be affected at any one time.

The broadcast data is used to provide all aircraft in a particular
geographic area with time synchronization and acquisition of the common
channel, navigation system integrity, and navigation system differential
corrections. The time synchronization* and acquisition allows an aircraft to

obtain appropriate time slots in which to transmit.

The Per Aircraft OPS estimates presented in Tables 6-1 and 6-2 include

allowances for protocols and Rate 1/2 error correcting coding.

*The time synchronization also allows the ground terminal to obtain an

independent measurement of range to the aircraft for use as an independent
monitor of the position report.

™!
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" O Lstimates of Required Information i'low

This section presents estimates of information flow for air-to-ground
and ground-to-air digital data communications for a high density area (in this
case using the continental U.S.), which were based upon the traffic forecasts
developed in Section 5 and on previous studies of ATC data link communication
functions. Information flow estimates for voice communications were not
developed; instead, estimates for frequency spectrum needs for voice services
were based on consideration of present voice services as presented in

Section 3.

6.1 Digital Data Communication i'low Estimates

The digital data comnunication flow estimates are presented in

Tables 6-1 and 6~2 for en route and terminal area communications, respectively.

The ‘lata message types include the following:

a. AIC tactical messages

b. Flight service

c. Aircraft-derived wind reports

d. Austomatic dependent sarvetiilance
€. Emergency traffic advisories

f. Broadcast data

g. perational and administrative communications

The data content to provide items a through c were derived from
Reference 1 (FAA-RD-31-14)., Other data were added to permit future ATC

services such as time navigation and definition of fixed paths in terminal

areas. For ATC and Tlight Services communications, the average number of

L messages from Reference 1 was converted to bits per second (BPS) per aircraft
v using the 'Mode S data format. The average RPS was converted to peak BPS

- assuming a factor of ten. The Mode S data format was also used to estimate

i the peak WS for all digital data functions.
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This data seems reasonable trom the standpoint of considering realistic
and meaningful estimates of future traffic-related statistics which could be
usel as an input for projecting a bound on foreseen future ATC services. This
data was developed assuming the projected ocontinuing growth trend of the
present air transpart system. It will be seem fraom the computations in
Section 6 that within the information flow categories, there is an essentially
linear relationship between aircraft served and spectrum required. The table
clearly iixiicates that the service demands will be dominated by a high traffic

density area such as the continental U.S.




SRI International Study (Ref. 9)

Including All Scheduled Traffic 1930 1985 1995

Total Atlantic Basin, Incliuding
Most of Africa and South America,

PIAC : 594 705 1038
North Atlantic, PIAC : 355 422 620
Caribbean, PIAC : 162 —— 282
South Atlantic, PIAC : 43 — 82
Pacific Basin, PIAC : —-—— 713 1572

Consideration has also been given to including Gulf of Mexico traffic,
including helicopter traffic, into the overall Caribbean PIAC. A total of
75 and 100 helicopters estimated for the year 1995 and 2010 respectively, are
included in the Gulf of Mexico traffic (Ref. 10). Based upon this information,
the estimates of PIAC's presented in Section 5.7 for these regions have been

selected for consideration in the study.

5.6 Canadian, Mexican/Central American, and South American Traffic

The SRI International study (Ref. 9) includes estimates for PIAC's for
South America (153 and 315 for 1980 and 1995 respectively). Estimates have
been made for the other areas which are considered reasonable. The estimates

considered in the study for these areas are presented in Section 5.7.

5.7 Summary of PIAC Wraffic Estimates

The following table presents a summary of the estimates of PIAC's

considered in the study for the various geographic areas and cases.

C e PIAC's
- Area/Case 1995 2010
@ —_— —_—
L Continfntal U.S. - 50,000
| Busy Center (Enroute Traffic) - 5,000
f Busy Terminal Area - 1,500
; Continentai U.S. Traffic
" in Terminal Areas —- 7,500
: Canadla 2,500 4,000
' Mexico/Central Amer:cad 300 600
South America 300 600
, North Atlantic 500 800
- Caritboan/Gul ! of Hont oo 275 400
Souti Atiaatic 0 150
o Pacific Busin 00 1200
Central Dast veoaiio 110 200
s g e e L et T N
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by FAA and completed in 1931, only considered aircraft in oceanic flight
informatior zegions and those flying above 24,000 feet in altitude (Ref. 7).

Several other traffic forecast studies not explicitly including ATC
system improvement aspects have been considered. These included a 1973 study
by Booz-Allen Applied Research (Ref. 8) and a 1977 study by SRI International
(Ref. 9). The Pacific traffic forecast developed in the SRI International
study (Ref. 9) might be considered somewhat high for the purposes of this
analysis, since the geographic areas include some overland regions that might

otherwise be considered as domestic system areas.

The following data summarizes the findings of the 4 studies considered
(Refs. 6-9).

ARINC Study (Ref. 6)

1975 1980 2000
Atlantic Basin, PIAG : 150 170 370
Pacific Basin, PIAG : 120 140 380
SRI International QASIS {Ref. 7)

1979 2005
North Atiantic, IAC 170 230
Centra) Last Pacific*, IAC : 40 109
Booz~-Alilen Study (Ref. 3)

1980 1935
Pacific Basin, PIAC : 323 431
nonolulu—-CAus, PIAC : 87 92

* T

.o Central bast Pacific Traffic is predominantly the traffic between the

North American wWest Coast and ilawaitil.
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5.3 Busy Center PIAC

Considering the enroute traffic PIAC's that may be needed to be serviced
by each of the 20 U.S. Air Route Traffic Control Centers, the highest PIAC for
the year 2000 is projected for Chicago, about 3,600 aircraft (Ref. 4).
Therefore, it does not seem unreasonable to estimate that a U.S. Center may
need to service an enroute traffic PIAC of up to 5,000 aircraft by the

year 2010.

5.4 Busy Terminal Area PIAC

The PIAC for a busy terminal area, i.e., a high traffic density area
possibly involving a number of airports, is also an important parameter for
analysis, since terminal area traffic may require additional services, such as
surveillance position reports at a higher rate and additional communications.

A busy hour demand of 500 operations per hour has been projected for the

year 1995 for the New York City area, considering the three large city airports
(Ref. 3). An IAC of over 1,000 aircraft has been projected for the Los Angeles
area (within a 50 mile radius) for the year 1995 (Ref. 5). Therefore, a PIAC
for such a busy terminai area for the year 2010 of 1500 ~avreraft has been
selected as a bounding value. A total of 15 percent of the U.S. PIAC, or

7,500 aircraft is assumed to be in terminal areas.

5.5 Atlantic, Pacific, and Caribbean Traffic

Many studies 1nvestigating irprovements for these areas have been
carried out over the past 20 years. ilowever, since a number of good studies
concentrated upon "filling gaps” in the present AC systems, the related
traffic forecasts projected by licse stwiies distort the actual levels of
traffic for these areas. Tie AN Jesearch Corporation Communications study
carried out for the #AA in the mia-1970's orojected PIAS's (i.e., the peak
instantaneous aircraft in the comaiications Gap, or outside of line~of-sight
communicacions coveragce) instead of 2IAC's for the entire areas (Ref. 6). The

SRI Interntational Oceanic Area System Improvement Study (QASIS), also sponsored

. MU . R T R
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5. Traffic Forecasts and Traffic Loading/Distribution
5.1 Introduction

Traffic forecasts, by definition, are always wrong, especially when
looking ahead for a period of 25 years to the year 2010. At the present time
economic conditions seem to be projecting an optimistic future of growth for
wraffic., The NAS Plan projects aviation activity to nearly double in the next
20 years (Ref. 1). Recent projections from a consensus of 11 aircraft and
engine manufacturers and suppliers indicate a more than 5 percent annual
growth in worldwide airline traffic through the mid-1990's, with non—U.S.
traffic gains outstripping U.S. gains (Ref. 2).

Considering these optimistic views of the future, but realizing that
there will probably be ups and downs as well as diverse opinions, the objective
of presenting the projections in this section is to attempt to bound the need
for future services. Therefore, only one set of estimated future traffic is
provided; the future tratfic levels are not considered to be unreasonably high
considering the range of possibilities. The traffic data is provided in terms
of Peak Instantaneous Aircraft Count (PIAC); that is, the largest number of

aircraft actively fly.ng in tae AIC system being considered anc requiring

5EIV.COS.
5.2 J.S. Domestic PIAC

Over the last decade a number of estimates have been made oi the PIAC
for the continental U.S. A study performed as part of the Advanced Air
Traffic Management 3System Study in 1975 estimated the PIAC to be 37,000 by the
vear 1995 (Ref. 3). More recent projections prepared as part of a forecast
study carried out for the FAA Office of Aviation Policy in 1980 estimated the
PIAC to be as high as 45,000 by the year 2000 (Ref. 4). For a number of years
a PIAC of 50,000 aircraft for the U.S. has been projected for the first
decades of the next century. Therefore, based upon presently available data,
a value of 50,000 PIAC has been selected as a reasonable value for the

year 2010 t¢ be used in the analysis.
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7-5
and to what extent back-up or fail-soft wmodes are required (e.g., the need to
carry ancther navigation sensor besides GPS or to have a means to coast

through satellite or other system fallures).

7.1.2.2 Commumnications

Mobile satellite systems are being proposed by private industry to
provide voice and data communications to mobile users. Since the intention is
to attract large classe: of users (besides aviation), and low-cost technology
exists to provide similar services, the satellite service to succeed will have
to be low cost. The technology being developed by industry to provide
cost—effective service includes the use of spot beam antennas to provide less
expensive EIRP through higher spacecraft antenna gains and spectrum use

efficiency through frequency reuse.

A large amount of the ATC-related communications in the 2010 time frame
will e via data link services. In the terminal area, however, some level of
voice communication may be retained to permit the pilots to retain a mental
picture of the traffic environment via the "party line." A multiplexed
Alv.tal ooaanications Yink ¢ O weeant the transmission of voice and data in

tie saune channe..

Tae communication services are assumed to be provided via commercial
satellites. ["AA would negotiate dedicated channels over most of CONUS with an
option to expand thne number of channels as the demand requires. For example,
the demand for channels from midnight to 6 a.m. is not as great as the demand
during peakx traffic hours. In low-traffic areas {(e.g., in remote areas, over
the oceans, etc.), the channels can e shared with other users as long as the
aecronautical safety scrvice nas preference to the channel. Each channel is

designed to accommodate digital data.
[n terminal areas, compatible terrestrial-based [—band voice and data

communication services are assumed to be provided to effect a more economical

service, to provide increased performance (e.g., to provide continuous
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coverage during ail.cralt mancwers;, and/or o provide a back-up system to the
satellite service. The i~bwid tercestrial system would make it possible to
use the same avion.cs for ail communication services, and therefore could
effect user eyuipment economies. Crreduency spectrum needs for these services

are presented in Section 3.

The data Llns oommaniication, fiow for the continental U.S. for the
2010 time frame has lxen estimated 1n Scection 6 based on forecasts of traffic
developed in Section 5. A significant amount of the data link communications
in the aircraft-to-growst direction is from automatic dependent surveillance
position reports.  The comaaiicotions alsce include system integrity messages
related Lo the cvolvea GPS, as indiouted i1n Section 6. Informaticn flow
estinales 107 /Olve deamumlaations wese not developed; insteod, estimates for
frocueacy spectrum aeets for voice services were based on consideration of

preseat volce services as proscentad in Section 8.

The apabili-,, accessioility, reliability, and integrity of a

. Ty AT Ay e
Sat ol il SOrTieiiiat

1o zusten shafwd service are issaes oOf Drine Lmpcrtance
for the acronautical sadety scrvioes, and are discussed in detail in

oo 3 —~ 3 o 7 g
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Soteni i depecar ont o STV el iads, using satellite communications to

Lelay Ried SOSLLION Tefxovis. 15 assalexi tO be the primary swrvaillance service
<.

for ail wiec.. Criancy rader s oassumed to be avallable in terminal areas
and wioali he used to Geveco anequippea alreraft or aircraft whoge automatic

depenien’ cwovellianee relatod expuipment had mai funceioned.*

CLovioive, Ty e tadde to enabroe ATC to obuain an independent line-oi-position

!
1 D iy Cenw e Deabul TG wanh Dhe comaunications channel {in eonjunction
3

( wil, i L alticude from the altimeter.

| @ “ Vi riaaad s racbar Do o veexd L0 vetect bird {ormaticons and lacal weather
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The position report data that would be automatically transmitted to the
ground system would be taken directly from the navigation equipment without
change by the pilot, and therefore would indicate the position of the aircraft
(to the equipment accuracy limits). Pilot blunders can be detected at any
time if the waypoint data being used for navigation is compared against the
cleared flight plan. Because of the improvements in the GPS accuracy,
avionics reliability, and the use of redundant altitude information, the
proposed automatic dependent surveillance-based system is assumed to be at
least as safe as the current system. In addition, automatic transmission of
position in lat/long coordinates makes it easier for a particular controller

"radar" position to accurately display the position of all aircraft.

The transmitted information would include such information as aircraft
ID; navigation sensor(s), latitude, longitude, and barometric altitude, GPS
altitude (if available); and GPS psuedo ranges. An extended position report
is provided by suitably equipped aircraft and includes the above plus heading,
ground speed, airspeed, and altitude rate. This position report provides the
primary surveillance information used by the ATC system. This information is

transmitted at a rate commensurate with the airspace:

The zate over csrea s Sou .l .x2 once every 10 seconds, the rate for U.S.
e TOAt e alrsiace 13 assumed e e once every 4 seconds, and the rate in
terminal 4reas 1s assumed to be once per second. The extended position report
is transmittei upon request by ATC and whenever one of the parameters exceeds
some specified amount. The extended position report may be used by ATC to
reduce the size of the airspace buffer Leing protected due to the uncertainties

and delays in the systen.

Tolo0uh Jollision Avoldance

Ve NWAS may still be in use as oan independent airborne collision
avoldance function in the 2010 time period. Alternatively, a collision
avoidance function may be implementad in conjunction with the availability of

GPS derived automatic dependent surveillance position reportes.

e 1"
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7.1.3 Summary of User Equipment Requir :zuents

A minimum airborne avioiics complement is two suitable navigation
receiver/processors and one cammunications transceiver/processor to satisfy
the ground rule that no single systenm clement failure may simultaneously

eliminate the capability for cockpit navigation and ATC surveillance.

MLS would be required if CAT II and III precision landing operations

are needed. Independent airborne collision avoidance equipment is optional.
it =hould be recognized that the above avionics complements do not
cover avicnics capabllity that mignt be desired in large transport aircraft

such as iaertial reference systems.

T.iuh Suamary of Service voovider System Requiremernts

Providing that the satellite air-ground commuication services could be
a Leesel satellite service (including the ground station capability) the FAA's
sysien eroaents would e limlted to the terminal primacy radars, the
o ZeSUlalmnasad Leoa o a0 SDowe cosmunications sytem, MUS nu tne ATC Adata
Pootessin cadd autonal.on svstens oo AXC facilities.

vk L Operatinonal Capapility

T Lol lowing back-up maxies are Lderent in the system conoept assunlng
STeooaininod avion.os complement of two GPE recelver/rocessors and one

. I
CoanhaniCat 1000 BLansCe i ver/ Pricessor:

) A aireraft that falls to toansit its osition either hecause of a
tallure 1o the navigation or coqanunication equipment is expected to
revert tooo procedural plan (e.q., continue at VIR altitudes to the
rearest alrfield or to the destination along tne route filed in the

fitgint plan). When ATC detects the failure it automatically

dicceases the size of the airspace buffer arowund the projectea

Pposibion of the ailrcraft and advises other aircraft in the vicinity

Of tie cleared flight path of the failad ailrcraft.
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(2) In order to enter controlled airspace an aircraft will require
operating navigation and communication equipment. In the event of
a navigation failure after entering the airspace, surveillance and
dependent navigation will be provided using primary radar with
either the digital data link via satellite or terrestial voice

communications.

(3) A collision avoidance system (CAS) is used by equipped aircraft to
provide additional protection in a system failure mode, and to

protect against undetected system errors.

(4) In terminal areas where terrestial L-band voice and data
communication services are implemented, both the satellite and
terrestial communication services will be available and will

provide protection against communications system outages.

7.1.6 Summary of Satellite-Related Spectrum Requirements

The following table summarizes the L-band spectrum requirements

estimated to be needatl o ="DOrt ~his concept in the 2010 time frame. This
data was obtained from Sectiun ¢ considering the functions included in this
concept. All the L-band spectrun,/service capability could be provided by a
i shared service except for the terrestial voice and data service.
;‘
i ] . . 1
= Table 7.1: L~Band Spectrum Requirement for Concept 1
b
& Downlink Uplink
- Function 1545-1559 Mlz 1646.5-1660.5 Mlz
Y sunetion
b .
e Space Digital Comm 3.3 4.8
- Space Voice Comm. 1.2 1.2
- Terrestial Voice & Data 2.4 1.65
3 (including a 1 Miz buffer in the downlink)
% Adjacent Seographic Areas 1.0 1.0
7.9 Mizd 8.65 Miz2
t. Notes: 1. The L-band spectrum for GPS is not included in this table
- (see Section 8).
b 2. 5.5 Mlz of the 7.9 total and 7 Mlz of the 3.65 Mlz total
[~ could be shared with a secondary land mobile service which
:f- is implemented in such a manner as to assure that the
. sharing conditions of Section 4.4 were fully satisfied.
|
!
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e earin station-satellite link spectrum to satisfy this concept has not been

identified.

/.2 CCoanatlve soaenendent Survelllance-Based Concept — Concept 2

7.2.1 Introduction

The concept develcped in is section is Sased on the premise that the
aviatian commiity wiii nct support the use of automatic dependent surveillance
as a primary surveillance system in the continental United States {CONUS),
even thowjn it is anticipated that after several years of experience with GPS
as a new navigation system, the level of reliability of (2S5 satellite service
willl support its use of a primary navigation source. As a result, some form

of coopera..ve independent survelllance systci wiil e revuired.

This concept assumes that space technology will progress to the pcint
where reliable satellites can be developed, fabricated, launched, and operated
at o cost level that will enable FAA to deploy a CAWS-wide satellite
surveillance system. This will enable an eventual phase~out of all of the
en route Made S growd-based sensoo.. During a transition period, bath

sateliite and ground-uoased Mode & sarveillance will be operating concurrently.

e satellite surveillance system concept used here is based on studies
currently oeing perfarmed for FAA., The concept calls for 5-7 geosynchronous
sateilites plus 3 in-orbit spares. The frequency of operation is nominally
1550, rather than 1030 and 1090 Miz. A 4 MIz bandwidth is employed, plus

satellite-to-ground iinks at K-band.

oateliite service is expected to be provsdad to the earth's surface
thraowghout the CAVUS anxd in immediate off{-snore waters. As a result,
surveillance service will be provided for helicopters operating in the Gulf of
Mexico, in urban arcas, and remote areas not previously covered by the
ground-based Jxde S system. Coverage is limited to the CQAWUS because of the

nigh oost of extending the service to oceanic areas-——separate satellites

would e roquired.
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Traffic managerent

surface everywhere in the CUNUS, 1if G sired.

system and checked against the reported altitude.

the system with inoperative

accommnodated.

=1

service coverage could be naintained to the earth's

altitud. will be measured by th
Ir chis manner, aircraft in

or malfunction’ng altimeters or encoders can he

T the current Mode S concept, aircraft send their identificati:n codes

and altitwie reports to ATC

e sent from ATC to the aircraft.
information through this link.

functions will be discontinued in favor

systen, as with Concept 1.
concept described here does

tdentification and altitude

The [~bard vatellite

data, and will additionaliy

upon receipt of incerrogation. Mode S also

provides a data link which eribles ATC clearances and weather information to

I;i turn, a:.craft can also send other
However, it ic anticipated that the data link
- an integrated L-band communications
Consequently, the satellite surveillance system
no*

will be trans:itted.

include .« date 1link, but assumes only aircraft

Jata/vc.ce link is espected to carry all other

support ‘soice communications. While rost

MRS AR A

ground~air communications will be conducted without voice contact between

wontrollers and pilots, voice chainels will be maintained for nonroutine and

energency COMMUnICAt . Hns 7. possid. some party-line communications.

As with Concept 1, the primary navigation system is assumed to be GPS

or its evolutionary descendent. Integrity messages and differential

j J corrections (1f used) will be transmitted over the L-band satellite communi-

| cations link. GPS may be able to provide CAT I service, including horizontal
A vertical quidance. MLS transmitters will be used for locations requiring
AT 1T and CAT 111 service.

o

Since andependent satellite survelliance service is anticipated to be

- available only in the CONUS and adjacent arcas, automatic dependent surveil-
lance will be usexd in oceanic dareas. GPS, which is availlable worldwide, is

® expected to be the primary scurce »f navigation information.

L
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During the period when Mode S transponders are required equipment,
collision avoidance will utilize TCAS. Once the transition to the satellite
surveillance system has been completed, collision avoidance protection can be
obtained by processing the surveillance unit squitters of other aircraft, or

by reading their L~band position reports.

7.2.2 System Concept Functions

With satellite-based surveillance, navigation, and communication
traffic management service coverage can be exterxled down to a height dictated
w traffic density, terrain, and other operational considerations, rather than
by the limitations of ground-based sensors. Surveillance service is expected
to be provided throughout the CONUS down to the earth's surface for those
aircraft requiring or desiring it. Helicopter operations will be fully
supported with navigation, communication, and surveillance services over the
CONUS and offshore. VFR flights will require voice or data communications to
fly into or out of airports with control towers. To operate in a terminal
area, a minimum surveillance transmitter will also be required onm-board. An
aircraft conducting an IFR flight will additionally require navigation
euinaent. It will e jossible ".r nomrprecision approacnes to be conducted

to airports within an en Jouwle sector using GPS.

7.2.2.1 Navigation

Navigation service 1is expectad to e provided by GPS, which will support
all en route, oceanic, and terminal requirements, as well as non-precision and

CAT I precision approaches. MLS will provide CAT I1 and CAT III service.

S22 Comunications

Communication of data will be acc -ypilished by using the L~band data
link. it is anticipated that much of the ATC routing, instructional, and
clearance comnunications will be sent on the data link. Voice communication

will be available for nonroutine, cmerqgency, and possibly other special

LELVICesS.
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Unlike Concept 1, aircraft posi“ion reports to ATC will be issued much
less often, i.e., about once every 10 seconds. As a consequence, the loading
on the L-band uplink (aircraft to satellite to ground) communications 1links

will be much smaller, about 50 percent of the loading of Concept 1.

7.2.2.3 Surveillance

Throughout the CONUS and adjacent areas, surveillance will be obtained
via the satellite cooperative independent surveillance system. It is
anticipated that in high-density areas, aircraft units will squitter at about
once per second, elsewhere at about once every four seconds. Current studies
indicate that the squitter mode of operation can support an instantaneous

airborne count of 30,000.

Two concurrent squitter modes are possible: the GPS-synchronized mode
«anl the unsynchronized mode. In the GPS-synchronized mode, the aircraft
surveillance unit transmissions are timed to epochs derived from the GPS
navigation system. In the unsynchronized mode, the aircraft unit transmits
periodically without reference to any satellite-to-aircraft signals.
Synrhronization makes poss.bile cue--way ranging, which increases tie accuracy
andd retiability of tre sarveiliance measurement., It also enables a4 collision

avoidance capability.

over-ocean flights will operate outside the coverage area of this
satellite survelllance system. Since the density of oceanic traffic is
assunmed to remain low and separation minima are assumed to be greater than
high traffic density areas, there will be no nced for a cooperative
indepervlent surveillance system. As in Concept 1, the primary surveillance

function will be automatic dependence survelllance.

7.2.2.4 Collistion Avornlance

TCAS may still be in use as an indeperxlent airborne collision avoidance
‘unction in the 2010 time period. The Mxic S-based airborne ~ollision

avol lance equipment may eventually evolve to utilize the satellite
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surveillance system aircraft squitters 1u the CQMS and adjacent arcas.
Alrcraft can obtain protection against other aircraft whose squitters are
synchronized with GPS time by purchasing a passive CAS receiver/processor. In
oceanic areas, oollision avoidance protection can be obtained by a
receiver/processor which detects the L-band data transmissions (required for
automation dependent surveillance) of other aircraft and reads their position

reports. The reports are anticipated to transmit about every 4 seconds.

7.2.3 Summary of User Equipment Requirements

A minimum airborne complement of avionics is one GPS navigation unit
(two suitable navigation units for oceanic airspace where cooperative
independent surveillance is not available); one surveillance unit, which
transmits at least in the unsynchronized squitter mode {altitude reports must
ix included in the squitters) and an L-band communications transceiver/

processor for voice and data communication.

MLS would e required if CAT II1 and III precision landing operations

are needed.

Shotil Dobwe Jonsnizes, The Loove avionics complement does ot cover
AViCn s capaicloy that bt e esired in large transport aircraft such as
coer Lo Fer. o Cinice :.‘[51{313.3.
Slision Avondance equipment 1s optilonal.
.o ... cfoserviee Jrovider System Requirements
C v ation ankd communications system requirements are the same as
Sy, ;
aptod
cors it ot e O Geosynchnonoas satellites, the surveillance
Lot caoasts o of a ground station ikl g network of calibration and

bt n e empment s
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Each satellite will employ a number of beams to cover the CANUS and
adjacent areas. The concept currently being studied calls for 45 beams, each
covering an area about 300 miles across. Several satellites will be capable
of transmitting the synchronizing signal. The squitter transmissions of the
aircraft will be received by all the satellites in view (typically 4 or 5).
ach satellite will act as a repeater, with a channel assigned to each beam.
lligh—-gain antennas at the ground control station enable each satellite to use

the same frequencies.

The signals from the satellites will be received at two control centers,
one to back up the other. The aircraft position reports will then be
distributed to the AX's. En route traffic management can be performed either

at a single center, or at the ACF's.

Several stationary ground transmitters will be located within each beam
spot at known locations. They will be used to monitor the signal quality and
timing. Their transmissions will also provide a means for compensating for
satellite drift and ionospheric delays. They will also provide local

Ixrometric pressures via the altitude report on the transmissions.

7.2.5 CSystem Fail Goarctiiind Caxulilty

in voncept 2 the fail operational capability is similar to that of
today's system. A loss of navigation capability on one aircraft will be
nandled by a combination of surveillance and communications, whereby a
controllier provides approach and landing instructions or reroutes the
alreraft. A loss of surveillance will be handled by a combination of
navigation and commuinications; the L—-band data link will provide postion
reports of the incapacitated aircraft. A loss of communications will be
handled by ATC providing additional separation around the incapacitated
alrcraft.  The priot can use the surveillance system to inform ATC of his

pligiat, because a few data bits will be available 1n the aiwrcraft message {or

this purpose.
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Within each function there 1s considerable system redundancy that
mitigates against a loss of function what would affect a large number of

aircraft,

for over—ocean flights, aircraft will be required to carry two GPS sets,
or oone GPS set plus another navigation unit. Tnis is nee e Jr ri
S set pl t t nit. This is to meet the yround rule

that 0o sicgie system element failure should simultaneously deprive the

airccatt of both navigation and surveillance.

Sowith Concept 1, the navigation system involves extra satellites and
ar e monitiors whicn enable full coverage with several satellite failures.

iy, the Teband commaiications system has nultiple satellite transponders

e TS winloh can aceomnoddace satellite component failures.

the o satellite survellliance system there are spares which can be
oo osaned 1o case of o sateliite failure. The loss of a satellite would
revoete e cocuracy of the survelliance measurements, but would not cause a

o T e aucwoiliance function.  Several aspects of the system concept

ooy e to connstaess, of the cquitter transmissions of the airborne
N P RN SR ciove v ooz, an additional Loevel o realorllity is
co T « . wa/s o oeg made possible by the
i Lo g o lete ww vaegquired to establish the aircraft’s
.- . NLoa, oo e cllitude feport anoeach squitter can be read Ly any
SR viovw, tals anformation, aiong Wit the range neasurements from
L el Tiies, would glve degeaaed, but adequate, poslition accuracy.
Loosntie depondent. swaverclance aode on Joncept 1ooould be used as
G e C L wdddesoread 1oss of sarellite services, for example, a
e S a el o one or more satellites. Adrcerafit in the affected area
L Seonnage from the contras conir bl eonter via the L-hand data
. , . GEOTH eadch, AFOralt WwWotL 1 ey i reporting navigatiameder ived
s 0 e er Second s s weadd cause aosudden surge in comnund -
EEREE corinc. An a resnult, sole extoo Capaci bty should beoavailable to
- L Wil it event ooty
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S0 Upriaaryt radars are retalned in the terminal areas, they could

sosve as 2 petkup for thoe satellite surveillance system.

7.2.6 S/ G Satelilte-Related Spectruxs Reguirements

Tho stancard Fositionlag service of the GPS occupies 2 Miz at
1575 Mz, Tt may poove adeguate, if differential GPS is used, to provide
CAT L procs.or Laialig scervaice.  Alternatively, the additicnal gpectrum now
asos lor nagh-prec.sion Opplications may beccme available. If so, the full
1565=-10un iz handwidech of the GPS may be used, as well as the second GPS band
av LLi7-1287 dlize The vplink oontrolling the satellites from the ground
woacion. amoioys 2 #ilz at S-bend {1704 Miz). The downlink uses a similar

EENra Py BT A
£ YA asdsignmnane at 2oy Mlz.

Jie use of the 1020/1090 tiiz frequencies will eventualiy be phased out
as the ground Mode S sensors are removed. It is estimated that the satellite
surveli.ance system would require about 4 Miz for the aircraft-tc-satellite
iiNK wwl doouat 1 Miz for the sateliite-toralrcraft link, assumed to be in the
1646.5~1660.5 iz and 1545~1559 Miz L~band segment respeciively. The
sateliite/ground (space-to-earth backhaul link) recuires a total of 200 Miz in
a ixsxl-Sate lite pand, assumed here to be at 20.2-21.2 GHz. The 200 Mlz
requirerent is a result of assigning each of 45-50 beams to a separate 4 Miz
channel {concept 2 was based on a design not requiring aircraft transmission
syncnronization by uie surveillance system; however, to retain system
flexibiiity, 1 Miz of satellite-to-aricraft spectrum is reserved for such
functions as poasible synchronization of aircraft transmission and system

integrity nussages).

This cci.cept woiald also require all the spectrum needssl for ithe
Automati T depcadent Sieveillance Concept of Section 7.1, except that the
UpLiak Space Digital Cemuunications requirements would be rewuced from 4.8 Mgz
to aoout 2.5 thz due to a decreased rate of automatic dependent surveillance
Dos.uion reparting. Table 7.2 below summarizes the L~band spectrum needs for

this concept.
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Vole the raquiroed number of CAT I ML5S facilities may e reduced, the

cpeeien 08 SU3L-5091 Mz will be retained to support CAT IT and

CALY 0D Tanddinyg facilities. The IME duncoioa, which uses frecuencies between

and 1215 Sz may eveantually Le replaced by use of GPS measurements.

L RN tornative Ueohnigue for Concept C
Ve ath o grolp chose Concept 2 pecause of the high level of independence

Srovades for the sarverliance function. That is, the system independently

Sovaee SO dmdivenslonal survelllance without any aircraft-derived altimeter

oui. Gne group also considered another concept that uses synchronized

o

cioaG. e aiternate concept provides considerably less independence of

el dorealo ., ONHT nas merit. Used 1n conjunction with the automatic dependent

s

ol owet svstea of Concapt 1, 1t could serve to crosscheck the

aavication-lerived measuwrenents, and provides a level of independent

P T T B
Ceenend s lity.

B

fanoatternate concept 1s based on a tone-ranging scheme to establish

Coan Cuepaaronents, although other schiemes such as spread-spectrum

Laabiate Ut aaso e used. In this scheme, position measureiments are
SOV L LW LoaadiesClal geostatlonary satellites and the airborne

Lol e gqeometry provided by a third geostationary satellite would not

o0t e avrady rexquirements of surveillance. The single most
Al oxue .o Teature of tnis scheme 1s that without an onboard measurement of

Daelo, anl Texgaires il encoding altimeter on every participating aircraft,

oo wwwledge of the aircraft's position.  Purthermore, an

coacrhoos gitoluae transidates into a comparable error in position.

et oot oLeveral L ttractive {eatures:

G e s ervave wound oo avaatable within a decade, the
e sonene colitd pe testea withiout a targe capital

Lo o the par of the government .
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Table 8.6

SUMMARY — SPECTRUM RBQUIREMENT FOR MOST DEMANDING CQiv2

DOWL TLein UPLINK onikEk
Paired L-Band 2aired L-Band BAITDS
*Space Cammintivatlions
{(including automatic
dependent surveillance
reportiilg ance every
10 senonds)
Digital 3.3 iz 2.5 Miz
Voice 1.2 Miz 1.2 Miz
*rorrestrial (Crowwl-to-Ailr, 2.4 Mz 1.65 Mlz

Noi=Satelilte Yoice x Daca
(including 1 Mlz ouffer on
Gownilink)

*Space Cammunicat 101
Adjacent geographic arec 1.0 Miz 1.0 MIiZ
Services (where frequency
reuse is not possible)

**rSvace Zooperative Indesendent 1.0 itiz 4.0 Mlz
Survelilance
Spate Riadad 20 Mig*¥**

fcacoopern at wve s.arvelliance)

Sod s oL Cat lons

toperatonal Jantrol) 5.6 Miz 5.6 Mliz
14.5 Miz 15.95 Mie 20 Milz

“rhese [Oovaanciles can pe shared with a secondary land mobile service which
CA Ll elmes o L s o nuuler as to assure that the sharing conditions of
HxuEk ey are fuaiy satisfied.

FELOU B Gl O
kU sanlavie ol oapaCe-dased systen similar to Mode S ois chosen. Possibly
N0t chaweainae 1 gymcironlized, range-based system is used.

*EEXS et ias Tor onds function expected to utilize a radionavigation satellite
ol Detween 1090 ardd 1610 Mz,
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Table 8.4

FCR CONCEPT 3 -- ATC FUNCTIQIS

DOARLINK
Paired L-Band

UPLINK
Palreli L-Band

il i e Pt et it e o Bl Al el Sadh St Rhdt et Mhe it s Jho A ST ASh i A S A

ONIER
BANDS

153 fa C\')A]CL‘PL‘ < 8.9 Miz
Pals

D a2 rudeaol

UneiCooperative survellance)

8.0 Miz

10.35 MlIz

10.35 Miz

20 Miz*

20 MHZ

*Spechrwa Lo this functlon expectsaue to utilize a radionavigation satellite

tana between 1585 and 1610 M.

Table 3.5

SPECTRUM REQUIREMENT FOR OPERATIONAL CONTRIL FUNCTIONS ~-

ALL, CONCEPTS

(provided by ARINC/ATA on behalf of scheduled airlines)

DAL INK
Paired L-Band

UPLINK
Paired L~Band

OTHER
BANDS

Spae Comaunacat 1ons
voperational Jantrol) 5.0 Miz

PGP LT PE VR VT PR VL R T W R W P T - P

5.6 Miz

LR, YO W ST W WL Y




AC FUNCTIONS

FOR SQNCiEPT 2 (A or B) =--

UPLINK

DGAINLINK
Paired L-Band

Paired [—Rand

ONIER
BANDS

*Space Comaunicatians
(including automatic
dependent surveillance
reporting ance every
10 secords)
Digital 3.3 Miz 2.
1.2 Mlz 1

Voice
2.4 Miz 1.65 Miz

N U
5 =
N

**parestrial (Ground-to-Air)
Hon-Sateliite Voice & Data
(including 1 MlIz buffer on

dowiilink)

*Space Jommanlcat 1ons
Addjacent geographic area 1.0 Mliz 1.0 MIZ
Services (where f{requency
cease s not possible)
*rgpace Jooperat ive Independent 1.0 Mlz 4.0 Miz
Surveiilance (System similar

to Mxle S surveillance

function, with independent
altitude check)

or
*REsSHace Jooperat ive Independent 1.0 Miz 4.0 Miz
Surveillance (Synchronized,
range-pased surveillance

voquiring aircraft altimeter

\thd/

3.9 Mlz 10.35 Milz

Foone Trequencies can be shared witn a secondary land mobile service which
is Lrpeeniented 1 such a manner as to assure that tne sharing conditions of

Sect ton a0l are fully satisfied.
Y

*AOL silacanle

ie

Eposs 1ol not sharable
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Table 8.2

FOR CONCEPT 1 -- ATC FUNCTIQNS

*Space Communacations
(inciuding automatic
deven-ient surveillance
reporting)
Digital
Voice

“*Perrestrial {(Grourkd-to~Air)
Nan-Satellite Voice & Data
{inciwling 1 Miz buffer on

downlink)

Yomace Commnications
Ad Jacent geagraphilc area
Services {where frequency
reuse is not possikble)

DORILINK
Paired L-Band

UPLINK

Paired L-Band

OTHER
BANDS

1.0 Mz

7.9 Mlz

4.8 Mlz
l.c Miz

1.065 Miz

1.6 MIiZ

8.65 Miz

*mese frequencies can be shared with a secondary land mobile service which
is implemented in such a manner as to assure that the sharing conditions of

Section 1.4 are fully satisfied.

**ot shavabie

T - . - DY
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It was noteu akove tnat a practical desigrn for a satellite communi-
cations service requires consideration of fr.-uency, time, and coding
multiplexing schemes. Provision must alsc e made to permit cost~ and
spectrum-efficient int:odu-t.on of the serv.ces, growth in service demand, and
possibly cyclical changes in demand, as well as considerations of avionics
cost. For the purpose of this study, certain assumptions were made about such
factors, but nc complete design was performed which would establish optimal
Shanneling, specific frequency reuse, required oscillator stability and
Doppler shift accommodation, modulation and coding formats, inefficiencies
introduced to perwnit simple system acquisition ana preclude interference, etc.

Such specific designs will have an impact or final spectrim requirements.

Practical designs could result in & need for more spectrum than has J
been identifiec here, but the group felt that the rapid technical evolution of !
satellite systea designs, <long with the prospect for a gradual introduction '

of the services, makes the assumptions reasonable for now

The surmary tanles below do not inclade the L-band spectrum utilized by by
the GPS. Wnile the SPS capavnility presently promised to the civil community ;
takes only abpuc 2 Mz of spectrum ~entered at 1575.42 M:iz; the total GPS ﬁ
system, with its dual frequency precision ranging capability, utilizes a total 5
of slightly over 40 Mlz (+10.23 Miz centered at 1575.42 Miz and at 1227.6 Mlz). !

(In addition, the GPS employs approximately 4 Mz for satellite control).
YS app

N
Y
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8.6 Spectrum Requirements for Space-Based Cooperative Independent

Surveillance

The spectrum requirements for a space-based cooperative independent
surveillance function (Section 7.2) is estimated to be 4 Miz for the uplink
and 1 Miz for the downlink. This bandwidth is estimated to be needed to
handle a 50,000 peak instantaneous alrcraft count with a peak aircraft
position update rate of once per secund in terminal areas and a rate of once
each 4 seconds for en route airspace. This function is assumed to be
implemented in the paired L~band segments (i.e., 1545-1559 MHz and
1646.5-1660.5 Mlz), but might also be considered for implementation elsewhere
in the aeronautical mobile satellite (R) band segments.

An alternate space-based cooperative independent surveillance system
concept cased on using two-way ranging with geostationary satellite and using
aircraft-derived altitude inputs is estimated to require a similar amount of

specty an.

8.7 Space Radar

A tatal of 20 Miz of frequency spectrum has been estimated to be needed
o implement a space-based nom-cooperative independent surveillance function.
Consideration should be given for reserving such spectrum in a suitable band
for tnis function. The spectrum for this function would be expected to come
from a radionavigation satellite band between 1585 Miz and 1610 Miz.

5.0 Suaiery of Lstimated L-Band Spectrum Requiremerts

~

Tne follewling tables present summaries of the L-band spectrum
romirerents ostlicated to be needed in the 2010 time period for the concepts
wons tdered for the ldentified functions, and considering various assumptions
regarding future traffic, information flow, satellite system design, and system
efficiency. Tables .5 and 8.0 also consider the spectrum requirements for

operational control functions estimated and provided by ARINC/ATA.
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requirement for voice is assumed to be 1.2 Mlz for each directio., the same as

: for the satellite service. The bandwidth requirements for data are derived
from Table 6-2, but using a peak airborne count of 1500 assuming the busiest

'; terminal area, as derived in Section 5.4. This resulted in data communication

- spectrum requirements of 0.2 Mz and 0.45 MIz for the ground-to-aircraft and

! aircraft-to~ground directions respectively. Because of the uncertainty of
this concept at this time, the spectrum requirement for satellite services was
not reduced as a result of adding L-band terrestrial ground/air service.

I Aircraft are expected to receive voice and data communications from
both satellite-based and terrestrial-based services in the same 1545-1559 Miz
band. There would be considerable disparity in received power in the aircraft

‘ from these two services. Degradation is likely to occur in receiving

e

satellite communications onboard aircraft from adjacent terrestrial-based
transmissions. Therefore, while no studies have been carried out to
investigate this concern, a buffer of 1 MiIz has been allocated to separate

thuse satellite-based and terrestrial-based services.

8.4 Operational and Administrative Communications Spectrum Requirements

The bandwidth required to permit aircraft to communicate with corporate

! facilities has been estimated by ARINC to be 5.6 Mliz (see Appendix A). This
estimate is based on a baseband/RF translation improvement of more than
two-to-one over existing voice and data services. No additional frequency
reuse over that presently 'ised is assumed.

e
8.0 Spectrum Requirements for Areas Adjacent to iligh-Traffic Areas

In order to provide a continuity of service to/from geographic areas

] . . . ) .
adjacent to high-traffic areas where frequency reuse is likely not to be
employed, an «dditional 1 Mlz of spectrum is estimated to be required. It is
assumed that such spectrum would be sufficient to provide voice and data
communications to the far lower number of expected users in these arcas (see

]

Section 5.7).

’
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The resuit is a digital data requirement of 4.8 Miz and 3.3 Miz
for the uplink (i.e., aircraft~to-satellite)} and downlink (i.e.,

satellite-to-aircraft) respectively.

TABLE 8-1
SUMMARY QF DIGITAL DATA COMMUNICATIONS

UTILIZATION SPECTRIM*

MaPS FACTOR (MHz)

Y ALraralt to Ground
- Jorminal 4.5 0.7 1.6
- Tn Poute 9.0 0.7 3.2
4.8

G Cround to Alrcraft
- orainal 2.0 0.7 0.7
- in Route 7.3 0.7 2.6
3.3

*Assunes -1 L Reuse
T2 satellite System Volce Spectrun Requirements

[aa ¥

The spectrun requirement for satelilte-based voice communications was
Adecived from the existing serxvice in the 118-136 Mlz VIIF band, which utilizes
a channel spacings as low as 25 KHz. It has been assumed that voice channels
couird be reduced to 12.5 Kiz using modern oscillator techniology. In addition,
it was assunexi that the demand for volce channels can be reduced in half by
utilizing data channels for the majority of the communications. As a result,
g oveace bandwidoln of 1.2 Miz has been estimated to be adequate for both the
wlink and the downlink. Since the present implementation at VIIF already uses

extensico Trocuency reuse, no further frequency reuse was included.

. Vevieslr o hystem Volce and Data Spectrum Requirements
A o L e terrentrial voice and data capability is assumex! {or use

o terminat areas. Chis service gy serve as a primary terminal service or as

LAcT=a werVviice o thie satellite communication service. The bandwidth




]

3. Spectrum Requirements

The communication bandwidth reguirements to support the three concepts
described in Section 7 to service a high-traffic region are summarized in this
section. Consideration is also given for the possible spectrum needed for
lower traffic density adjacent areas. 7The bandwidth requirements developed in
this section are f~r the aircraft-to-satellite (i.e., uplink) and
satellite-to-aircraft (i.e., downlink) communications. The bandwidth

requircements for the earth stationr-satellite links are not addressed.

The digital data flow requirements estimated in Section 6 have been
used as a basis foo e-timating the frequency spectrum for digital data
comnunications. The estimates of frequency spectrum needed for voice services
have been based upon a consideration of present voice services and bandwidth

utilization.

8.1 Satellite System Digital Data Spectrum Requirements

The satellite system digital data comnunication spectyrum requirements
to support Concept 1 are presented in Table 8-1. These estimates are hased
upon the information flow estimates presented in Section 6. The basic MRPS
rates from Section 6 include allowances for protocols and Rate 1/2 error
correction axiing. These data rates have been translated into radio frequency

(R") spectrum bandwidths under the following assumptions:

(1) The translation from baseband to RF, and vice versa, can be

implemented on a 1 BPS to 1 Ilz ratio.

{2) A 70 percent channel utilization efficiency factor is assumed

(e.g., to prevent garbling or interference).

(3) A four-to-one system frequency reuse factor is assumed.*

* Sec Appendix BB for discussion on frequency reuse.
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Table 7.2
L-Band Spectrum Requirements for Concept 2l

Downlink Uplink

Function 1545-1559 Mliz 1646.5~1660.5 Mliz
Space Digital Comm. 3.2 2.5
Space Voice Comm. 1.2 1.2
Terrestial Voice and Data 2.4 1.65
(including a 1 Miz buffer

in the downlink).
Space Coop. Ind. Serv 1.0 4.0
Adjacent Geographic Areas 1.0 1.0
8.9 Miz2, 4 10.35 Miz3, 4

Notes: 1. The L-band spectrum for GPS is not included in this table (see

Section 8).

5.5 Miz of this total could be included in a shared service
(6.5 MIz could be included in a shared service if an Alternative
2 type concept is considered).

4.7 Miz of this total could be included in a shared service
(8.7 MIz could be included in a shared service if an
Alternative 2 type concept is considered.

The portions of spectrum from these totals that could be
considered for a shared service (see Notes 2 and 3 above) could
be shared with a secondary land mobile service which is
implemented in such a manner as to assure that the sharing
conditions of Section 4.4 are fully satisfied.
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Synthetic aperture technigues, whereby the radar images taken at
periodic intervals from a moving satellite are combined, offer a means of
obtaining the necessary resolution in one dimension (along the line of
satellite motion). tHowever, there appears to be no means of synthetically

achieving the same resolution in the lateral direction at the same time.

7.3.2 Conclusions

The size and complexity of the equipment is beyond the capability now
being considered in the civil sector. A 20 Miz requirement for this system
function is a minimum estimate. While it is very early to recommend specific
spectrun to be reserved for this application, a possible location would be in
the 1585 to 1610 Miz band.
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7.2.8 Spectral Implications of the Alternate Concept

The spectral needs for the surveillance function are assumed the same
28 Tor primary Concept 2, or about 4 Miz band in the 1646.5-1660.5 Mz band
and apcut 1 Mz in the 1545-1559 Mliz band. The spectrum needs for the other
hinctions are also the same as those of the primary Concept 2 (see Table 7.2

e low) .

7.3 Noncooperative Surveillance Concept - Concept 3

oo pevform the service with a single space-based radar would inply a
Jexntat Lenary satellite of immense proportions, far beyond the current state
o tne art. PFor example, to scale the 50-foot radar to provide the same
sanar ab geostationary altitude (25,000 miles) would require an antenna with
¢ ilameter of 150 miles (not to mention the problem of maintaining surface

A

toleraw.ces of a few inches over the spanj.

A better approach would be to forsake the notion of making angular
medastrenents, and limit the radar to measurirng range, which is not
signifcantly uffected by increasing the distance to the aircraft. In this
concept, several radars would be used simultaneously in a triangulation
svhene.  The antenna diameter would then be chosen to provide one aircraft at

o time lnooa iwad most of the time.

(f sucdn an option were pursued, tectniques would have to be available
rogenorate warde peax powers in space. Moving target indicator (MII)
techinigaes wouid e employed to reduce clutter from the eartn, which would be

Teth worse than that experilenced by ground-based radars.

A phased arvay design would be mandatory, in order to provide the large
roamer o bowes requlred to cover the CUNUS. At least 4 channels of 5 Miz
Caca asoest dmted Gs g mindmane to be regquired to aliow different channels for

A adoaceat beoons.
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o Since it is assumed the satellites would be commercially operated,
now channels could be leased as surveillance service was expanded,

and as air traffic increased.

o The service could be readily provided outside the CQMUS.

The scheme assumes about 1 Miz in the 1545-1560 Miz band for the
interrogation message. This interrogation, which is continuous, establishes
the timing of the aircraft return messages, and sets up cornditions for

accepting now aircraft onto the system.

In order to support the traffic density of an instantaneous airborne
cowrit of 50,000 and provide position reports every second in high-density
terminal areas (once every four seconds in low-density areas), approximately
1500 chamnels must be provided. This implies a total bandwidth of 15 Miz in
the aircraft-to-satellite direction. Assuming a frequency reuse factor of
4:1, approximately 4 Miz would be required to support a system of this type.
it is estimated that approximately 1 MIz wouldbe needed fcr the

sateliite-to—aircraft direction.

The navigation and comnunications systems would be the same as those of

the priwgary Concept 2, with similar data traffic loadings.

The surveillance system, as pointed out above, would not provide a
crosscheck on aircraft altimeter that occurs with the primary Concept 2, but

would deperid on the aircraft altimeter to obtain positional data.

The ¢ollision avoidance furniction could not make use of either the
navigation or surveillance signals. Thus, collision avoidarnce would have to
e accomplished in a totally new manner. (There is the possibility of timing
the reply of the airborne T~band transponders to GPS, rather than to the
satellite-toaircraft signal. If this were done, other aircraft could obtain
the vollision avoidance function by performing ranging on the other aircraft's

responses to interrogations, )
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traltic controller experienced lattie giif.culvy .n maintain:ing
survelllance over aircras leaving or ap,cocchiing The aersarome
for which Le was responsitle, 1t was thereiore possible (o give
esch avrcraft 1ndividial aitenticn within the llmitea resources
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at nls 0i1spasal znd aiso Lo 1ntousm the sgeratur Or hii represen-
tative Of alrCralit movements. L0 .S rowhoa vl oferat:ion haog many

Arawbhacks. It was uncerta'n 4nag, 1N many caeses, resulted in
delays which were Costly t. tae operator and lncoavenlent to the
passengers. 1t became increasingly obvioas that last minute
SeCisions wer2e to be avoldeu af the operation waes to provide
+wasounable services and econormy
a resuirt of the demand (01 et -7 Se.lices, seronautical
acilities amproved and o mrators sought means of providing

ter planning tor the pudrose -7 increas.ing regularity of
erv.ce and of 1mprovaing tnée Gua.ity ol information exchanged
Detween gdepartments within thelr organization. in many cases, it
was J0unG thafl 1t wag not adeguate ©o awailt the aecaisionz of the
pilot in ¢ouamand ceacecdning tre reasloility of operations. Also,
wiile cenrouce, the pi1liot 15 command did not 2lways possess
SusiiCient 1aiormetlon 1n the COcki't to asiess changing circum-
Lances.,  Th.s situation pecoame furerer compilcated by the advent
i falcer anc more complex arrcrait and accompanying reguirements
Or dreeter pPliot attention to the flying ctechnigue.
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A5 lne [requency and compiexity of operations increased, so did
tae o cactors that had to be considered. Eventuaily, 1t became
CLLLUT Lnpracticaevie or imposs:ible for tne pilct i1n command to
455858 cione &ll thne various factors recoiring cons..eration
Fo.or to ana curaing a filiyht opecration. Tn:is resulted in advice

ven to tne pi1lot by quaiified persconnel on the ground.

n 0! covice 1ncreased tne efficiency of flighi opera-
L.u.Z by relieving the pilot of 3 cons:derable burden and
L.a0wini, Cconsulitation and decision on crifical 1ssues with per-
ol whio aad avallable to them more factors bearing on an
O oeralcon and whio were aole to keep under constant review and
shaovIe o wnole network of operationg of which any particular
Llignt owas only a part. Thus, teamwork between tne pilot, who 1s

vy reLnonsible for the safety of whe aircraft, anc
SedLonnel on the ground naving a broader view of the operation,

L Lnu counsiGerably to the sofety ang regularity of aircraft
el aliuan. The advent of improved aivr-¢round cCmicun:ications
Laileed GTOURS personnel $0 rejay adaltional information received
eiier Ui alrfcra,t was alrbaeirne, thereby 1ncreasing the value of
Yool a 0t assistancoe.

Lot itnotlon tLiougnoutl wne worild, tnerefore, has developed into
G CualoyT el Lihdrec aavice and responsibiiiities vetween the pilot
S nruaena personnel - 1o the extent of cooperation depenaing

Loon wany factors suln ar tine stze of the operation, the

facuiltivs avaliable ana the system of operation established by
Vhe carcralt operating agency. The aircraft operating agency, no
Tatter what 1ts s172¢, 1¢ pilmarily responsitlle tor conducting his

.
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operations with safety ard efficiency. The couro.ilary ¢f the
operator's responsibiiity 1S hls 1nherent right to conduct his
operations in a manner which he deems rest sc long as he conforms
to the laws and regulations of the State of Registry of lis
atrcraft and those of other State, 1n which he operates. Factors
atfecting the exercise of responsibii'ty by the aircraft operat-
1nyg aga2ncy 1nc.ude utilization o5f airceradt and flight crews,
complexity ani density »f fligrt operations proper passenger
accoamccations and prote._tion, necessity fo advance planning,
cperational maturity, geographical scope of opesrations, unlawful
interference w th flight operations, in-flignt maintenance and
medicul aivice.

Today, acronauvical operart.i1onal control communications are con-
si1dered aeronautical mobile (K) service communications related to
regularity of tlight. These non-public communications are pre-
regulsite to tne discharge by aircraft operating agencles of
tnelir opligation tc 2xercise autnority over the initiation,
continuation, diversion or termiration of flight. Aviation
agencles regazd the term ‘regularity of flight' 1n the above
context as entirely acceptable and useful to distinguish this
type of communicatiors froxm ‘safety of flight' communications, 1in
the context of air traffic Lontrol. In this context the term
‘flight regularity' looks upon aeronauticei owverational contral
as non-public commurications related to the safe, efficient and
economic operaticn of aircraft. However, aviation has evolved
highly complex and time critical operations in response to the
traveling public's demand for more comprenensive services to
sugport their air transportation. The associatec roegulirement for
comnmunications 1s for a service capable of prov.:ding direct voice
and Gata communications between designated officials of the
arrcraft operating agency and *ts aircraft to best fulfill these
service needs.

“re sltuation that has now emerged seems quite clear.
Aeronautical operational control 1s recognized by the
International Civil Aviation Organization (ICAO) and regional
reguirements state that means should be providec to permit
slrcraft operating agencies to exercise such control. Most
Administcations have provided or permitted such neans to the
extent possible and, in fact accommodate provisions for opera-
ti0nal control 1in their national regulations.

“izing Svpectium Needs

The signi1ficance of operational control communications 1s
cefiected by the consistent growth experienced over the past
yesrs. In some arteas of the world today a major portion of the
avai.able VHY channels 1s required to meet the needs of aircraft
operating agencies for operational control or "Company Communica-
ti1ons”. These same areas are faced with imminent saturation in
both operational control and air traffic control channels. This
growth 1s 1llustrated in Figure ] which shows the number of
oprrational control freguency assignments 1n the United States in
cecent years.,
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Introduction of digital data communications has greatly expanded
the c¢tfectiveness ot overational control communications. Figure
2 shows the early growth 1n use of the VHF ACARS to the present
level of alrost 1> million messages per year within the United
State:s. ‘i'me o same figure shows the growth 1n needs estimated by
asers., A curpatinle network began operation in Australia during
1664 uad wili e expanded througnout the Asla corrigor toward
Japan during 1945,

o

It oinoula be noted that the introduction of digital acata on VHF
hhar supplemented, but not repleced, voice communications, This
15 clearly shown 1n comparaing Figures 1 and 2.

i progected Jrowth 1n alrcratt movements 1S shown 1n Figure 3.
e ascociated communications needed to improve safety, encrgy
onservation ana operating efficiency are summartized 1n Figures
, % and & to retlect annual 1ncreases of 4, 5, and 6 percent 1in
rcraft movements. The new trend toward the i1ntroduction of
t:er aircraft, including the use of two-englne aircraft in
e dnle Bervices, make these estimates conservative, 1ndeed. The
spectrur needs shown in these tables are based upen total
worldwi.le Operations, categorized by geographical area. The
Lrojectec needs are stated 1n radio freguency bandwidth. The
assurprr1ons i1nciude a frequency reuse factor at le¢st eguivalent
Lo that acnieved today in the areonautical VHF band and a
costinuea lmprovement in the ratio of signal base band to radio
froguency occupancy. This 1is optimistic 1in view of the fact that
L6 1ntroduction of satellite communications will impose limits
OIr Lrequency reuse.

o~

oy

Yhe gdate 1 Flgures SA and SB show a conservative 5 percent per
veotlr yrowth rate 1n arrcraft movements anticipated in the years
PwUh ared Y010 as compared to 1984. The data show thie aviation
cooctium cas.nyg will be dictated by the traditionally high
aons it areas of operation found i1n North America and Europe.
Tie s eration of large transport aircraft in North America will
foouuioe at least 4.1 Mz for operational control. While the
cowtl 1npact i General Aviation is less certain, and theilr
Spronat will center upon Alr Traffic Control, the <conservative
seataing fectors used 1n this study place their needs f{or opera-
*ienal control and company communications at 1.5 MHz for voilce
3 11, the year 2010. The combined needs will be 5.6 MHz.

o1

a0 i

“he censitivity of these projected needs to varlations 1n growth
: vicacea by tre data in Figures 4A/4B and 6A/6B. The results
proevented an Figure 453 show a more conservative annual growth of
Gowroent pwer jeat which demonstrates the need for at least 4.4
Moz oty bt vear 2Ul0. A growth rate of 6 percent, only 0.5
prewe 1o Gatove tnat projected by 1CAG, demonstrates the need for
YToioMor b tie yeor 2010 as shown in Figure 6H. Thus, the
fntercedist e value ot 5.6 MHz tor the projected operational
contiol coasnunications, with allowances for freguency reusce,
Aot s wroperly gqualitiied.

.
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Conclusions

The ICAO Future Air Navigation Systems (FANS) ard RTCA SC-155
special committees are in the midst of applying the "system
design" concepts defined by ICAO to meeting future aeronautical
communication needs. The report of ICAO's FANS/1 recognizes the
need for common airborne eduipment to serve Air Traffic Control,
Aeronautical Operational Control and Public Correspondence func-
tions. As an example of the benefits, today the user's mandatory
carriage 1includes 2 or 3 VHF, 2 HF and the prospects of 2
satellite plus 1 Public Correspondence suites of airborne eguip-
ment:; a total of 7 or 8 separate systems. Future carriage of,
say, four fundamentally identical systems would significantly
increase the reliability of each function and the flexibillity to
meet peak communication demands. Such an approach would save
significant energy and increase alrcraft productivity over the
useful life of the new systems. Incentives such as these are
essential to future progress.

The combined future woridwide need for aeronautical communication
spectrum, even with optimistic estimates of system design and
aprlication technology appears to exceed the capacity offered by
the existing Aeronautical Mobile Satellite (R) allocations in the
present ITU Radio Regulations. A cursory test of this conclusion
is to compare the projected needs with present actual usage. The
projected 5.6 MHz 1is less than double that of the 3.2 MHz in use
for these purposes today.
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Sppendis B

Consideration of Irequency Reuse

This study has considered a frequency reuse of four in its final determination
of frequency spectrum needs for the year 2010. The net effect of this
frequency reuse factor 1s that it is assumed that a multi-beam satellite system
would be implemented such that only 1/4 the frequency spectrum would be needed
relative to providing the same level of service with a single beam. What would
such a frequency reuse factor imply in terms of the number of beams necessary
to cover the continental U.S., and what would be the implications in terms of

system service flexibility? The following example and discussion address

suppose, tor example, that there was a need for a communications service
totaling 16 (BPS (million pits per second) for the continental U.S., which
transiated iuto ¢ need for 16 Miz of frequency spectrum (assuming a 1 BPS to
1 iiz translation relationship). Thus, a single satellite beam covering the

U.5. uning 16 Miz of spectrum could provide a 16 MBPS service. Considering a

-

fraguency reuse of four, a satellite beam configuration would be needed such
that an equivalent service (of 16 MBPS of total data flow) could be provided
with 4 Mie (i.0., 16 Mlz divided by the frequency reuse factor).

L foir eeans could be configured such that they did not touch, but could
cover the total area, then the frequency reuse factor of four could be
satlsioed by employing the same frequency in each beam, each providing 4 MBPS

clodata camacity:

MRS - ‘uﬁ?” ans
Total Area lotal Area

sover, dere nust be a continuous service. Therefore, the bheams must

i

e

overlas.  Thus, adjacent beams connot e asslgned the same frexjuencies.
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Consider that the 4 Mlz of spectrum is divided into four-1 Miz parts,
identified as 1, 2, 3, and 4. If each piece of spectrum is assigned to a beam
providing 1 MBPS of capacity, and 16 such beams are configured to cover the
continental U.S. such that: (1) they provide a continuous service through beam
overlap, and (2) none of the overlapping beams contain the same frequencies;
then a service nearly equal in capacity to the 16 MBPS single beam service

could be provided (see figure below):

16 Ms . /1Mpes ) /b Beags
Total Areca — _Ii‘e—%n— otal Area

This Jdegree of multi-beam use, about 16 beams, is estimated to be needed to

effect a basic frequency reuse of four.

System flexibility, however, is impacted by such a multi-beam system. In the
single beam coverage case, all the capacity is available to be distributed for
use in nigh traffic density areas and low traffic density areas as service
demands require.  However, the multi-beam case considered above satisfies the
total service demand (i.e., 16 MBPS) given the assumption that the service
Gemandd 1s evenly distributed across the total geographic area. Bat ,the
continental U.S., probably like most areas, has various regions that have

signi fieantly higher service demands than others.

it may be very difficult to provide a significantly higher level of scrvice to

an area coveraed by a particular beam without: (a) implementing additional,
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unique (i.e., different than the frequencies assigned t. adjacent becus),
frequencies to the beam, (2) sizing the syster 30 that the peak demands of thec
most demanding area can be met, or (3) utilizing a larger dearee of frequency
reuse/number of beams, so that the system flexibility will be available to
provide the total demand in a more adaptive manner analogous to the single
beam case. Alternatives (1) and (2) above require the use of more frequency
spectrum than implied by the frequency reuse factor (i.e., resulting in a net
lower frequency reuse). Alternative (3) requires a more complex, multi-beam
satellite system than implied by a total service demand (with no qualifications

regarding service demand versus area needs) and a frequency reuse factor.
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