




























































































































































































































































































3. Type of launch cost output

a. What subtotals arc given--recurring and non-recurring
(or development) costs--space segment subtotal ?

b. How are the costs evaluated--per pound of payload
weight--per ycar of operating costs--if not, are the
necessary figures available in other space segment
output data ?













Much better aliowances for terrain effects, site shiclding for instance,
can be derived from the more recent work of A. G. Longley of ITS
some models developed in Japan. Natural shiclding can amount to
more than 40 dD sometimes, in the absence of off-path scatter problems,
which it reduces as well, Also, a wide and [lat reflecting surface

in front of a low antenna reduces unwanted field strengths below frece-
spacc values, though therc may be awkward fading of thesec signal levels,
Paragraph 2, page 21 of the Ross TEC report makes a valid point,

that a frec-space propagation path from a shielded site to a scatter
volume and a line-of-sight terrain-reflection multipath path from an un-
shielded site represent satisfactory assumptions,

ana

Throughout the literature on the subject of this report, as well as in
committee mectings that I have attended, and implicit in such cr =ria

as thosc of Table 3.1, page 11, there seems to be an unreasonable amoun:
of confusion about the concepts of thermal and non-thermal noise, long-
term vs short term, percentage of time vs percentage of times or

occasions, and "worst case! vs confidence bands relative to median value:
for a "worst case condition, "

For instance, the CCIR "long-term' and "short-term' criteria in Table
list allowable interference levels that differ by 20 dB at 4 GHz between
.005% and 20% of "the time" for toial power in a band,and by 27 dB at

6 GIHz between 0,0025% and 20% for power spectral density or system

noise temperature in any 4 kHz band. But the related phenomena do not
differ on the average with frequency or between total power and watts/+ ===
Also, page 330 of the CCIR Special Joint Meeting Report, February 1971,

estimates that the difference between 0.005% and 20% ficld strengths ex-
ceeds 30 dB, on the average, for "Region B, "

()

The rcasons for these and other odditics are sometimes simple and
somectimes complex, but not having the reasons available often makes

intelligent use of the interference criteria impossible, it seems to me.,

I would appreciate the opportunity to do more work in this area. Preparin:
this memo, including the study that went with it, required five hours.

A

Philip L. Rice
Division 2

cc:
J. Hull
R. Salaman
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Reply to
Attn of:

Subject:

To:

AN TN A I T S ChSTSLnE

Citinn of Teluot aupion \;E;:'r_;

INSTITUTE FOR TELECONWVE AN CATICN 2 NIZIE
Eis0der, Cooredo L0202

January 28, 1972
PSD/ DN ‘ S P
o «

Trip to Washington, D.C. January 25-27, 1972

Roger K. Salaman

These are my abbreviated notes from the subject trip:

1. Discussed the Ross TEC report with Lasher and Nelson at OTF.
Evaluatcd comments of Kelleher. :

2. Called Sam Fordyce at NASA regarding their report on DONISAT

Orbit/Spectrum Utilization for FCC. He appeared hostile bul agrezl

to send copies to WRH and us.

3. Discussed the mobile area with Hal Millie and got his notes on
previous meeting you attended. I will start detailed project
planning steps and technical sunimaries.

4. Prepared material for use in Contract Procurement on NMobile
Economic Benefit Study and discussed it with Mr. Bull of DOC
Procurement Group.

5. Attended Motorola bricfing at OTP with Millie and Polishuk. I
was very impressed with the discussion led by George Mansur.

LA// /I //’/ //

yale N. Hatficld
































































consistent with that given in the COMSAT Comments and the value used

by AT&T. The noisc (Ni) in pW0Op in the top baseband channel is related
109
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Tenth, the orbit spacings used in the analysis are the nominal

to the SNR by the expression: SNR = 10 log

values. The applicants propose stationkeeping accuracies of t0.1°
which means under worst-case conditions the satellites could be .2°
closer. These conditions were not included in this analysis because
(1) the third assumption tends to nullify it, (2) the probability of both
satellites being at their extremes at the same time is small, (3) at
the close spacings (2. 5° ) the increase in interference would be 1 dB or
less, and (4) an increase in interference by movement to one side is °
often offset by a decrease in interference from the other side.
Eleventh, only a single applicant will be i)ermitted to serve

Alaska. Hence only that applicant's satellites must be located west

of 114°W longitude.

5.4.2 Interference Relationships

The equations ;’or computing the downlink interference for a
single interfering satellite and for uplink interference for a single
interfering carth station are developed in figures 3 and 4 ,
respectively., From the carrier-to-interference ratio, the noise
in the worst-case telephone channel can be computed as described
in the previous section. This is done for each interference source
and the total uplink or downlink noise is just the sum of such
contributions using assumption seven. The total noise is just the sum

of the uplink and downlink noise.
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Figure 4. Uplink aterference

Desirea Soteltlicn

-—~ Undesircd
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Earth ) Earth
Station (D) LSta.tion (U) ,

-

CNR = G + P -[PU+32-251<>~ ()] + P but P._=EIRP__ =G

D ©10 U U 8]

= - [EIRP._ - 32 - o (8)]
EIRPp - [EIRP - G, +32 - 25log,, (6)] + P dB

= (EIRP, - BIRP ) + Gy - [32 - 251og, (0)] + P  dB

U) U
e TP ey et N~
Relative EIRP Antenna Suppression Polarization

Adjustment (Interfering Station) Isolation

Carrier~to-noise ratio - dB

Desired eart station antenna gain - dBi

Desired earth station transmitter power output - dBW

Undesired (interfering) carth station transmitter power output - dBW
Orbit spacing angle (degrees) 4

[32 -~ 25 1oglo (8)] = Earth station antenr gain at off{-axis ang : € - dBi

P = Polarization isolation - dB
Assume no satellite antenna directivity to discriminat between

Desired and Interfering carth stations
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" polarization and offset carriers for adjacent 12 transponder satcllite

four sccticns, the noise in pWOp is comoured

In the {following
for a uniformly spaced distribution of 13 satellites with 12 transporcers
;perating at 4/ 6 GHz and for 10 satellites with 24 transponders.

This correcsponds to the mix represented in the application with the
three Canadian satellit<« included in the 12 transponder systems.

The 12 transponder satellites are labelled as C12A through Cl2M a=d

the 24 transponder satcllites are labelled C24A through C24J.

5.4.3 Minimum Spacing Versus Antenna Size

spacing is the earth station antcrna sizes. The following table
summarizes the spacing required for 12 and 24 transponder systems

assuming equal satellitc and earth station EIRPs, alternating

[6)]

b

“and the total noise objective of 1, 000 pWOp,

Minimum Spacing (Degrees)

Antenna Size (ft)

98 s 45 32
24 -transponder 3.1 4.6 5.7 7.6
12 -transponder 1.5 2.3 2.9 3.8

The details of the 98 ft antenna, l2-transponder system
calculation are given in table 3 as an example of how these minimums
were established. Using the figures in the table above, the 13 12-
transponder satellites would require 19.5% and the 10 24 -transponder
sate ites “"Ou’ld require 31° of orbit for a total of 50.5°. For &0 ft

antcnnas the total would be 75.9°. Thus if all proposed systems were

homogeneous (except for 12/ 24 transponder difference) and if they

20
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“Table 3a. Interfercice power {or I2-transponder systems

- with uniform parameters and 98 {t carth station antcnnas
Spacing Interference (pWOp)
Satcllite (Degrecs) Uplink Downlink Total
ClzA 0.0 171 384 555
Cl2B 1.5 172 386 557
clacC 1.5 301 677 978
CIZD 1.5 299 672 971
Cl2E 1.5 3zz2 .. 723 1045
Clzr 1.5 318 714 1032
cl2G 1.5 326 . 733 159
Cl2H , 1.5 318 714 1032
ClzI 1.5 322 723 1045
CclaJg 1.5 299 672 971
Clz2K | 1.5 301 677 978
ClzL 1.5 172 386 557
clzM 1.5 171 384 555

The method for computing the interference is illustrated on the next

page for satellite C12G (Table 3b).
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Table 5a. Interference power for 12-transponder systems
with antenna mix as proposed

Interference (pWOpP)

Spacing Antenna

Satellite (Degreces) Diam. ({ft) Uplink Downlink Total
Cl2A 0.0 32 358 149 507
Cl12B 3.8 32 361 150 511
cizC 3.8 32 633 259 . 892
Cl12D 3.8 32 637 258 895
C12E 3.8 32 703 223 926
Cl2F 3.8 32 803 . 237 1040
Cc12G 2.9 45 520 285 805
C1zH 2.9 45 560 272 832
Cl21 2.9 45 761 259 1020
clzJ 2.9 60. 455 216 671
Cl2K 2.3 60 679 274 953
Cl2L 2.3 98 126 176 301
clzM 1.5 98 194 258 452

The method for computing the interference is illustrated on the next

page for satellite C12T (Table 5b).
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Figure 5. Interference Noise in Top Telephone
Channel v=. Satellite Spacing
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This means that the noisc powers computed with the 26.5 dB IRT for
thre 1200 channel/ transponder would be reduced by a factor of 4 for
an 800 channel system. This is equivalent to doubling the earth
station antcnna diameters, allowing the interfcrence noise budget

to increase to 4000 pWOp, or changing the spacing {rom 3.1°% to

less than 2° for the 24 transponder systems using 98 ft antennas.

5.4. 6 Spacing and EIRP Differences

~ The difference between the EIRP of the desired and undesired
satellite appears in the rclationship for downlink interference
shown in section 5.4.2. Similarly, the difference between the EIRP
of the desired and undesired carth station appears in the uplink
case. If these differences are not zero (i.e., if the systems are
not homogenecous in this respect), the required spacing is increased.
This can be scen by the following example. Suppose two hom'ogeneous
systems were using adjacent orbital positions at a spacing such that
the total noise in the worst-case telephone channel of each system
was 1, 000 pWOp and suppose 333 pWOp of this was in the uplink.
Now consider the situation where one system increases its earth
station power by a factor of 10 (10 dB) so that its EIRP is also
sncreased by a like amount. Its uplink carrier -to-inter{ference ratio
would be increased 10 dB so that its uplink noise would be decreased
to only 33 pWOp. But the carrier ~to-interference ratio on the uplink
of the other system would decrease 10 dB resulting in an uplink
noisc of 3,330 pWO0p - or a total of 4,000 pWOp which is 6 dB over
the 1, 000 pWO0p objective. Thus for both systems to meect the
objecctive, the'orbit spacing must be increascd. A similar

argument can be made for the downlink case.
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As noted in section 3, the satellite EIRPs are fairly uniform
at about 36 dDw in the mnin beam because of the maximum power
{lux density limits imposed by international regulations. The
earth station EIRPs, on the other hand, vary widely. AT&T proposcs
an EIRP of 93 dBw using 100 ft antennas while Fairchild proposes an
E P of 73 dBw with the same size antenna - a 20 dB diffcrence.
Fairchild incorporates higher gain, spot beam antcnnas on their
satellite which decreases significantly the earth station EIRP require-
ments. Since AT&T and Fairchild both propose earth stations in
some common metropolitan areas {(e.g., New York City), the
additional satellite antenna directivity will not 2id in rcducing this
20 dB greater interference. The remainder of the applicants
propose a more uniform technology but the variation in earth station
EIRPs is still 10 dB.

The increase in spacing due {o this variation can be

minimized by grouping like systems in the same part of the orbit,

5.4.7 General Analysis Summary

To summarize section 5, it has been shown that (a) the

average spacing required to accommodate all 23 of the U.S. and

Canadian satellites is not inconsistent with the spacings analyzed
and proposed in the applications, and (b) a mix of thirteen 12-
transponder and ten 24-transponder satellites, with parameters

representative of the systems proposed, can be accommodated in the

available orbit.
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6. ORBIT CAPACITY RELATIVE TO INDICATED DEMAND

With 24~transponder systems, a 1000 pWOp noise objective,
1200 voice channels per transponder, 98 ft earth station antennas,
and homogcneous parameters, 27 satellites could be accommodated in
the 85° of uvailable arc. Thus using just 4/ 6 Glz, 648 transponders
(27x24) could be placed. Including a like number of transponders at
12/ 13 GH~z would double this, making a total of 1296, 40 MHz
transpondcrs., Approximately twice as many 12-transponder satellites
using 4/6 GHz could be accommodated so that the orbit capacity would
be the same.

The analysis in a report by Stanford Research Institute (Allan,
et al., 1971) indicates that the expected demand for transponders by
the mid~-1970s is about 100. Using the 4/ 3 ratio of active to in-orbit
spare satellites represented by the applications, the total U.S.
requirement is 175 transponders. Adding Canada's requirem.ent .
36 transponders gives a total of 211 transponders which is only 32%
of the number that could be accommodated using just 4/ 6 GHz aﬁd only
169% of those that could be accommodated if the higher bands were
included. Furthermore, since 3/7 of these arc in-orbit spares, the
demand for active or primary transponders requires only 14% and
7%, respectively. Even if the useful arc is considered to be just
70° to insure that elevation angles are gr-ater than 10° in the
contiguous U.S., these figures would only change to 17% and 87,
respectively.

Since the ultimate capacity so vastly exceeds the indicated
demand, the scarcity of the orbit/ spectrum resource is not a
compelling consideration at this time. In fact, therc is sufficient '
capacity that systems with varying designs to suit specialized

applications can be accepted and later entrants could be accommodated.
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7. CAPACITY PROPOSED AND OTHER FACTORS AFFECTING
ORDIT RIILRQUINIZILIENTS
) The total initial capacity proposcd by the applicants is 588
transponders (336 active and 252 spare) using figures from the SRI
report. Adding the Canadian transponders produces a total of 624; .
but 96 of these usc higher bands, leaving a total of 528 which must
be accommodated at 4/ 6 GHz, This is within the capacity 1dicated
in section 6, from which it can be concluded that all 624 proposed
transponders could be immediately accommodated in the unlikely
event that all systems arec built, ,
Any residual concern about the practicality of accommodating
all applicants is at least partially alleviated by the following:
1, It may prove most economical for successful

a plicants to share orbiting sp: es a 'or to enter into
agreements calling for other applicants to handle the
service of a system cxperiencing a major failure - thercby
decreasing the number of secondary/ sparc satellites in
orbit. This would scem especcially true in view of the
proposed supply and indicated demand.

2. Only 11 of the proposed satellites are designated as

1 il , . - . .
"primary' and less interference protectic could e given

to ""secondary'" satellites,
3. There is some flexibility of moving the satellites in orbit
to reduce interference on a casc-by-casc basis.
4. The possibilities of using other bands has not been.fully '
exploited.
5. The Canadian system has satellite antennas coveriﬁg a
different gecographic area, and this should diminish the '
T~ 35 ‘J

sharing problem with them. This was not included in

the foregoing analysis.,
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OFFICE OF TELECOMMUNICATIONS POLICY
EXECUTIVE OFFICE OF THE PRESIDENT
WASHINGTOR, D.C. 20504

March 20, 1972

Mr, Dale Hatfic.d

Office of Telecommunications
Departiment of Comumerce
Boulder, Colorado 80302

Dear Dale:

Mr. Hinchman has asked me to advise you that we have releascd
your Domestic Satcllite study, and those of SRI and RossTec,
through the National Technical Information Service., I spoke to

your secretary on Friday and indicated to her that the report
had been made available.

I am enclosing a copy of the Press Release which we sent out
announcing the release of the studies.

Also enclosed is a copy of one of the letters we sent out requesting
agenda items for the Pacific Telecommunications conference
about which we spoke on Tuesday--this is just for your informa-

tion and to keep you advised on how we'lre progressing toward the
conference.

If you have any questions either about the press release or the
Pacific conference, plecase give me a call.

Sincerely,

Ay

Thomas M. Mustin

Enclosures




FOR TIMEDIATE RELEASE
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1 L " FFICE OF TELECOMMUNICATIONS PC Y

4 - EXECUTIVE OFFICE OF THE PRESIDENT

. . - : . WASHINGTON, D.C. 20504 o
h 17, 1872
g‘j S S NEWS RELEASE Mare |
OTP RELEASES DOMESTIC SATELLITE STUDIES

The Office of Telecommunications Policy today released the

P

results of three studies on domestic satellite communications.

The studies, conducted for OTP by the Stanford Research Instituts,

- ; L
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Ross Telecommunications Engineering Corporation, and the Commercs
4 Department's Office of Telecommunications, address technical and

economic aspects of the several applications for domestic satellizz

systems now pending before the FCC, and the implications of these
factors for the organization, operation, and regulation of the
domestic satellite industry. )
Halter Hinchman,.OTP Assistant Director, nbted in releasing
_the studies that their findings further support the Administratic- s

view that multiple domestic satellite systems can be eccnomiczlly

Ry

ih

-~ .
L

viable on a competitive basis and can be made technically compatiz’

Ty T

with one another and with existing and future terrestrial sysie:s,

3

3
‘? with minimal regulatory controls.
'3 Summary conclusions from the three-OTP reports are attachec.

] . _ The complete texts of these reports may be examined at the OT?

- offices, and copies will be available from the Nationa& Techniczl

‘; : Informatic Service, U.S. Department of Commerce near the end of

} | o April 1972. Fbr tﬁose interested in obtaining further informafﬁ:'

: or copies, the exact titles are:
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"Economic Viability of the Proposcd United States
Communications Satellite Systems," Stanford Research
Institute.

"A General Analysis of Domestic Satellite Orbit/Spectfum
Utilization," Policy Support Division, Office of Telecommuni-
cations, U.S. Department of Commerce, Boulder, Colorado.

tpnalysis of Carth Station Siting for the Proposed Domestic
Satellite Systems," Ross Telecommunications Engineering
Corporation. :
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;_OTP S{udiecs® on Domestic Satellite Communications
Principal Conclus s

!

ECONOMIC

o The data presented in the FCC applications for the several
systems proposed show no clear indication of substantial
economics of scale that would suggest a tendency to natural
monopoly. Indicated unit costs are comparable for large
and small systems of the same type and there are apparent
cconomics of specialization for several of the proposed
services which would offset any claimed economies of scale.
Systems of substantially different types differ in function,
performance, and probability of successful deployment and
thus are not directly comparable on an economic basis.

o The potential market for domestic satellite services in the
near future, though substantial, will probably support several
but not all of the proposed systems as presently envisioned.
Therc is an apparent near-term market for 89-163 broadband
salellite channels (transponders), whereas the total operational
capacity of all proposed systems would be 336 transponders,
‘with additional back-up capacity of 252 transponders.

- 0. The total market includes several sectors that are relatively
insulated from one another (e.g., public message telephone
traffic, broadcast and cable video interconnection, and
various leased-line services), each of which could be served
economically by a different operator.

o More than one satellite operator may be expected to compete
on a continuing basis for the leased line market, and to a
~ -more limited extent for the other market sectors.

o Under a policy of open entry at least two, and probably three
or more, separate systems would likely be established,
having a combined capacity in excess of 100 channels
(transponders) plus 50 or more back-up transponders. Each
of these systems would likely incorporate an independently
viable basic service offering (e. g., PMTS, video interconnection
etc. ) combined with competitive leased-line offcrings.

% "Ecounomic Viability of the Proposed United States Communications

Satellite Systems, " Stanford Research Institute.

YA General Analysis of Domestic Satellite Orbit/Spectrum
Utilizaﬁqn. " Policy Support Division, Office of Telecommunicationzs.
U. S. Department of Commerce, Boulder, Colorado.

"Analysis of arth Station Siting for the Proposed Domestic Satellit.
Systems, " Ross Telecommunications Engineering Corporation,
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A policy of open entry can be expected to result in a viable
competitive industry, with return on capital commensurate
with risks. However, there is little solid evidence regarding
the specific structure this industry would take, which will be
affected by differences in technology, design concept and con-
figuration, comparaiive market strategies, and consortia
arrangements not readily apparent at this time.

TECHNICAL

(o]

o ,
The average spacing of 3.7 required to accommodate all 23

.of the initial U. S. and Canadian satellites in the relevant

sector of the geostationary orbit (i.e., 53° . 138° W) is not
jnconsistent with the spacings proposed and analyzed in the
applications.

A general analysis indicates that 23 satellites wi_ . character-
jstics typical of those proposed could be accommodated,
although minor adjustments in some system parameters might

be necessary in the u kely event that al systems were ful v

-

deployed.

The ultimate capacity of the available geostationary orbit using
(and reusing) 2000 MHz of spectrum vastly exceeds the indicatec

initial demand; thus, scarcity of this resource is not a com-

pelling issue in pc icy determination.

The siting of earth stations near large metropolitan areas in
the manner proposed by the various applicants is feasible from

. an interference standpoint.

Although the applicants did not coordinate specifically for

- off-path interference, this type of potential interference has

been taken into account to some degree in the coordination for
possible great-circle interference, since the terrestrial
microwave facilitics most likely to cause t h types of inter-
ference are the same.

For all cases of great-circle interference problems as
represented by the applicants, there are viable techniques
available for controlling the level of interference within
acceptable limits. '
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The installation of earth stations for several applicants
in a certain arca would not produce accumulative interference |
effects beyond those anticipated in the development of ‘
acceptable interfercnce criteria by the CCIR. o !

L

. e et e mp e . - e e epw ey e = P ——————




b emend

S S e e g A bnrs

AR

.
D B e £ s

l “
:

l !

RS
l;
.

. : |
| “3 . - R S }
’ |
o The installation of earth stations for several applicants !
in a certain area would not produce accumulative interference
) effects beyond those anticipated in the development of
acceptable interference criteria by the CCIR. ;'
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