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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.

AA and the aviation community have been studying the potential of satellite
services for aviation since 1965. While satellite services have clear and
obvious attractions, their high cost has up to now prevented implementation in
the U.S. and1 the world's aviation system. Recent developments of technology
and of commercial service offering indicate that these services are likely to
become cost-effect ive.

in order to focus more clearly the future role of satellites in air traffic
control, FAA analyzed satellite system concepts which might become acceptable
to MA and the aviation community, and developed such concepts to the point
that estimates of required radio frequency spectrum might be deduced. In
doing so, it was necessary to make a series of assumptions about prospective
cliqges in technology, the future need for either new services or changes in
curl-ent .ervices, the expected numrber of participants in the system, and
anticipated distributions of aircraft in representative areas.

I. AA did aot asswale that all aviation services would, a priori, need to be
satellite-based, but tried to forecast applications where satellites have
uiiique capakbilities to serve aviation effectively. In order to meet
anticipate_ requirenents, satellites are likely to become an important part of
tie , i.n syste.l.

S '/ , i t ,ission new studi.es by outside experts, but drew on previous
stiili(, an( iruernal exp)ertise available to it. The result is a preliminary

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

'MA eximinuII a series of potential satellite applications and selected
concepts for which spectrum requirements could be identified. The concepts
build "i each other. In the first, it is assumed that a highly accurate,
iqi#-ivite xity, multi-purpose (not exclusively aviation) satellite navigation
;:,z-vi:e ..ruh serve ots the basis for all air navigation except Category II and

* .d:(,ozy III ~precision approach and landing, and that the navigation
i x .£,,t iOfl ; ill lb of sufficient quality to serve also as the data source for

,n aut,,at ic dependent surveillance function, which would be the primary

-- -



surveillance service of the system. Ca.nmunications w-il be predominantly
'satel lite communications, heavily digital data, but with voice service

retaineld for emergency and some routine party-liae communications. It was
postulated that certain communications, predominantly in high-density terminal
are,s, might be conducted most efficiently ground-to-air without using
satellite relay, but that such communications should "be conducted1 in the same
1bAnl to permit the simplest practical avionics complement. Spectrum was set
asiduc for this function.

In the secord concept, it is assumcd that aut(xatic dependent surveillance
usi:;i precision navigation information will not be found fully acceptable to

-. tie community, and, therefore, a cooperative independent surveillance system

is added and spectrum set aside for it. ',No alternative cooperative
indi)endent surveillance concepts are postulated-one, a space-lbssed evolution
of the Mode S Secondary Surveillance Radar System usin% a system of
g7eosynchronous satellites; the other a synchronized satellite ranging system
using a number of geostationary satellites and aircraft-derived altitude
informat ion.

As a third concept, it was further assmed that cooperative independent
surveillance might not be acceptable, and spectrum was set aside for a

0 uioncoop rative "space-based" system to perform the same function currently
provided by pi-imary radar. It was recognized that such a system lies far in
the future and its viability is subject to question.

i ie cooprative independent surveillance system may require exclusive spectrum
aLiocition for aviation, and the spectrum assigned is sized to meet projected

aviation needs.

eor communications, vile tne expected requirement is substantial, FAA did not
fintu persuasive reasons why such services cannot be combined in acceptable
ways with srvice to other (u'ers. V.il it is expected that a numr~y of

.vI]hoaton.;.............. . ... channels (or band,,,i't .valent of
il! be ,;,:u'e!E L:, :i, a_;signed exclusively for aviation,

.; i, ,,: sateiti, 1 )I.i, .lz. ,' .r sone instances, transponders or

L ,( mayel u:pcssiu~e ii certain ground rules on primary versus
seco{ iar. service, including instantaneous access, protection from
interfe-ence, and priority are scrupulousiy a(hered to. No conpelling reasons
were fouin why such communication services need to be Government-operated as
long as t.e requiements of the responsible government air traffic service

.- . du.AK..t is are met. Similarly, the synclronized-ranging typr' of cooperative
,, ,nt survei laince could i>- part of a cnomercial service, fjven adequate

b lanees of primary service, integrity, and availability.

that siite sharing :xxssibiilties could be bnieficial to
ivi. ,>,, f2:;)ci ally during the int,-xiuction of, anrd transition to, a

' kY)ai.nauicut ions .;ervice, oeCause ; lAie )ossibi.Lcy of sharing tie
I Ij J st i f sp ce mment r,_soui-ce,. , Vor , the pyojected aviation:
r'iqu :e'iam,'n woe,. mr'' than , ut iliz.e ., xctruia exuivalent to the 'odnlUs now
, (':,teo to the aeronautical i;bilh satel.Aite (R) ;ervice v-nd the ability to
i:iet that requirement must not be Loreclos(o-(!. Llring the transition period,

• - .- - - - . . . ..



it is exqjected that the baknds will not be utilized fully by the aeronautical
safety services. Because the aeronautical requirement is likely eventually to
require all of the spectrum currently allocated, it is considered appropriate
to maintain the aeronautical mobile satellite (R) service as the only primary
service in the currently allocated bands, with other services which can neet
the ground rules laid out herein designated as secondary. Such a designation
WOUhl assure clear precedence of aeronautical safety services.

in determining this requirement, FAA assumed that an evolution of satellite
techunology can be expected in which progressively more capability will be
practically achieved, thereby easing the transition into extensive aviation
satellite use.

While F-AA considered predominantly safety services, it recognized the
cont Lnuinj requirement for operational control communications, and included a
s×pectram seqment for such communications. This requirement was furnished by
ATA/'AkRPE,, und is includxed as given. FAA recognized the potential for
nI~n Lnj~t 1i), ublic correspondence, but agreed that it is not an aeronautical
safety service, and therefore no spectrum requirement is specified herein.*

CAA clOse to size the system under the assumption that all aircraft in the
krojecte(I time frame would require services. This approach, which results in
AIrqer spectrua requirement than would be required if only a portion of the
ai.rcralt were assumed to require services, is offset by other
asmunj)tiol3--iich ,iay be considered optimistic by some-concerning the
.x)'entil for frequency reuse, relatively high-efficiency modulation
teCnuIII'ues, etc., which tend to reduce the spectrum requirement.

VNA concl#Ied that the availability of L-band spectrum in paired channel
ass-g(jrL3aets ,vul be a requirement, and that spectrum amounting to more than
the currently allocated 1545-1559/1646.5-1660.5 MHz aeronautical mobile

i )ands is Ii tele o be- ,_ uired by the year 2010 to support
,,. ,i -teIito -.ti- .;t vices. The summary requirerent results

: . .1z t,( .o.;;iInk (satellite to aircraft) and 15.95 4Iz
t .r . i 'ircru-l tx, :..; iX ,, with an additional 20 MIz (proably of

t ',e ', ..- ' ;'iZza(i,)Iiav yvition satedlite band) reserved for the introduction
,)f noncwe. it ive independent surveillance using a radionavigation satellite
kxln( I.

* )i .;IC u'_ e . lse f witii radio services which are classified by Ar anyl NTIA

., .;;,:i u. aovu::uaent and rin-qoverrnent or exclusively government, and
U 1 t : ....,u servic(5 jucii as public correspondence which are exclusively

i.f -, J1 VeI" ilele it.
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1. IRO2R0DU2TIOU AZD QUALIFICATIUS

The competition for the frequency spectrum which is currently allocated

nationally and internationally to the Aeronautical Mobile Satellite (R)

Service and other aeronautical radio services is growing increasingly intense,

and there is a risk that spectrum required to serve aeronautical functions in

the future via satellite or terrestrial services in these frequency bands may

be lost if the aviation community does not state clearly its needs for the

future.

A nL-er of activities are underway to establish those future aviation needs.

Among them are the ICAO Future Air Navigation Systems (FANS) Camittee, which

is charge1l with defining aviation's needs and the technology to serve those

necvL; fc the next 25 years; the Radio Technical Coutmission for Aeronautics

Siec'iaI Cm.uttee 155, User Requirements for Future Ccimunications, Navigation

and Surveillance Systems, Including pace Technology Applications; as well as

, .nel -x of activities in other countries. Literally hu-idreds of concepts for

aeronautical use of satellite services have been offered; yet none have been

accepted by the aviation caimiunity, either because the need has not been clear

or x:cause the cxosts have been either unknown or considered too high to

warrant i )nei.entation. However, there is little doubt in the minds of most

avit,: , t thu,: ' t i . mzions are highly ar&c.live

.v ...... vi c, .- lve aplications and service

: -.,ill- est DoisneQ.

in Itei c ;i .lcp lay out prospective concepts for such satellite services and

to :e ational estimates for spectrum requirements, a smali 9gro) of

S'a rts vas *sse&)oied )y F'AA to develop one or nae 5atellite system

Co _i:.= fit becon e ,cceptai]l e to ZAA and the aviation commuity, and

t2) .: . , c' )!'copts to Lh, poi.It Are estimates of reiuired frequency

, r n i -'&i c( i z oijg so, it h-as been neces,-ary to make a series

,tis ~ pro ;)#tive coanges in technoloqy, the future reedx for

tithei new nervices or chaLycges -n current services, the expected number of

pairtici2aInts; in the system, and the anticipated distributions of aircraft in

representttive areas ranging from high-density traffic environments, to

xteu Anc, to ic--isen iLy 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

ap-lied, no result is achievable. In doing its work, 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 work, the (group did not assume that all aviation services

wculd a priori need to be satellite based, but tried to forecast applications

and services where satellites have unique capabilities to serve aviation

effectively. The group was aware of many studies, concepts, and techniques

conducted by DOTP/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

ckirreiL zzhcnology. it ,as aiSo a that technologies are c rapidly

wo,& tr . the nature of une aviat-cn industry can be expected to change.

Wihite tile group did not corission new studies by outside experts, but,

instead, drew on previous studies and internal expertise available to it, it

.elieves thnat its conclusions have substance and deserve conside-ration.
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2. LT Y ZIN.'2 KIS

1:1jrtlion of FLunctions

t' considered at length the jenefits and liabilities of integrating the

cLassic functions of communications, navigation, and surveillance. it agreed

umb : erL1Tt,- of basic ground rules, the nst iq, ortant of which is that no

svwsa will be acceptable if failure of a single elemeiint could deprive the

!swn simultaneously of both navigation and surveillance.

' : 4joup Igreed further that the traditional philosophy of separation of

~t t ons is soundj, and that backup should be availabLe, but that redundancy

ii siair systems can serve in many insta-ces to protect against

S, .g (e-elent failures.

i v <jtaio0i, tie jior1ia1Z.Lal i)oSiti on can be obtained from any suitable area

.,kv1,p,tion system still in use -, 2010. Because of the major benefits it

S[., : goup believes that u .ti,[Lite navigation system will eventually

,.,e i:nst g;round-based navicjat xo-, system for en route operations and for

.,es. CGPs, a: , <,-cal technical evolution of it, is

,,/. t:,: n ,vi.<. z syste.. .urther, the group assumed that the

*.'. j....j' 2uXL , 'wi rPS v-. xcxixe available to civil users, and that

.. "rD L3n ac;ieviiij coverage, reliability, and integrity will be

-: f . .f seveial means. Should this come true, it may become

e: hieve precision approach operations to minimums of 200 feet and

...- e ,t Ctejoiy I) using that satellite navigation system. It is

. . . 4t ), not be adequate for full (CAT ii and CAT ill) precision

.: .;in,-.ng services. It is anticipated that the Microwave Landing

4- i, Cprovide that service.

* :, ' AA, "G ," unless other.se ftated, should be interpreted as the

.,, Ss >e vi iviIg froun the p)leA ellt rPS desjign.
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FOR CeCEPT 2 ~A or B) -~AW FJUFICNS

DJZJINIK IPLI1UK r111IER

Paired b-Band P-aired L-IBand SANIXS

*Spaice Ccamunicat ions
klincl~xinq automatic

dependcent surveillance
reporting once evevy
10 seconds)

Digital 3.3 141z 2.5 M41z
Voice 1.2 M4z 1.2 14iz

*L ?rrestrial (Ground-to-Air) 2.4 141z 1.65 M-Iz
Non-Satellite Voice & Data
(includ-ing 1 M4z buffer or,
,kownlink)

*S.Ace Ccximunicat ions
Adjacent geographic area 1.0 n41z 1.0 MZ
S,7!rv-ices (wh4ere frecquency
'cx~s(- s ryot I-ossible)

A*~h~ x.pat ive indyependen- t 1.0 M4z 4 0 1z
.; \veillaace (System similar

'Ixi 2 5 3urveillance

~e u~ ~~mdt i.0 1111Z 4.0 Miz

i -vc i Lanci(e (,Synchroni zed,
rcj-,kL(Ni~ surveillance

col-i k aircraft altimeter

3.9 KIz 10. 35 141z

~cis aii~eshiared 4ithi~ secondiary land mobile service Which
-Lit. SLI'Ih d 11LIl.:er 1-, t:) iSure hat th haing conition of
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FOR CON=EP 1 - NXI iMJCLTI CXYS

I~DOVIINKa UJPIIN.{ On LER
Paired L-Band Paired L-Band IWJLS

* SpAce Coiiiunicat icns
(including autornatic
cdependent surveillance
reporting)

D.,gita1 3.3 tAiz 4.8 niz
Voice 1.2 H4iz 1.2 H4Iz

*T(-cre - (Ground-to-Air) 2.4 Alz 1.65 r4Iz

Nci-Satelite Voice & Data
(inciudling 1 H~Iz buffer on
6ownlink)

*5j-uce Ccxrmunicat iofs
A!Yljacent geogjraphic area 1.0 A4Iz 1.0 I1Z
Ser--vices (where frequency
reus is not possible)

7.9 n4Iz 8.65 IAIZ

*7i106 L&cxpuencies C,-, )C- ji ,> . secondary landl -xbilc sezi~ca ,r~n'ch
.1 k) cd~,~ irn sic., A~z~~s z - -tssure that the sharingq conn it onn -of

3,c t i .4 c.i, re L'I ly 5a,:i.- fif4.
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The gro¢th of te2hnology may ake one or another transmission metho--FIA,

spread-spectrum techniques, TL14 sysems, etc.--more attractive than others for

some functions. The group believes that the projections made here will be

applicable for a variety of Miticiixited ir~formation transfer techniques.

The group believes that these projections may have some value in considering

tie worldwide situation for the future. In the calculations, the projected

traffic situation anticipated for the U.S. was used, but it recognized that

adjacent or related areas may have lesser demands and may therefore use less

dflU)itioLIS space systems. Spectrum is identified to permit such operations.

L-b WW SPLI:TRUM REQUIREIPMfS POJWI)TICk

Ass L t ions :

M. The system has ocen sized to provide services to all aircratt.

2. :,ist A'C fun clions are assum6 to use digital communications, but voice

,:apalbility .:7ust be available for nonroutine, emergency, and some specific

Su:ct 1i00s (1 im tel 1.;Ir' .: in,.)

,,Vo ri i'ni~ diLC~. . - ,:.t complement, all ATC and operational

<\xrntrcL ,:.jiti~ui~c, t on, inciuliiq terrestrial ground-to-air

S-. ,__ite) ~services are a~suned to be at L-bL"nd.

. , , statioin-sateliite spectrumn rt~iiresaents are not incLiueda .

,. ,i..', si~ectr7. requiremeaits for GPS are not lncIudeQ in tnese

, ',o;iq: tile have not beei doni-e, thare is concern tiiat the

ii.i;,r it'y i:; ixxer level between tte-retrial-to--aircraft auiu

.){(:etrft-tc-aircrdft transiaissioOa nay cause technical difficultieu.

; , uffer re(uir Iu all 1 (litional 1 N lz ()f spiectrum is shown in

' sixx:- c u;: rerireneit.

c u i _ +ire
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which could eventually permit the elimination of a variety of current systems,

such as VORAEE; Primary Radar, and possibly Secondary Radar in all but

high-density terminal areas; to substitute L-band voice and data

ccmmunications for existing VHF and HE communications (except possibly in

polar regions); and eventual removal of other navigation systems, such as

Loran-C, OMEGA, etc.

In making these postulations, the group did not establish the timing for

withdrawal of such systems, nor 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 for retention by various

elements of the aviation community, the willingness of governments and users

to continue financing eventually redundant systems, and a variety of other

factors.

The purpose here is to identify spectrum requirements for prospective future

systems without assuming or ccmenting on the timing or need for withdrawal of

current systems.

& 'T~iN14 UI RE2IET

9

Considering all the foregoing requirements, the following is the task group's

pro3ecticn of the spectrum anticipated to be required to support aviation

service3 to the year 2010. This projection assumes the use of modern

technology to achieve spectrum efficiency and high spectrum utilization. It

is irf)--tafnt to note that while the group assumed that all aircraft would

uiL -ie the system fully (requiring more spectrum than if only a portion of

tie aircrnft participated), fairly ambitious assumptions were made about

tech;x4oogica1 progress in frequency reuse, spacecraft multiple beam

tec&uioocjy1, utilization efficiency, etc. (which tend to reduce the spectrum

requirement).
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'nt, task group considered this concept imprtant becase c: the high level of

inde endence it provides for the surveillance funct-or and thc independent

altitude crosscheck it provides.

The group also considered another concept, Concept L3, using synchronized

ragiug via several geostationary satellites and altitude LnPUt from Lhe

aircraft. This concept is significantly less indepenadent i elative to

Concept 2A, but has merit since it requires fewer satellites and potentially

allows tie uLe of comumercial satellite services to satisfy this function.

Concept 3--Noncooperative Independent Surveillance as a System Requirement

Concept 3 makes the same assumptions as those for Concept 2, except it

1Astulat-. further that cooperatie independent surveillance will not be fully
acceptdbie to governmernts and users, and that a primary surveillance system

,in..h dces not rexuire cooperation by the aircraft will continue to be a

-uieaent. .n this concep-L, ground-based radar will continue to be

required, but space-based radars will ! needed for some operations, such as

over oceaheis, for operations near the ground, and possibly to meet other

ipec-ialized requirements. in addition to the spectrum required for Concept 2,

addti~,-iLoc -,etrum i-I ai -e i -. for the space-based radar. lowever,

-i . .,ILy one-way t: .. isslo;. are required to support this application,

t wii n-o fl perforncu in tn -paredl 1545-1559 H4Iz and 1646.5 to 1660.5 Hiz

tmz con- ered that space-based primary radar for civil applications is

. x;, e1)-teri possibility; its cost and complexity are likely to be unacceptable

1cr h,:,LdI; .ifter its cda>xbilities are dera-cstrated. Nonetheless, the

tfiCtio;is of -iuch a capabiiity should not be foreclosed, and spectrum,

.x -,s :,; d( e:,lee in a radi(oiaviqAtion satellite band, should be earmarked
t,: .;ucn] a , Ci~ iI ii.

hLO', )v., . i ,L*xlsf ii(J y stens

Tke piro(,a of transition and the eventual deconmissioning and witldrawal of

,jtp/stems was considered briefly. 'De group chose to define system concepts

I I, i - m l ,I" i , l , -, - L ' - , , I , l,, II . ,.,h, .. ,-,. ,I -, -, - - - - " " " "" .



Coawnerci~il satelli t e services are i-P-eIy to Crite iao St attractive .wiy of

meeting these covmunicatiorLs an.Iuc ~in sucvciilance reuirener.ts, assuming

strinaent adherence to groundI r~des suc out nerein. In thiss cnncept, there is

,c) rtequirement. for independent zv>acePLner prima"ry r_--N7_-perative)

oj:- oooperative.* lth-ozug'± it isreJc trat Pr. ,ary radar zc.y be retained

in high-density termainal azea.s, noC ne , -~xc is iSaccpac L c~e

for this purpose. Broad carriage or inclep"endern coiii.iorn avoidance systemrs

cont-rnucs to be assumaed.

2(oic_,pt 2---Coo:perative lnuepcnd;ienz Survei'flance as the Pr~vSLrv'il~ance

S- drce

Cc~ice,;t 1 assumes the inte,-iAty anai re-labiiity of the n-Lviqat"o0;,

ruicton ssemt be onihtt tcnsreafcly as Weraeuium foxr

~LcT~aiedeperdent jarveJ,!lnce anC .avicgit ior. everywhera1 'it..i c-..popriate

Zeduianuy anai pa r ozteciori Lo assure ha th, sib~t of

u c-;ix~efailures i;sc low as to be negligible. --n Cc t2, 't s

a, sumea C 1iat governmenits and the aviation coamun-ty will -,ot ageeelac

~cie ,ric d epeident surveilianice can. be the primary surveI-daInce_ sarv_-ee

ec,'ihe~. Terefore2, ~naiiri cxperative :.ndurx-?~n._ .zuzv-:.Iaance

-- 'N d.Tway. :-

wastns that the Mo~de S s L-ilcc

so>;~. (ILa 1-L use for a long per iod, bout that a

Lx O erat-v p-neN ',; i aee system (transponder required

,,I: . 21:a t) i~g:s of tn ~ ~~soz ,Ar3 ear LiW-based Mode S, will

cc~cie n being, "zL~n tIe -xnac1alia i> . 2s

*- ,, L)Ut -IL pic Eerent viiL kc.ve Va a 'LJ.,Cr..- ~.
-~ Lrer.,A~r~it Jenti~y ur-ic . &Jt:a 1i-orme..o(. -Ct

*Irii- lzovision -,-kiy bex- 7"rie to A-,2to cUcDLai, a ;ir~ singlie

~;d-u- Ws t~ aimt- a i.ng C"10 dl t:> Me- cotaaia~sCnan
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separation standards will be implemented based on minimum navigation

performance 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 enLanced GPS will serve as a crosscheck

on barometric altimetry systems and may serve as a primary service in future

collision avoidance system concepts.

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

automatic dependent surveillance, in which navigation position information is

transmitted to the ground either directly or 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 deend-t sLrveillance pLoition information, along with

additional information, as a rnd 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 communications system. For this

purpose, in order to permit use of common avionics, spectrum in the L-band

will need to be identified for such a terrestrial-based communications system

as well. Aircraft operators will continue to require spectrum for operational

0 control 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 wiil not have been phased out at the

completion of NAS Plan implementation, military use of GPS will be widespread

and civil users will have begun iapiementation and ,use of GPS-first as a

supplementary and later as a "sole-means" navigation system, in a situation in

which minimum navigation performance standards will be widely implemented and

equipment choices left to the user.

U ew Concepts-2010 Time Period

it is in the context of the implem-ented 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

tne spectrum requirements for execution of these concepts are given in

Sections 7 and 8. For all of the concepts, the group postulated that new

\cnunriications, navigation, and sur:veillance systems should be capable of

pLoviding theiz services anywhere on the earth's surface and from the surface

to 70,000+ feet. They must be practically implementable where they are

needed, without ienalizing low-activity areas tc serve high-density areas.

Na]vigation services are likely to be implemented globally; surveillance and

c(xmunicat ions regionally appli-:i and controlled.

t. .. -  ce as the Primary Surveiliaiace Source

i(2t:,,X i aSSumes that a satellite navigaL on system will prove to be a highly

rel~aaji, iq integrity, and high-accuracy system. The accuracy and

i; L;o ity of the system will be suchi that it can serve all navigation

tu '.2t i<fLt w.th essentially instinteous faiure warning in uccafic, en route,

a: l tZ.Inri opera LIL..3, prDviding information adequate to suppcrt 200 feet

0I i/1 nihe (CAT !, iinima. GPS is likely to be that system. It is assumed

:-,at the fuli-accuracy capability of the sstem will be available to all

:-112,-S. t is also assumed that zhe sata iite navigation systcm, if GPS, will

nave evolved aid imrprove(i to became toe pzime i-d "sole-means" navigation

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

the -asic service providex] by the government/s. Services will be provided and

6%
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motivation, the provision of a system which permits aircraft to perform their

desired missions in the safest, most efficient, aad least constrained way.

New sensor systems will be judged on whether they permit aircraft operations

ahich are safer, more flexible, nore economical, or more efficient than

competing alternatives.

The Mid-1990's Baseline

In considering concepts for the fature, the task 9-oc;- 3ssumed that the U.S.

National Airspace System Plan will be successfully executed by the mid-1990's

and the ",xxernized system will be in place. Area Contrc)l Facilities in which

Center functions and approach control functiorns are beneficially combined will

be in wide use. A high level of system automation will have been achieved.

The hLmun controller, still an integral part of the system, will be more a

system -,mager than a moment-to-moment control executor. There will be wide

use of digital ground-air-ground communications, but voice will be available

far nonroutine and emergency communications. Extensive use will be made of

N4xbe S and its data link for safety communications, anu a variety of safety-

and efficiency-related data will be exchanged by the Mode S data link.

Different data linkb may be 7n use by air operators for co-pany and other

f un.ctions, a'U iL !s an cjXtC Lc.4t an "open system arcli.ecture" will be

1kienei-,ted. Yiini.-u, or.,nce standards for navigation will be in wide
Luse, an" a limited numbe- of dlifferent area navigation systems will be in use

to meet tose standards--VOR/L4£, LIE/LIE, Loran-C, OMEGA, INS, and GPS. MLS

will nave replaced !LS in most, if not all, applications. Primary radar will

still e in the system, particularly in terminal areas, but possibly for other
u,;cs "s well. A mujor FAA data interchange network, along with modern voice

switci;ij an,. co-ntrol systeims wil1 be in place, designed to take advantage of

a vaiLty of caMnunxicAtions cazr _irs, Loth FAA-owned and coimercial--possibly

us teiite--chosen on te basis of techunical capability and economic

CCTX>L It io 1.

0Ther- will be wide use of independent collision avoidance systems which will

serve in both domestic and over-ocean applications.
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IPS. The key requir:ilent iz for a Luaforn and stan dard system of ground/3D

reference coordinates and a clear statement nf m-i nu 'rforLrunce

requirements to which all ur-ers agree to adhere.

in the conmnunications and surveillance areas, there is an aviation requirement

that there be sufficient uniformity in satellitt- services, technical

standards, and protocols that the same avionics systes can be used worldwide

anl that the need to carry Lunecessarily duplicative systems be avoided.

FJL-URE SYSTE4 COICtLTS

The task group considered technologies for future aviation communications,

navigation, and surveillance services which are likely to require use of the

t ronautical satellite banis. i agreed on several concepts which have high

potential for implementation and use, and for which spectrum needs to be

ident i fied.

Trhe 3roup did not assume that dil aeronautical services would need to be

satellite-based, but attempted to select services with a high likelihood of

iApiementat ion and belleficial use.

LCLI: 0-&tur ' he Air SystemFn.

Tao air LrIf[IC rmanagement systea will continue to be centrally managed and

cjro~n~d-basedx, although there wifl. cont inue to be much airspace in which few,

if auy, controls are imiposedl.

L:, (.)wasiueL-lng the concepts, the (ron) agreed that te ba ic p'ocesses of air

traffic onhrol are n-ioL likely to ne inpactol in lajor ways by the kind of

tc> iC,=t ions, navigdt ion, and sLrveiilance systems irovided. While the

character Gi such systems will influence tie air traffic separation process,

imj ct achievai)le separation standards, wd have potentially major impact on

efficiency and cost of the services, the guiding requirement is that the

c)nui(- tion, navigation, and sLuveilluice services have, as their basic

0" . . ., .
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Communications Spectrum Sharing

The group discussed and studied the benefits and liabilities of sharing

aeronautical communications with other services. Such sharing can be

accomplished in a variety of ways, ranging from the sharing of satellite

platforms to assignment of exclusive channels (or their future equivalent) for

deronautical mobile safety communications, to sharing individual

communications channels with other services.

The group established certain ground rules on sharing. No basic reason was

found to indicate that sharing of satellites, same frequency bands, and-with

specific safeguards-channels, is impractical, assuming that protection is

adequate. In summary, it concluded that the aviation safety service requires,

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

to prordude interference to the maximum extent, it guarantees that, should the

Irimary service be jeopardized in either an allocation or assignment matter,

there will be a clear cde ofco pcaaence.

It is likely that the need for such separate, protected communications system

charnels is likely to grow from an initial requirement to a larger

requirement, and that access to additional channels as they are needed must be

guaranteed. Given scrupulous adherence to the ground rules, there is no

reason why such services must be Goverunent-owned or operated.

Wor'ia-WJide Uniformity

in ourisidez-ing reqluirements for services and the technological means of

serving such needs, the group recognized the importance of unifcrmity of such

services over the world. GPS is worldwide by its nature, but users may find

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



Comlunicat ions

By far the nost important applicatiot of satellite Lecnnology is in the

provision of communications services. L;. consideration of the _oncepts

described herein--one in which autoi. atic nependxen-t surveillance is the primary

surveillance system, and the others in which it is assumed that no form of

depen(ient surveillance alone will be accept,Dle, the quality of cornunication

services must be of the highest order.

I. as agreed that while much communications will be done by digital means on

data links, voice services must be available at all times, for emergency and

soi.,e c-outine party-line com unicat ions.

it was agreed that wnile much of the air/ground communication is likely to be

)- satellite based, some :-ommunication services, especially those for terminal

area qc{erations, may be better conducted using ground commiunicat ions

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/ground

-co" comouications, pechaps eventually replacing the current VITE comunications

While tnu ,jroz) *i not co)roiv, vje p-oVision of spectrum for public

correspondrence to be a part of the ae-onautical safety spectrum requirement,

it recocuiized the need of couin cial operators for spectrum for operational

co, trol c.nLnLicat-ions and adminis-rative conmunications. For reasos of

aicccaft ekluipinent economXy, sLcch spectrum should be integral or Lontiguous

wit other cospunicatioi spectrum needs. The group asked the airline industry

* cn, 'imate tuer leok~s. he airlinre industry has indicated a requirement for

).U -. 1z icr operaticoiia] control wid a( 'nistrative ummunications for the

.Wtare. Ap)uix A uesccibes the A1i J2/ATA view.

.. , . .- , .- ,-. ,. .. . ,- , .. , .-.- : , . "...,.... .... . . . . . . . . . ..-.. .,-. ......... ..
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The concept of automatic dependent surveillance is also attractive because

it permits both aircraft and the provider of the air traffic services to

utilize the same reference information It has the disadvantage that a

failure or an unannunciated error might affect both the crew's information

and the surveillance service.

o Cocperative Independent Surveillance

It is FAA's current 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 fcr 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 iite-based cocperative independent

surveillance system.

o independent (Lon-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

ckAnsiuers spectrum must be retained for such a possibility. However, this

sjectrLm need not be reserved in the 1545-1559 H4z and 1646.5-1660.5 Niz

bands, but would iore likely be located in the 1585-1610 Hlz band.

• _ i. .. ...... , . .. .. .. ... . ......... :......... _ _ -&i ~ i i_', 5, -_.,':,
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While barometric altimetry is likely to continue as an integral part of the

aviation system, altimetry information derived fran the satellite navigation
system is likely to become an important adjunct and crosscheck. it may also

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

en route environment and, although geocentrically-based, may come to serve as

an altitude source for collision 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 information source for
a future independent airborne collision avoidance system, and could serve as a

basis for a widely impiemented automatic dependent surveillance system, both

over oceans anu over land.

Surveillance

o Autonatic Dependenr Surveillance

'2re cc, t of w, - , surveillance* as a :,rveilance

., ;tt :, ,. .,, . the potential of sinplifyiiq the

:, uired avionics -cimpemen• 'i -i,-.craft and the ground facilities

rerquire-d for groLund-based cooperative independent surveillance. It

assumes '-ht the position information derived from the navigation system

and transmitted to the groundl is of high accuracy and intec-jftty, with

essentially instantaneous failure warning. It further assames that the

L-osition data transmitted to thp ground for surveiliance purloses is

essentiaily raw inforzi-tion, only miniimaily processed in the aircraft, and

Swithout any imodification by tho crew.

*Autocatic dependent surveillance assumes a dependence on aircraft-derived

navigation data, and is defined as the automatic readout of navigation data
and transmission to and pretentation to the air traffic controller without

V, 1; human intervention.

0
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FOP CCNCEPT 3 -- ArTC FUNCIW S

DC1XELINK UPLINK OTHER
Paired L-Band Paired L-Band BANDS

as for Concept 2 8.9 14-z 10.35 M4iz
* ww

Space Radar 20 4 {z*
(noncooperative surveillance)

8.9 M4z 10.35 ?41z 20 MZ

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

S

SPECTRM RQUIREM FOR OPERATICNAL ClrMTRCL FUrIONS --

ALL C1WPPTS

(provided by ARIW2/ATA on behalf of scheduled airlines)

DUA)MLNK UPLINK CTIER
Paired L-Band Paired L-Band BANDS

Space Comm unicat ions
(Operational Control) 5.6 HIz 5.6 H4z

O

S

0.
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SAMARY -SPkETRJM REDUIRMI FOR MOST 1)LN2DIX C(IEPT

DUH&INK UPLINK O1IER
Paired L-Band Paired L-Band BANDS

*Space Communications

(including automatic
dependent surveillance
reporting once every
10 seconds)

Digital 3.3 M.z 2.5 MHz
Voice 1.2 Kiz 1.2 MHz

**Terzo3strial (Ground-to-Air) 2.4 MIz 1.65 MHz

No:--Satellite Voice & Data
(including 1 nIz buffer on
downlink)

*Space Communications

Adjacent geographic area 1.0 HIz 1.0 MHZ
Services (where frequency
reuse is not possible)

* * Sace Cooperative Independent 1.0 MHz 4.0 HIz

Sxrvei Ilaace

Spacc, Radar 20 t4iz****
(noncco)erative surveillance)

c~~ c~~.:.~ri~ ions
I .i:-<,? d Cotre) 5.6 niz 5.6 1I4z

14.5 MIz 15.95 MHz 20 14z

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

is ij)ie~iented in such a mannei as to assure that the sharing conditions of
Section 4.4 are fully satisfied.

*r* ot siuarable

***I): IIIrble if space-based system similar to Mode S is chosen. Possibly
n>t i: u lc if synchronized, range-based system is used.

**S* <trum for this function expected ro utilize a radionavigation satellite

bar-/ between 1585 and 1610 HIz.



3. The Scooe, Ground Rules, and Prospective Services Related to the TaskGroup's Work.

3.1 Sco

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 AW'C services. Airline

operational control and administrative communications, recognized as needed,

were not estimated as part of this exercise. Instead, information provided by

YA/ARINC is included in Section 8,

,he development of potential future requirements for a limited number

Cnf representative world areas was estimated to be sufficient to bound global

spectrun, needs, assuming that at least rudimentary frequency reuse would be

available to service other areas of the world, and that similar service needs

were to be expxcted. The areas chosen were North America, including the U.S.,

Canuda, :iexlco, and the Caribbean; South America; the Atlantic Ocean area; and

the Pacific Ocean area.

7h( need for services, including comunications, navigation,

s urveillance (and independent colJision avoidance), were considered ir. the

~t At ' ; er'ted icyV I:, , uLldffic. Consideration was given to

,i ,vlcP 0" tit. "Jrec nled for service levels not presently

3- c:;, as sglPJ~ficant Irvels of data link communications to provide

v, su.- wmatler iafor;-atiot in the cockpit.

- .. ,'cn:u , Rules

-;tLX1y Consideritions

Wi > Ie sjctrun requirements of present ATC system elements must, of

u)+a~se, n+ protected for a number of years to come, the group agreed to

<++stuvte tie amount of spectrum that might be needed to satisfy future

aviatiori safety system requirements under several different concepts.

• ~- . •. . " l- . . -, .-_ + l. . .
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The group recognized that about 75 H4z of L-band aeronautical spectrum

wais xotentially ivailable foi future services. This spectrum includes the two

S-" 14 141z segments planned for aircraft-to-spacecraft and spacecraft-to-aircraft

coviavuications with allowance for suitable diplexer arrangements compatible

with adjacent maritime spectrum allocations.

3.2.2 A2 Funictional Interreiationship and System Operational Ground Ruies

Assumed

i. In the ideal situation, excluding any consideration of avionics

complements, it is desirable to have separate coamunication,

navigation, and surveillance functions.

2. Combining any of the two functioris entirely wil2 require parallel or

dissimilar redundancy in the avionics complement of most aircraft

opratinq in Instrument Meteorological Conditions (IM),

A :vsuem concept in which a single system element failure can

:siMultaneously eliminate both the capability for cockpit navigation and

Ait- surveillance is not acceptable.

. .... ng a l tlkree ma ir cy result in a safe system if sufficient

(,unXmcy is provided. .ilowever, this would require significant

re6dwancy in the ground aml/or space system elements, as well as

_ircraft avionics. 7he costs for this redundancy and related services

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

.,4 sdrveillaance/ccxamunication system operational concepts should be

ju vth re-gard to their capability to impact a relatively low

* ni)c;.)f itsers if a system failure occurs.

3.3 Probtictive Services

... ."S' " . -i l .. . . f. -i

-0 ' • : . _ . - . .• - - - , ,' -,- . , ., . / ; " . -
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3.3 :,: igjdt>on Serv ices

.>.zi e iavigation is j t 1y to be the priniry world-wide horizontal

.:J.t~oc service for the futare. A CPS-based system is the likely candidate

.. srv.ce, and GPS is i.kely to (volV to become tecluiologically simpler

JI.OZO= aj9icai e to civil needs. It. is assumed that this GPS-based system

sta-,do-alone system.. not dependent on other aircraft syster.L for its

,L oiPr-io-. Futu-e avaiiability of increased accuracy to the civil

-. y from GQS is Issumed. Lhis may include the availability of useful

, .. posion information; vertical guidance information will be required

is to bLe usedI to su puort landing operations with operating minimums tc

ft<" Ik i/2 nil (current CTC 1). MLS will be used to 3upprt precision

i:, i ervices. T;,ere is at present no foreseen need for additioil

QO;:.Cy 3pectrum, to supoort future navigataon services.

s;eve;, thie ,resent iC+3 GS satellite constellation 'Ioes rinot rave

1,20 1; bii tyN or integrity to satisfy civil aviation rcx2uirements for

,u:," ravi~:i on system. To meet civil requirements for a sole means

-,ma ste, the present constellation needs to be augm,-crted by adding

,- .es (e.q., 24 sateliites + spares), or addinc several geostationary

,. ... ,. ., ., capabilities (i.ote , ,

o to provide communications i, addition
..... !t nhr <,(2: -. tationary satellites or communication

S: .- .... c'tx o neede- to .end GPS health messages to system

i. .ernt.ai operat: anal scheme, with local qround reference
. .-. tc- sy ,tem heait ;nd provide increased accur.Y' -y trans-

•: .: aieaft, -s aso an opIion tf , -be Y: :(,K?, for the

4

* .0.... i trms oC sa, .i~

, : ,, :,,, r,:,,<) * .iu e~: ' c}, iCeL the groin( I rules rronccrn ig

• ,', : f,.-, _,",t o,, aii l~,, as we]l us high accuracy worldwide. it

" Is ;
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cocaw1,at systems of nongeostationary sateilhtes, optuially placedi, w4ere

IIII tieinsti~ely to find acceptancu an Lse. The tasK grouip also co-nsidered
the concept cf 'dopendent nav±0,at ion," but chose not to zselect it for the

nCnievk3 services of the quality to be expected of an E-volved GPS, i.e., nigh

,ACcuLrACy, vertical information- high reliuiity, and acif-.uate sga

_nteqr ~ty. The sequential use of a m~ iur cf four sattllite paths (aircraft

Saite'-ite to earth- to satellite to -.-ircraft) wouid be required to provide

nnijt~on inforniation to the aircraft. Pos.tion reporL lags of 0.5 seconds

nr Iek)-,y,,c,-Ircioos--altitudle satellites (neglect in 9j processing delays) must be

ect& ,and! such lags woalu not support CAT 1 instrument approach operations.

;. acj:v reiabe, igh-inte';:_-.ty siuzveillanc,. function must be

ac;ff~aD, inu a,-plied i3 a,)propriat±_, in any airsipdce '(cjound to

1 to effect a.,equate protection frcci blun-ders, A11X2 loop

,erors, otier hunanir fact-or related arrors while operating with the most

cU I~x:;> .itonniac! possikb-le, and (2) to effect efficient air traffic

'. tice ~. .:of greater than once in 4 seconds

.ia .~ea indoth ; ighl truff. .ensity operations is anticipated to

.~ ~ ~ r t~n; riu~ysi, a de ' one ech second has been

a-_ useful value for f.~tufe oi.erazionS in terminai areas. A~

-: -4 seconlLias ; ix en assrncxi for en- rou-te operdt canst (lesser

.. ~. w~>,~oroc~.ai -ervice) . Tlit "uvilac unction 6 1Ulu h-ave the

A) p)rovji ai ranige of L)sitio,- ujxlate rates.

* . ~r.,:,t? x)-~l icy, whic%'. cI'_is "Or ciniept-icerit surveillanice for

hine sevICOS in! suppo)rt Of DO)D requireientIs, arnd

> uerCvicu t~o aica witi, systu;m outaqges, was recognized. It was

e'i .:a ~,ectun ;uu be prov ieic t.( .. &iLitaifl suc:t ai indepe ndent service.

''l *i evcex t~lia . the" future, ajrcraf't trawpoi-xli-based cooperaitive

dQ5 u1rv(ciL~,11f 1.1 ;3nej tii (c&Iun urveillace could satisfy the

/ .i ~ tiof if li Vuirn- cIr 'Ix-, canib z &n(A. iionetheless,
iou d ~~ ~s£deion .~epnuct ,rxion-cooperat le, Surveillance.
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3.3.3 Communication Services

There will be a continuing need for air-ground voice and data communi-

cations. It is believed that such services could be provided by commercial

services. Guaranteed high-integrity channels will be required for these

services, wnich would also carry the automatic dependent surveillance

comunicat ions.

If air-ground communication services are most efficiently prcvided by

ground1-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 Li-ba]nd avionics.

A question remained regarding the provision of communication and

sarveillance services over the polar areas. At a time when it becomes

attractive to phase out ia , a means must be founid to satisfy this need.
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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

aeronautical community for satellite appliations are the 1530-1660.5 Miz and
5000-5250 M z bands.

In the 1530-1660.5 1Iz band, there is 44.5 HIz of exclusive aeronautical

spectrum and 51.0 Miz 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 M4z (centered about

1575.42 IMIz). The full system, with its dual frequency precision ranging

capability, utilizes a total of slightly over 40 MHz (+10.23 HIz each,

centered about 1575.42 Ilz and 1227.6 M£fz).

71hle 160-1626.5 :iz segment is a subject of an FCC NPRM addressing future

radiodetermination satellite services. The 1545-1559 MYz and 1646.5-1660.5 MHz

(satellite-to-aircraft and aircraft-to-satellite respectively) band segments,

p)resently the principal aeronautical mobile-satellite (R) bands exclusively
ali~at I nternationally, to aviation, were systematically planned with

S*. ' piexcr acr . .. ' /.e compatible witn the adjacent maritime

f-petri-n' Ocat ionls.

:.1tCu -W25Q ,[lz band is available for aeronautical satellite

dpuri c,.on with one proviso. Satellite use of this band must not impact

o[rtion of the international Standard Microwave Landing System for precision

apr§-ich l inoingj operating in the sub-band 5031-5090.7 MHz. The

'L; oillocated to the aeronautical -obiie-satellite (R)
.v * ,:,x<-~s~iteliite service, and the inter-satellite service (see

, , ::u: "-ix&-sAteiiite and inter-satellite services is

., 'nInction with the aeronautical radionavigation and/or

r, .. m- e KR) .services. .nure are no existing U.S. satellite

* r~'ri~i~'fl5 1 this3 hirid.



FI

4--2

4.2 Regulated Use of Aeronautical Z obile (R) Bands I/

international Telecommunication Union (IrtU Radio Regulation 3630

restricts use of frequencies in any bana allocated to the aeronautical mobile

KR) service to "communications related to safety and regularity of flight

I] between _any aircraft and those aeronautical stations primarily concerned with

fl-gnt cilon, national or international civil air routes." Using the principle

iu lded in RR 3630, a strict interpretation wcald require that frequencies

isexl for aeronautical mobile (R) communications be on an exclusive basis,

U.e., not shared with other services. This woula rule out any consideration

oo erating an aeronautical mobile (R) service within a mobile service

, c:.tion, for example, even though it would otherwise be appropriate. It

O~i> -so rule out a band sharing 2_.rrangement involving dhe aeronautical

izi§jll %R) service and another service.

/ 1Vi)ng a more liberal i.,terpretation of the international radio

regu.at~ons, the task group developed conditions for sharing satellites,

I.rasix)onders, frequency bands, and individual channels which would satisfy the

irtent of ITJ Radio Regulation 3630. These conditions are presented in

V c - gnarin0 3.U

) 1 _7 the principal reasons that aeronautical satellite communications

\d .-.--crc~nw are cOt currently in use is that satellites dedicated to

a'~ycruc& services have not been shown to be cost-beneficial. A form of

A- CsvCe, whereby several different user groups share the use (and cost)

01 sLlite trm-lsponder or platform, might become cost-beneficial for some

, Z ,C lS Vi3 .

K, (.JJ: in -ny b&c alLoc , eQ tn the aeronautical mobile (R) service
Cre Leserv-(e for comunications between any aircraft and those aeronautical
st"tions prizarily concerned with the safety and regularity of flight along
natioril j;- international civil air routes.

., , . . . . . . .. ..I.- . .).:
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There are several ways of sharing-shari.., the use of a satellite

transponder with a user group which has an adjacent frequency allocation

(i.e., the maritime conunity), or shaing a satel'ite platform by placing an

trdutic ri t rsnx~ier or package onboarCi (resuitinq in significant capital

.v-,ICAn community). A third way is sha"ring of the same

frekiuency spectrum, as would be the case in a sharing arrangemn ent with a

regional mobile satellit3 service. Herein lies the dilemma: on the one hand,

space segment resource sharing may well be necessary to provide a

cost-beneficial basis for some aeronautical (aii-ground) communication

services. On the other hand, there are potential problems in this kind of

sharing, such as whether such shared service can provide the needed quality of

communications to support safety-of-life services, and concern that the band

segmnts could 'c quickly gobbled up by rapid growth of general mobile service

requirements.

Acceptable shared service in these L-band segments would need to satisfy

a number of overriding conditions, including:

I. The aviation commi.nity would.' need to be satisfied that their future

cu{.irem_-n. c -., bt :. se band segments, considerlng domestic

and worlId-wIiO Avi.L . "°ee'i: . This will include the reservation of

,- xrtion of the bI&.d seqmi.ats for potential future functions that

*..zht ;-ot oe iable to use a sn-zed service (e.g., a high

.iality/capacity/capability surveillance function for CCNUS).

Adce;uate capability must be ivailable, at any futurc time, to meet

aeronautical requirements through use of: (a) system capacity from

any implementedI mobile satel iite communication systems utilizing

dertionsof the presently allocated ae-onauticai obile-satellite (R)

s6pectrm, cuid/or, (b) wue of the remainder of the present aeronautical

n)bile-satellite (R) spectrum (assuming no increase in frequency

reuse beyond that utilized in the then existing generation mobile

satellite communication systems).

" ' " ,, -. ."" . . ... . . ."' .. . ...- " .. .< . . "- , ""-"..-.
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2. Any shared service would nees to provide the capability/flex'bility

for a variety of functions, and e .Lle to operate with user system

interface rexuirements that do not result in an undue cost burden on

the user. This aspect is likely to include the consideration of

world-Aide system compatibility.

System intetrity and long term reliability--including instant access

,Lk priority--aspects are of particular concern in the provision of

: Maviation safety service, and would need to b)e carefully addressed.

)e tent .L' for "unccntrolled" user classes in any shared service

-,.'$ *Qit . :- ; r. & ,l~' sN -r~dreqc~ n]tlD

, ,,.i-,te ,une freiuen /y spectrum, satellite transponder, and

... atfor.,,, two arrangements are possible--earinarking (dedicating)

s'*' .c ci<els to .eronautical .se, ard sharing channels.

,, . - .ies that the channels cx.w sc assigned

landmobile and aeronautical),
.,: , n: <le ': , u.t basis and/or an arrangement in which

n,,, s temp~o -aru 1v ai >cat to aeronautical use could vary

r over a daily cycle), depcnoing on aeronautica, service needs.

,)NIS i"Z e n-la fol " , moeentation

,. satelite safety se .vicc.

,: -a~..ty S(2ViQ'ea Ttist )O . OiO t V) rioritv, i 1. [V7l 3 :(.? on

3, stol te -ex )t 1 the 's< 2 -0 1a .i . r,- -

."t ..,b/internntiona! ogreen-ets wil be roxJuJrod to ssuLe the

wve.sta. , 7cse agjreements.. will 'or- the
'.,.'V~e,-.q ) L tC7Uf- 1-"-

'
.. L I:-
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3. The satellite service shall be 3 transparent as possible regarding

the acceptance of various system operatioral schemes. The aviation

community reserves the right 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 operational conditL.ons/guarantees have been identified

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

communication service for ATC acceptable, considering both dedicated channel

asd shared channel satellite service sharing arrangements. These

conditions/guarantees include:

i. For dJeicated channel arrangements, a series of channels (or

alternatively, system iower/bandwidth capability) must be provided

which 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

of aeronautical safety services w.,.n the channel(s) are assigned to

k.ar.i(: L ,),cecdft Sys.tm ooijxrnents, including antennas and

tr-nsponders, are acceptable as ion as they meet necessary

re i ubiIity/"integrity requirements.

Loidi,-6 on nonaeronaauical chainels/by nonaeronautacal services must

not fe(L ce the performance of deuiicated aeronautical channels or

cnannels assigned to aeronautical use.

. icte(, aeroxnautical c.annels or cnarnels assigned to ,,ronauttical

use must oe protected against harmful interference products from any

other services utilizing spacecraft.

;. :- the c'Ise of spdcecraft (it-grudation, all other services must he

shed before tne aeronautical afety services are impacted.
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6. Catastrophic failures will be mitigate<' either by an in-orbit "hot

spare satellite," separation of services between two or moKre

satellites, or redundancy of all satellite systems.

7. Operational access to dedicated aeronautical 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 throughnput delay conditions must be met.

8. 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 aeronautical safety messages.

Provided that these conditions are resolved satisfactorily and the

related system design and operational considerations addressed in the next

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

can 'he an acceptable means of providing a portion of the aeronautical

servi.ces, includling safety services, if sufficient capacity could be made

available in the aeronautical bands to also permit their use by other mobile

services.

Considering the present mix of FAA owno.d and operated services, and

leased services, the task group saw no reason why a leased satellite service

could not support a portion of the aeronautical needs, including safety

services, provided that adequate service safeguards were satisfied. Further,

the task group (lid not consider that sdtellites wouldi have to be dedicated to

the C'AA, again assuming adequate safeguards.
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encoder in the aircraft to determine altitude. 11 is interesting to note that

in no airsn ce do we truly have an ir.Iependent surveillance system, since we

are always relying on the aircraft (pilot) to provide at least one piece of

essential infornition to the ATC system.

Thus, the concept of operationally using dependent surveillance is well

establisheN1 in the ATC system. 7ne question is, to what degree can this

function be extended to achieve an ATC system totally based on dependent

sarveil'lance. The answer lies with the accuracy of the navigation systems

ein'j utilized, the reliability and integrity of the navigation system(s) and

t ( -o rcmications system elements used to transmit and receive the infor-

mation, the system redundancy to assure that a single failure does not cause

the lss of Dboth navigation and surveillance, and the confidence of all

jxi-tles concerned in using such a system.

-'echnolcxy is Rrcvinq tapidly to solve the accuracy, reliability, and

iiiteqrity issues raiscd above. It is possible today to buy RKAV reccivers

nosed on VOR!Dt-:1, LAk<AN-C, DME!D U/ , CM[IA/VLF, and, in the not-too-distant

ftture, GPS. eor the purpose of this discussion, the source is not important

alt iowy tho a'curaJ' , i-i ,..:; on the source), but rather the fact

.. -o i . ... common (and cost-effecrLve) for a large

- ;,r-:t t_) uve , .... .: ion determination systems. Thus, the

fo- , tttc dependent surveillance system is being created at the

.r:,; :. . lt is needed is a system to transfer this onboard information

t,) ( AC s;ystem at a sufficient update rate to be used for A1X purposes.

.. ,e w -C) Ko (o this wouli --e to ;,us a sateilite -ink as the transmission medium.

.:< vfil' I uL n a syst.m bxe inticxl CeW] ] ;to J se :,C systeMI In ar

i; ,',:,, , :; t * a'1' ?: '<i ., fcti,xw.jt., t; hVeb~c w uiU{} hav lin c<kl 1);
tue ir?,t U N\iud .;,rs t icve -c1in such A system.

0,i. ;,' O.)vid((i. Iu(h a li nR 'cLl, bte al

u<to m ~, L 1i, 11 ,'/ , cr ,i verr"ant-cwnNi Ptsynchronous
1, ,,] ;t , :,s e%' . Tird, a cert,ii., ,,ot of users ) I,-Ihv(, to "willing to



is discussed. it allows the AWA system to be exte-ued to areas where, txt a'.

few or no services are available, And to evolve to other areas as onboard

--Dsition determination accuracy, re-lability, and integrity improve to a level

consistent with the senAration standards needed. It also est.b shes the

potential bandwidth requirements which would "be necessary for the satellite

syst.em whicn would be used to suport the system.

Accurate and timely position determination of aircraft fs essential. to

-Tmi prop-er functioning of any air traffic control system. T1h e more accurate

tue determination is, the smaller separation standards can be in any

Airtcul ar airspace. Today, separation standards are based on the capability

f the navigation system to achieve an acceptable level of performance and the

-A.ik-h iliry of the surveillance function to monitor aircraft separation and

.,.vlgation nerformanice on a real-time (or near real-time) basis. Surveillance

such hig-traffic desity areas as CWkUS are based princi:a)lly on some

tem "4 ra"ar >'rinary or seconcary. IIowever, if one could 'be assared that

(- uXQLess of the source of the -osition determination, it would be accurate,

.t , cUiC re± Ib, e.. Thiere is no reason why it must be inAindent from the

onists. If one can accept the -r inciole that

,, " S.bt,, U,'1 I - . ,reliability an:. J', - v t nmx-rd

.. . :. ,e concept of air tracfic c)i:,_. ased

." .. .-._ . fiu hi. :C , x...'a.-eration.

, . irspac,, here are three principal methods used to locate

1  Crk.vide beimkraticn services. First, in lc-dv s ity a;rsptce

,oi, ,it- oovera(je exists, .- ' rely Cu ,: os t ion :ep:: s base i ,n

S ..., , ,' f l<vi4LtOE; fxe s. ':3ir is d c: enucnt ;urvel : r,, .. , the

,', : ; : t , , .:, Cov1'A . : :: f . .i, flnth flt su t-ve~L~ a .. ., so ! n

X'. IV tj i

" '->,r .¢td~iJ antjre ) are w;- kwqi-.

.leit ty t<, * , . ., u st, if nat all, ,f t

.1 !V -. t ~tt e en ccute Airscf, wt-, 'rovilt; Ioth pri,-kiry aud Beaccn zidcir

". ;6' . tt, u ; "0[ " ;t:; _ , / -:l f t; .", O I '-b : ,'; .i ( ..J . { ,



7. 'uture System Conicepts

Thie task group considered the natuae of future air traffic system

mnagement, the mid-1990's baseline ATC system following implementation of the

National Airspace System Plan, and new AILC concepts for the 2010 time period.

A discussion of these subjects, 'incluLding overviews of the system concepts for

2010 which are considered in more detail below, is presented in Section 2.

The concepts considered below focus on providing services for

ent'ciphated continental U.S. traffic (see Section 5). Consideration for

global service has been given, resulting in the following design philosophy

,Is3aSprlons: There will be several areas of the world, which would have a

sufficiently large user base (possibly not limited to aviation) to justify the

,'U-' of a satellite system employing multiple beams and a fair degree of

ff(,iue.icy reuse. Other areas of the world would have service from satellite

;ystcms employing larger beams giving little opportunity for frequency reuse.

Ali the services would have overlapping coverage to provide continuity of

se-vice on a global basis. It is assumed that when the user base of an area

and service aemiands grow to a substantial level, that area would also justify

the use of a multiple beam satellite system employing frequeuncy reuse. It is

assi n*:x that the basic functic,-,n coas--sdered below, inclkding voice anl data

,,-, , :,.orm, <,.c , e .. ,c;,.--veillance, and global " i

.,vi3< - sJ-:V , e car .'j hut the world.

.,enoent Sur'v 'o 1 r.e- kIlSO(. , -- Cocert

-z, ~ t- .C.A -I, Cnx t ion

t5 ac + ntent Of tas sectioln tO deveIo;) 'L. I ,. .. 1 onept

aic'A or, autu6iomt c 'lepenclent suxvei -o~ne ,z tn . .i ,) v ~ 1 Fifiar ing

scl irat on, - n( tl o iustrite hc it cX)u, "', , t'st 01171,It IC way,

;iso, or. the ,curlC/ Of tne navigat jiJi. systft 3MJ 1) i'1111; u 1: ( the; .iIrSpaC

involv(xi. A viable x)iicept for intrc]A,1('i;1 a;tomvt IjX 8d Lut rve 11lance,

using a satellite link as the tran1smissloii mt-]Kum for tihe surveilciuice data,



6-4

TANE 6-2
TE{RMNAL CQt NIJNICATIC1(S (DIGITAL)

\mITi)M AI1 !fRA,"T 2CR AiF RCRAi'2
.I:_iK PAR .,J icL AVE 3PS PK BPS

o Aircraft o ATC 0.4 xit 24
to - Tactical (ack.)
Ground - Automated clo-,ance (rx i .)

o Flight Services (req.) 0.3 xl0
- Urgent ELIS
- Routine ETIS
- Digitized Wx

o Autonmated Dependent Surv. 500 500
- Position
- Extended Position

o Wind Report 7.5 7.5

o Total p)er aircraft 5

o Total for 7.5K aircraft 4.5 rIMPS

o round o AL 40 x5 200
-TactIcal

Aircraft - Automated Clearances
o Flight Services 4.6 x5 23
o Traffic Advisory 50 5Q

(assumes 10% A/C)

- All C,100 100
- :av. System Inteqrity 20 20
- Nav System Differentaa 90

2 I07. 2 1I3

VntForma for 7.j%' aircraft: 'III:

:: ::: <" ' . .. .. " " " . . .. " :" " " - 7' " ".. - : - - -
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TAIILE 6-I

- ROUTE CUuicICATICaS (DIGITAL)

SA'.LITL PER AIRCRAFT PER AIrCRAFTI
LINK PARU flJNCiIQC AVE BPS PK E'S

o Aircraft o ATC 8.4 xl0 B4
to - Tactical (ack.)
Ground - Automated clearance (req.)

o Flight Services (req.) 0.03 xl0 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 R.97 MI3PS

o Ground o ATC 8.4 xl0 84
to - Tactical
Aircraft - Automated Clearances

o Flight Services 2.3 xl0 23
o Traffic Advisory 6.5 xl0 65

(assumes 5% A/C)

o Total per aircraft 172

o Subtot? >,:cr 42 .5K Aircraft 7.3 MBPS

o Broadc,.st
- All Cal 100 100
- Navo System integrity 20 20
- Nav. System Differential 90 90

210 210

o Total for 42.5K aircraft 7,3 MBPS
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r The digital data to support automatic dependent surveillance (item d)

inclades the aircraft ident, state vector (or pseudo ranges from GPS),

barometric altitude, and altitude rate. This data is transmitted at a 1 H~z

rate for terminal area applications and at a 0.25 11z rate for en route

5 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 CCNUS, 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

3 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.

T'he 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 BPS estimates presented in Tables 6-1 and 6-2 include

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

"M1e time synchronization also allOws the ground terminal to obtain an

independent measurement of range to the aircraft for use as an independent

mtonitor of the position report.



Estimates of Rexuired infornkition .'Icxl

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 tne 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 q.

6.1 Digital Data Communication Flow Estimates

The digital data communication flow estimates are presented in

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

The lata message types include the following:

a. ATC tactical messages

b. Flight service

c. Aircraft-derived wind reports

d. Aitomtic dependent snirve, 1 lance

C. EKrgency traffic advisories

f. roaidcast datc

g. iperational and administrative communications

The data content to provide items a through c were derived from

Reference 1 (2AA-R>-3I-14). Other data were added to permit future ATC

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

areas. For A and Flight Services communications, the average number of

messages from Reference I was converted to bits per second (BPS) per aircraft

using the kdxe S data format. The average BPS was converted to peak BPS

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

te p ak IPS for all digital data functions.

L

L
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6. N Study of the Corrminications Requirements for a 1985 to 2000
Operational Aeronautical Satellite System, by Danr.," E. Cornett, et al.,
ARINC Research Corporation, Report #FAA-RD-75-80, 3 Volumes, May 1975
and March 1976.

7. oceanic Area System Inproveient Study (CSIS), by G. J. Couluris, et
ai., SRI International, Report #FAA-EI4-81-17, 10 Volumes,
September 1901.

'oreca,-ts of Transpacific Air Travel 1975, 1980, and 1985, by
Mlcnael Jay Roberts, Booz-Allen Applied Research, Report #FAA-RD-73-58,
Octooer 1973.

S. -'r .c~;sts a~nd Analysis of International Air Traffic In Relation to
rinsocf Liic Communications Requirements, James Gorham, et al., SRI

internation,i-, Report #FAA-RD-77-131, December 1977.

10. iiel icoter Forecasting Study, Regional Helicopter Forecasts, by Applied
L Sy /ute%; Ln-,titute, Inc., under Contract DTFA-01-83-Y-30553, December

1924.
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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 AlT services. This

data wds developed assuming the projected continuing growth trend of the

present air transport system. it will be seem from 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 in(iicates that the service demands will be dominated by a high traffic

density area such as the continental U.S.
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SRI International Study (Ref. 9)

Including All Scheduled Traffic 1930 1985 1995

Total Atlantic Basin, Including
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,

inclding helicepter 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 reasonAhle. The estimates

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

5.7 Sunzary of PIAC Yraffic Estimates

T'he followiig table presents a summary of the estimates of PIAC's

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

PIAC's
Area/Case 1995 2010

Contineta 1 u.S. -- 50,000
Busy Center (Enroute Traffic) -- 5,000
llusy Termi nal Area -- 1,500
Continental U.S. Traffic

in Terminal Areas -- 7,500
Canada 2,500 4,000
!Mex i co,/Cerit ra Amer 'c 300 600
South America 300 600
North At]. t c 3500 800
KCriLbb,,(;Gu 'f, 'G 275 400
Soutt, Atii,,,f ' *0 150

iaci fi( I 1s 1200Cent.-l ,st j' .i .O200

.. 200..-
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by FAA and completed in 1981, 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.

11Th e 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, PLAG 120 140 380

SRI International OASIS (Ref. 7)
979 2005

4orth At-ntic, 1AC . 70 230
Central E ast Pacific*, IAC 46 109

Booz-Ailen Study (Ref. 8)

2aci'fic Basin, PIAC 323 431
llonoluIu-C ZUS, PIAC : 87 92

• - e Centrai East Pacific Traffic is predominantly the traffic between the

North American West Coast and Hlawaii.
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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

T"he 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 terminal area for the year 2010 of 1500 ----raft 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

olany studies investigating irrrovements for these areas have been

carried out over the pst 20 years. Ilowever, since a number of good studies

* concentrated upon "fil1ing gqaps" i. tnv present ATC systems, the related

traffic forecaz,-s projected by . stzciles distort the actual levels of

traffic for these treas. The A:z" .,,e~rch Corporution Communications study

carried out for tl,e -'AA in the mi)c- 9 7  oj 9r0]-cted PIAI's (i.e., the peak

iistan taneous the coaz, r":1:tLcks gap, or outside of line-of-sight

communications coverage) instea(l o 1iAC's for the entire areas (Ref. 6). The

SRI International oceanic Area System Iiprvement Study (OASIS), also sponsored



5. Traffic Forecasts and Traffic Loadin/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

traffic. The NAS Plan projects aviation activity to nearly double in the next

20 years (Ref. I). 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 traffic levels are not considered to be unreasonably high

considering the range of possibilities. The traffic data is provided in terms

of ?eak Instantaneous Aircraft Count (PIAC); that is, the largest number of

aircraft actively fly-ng in tc,-, "VA system being considered wnd re .uiring

.serv ICOS.

5.2 J.S. Domestic PIAC

Over the last decade a number of estimates have been made of the PIAC

for the continental U.S. A study performed as part of the Advanced Air

Traffic "anagement 3System Study in 1975 estimated the PiAC to be 37,000 by the

year 1995 (Ref. 3). More recent projections prepared as part of a forecast

study carried out for the FAA Office of Aviation Policy in 1900 estimated the

IAC 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 v;ilue of 50,000 PIAC has been selected as a reasonable value for the

year 2010 'c be used in the aalysis.
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and to what extent back-up or fail-soft 7xdes are required (e.g , tqe need to

carry another navigation sensor besides GPlS or to nave a means to coast

through satellite or other system fai.lures).

7. 1 .2.2 Communicat ions

Mbobile 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

0 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 be 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

txd ,x),z.aicatiors Ink Cs .. ': . : the transmissian of vo:.cu and Iata in

t:,. sa-:iu cia-ianlfl.

',(2 conmnuication services are assumed to be provided via commercial

satellites. 2AA would negotiate dedicate] channels over most of CCVUS with an

option to expand the number of channels as the demand requires. For example,

the denun& for chaunnels from midnight to 6 a.m. is not as great as the demand

during peak traffic hiours. In low-traffic areas (e.g., in remote areas, over

t ne oceans, etc.), the cha(nnels caun be shared with other users as loug as the

aeroiiaut-ical safety servlce has preference to the channel. Each channel is

desi3n0(i to accY)ImoXdte digital data.

I,- termina1, areas, coqi-otible terrestrial-based L-band voice and data

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

service, to provide increased perforimince (e.g., to provide continuous

S



coiveraqoe Gakrinc; d1_i crit t ckf~,'(~ n., onr to 'provine a biack-up system to the

satellite service. "The if4UKitrilsystem would make it possible to

use the same avionics for all coxurruncution services, and therefore could

effect User ey;u1=rent economies. ?rw(Ucncy spectrum needs for these services

are oresenred in Se:C~c~l ;i.

* .The(icitO -IN",h C' )CThTAl:C ()I, A for Onae conitineintal U.S. for the

201.C tim tae hais benestiired in Section 0 based on forecasts of traffic

developed j._cto 5. A significanL-t -:LrcuAt of thne data link communications

in the aircraft-tc-Jr,;ri~ dire-ction is from automatic dependent surveillance

X-)sat oz;' repxazts -ne omxuctasalso include system integrity messages

veiatoste to the evcu.vc-oi SF5, is idct in Section 6. Infornriticni flow

est.rt~.;o oc y.:TuuctI(Yy we, not developed; instect; estimates for

* rt,-, e~(cy sp#ectrum I1'9:O i vk ,ict: servtees were based on consideration of

present_ voice sL7eivi&>,_ -is -Js;tO ,:ection 8.

'Th cxbi 1 .i cces.-ni Lity,' relIiabili ty. an d In-tegr Ity o-f a

30 ~l Lt.OKWISX~tL'> st~zsLaiservice are isusoi rm -Iimjrtance

for tulC ntelontuticcit .s jsuci -d', ai are discussed in detaila in

* i.7. 9

i, ~ f dZ\ x .cnv. us in s j tet1i te c_-ommun icat i ons to

"Y ;:_X*S)Al jtkjA), j A SsLii ou to be the primary survcA1aine service
* fora~. 'wCV lnLrted to 'be available in temnlareas

CA (i' Wtt Q ( I 0 o. L(2C1 inP <,i flku tlircraft. or aircruft whoce atutomratic

1t44:fl~t * * U a-' 'd0 :1 ApaTV1t hlad Maflrcaoe.

*~.; £LJ1.( 1( 1 liIonLLianIndependent ln-o-psto

non t i'- corimunicaton channe In conjunw-ction

Wi 'Th'/t .UGi z.a, to; tawe fro-m the altimeter.

*~e _. .~ ib QLCL ir or-Clt anti 1cAl 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

primariy surveillance information used by the ATC system. This information is

transmitted at a rate ooummensurate with the airspace:

, , Late oveZ -Ca t -i 2)-:, . x once every 10 seconds, the ralt for U.S.

en, ro . t lrsdCc ,s assue LG .0-once every 4 seconds, and the rate in

terminal ireas is assumed to be once per second. The extended position report

is trarsmitt<i 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 being protected due to the uncertainties

and deliay in the system.

7. ...}..% 'W li.-ion Av,)idnce

"I ',v; , 'i ,ti I' :"I i use in i nd ependent airborne coil ision

avoiln"ce function in the 2010 time periwi. Alternatively, a collision

avoidance function may be implemented in conjunction with the availability of

GPS derived automatic dependent surveillance position reports.



7. 1.3 Summary of User Equipjment Roc 1u r m unts

A minimum airborne avionidcs complemen-t is two suitable navigation

receiver/processors and one cxrLmunicdtions trans: ceiver/processor to satisfy

theqrnn rule that no bingle Liysten.- Olement failure may Simultan~eously

ellndrnate the capability for cock~pit xnvigation arid ATC surveillance.

MILS wouild 'Lxe required if =A II and I17L precision landing operations

: ec needed. 1independent airborne collision avoidance equipmen~t is optional.

t ToulIXe recogn-ized that the above avionics comrplemenits do not

1k).~iicncs capability that mignt be desired in large transwport aircraft

ii;a a5 irtioi reference yer.

nzyof Service Kvd System Requirements

Pruvidirigj tt t ie satellite air-ground commnunication services could be

Satellizo Service (including the ground station ca,,p iLi-y the FAA's

-J L CA.eht!SI W'Uk be "Imi,-On rc ti.( terminal prizia,,y ra rs, the

'~. ai-as~w L-xx ..-.. ::nications syten, M'.S n_. tnF A:X' 0ata

1 ' ct(.Y 0.'. 7', t:C facilities.

.rke (I( low ngl u'Li--up mxes are ii-Lere;;tL In Trit systelr _.ct a_.sLLT11PC(

to,..i irplemernt (an two GPl ,I :kce vuc;/ ;roCo'_C(_i36 . and one

e~kfisvorlprcCssoi::

i -r L t- iiat f ai To _:11i1]I~t lt :ii1 ( i ion either ')eCause of C1

tule :aiti(nrcunzatonequipment is expected to

t o )rocxhuira plan (eo.,cotin~u it- VPR altitudes to the

r~eiioi irfi,?Ir or to Lihe ciestlition along tne route filed in the

r*ji ~ p1an) When A7YC dete-cts the fai lure it auitomatically

4* :i.lcse ,tuz sl)fQ the ajrspace buffer arondk the projectec

I) , the iircl:&I t rindi t(visces other ii-raft in the vicinit-y

K) f2e lard tjiht pati. of til. iiu air _taft.
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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

communicat ions.

(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 b-e needed - (7i;-t chis concept in the 2010 time frame. This

data was obtainedl fro-r 3-c-tiun J eons.idering the functions included in this

concept. All the L-bancl spec.rrT service capability could be provided by a

sharea service except for the terrestial voice and data service.

Table 7.1: L-RPnd Spectrum Requirement for Concept 11

Downl ink Uplink
Function 1545-1559 ?41z 1646.5-1660.5 HIz

Space Digital Comm 3.3 4.0
S ace Voice Comm. 1.2 1.2
'errestial Voice & Data 2.4 1.65
(including a I KIz buffer in the downlink)
AI djacent Geographic Areas 1.0 1.0

79 H z2  8.65 MHz 2

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

2. 5.5 H11z of th e 7.0 total and 7 MIz of the ).65 MHz total
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 were fully satisfied.

" • ..." . - - -" . . -.i . . ..> < ." " . . ' . . - ' , . ' . . , - . . .- - - - -
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L. i eart .station-_tellite link spectrum to sztisfy this concept has not been

identified.

7.2 CL.-,(VCi.endent £urvcilianc-ased Concept- Concept 2

7.2.1 Introduction

The concept developed in t:s sect-on is based on the premise that the

aviation cow-,ity will not support the use of 6utomatic dependent surveillance

as a Prima]riy surveillance system in the continental United States (C(CIUS),

even thou I.;; in ticipated that after several years of experience with GPS

as a new navigation system, the level of reliability of CJ2S satellite service

wili supixi-t its use of a primary navigation source. As a result, some form

of coopera.ive ii-.dupende.nt surveilla :we syt:c, .i.Ll LA required.

This concept assumes that space technology will progress to the point

where reliable satellites can be developed, fabricated, launched, and operated

at cost level that will enable FAA to deploy a CCVUS-wide satellite

sucveillance system. This will enable an eventual phase-out of all of the

en ro..te Mo e S gro.uid-based During a transition period, x.tii

sa teliLe and ground-b-isedi Mxe s _;veillance will be operating concurrently.

Th e satellite surveillance system concept used here is based on studies

Cltrtenzly acing performed for FAA. The concept calls for 5-7 geosynchronous

sateiuites plus 3 in-orbit spares. The frequency of operation is nominally

0 I( , rat her than 130 and 1090 2z. A 4 MIz bandwidth is employed, plus

sate~llt-tc-grond kinks at K-band.

.,zte] ite service is expected to be provcdId to the earth's surface
0 t]r,,h , t]he CWNUS and in immediate off-shore waters. As a result,

survila.ce service will be provideA for helicopters operating in the Gulf of

Iexio, .n urbanr areas, and remote areas not previously covered by the

grotund-5ased *k-le S system. Coverage is limited to the CWUS because of the

niqh ost of extending the service to oceanic areas---separate satellites

wuld .,e :ceiircd.
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Traffic nmanager.ent servicr covtrage could be iiintained to the earth's

surface everywhere in the CAX9uS, if 6 sired. Altitud. will be measured by th

system and checked against the reported altitude. Ir -his manner, aircraft in

the system with inoperative or malfunction.ng altimeters or encoders can be

accomnaxated.

i the current %xe S concept, aircraft send their identification codes

anji altitue reports to ATC upon receipt of in.erroqation. Mode S also

provides a data link which er'bles AC clearances and weather information to

be sent froim ATC to the aircraft. L- turn, a:-:craft car al:-,o send other

infrorm.ation tirough this link. However, it ik anticipated that the data link

functIons will be .iscontinued in favor ., an integrated L-band communications

systeo, -is with Concept I. Consequently, the satellite surveillance system

concept described here does not include .- dnta link, but assunes only aircraft

i. entific.ition and :titude will be trans.-itted.

The h-band tellite !ata/vcice link is eixected to carry all other

data, xnd will additionally support ;oice communications. While rrost

ground-air communications will be conducted without voice contact between

oontrollers and pilots, v.ice chsiLnels will be maintained for norroutine and

cnergeocy commuricat. --js iL p I. io_' some party-line communications.

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

or its evolutionary descendent. Integrity messages and differential

*0 )rrections (if used) will be transmitted over the L-band satellite communi-

cat ions link. GPS may be ,ble to provide CAT I service, including horizontal

i.i. vertical quidance. MLS transmitters will be used for locations requiring

CAi I und CAY Ii service.

0

:.irc, ink epen×rdent satellite sarveill~anct, service is anticipaited to be

,IVi lc l only in the C(C4US and adjacen. ,areas, automatic dependent surveil-

lane,. will beo lused in oceanic area... GL, w]iich is ivailalble worldwide, is

expe-cted to be the primary source of navigation infornation.

• : ' '- > . -- " " "- .i "- " , - - . '- - " [ 1 [ " . . - - " " " " "
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During the period when Mcde 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 1unctions

With satellite-based surveillance, navigation, and communication

traffic management service coverage can be extended down to a height dictated

by 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 CCtRJS 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

CCNUS 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 on-board. An

aircraft conducting an IFR flight will additionally require navigation

e~iant, it will x, .Aisb>" nor-precision approaches to be conducted

to a irorts within aii -, .,)oLC ':trx using GPS.

7.2.2.1 Niv iJation

Navigation service is expected to be provided by GPS, which will support

11 1 on route, oceanic, and terminal reqluirements, as well as non-precision and

CN? I precision approaches. MLS will provide CAT II and CAT III service.

7.2.. C Cyrl1fLnicat IOns

CoMmUication of data will be 1cx- -plished by using the L-baid data

link. it is anticipated that much of the AIC routing, instructional, and

clearance cormmunications will be sent on the data link. Voice communication

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

.,ef V I ('eS.
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Unlike Concept 1, aircraft position 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 links

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 50,000.

Two concurrent Squi tter Tx-es are possible: the GPS-synchroni zed mode

,did the unsynchronized mode. In the GPS-synchronized mrle, 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.

Syinchroiz,,tion makes pbsbLe o:c--wdy ranging, which increases clie accuracy

anid reiib)ility of s, srveillanc,, ieasurement. It also enables o collision

avoidance capability.

Over-oceani flights will operate outside the coverage area of this

satellite surveillance system. Since the density of oceanic traffic is

assurNrndXI to remain low and separation minima are assumed to be greater than

high traffic density areas, there will x no need for a colperative

ir (lep en(le rit s.urveilia.ce system. I\s in Concept 1, the prirrkiry surveillance

funct iou Wi ll ix, automatic depende!ice uurvei I ln ce.

7.2.2.4 Coll i ion Av i,iance

IXAS- mAy still bx, in use as an independent airborne )llision avoidaince

:-Lunction in the 2010 time period. The 4xte S-based airborne mollisioii

avoilance equi,)ment may eventually evolve to utilize the satellite
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surveillaince system aircraft squitters ii the C T S and adjacent areas.

Aircraft can obtain protection against other aircraft whose squitters are

synchronized with GPS time by purchasing a passive CAS receiver/processor. In

oceanic areas, collision avoidance protection can be obtained by a

receiver/processor which detects the L-baid data transmissions (required for

dutoMation dependent surveillance) of other aircraft and reads their position

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

7.2.3 Sumt-ary of User Equipment Requirements

A minimum airborne complement of avionics is one GPS navigation unit

(two suitable navigation units for oceanic airspace where cooperative

intlepnident surveillance is not available); one surveillance unit, which

tralismits at least in the unsynchronized squitter mxode (altitude reports must
oe included in the squitters) and an L-band communications transceiver/

processor for voice and data communication.

, /,S would bec req/uired if CAT II and III precision landing operations

-.re iexledl.

S JQ .,:;: .;.:- -i-. t,- . avionics complement does not cover

v.. qts .i t m: t.-. * d in large transport aircraft such as

i. AvoIla-nce equipment is optional.

•i .. .,vct', ?rovider Sy;stem PRequirements

r. ,. commni,-,itioru; system requirements are the same as

, '.,Th, u ti,-7s itellites, the surveillance

* ,° .. r i s t ont.ini uio i network of calibration :id
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Each satellite will employ a number of beams to cover the CUflUS and

adjacent areas. The concept currently beping studied calls for 45 beams, each

covering an area about 300 miles across. Several satellites will be capable

of transmitting the synchronizing sicuial. The squitter transmissions of the

aircraft will be received by all the satellites in view (typically 4 or 5).

Each satellite will act as a repeater, with a channel assigned to each beam.

Ifig1h-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 ACY'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

)i.rometric pressures via the altitude report on the transmissions.

7.2.5 Svstei Fai < ,I r ic, ,, . . .. I

in kxoncept 2 the fail operational capability is similar to that of

today's system. A loss of navigation capability on one aircraft will be

landeIdKI by a combination of surveillanice and communications, whereby a

controller provides approach and landing instructions or reroutes the

aIircraft. A loss of surveillance will be handled by a combination of

navigat ion and communications; the L-ixond data link will provide Iostion

reports of the incap-citatex] aircraft. A loss of communications will be
'aind l by A'IV providing additional sepration around the inc~.a i tatedx

SIi rcr.aft. 'Phw' pilot c.ini use the !;ivi -V lnc,! ;ystem to inform ATC of h1i:;

pl ifiLit , itci ise a few daita 1)its wi I I , iv,i lble ini t he i rcraft me i(J.' for

ti i s rjxk)t).



With',in each fLUnction thero is considerble system redunhuicy that

mti jidten aigainst a loss of function what would affect a large number of
aircraft.

lor over-ocean flights, aircraft will be required to carry two GPS sets,

e ,;dS set plus another navigation lunit. This is to meet the jroutsd rule

K",; :o syi. le system element failare should simultaneously deprive the

air C-,Ift of WthE navigation and surveillance.

_.ii. t],,n.-ept I, the navigation system involves extra satellites and

* :r ,..,: or whichn enable full covcrale with several satellite failures.

Z, 1 ,r&.z , V5, ,-wDni7,LlInfiCt ions system has ,nmtiple satellite transponders

I.Ahois a al(? cvn accomoLdte satellite corponent failures.

:,,te 1e s:Irveilance system there are spares which ca. he

. .,, i;. C.se of a satellite failure. The loss of a satellite would

: ii:;: .:Pcaracy of the surveillance measurements, but would not cause a

Vs- sa, ,v. miap function. Saveral aspects of the system concept

, Tf the .,uitter transmissions of tMe arixr, rne

S, ,..... . . in additional .eve o.. r-,f," ity is

,j made Ixossible by the

t-K . , nuircd to establish the aircraft's

I ,. t,,(c, xe : w I n eac squi tter can be read by any

,, t.is informatoi-, am,, witN the ran:je measurements from

.-z"S, MOM i (iV<' ( aitlre(i1U, 1)t adle(qu1ate, xJ)si ti , accuracy.

, ,[ ,: h_,l- ]it s ol U , , ::Xk ,c a epr ] " ie used as

S " 7wsnreI losA :ofstell t services, for example, a

,: . i... , n. or rPxvr "trij it-s. A~icrafR in the affected3 area
.. , fron the ,'O.,t,, ,-1i1r ] ,nter via the, ,-i-.Und data

'r . wrA,, rlt i' :lx t oIi hirt i' iiuj 'avij, at i - rr i -

,' I - f A: , , IT: , , ' I :O id(1,8 1r q e ii (', m n un j -

ITI* A..; a ;iiil f , I (f U / 5 lo ho~ o av ~i I le to

-* * ~ ' ~ t
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-" " .;. y darli are retained i, the terminal areas, they could

- :' , a3 'D xup for th! satellite surveillance system.

7 .2 6 Sc:.::i -_, _ S : -. t-.elated Spctrur.z Rxeuirezients

."] 'c~ri r'uSitO iC, Service of the GPS occupies 2 niz at

l55 'liz. 1t :ay p Uovc acwjua7e, if differential GPS is used, to provide

,A' ± cc . - ao.aci ,.ceo Alternatively, the additional spectrum now

, :r hi4h-precSsion ap,-icatios may become available. If so, the full

]565-i9;5 7:z jdwid'ch cl d CPS ay be used, as well as the second GPS band

.1>]2i7--L2J? ,z. Thc upi, ii :itroiling the satellites froa- the ground

: i,,n<. ,-uys 2 i Jz at S-ha-d (i783 1iiz. The downlink uses a similar

2 atiZ a-ior' t at 2t -. ,IZ.

euse o te o0,l0 0 biL, fzequancies will eventually be pniascd out

as e ,;round Mode S ,ensors are removed. It is estimated that the satellite

suLveiLa-cu system would recluire about 4 1ikz for the aircraft-to-satellite

link acL.. -:, Dut 1 Miiz for tWe sdteliite-to-aircraft link, assuiad to be in the

1646.5-166U.5 ;Niz and 1545-1559 VUz L-band segment respectively. The

satellite/gondw (space-to-earth backhaul link) requires a total of 200 M4z in

a .... ... t • banta, assumed here to be at 20.2-21.2 GHz. 7he 200 MIz

rejuierm.e-rt 1is a result of assigr.ing each of 45-50 bearms t.o a separate 4 Mlz

channel (concepc 2 was based on a design not requiring aircraft transmission

synch ru izai on cy t-e survuillance system; howevez, to retain system

flexibility, 1 1iiz of satellite-to-aricraft spectrum is reserved for such

functions as possible synchronization of aircraft transmission and system

i ntt 1rity messages).

m!'is oci.cept ,old also require all the spectrum neekc..3 for he

Al'mho .It c idnLt Srvoveillanco Concept of Section 7.1, exckpt that the
J]pliak /q;ic' DigitaI Cciraunications requirements would be recd from 4.8 MHz

to )ut 2.' :,z due to a decreased rate of automatic dependent surveillance

pos ion rcpiorting '"able 7.2 below summarizes the L-band spectrum needs for

this 0oncept.
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t, !ie r-JLuireW I immr of (AT 1 MLS faclIit es may _e reduced, the

,' ;< . , :a; 5<;J -5091 .NI; will iX retained to spjport CAT LI and

,;.: frciities. The iME fanctin, which uses frequencies between

S id :.[ (.,,ev tully be replaced by use of GVS measurements.

. . .'. ue for Concept 2

, chose Concept 2 because of the high level of independence

i ,r<,."wn Fnr tho sarveiIlance function. That is, the system independently

y. v,, -. m, : ;iuOl surveillance without any aircraft-derived altimeter

....... n. ' roup also considereu another concept that uses synchronized

z .v.,aj. Am , z -tenate concept provides considerably less independence of

iT has merit. Use6 in conjunction with the automatic dependent

" ,syw,, of Concept 1, it could serve to crosscheck the

.. , v. , ti,;2-,Ierive(, measrents, anfl provides a level of independent

concept is rased on a tone-ranging scheme to establish

.*'t , ,roa, tt, u itoi-h other schemes such as spread-spectrum

a.s, us.w, in this scheme, position measurements are

* .. 'x .,:ciai geostUtiona-y satellites and tlhe airborne

%e u e .ry prQvided by a third geostationary satellite would not

, ,, requirements of surveillance. The single most

n. wk feOurn of this scheme is that without an onboard measurement of

* , , *rnares ai. encoding altimeter on every participating aircraft,

Y_; 1 nwlewqe of the Arcraft's pxsition. §utheriore, an

.. '4' ,. _u(ie tranblates into a comparable error in p)sition.

,':,,jVj jb., "' Wi UI.0 v' feturps:

1 IO 1)(!lIi C 2 te A tO. 11 W tLC.2 r 1 rcj cop f i toe
.. " (t. i _ Ltesti wtut a large raitA
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r i nu -2in cv. n y n, -; :jn a the exclusive

Ob~~~ ~ ~ ~ inWv : Ln bton13 and 1660.5
c., no Wa ditant future,

niiwilu use.c :or both terrestrial
fo ome~sLic use and via
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""M LC ... , .. spect rum. in this
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Table 3. 6

SU~iAI~ - pLXTRUM RWUdIiJ2 Ia MOSj. nM",~c~~:P

ANiJ i- PLINK OTI ELk
PairedI L-iBand .'ail:(,( L-Baai BALUS

*S'I-ce Comm uln cat: ions
(4IcIlingy aultoati
dependlent surveillance
zeportiiig onice every

Digtal3.3 i4Iz 2.5 rMiz
Voice 1.2 1 iz 1.2 M4Iz

t-rre tri (Crowidn-to-Air, 2.4 Aflz 1.65 t4lz
,;(I,~ jC':'CC~ Da&a

(includi I I4Z Luffer Oil

*Slxkce Colminuniccit ions-,
AnIjacent gtcc;rapihic are-~ 1.0 t4Iz 1.0 LNIZ
Ser vices- (wihere fr eque-incy

~ inot )ossibe

.)Coope~xrative Inde,.xendent 1.0 Iliz 4,3 0 ~Iz
SL.Zveilc'ulce

Sp~~e ~20 Mlz****
~ ~c)t~ kt~eS .Ir vel1 lancei

Jxx~~~~t Mtn~ iatl S. z 5.6 141z

14.5ri~z15.95 NUiZ 20 A4Iz

"'A~st~::' dn -cin ner- snared with a secondary land nobile service which
~n .;~i-a u naner as to ,±sure Chat the sharing conditions of

.r LfWCI :iltisfIedI.

* - ~sy.5ten similar to ',odle- S is chosen. Possibly
n ~1Yi Stliionized, range-based system is use(!.

-F i, ut; icL,'cWn Cxptcte1 to uitilize a rakliorlavigat ionl satellite



Table 8.4

FOR CONCEPT 3 -- ATC M~NCM'IIS

ixxz4NiNVK UfPLIYI MI'ER
Paireci, L-Band PaireU- L-Eiand RANDS

i~, o. ~K~upL8.9 Nllz 10.35 141z

.3.,~4iz10.35 t4Iz 20 4IZM

~oc2~fQol fLn:on~pet~ to ut'iize a radlionavigation satellite
bixoeLween i5-35 and 1620 DIP

Table 8.5

S11WXTHUML RhQulRE'U1 rr FOR OPRATIONAL CCNSTRJML JI2TICN S -

(providei by ARILN2/ATA on behalf of scheduled airlines)

OU-1"LiU UPMNKIII CIPHER
Paired L,-Band Paired L-Bancl RANDS

Co-ru cat. ioi
2ut-o 5 .V lkalz 5.c viz
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r OiK 2UN', ' 2 (A or B) -- AW FUI ONS

IXNLM ,1K UPLINK CMI IER
Paired !,-Band Paired L-Band BANDS

*Space Coilun icat ions

(including automatic
dependent surveillance
reporting cnce every
10 seconds)

Digital 3.3 P1Iz 2.5 Nliz
Voice 1.2 MIz 1.2 M4Iz

*Te;-restr I,1 (Grouid-to-Air) 2.4 Hiz 1.65 141z

N4 0l-Satellite Voice & Data
(J;ic'lliii 1i11z buffer on

Ali ;,,ce'nt jeqiruph'i,] iazea 1.0 MIz 1.0 MIZ
sel vice1 kwnur(e frequency
et..... i. [lot possible)

**Space &,)()pcrative independent 1.0 M4Iz 4.0 niz

Surveillance (Systea similar
to, A)L)e S surveillance
funct ion, with independent
, it itude cllcrO

or

***5)d'e kx~perative independent 1.0 HIz 4.0 MI1z

Survei lance (Synchronized,
ra-ou }sed surveilIlance

rC( iring aircraft altimeter

3.9 M4Iz 10.35 f4iz

A,,, I,(' 10 cin 'o sharcL witn a secondary land mobile service which
is i:j)Le;,,ritiEi in suxn a mauer as to assure that the sharing conditions of

S ?c u~ i. ,wefrIlly Ljatisfie~d.

* *-siDiz cio
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Table 8.2

FOR CQL' 2EPT 1 -- AC FJNDICUS

ixd1LINK UPLiNK (I1 FIER
Paired L-Sand Paired L-Band BANDS

*Space Conn.iun± &at ions

(including automatic
(IoEn:lent surveillance
report iny)

Digital 3.3 H41' 4.S 1Iz
Voice 1.2 t4l- .2. NIz

I*eTrestrial (Ground-to-Air) 2.4 .z 1.65 tIz
Non-Satellite Voict & Data
(inci{linq I 31lz buffer on

dowCni ink)

*oxicu Ccia.Lmmficat ions
AdIjacemt ge oraphic area 1.0 MIz 1.0 !'4IZ
S--rvice. (where frequency
reuse i-- not )xssible)

7.9 MIz 8.65 Miz

*Thuse fru-lencies can be shared with a secondary land mobile service which
"S in,-lere tud in such a manner as to assure that the sharing conditions of

Sc<tion 4.4 are fully satisfied.
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It was notek: aLWve tnat a practical design for a satellite communi- ]
cations service requires consideration of fr&-juency, time, and coding

multiplexing schemes. Provision must also be nad- to permit cost- and

spectrum-efficient int:odu.-t._on of the services, growth in service demand, and

possibly cyclical changes in demand, as well as considerations of avionics

cost. For the purpose of this study, certair, assunptions were made about such

factors, but nc complete design was performed which would establish optimal
caneling, specific frequency reuse, required osc illator stability and

Doppler shift accommodation modulation and coding formats, inefficiencies

i'ftroduced to per ,it simple system acquisition and preclude interference, etc.

Such specific designs will have an impact on final spectrimL requirements.

Practical designs could result in _ 1 .-eed for rore spectrum than has

been ide:-tifie: here, but the group felt tiat the rapid technical evolution of

sateiliw syste,i designs, long with the prospect for a gradual introduction

of the services, makes the assumptions reasonable for now

Thu sur ,anry t.nles below do not inclade the L-band spectrum utilized by

the GPS. Whil, the SPS capa:.)ility presently prorised to the civil community

takes only abp;u&. 2 ,Iz of spectrum centered at 1575.42 MHz; the total GPS

system, with its dual frequency precision tanging capability, utilizes a total

orf s,;hg,-y gt over 40 alz (+10.23 MALz centered at 1575.42 M4Iz and at 1227.6 MIz).

(In addition, the GPS employs approximately 4 KIz for satellite control).
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8.6 Spectrum Requirements for Space-Based Cooperative Independent
Surveil lance

'he spectrum requirements for a space-based cooperative independent

surveillance function (Section 7.2) is estimated to be 4 Mhz for the uplink

and 1 M z for the downlink. 'Ibis bandwidth is estimated to be needed to

handle a 50,000 peak instantaneous aircraft 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 1Iz and

164G.5-1660.5 t'[z), but might also be considered for implementation elsewhere

in the aeronautical mobile satellite (R) band segments.

Ani alternate space-based cooperative independent surveillance system

concept 3ased on using two-way ranging with geostationary satellite and using

aircraft-derived altitude inputs is estimated to require a similar amount of

spectr u,.

n.V Space Radar

A tota" o 20 11z of frequency spectrum has been estimated to be needed

to implement a space-bsed non-cooperative independent surveillance function.

Consideration should be given for reserving such spectrum in a suitable band

-or this fLnction. The spectrum for this function would be expected to cane

from a radionavigation satellite band between 1585 MIz and 1610 MIz.

tLC S:ur ,f Estimated L-Band Spectrum Requiremerts

follcwinj tables present smaries of the L-band spectrum

L'( €4ruwent~ stimated to ix- needed in the 2010 time period for the concepts

uus iuicrcx, for the ie,,ntifiod functions, and considering various assumptions

recirdiryj futire traffic, information flow, satellite system design, and system

efficiency. ?ables '. I -nd R.6 also consider the spectrum requirements for

oierairlon] cont:Oi functions estimateo and provided by ARINC/ATA.



8-3

requirement for voice is assumed to be 1.2 MIz 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 MHz and 0.45 141z 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.

Aircraft are expected to receive voice and data communications from

both satellite-based and terrestrial-based services in the same 1545-1559 M z

band. There would be considerable disparity in received power in the aircraft

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

satellite communications onboard aircraft from adjacent terrestrial-based

transmissions. Therefore, while no studies have been carried out to

investigate this concern, a buffer of I 141z 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 niz (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 Lsed is assumed.

S., Spectrum Requirements for Areas Adjacent to Iligh-Traffic Areas

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

,-diacent to high-traffic areas where frequency reuse is likely not to be

employed, an Additionl 1 t1z of spectrum is estimated to be required. It is

aISSume'd that such spectrum would be sufficient to provide voice and data

commuications to the far lower number of expected users in these areas (see

Section 5.7).

...... . .~ . , . <
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The result is a digital data requirement of 4.8 Miiz and 3.3 3lz

for the uplink (i.e., aircraft-to-satellite) and downlink (i.e.,

sate I I i te- to-aircraf t) respectively.

TABLE 8-1

StMVXRY OF DIGITAL LATA CV 1JNICATIOJS

LTPILI ZATICU SPECTIJM*
Mi3PS FACFOR (MFIz)

-Lrcr §t to Ground
- er r1nai 4.5 0.7 1.6
- in Route 9.0 0.7 3.2

4.0

c G ,,mutd to Aircraft
- wrainl 12.0 0.7 0.7

- -n IRoute 7.3 0.7 2.6
3.3

- Reuse

2.2 Sat ,iite System Voice Sjpectriin Requirements

*,* )~ect~rt relquirement for sateliite-based voice communications was

(, (evtw from the existing service in the 118-136 H4Iz VIWF band, which utilizes

a i h inel sdcings as low as 25 KHz. It has been assumed that voice channels

coUrI( be rtiuc ] to 12.5 Kiz using modern oscillator technology. In addition,

it _, ,ssuje]i that the demand for voice channels can be reduced in half by

*Ltiiizi3 data channels for the majority of the communications. As a result,

vcice b:ndwidr of 1 .2 Nliz has bLeen estimated to be adequate for both the

,]i: aa the ('own] nk. Since the present implementation at V11F already uses

e× ., ", fr< tu~nc reusje, no further frequency reuse was included.

S._i .',tc, Voice ,und Dttia Spxectrum Requirements

, ' tr-:, :ii voice <t-Ki data capabi !ity is ,Issumel for use

9 , t,_,1mb1', ,*to,0.s. "~i:; servio irkAy serve d3 a primary terminal. service or as

i]-'7: YCV , C\'l *<J U~t:; sate1 it-. Gmwlcl] _CL'Ofl service. The b andwidth

- . *. , . . * •- - " > - . -%



. ~Spectrum Requirements

re communication oandwidth req.uirements 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. The 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

rxlluirements for the earth station-satellite links are not addressed.

T'ne digital data flow requirements estimated in Section 6 have been

used as a basis fo, e -timating the frequency spectrum for digital data

communications. The estimates of frequency spectrum needed for voice services

have been based upon a consideration of present voice services and bandwidth

uti I ization.

n.1 Satellite System Digital Data Spectrum Requirements

The satellite system digital data coimmunication spectrum requirements

to ;1uppArt Concept I are presented in Table 3-1. These estimates are based

upon the information flow estimates presented in Section 6. The basic tPS

rates from Section 6 include allowances for protocols and Rate 1/2 error

(x)rrection rexiing. These data rates have been translated into radio frequency

(RE) 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 ad-umed.*

k See Appendix [B for discussion on frequency reuse.
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Table 7.2

L-Ba]nd Spectrum Requirements for Concept 21

Downlink Uplink
Function 1545-1559 M{z 1646.5-1660.5 Miz

Space Digital Comm. 3.3 2.5
" Space Voice Comn. 1.2 1.2

Terrestial Voice and Data 2.4 1.65
(including a I nz buffer

in the downlink).
Space Coop. Ind. Serv 1.0 4.0
Adjacent Geographic Areas 1.0 1.0

8.9 Cz 2 , 4 10.35 Mz 3, 4

,Notes: 1. The L-band spectrum for GPS is not included in this table (see
Section 8).

2. 5.5 M14z of this total could be included in a shared service
(6.5 nIz could be included in a shared service if an Alternative
2 type concept is considered).

3. 4.7 Hiz of this total could be included in a shared service
(8.7 niz could be included in a shared service if an
Alternative 2 type concept is considered.

4. 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
irqlemented in such a manner as to assure that the sharing
conditions of Section 4.4 are fully satisfied.
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Synthetic aperture techniques, 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). However, 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 corplexity of the equipment is beyond the capability now

being considered in the civil sector. A 20 Ki'z requirement for this system

function is a minimum estimate. While it is very early to recommend specific

spectr m to be reserved for this application, a possible location would be in

the 1535 to 1610 M{z band.

0 . .. ,
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7.2.8 S tral Implications of the Alternate Concept

The suectcai needs for the survei1ance function are assumed the same

; s for priinry Concept 2, or about 4 ilIz band in the 1646.5-1660.5 M1z band

and a &ut I 2L in the 1545-1559 P1Iz band. The spectrum needs for the other

finctions are also the same as those of the primary Concept 2 (see Table 7.2

oe-ow)

7.3 Ny;-p)erative Surveillance Concept - Concept 3

'.)erformi the service with a single space-based radar would inly a

i-x :;t -,,: izy satellite of immense proportions, far beyond the current state

af ve ,rt. Por exa. mple, to scale the 50--foot radar to provide the same

sqit:.t at 5e stationary altitude (25,000 miles) would require an antenna with

1iiameter of 150 miles (not to mention the problem of maintaining surface

.oi(era,ces -of a few inches over the span).

A b-etter approach would be to forsake the notion of making angular

*e;Ii1(:ments, and limit the radar to measuring range, which is not

sic;;.if L:iiy <ffected by increasing the distance to the aircraft. In this

co-Cei)t, :;tveril radars would be uscd simultaneously in a triangulation

.;ch;m,. The- antenna 1 ameter would thMn 1e chosen to provide one iircraft at

Sime *, ,-~ m most of the time.

*f cinch an option were pursued, techniques would have to be available

,:;e.,r:te Large peak powers in space. Moving target indicator (KPI)

tccTi, o .3wou!(6 be emp~loyed to reduce clutter from the earth, which would be

:.,ch worse than that experienced by ground-based radars.

, pse; ,,-ri y design would be muiidatory, in order to provide the large

-mu : ,,s rfl luiru:' to cover the CklRUS. At least 4 chunels of 5 Miz

, '.I <j I minimii, to ix, itsj1;ircxi to allow d fferent channels for

*.7
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o Since it is assumed the satellites would be commercially operated,

new cha-Lnels could be leased as surveillance service was expanded,

and as a-ir traffic increased.

o The service could be readily provided outside the CONUS.

The scheme assumes about 1 M41z in the 1545-1560 LIz band for the

interroqation message. This interrogation, which is continuous, establishes

the timing of the aircraft return messages, and sets up conditions for

accepting ucw ai,-craft onto the system.

In order to support the traffic density of an instantaneous airborne

cotut of 50,000 and provide position reports every second in high -density

terminal areas (once every four seconds in low-density areas), approximately

1500 channels must be provided. This implies a total bandwidth of 15 1,Iz in

the aircraft-to-satellite direction. Assuming a frequency reuse factor of

4:1, approximately 4 MNiz would be required to support a system of this type.

It is estimated that approximately 1 LIz wouldbe needed for the

satellite-to-aircraft direction.

T Me navigation and ommunications systems would be the same as those of

tie pri.,ry Concept 2, with similar data traffic loadings.

7he surveillance system, as pointed out above, would not provide a

crossc]:eck on aircraft altimeter that occurs with the primary Concept 2, but
>uid (epmeli on the aircraft altimeter to obtain positional data.

Ti-ic co 1 Aision avoidance function could not make use of either the

waviqatc~~or surveillance signals. Thus, collision avoidanice would have to

'e accoi-vlished in a totally new manner. (There is the possibility of timing

the reply of the airborne T-band transponders to OPS, rather than to the

:-ateIIlite-to-aircraft signal. If this were done, other aircraft could obtain

the uollision avoidance function by performing ranging on the other aircraft's

res}n.ses to interrcjations,)



Zoiccortrulier C r i c c-c d it. t I a f f L.-cy ~n ra ira n n
s u uv(.,i iance over aircra._ leavingj or o O'lnn h erocitome
for whlc:; 11e was respon-siL3c I t was tneceiore possible 10 give
e;3cr d_,rc,-af t inaividudal a-,- t2c '7 Winin t.-(. 1- li ritec resources

S C 1. osual 11 also -o intc_,,r rrf-A *,erarur or n- represen-
tat~V or, ali-crol tnovements.rs Ci~o A per , ..or, nad mrany
dr A~s It was uf-.certa-, ,no, i.n many coLses, resulted in
deaswn;-cr -ver-_ cosz11, t-) tne op.-raro; and inconvenient to the

P':Ssenqecs. it became ~nraigyoob>'ios tnat last minute
. uCIs~lns wtro to cOQ rivoideu_ 1 7 the op ezcltlon was- to provide

*, Q; eoa L).. e S e r Vice s and e con o-

i,,s a c es ui t o f the dema nd i or LreiL- seice.s-, Leronautical
Si1 rt 1 1 t-r c'. a nd Ll -.Ctors, sujbt;h ieaias of providing

nc t ,e r '),a rn innj forit tr.) ou ro s t inncreas.,fnc2 rtegularity of
C e-"e ann or 1nprov.L ng -ric -1 1 y of fria'r exchanged

dJtor er ,rt;-ents witt.iri ttocir orgaization. in many cases, it
wci cjc- tr.t it was rot io~ (zo await th.te oc2CCsiofS of the

-1oI r co~rrrand conce r. i r, trc e eas i rL1t y o f opertos lo
w 1 1 C onou Ce , thc,- pi 1ot is, COn-0:3Fid d id no c a lwa ys pos sess

~C le":L ixaornm.,tion in, the cock,,,_- to as-Less c-anging circum-
* ~ ~ F 2c~s .0.S sitilat.-On OEar rcre oTicated bythe advent

C"f~v' jnc. more c.omplex aircra.t and accompanying rcquirements
mr_; atrpiOt attention to tne flying cechn'.que.

As Z~n r ecu ency a nd, c)inp ie x Ir-y of' opeiations increased, so did
.J~Lors tt 'a! to be considiered. Ev ent uaLy it beam

nr c t ,c abe o r i r, cs s -b jie f or tepilot ,ln c o 1kia n d t o
-es ,1l the various factors rec- ~ring cons.--eration

7 o r o cn cu ri1ng a fIi h t ope LarI Or, -r.s rt-utdin advice
ento tne P1 lot by cluclif ied personnel on the ground.

L, s~';e o~VC increased tne eff icinency C;. f!liqhL opera-
rc~ieving toe pilot o.~ a cons-arbcore n

* .z.. o -L) La OF. and decision on' critical issuCs with per-
-i aJs availa3ble to the. more factors bearinq on an

_ir or. orid ~owere aole to keep under constant review and
C.Iwrict networ.k o,.r operations of which any particular

)rnly a pzrt. iThus, ;LeamworK between tne pilot, who is
_)Cy --' c,,,lef the safety of heairc-aft, ano

*n or. t- e Ljrouncd navingL a broader v ew of the operation,
i-~~Y nscL-ab1iY to the scfet y arik .regul a r ty ol ai rcraf t

c, d. v c, o~~ of imp rc)v t2d air- r ounca c cri. -; .cations
~ (ruu~.person'ne'. no relay adaitional information received

- ti rczaic a aiLberne, thereby increasing the value of

t;~~~~~~~~~~~ L:ruru o oiteeoe a s'oped into
6,rc~o.vice, Jnd mesponsibi 1it~ies uet .,cen the pilot

- . Fo e~s~ne~- ~ rn:' xt_,-t of coopercation depending
ior; 'Y' ' :s t C.' _1 5 r" 0 tlar size of the o-,e-ation, the

~a i it> 1 uvaila.tlo_ arci th syEmrr cl operation establisted by
* .~e :Ircrl-. t (perat in' cj c Thlie aircraft operating al.ency, no

St~ 1a 7 is F) i r-a r ily responsitcle for conducting his



operations witn safety and efficiency. The corollary cf the
operator's responsibii;ty is his inherent right to conduct his
operations in a manner which he deems test sc long as he conforms
to the laws And regulations of the State of Registry of tis
aiicraft and those of other State, in which he operates. Factors

atfecting the e_-xercise of responsit-,ty by the iarcraft operat-
ing agency inl.ude utilii-ation Df air,,rast and flliQht crews,
complexity ari density of fligr t operation-_ proper passenger
ac'zoarccitioris and prote-tion, xiecessity fo advance planning,
operational maturity, geograpnic3l scope of ope:ations, unlawful
interference w th flight operations, :n-flignt rraintenance and
medicil aice.

Today, atronaurical opera1.ional control communications are con-
sidered aeronautical mobile (R) service communications related to
regul'rity of flight. These non-public communications are pre-
reqsisite to tne discnarge by aircraft operating agencies of
tneir onligation to .?xerclse autnorizy over the initiation,
continuation, diversion or termination of flight. Aviation
agencies regard the term 'regularity of flight' in the above
context as entirely acceptable and useful to distinguish this

o type of communications fro:m 'safety of flight' communications, in
the conLext of air ti.tfic -ontrol. In tnis context the term
'flight regularity' looks upon aeronautical operational contr,l
as non-public communications related to the safe, efficient and
economic operation of aircraft. However, aviation has evolved
niunly complex and time critical operations in response to the
traveling public's demand for mote comprehensive services to
sup2port their air transportation. The associa:ec requirement for
communications is for a service capable of providing direct voice
and data communications between designated officials of the
aircraft operating agency and its aircraft to best fulfill these
service needs.

Ynhe situation that has now emerged seems quite clear.

Aeronautical operational control is recognized by the
ir.ternational Civil Aviation Organization (ICAO) and regional
requirements state that means should be provided to permit
-ircraft operating agencies to exercise such con'zrol. Most
Administratlons have provided or permitted such means to the
exent possiLle and, in fact accommodate provisions for opera-
Llonai control in their national regulations.

-zing Siectrum Needs

4;. siqgiificance of operational control communications is
zeflecte: by the consistent growth experienced over the past
yeirs. in some areai; of the world today a major portion of the
svai able VHF channels is required to meet the needs of aircraft
o r atinj agencies for operational control or "Company Communica-
tio-.s". These same areas are faced with imminent saturation in
botn operational control and air traffic control channels. This
growth is illustrated in Figure 1 which shows the number of
operational control frequency assignments in the United States in
reccnt years.



lntrudction of digital data communications has greatly expanded
the eU ctiveness ot operational control coimunications. Figure
2 shows, the early growth in use of the VHF ACARS to the present
level of imost.t I million messages per year within the United
t t, , 1 i t sa;".e figure shows the growth in needs estimated by

L) LL,. A c<,rpatirole network begar operation in Australia during
I9t%4 w li ce exianded througnout tn Asia corridor toward

Ja , r r ing 1 965.

I 1 : ,o>]Xu be noted tnht the introduction of digital oata on VHF
a, :; i[,lmunted, but not replaced, voice communicat ions. This
1 ciearly snown in comparing Figures 1 and 2.

pr,,ecl ,i ',:towth in aircratt movements is shown in F'igure 3.

qi>, c <5<,,-ute( comiunicat ions needed to improve safety, energy
7o:Jt¢v~t1un an, operating efficiency are summarized in Figures

4, &, t) to reflect annual increases of 4, 5, and 6 percent in
cI rcrtt movomentt. The new trend toward the introduction of
ST&i.er aircratt, including the use of two-engine aircraft in
<, ;ic s.r~rVices, make these estimates conservative, indeed. The
_-(c2ctru, neds shown in these tables are based upon total
world...it operations, categorized by geographical area. The
llcoj ....:tect needs are stated in radio frequency bandwidth. The
ass .r-pions include a frequency reuse factor at least equivalent
'LO tmt achieved today in the areonautical VHF band and a
cc.tir-uea improvement in the ratio of signal base band to radio

occupancy. This is optimistic in view of the fact that
-E. s:t -oduction of satellite communications will impose limits

L) , reqency reuse.

YTw Ot iin Fiqures 5A and 5B show a conservative 5 percent per
jr ov, rate in aircraft movements anticipated in the years

as compared to 1984. The data show the aviation
.n~ w.] be dictated by the traoitionally high

* , , of operation found in North America and Europe.
er'-Lio i o ; large transport aircraft in North America will

!.w.t ledt 4.1 MHz toroperational control. While the
S: t f General Aviation is less certain, and their
W i center upon Air Traffic Control, the conservative

,'tr Icte, s used in this study place their needs for opera-
7--1J control and company communications at 1.5 MHz for voice

_ . t year 2010. The combined needs will be 5.6 MHz.

T ,.:, ity of these projected needs to variations in growth
t,, ' tre data in Figures 4A/4B and 6A/6B. The results
,n Figur e 4 j show a more conservative annual growth of

0 -aij which demonstrates the need for at least 4.4
, : t S , vo 2AI 1 . A growth rate of 6 percent, only 0.5

... ,' tat projected by ICAG, demonstrates the need for
., ti:t, y., 2010 as shown in Figure 6H. Thus, the
. r' ,, t c .- , V.ii;iu c) 5.6 MHz for the pro]ected operational

C,,Itzol co;iunication-;, with allowances for frequency reuse,
. cat , iry wt ona or 1 f uds.

.4



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/I recognizes the
need for common airborne equipment 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 includes 2 or 3 VHF, 2 HF and the prospects of 2
satellite plus 1 Public Correspondence suites of airborne equip-
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 flexibility to
meet peak communication demands. Such an approach would save
significant energy and increase aircraft productivity over the
useful life of the new systems. Incentives such as these are
essential to future progress.

The combined future worldwide need for aeronautical communication
spectrum, even with optimistic estimates of system design and
application 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 pro3ected needs with present actual usage. The
pro3ected 5.6 MHz is less than double that of the 3.2 MHz in use
for these purposes today.
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Consideratiorn of requency Reuse

This study nas considered a frequenyT reuse of four in its final determination

of frequency spectrum needs for the year 2010. The net effect of this

freluency reuse factor is that it is assumed that a multi-beam satellite system

would be iq)]emented 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 I 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

-se aspects.

Suppose, for exaumple, that there was a need for a communications service

totaling 16 ;BIPS (million bits per second) for the continental U.S., which

trnsi 3teI into U need for 16 M iz of frequency spectrum (assuming a 1 BPS to

I -iz translation relationship). Thus, a single satellite beam covering the

U.S. _,,i;-g 16 '4iz of spectrum could provide a 16 MI3PS service. Considering a

'cLeny ue- r-u of four, a satellite beam configuration would be needed such

tiat an equivalent service (of 16 MBPS of total data flow) could be provided

-. with 4 :-[x (i.e., 16 SIz divided by the frequency reuse factor).

i -or o (,o; xoulu be configured such that they did not touch, but could

cove: the total area, then the frequency reuse factor of four could bc

S ktls;loi ),y employing the same frequency in each beam, each providing 4 NBPS

c-4 <- 1 t5P 1 4A.U 1

Cta Ara Total Are

must ux a continuou; service. Therefore, the beams must

,.cia,. -, adjacent beams ccul;ot ue assigned] the same freniuencies.
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Consider that the 4 tIz of spectrum is divided into four-i 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 r-us I (MBPS It Be~q
Toal Area- -otalArea)

3 i
S /.

'L ,is ,ioree of multi-beam use, about 16 beams, is estimated to be needed to

effect a basic frequency reuse of four.

'ystem flexibility, however, is impacted by such a multi-beam system. In the
, .ing~ beXa coverage case, all the capacity is available to be distributed for

ise in "igh traffic density areas and low traffic density areas as service

,:mnds require. However, the multi-beam case considered above satisfies the

* tLk service demand (i.e., 16 MBPS) given the assumption that the service

.cn-a;i is evenly distributed across the total geographic area. But -the

-JL~i~~knwal U.S., prObably like most areas, has various regions that have

.o;ni fi':intly hitiher service demands than others.

it y 1)4 wery cuffieii~t to provi(h a significantly higher level of service to

in kroi covered by a jxirticular lxxun without: (a) implementing additional,



I-

3

- unique (i.e., different than the frequencies assigned t,) adjacent beajirs),

frequencies to the beam, (2) sizing the systen 3o that the peak demands of thc

most demanding area can be met, or (3) utilizing a larger degree of frequency

r-euse/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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