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3 Yebroery 1970

Mr. Clay T. Whitehend
Stall Assistant

The White House
Washingbon

Dear Mr. Vhitchead:

I greatly appreciated your letter of 23 January, despite my delay
in replying. Because ol a personal tragedy L have been away from
office.

Thanks for the copy of the Whitle Housc Memorandun, and conZrabi-
lations. I noted with pleasure the {irst paragraph under “Recon-
mendotion, " which scems quite in line with thoughls weich I tried
to express in my letier of Septerber. I certoeinly am nol suggest
ing that my letter was responsible for this or other parts of the
memorandum but it is gratifying to learn that olhers have arrived
at vicws similar to mine, though better expresscd.

I have only one arcs of concern or possible disagreement wilh the
menorandvm (or with the U. S. position for the VARC, ebe.) end this
relates to the discussion of orbit utilization, contained under
"Technical Framcwork." T refer speei fically to the statemoent that
"even 10 or 12 U. S. satellites would represcnt a small fraclion

of the number which could be accommodated for western hamisphere
use." OF course, I appreciate and agrec with the intent, of counter-
acting undue coancern about inefficient orbit utilization. To play
the devil's advocate, h wever, one might ask how sweall is a "small
frection,” and how large an arc might the vestorn hemisphere use.
COMSAT people in CCIR talk about satellite separations in the order
ol 50, based on the use ol "standard" (90 foot) eurth stations.

On this basis, an 1200 arc for the Ameriecas could accommodate sbout
2l satellilesz. Other nations would not consider 12 U. S. satellites
to be "a snall fraclioanl!"™ To make matters worse, we talk aboutl using
30 foot earlh antcnnas in dowestic systems, but orbil separation
tends to increcuse in proportion to the antenna beamwidth, or in
inverse proportion to the aperture, Thus, we might be talking about
10 or 12 szatellites scparated by about 150 and I feel sure that this
vould vorry our "good neighvors." A common "snswer" to this concern
is that we can use nore nighly dircctive antennas on the satellite
to compensate for the use of smaller earth antennas. This is true,
but only under restrictive condilions and to a degree wihich I have
not yct secen established adequately.




Another Lhwvent to good orbil ulilizalion is Lhe trond Loward
"sollening" the modulntion (by lowering Lhe 190 devialion or
using malbi-phono PCH) dn ordir Lo crondd moce channtls into
trne freguency bind, Tn doing Lthis, Lhe sceporstion b“‘Lm-cn
satellites mal be dnerceosed oub of proporlion to Lhe increase
in chanuels per savellite, cousing a decercuase in channols por
degree of orbii, Inlelont and olhers would like Lo conlinuoe
crowding more channels into coch satellite, boeause of the
"sccon? salellite prodloas’ such as T discusced in London, in
a paper whico L sent you. Technically (vy controlling moduln-
tion hardnoess, allowing tho ]O GO0 W noise budpet Lo conluin
a lavpor Prection of edjocent solelldite duterforence, eLc.) it
vould Lo poseinle toop e the 20 or 17 Ul S0 solellites be "o
smoll frection” (i.e. 10,5 or leos) of those vhich could be vsed
by Lhe veslers hewdophese end Lo oblzin correspondingly morc
channols iron this part oo tne orbil. Phe trouble is that it
seems casier and chenper Lo wveste this orbibtal cepacity!

Vhen I first wrote to you, last Septamber I had been optimistic
(or perhaps noive) in my L“pcctJtJOH of conslructive action by
Study Group IV of CCMR et its impending necting, bul the rosults
were (in my opinicen) quite alsriing. 1 can explain best by en-
closing a drall copy (nob for releasc!) of comaents whieh I
expeel Lo make during a pancd diccussion at the ATAA Satcom
meeting in Tos Angeles, the Oth of April.

Finally, please do not construz these cowmenis as a criticisn
of the momorandui. Relhor, T am trying to look boyond it, toward
helping you and othor ‘O”C?p‘nqbn1 "policy or position forrsrs"”
to recognize the need for a s tronger pocition on effcctive orbit
oull/ublon, in CCIR and especlially at the lorihcoming WARC.

IT you desire additioral inforuntion or discussion, or if you
vish to "set me straight,"” I will be delighted to scc you when-
cver I next visit Washington. Unless I take off for Australiz
or clscwhere, this may be february 17-18.

Sincerely

N /4

Samuecl G. Lute
Cnief Scieniist
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: Droft Popor for ATAA panel on "SPRCTRUM FOR SPACh”

ORBIT UTILTZATTION - FROM LOTH SIDLS
by
S. G Ttz
Hughes Recearch Laboratorics
Mslibu, California

Twentyfive years ago Arthur Clarkcl called attention to the
possibility of the geostationary satelliﬁe and tht Jjust three such
satcllites could be uzed to cover the inhnbited portions of the earth.
Today we finally have such a system, and perhaps we gre starting to
recognize that mere global coverace does not provide global telephone
service - bul this will be discusced later.

Since soon after Sputnik, it has been rocognized2 that many geo-
stationary satellites should be able to reuse and thus share the samc
frequencies, if their carth stations use highly dircctive ants nnas. How
many? Aboul a hundred, based on conservative interference assunptions
and the use of today's "standara" lérge antennas at 4% and 6 GHz, and mzny
more if the need should become great enough and if cooperation between
the satellite operators is adequate. Thus, v. frequently consider this

of
multiplicity of satellites, or/brbital stations,as providing a sccomnd
dimension, orthogonal to the freguency dimension, in respect to satellite

use.
It has also long been recognized that further reuse of the satellite

comrnmnicatien frequencics should herome possible whencever satellites can
Very A3rrow/ aalenns veans,.
hﬁVf’;@peiJfkuam~anienﬁaa, cepable of covering small areas of the earth.

e

Although thic technique covld permit the use of more single-becam satellites

vith reduced orvitzl sgpocinzs, the use of multi-beon satellites seems

2

proveble.-5 " Hopeifully, this will provide on additional multiplicaticn




Qi‘ salellite communfention enpability, bhencee another orthoponal dimen-
.sion 1o Lhe orbi L/;"L‘(:an.-n(:y "spectrom, Figore 1L is a representation
of this 3-dimensionnl concepl of the speclruwa. A /lind fceal coordinale
system has been chosen, pecuusc the orbitl is a closcd dimension, with

only 300 degrecs, whereas the frequency axis is open-cended, Lo laser

freguencies and beyond. Of course, only coituin Trequency banis are
available, and even these are not cqually usceful.

Finally, the radlal axis corresponds to frequency re-uses by
independent (di.e., suflficiently separated) earthward beams. An adeguate
discussion of the potentizl usefulness of this eartbuurd-bean oxis would
become InvolYed end-cpeceiative, or possibly controversial, so only a
few pertinent comments will be offcred here:

1. Frequency re-use by multiple earthward "spot" beams is a
future possibility only. The state of the art in current development
includes ** 7 provision of one narrow earthvard beam from the 30 foot re-
Tlector to be carried by ATS-I' and G, and the provision of two earthward

beams, at different frequencies, from the two smaller reflectors on
X 1 ]

IHTELSAT-IV.
2. In order to achicve adeguate isolation, beam separations in

the 6;d;£‘6£ 10 beamwidthsmay be required - thus suggesting multi-spot

apnlications to the exclusion of area coverage.

) 3. The narroving of earthward beams encourages transmission

at correspondingly higher EIRP to earth stations.having correspondingly
lovered G/T. This would amount to try 173 to subst: .c greater satellite
antenna directivity for the cconony of smaller earth antennas, but this
would tend to nullify any re-use advantaze. In this scnse, it could be

egrgued that this sxis and the orblt axis are not independent. For the

Tuture, more study surcly is nceded. For the present we do not have




i.thcsc proulens because ve 4o ﬁot yel huwve co-freguency multiple earth-
vard beans.

Other techniques for improving orbit utilization have been
stvdied, such as channcld interleaving, use of orthogonil polarization,
ete., but their polential benefits appear limited. It scems more
important to examine briefly the role of modulation, or of its band-
width éxpansion or "hardness"™ tlo interference, in rclation to orbit
utilizalion.

Such studies, of exploratory nature, seem to have started

%

around 1900, but the first publication of thorough studics resulted

3
from the Voods Hole summer study of 1967.5 At its 1968 interim mcet-
(also interim S.P.L.2.al)

.ing, CCIR Study Group IV drafted Study Prograume QI/IV and an Interna-
tional Vorking Party IV/1 on "Technical factors influencing the effi-
ciency of use of the geostatiom ry satellite orbit by communication
satellites sharing the same freguency bands." In the U. S., the studies
and preparation of documents was handled by a special working party,
designated IV-S and stafrled largely by COMSAT. This group produced
nearly 30 documents for the Ottawa mecting of the IVP in June. The
T other participating nations submitted a total of -only 13 such documents.
In a 3 day mecting, the IWP produccd a report, designated CCIR Iv/33k, which
was reviced by the subsequent inlerim mecting (September 1969) as CCIR
IV/k32. More will be said later about these.

One document of special significance, IV/29M, resulted from
COMSAT studies and later formed the basis for a paper6 et the London
Conference on Digital Satellite Communication. Unfortunately 1V/29h was

classed as an information document, so it will not appear in CCIR's printed

"ereen books,"




Althouph Lhose stulies ol efficienl orbit uwtldlizalion have

Ancovered a few possible cwrprisces, in gencral Lhey heve contiomed
cénclungons vhiclh seem dintullively obvious.. Yor sluplicity, 1he
folloving discussion will ascwee o honogeneous orbitl systom of iden-
tical cqui-spoccd selellites, wilh single carthward beams all directed
al ithe sueme point. OCrbit ulilizalion wilj‘po measured in voice channels
per Mix and per orbitul degree end will be influenced (in ordcer of im-

portance) by

1. Earth entcenna "size" (D/A ), hence its gain and 3 dB
bearwidih,

. Mndulation, bendwidth expansion ratio (modulation"hardness”
to interference, Fi index).

n

3. Ratio of interference to thermz2l noise.
. Earth antenna sidclobe decay rate.

5. Other factors, such as use of cross polarization, channel
interlecaving, etc.

Vie will concentrate atlention on the effects of the modvlation

, Or its bandwidth expansion, -and on the interference ratio.

hardness
Thesc two parameters influence orbit utilization in ways which can be, shall
we say, unpopular vwith satellite system planncrs and operators. It is quite
understandable that these people are more intercsted in voice channels per
satellite, and per dollar, than in charnels per degree ¢ orbit! The
effects of the carth antennas and their sidelobes are of ra jor importance

too, but these scem more visible and ecasicr to understund.

"t

Figure 2 shows how satellite channel capacity increases vith the
sum of the satellite EYRP and the carth station figure of merit, G/T,
assuming FDMAF, single carrier per repeater, negligible guard-bunds and
a 10 d8 peak-to-r.m.s. ratio. Within the steep sloped power limited re-
gion (where all Intelsats operate, thus -ar)‘u small jncrecase in the

satellite BIRY (or earth station G/7) produccs a relatively large incirease
*

From CCIR Report 211-2 (1970) ¥ig. 3 or Fig.

\Sa]
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in chuﬁnal copreity. Boyohd, in the progreseively {lattening band-
vidlh-1limited repion this rote of cepacity improvement dvindles.
Nonciheless, ihis bandwidbh-Yimited region is onc of intense interest,
beecause of the advent of multi-repeater satcllites with higher gain
(narrower beanm) antennas, such as Intelsat IV.

Figure 3" g&vos a guite different picture of bandwidth-
limited operation using the bandwidih exponsion ratio as ihe abscelssa.
Here, one sees the tremendously. greater signal to noise (and/or inter-
ference) ratios required as the bandwidth expansion is reduced, in order

to pack in more channels. Incrcasing the bandwidth expansion lovers this
S/N requircment by the familiar "I'M improvement" making it Marder" with
respecet to interference. The sccond curve relates orbit utilization to
the bandwidth expansion ratio, on an interference- Jimited basis. The
dashed lincs fhich cut this curve show the required miniwmum geocentric
angles betueen satellites when only standard (90 foot) earth cntennas

are used. Clearly, crowding in more channels by softening the modula-
tion is lJike inflation, or alcohol: a little may scem desirable and. justi-
fiable, but an excess could be tragic.

Morcover, this figure suggests unrcalistically high utilization
of the orbilt because 3t assuaes satellite signals so strong that their
interference would dowinate, making thermal noise negligible. Actually,

the CCIR is rccox1end:n,7£nzt of the circuit's 10,000 pWp0 total of"
noise, not more than 1,000 pip0 be interference from other satellites

1

and their earth stations. Tnus, this limits the interilercence to therual

From Tveroslicets Figures 3 and 2 (lec. cit) or CCIR Report Iv/2oh (1960)
Figs. L and 5. ‘

“
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Figure b shows Lhe erffeet of this ratio, P’ for valuces

ﬁﬁﬂﬁ&iﬁ thmn.l/]o, assuminge conctant modulation hardness.  The
recowonicd p oS 1/10 Tends Lo swlellite separations more than 2.6

times greater than Por the interference-limited (FJO)) assuaption

uscd in Fig. 3. .Notc porticularly thel permitiing Lhe interforyence

to equal the therpal noise (i.c., rul.o) would bring the salellite
spacing to within 165 of its minimum, at the cost ol only 3 aB in
additional sacellite EIRD, en increasc which othcrwisce will be used

to crowd in z few more channels, el a waste of more chﬁpnels per unit
of orbit arc. Higber interfcrence ratios clearly ave insu ficiently
revarding, .and meny may fcel the same about pzl.O. Hovever, it sccms
srosndy inconsistent for the CCIR to study and (presunably) to encourage
elficient utilization of the orbit, while at the same time rccommending
such o wasteZully-low interfercnce ratio.

Now, lct us epproach orbit utilization frbm the opposite view,
that of application and plaznning. Here we will sce quite a different
situation, one which often is in conflict with these principles of effi-
cient orbit utilizaticon, or even with the corresponding concept of in-
telligent waste of the orbit. We will £inss consider uses of the 4 and 6
GHz band, because it is the "now" band from an cconomic viewpoint.

Thus Tar, Intelsat is the sole commercial user of this band,
in which it finally has inplemented the 25 year old concept of a three
satellite global system. Now we are recognizing some of its problems or
limitations. For telephony, it is not global in terms of onc-hop circuils.

ng ~ e . .2 ‘ . . . . . . N .
European stations can't sece the Pacific satellite and we can't sec the

Replotied from Muenzelida's Figure b,
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I 1iin Oceon onc.  Lutin America sees only en Atlantic satellite and
its calls to Jzpan must po two-lop, or via trans-Pacific cable.
Anolher provloan is that of growth, to more than three catellites.

A secnn

Anoikoer Intelsot 111 is nceded because the Atlantic traffic is over-

loaging the first one, but vhich nations should use it and which should
CEVrlent . WSy zlf firsi? ferdhe kse of Fiving 0e
3% Only the U. S. bas carth tmtnonsdyﬂr both satellites, and—for
dircel access to all Atlantic stations. Otherwise the Atlantic will
be so divided that only three European nations will have access to
Tatin fAnmerica vhile iwo other European stations will have access to
Africa, the Near Bast and {o Canzda.

If further trafflic gréwth vere to require four or morc Atlantic
satellites, someday, and if they were to be used similarly by single-
station nations, multiple access or interconncctivity would be greatly
reduced. By anslogy, onc can think of a city vhich (years a;0) was
first served by a sinzle telephone exchenge, but which soon needed several.

hﬂd nol been
If these cxchanges viero/not interconnccted, would pcople have used a
separate telephone for each exchange?! One hopes that Intelsat will
profit from this aspect of telephone history and progress to a better
global system philosophy, that of a system with groving numbers of
satellites at all parts of the orbit.

Today, hovever, Intelsat shows a proprictary interest in only
three parts of the orvit; for its Pacific and Indian Ocean satellites and,
eventually perhaps, for scveral Atlantic satellites. But, becausej sevcral

yaalls //’

such satellites seem to reguire multiple carth stations, Intelsat scems
to favoria minimum nwaber of progressively larger satelliles, even though

their use xoulﬂ recult in fewer channels per unit  of orbital arc.




. . As to Lhe rest of Lhe orbit, bLetween these Inteloot ares,
ihe general view seomns Lo nave been that it would be used for various
Vdomesbic” or "reri 1" systens.  Inoa fev such systens, Lelephbons
service mifit be jﬁstiiicd, but there often are cconomic and other de-
terrents.  Systems for Lhe distribution of Lelevioion have arousced
conciderable inverest, especinlly when proposed for "educntiona)™ TV,
Also, "data tranemission” has imagination-appewal, especially for com-
putcrizcd ciuvention. Tre practical situstion, however, is that no such
systems are beyond their planning stege, with most still in the "nation-

1"

alistic drcam" store. Conscquently, there is not yet a vested interest,

or invesued interest in protecting and developing the nguiﬁtelsat arcs.
At this point it might ébem appropriate to discuss some of the
many proposals for systeus using "smaller” (1ower D/),) antennas, and
espeeially those intended lor usc at lover frcquencios. These range from
aeronautical and dala collection systems at VHT, having negligible cartih
antenna directivity and correspondingly low orbit-occupancy, to ones
using 45 fooL or 60 Toot antennas at L and 6 Gliz or above. However,
such a discussion would digress and lend to dislract us from the roles
of’ modulation hardness and interfercnce to noisec ratio and from how thesc
roles may be viewed from'both sides.
Instead, let us now cxamine how these two views come together;
of
that of orbit and specirun conscrvation versus tkﬂt/dcsign freedom anl
expediency. WC.might better ask what happens when efforts are made to
compromise these views, as scems to have been the objective of CCIR's
International Working Party. Its 39 page rcpor%/disposed of the intcr-

ference to noise ratio in Par. 5, from which we quote:




of over-crowdirg the repeaters with channels by reducing the deviation
and bandwidth expansion excessively were disposed of as being onc of the

"other factors alfccting the number and location of geostationary satellites.’

11

9.

Moo Several deocuments provided grephs chowing the way in

which total orbit capscity would rice, though ot a progre

ssively
slover rate as the vroportion of the total noise allowed for in-
terference increaced. Six of the eight members of the Working
Party considered thmt a total emount of interlerence noisc of
10C0 p¥p0 in a telephone chznnel should be allowed, ponsibly on
a provisionzl or touwmporary besis. Two members expressed the
view thatl initially a small proportion (perhaps dess than 1000
PHR0) of thz total noise should be allowed for interference, but
that at a luter sioge it might be nececssary to increasce this
allowance (perhapé up to Lol of the total nolese) when problems

of congestion in the orbit arisc.

"Hovever, there wes a general view that the performance of
any sysilem should always be under the virtusl control of the
system designer and most members felt this argucd in favor of a
limit no greater than 1000 piip0." .

The necd for reasonably hard modulation, and the consequences

N

2

This Par. 7.1 reversed the emphasis in the folloving words.

and other documents werc revised, for approval by the CCIR Plenary scssion

and publication in the next issue of the "green books.

"From some econonic and operational.
of" satellites within any total system 1
econonic resulls can be obtzined when the satellit: is made as

sensitive and as powerful as present technology permits. From a

83"

purely technical point of view, the most efficient orbit utiliza-
tion is achieved by using a high density of relatively lov-capacitly

satellites. Since the tecrnical and economic efiicicneies indi-

cate opposing trends, a compronise may be reguired to provide both

economic viability end reasonzble technical elficiency of orbit
utilization,"

At the September 1969 Geneva meeting of Study Group IV, this

. .9 .
version” Par 5, retained the admission that:

"Studics of the effect of inter-sabellite interference noise allo-

cation indicates that the orbit cepacity would rise, though at a

progreseively slover rate as the proportion of the total nolse

2lloved Tor interference is inereazsed,”

oints of view, a proliferation
s undesirable and the best

" In the revised




. 10,

Then, lest somennt Inber propou: that satellile operators
might sometime ve ashed Lo donale a dB or two of their sonring sulellite
EIRP's to permit fuller usce of the orbit by other nearby satellites, it
continues as followvs:

"However, an incrcase in interference noice generally reduces

the capscity ol the individual of Cho dedividedl satellites,
T4 is therefore obvious Lhat larvge interfercence noisa alloca-
tions are an ccononic burden to satellite system operators,

It is alco iwportant Lo ensure {thal the perfovmance of any
systen ehould alvays be under the virtual control of the systen

designer.
"phis diplics that the interference noise allowance should not
be set at too hign o level vhen satellites of systems operated
by different adminictrations may occupy neighboring parts of
the orbit." '
Continuing to Par. 7.1 onc finds it has been completely
revritten, eliminating the slightesl mention of modulation hardness In

the vigor of the defense against interferencc. It now reads:

"From some cconomic and opcrational polnts of view, a prolifera-
tion of satellites within any system is undesirable. For very

Li. L

efficient orbit utilization, the satellite systens would lave
to operate in an interfercence limited mode but this would present
many difficulties incluviing that of unfavorable economics. Since
the technical and cccnomic  cfficiencics indicate opposite trends,
a compromise may be required to provide both cconcinic viability
and reasonable technical efficicney of orbit utilization."
A Tinal observation is that the CCIR is supposed to be a tech-
nical consultative commitlee, which on convenicnt occasions cites its
"y N Vel . \ 1 n )
terms of refercnce" to suppress cconomic analyses. In this case, how-
ever, it eppcars that most of the technical analyses vill be suppressad
from publication in the CCTIR grecn books by having classified its source
documente, such as IV/29h, as being merely "information documents.”
Perhaps the 1000 pWp0 of interference is all that the CCIR

vould even agree to recommond.  Perhaps we also mzy hope that satellite

-+ ey -~ o . ) . .
system desigrners and operators will show some restraint in nol resoriing




11.

to excescively low ¥ deviations, or to using 32 phasce PCM, to gain

a Tew wore chammels per satellite, Possibly the fortheoming ITU Vorld
Administrative Radio Confercnce may (somehov) find effective means to
curb wvastelul usc of the orbit. One might have mow hope of this, how-

ever, if the techimie2l studies and results werce publicized in a clear

and impartial manncr,
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