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CURRENT ACTIVITIES IN SMALL EARTH TERMINAL
SATELLITE DOMESTIC TELECOMMUNICATIONS

Paul I. Wells*

This report discusses the recent, current, and
planned activities in domestic satellite communications
in the United States. The present satellites in the
domestic satellite service are discussed and the
general technical characteristics are presented.
Several uses of earth stations operating in the
domestic satellite service are discussed, with
particular attention given to the effect the Federal
Communications Commission has had on the growth in
numbers of earth stations. In conjunction with small
earth stations, the impact of the antenna size and
preamplifier noise temperature on overall earth station
cost was studied.

A summary of current activities on the Federal
Communication Commission Docket No. 20271, the prepara-
tion for the 1979 General World Administrative Radio
Conference is presented. Particular attention was
given to FIXED-SATELLITE and BROADCASTING-SATELLITE
service applications in the frequency bands between
2.5 GHz and 50 GHz.

Finally, tariff cost information for domestic
satellite and terrestrial telecommunications services
is presented. Telecommunication services tariffs on
file with the Federal Communications Commission were
used in this ‘report.

Key words: domestic satellite communications; low-
noise amplifiers; satellite communications;
small earth stations; 1979 World Administra-
tive Radio Conference

1. INTRODUCTION
The initiation and growth of communications satellite systems
has been one of the primary beneficial spin-offs of the United

States (U.S.) space program. Though the earliest communications

*The author is with the Institute for Telecommunication Sciences,
National Telecommunications and Information Administration, U.S.
Department of Commerce, Boulder, Colorado 80303.



satellites were low-orbit spacecraft, satellite communications
as we know it today were initiated with the launch of the first
geosynchronous spacecraft, the SYNCOM satellite, in 1963.

The early utilization of satellite communications was in
international telecommunications. The first domestic use of
satellite communications in the Western Hemisphere was by Canada,
with the launch of the first ANIK satellite in 1972. Following
this, the U.S. domestic satellite communications was initiated in
1973 with the lease of transponder space on the ANIK satellite by
RCA Global Communications, Inc., and RCA Alaska Communications,
Inc., for communications between Alaska and the U.S. west coast.

From this small beginning, there has been a steady growth
of the U.S. domestic satellite communications industry. The
early rate of growth was quite slow, but has shown a very
significant acceleration in the past year.

The development of the U.S. domestic satellite communica-
tions systems is discussed in this report, including the presenta-
tion of the general technical characteristics of the satellite
communications subsystem and of typical earth terminal systems;
the presentation of a data base of earth stations licensed by the
Federal Communications Commission (FCC) and discussion of earth
station applications; and presentation of tariff information on

satellite and terrestrial private line costs.

2. DOMESTIC SATELLITES - PRESENT AND PLANNED

The operational use of communications satellites in the
United States for domestic telecommunications was initiated in
1973 by RCA Global Communications, Inc. on a link between the
west coast and Alaska using a leased transponder on the Canadian
ANIK satellite. This arrangement continued until the first U.S.
domestic satellite was launched by Western Union in 1974.
Following the launch of the Western Union WESTAR satellite, RCA

was required by the Federal Communication Commission (FCC) to



transfer its operationalvuse to the WESTAR satellite. The RCA
Corporation placed its first satellite, SATCOM, in orbit in 1975,
which now provides the tfansander space required for the west
coast to Alaska telecommunications.

| After a slow start, the domestic satellite communications
capacity has grown rapidly. There are now six U.S. domestic
COmmuhications satellites in orbit. These satellites are listed
in Table 2.1, showing the satellite, the corporate owner, the

_ launch date and the longitudinal position in the geostationary

orbit.
Table 2.1. U.S. Domestic Satellites, 4/6 GHz
Owner Satellite Launch Date Longitude
Western Union WESTAR-1 April 1974 99OWO
WESTAR-2 October 1974 123.5"W
RCA American SATCOM-1 December 1975 119°W
Communications, Inc. SATCOM-2 March 1976 135™W
Comsat General Corp.* COMSTAR-1 May 1976 1280w
COMSTAR~-2 July 1976 95" W

Though the three communication satellite operators all pro-
vide U.S. domestic services, there are some differences in the
authority granted by the FCC. The Western Union WESTAR satellites
are authorized to provide service to the 48 contiguous states,
plus Hawaii and Puerto Rico. The RCA SATCOM satellites are
authorized to provide service to all 50 states, plus Puerto Rico.
Both RCA and Western Union can provide private line common
carrier service to all areas they serve} 'Also, both can lease
transponder space to bther common.carriers, to private users,
or to‘network'users for‘televisidn or audio program distribution.
The RCA provides private line and dial service within Alaska and
between Alaska and the rest of the United States. The Comsat

COMSTAR satellites ate authorized to provide service to the

*Comsat General Corporation is a common carrier's common carrier,
providing the space segment for the telephone common carriers,
AT&T and GTE, who provide their own earth stations.
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contiguous 48 states only. Comsat is authorized to provide
service only to domestic common carriers, American Telephone and
Telegraph (AT&T) and General Telephone and Electric (GTE). For
the initial period of operation through 1979, AT&T and GTE are
limited. to providing message service to the general public and
the government, and private line service to the government only.

In addition to the commercial domestic satellites, there
are two experimental satellites in current use. These are the
Applications Technology Satellite number 6 (ATS-6) and the joint
Canadian - U.S. Communications Technology Satellite (CTS).
Although these two experimental satellites have an important role
in the development and growth of communications satellites, they
will not be treated in any detail in this report.

The orbital locations of the U.S. domestic satellites
(including ATS-6 and CTS) are shown in Figure 2.1.

Second generation domestic satellite communications systems
are now being planned by several companies. The Satellite
Business Systems (SBS) recently awarded a contract for construc-
tion of three satellites. These satellites are designed for
all-digital operation and will operate in the 12/14 GHz frequency
band. The current SBS plan calls for launch of the first two
satellites in the second half of 1980 and for initiation of
operational service by January 1, 1981 (Electronic News, 1977b).

Western Union has been contracted by the National Aeronautics
and Space Administration (NASA) to provide the spacecraft and
system operation of the Tracking and Data Relay Satellite System
(TDRSS). This system will have operational capability in the
12/14 GHz frequency band. Though the first two satellites will
be dedicated to the NASA mission, Western Union has plans for a
third satellite which would be available for domestic service in
the 12/14 GHz band. These satellites are expected to be launched
in the early 1980's.

RCA Americom is seeking permission from the FCC to make its
next satellite, SATCOM-3, a hybrid system with operation in both
the 4/6 GHz and 12/14 GHz frequency bands (Electronic News, 1977a).
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However, RCA does not plan to launch its third satellite until

present capacity is utilized, which is not expected before 1979.

2.1. Doméstic Satellite Techhical_Characteristics

The present generation of_domestic communications satellites
all operate in the 4/6 GHz frequency bands. The specific fre-
quencies are 5.925 GHz to 6.425 GHz for the earth-to-space link
and 3.7 GHz to 4.2 GHz for the space-to-earth link. As discussed
earlier, there are six domestic operational satellites in geo-
synchronous orbit. The technical parameters of these satellites
are discussed in the following paragraphs.
2.1.1. Western Union WESTAR Satellite

The WESTAR is a spin-stabilized satellite with the solar

power array on the cylindrical body. The antenna, which is
mechanically despun, has a 1.52 m parabolic reflector with
multiple feed horns to provide a shaped beam for continental U.S.
(CONUS) coverage.

A summary of the general characteristics of the communica-
tions subsystem is presented in Table 2.2.

The solar array provides about 300 watts of DC pbwer at the
beginning of life of the spacecraft. The backup power is pro-
vided by nickel-cadmium batteries that provide adequate power for
10 transponder channels during the solar eclipse. The spacecraft
has a design life of seven years. The transponder configuration
consists of a wideband receiver and single conversion down-
converter driving a channelized transmitter.

2.1.2. RCA Americom SATCOM Satellite
The SATCOM is a three-axis stabilized spacecraft with the

solar-power array on deployable paddles, which are sun oriented.
The spacecraft has 24 transponder channels, each with a usable
bandwidth of 34 MHz. The 24 channels are in two groups of 12
channels each, with the two groups connected to cross-polarized
antennas.

The general characteristics of the SATCOM spacetraft communi-

cations subsystem are presented in Table 2.3. The spacecraft



Table 2.2. Summary of the Characteristics of
WESTAR Communications Subsystem

Antenna
Beamwidth

Polarization

Cross—-polarization
Isolation

Receiver G/T

1.52 m parabola with multiple feeds

6.8° x 3.5° conus
2-8  Hawaii and Alaska

Linear (single polarization)

Not Applicable

-7 dB/K CONUS
-14 4B/K Alaska and Hawaii

Transmitter 12 channels
Power 5 watts each channel (approximate)
EIRP 33 dBw CONUS
26 dBw Alaska and Hawaii
Bandwidth 36 MHEz
Table 2.3. Summary of the Characteristics of
SATCOM Communications Subsystem
Antennas 4 polarization-gridded rectangular
parabolic reflectors with overlap
and offset multiple feeds
Beamwidth 8.4° x 3,2° CONUS and Alaska
2.6 x 1 Hawaii
Polarization Cross-polarized, horizontal and vertical

Cross—-polarization
Isolation
Receiver G/T

Transmitter

Power
EIRP

Bandwidth

33 dB

-7 dB/K CONUS and Alaska
-10 dB/K Hawaiil

12 channels vertically polarized
12 channels horizontally polarized

5 watts each channel (approximate)

32 dBw CONUS and Alaska
26 dBw Alaska

34 MHz




communications antenna assembly consists of four gridded
rectangular parabolic reflectors, with some mechanical overlap,
and offset multiple feeds to provide an elliptical pattern. The
overlap is possible because the horizontally gridded reflector is
transparent to the vertically polarized signal.

The spacecraft has two wideband receivers, each with a
single conversion down-converter driving 12 channelized trans-
mitters.

2.1.3. Comsat General COMSTAR Satellite

The COMSTAR spacecraft (Abutaleb, et al., 1977) is a spin-

stabilized satellite which is similar to the Intelsat IV. The

solar-power array, which is on the cylindrical body of the
spacecraft, has a beginning-of-life power output of 760 watts
and has a design life of seven years. The spacecraft has 24
transponder channels, each with a usable bandwidth of 34 MHz.
The 24 channels are in two groups of 12 channels each, with the
two groups connected to orthogonally polarized antennas. The
general characteristics of the COMSTAR spacecraft communications
subsystem are presented in Table 2.4. The spacecraft communi-
cations antenna assembly consists of two orthogonally polarized
parabolic reflector antennas, with offset multiple feeds to
produce shaped spot beams. Polarization screens made of
horizontally and vertically strung parallel conductive strips for
vertical and horizontal polarization, respectively, are mounted
in front of the reflectors to improve the cross-polarization
isolation.

The spacecraft has two wideband receivers, each with a
single conversion down-converter driving 12 channelized
transmitters. Each group of twelve transmitter channels 1is
further subdivided, and switchable, for flexibility in affecting
communications between earth stations in CONUS, Alaska, Hawaii,
and Puerto Rico. The spacecraft transponders can be switched
(from ground control) to the various antenna feed horns to

provide the transponder distribution shown in Table 2.5.



Table 2.4. Summary of the Characteristics of
COMSTAR Communications Subsystem

Antennas

Beamwidths

Polarization

Cross-polarization
Isolation

Receiver G/T

Transmitter

Power
EIRP

Bandwidth

2-1.27 x 2.78 m rectangular parabolic
reflectors with orthogonal polariza-
tion and offset multiple feeds

78,x 362O CONUS
4O X 2o Alaska
37 x 37 Hawaii and Puerto Rico

Cross-polarized, horizontal and vertical]

33 dB
-9 dB/K

12 channels vertically polarized
12 channels horizontally polarized

5 watts each channel (approximate)

33 dBw CONUS, Hawaii, Alaska and
Puerto Rico

31 dBw Combined coverage of CONUS
Alaska

34 MHz

Table 2.5. COMSTAR Transponder Distribution

Satellite Receive

Satellite Transmit

12 CONUS and Alaska
12 CONUS, Hawaii, and Puerto Rico

6—-24 CONUS

<6 Alaska or CONUS/Alaska Combined
<6 Hawaii

<6 Puerto Rico




2.1.4. Satellite Business Systems Spacecraft

As indicated earlier, the Satellite Business Systems (SBS)
recently contracted for three spacecraft, the first two to be
delivered in 1980. The SBS system will operate in the 12/14 GHz
frequency bands. The specific frequencies are: wuplink 14.0 to
14.5 GHz and downlink 11.7 to 12.2 GHz. SBS will be the first
domestic communications satellite system to operate in this band.
The SBS system will utilize digital modulation and time division
multiple access techniques with demand assignment.

The SBS spacecraft will be a spin-stabilized satellite with
the solar-power array on the cylindrical body. The batteries for
backup power are expected to be adequate for 50% communications
capability during eclipse. The spacecraft will have eight trans-
ponder channels, each with a usable bandwidth of 54 MHz. The
communications system is designed with 100% redundance for all
elements except the output TWT amplifiers which have 50% redun-
dancy. The spacecraft antenna assembly is a parabolic reflector
with offset feeds to provide CONUS coverage. The antenna pro-
vides a nonuniform coverage of the continental U.S., with approxi-
mately 4 dB higher gain in the eastern coastal states, "region
1." The balance of the CONUS is designated as "region 2." The
antenna polarization is linear with horizontal polarization for
transmit and vertical polarization for receive.

‘The general characteristics of the SBS spacecraft communi-

cations subsystem are presented in Table 2.6.

2.2. Domestic Satellite Channel Capacity

The current generation of domestic satellites all utilize
frequency division multiple access (FDMA) to provide communi-
cations service to multiple users. The total bandwidth allocated
to domestic satellites is 500 MHz. This band is subdivided into
12 channels, providing the first step of frequency division. As
described in Section 2.1, each channel has an RF bandwidth of
either 34 MHz or 36 MHz. Each channel can carry one channel of

TV, with video and voice, or multiple one-way voice circuits.
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Table 2.6. Summary of the Characteristics
of the SBS Communications Subsystem

Region 1 Region 2
EIRP 42 dBw 38 dBw
Receiver G/T -2 dB/K -6 dB/K
Antenna Parabolic reflector with offset feeds

for CONUS coverage, 4 dB higher gain
in east coast region.

Transmitter 8 channels, horizontally polarized
Power 20 watts per channel
Bandwidth 54 MHz

If all channels on the six domestic satellites were used
for TV, 120 TV programs could be transmitted simultaneously.
The use of satellites for television program distribution will
be discussed further in Section 3.

The maximum one-way voice circuit capacity for a satellite
transponder is 1200 voice circuits. This number is based on
single carrier per transponder operation using FM/FDM, saturated
TWT operation, and using large earth stations (antenna >15 meters
and low-noise receiver front end). Thus, the launch of the first
WESTAR provided a capacity of 14,400 one-way voice circuits. The
growth of the voice circuit satellite capacity is shown in
Figure 2.2. The current capacity is 144,000 one-way voice
circuits. This number is greater than the total coast-to-coast
one-way voice circuit capacity of the present terrestrial tele-
phone network, including both the general common carriers and
specialized common carriers.

Considering that this growth occurred in a period of two
years, it is not surprising that the satellite transponder

capacity is not yet fully utilized.

2.3. Multiple Access in Satellite Communications
With the increasing demand on the available frequency

spectrum, there is increased emphasis on the use of multiple
11
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access techniques to provide a greater degree of frequency reuse.
We will consider here four general multiple access categories
which are readily applicable to satellite communications. These
are:

. Space Division Multiple Access (SDMA) ;

. Frequency Division Multiple Access (FDMA) ;

. Time Division Multiple Access (TDMA); and

S W N

. Code Division Multiple Access (CDMA).

Frequency division multiple access is a method of providing
multiple access to a communications satellite in which the trans-
missions from a particular earth station occupy a particular
assigned frequency band within the bandwidth of a transponder.

In the satellite, the signals from several simultaneous earth
stations are amplified in the same transponder.

Both SDMA and FDMA are used in the present domestic satel-
lite systems. 1In the application of FDMA, there are several
levels of frequency division. For example, the 500 MHz band-
width is divided into 12 channels. Each channel can be used
independently by a different user. Also, the 36 MHz bandwidth of
a transponder can be subdivided to provide frequency division
multiple access of the individual transponders. A disadvantage
of using FDMA on a satellite transponder is that the capacity of
the transponder is greatly reduced due to the required spacing
(or guard-band) between channels. On a transponder which has a
capacity of 1200 one-way voice circuits with a single carrier per
transponder, the transponder capacity would reduce to less than
half that with a single voice circuit per carrier. An FDMA
system can operate either on a preassigned basis, where the
channel access is assigned on a prearranged schedule, or on a
demand-assigned basis, where the channel access is assigned in a
dynamic sense in response to a request. The present systems use

the preassigned FDMA.
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The application of SDMA is in the geographical separation of
earth terminals and the use of large, narrowbeam antennas, and in
the orbit separation of the several satellites in the geostation-
ary orbit.

Time division multiple access (TDMA) is a technique whereby
earth stations communicate with each other on the basis of non-
overlapping time sequenced bursts of transmission through a
common satellite transponder. As with FDMA, there are several ‘
techniques for implementing TDMA in a satellite communication ‘
system. Time slot assignments can be as short as the time for
one information bit, or longer as for a word or group of words.
In a satellite communication system where the transmission time
delay is quite significant, the assignment of time segments that
allow transmission bursts of characters appears to be more
practical. Though TDMA is not yet in general use in commercial
satellite communications, there has been experimental use of
TDMA. The SBS is currently leasing transponder space to test
digital communication and TDMA techniques which are planned for
their future system. The SBS satellite system which is planned
for the early 1980's will use digital modulation with time
division multiple access, exclusively.

Code division multiple access (CDMA) is a technique whereby
earth stations communicate with each other using orthogonal
code sets transmitted through a common satellite transponder. A
CDMA system would utilize a spread-spectrum modulation technique.
The CDMA technique has had some limited use in military systems,

deep-space communications and data collection from remote sensors.

3. DOMESTIC EARTH STATIONS - PRESENT AND PLANNED
In a satellite communication system, the earth station

is the equipment system (antenna, transmitter, receiver,
etc.) which provides connection to the satellite and to the

terrestrial interface with the end user. The interface with the

14



end user can be direct (as in the case of an on-premise earth
station), connection via a dedicated terrestrial link, or con-
nection via a common-carrier terrestrial link. In this section,
the various types of earth station systems and their general

technical characteristics and costs will be discussed.

3.1. Domestic Earth Station Applications
The application or use of the domestic satellite communi-
cations system usually falls into two general categories:
(1) point-to-point communications and (2) point-to-multipoint
communications.

3.1.1. Point-to-point Communication Services

Within the general class of point-to-point communication
services, the applications and services provided are quite
varied. For example, the Comsat COMSTAR satellites are used by AT&T
and GTE to expand and extend their message telephone service to
the general public, and message telephone service and private
line service to Government agencies. (The message telephone
service is the standard long-distance telephone service and other
measured use services.) The AT&T has general-use earth terminals
at New York, NY; Atlanta, GA; Chicago, IL; and San Francisco, CA;
while GTE has earth terminals at Tampa, FL; Los Angeles, CA;
and Oahu, HI. The AT&T and GTE are presently restricted from
offering commercial private line services to the general public.
RCA Alaska Communications, Inc., provides a similar message
telephone service in the State of Alaska using leased transponder
space on RCA Americom satellites.

Private line point-to-point services are provided by several
companies. These include the primary satellite owners, Western
Union and RCA American Communications, and the other common
carriers, such as American Satellite Corp. and Southern Pacific
Communications Company. These other common carriers lease trans-
ponder space from other carriers and then lease communication
channels to customers. The types of private-line point-to-point
services provided to customers include voice, data, facsimile and

video. 15



3.1.2. Point-to-Multipoint Communications Services

A point-to-multipoint satellite service is one where a
message is transmitted from one earth station for reception
and use by two or more end users. The number of end users
can be few or a great many. In some instances, the uplink
facility of a common carrier is used for the message origination;
while in other instances, the message originator leases
transponder space and provides his own uplink facility.

Some specific examples of point-to-multipoint satellite

services are:

A. The Dow-Jones Corporation, which publishes the
Wall Street Journal, has a plant facility in New
England where the Wall Street Journal is compiled.

It is then transmitted via satellite using high-
resolution facsimile to printing plants in various
parts of the U.S. The satellite communication
service is provided by American Satellite Corporation.

B. The Home Box Office Company (an originator of home
entertainment programming including movies and
sporting events) distributes TV programming to
over 130 earth stations owned by pay-TV operators.

The uplink is via facilities of RCA Americom.

C. The Southern Satellite Service, which has its own
uplink earth station, distributes TV programing from
TV station WTCG in Atlanta, GA, to over 150 CATV-owned
receive-only earth stations. Southern Satellite
Service leases transponder space from RCA Americom.

D. During 1978, the Public Broadcasting Service of the
Corporation for Public Broadcasting (CPB) will be
transferring its TV network from the present
terrestrial common-carrier network to a satellite
network. The phaseover is scheduled to start in
March 1978 and to be completed by the end of 1978. The
CPB will own and operate the earth station facilities

and will lease transponders from Western Union.

16



The above cited examples of point-to-multipoint satellite
service are representative of a number of such services now in
operation. Also, many additional systems are in the active
planning stage.

3.2. Domestic Earth Station Facilities

The first earth stations constructed and placed into service
in the domestic satellite service were the large, high capacity
stations operated by the satellite common-carrier companies.
These earth stations used large antennas which were typically
15 to 30 meters in diameter. The communications services
provided by these early earth stations were the point-to-point
class of telecommunications discussed earlier in this section.
Earth stations of this type cost several hundred thousand dollars
each. The high cost of earth stations of this type places a
strong economic restraint on the number of such stations that can
be built.

The first application of domestic satellites to the distri-
bution of TV programing was by Home Box Office. Their first
program was broadcast on September 3, 1975, with two earth
stations receiving the program. Two years later in September
1977, there were 131 earth stations receiving Home Box Office TV
programing. This is a good indication of the recent rapid growth
in the number of earth terminals.

An initial guideline used by the FCC in considering applica-
tions for earth stations suggested the minimum diameter for an
earth station antenna should be 9 meters. This was not a fixed
rule, but rather, it was considered a minimum recommended size
to insure flexibility of system design in the early development
of domestic satellite systems. However, the 9-m size has always
been considered by the FCC to be a comparability standard rather
than an absolute size limitation.

In October 1975 the American Broadcasting Companies, Inc.,
(ABC) petitioned the FCC (RM-2614) to institute rule making

17



proceeding to establish a basic overall design for the develop-
ment of the domestic satellite service. As a part of the
arguménts supporting their petition, "ABC asked that the 4/6 GHz
bands be reserved for domestic satellite services utilizing

only large, high-gain antennas 9 meters or larger, with all
other services assigned to the 12/14 GHz band" (FCC, 1976Db).

In June 1976, the Community Antenna Television Association
(CATA) filed with the FCC a petition for rule making or for
declaratory ruling to permit the authorization of receive-only
small earth station antenna (RM-2725). In the proceedings
which followed, the CATA and others filed comments and technical
data supporting the technical feasibility of using antennas as
small as 4.5 meters with receive-only earth stations for receiving
TV programing for the use of CATV systems.

The FCC combined these two petitions under one rule-making
proceeding and adopted a Declaratory Ruling and Order on
December 15, 1976, which states in part:

"70. IT IS FURTHER ORDERED that applications filed

by cable television operators proposing the use of

4.5 meter or larger antennas within the 48 contiguous

states for reception of television programing material

distributed by domestic satellites will be routinely
processed in the future in accordance with the conditions
set forth above." (FCC, 1976Db)
An appendix to the ruling and order provides a "Technical
analysis of small receive-only antennas for use by cable
television systems within the 48 contiguous states."

This Declaratory Ruling and Order by the FCC has provided
a strong impetus to the growth in the number of earth terminals
being built. Prior to early 1977, all receive-only earth stations
had approximately l0-meter antennas and typically cost between
$100,000 and $150,000. A review of domestic earth station
applications filed with the FCC in 1977 shows that most CATV
operators are requesting small earth station antennas, 4.5 to 6

meters in diameter. Aside from any antenna size limits set by
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the FCC, the CATV and TV station operators must also meet the
minimum picture quality guidelines of other parts of the FCC
Rules and Regulations. In some instances, this requires an earth
station antenna larger than the minimum size (Akima, 1978).

A review of recent domestic earth station applications
filed with the FCC show that station construction costs generally
range between $25,000 and $70,000. These figures include the
cost of the communication equipment, cost of installation, cost
of required building or equipment shelter and cost of any
required terrestrial link to the TV transmitter or CATV head-end
facility.

The growth in the numbers of domestic earth stations has
been quite high during the past year. By the end of October
1977, the number of construction permits or licenses to operate
had increased to 419 stations. A listing of these stations is
presented in the appendix to this report. The recent high rate
of growth in the number of domestic earth stations is apparent in
the maps presented in Figures 3.1 through 3.4. Figures 3.1 and
3.2 show the domestic earth stations in Alaska in December 1976
and October 1977, respectively. While Figures 3.3 and 3.4 show
the domestic earth stations in the contiguous 48 states as of

those same dates.

3.3. Domestic Earth Station Equipment Costs

In this section, some of the cost factors affecting the
total cost of an earth station will be discussed. A block
diagram showing the major equipment components of a receive-only
earth station is shown in Figure 3.5. Two items of equipment in
the diagram account for most of the cost of the earth station;
these are the antenna and the low-noise amplifier (LNA). These
two items will account for 80% to 90% of the total equipment
costs.

A survey was taken of several of the major manufacturers
of antennas and LNA's for satellite earth stations. Cost data

were collected for antennas ranging in size from 2 meters to
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Figure 3.5.

SIGNAL §
§ oisT |
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AUDIO

Block diagram of receive-only
equipment for TV reception.
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10 meters in diameter. An antenna larger than 15 meters has

such a narrow beamwidth that a steerable antenna mount with
automatic tracking capability is required to track the small
daily movements of the satellite. The addition of the automatic
tracking capability causes a major increase in the antenna cost.
The antenna cost data that were collected during the survey are
plotted with a smooth eyeball-fit curve in Figure 3.6. These data
show clearly the importance of the FCC Declaratory Rulemaking and
Order allowing earth-station antennas as small as 4.5 meters.

The possible savings in the cost of the antenna is fivefold, from
about $50,000 for a 1l0-meter antenna to about $10,000 for a 4.5-
meter antenna. In addition, other advantages accrue. For
example, the foundation and site preparation costs are reduced;
and, with the lower overall height of the smaller antenna, more
effective use can be made of terrain features to shield the
antenna from radio interference from terrestrial microwave relay
systems which share the same frequency band. It should be noted
in Figure 3.6 that the datum points marked by a circle are for
antennas for the combined transmit/receive application. The
increase in cost is due to the more complex antenna feed system
required for the combined function.

The data collected during the cost survey on 4-GHz low-noise
amplifiers are presented in Figure 3.7. 1In the figure, the dollar
cost of the LNA is plotted versus the amplifier input noise
temperature. The noise temperature of the LNA is the most
important parameter; however, the survey showed that LNA's with
the same noise temperature may have a different gain. The data
collected indicate that the LNA gain ranges from about 25 dB to
more than 40 dB, and LNA's with higher gain are also higher in
cost. The data plotted in Figure 3.7 include only LNA's which
have a gain in the range between 25 and 32 dB. This was done to
remove from the data presented the effect of the cost-differential
of LNA's with higher gain.

It is noted in Figure 3.7 thét there is a sharp break in

the cost/noise-temperature function at a noise temperature of
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about 100 K. The curve should not be considered continuous
through this point. The LNA's with noise temperatures above

about 100 K use a GaAs FET (field effect transistor) as the first
stage of the amplifier. A noise temperature of 100 K is about

the state-of-the-art limit for the FET amplifier. Below 100 K,
parametric amplifiers are used, and the cost of parametric LNA's
increases sharply for lower noise temperatures. The cryogenically
cooled parametric amplifier was not included with these data

since its use with a small earth station is not appropriate.

During the survey, cost data were also collected for
antennas and LNA's designed for operation in the 11.7 to 12.2 GHz
frequency band. However, there was not very much data available.
As yet, the only satellite applications in this frequency band
are experimental. Hence, very few manufacturers have tooled up
to produce equipment for use at 12 GHz. The data collected on
antenna cost are presented with a smooth eyeball-fit curve in
Figure 3.8. The antenna sizes for which data were available
range from 1.5 meters to 4.5 meters. The cost of a specific size
antenna is about the same whether it is for 12 GHz or 4 GHz.
However, it was noted previously that at 4 GHz antennas larger
than about 15 meters require satellite tracking capability.
Similarly, at 12 GHz, a satellite tracking capability will be
required on antennas larger than about 5 meters. This depends,
of course, on the étation—keeping accuracy of the satellite,
which is usually held within +0.1° in both the north-south and
east-west directions.

Again, in figure 3.8, the datum points marked by circles
represent the cost of an antenna with a two-frequency feed system
for simultaneous transmit and receive for a 12/14 GHz system.

The data collected during the cost survey on 12 GHz low-noise
amplifiers are presented in Figure 3.9. The dollar cost of the
LNA is plotted versus the amplifier input noise temperature. As
yet, there are not many manufacturers producing LNA's for the
12 GHz frequency range. Only threé LNA models were located. The

two lower temperature datum points are for parametric amplifiers
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and the one datum point at 350 K is for an FET amplifier. About
300 K to 350 K appears to be the current state-of-the-art noise

temperature limit using FET's.

4. PREPARATION FOR THE GENERAL WARC IN 1979

The purpose of the General World Administrative Radio
Conference (WARC), to be held in 1979, is to review, and where
necessary, revise the provisions of the Radio Regulations. The
matters to be considered at the 1979 WARC are very broad; they
include all aspects of the international radio regulations.
However, the analysis and discussion presented here will not be
all-inclusive. Only those aspects relating to satellite com-
munications will be discussed.

Preparations in the United States for the WARC has been in
active progress since early 1975. The development of U.S.
positions for the WARC is being coordinated by the Federal Com-
munications Commission through FCC Docket 20271. Proposals and
comments regarding a realignment of the international table of
frequencies were solicited by the Second Notice of Inquiry (NOI)
(FCC, 1975), which was released in September, 1975. The Second
NOI also requested comﬁents and supporting technical material
with respect to the use of small earth terminals in the space
radiocommunications services in the near-term (1975-1985) and
long-term (1985-2000) time frames.

From the input received in response to the Second NOI, the
FCC presented a proposed new International Frequency Allocations
Table in the Third NOI. The Third NOI (FCC, 1976) on Docket
20271 was released by the FCC in December, 1976.

The International Frequency Allocations Table contained in
Article 5 of the Radio Regulations of International Telecommuni-
cations Union (ITU) (ITU, 1976) covers frequencies from 10 kHz
through 275 GHz. The proportion of the table which includes
frequencies allocated to satellite systems is shown in Figure 4.1.

In the pie-diagram in Figure 4.1, the allocated spectrum is
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Figure 4.1. Subdivision of allocated frequencies in Region 2

in the present International Frequency Allocation
Table.
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divided into two parts, 7 MHz to 14.5 GHz and 14.5 GHz to 275 CHz.
(The spectrum below 7 MHz is not included since none of these
frequencies is allocated to satellite systems.) The use of
frequencies above 14.5 GHz is considered to be limited by
technology, and the current activity in satellite communications
is occurring at frequencies below 14.5 GHz. Thus, the allocated
frequencies are divided into two blocks in this report, with the
dividing line at 14.5 GHz.

In Figure 4.1, the frequency allocations are subdivided into
four parts, those frequencies which are (1) allocated to ter-
restrial services only, (2) allocated to satellite services only,
(3) shared by terrestrial and satellite services, and (4) not
allocated. 1In the current allocation table, 22.9% of the
spectrum above 14.5 GHz was not allocated. The satellite
services are further divided into three subparts, fixed- and
broadcast-satellite services, inter-satellite service and other
satellite services (these include meteorological, radiolocation,
space research, etc.).

As was mentioned above, proposed modifications to the Inter-
national Frequency Allocation Table were released in the Third
NOI in December, 1976. These proposed allocations are subdivided
in Figure 4.2 in the manner discussed above. The Third NOI was
followed by the Fifth NOI in May, 1977 proposing additional
modifications, based on responses to the Third NOI. (The Fourth
NOI deals with a different topic.) The modified table proposed
in the Fifth NOI is subdivided in Figure 4.3.

With the ever increasing demand for spectrum space by
various service groups, there has been a strong trend toward
frequency reuse through the sharing of frequency bands by two
or more services. This trend is evident from a comparison of
the pie-diagrams of Figures 4.1 and 4.3. The portion of the
allocated spectrum shared by terrestrial and satellite services
is now 4.46%, and in the fifth notice of inquiry it is recommended
that it should be 81.73%. At the same time, it is recommended

that the spectrum allocated exclusively to terrestrial services
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Figure 4.2. Subdivision of allocated frequencies proposed for
Region 2 in the Third Notice of Inquiry of FCC
Docket 20271.
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be reduced from 21.96% to 15.6%, =nd that portion allocated
exclusively to satellite services be reduced from 50.62% to
1.71%.

In the current frequency allocation table, 14.3% of the
allocated spectrum was reserved for the exclusive use of the inter-
satellite service, none of which has yet been used. In the fifth
notice, the recommended allocation to inter-satellite service is

reduced to 9.1%, and is to be shared with terrestrial services.

4.1. Allocations for Fixed- and Broadcasting-Satellite Service
In the International Frequency Allocation Table, there are
a number of different communication services which utilize
satellites that are allocated spectrum space. These include:
Fixed-satellite service,
Broadcasting-satellite service,
Land mobile-satellite service,
Maritime mobile-satellite service,
Aeronautical mobile-satellite service,
Amateur-satellite service,
Inter-satellite service, and
Meteorological-satellite service.
This list is not intended to be all-inclusive; rather, it is
intended to show that a number of communications services are
provided for in the frequency tables. In this report, only the
fixed-satellite service and the broadcasting-satellite service
will be discussed. The fixed-satellite service is defined in
the Radio Regulations (ITU, 1976) paragraph 84AG, as follows:
84AG Fixed-Satellite Service

A radiocommunication service:

-between earth stations at specified fixed points
when one or more satellites are used; in some
cases this service includes satellite-to-satellite
links, which may also be effected in the inter-
satellite service;
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-for connection between one or more earth stations
at specified fixed points and satellites used for
a service other than the fixed-satellite service
(for example, the mobile-satellite service,
broadcasting-satellite service, etc.).

Similarly, the broadcasting-satellite service is defined in para-

graphs 84AP, 84APA, 84APB, and 84AP.l1 as follows:
84AP Broadcasting-Satellite Service
A radiocommunication service in which signals trans-

mitted or retransmitted by space stations are intended
for direct reception by the general public.

84APA Individual reception (in the broadcasting-satellite

service)

The reception of emissions from a space station in the
broadcasting-satellite service by simple domestic
installations and in particular those possessing small
antennae.

84APB Community reception (in the broadcasting-satellite
service)

The reception of emissions from a space station in the
broadcasting-satellite service by receiving equipment,
which in some cases may be complex and have antennae
larger than those used for individual reception, and
intended for use:

- by a group of the general public at one location; or
- through a distribution system covering a limited area.
84AP.1

In the broadcasting-satellite service, the term "direct

reception" shall encompass both individual reception and
community reception.

In the current International Frequency Allocation Table
(ITU, 1976), the frequency bands allocated to fixed- and/or
broadcasting-satellite service in Region 2 are listed in Table

4.1. However, it should be noted that some of the frequency

bands listed in Table 4.1 are not allocated to satellite services.

These are frequency bands which are not now allocated to

satellite services, but are being recommended for allocation in

the future.
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The Radio Regulations of the ITU provide the primary guide-
lines for coordinated international use of the radio frequency
spectrum. These Regulations are in the form of a treaty between
the member nations of the ITU. As such, there are no powers of
enforcement. The effectiveness of the Radio Regulations depends
entirely on voluntary compliance by the member nations. Further,
the Regulations apply only to the coordination between national
adminstrations, and place no restrictions on frequency use within
an individual nation, so long as no harmful interference is
caused in neighboring nations.

This is illustrated by comparing Table 4.2 to Table 4.1.
Table 4.2, a listing of the same frequency bands as are listed
in Table 4.1, shows the allocation of these frequency bands in
the United States. For example, note that the frequency bands
from 3.4 GHz to 3.7 GHz are allocated in Region 2 to Fixed-
Satellite Services and Terrestrial Services, while in the U.S.
these bands are allocated to Terrestrial Services, only. Also,
within the U.S., some frequency bands are allocated for exclusive
use by Government (G) users, some for exclusive use by non-
Government (NG) users, and others are shared by both Government
and non-Government users. The sharing and non-sharing of
frequency bands is indicated in the "remarks" column of Table 4.2.

Table 4.3 shows the suggested frequency allocations to the
fixed-satellite service and broadcasting-satellite service
contained in the Third Notice of Inquiry of FCC Docket No. 20271.
This table is followed by Table 4.4 which shows the suggested
frequency allocations contained in the Fifth Notice of Inquiry.

With the present broad review of the allocation of fre-
quencies, there are multiple requests for use of nearly every
sub-band of frequencies. For a thorough discussion of these
requests, the reader is referred to the Third NOI (FCC, 1976) and
the Fifth NOI (FCC, 1976) of Docket No. 20271 where the comments
and reply-comments of interested parties are summarized. Those
wishing to do an in-depth review can obtain access to the comments

and reply-comments which are on filé and available at the FCC.
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Some specific frequency bands which relate to fixed- and/or
broadcasting-satellite services are discussed in the following
paragraphs. The frequency bands of interest here are those
listed in Tables 4.1 through 4.4, with particular attention
being given to those frequency bands below about 50 GHz. In this
discussion, reference will be made to a number of footnotes.
These footnotes fall into four specific categories:

International Footnotes - These footnotes come from the

Radio Regulations, Geneva, Edition of 1976. These foot-
notes consist of three digits sometimes followed by one or

more letters.

U.S. Footnotes - These footnotes, consisting of the letters

US followed by one or more digits, denote stipulations
applicable to both Government and non-Government stations.

Government Footnotes - These footnotes, each consisting of

the letter G followed by one or more digits, denote stipula-
tions applicable only to Government stations.

Non-Government Footnotes - These footnotes, each consisting

of the letters NG followed by one or more digits, denote
stipulations applicable only to non-Government stations.
4.1.1. 2.50 GHz to 2.69 GHz

In Region 2, this band of frequencies is allocated to the
FIXED, MOBILE (except aeronautical mobile), and BROADCASTING-
SATELLITE services on a coequal basis. Two sub-parts of this
band are also allocated, on a coequal basis, to the FIXED-
SATELLITE service, 2.5 GHz to 2.535 GHz space-to-earth and 2.655
GHz to 2.690 GHz earth-to-space.

The limits for use of these frequencies by the broadcasting-
satellite service are stated in ITU footnote 361B, as follows:

361B. The use of the band 2,500-2,690 MHz by the

broadcasting-satellite service is limited to domestic

and regional systems for community reception and such

use is subject to agreement between the administrations

concerned and those having services, operating in
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accordance with the Table, which may be affected (see
Resolutions Nos. Spa2-2 and Spa2-3). The power flux
density at the Earth's surface shall not exceed the
values given in Nos. 470NH-470NK.
The specific limits of the power flux density at the Earth's
surface are stated in paragraphs 470NI and 470NK of the Radio
Regulations (ITU, 1976) as follows:
470NI - a) The power flux density at the Earth's surface
produced by emissions from a space station in the broad-
casting-satellite service for all conditions and for all
methods of modulation shall not exceed the following

values:

-152 dBW/m2 in any 4 kHz band for angles of arrival between
0 and 5 degrees above the hqrizontal plane;

152 + 20823)

arrival § (in degrees) between 5 and 25 degrees above the

dBW/m2 in any 4 kHz band for angles of

horizontal plane;

-137 dBW/m2 in any 4 kHz band for angles of arrival

between 25 and 90 degrees above the horizontal plane.

These limits relate to the power flux density which would

be obtained under assumed free-space propagation conditions.
470NK - c) The power flux density values given in No. 470NI
are derived on the basis of protecting the fixed service
using line-of-sight techniques. Where a fixed service using
tropospheric scatter operates in the band mentioned in

No. 470NJ and where thereAis insufficient frequency separa-
tion, there must be sufficient angular separation between
the direction to the space station and the direction of
maximum radiation of the antenna of the receiving station
of the fixed service using tropospheric scatter to ensure
that the interference power at the receiver input of the
station of the fixed service does not exceed -168 dBW in
any 4 kHz band.
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Within the United States, the use of this band by broad-
casting-satellite services is further limited by NG footnote,
NG101 (OoTP, 1977), which states:

NG10l1 - The use of the band 2500-2690 MHz by the broad-

casting-satellite service is limited to domestic and regional

systems for community reception of educational television
programming and public service information. Such use is

subject to agreement among administrations concerned and

those having services operating in accordance with the

table, which may be affected. Unless such agreement

includes the use of higher values, the power flux density at

the earth's surface produced by emissions from a space
station in this service shall not exceed thosé values set
forth in Part 73 of the rules for this frequency band.

The limits for use of this band of frequencies by the fixed-
satellite service are stated in international footnote 364E (ITU,
1976) : |

364E - The use of the bands 2500-2535 MHz and 2655-2690 MHz

by the fixed-satellite service is limited to domestic and

regional systems and such use is subject to agreement between
the administrations concerned and those having services
operating in accordance with the Table, which may be
affected (see Article 9A). 1In the direction space-to-Earth,
the power flux density at the Earth's surface shall not
exceed the values given in No. 470NE.
The power flux density limits for the fixed-satellite service
are stated in paragraph 470NE (ITU, 1976):
A470NE - a) The power flux density at the Earth's surface
produced by emissions from a space station or reflected
from a passive satellite for all conditions and for all
methods of modulation shall not exceed the following

values:

-154 dBW/m2 in any 4 kHz band for angles of arrival between

0 and 5 degrees above the horizontal plane;
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§-5
-154 + 5

§ (in degrees) between 5 and 25 degrees above the horizontal

dBW/m2 in any 4 kHz band for angles of arrival

plane;

-144 dBW/m2 in any 4 kHz band for angles of arrival between
25 and 90 degrees above the horizontal plane.

These limits relate to the power flux density which would be

obtained under assumed free-space propagation conditions.

The use of these frequencies by the fixed-satellite services
in the United States and its territories are specified in foot-
note NG102 (OTP, 1977):

NG102 - The frequency bands 2500-2535 MHz (space-to-earth)

and 2655-2690 MHz (earth-to-space) are allocated for use

in the fixed-satellite service as follows:

(a) For common carrier use in Alaska, for intra-Alaska
service only, and, in the mid and western Pacific area
including American Samoa, the Trust Territory of the
Pacific Islands, Guam, and Hawaii;

(b) For educational use in the contiguous United States,
Alaska, and the mid and western Pacific area including
American Samoa, the Trust Territory of the Pacific
Islands, Guam, and Hawaii.

As noted earlier, these frequencies are shared, on a co-
equal basis, with the fixed and mobile (except aeronautical
mobile) services. These services include tropospheric scatter
radio-relay, line-of-sight radio relay, and point-to-multiple-
point radio-relay. Within the United States, however, the use
of this band by tropospheric scatter systems is prohibited (foot-
note US205, (O0TP, 1977)). Certain frequencies within this band
are assigned, on a primary basis, to operational fixed stations
in the public safety services by footnote NG47 (OTP, 1977). This
footnote also specifies, "All other frequencies in this band for
terrestrial operations are available for assignment only to

stations in the instructional television fixed service." The
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most extensive use of this band in the United States is for the
instructional television fixed service.

One difficulty in this band is that the adjacent band,
2.69 GHz to 2.70 GHz, is allocated to the radio astronomy service
which must be protected from harmful interference. This is a
topic of intense contention in the preparations for the 1979
WARC, as reflected in the notices of inquiry on FCC Docket
No. 20271. In the third NOI (FCC, 1976) the broadcasting-
satellite service had been deleted in the band 2.67 GHz to
2.69 GHz, and the radio astronomy service was added as a sharing
service. However, in the fifth NOI (FCC, 1977b), the broad-
casting-satellite service was again included as an allocated
service sharing this band. One potential problem is the possible
out-of-band emissions from a satellite in the broadcasting-

satellite service spilling over into the protected radio astronomy
band.

4.1.2. 3.4 GHz to 3.7 GHz

In the table of ailocations for Region 2, this band of
frequencies is subdivided into two bands, as follows:
3.4 to 3.5 GHz FIXED-SATELLITE
.(Space-to-Earth)
RADIOLOCATION
Amateur
3.5 to 3.7 GHz FIXED
FIXED-SATELLITE
(Space-to—-Earth)
MOBILE
RADIOLOCATION.
In the United States, these bands are shared by Government users,
on a primary basis, and non-Government users, on a secondary
basis. They are allocated for Government use as follows:
3.4 to 3.5 GHz RADIOLOCATION
3.5 to 3.7 GHz RADIOLOCATION
AERONAUTICAL RADIONAVIGATION
(Ground-based)
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and for non-Government use as follows:

3.4 to 3.5 GHz Radiolocation
Amateur
3.5 to 3.7 GHz Radioclocation.

In the current proceedings on FCC Docket No. 20271, there
have been numerous requests that this band be allocated to the
fixed-satellite service in the U.S. An analysis of the potential
for sharing this band (and the bands 4.4 to 4.7 GHz and 5.725 to
5.925 GHz) is contained in Appendix 5 of the Fifth NOI of FCC
Docket No. 20271 (FCC, 1977b). The FCC notes that "highly
coordinated sharing criteria will need to be developed if the
Fixed-Satellite Service is to successfully share the 3400-3700
MHz, 4400-4700 MHz, and 5725-5925 MHz band with other services
which are required to satisfy other national needs." There are
now about 150 frequency assignments in this band, mostly high
power radars for military use. This number is expected to
increase. Also, the Federal Aviation Administration plans to
purchase a number of low-power airport surveillance radars for
operation in this band.

4.1.3. 3.70 GHz to 4.20 GHz

This band is currently allocated in Region 2, on a coequal

basis, to FIXED, FIXED-SATELLITE (Space-to-Earth), and MOBILE

Services. While in the U.S., the band is designated for non-
Government use only, for the FIXED and FIXED-SATELLITE (Space-
to-Earth) Services.

This is one of the primary frequency bands used for long-
haul, line-of-sight radio relay and is the down-1link frequency
used by the current geheration of U.S. and Canadian domestic
satellites and the Intelsat satellites. No changes are
contemplated for this band.

4.1.4. 4.40 GHz to 4.70 GHz

This band of frequencies is currently allocated in Region 2

on a coequal basis to the FIXED, FIXED-SATELLITE and MOBILE

Services. However, in the U.S. this band is restricted to Govern-

ment use only, and is allocated to FIXED and MOBILE Services.
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As noted earlier, this was one of the bands included in the
analysisApresented in Appendix 5 of the Fifth NOI on FCC Docket
No. 20271 (Fcc, 1977b). This frequency band is widely used by
the military services for fixed, land-mobile and aeronautical-
mobile systems, including high-power tropospheric scatter systems.

Though there is considerable pressure for fixed-satellite
use of this band in the U.S., there is no change contemplated in
the international allocation.

4.1.5. 5.725 GHz to 5.925 GHz

This band of frequencies is currently allocated in Region 2

and in the U.S. to the RADIOLOCATION service on a primary basis,

and to the Amateur service on a secondary basis. In accordance
with footnote US34 (OTP, 1977), the only authorized non-Government
use of this band is by amateurs. In the Fifth NOI (FCC, 1977b) ,
it is recommended that this band also be allocated to the fixed-
satellite service.

As noted earlier, this was one of the frequency bands included
in the analysis presented in Appendix 5 of the Fifth NOI (FCC,
1977b) . There are currently about 300 assignments in this band.
The users are primarily radiolocation radars and weather radars.
The radiolocation radars are both fixed and mobile. Shared use
of this band by the fixed-satellite service would require a high
degree of coordination.

4,1.6. 7.25 GHz to 7.75 GHz
In Region 2 and in the U.S., this band (except for a 50 MHz

band from 7.25 to 7.30 GHz which is allocated to the FIXED-
SATELLITE service, only) is shared, on a coequal basis, by FIXED,
MOBILE and FIXED-SATELLITE (Space-to-Earth) services. In the
U.S., this band is used exclusively by Government users. No
change is contemplated in the allocation of this band.
4,1.7. 7.90 GHz to 8.40 GHz

This band is the companion band to the 7.25 to 7.75 GHz band.

In the fixed-satellite service this band is the earth-to-space
1ink and is used exclusively by Government users. No change in

allocation of this band is contemplated.
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4.1.8. 10.70 GHz to 11.70 GHz

This band of frequencies is divided into 4 subbands which

in Region 2 and the U.S.

10.70-10.95

10.95-11.20

11.20-11.45

11.45-11.70

are allocated as follows:

Region 2

FIXED

MOBILE

FPIXED
FIXED-SATELLITE
(Space-to-Earth)
MOBILE

FIXED

MOBILE

FIXED
FIXED-SATELLITE
(Space-to-Earth)
MOBILE

U.s.
FIXED

FIXED
FIXED-SATELLITE
(Space~to-Earth)

FIXED
FIXED

FIXED~-SATELLITE
(Space-to-Earth)

In the Fifth NOI (FCC, 1977b), it is recommended for Region 2
that the MOBILE service be deleted in the bands 10.70 to 10.95

GHz, 11.20 to 11.45 GHz,

and 11.45 to 11.70 GHz,

and that the

FIXED-SATELLITE service be added in the bands 10.70 to 10.95
GHz and 11.20 to 11.45 GHz.
These bands are currently quite heavily used for line-of-

sight radio relay systems by non-Government users in the U.S.

The U.S. assignment of frequencies in the fixed-satellite service
in bands 10.70 to 10.95 GHz and 11.45 to 11.70 GHz is limited

to international operations, only.

It is proposed in the Fifth

NOI (FCC, 1977b) that these limitations be included in any

future rulemaking proceedings relative to the band 10.7 to 11.7

GHz.

4.1.9. 11.70 GHz to 13.25 GHz

This band of frequencies is divided into four subbands

which in Region 2 and the U.S. are allocated as follows:
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Region 2 U.S.

11.7-12.2 FIXED FIXED-SATELLITE
FIXED-SATELLITE BROADCASTING-
(Space-to-Earth) SATELLITE
MOBILE except aero- Mobile
nautical mobile
BROADCASTING
BROADCASTING-SATELLITE

12.2-12.5 FIXED FIXED

MOBILE except aero-

nautical mobile

BROADCASTING

12.5-12.7 FIXED FIXED
FIXED-SATELLITE FIXED-SATELLITE
(Earth-to-Space) (Earth-to-Space)

-MOBILE except aero-
nautical mobile
12.7-12.75 Same FIXED
FIXED-SATELLITE
(Earth-to-Space)

MOBILE
12.75-13.25 FIXED FIXED
MOBILE MOBILE

This band of frequencies, 11.7 to 13.25 GHz, is allocated to non-
Government users in the U.S.

The final allocation of this band, and the bands 10.7 to
11.7 GHz and 14.0 to 14.5 GHz, is very unsettled. Several
proposals were received by the FCC in response to the Third NOI
(FCC, 1976). With the exception of a 100 MHz band from 14.3 to
14.4 GHz, these frequencies are all shared with terrestrial
services; which include fixed, mobile, radiolocation and radio-
navigation services.

The changes in the table of frequency allocations for Region
2 which are proposed in the Fifth NOI (FCC, 1977b) of FCC
Docket No. 20271 are:
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11.7 to 12.2 GHz:

delete FIXED and BROADCASTING service,

and reduce the MOBILE service from a primary to a secondary

allocation.
12.2 to 12.5 GHz:

12.5 to 12.75

12.75 to 13.25 GHz:

Space) and SPACE RESEARCH (deep space only)

4.1.10.

no change.

add BROADCASTING-SATELLITE service.

add FIXED-SATELLITE service (Earth-to-

14.0 GHz to 14.5 GHz

(Space-to-Earth).

This band of frequencies is divided into four subbands, which

in Region 2 and the U.S.

are allocated as follows:

Region 2 U.S.
14.0 to 14.2 FIXED-SATELLITE FIXED-SATELLITE
(Earth-to-Space) (Earth-to-Space)
RADIONAVIGATION RADIONAVIGATION
Space Research
(Earth-to-Space)
14.2 to 14.3 Same FIXED-SATELLITE
(Earth-to-Space)
RADIONAVIGATION
14.3 to 14.4 FIXED-SATELLITE FIXED-SATELLITE
(Earth-to-Space) (Earth-to-Space)
RADIONAVIGATION- RADIONAVIGATION-
SATELLITE SATELLITE
14.4 to 14.5 FIXED FIXED

In the U.S.,

Government users;

FIXED-SATELLITE
(Earth-to-Space)
MOBILE

FIXED-SATELLITE
(Earth-to-Space)
MOBILE

Space Research

(Space-to-Earth)

these frequencies are shared by Government and non-

1977), only

however, by footnote US207
non-Government operation is authorized in the fixed-satellite

service.
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Changes in the table of frequency allocations for Region 2
which are proposed in the Fifth NOI (FCC, 1977b) of FCC Docket
No. 20271 are:

14.0 to 14.2 GHz: add Space Research as a secondary alloca-

tion.

lg.Z to 14.3 GHz: No change.

14.3 tb 14.4 GHz: delete. RADIONAVIGATION-SATELLITE.

14.4 to 14.5 GHz: add Space Research (Earth-to-Space) as
a secondary allocation.

It is expected that the major expansion in satellite com-
munications in the next five to ten years will be in these
frequency bands between 10.7 GHz and 14.5 GHz. As discussed in
Section 2 of this report, experimentation is now in progress in
these bands on the CTS; and planning is progressing on two
commercial, U.S. domestic systems for launch in the early 1980's.
These systems will operate in the fixed-satellite service.

At the recent World Administrative Radio Conference on
broadcasting satellites (ITU, 1977), agreement was reached on a
frequency channel (uplink at 14 GHz, downlink at 12 GHz) and
orbit slot assignment plan for ITU Regions 1 and 3. A specific
plan for Region 2 was not agreed to, however, such a plan is to
be developed by 1982. Thus, it is likely that systems in the
broadcasting-satellite service will be operating in these bands
within the next ten to twenty years.

Under current allocation arrangements for Region 2 (ITU,
1977) the fixed-satellite and broadcasting-satellite services
are to share the frequency bands 11.7 to 12.2 GHz for the space-
to-earth link and the 14.0 to 14.5 for the earth-to-space link.
However, there are concerns about the compatibility of these two
services sharing the same frequencies. This issue is being
addressed in the current proceedings on FCC Docket No. 20271,
but indications in the Fifth NOI (FCC, 1977b) are that it is far
from being settled.
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4.1.11. 17.7 GHz to 21.2 GHz and 27.5 GHz to 31.0 GHz

These two bands of frequencies will be discussed together.

These bands are not yet in use in operational systems, but
experimentation is underway which is expected to lead to opera-
tional use. In Region 2 and the U.S., these frequencies are

currently allocated as follows:

Region 2 U.S.

17.7 to 19.7 FIXED FIXED
FIXED-SATELLITE FIXED-SATELLITE
(Space-to-Earth) (Space-to-Earth)
MOBILE MOBILE

19.7 to 21.2 FIXED-SATELLITE FIXED-SATELLITE
(Space-to-Earth) (Space-to-Earth)

In the United States, the frequency bands 17.7 to 19.7 GHz
and 19.7 to 20.2 GHz are allocated to non-Government use and the

band 20.2 to 21.2 GHz is allocated to Government use.

Region U.S.

27.5 to 29.5 FIXED FIXED
FIXED-SATELLITE FIXED-SATELLITE
(Earth-to—-Space) (Earth—-to-Space)
MOBILE MOBILE

29.5 to 31.0 FIXED-SATELLITE FIXED-SATELLITE
(Earth-to-Space) (Earth-to-Space)

In the U.S., the bands 27.5 to 29.5 GHz and 29.5 to 30.0 GHz
are allocated to non-Government use and the band 30.0 to 31.0 GHz
is allocated to Government use.

Several modifications are proposed in the Fifth NOI (FCC,
1977b). It is proposed that METEOROLOGICAL SATELLITE (Space-to-
Earth) be added to the subband 17.9 to 18.7 GHz, and that MOBILE-
SATELLITE (Space-to-Earth) and Standard Frequency Satellite
(Space-to-Earth), a secondary allocation, be added to the sub-
band 20.2 to 21.2 GHz. Similarly, it is proposed that MOBILE-
SATELLITE (Earth-to-Space) and Standard Frequency Satellite
(Earth—-to-Space), a secondary allocation, be added to the sub-
band 30.0 to 31.0 GHz.
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Following the 12/14 GHz bands, these are the next likeliest
frequency bands to be utilized for satellite communications.
Experiments are now being conducted at frequencies of 19 and 28
GHz using transmitters on board the COMSTAR satellites of the
COMSAT General Corporation. These satellite transmitted signals
are being used to study the attenuation and depolarization
effects of the atmosphere, rain, etc., at these frequencies.
4,1.12. 40.0 GHz to 45.0 GHz

This band of frequencies is divided into three subbands,

which in Region 2 and the U.S. are allocated as follows:

Region 2 U.S.
40 to 41 FIXED-SATELLITE FIXED
(Space-to-Earth) FIXED-SATELLITE
(Space-to-Earth)
MOBILE
41 to 43 BROADCASTING-SATELLITE FIXED
BROADCASTING-
SATELLITE
MOBILE
43 to 45 AERONAUTICAL MOBILE- AERONAUTICAL
SATELLITE MOBILE
MARITIME AERONAUTICAL
MOBILE-SATELLITE MOBILE-
AERONAUTICAL RADIO- SATELLITE
NAVIGATION-SATELLITE MARITIME MOBILE
MARITIME RADIO- MARITIME MOBILE-
NAVIGATION SATELLITE SATELLITE
AERONAUTICAL
RADIONAVIGA-
TION
AERONAUTICAL
RADIONAVIGA-

TION-SATELLITE
MARITIME RADIO-
NAVIGATION
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43 to 45 (cont.) Region 2 U.S.
MARITIME RADIO-
NAVIGATION-
SATELLITE
In the U.S., these frequencies are shared by both Government
and non-Government users, except the BROADCASTING—SATELLITE
service, 41 to 43 GHz, is allocated to non-Government users,
only. The modifications to the table of frequency allocations
which are proposed in the Fifth NOI (FCC, 1977b) would change the
allocations for Region 2 to read as follows:
40 to 41 FIXED-SATELLITE
(Space-to-Earth)
FIXED
MOBILE
MOBILE-SATELLITE
(Space-to-Earth)

41 to 43 BROADCASTING-SATELLITE
FIXED
MOBILE

43 to 45 FIXED-SATELLITE

(Earth-to-Space)

MOBILE-SATELLITE

(Earth-to-Space)

As is indicated in Tables 4.1, 4.2, 4.3, and 4.4, there are

a number of bands of frequencies allocated to satellite communi-
cations between 50 GHz and 275 GHz. Though there are some experi-
ments being conducted at these frequencies, their utilization by
operational systems is likely to be some years in the future.
Thus, the allocations in these frequency bands will not be

discussed in detail in this report.
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5. ANALYSIS OF COSTS OF LEASED-CHANNELS FROM
TERRESTRIAL AND SATELLITE COMMON CARRIERS

In previous sections of this report we have discussed the
growth of satellite communications and some of the technical
characteristics of satellite communication systems. In this
section we take a look, from a user point of view, at the
satellite telecommunications offerings of the satellite common
carriers. First, we will briefly discuss the satellite common
carriers, then present some tariff information on the cost of
private-line service offered by terrestrial and satellite common
carriers. The private-line service, as used here, is a dedicated
communication service leased on a full-time basis.

The private-line service cost information presented here is
from tariffs on file with the FCC. These data are as of
December 1977, and may change as new tariffs are filed by the

common carriers.

5.1. Domestic Satellite Common Carriers
In the U.S. domestic satellite communications system, some
of the common carriers own and operate satellites and earth
stations; while others own only earth stations and lease
satellite transponders from other common carriers. The U.S.
domestic common carriers are discussed briefly in the following
paragraphs.

5.1.1. RCA American Communications, IncC.

RCA American Communiations, Inc., own and operate the two
SATCOM satellites which provide 24 transponder channels each,
by use of orthogonal polarization discrimination. The common-
carrier services provided include:

-Point-to-point private-line channels for voice, data,

facsimile, and various wide-band services.

.Leased transponders to other common carriers.

.Leased transponders to other entities, such as for TV

program distribution to CATV systems.
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5.1.2. Western Union Telegraph Co.

Western Union owns and operates the two WESTAR satellites
which provide 12 transponder channels each. The common-carrier
services provided include:

*Point-to-point private-line channels for voice, data,

facsimile, and various wide-band services. The tariff

schedules available include single- and multiple voice
channels.and wide-band channels of 48 kHz, 240 kHz, and

1.2 MHz. Synchronous digital channels at data rates of

9.6 kbps and 56.0 kbps are available between New York and

Los Angeles.

*Leased transponders to other common carriers.

*Leased transponders to other entities, such as the Corpora-

tion for Public Broadcasting, for TV and radio networks.

5.1.3. American Telephone and Telegraph Co./General Telephone

and Electric Co.
The AT&T and GTE, together, constitute the sole leasee of
the COMSTAR satellites that are owned and operated by the COMSAT

General Corporation. There are two COMSTAR satellites which have
24 transponder channels each, by use of orthogonal polarization
discrimination. AT&T/GTE are restricted by the FCC from offering
private line satellite services, at least until after 1979. The
satellites are used by AT&T/GTE to augment the terrestrial net-
work and to extend it to areas such as the state of Hawaii.

The services offered are the same as those offered via the
terrestrial network. |

5.1.4. RCA Alaska Communications Inc.

The RCA Alascom is the designated long-lines common carrier
for the state of Alaska. RCA Alascom leases transponder channels
from RCA Americom. The services provided ‘include:

*Interconnection between Alaska and the contiguous 48 states

via earth stations on the U.S. west coast.

*Multi-channel and wideband interconnection between major

population centers in Alaska.
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sTelevision network distribution to Alaska.
*Thin-route, single-carrier-per-channel communications
channels to small, "bush" stations.

5.1.5. American Satellite Corporation (ASC)

American Satellite owns earth stations that are inter-
connected via satellite transponders leased from other domestic
satellite companies. ASC provides point-to-point communications
channels for voice, data, facsimile, and various wideband applica-
tions. The common-carrier services provided include:

*Single and groups of voice-frequency channels between specific

major population centers. These channels are available

to the general public on a leased private-line basis.

*Point-to-point multichannel service via dedicated earth

stations available to Government and private parties. An

example is the recently announced service for the Boeing

Computer Service between Seattle, WA, Wichita, KA, and

Philadelphia, PA, to provide 56 kbs data service between

computers.

TV program distribution service to CATV and pay-TV systems.
5.1.6. Southern Pacific Communications Co. (SPCC)

Southern Pacific is a specialized common carrier. SPCC:
provides two-point private-line service to major metropolitan
areas via leased satellite facilities and via landline extensions
to reach selected off-network points. The services offered by

SPCC are single- and multiple-voice frequency channels.

5.2. Satellite and Terrestrial Telecommunication Costs

The telecommunications channel cost information included in
this study is based on the tariffs filed by AT&T long-lines and
the domestic satellite common carriers. In the case of the
terrestrial service, the rates are listed as cost per mile per
channel per month. There are price breaks on mileage between
rate centers (for example, for a voice grade line the cost is
as follows: first 15 mi, $1.80 per mi; next 10 mi, $1.50 per
mi;...1l01 to 1000 mi, $0.66 per mi) and on the number of channels

leased by a single user.
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In presenting these data on telecommunications costs, 1t has
been assumed that the communications terminals are in the primary
area of the rate center of the terminating exchange. For a
termination outside the primary area, the local state rates apply
and these can vary widely. The telecommunication channel cost
information for the terrestrial system includes: (1) the monthly
cost for the interconnect between the carrier exchange and the
user premises, (2) the monthly cost for the user termination,
and (3) the monthly cost for the interexchange mileage.
Similarly, the telecommunication channel cost information for
the satellite systems include: (1) a local access charge for the
interconnect between the carrier facility and the user premises,
(2) a channel termination charge, and (3) the satellite channel
charge, based roughly on mileage between terminals.

Six domestic satellite common carriers were discussed in
Section 5.1. Telecommunication channel cost information is
presented here for only four of these six domestic satellite
common carriers. Of the other two, AT&T/GTE do not provide
private-line satellite services and RCA Alascom provides services
only to a specific area. The other four domestic satellite
common carriers provide private-line, leased-channel services
to many major metropolitan areas throughout most of the U.S.

The tariffs filed by the domestic satellite common carriers
are not listed on a cost per mile basis as the terrestrial
tariffs are. Rather, the tariffs are listed as a specific
dollar cost between specific city-pairs. Although there is some
distance dependence in the cost between city-pairs, there is a
large variation in the distance between cities which are tariffed
at the same dollar cost per month.

A summary of these intercity tariffed rates and the mean
distance between cities to which the specific rate applies is
listed in Table 5.1. The rate shown is for a single voice-grade
dedicated full-duplex channel leased on a month-to-month basis

(termination charges are not included). These intercity rates
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Table 5.1.

Domestic Satellite Common-Carrier

Inter-City Tariffs for City-Pairs

Distance between cost centers

(mean and sample standard deviation)

Rate
($/channel/

month) ASC RCA SPCC WU Composite

22392 22392

1100 21 21

1000 72311 82437 19 2295 272237 | ?° 2252

214 88 218 232 231

900 22192 11220 12129 12129 %1869

90 565

750 %1497 41557 201372 271407 | #1401

348 280 235 292 282

700 %1480 51302 %1480 41480 51302

118 411 118 118 411

1 1

650 648 648

600 21305 21305 21305 21305 21305

91 91 91 91 91

500 % 745 v 777 27 758 55 732 1°%% 731

169 118 169 157 156
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were taken from: (1) American Satellite Corporation tariff
filing F.C.C. No. 1, (2) RCA American Communications, Inc.,
tariff filing F.C.C. No. 1, (3) Southern Pacific Communications
Company tariff filing F.C.C. No. 2, and (4) Western Union Tele-
graph Company tariff filing F.C.C. No. 261. The rate for a
voice-grade dedicated channel ranges between $500 and $1100 per
channel per month. 1In Table 5.1, for each common-carrier and
each rate filed, the mean distance between cities (upper number)
and the sample standard deviation (lower number) for city-pairs
are listed. The number in the upper left corner of each box is
the number of city-pairs in that company's tariff.

The right-hand column in Table 5.1 is a composite of the
city-pairs tariffed by all carriers. Where service is provided
between specific city-pairs by more than one carrier, the distance
between these cities is included only once in the composite
column. For example, at the $500 rate, there are 56 city-pairs
included in the composite column and 55 for Western Union. Only
one additional city-pair is served by one or more of the other
three common carriers. Where a specific rate applies to only one
city-pair, a sample standard deviation is not shown.

The data in the composite column of Table 5.1 are also
presented in graphical form in Figure 5.1. The mean distances in
miles are plotted versus the per channel per month cost in
dollars. The sample standard deviation is plotted as error bars
about the mean distance. The number of city pairs represented by
each point is shown for each rate. These data show a definite
trend of higher channel cost with increasing distance, but they
also show the wide range of distances included at each rate and
the great overlap of the distance between cities for the different
tariff rates. '

The continuous curve labeled "terrestrial" in Figure 5.1
represents the cost per month of one voice-grade channel as a
function of distance. These data include only the intercity

mileage charge as tariffed by AT&T.
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The quantity discount rates applicable to leased voice-
grade channels provided by domestic satellite common carriers
are listed in Table 5.2. Note that there are differences in
the discount rates used by the various carriers.

Table 5.2. Quantity Discounts on Groups of
Voice-Grade Channels Leased

Number
of Percentage Discount

Channels ASC RCA SPCC WU

6-11 10 10 10
12-23 20 20 20 20
24-59 30 30 30 30
60-239 35 32.5 35
240 & over | 40

In Figure 5.2, tariffed cost information is shown for ter-
restrial and satellite voice-grade service offered by the common
carriers. The terrestrial tariff rates are those offered by AT&T
for single and multiple voice-grade channels, with the channel-
equivalent bandwidth plotted on the horizontal scale. Though the
bandwidth is shown as a continuous function, it should be thought
of as being in units of 4000 Hz, the nominal bandwidth of a
voice-grade channel. These tariff rates are shown for channel
distances of 100, 500, 1000, 2000 and 3000 miles.

The satellite tariff rates shown in Figure 5.2 are for inter-
city rates of $500, $750 and $1000 for a single voice-grade
channel per month. The channel mileages shown are the mean,
composite mileage listed in Table 5.1. At the wider bandwidths,
the quantity discount for groups of voice-grade channels are
included. The percentage discounts used are those listed for
Western Union in Table 5.2.

The terrestrial cost information does not reflect bulk-
channel rates which were possible with the TELPAC rates of a few
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mohths ago. The TELPAC service has been challenged by the FCC
and is currently in limbo. Present operating TELPAC services are
continuing but no new services can be started.

The cost of digital telecommunications channels in terres-
trial and satellite communications systems are presented in
Figure 5.3. The terrestrial system data are for the AT&T Data-
phone Digital Service® (DDS). The tariff data for the DDS
service include digital data rates ranging from 2.4 kbps to
1.344 Mbps. These data are plotted in Figure 5.3 for distances
of 100, 500, 1000, 2000 and 3000 miles. 1In addition to the
mileage charge, these data include the terminal charge, the
system interface charge and the data access line charge.

Digital data service is not yet widely offered by the
satellite common carriers. The only carrier which has a tariff
schedule is Western Union. Western Union has filed tariffs for
digital communication data rates of 9.6 kbps and 56.0 kbps,
however, this service is available only between New York and
Los Angeles. The distance between these cities is 2443 miles.

These data are shown in Figure 5.3.

6. SUMMARY AND CONCLUSIONS

This report has addressed some of the past, current, and
planned activities relating to the U.S. domestic satellite com-
munications services, both fixed-satellite services and
broadcasting-satellite services. Since there is not yet a
domestic U.S. broadcasting-satellite service, the primary emphasis
was on the fixed-satellite service.

The development of the U.S. domestic satellite common-
carrier systems was traced and the current status was presented.
The general technical characteristics of the current-generation
communication satellites were included.

The technical design of these satellite communication systems
requires the use of relatively large earth station antennas for

applications which involve relatively large bandwidths.

®Registered trademark of ATS&T. 75
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Typical minimum earth station antenna diameter for transmitting
is in the range of 10 to 15 meters. However, for a receive-only
TV application, the earth station antenna diameter is typically
4.5 to 10 meters, depending on geographical location and the
required TV picture quality. Finally, for a narrow-band (5 kHz)
use, application has been made to the FCC for receive-only earth
stations using antennas with a diameter of 3 meters.

An important aspect in considering the potential for growth
of small antenna earth station systems is the regulatory and
frequency allocation climate in which such systems can develop.
The frequency allocation aspects were addressed in Section 4.

The frequency band having the greatest potential for accommodating
small antenna earth station systems is the 12/14 GHz band.
However, if this band develops (as it appears to be developing)

in the same manner as the 4/6 GHz band has developed, the small
antenna earth station system development will be foreclosed in

the 12/14 GHz band also. The future growth potential for satel- .
lite communication systems is one of the very important problems
that needs serious consideration during preparation for the 1979
WARC.

Finally, some tariff information on the cost of private-
line service offered by terrestrial and satellite common carriers
was presented. The capital equipment investment requirements
for satellite communications is not dependent on the distance
between the earth locations being served. However, the tariff
rates on file with the FCC are distance-dependent. This distance-
dependence of the tariff rates appears to be based on a competi-
tive pricing strategy, rather than on the cost of providing the

service.
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APPENDIX

This appendix contains a listing of domestic earth stations
for the 50 United States that had been licensed by October 1977.

The earth stations are listed in the first column sequentially
by station license number, starting with WB 20 for earth stations
east of the Mississippi River and KB 20 for stations west of the
Mississippi River. The name of the station applicant is listed
under the station license number. The name of the city nearest
(or the area served by) the earth station is listed in column two.
The geographical coordinates of the earth station are in column
three.

The transmitter output power, in watts, and effective
isotropic radiated power (EIRP), in dBW, of the earth station are
listed in columns four and five, respectively. The values listed
are maximum licensed values. The stations for which these columns
are blank are licensed for receive operation, only.

The earth station antenna gain for both transmit and receive,
as appropriate, is listed in column six. The first number is
the operating frequency band (e.g., 4 indicates the receive band
at 4 GHz and 6 indicates the transmit band at 6 GHz) and

following the dash is the antenna gain in dB at the indicated

frequency. The number of antennas at the earth station and the
antenna size(s) are listed in column seven. In most cases, the
antenna diameter is stated in meters (M). In some cases, the

antenna diameter is followed by a V or an H or both. This
indicates the antenna polarization, V indicates vertical and
H indicates horizontal.

The noise temperature of the receiver preamplifier is listed
in column eight. The noise temperature is shown in Kelvin. This
information is not listed for all stations.

For many of the stations, the satellite through which the
earth station is expected to communicate is listed in column
nine.

The station license numbers with no information indicate

station applications that had not yet received their DSE license.
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