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I. INTRODUCTION

. Communications satellites provide the most flexible and
adaptive form of communications yet devised and are, therefore,
ideally suited to satisfy many critical military requirements. A
number of obvious military communications requirements are currently
satisfied by military satellite systems such as the Defense Sate]-
lite Communications System (DSCS)., Also, in coordination with
authorized commercial communications companies, the Defense Com-
munications Agency (DCA) leases nearly 200 long-haul satellite com-
munications trunks. The expanded utilization of commercial commuhi-
cations satellites for military purposes appears to be progressing
without adequately formulated policy or proper consideration of
all the constraints that may be placed on the users.

This report addresses the key issues involved in increasing the
usage of and dependence on commercial satellite facilities to
satisfy Department of Defense (DoD) communications requirements.

The potential cost savings are analyzed and the constraints that are
Tikely to limit the feasibility of fully realizing these savings

are investigated. A properly conceived and managed program could
result in savings exceeding a hundred million dollars per year com-
pared to the current terrestrial system.

By providing background material and insight into important
issues, this report provides guidance for decision makers in devel-
oping a policy for the DoD utilization of commercial satellite
systems. An historic review of the development of United States and
international policy, section II, delineates the political environ-
ment for entering the operational era of communications satellites.
At present, INTELSAT is no Tonger the only operational system,
Several domestic systems are coming on line and the DSCS has demon-
strated a full capability. Background outlining the development of
these systems and other systems are presented in section II. The
communications requirements best suited for commercial satellite
service are analyzed in section III., The alternative system concepts
that are available to satisfy these requirements in the 1975-1980
time frame are also identified in section III. The military poten-
tiality of these alternative system concepts are evaluated in
section III, The costs for each of the system alternatives to
satisfy the representative categories of requirements is derived
and used in the tradeoff analysis of companion approaches in section
IV. Conclusions and recommendations are set forth in section V.
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The key issues that are presented and addressed in the various
chapters of this report include:

@ Advantages of satellite communications systems.
" (Section II)

@® New implications caused by communications satellites.
(Section II)

‘ Government-owned systems vs domestic commercial or
INTELSAT systems. (Section II)

.'The difference between military and commercial
systems. (Sections II and III)

® Criteria for assigning requirements to commercial
and military systems. (Section III)

® Availability of system alternatives in the
1975-1980 time frame. (Section III)

® Does adding military capability make systems
significantly more expensive? (Sections III and IV)

® UWhy does INTELSAT service cost more than the DSCS
service? (Section IV)

® Are domestic satellite systems cheaper than military
systems and are they realistically priced? (Section IV)

@® Is it feasible to replace the terrestrial facilities
in the CONUS with satellite communications and incur
substantial cost savings? (Section IV)

® Is Fleetsat a worthwhile program? (Section IV)
@® Can the wideband capability and demand access feature

of satellite communications systems save DoD money?
(Section 1IV)



II, BACKGROUND AND POLICY CONSIDERATIONS

It is essential to Eresent the proper perspective concerning
the important elements that influence any decision concerning the
utilization of commercial satellite communications systems. The
most important elements are the governmental policies, the corpora-
tions and institutions involved, and the rapidly changing technology.
These elements have molded an environment that is severely con-
strained for the next several years, The United States has capital-
ized on a technology developed primarily for military purposes (i.e,,
boosters) and established a new industry that has an international
impact. The commercial interests have taken the initiative to shape
United States and international policy that is conducive to profit
making ventures. It would take a concerted effort over a long

period of time to redirect the current course of events. The DoD
should examine this trend and the resulting implications and deter-
mine the desirability of exerting influence to develop an environ-
ment that is more beneficial to the government.

On April 6, 1965, just a decade ago, the first commercial
operational satellite was placed in synchronous orbit [1]. By June
of 1965 this satellite was providing commercial satellite service
to the Atlantic region of the world. It was not until July of 1969
that worldwide service was made available. In a single decade,
communications satellites have increased the transoceanic communica=
tions capability by more than an order of magnitude. In addition
to reduced operating costs and improved performance, users have been
provided with completely new capabilities such as transoceanic tele-
vision and high speed digital service. This revolution in inter-
national communications capability has only recently been able to
affect the United States domestic scene. The Federal Communica-
tions Commission (FCC) experienced difficulty in establishing
policy for the operation of U.S. domestic satellite systems such as
existed in Canada (TELESAT) and the U.S.S.R. (MOLNIYA)[2]. In 1972,
after five years of investigation, the FCC established the "Open
Skies" policy for domestic satellite systems and accepted applica-
tions from six companies [3]. Therefore, U.S. policy and existing
international agreements have established two categories of com-
mercial communications satellite systems -- International Systems
(controlled by INTELSAT) and Domestic Systems (U.S. and foreign).

1. INTELSAT AND COMSAT

The Communications Satellite Act, passed by Congress in 1962,
formulated national policy "to establish, in conjunction and in



cooperation with other countries, as expeditiously as practicable (o
a commercial communications satellite system, as part of an improved
global communications network, which will be responsive to public
needs and national objectives, which will serve the communication
needs of the United States and other countries, and which will con-
tribute to world peace and understanding." [4], 1In 1964 the United
States and thirteen other nations signed the interim agreement that
resulted in the formation of the International Telecommunication
Satellite Organization (INTELSAT). In February of 1973, the Defini-
tive Agreements went into effect and over eighty nations ratified
it. More than one hundred countries, territories, or possessions
were Teasing satellite services (approximately 10,000 half circuits)
on a full-time basis in 1974 [5]. The Communications Satellite
Corporation (COMSAT) was established by Congress in 1963 as the

U.S. representative to INTELSAT and has been the primary reason for
the tremendous success of INTELSAT. The success of COMSAT in this
international venture has been assured and COMSAT has branched out
into other areas of interest as shown in this 1972 statement from
the FCC:

"When the Satellite Act was enacted, Congress, in order to
assure that the fledgling corporation (COMSAT) received needed com-
munications expertise and guidance, made provision for communication
carriers to own up to 50% of COMSAT's Board of Directors,...........
COMSAT was created by Congress primarily for the important and
immediate purpose of representing and promoting this nation's
interests in the establishment and operation, in conjunction with
other nations, of a global international communication satellite
system, That mission, with the aid and support of A.T.& T. and
other carriers, has been achieved with a high degree of success.
COMSAT 1is now seeking entry into the domestic communications field
to compete with A.T.& T. and other carriers in supplying new and
improved domestic communications services. However, in this field,
the underlying considerations which motivated Congress to permit
and encourage A.T.& T.'s ownership in COMSAT are no longer control-
ling. On the contrary, the competitive roles which COMSAT and
A.T.& T. are assuming in the domestic communications field dictate
the need for maximum independence from each other and an arms-length
relationship" [6].

Thus, currently (in 1974), 99.7% of the outstanding COMSAT stock
is held by public shareholders [7]. COMSAT was permitted to form a
subsidiary corporation, COMSAT GENERAL, to enter into competitive
commercial yentures.,

2. DEVELOPMENT OF U.S. DOMESTIC POLICY AND SYSTEM

The polarization between international and domestic systems is
a natural outgrowth of the regulatory authority that each nation
has over the conduct of business within its national boundaries and
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is recognized in the INTELSAT operating agreement [8] where it
states:

"(b) The following shall be considered on the same basis as
international public telecommunications services:

(i) domestic public telecommunication services between
areas not under the jurisdiction of the State con-
cerned, or between areas separated by the high seas;

(ii) domestic public telecommunication services between
areas which are not linked by any terrestrial wide-
band facilities and which are separated by natural
barriers of such an exceptional nature that they
impede the viable establishment of terrestrial wide-
band facilities between such areas, provided etc....

(c) The INTELSAT space segment established to meet the prime
objective shall also be made available for other domestic
public telecommunication services on a non-discriminatory
basis to the extent that the ability of INTELSAT to
achieve its prime objective is not impaired.

(d) The INTELSAT space segment may also, on request and
under appropriate terms and conditions, be utilized for
the purpose of specialized telecommunications services,-
either international or domestic, other than for mili-
tary purposes, provided etc..........

(e) INTELSAT may, on request and under appropriate terms and
conditions, provide satellites or associated facilities
separate from INTELSAT space segment etc.......... "

From these excerpts, it is clear that INTELSAT recognizes a
responsibility (and a potential market) to satisfy domestic needs
if in so doing it does not interfere with the primary mission of
INTELSAT, i.e., global international telecommunications. Agreement
(paragraph b, i above) would give high priority to links between
the contiguous 48 states and Alaska or Hawaii, if the U.S. should
desire such service. However, recently the FCC, which regulates
all internal U.S. commercial communications, has taken the position
of allowing the traffic between Alaska and the contiguous 48 states
to be transferred from the global system to a domestic system.
Similar rulings are expected to open the routes to Hawaii and Puerto
Rico to competition from domestic systems. The authority for the
FCC to do this was established in FCC 70-306 [9] which states:



, "For the reasons set forth in the attached memorandum of law
(appendix C), we conclude that we may authorize any non-Federal
Government entity, including COMSAT, other common carriers, and
non-carriers, to construct and operate (either individually or
jointly) communication facilities for domestic use. We have also
concluded that appropriate authorization of satellite facilities
solely for domestic purposes is not inconsistent with the multi-
lateral 1964 Executive Agreement establishing Interim Arrangements
for a Global Commercial Communications Satellite System, to which
the United States is a signatory and its related Special Agreement
(TIAS No. 5646)."

Thus, it is considered consistent to participate in the
INTELSAT consortium for international communications and compete
with systems that include INTELSAT facilities as part of a system
that is providing domestic service.

After establishing the authority of the FCC to regulate a
separate Domestic Communications Satellite System, a policy govern-
ing the implementation of this service was established in FCC 72-
1198 [10]. This order states: "The Second Report adopted a policy
of affording a reasonable opportunity for entry into the domestic
communications satellite field by qualified applicants subject to
certain showings and conditions.” This has generally entailed
showing financial and technical viability, however, strict regula-
tion is placed on spacecraft characteristics and position, and on
ground station Tocations. This competitive policy was in opposition
to a controlled monopoly such as exists with COMSAT in the inter-
national arena. There was a heated controversy for several years
over the advantages and disadvantages of the different policy
options. The decision in favor of open competition reflects the
current political environment of increased competition, less
regulation, and stricter antitrust law enforcement that prevails
at the national level (both Congressional and Executive branches).

This general philosophy of increased competition has brought
the communications industry into a dynamic new era which has cul-
minated in the recent entry of specialized carriers into the common
carrier field and the current antitrust suit against A.T.& T. [11,
12]. These actions will have a long-lasting effect on the industry,
and the outcome of the series of interconnect hearings in process
by the FCC will also impact the desirability to users of obtaining
service from carriers other than A.T.& T. The FCC has ordered [13]
.. assuring that all carriers providing retail interstate
satellite services (whether or not affiliated with Bell System
Companies) have access at non-discriminatory terms and conditions
to local loop and inter-exchange facilities as necessary for the
purpose of originating and terminating such interstate service to



their customers," Several specialized carriers, including domestic
satellite companies, are claiming that A.T.& T. is discriminating
against them. The FCC is proceeding with rulings on these cases.
If the specialized carriers are forced to construct their own local
terrestrial distribution system, they will not be competitive with
A.T.& T. Thus, resolution of these important issues will have a
serious impact on the desirability of the DoD using new domestic
systems to satisfy DoD requirements.

As a result of the FCC ruling on domestic Communication Satel-
lite policy [14], applications from eight companies were filed;
two applications have since been withdrawn and five system operators
were authorized to proceed with their plans. These five were:
COMSAT GENERAL/A.T.& T., Western Union Telegraph Company, American
Satellite Corporation, General Telephone and Electronics (G.T.& E.),
and RCA Global Communications. CML, a company which was jointly
owned by COMSAT GENERAL, MCI and Lockheed, was approved by the FCC,
but no definitive operating plans have been submitted to the FCC.
Since that time, G.T.& E. has merged its efforts with the COMSAT
GENERAL/A.T.& T. team and the CML group has undergone several
restructurings, the most recent being the purchase of the major
portion of the stock (55%) by IBM with COMSAT GENERAL owning the
remaining 45%. The FCC has ruled that IBM and COMSAT can each own
a maximum of 49% which means a third partner must be admitted into
the corporation. This arrangement has been contested by several
entities and again must be resolved by the FCC. The shakeout of this
infant industry is 1likely to continue for several years; at least
until the market is well defined and all side issues and policy
matters have been resolved.

Three companies are currently providing service to users, though
Western Union is the only company to actually have operating satel-
Tites in orbit. The American Satellite Corporation is leasing
transponders from Western Union and RCA GlobCom is leasing service
from the Canadian TELESAT System. The first COMSAT GENERAL satel-
Jite is scheduled for Taunch in early 1976 and it will be utilized
by A.T.& T. and G.T.& E. earth terminals [15]. RCA will also
Taunch their own spacecraft in late 1975 or early 1976 [16].

American Satellite does not have definite plans for launching their
own satellite.

Both American Satellite Corporation and CML plan to develop a
multipoint satcom service. This service would utilize many small
satellite terminals located at the users facilities and would, to a
large extent, bypass dependence on A.T.& T. for local distribution -
of service.



Descriptions of all the domestic systems are included in
Annex A.

3. DOMESTIC SERVICE FOR FOREIGN COUNTRIES

Foreign domestic satellite service will be ayailable for certain
applications. Most of these systems, however, are (or will be)
nationally owned and operated systems. The TELSAT system is already
available for service in the Canadian region. (A description of
TELSAT is also included in Appendix A.) The MOLNYA system is pri-
marily a domestic system (U.S.S.R.), however, because of a highly
elliptical orbit, it has a usable pass over the northern hemisphere,
The MOLNYA system, together with INTELSAT, will soon provide the
operational Tinks for the Washington-Moscow hotline service [17].
The U.S.S.R. is not currently a member of INTELSAT, but there are
some indications that this may change in the near future. Other
countries (e.g., Japan) and regions (e.g., Europe) are developing
their own capability and will likely have operating systems in the
1980 time frame. Other countries such as Algeria [18] and Brazil
are availing themselves of the transponder leasing service offered
by INTELSAT. The interruptible service that Algeria is obtaining
will give them an excellent system at a very reasonable annual
cost. Indonesia has awarded contracts to Hughes Aircraft for space-
craft and terminals to provide domestic satellite service to that
region of the Pacific [19].

4. SERVICE FOR MOBILE PLATFORMS

Specialized satellite service for ships at sea or aircraft
crossing the oceans has been technically feasible for a number of
years, but the difficulty of obtaining international political
agreements has precluded such valuable service. The MARISAT system
will provide service to commercial ships at sea using L-Band fre-
quencies (1,535-1,660 MHz) and to U.S. Navy ships at VHF/UHF
(200-400 MHz) [20]. European Space Research Corporation (ESRO) is
pursuing a similar venture to be called European Maritime Communica-
tions Satellites (MAROTS) [21]. MAROTS is planned to be a world-
wide system and to include wider participation than just European
countries. ESRO is also a partner with Canada and the U.S, (COMSAT)
in the Aerosat program, which will provide improved communications
and surveillance for transoceanic air traffic control. The Federal
Aviation Agency (FAA) will be the U.S. operator of the Aerosat
system and plans to extend the system to include the Pacific basin.

From this discussion and previous sections, it should be
apparent that a great deal of effort has been expended over the
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past decade establishing policy, operating agreements, and instru-
ments for resolving controversy. The framework for the agreements
and the initial structure for organjzations to provide mobile ser-
vice have finally evolved and the design and implementation of the
actual satellite communications systems is well underway, This pro-
cedure, though painfully slow, seems to be the only effective course
of action. As was the case with INTELSAT, once service is initiated,
the number of users will expand rapidly and full blown operating
systems will be available in five to ten years. Therefore, the DoD
must develop a policy to effectively utilize these resources.

5. INTERNATIONAL REGULATION

The diverse and far reaching impact of communications satellites
js apparent or should be evident by observing the great difficulty
in arriving at useful operating agreements alluded to in previous
paragraphs. The tremendous capability of communications satellites,
the relatively large initial investment, and the almost immediate
international implications require extensive negotiation among
interested parties (and there are usually many) whenever a proposed
system is presented for ratification by the affected parties. As a
result of this process and the resulting strict regulations, it is
difficult to offer new or unusual services, or extend established
services, in a flexible manner.

Another important area of international regulation and control
involves the International Telecommunications Union (ITU), which
establishes frequency planning and spectrum utilization policy.
This is the instrument that the World States have organized to
determine which frequency bands should be set aside for providing
specified services (e.g., satellite fixed, satellite mobile, tele-
vision broadcast, etc.). The primary commercial satellite communica-
tions band, established by the ITU, is in the 4 and 6 GHz band and
the primary military bands are 225-400 MHz (FLEETSAT/AFSATCOM) and
7 and 8 GHz (DSCS). The ITU meets every 5 to 10 years and
reassesses the previous allocations to determine the necessity for
change. It is not a policing or enforcement agency, but it is
prudent, realizing that synchronous satellites radiate energy over
a large portion of the earth's surface, to abide by its rules and
regulations.

6. THE NEED FOR BOTH MILITARY AND COMMERCIAL SYSTEMS

The Communications Satellite Act of 1962 recognized the possibility
that a broad spectrum of requirements (e.g., governmental needs, inter-
national carrier, domestic carrier, and mobile) could not be satis-
fied by a single system. The Declaration of Policy and Purpose of

9



the Act states: "..... (d) It is not the intent of Congress by this
act to preclude the creation of additional communication satellite
systems, if required to meet unique governmental needs or if other-
wise required in the national interest! [22). Thus, INTELSAT was
developed for a single purpose, international carrier service, and
the system is designed in the most economical manner to achijeve that
purpose. It is not surprising then if it does not effectively per-
form the other divergent missions that could be required of a satel-
Tite communications system.

In passing, note is taken of the last phrase of the sentence in
the quote from the Act of 1962 "..,., or if otherwise required in
the national interest." This phrase was the object of lengthy dis-
cussion during the ensuing hearings and was the result of the Church-
Laushe amendment. Senator Frank Church, while explaining this phrase,
said: "..,... since it could not now be foretold how well the new
corporate instrumentality would serve the needs of the public. If
rates charged were too high or the service too limited, or maximum
benefits of the new technology were not forthcoming, then the
Government might want to establish alternative systems" [23]. At
issue here would be the use of "government systems" to compete with
INTELSAT in its primary role as an international carrier if the
service could be provided cheaper by the "government system." The
intent of Congress is reflected by the conversation between Senators
Gore and Church:

Senator Gore: "In other words, if the government should.
find that by the establishment of a satellite communications
system of its own, to be used for its own purposes, it can
accomplish its objectives and save the taxpayers enormous sums
of money, the national interest would require such use. There-
fore, the amendment would prevent the section referred to from
requiring the Government to use the corporation's system, if
vast savings to the taxpayers could be accomplished through the
use of the Government's own system."

Senator Church: "The Senator is correct...."[24].

The DoD system has had such limited capacity over the years
that this issue has not really surfaced until recently. The current
DSCS could readily be expanded to carry substantial international
DoD traffic. For several years there was great difficulty in deter-
mining the DoD policy in this matter and as a result the DoD pro-
grams suffered at least a 2-year delay. Secretary McNamara was
primarily responsible for this delay. The House Committee on
Government Operations in 1965, as the result of a hearing by the
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subcommittee of Military Operations chdired by Chet Holifield,
made the following observation concerning this issue:

"..... The DoD, after Tong and fruitless negotiations with
COMSAT, now has decided to proceed with the development of a separate
communications satellite system to fulfill urgent Government require-
ments. The President of the United States affirmed this fact in a
statement to the press on August 8.

The wisdom of Secretary McNamara's decision - unfortunately
Tong delayed - is evidenced by the need for improved communications
to remote areas in a world of recurring crises and constant danger
of war. Satellites offer a means to establish these vital communi-
cation Tinks. The Defense Department, overly sensitive to budgetary
constraints and prior mistakes in satellite developrnent has been too
timid and uncertain about exploiting proven technologies for the
establishment of a workable system of satellite communications.
Valuable time has been lost. Had the department moved ahead accord-
ing to plans and policies laid down two years ago and approved by
the JCS, a system could have been operating by now” [25]. .

From the above discussion, it is clear that Congress has always
intended to support the existence of commercial and government
systems and that the Government should utilize these combined
resources to the best interest of the United States Government.

7. DIFFERENCES BETWEEN COMMERCIAL AND MILITARY SYSTEMS .

There are important differences between a system designed
strictly for military purposes and one designed to be competitive
in a commercial market. It is important to note that INTELSAT has
competed only against submarine cables and then only in a highly
regulated environment that has deliberately reduced the impact of
competition. Most of the military features desired of a satellite
communications system increase the cost of the system and would
not be emphasized in designing a satellite system unless national
interest is at stake. The Eighty-Ninth Congress, First Session
House Report No. 178 presents an excellent summary of events pre-
ceding 1965. Because of the comprehensive and authoritative nature
of that report, two portions of it are included in Appendix B: a
portion of the "Military Requirements," Chapter V, pages 45 to 51,
and the Concluding Observations and Recommendations, Chapter VIII,
pages 105 to 113. The "Distinctive Military Requirements' described
on pages 48 to 50 have not changed appreciably over the past ten
years and are: ‘
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® Positive operational control
® Mobiljty and remote area access
® Protection against physical attack
® Protection against electronic countermeasures
® low capacity and secret message transmission
N Separate frequencies for Military use.
Descriptions of these requirements are given in Appendix B.

To reduce confusion, the term "requirement" is now normally
used to refer to a user-to-user requirement as opposed to a system
requirement, or system characteristic, as shown in the above 1list.
However, these items are still considered to be the most important
attributes or features of a system designed to satisfy military user
requirements. The first two items fall under the category of
flexibility, which is probably the most unique characteristic of
communications satellite systems. The third, fourth, and sixth
items refer to the survivability of the system and a presumed high
availability of the system even under the most adverse conditions.
The fifth item addressed the security considerations of military
traffic and is a statement which addresses the minimum essential
aspects of military communications. The minimum essential aspects
stress that connectivity (at even a low data rate) is essential,
however, in many cases the cumulative capacity for real military
requirements are substantial. A Tow capacity system can satisfy
only the highest priority traffic during an emergency. If the
utilization factor (or duty cycle factor) of the users is normally
Tow, then, except during an emergency, a shared system with priority
override capability can make a Timited capacity system available
to a large number of users.

The above military features have been designed into military
systems such as the DSCS. It can generally be stated that increas-
ing the measure of any of these features drives up system cost
(e.g., increased flexibility or survivability has great impact).
High values for all features, including high capacity, is essen-
tially impossible in the near-to-mid-term time frame (i.e., before
1985). Therefore, it is generally impractical to satisfy all DoD
requirements using strictly military communications satellites.

Even if the cost was not prohibitive, complete dependence on a
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single system would increase the attractiveness of that system as

an enemy target to the point where it would be worth while for the
enemy to expend large resources to destroy it. Certain DoD require-
ments, determined by the mission of the user, can justify as high a
degree of military performance as is technically and economically
feasible, others would be rated Tow for all features, Obviously,
since very little attention is given to military features in a com-
mercial system, except availability in a benign environment, it would
be unrealistic to expect a commercial system to be used to satisfy the
unique military requirements. On the other hand, if the requirement
can be shown to need only the basic features provided by a commercial
system, the selection process should be Timited to economic consid-
erations.

It is important to realize that there are two distinct issues,
which are often confused by combining them into one; they are: justi-
fication for developing separate military and commercial systems, and
selecting which of the existing communications satellite systems
should be used to satisfy specific user requirements. Congress has
clearly stated there will be separate military and commercial
systems; therefore, the first issue has been resolved. The second
issue can never be conclusively resolved without establishing very
arbitrary rules which, in the case of satellite communications for
DoD, could result in great economic penalties to the government.

Because there is not a full and continuous spectrum of systems,
with varying military capabilities, it is necessary to differentiate
between those requirements that are to be carried on the military
systems and those that are to be carried on the civilian systems.
Certain requirements are obviously military in nature and others
can obviously be satisfied by the most economical means available.
However, between these extremes there is a large gray area of
requirements that could be satisfied by either system.

The Defense Communications Agency (DCA) is analyzing DoD user
requirements to categorize each requirement according to the magni-
tude of each of the military features. The Military Satellite
Communications Systems Office (MSO) of DCA has developed a com-
puterized requirements data base to permit rapid retrieval of the
requirements provided by the Joint Chiefs of Staff (JCS). This
analysis is being performed in conjunction with the users and the
JCS. This categorization will permit the circuit designators to
assign requirements to the proper system for satisfaction.

8.. DEPARTMENT OF DEFENSE SATELLITE COMMUNICATIONS SYSTEMS

The DoD has supported most of the technological developments
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that have established the basis for this rapidly expanding industry.
Except for the U,S$,S,R, the DoD and NASA still have the only major
space launching capabilities in the world., Most commercial operat-
ing companies, including COMSAT, contract with NASA to provide launch
services [26]. Until recently, when the U,S.S,R, placed a vehicle in
synchronous orbit, the U.S, was the only country with a demonstrated
capability of placing satellites in synchronous orbit, The U,S. has
the only proven highly reliable capability to place relatively large
payloads into synchronous orbit, This capability is an outgrowth of
the DoD missile programs. Therefore, due to this unique capability,
the Federal Government is still significantly invoived in the estab-
lishment of the commercial satellite communications systems,

The original communications satellite programs were sponsored
by the DoD, but as NASA evolved, much of R&D in this new field was
transferred to NASA. However, the DoD has continued to develop
communications satellite programs to satisfy "unique and vital"

DoD requirements. The major operational DoD satellite communications
system is the Defense Satellite Communications System (DSCS). The
DSCS was placed in operation in 1967 and originally utilized nearly-
synchronous satellites. In 1974, the "Phase II" DSCS satellites
were declared operational in the Pacific and Atlantic regions of the
world. The "Phase II" satellite is comparable to the INTELSAT IV
spacecraft and has both earth coverage and narrow beam coverage
capabilities [27].

The majority of DoD communications satellite facilities are
still employing equipment that was procured for R&D programs and
pressed into operational use when the operational feasibility was
demonstrated. This has generally resulted in a lower system availa-
bility than comparable commercial systems that were designed to be
operational from inception. The DSCS Phase II spacecraft, in con-
junction with a new generation of earth terminals currently under
procurement, will greatly enhance the availability of the system.
The DoD also employed R&D assets to provide an Interim Operational
Capability (IOC) for mobile users, primarily ships [28]. This
capability lasted for nearly three years (1970-1972) using the
TACSAT and LES-6 spacecraft. This service is to be restored using
a leased spacecraft (MARISAT) in 1976. By 1978 the new FLEETSAT/
AFSATCOM system will provide increased capability for this class of
user. For the more distant future, DoD is looking to survivable
satellite techniques which will enhance the command and control
capability of the strategic forces and a DSCS Phase III spacecraft
that will improve the responsiveness of the DSCS. A more detailed
description of the Defense systems is included in Appendix C.
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III. REQUIREMENTS ANALYSIS

The DoD has a broad range of communications requirements. Many
of these are in support of the World Wide Military Command and Control
System (WWMCCS) and are critical to the national defense. The WWMCCS
uses a mix of transmission media in order to provide the needed relia-
bility, availability, and suryivability. Satellite Communications
represent only one of these media. Thus, the portion of the overall
requirements to be satisfied by communications satellites must be
carefully selected so that the unique characteristics of communica-
tions satellites are used optimally in fulfilling the overall mission.

Evaluation criteria have been developed to filter these user-
to-user requirements to determine those best satisfied by communica-
tions satellites. These evaluation criteria logically fall intd two
categories: those which capitalize on the unique capabilities of
satellites (e.g., flexible service to military operations), and those
of a secondary nature for which satellites must qualify competitively
in terms of cost, performance, and versatility advantages (e.g., DCS
trunking) [29]. The primary emphasis of this report centers around
the second category of requirements and examines the policies and
economic considerations that influence the media selection process.
Therefore, the constraints established by policy are examined and
a reasonable range of alternative system concepts is developed. For
security reasons, specific user requirements cannot be -addressed in
this report, however, scenarios that include representative sets of
user requirements are delineated in this section.

1. MILITARY VS COMMERCIAL REQUIREMENTS

The Communications Satellite Act of 1962 provided the basis for
separating the uses of the commercial and military satellite communica-
tions systems. The DoD requirements which were "unique governmental
needs or if otherwise required in the national interest" could be
satisfied by military systems, The umbrella of "unique and vital" has
been questioned with increasing regularity over the years and other
documents have been published to bypass the difficulty of defining
these words. The policy that has evolved has gone from generalized
statements such as "unique and vital" to detailed justification for
a specific requirement.

Office of Management and Budget (OMB) Circular A-76 states:
"The guidelines in this circular are in furtherance of the Govern-
ment's general policy of relying on the private enterprise system
to supply its needs. In some instances, however, it is in the

15



national interest for the Government to provide directly the pro-
ducts and services it uses, These circumstances are set forth in
paragraph five of this circular" [30]. Circumstances under which
the Government may provide a commercial or industrial product or
service for its own use are as stated in paragraph five:

"a - Procurement of a product or service from a
commercial source would disrupt or materially
delay an agency's program.

b - It is necessary for the Government to conduct
a commercial or industrial activity for purposes
of combat support or for individual and unit
retraining of military personnel or to maintain
or strengthen mobilization readiness.

¢ - A satisfactory commercial source is .not available
and cannot be developed in time to provide a pro-
duct or service when it is needed.

d - The product or seryice is available from another
Federal Agency.

e - Procurement of the product or service from a
commercial source will result in higher cost
to the Government" [31].

Clause b above provided a rather general statement that did not need
a detailed justification, however, the other clauses require a
significant amount of justification.

OTP Circular No. 13, June 1974, further reduces the reasons for
Government provided telecommunications services. It states:

"1. Purpose. This circular establishes guidelines designed
to clarify the normal Federal role as a user, rather
than a provider, of telecommunication service. The
policy emphasizes the need to place maximum reliance
on the private sector in providing telecommunication
service to the Federal Government.

2. Background. It is a long-standing policy of the
Federal Government to rely on the private enterprise
system to satisfy its needs.....

3. Policy. The Federal Government places heavy reliance
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on the private sector in providing telecommunication
seryice for its own use, This means that all functions
normally associated with providing the service shall be
performed by the private sector. These functions include
design, engineering, system management and operation,
maintenance and logistical support,

In order to emphasize the Government's proper
role as a user, any proposal designed to provide needed
telecommunication service, which requires the Federal >
Government to perform any of the "provider" functions '
such as those Tisted above, shall be adopted only if
commercial service is:

1) not available to the user during the time
needed;

2) not adequate from either a technical or
operational standpoint; or

3) Significantly more costly..............
savings must exceed 10% of the cost of the
commercial service, The cost estimate of
the non-commercial approach must include,
as a minimum, all of the factors called
out by OMB Circular A-76 .......... " [32].

A1l of these reasons require justification and no general escape
clause exists for the DoD. This practice has generally been adhered
to by the DoD, however, a new era is emerging which presents new
alternatives. These new alternatives stem from the rapidly expand-
ing domestic satellite capability, increased DoD operational com-
munications satellite capability, apparent increased flexibility in
the INTELSAT definitive agreements, and availability of leasing
options from hardware and system developers. The role of each of
these resources, together with terrestrial networks, are examined
in this report. The last transition of this magnitude resulted in
significant interest shown by Congress,

Report No. 1836 of the Ninetieth Congress (1968) states:

"In the procurement of commercial satellite services,
the DoD has been faced with vexing problems, Seeking to
exploit the new satellite technology in the form of greatly
reduced rates offered by COMSAT for circuits in the
Pacific area, the Department found that the established

17



U.S, carriers were interposed between- COMSAT and the
Government, This interposition was decreed by the
FCC decision in the "authorized user" case, with the
consequence, as noted earlier, that the DCA contract
for procurement of thirty circuits from Hawaii to Far
East points was reassigned from COMSAT to the U,S.
international carriers,

Our committee had recommended this assignment
on the pragmatic grounds that substantial savings
to the U.S. Government would be derived, exceeding
$6 million a year. Such savings were made possible
when the U.S. international carriers offered to
reduce their composite cable-satellite rates in
the Pacific in amounts ranging from twenty five to
forty percent as a condition of getting an assignment
of the contract (in appropriate shares allocated
among them) initially awarded to COMSAT. Since the
U.S. Government leases many long-distance cable
circuits, the composite rate reductions would
yield larger aggregate savings than the COMSAT
offer for satellite circuits alone" [33].

The Committee displayed particular interest in the foreign rates:

A Y "In a previous report the subcommittee examined
P the problem of differential rate practices as between
s (¢ U.S. and foreign carriers. When rate reductions are

made by U.S. carriers for their portion of the traffic,
- the foreign carriers on the other end may or may not
reduce their rates commensurately. In its 1967 report
the Committee urged the Department of State and the
FCC to make every appropriate effort to gain comparable
rates from the foreign countries concerned. The Com-
mittee renews its recommendation along this Tine,..."[34].

As can be seen from these quotes, the subject of international
tariffs is very complex and very political in nature and can not be
addressed blithely as an economic tradeoff, as inferred by OTP
Circular No. 13. A relatively straightforward lease of thirty cir-
cuits, to the Towest bidder, resulted in a long deliberation that
involved the highest levels of DoD, the FCC, Congress, the State
Department, foreign governments, and the international carriers.

It also shows that prices are fairly flexible and difficult to
define, particularly when several pockets are available for shuf-
fling. Therefore, the difference of 10 percent as the economic
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Justification for using government facilities might be worth proving
from an accounting standpoint, in a static well structured non-
political environment, but in the real world where large sums of
money are at stake, a broader interpretation should be used.

In the past, the DoD has been hindered, during the bargaining
process, by two major factors: inability to determine a reasonable
cost to the common carrier for the service he is in turn supplying
to the DoD, and no other choice or alternative for obtaining the
service. These hindrances no longer need to exist. As will be
shown Tater, it is relatively easy to determine basic costing ’:‘
estimates for satellite systems (at least within 25 percent). in
this new and rather risky industry, a 25 percent uncertainty can be
handled in many ways, particularly if the proper incentive is present.
If a reasonable price cannot be negotiated, the DoD systems now pro-
vide an alternative for the service. However, if the DoD is willing
to insist on mutually beneficial pricing, it can be expected that
this negotiation process will be very long and political in nature.

—

2. ALTERNATIVE SYSTEM CONCEPTS

The Congress has left several alternatives open to the govern-
ment, in particular the DoD, to satisfy user requirements. The DoD,
as a large potential user of communications satellites, should not
consider individual user requirements, but should look at the aggre-
gate of requirements to determine if a substantial economic advantage
can be passed on to the taxpayer by economy of scale and innovative
system design, as enjoined by Senators Gore and Church. The initial
investigation should include the full spectrum of all reasonable
system alternatives for satisfying DoD user needs. Therefore,
initial alternative solutions considered herein include bulk rates,
transponder leasing, satellite leasing, systems leasing, system
procurement, etc., to satisfy categories or aggregates of user require-
ments. This set of alternatives covers a complete spectrum from full
military control to no military influence whatsoever. These satellite
communications system alternatives are classified in reference to
their military vs commercial capability as a function of ownership
of the spacecraft, ownership of the terminals, and operational control
of the system. These areas of commercialization are considered to be
the most likely applications of commercial resources.

Figure 1 shows the range of alternatives considered for satis-
faction of future DoD requirements. The development time to imple~
ment certain of these alternatives may be prohibitive for considera-
tion as near term solutions. The military class of systems have been
designed considering all the desired military features including
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hardening, secure command of the spacecraft, antijam capability,
flexibility, and normal operation in the military frequency band,

The commercial systems on the other hand, would only be as suryiv-
able as good commercial design dictates, Full military infers
military operated, but in many cases supported by civilian or con-
tractor personnel. Contractor operated means the DoD has Jet a
contract to operate and maintain the system, but planning and manage-
ment is still a function of the DoD, When the facilities (i.e.,
spacecraft or terminal) are also carrying other traffic, the interest
of the commercial operating entity is no longer in complete harfony
with DoD interests. The spacecraft and terminals can be either owned
by the government or leased,

The military system can be fully owned and operated by the DoD
as in Alternative 1 (e.g., DSCS), or it can be made up of leased
spacecraft or leased terminals with military features and can be
operated by contractor personnel except for tactical support, as in
Alternatives 2, 3, and 4. The commercial system could also be fully
owned and operated by the DoD as in System 5, or terminals and space-
craft could be leased, if that is the most economical approach (i.e.,
System 6). It is also possible to Tease only a portion of a commer-
cial spacecraft as is the case in System Alternatives 7 and 8. Bulk
service is available as are individual circuits at regulated rates;
these possibilities are included as Alternatives 9 and 10 respec-
tively.

Figure 2 shows the capability of each of the system alternatives

to meet the military features described in section II, 7. A rating
of Good indicates that the alternative is completely satisfactory,
a Fair rating indicates it is 1ikely to meet a large portion of the
needs in that area, and a Poor rating indicates it is Tikely to be
unresponsive. The performance of the alternative as a function of
the military features is as follows:

.  Physical Survivability

A1l military systems are designed to have good physical
survivability characteristics. Standard spacecraft
design will provide a limited degree of hardness and
earth terminals on military sites will provide some
physical protection against sabotage, However, when
the military circuits are treated 1ike other commercial
circuits, the physical security is Tikely to be poor.

@® Electronic Suryivability

Military systems are again designed to exhibit good
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electronic survivability, The transponders of commercial
satellites are not 1ikely to have sufficient bandwidth,
stability, or phase linearity to provide good electronic
survivability, The shared channel and terminal are not
conducive to military operations. Individual circuits
provide no potential for electronic survivability.

"0 Positive Control

A military system will normally have a positive military
control as the basis for system operation, Contractor
support personnel may not be willing to provide adequate
support during hazardous conditions or in support of
tactical operations. Commercial spacecraft do not have
protected control links and the conflict between user
interests would reduce the 1ikelihood of the military
influencing important decisions (e.g., location of the
spacecraftg. '

® High Avajlability

A1l satellite communications systems are designed for
high availability under normal operating conditions.
The exceptions to this are covered under physical and
electronic survivability.

@ Flexibility

Flexibility is one of the most important characteristics
of satellite communications systems, but the flexibility
of commercial systems is severely reduced by regulations
and their normal deployment of large fixed terminals.
Virtually no flexibility is available when circuits are
leased from a common carrier, and the associated inter-
connect facilities from the carrier's terminal to the
user's operating facility are usually extensive.

® Mobility
The ability to serve mobile users is determined by how
easily the satellite terminal integrates into the mobile
platform. This is usually more effective when the ter-
minal is part of the operational equipment of the mobile
force.
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@® Security

Voice security requires digitization of the voice signal.
Voice digitization normally requires data rates in excess
of 16 kb/s. Therefore, it is not practical to provide
high quality secure voice over a 3-kHz analog voice cir-
cuit. A more detailed consideration of these military
features is found in the Defense Communications Engineer-
ing Center (DCEC) technical report TR 2-74 [35].

3. SELECTION OF REALISTIC SYSTEM CONCEPTS FOR CONSIDERATION IN
FURTHER ANALYSIS

Ten system alternatives, each of which could be implemented in
several ways, present too many permutations to be tractable in the
scope of this study. Therefore, each of the alternatives is exam-
ined in this section to determine its unique contribution and
whether it should be included in the remainder of the analysis. The
performance of Systems 1 through 4 are essentially the same except
for the problems associated with using civilians in combat zones.
This problem is solved if combat units have satellite terminals as
part of their operating equipment and operate them with assigned
troops. This is not unreasonable, since the number of combat units
that would not be amenable to this restriction is small. Therefore,
a mixture of terminals with civilian operators wherever possible
(i.e., heavy terminals, medium terminals, MSC 46, and 1light ter-
minals with 20-ft. antennas) and combat troops where necessary (i.e.,
TSC-85, etc., of crews of aircraft and ships), would make the per-
formance of the first four systems equivalent. Rotation of combat
troops to the U.S. can be included as participation in an improved
training program. Operational evaluation of the satellite terminals
has constantly shown the need for developing improved training pro-
grams [36]. Thus, the primary reason for selecting between Systems
1 through 4, with the above stipulations, would be system cost.

From an economic standpoint, the main advantage of leasing
spacecraft or terminals is the ability to defer costs until the
system is operational. Leasing can also provide a more constant
rate of expenditure for the program.

It is frequently stated that leasing is a better approach to
obta1n1ng a capability because the contractor takes the risk. In
most Teasing arrangements, the contractor is penalized a certain
portion of his fee if he fails to meet agreed-to objectives, or he
is paid only for the time the service is provided. This economic
incentive forces the contractor to minimize the risks of not
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performing satisfactorily up to the point where it is necessary to
spend more money guaranteeing performance than he would lose if

poor performance resulted in loss of the incentive payments. When
the contractor starts losing money on the contract, the objectives
of the procuring agency of a military system and the contractor no
longer coincide. To prevent divergent objectives, the contract has
to include a large enough incentive to force the contractor to want
success as much as the procuring agency. It is not generally pos-
sible to include this large a reward or penalty in a government con-
tract. Therefore, the contractor is taking only a nominal financial
risk, but the government is taking a significant risk in not being
able to perform the critical mission the system was designed to
execute. When the risk for the contractor and the risk for the
government are equivalent, and the government incorporates an assur-
ance program to maintain this balance of risk, the overall leased
costs will normally be greater than the costs to procure the same
capability. Therefore, the risk argument is not valid for a military
system, (i.e., guaranteed minimum risk for the government), but it
is valid for commercial systems where the traffic is not critical
and the primary concern is economic.

The argument that it is cheaper to lease than buy has no
foundation, unless the purchased system is a failure or you replace
it after only a short time. The DoD expects its satellite communi-
cations system to be a success, to be economical, and to operate over
a relatively long 1ife span. The contractor will expect to pay for
the system in 3 to 5 years of successful operation and if it lasts
longer he starts into the profitable portion of the contract. The
government would expect terminals to last 10 to 15 years and satel-
lites to last at least 5 years. Therefore, over a 10-year period
the DoD could expect to pay at least twice as much for a leased
system as an equivalent purchased system. It is not good business
practice to let the user of the leased system save on total life
cycle costs if the system operates successfully over the expected
life of the system (that means the system owner would Tose money).
From the above, it would not be practical to lease military systems,
therefore, Alternatives 2, 3 and 4 are not considered to be viable
long term options, but might be useful as a stopgap measure. The
issue of contractor operation of a completely owned DoD system is
not considered to be enough different to be a separate system con-
cept, but it introduces a possible impact on availability and is
worth further consideration. Therefore, Alternative 1 is included
for further analysis with both DoD operation and contractor operation.
Alternatives 2, 3, and 4 do not introduce sufficient uniqueness to
be worthy of consideration except as a stopgap measure.
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Due to the necessity to perform extensive engineering design,
system management, and other "provider" functions described in QTP
Circular 13, it is against U,S, policy for the DoD to own systems
that compete directly with U.S, commercial firms, Therefore, it
would be an unusual circumstance that would force the DoD to purchase
its own commercial system, Alternative 5. Any cost advantage that
could be gained from DoD ownership of the spacecraft will become
apparent in the examination of Alternative 6. Figure 3 shows that
there is essentially no difference in performance between Alterna-
tives 5 and 6, Therefore, System Alternative 5 is also eliminated
from further consideration in this study. Alternatives 7 and 8 are
different with respect to the ownership of the commercial terminals.
The resulting difference in quality is significant enough to include
both in further analysis. Alternatives 9 and 10 differ primarily
in cost, except for the constraint a single voice channel places
on security, but the cost differential is sufficient to consider
both in further analysis.

Obviously, Alternatives 9 and 10 have no assured military per-
formance, therefore, user requirements satisfied by Alternatives 9
and 10 are basically nonmilitary and not critical to defense. The
only exceptions would be when there is no other means of satisfying
the requirement, which probably means the priority is low, or when
sufficient alternative routes are provided to assure a reasonable
confidence of successful communications even in a hostile environ-
ment. It is assumed that the exceptions do not apply and that the
only reason to use Alternatives 9 and 10, for a long term solution,
is economic as outlined under reason three of paragraph five of OTP
Circular 13. Therefore, the only comparison between Alternatives
9 and 10 and the other remaining alternatives (i.e., 1, 6, 7, 8)
is economic.

As an extension of the previous argument, Alternatives 6, 7, 8,
9, and 10 have poorer military performance than Alternative 1 (see
Figure 2). Likewise, Alternatives 7, 8, 9, and 10 have poorer per-
formance than Alternative 6. Each remaining alternative has poorer
performance than any alternative that has a lower number (i.e., per-
formance is monotonically decreasing as a function of increasing
alternative number). If we were to give 12 points for each good,
8 points for each fair, and 4 points for each poor rating, the per-
formance of the remaining alternatives would be as shown in Figure 3.
Therefore, the only reason to select a higher numbered alternative
is economic. The converse of this argument would be: if Alternative
1 is significantly more economical than the remaining alternatives,
by at Teast 10%, there is no argument, except political pressure,
to even consider the other alternatives.

26



RELATIVE PERFORMANCE RATING

100

20

80

70

50

40

30

20

10

Figure 3.

6 7 8 9 10
ALTERNATIVES

Relative Performance of System Alternatives

27




4. EXAMPLES OF SYSTEM ALTERNATIVES

A tradeoff analysis based on conceptual designs is likely to
include a bias that is dependent on the analyst's understanding of
the implementation of the concepts. There is also great difficulty
in predicting operational dates and performing cost comparisons
between equipments bought at different times in the future and
equalizing all costs to constant dollars. It is much more conclu-
sive if comparisons are between existing systems at contracted
prices and established fees. Therefore, the existing satellite
communications systems are examined to determine how closely they
fit the preferred Alternatives (1, 6, 7, 8, 9, and 10) and what
issues can be resolved by using established data. If the important
issues cannot be resolved by examining existing and proposed capa-
bilities, then hypothetical systems will be proposed and analyzed.

For the period 1975 to 1980, the following operational systems
will be available to satisfy DoD worldwide requirements:

® U.S. Domestic Region:

® Terrestrial Domestic Common Carrier
Network (including Autovon and FTS)

® Terrestrial Special Service Carriers

® Domestic Satellites

® DSCS (Phase II)

@ |Leased Arrangements (dedicated for DoD use)

.®@ Government-0wned Commercial Grade
Facilities (dedicated for DoD use)

@® International Regions:
® International Carriers (cables)
® INTELSAT
® DSCS (Phase II)
e leased Arrangements (dedicated for DoD use)

® GAPSAT (MARISAT)
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+ ® Government-Owned Facilities (Troposcatter,
LOS, and Cables)

@ Oceanic Regions:
® HF Network
® MARISAT and Fleetsat
® DSCS (Phase II)
® AEROSAT and AFSATCOM
® Leased Arrangements (dedicated for DoD use).

Beyond 1980, new systems will be introduced that will be capable
of satisfying DoD requirements (i.e., foreign, domestic, etc.), how-
ever, the introduction of these systems does not significantly expand
the alternative solutions to the problem under consideration.* From -
another perspective, the development of the correct methodology for
allocating requirements to the competing systems in these fthree
categories (during the 1975 to 1980 time frame) should address the
complete spectrum of policy issues. As stated previously, this
problem was addressed on a Timited scale in the Congress.

The DSCS and Fleetsat fall under Alternative 1 and though they
will be improved as military systems, their current military per-
formance exceeds commercial systems sufficiently to make the cate-
gorization realistic. The circuits provided by INTELSAT and the
Domestic Satellite Companies are certainly representative of Alter-
natives 9 and 10. The service provided DoD by American Satellite
Corporation, RCA, and the systems being established for Algeria and
other developing countries provide examples of Alternatives 7 and 8.

*The Fleetsat versus MARISAT and AEROSAT issue is addressed in
section IV and the introduction of advanced Fleetsat or Survsat will
primarily improve obviously military performance parameters and will
only impact the tradeoffs between military systems. The use of
foreign, domestic and regional satellite systems to satisfy DoD
needs would certainly be Timited to cases where a significant cost
advantage would be realized, therefore, the analysis for U.S. domes-
tic satellites could readily be expanded to handle this limited
class.
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GAPSAT (MARISAT) will provide a reasonable approximation to Alterna-
tive 6, however, it may also be necessary to extrapolate this infor-
mation to get the desired conclusions.

For U.S. domestic applications, it is necessary to compare
domestic satellite systems with the terrestrial common carriers,
including the special carriers such as DATRAN and MCI. The DSCS is
compared with this result and the possibility of special leased
arrangements is also introduced. The government-owned commercial
grade services are not considered extensive enough to warrant further
consideration.

For international regions, the rates for INTELSAT have been
artificially tied to the rates of the cable to prevent real compe-
tition. Therefore, it is assumed that no tradeoff analysis between
INTELSAT and submarine cables is necessary and that cable rates are
the same as the established INTELSAT rates. INTELSAT rates are com-
pared with the DSCS, and leased transponders and terminals are
evaluated. GAPSAT has very limited capacity and will be used only
for the highest priority users. Even though it is not militarized,
it has only Fleetsat as a contender and the analysis for the oceanic
coverage area is considered adequate for the international coverage
area. Government-owned terrestrial systems were installed overseas
to reduce the dependence of the U.S. military on foreign-owned and
controlled public telephone companies. This is still considered to
be an important objective. Except for those high density trunks
with many access points (London to Italy via Germany), military
satellite systems can reduce the necessity for these terrestrial
facilities. Thus the main competition to military terrestrial net-
works are U.S. military satellite systems (j.e., DSCS) not commercial
systems, therefore, it is military capability versus military capa-
bility tradeoff and is outside the scope of this study.

For the oceanic region, it is the general consensus that High
Frequency does not provide reliable communications [37]. However,
it is the only existing long distance communications capability for
most mobile platforms (i.e., ships and airplanes) operating in or
over the oceans. The main purpose of Fleetsat will be to improve
that situation. 1In the interim, until Fleetsat is launched, MARISAT
(GAPSAT) will provide a nonmilitary operational capability. After
Fleetsat is operational, MARISAT and AEROSAT will be competitors to
satisfy nonmilitary requirements. The DSCS will only satisfy
miTlitary requirements for a Timited set of mobile users, such as
the Advanced Airborne Command Post, and is not in competition with
the commercial systems, therefore, it does not need to be considered
in the oceanic analysis. Leased arrangements other than GAPSAT are
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also explored as possible solutions.

The operational (or soon to be operational)satellite communica-
tions systems provide a sufficient range of alternatives to provide
the basis for a tradeoff analysis that is highly representative of
the system concepts proposed in Figure 1. This analysis should per-
mit realistic economic and performance comparisons. Hypothetical
comparisions could be developed that would be more optimum, but the
degree of confidence in the results of such a comparison would lack
the credibility of established performance and cost data. Therefore,
sensitivity analysis is performed to insure that the interpretation
of results is not extended beyond justifiable bounds. The representa-
tive systems that are analyzed and compared in this study are shown
in Figure 4.

5. CLASSIFICATION OF DoD REQUIREMENTS

The DoD services and agencies have submitted what they consider
to be satellite requirements. As stated previously, the DoD has
analyzed these user requirements and the results are being reviewed
with the users and will provide the basis for an update of the com-
puter data bank. Preliminary categorization of these classified
requirements, following the methodology of Figure 5, however, permits
unclassified scenarios to be constructed that are representative of
these sensitive military requirements. The DoD requirements are
assigned to the military system if the mission analyses justify it,
or if the responsiveness or flexibility demands cannot be satisfied
by any other means.

This study addresses only those remaining requirements that can
be assigned for strictly economic reasons. There is another group
of requirements that falls outside this analysis methodology and is
handled by the common user system, the Defense Communications System
(DCS). These requirements have priorities associated with them, but
generally no clear guidance as to the media for satisfying them (i.e.,
cable, troposcatter, satellite, etc.). The high priority traffic
(critical WWMCCS circuits) that traverses the DCS warrants the pro-
vision of alternate routing between certain key points. This is
accomplished in the U.S. by the Autovon terrestrial polygrid network,
but transoceanic and overseas traffic is usually very dependent on
single-thread transmission lines and on single gateway points. This
means that the overseas DCS is susceptible to sabotage. Several
years ago commercial satellite links were added to alleviate this
problem and recently the DSCS has been able to take on an increased
role in support of the DCS.
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The current philosophy for international DCS traffic emphasizes
the utilization of three completely separate transmission paths,
usually cable, INTELSAT, and DSCS. Any two of these separate paths
should have sufficient combined capacity to permit the highest
priority calls to be completed with practically no delay when the
third path has been interrupted. The high cost of long haul circuits
has prevented Teasing an adequate number of circuits to permit a high
grade of service for the lower priority traffic. This has affected
the efficiency of conducting normal DoD business.

The question that arises again, when consideration is given to
increasing the number of long haul circuits, concerns the proper mix
of channels for the separate transmission paths. Should the 1/3-
for-each-path rule be extended to the larger number of channels or
should some other apportionment criteria be employed? If the sur-
vivability criteria for the highest priority users is met by the
existing number of circuits, then it would not be necessary to
extend the 1/3-for-each-path rule, and the additional circuits could
be provided by the most economical means. As a matter of fact, with
the reduction in force levels overseas, it may be possible to reduce
the number of core circuits that warrant the 1/3-for-each-path rule.
With economic factors the most important consideration in this
application, it should be included as a possible requirement to be
satisfied by commercial communications satellites.

Doubling the number of circuits carried by commercial satellites
in the Pacific should be one of the scenarios to be analyzed. There
are 134 voice-equivalent circuits currently carried by commercial
satellites in the Pacific area. Introducing 133 additional voice
circuits in the Pacific area (the single circuit to Hong Kong is
left out) is the main basis for comparing system alternatives in
the international arena. The military data bank indicates the need
for wideband circuits which may not necessitate use of a military
system, therefore, channels with information rates of approximately
50 kb/s, 100 kb/s, 1.5 Mb/s, 6.0 Mb/s, 10 Mb/s, and 100 Mb/s are
evaluated.

Fortunately, for analysis purposes, the cost of satisfying user
requirements via communications satellites is relatively independent
of the distance between satellite ground terminals or the actual
Tocation of the terminals. Tariffs for commercial satellite circuits
are usually distance dependent because the original tariffs were
established by the competing terrestrial service which is distance
dependent. Short-distance terrestrial service is more economical
than satellites, and at Tonger distances satellites become more
economical. The crossover point normally occurs between 100 and
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800 miles. The actual crossover point depends on the cost of the
terminals, the data rate, and the operation.and maintenance phi-
losophy. Thus, utilizing the current terrestrial and domestic
satellite rates, the crossover point is between 700 and 1,000 miles.

Reviewing the current DCS circuit distributions, there are
several hundred circuits which could traverse over a 1000 miles with-
out being broken out at intermediate points. Therefore, a network
that would include 15 Targe terminals, 1 in Hawaii, 2 in Alaska, 3
in the Western states, 3 in the Eastern states, 3 in the Central
states, and 3 at special Tocations would be a realistic scenario.
Initially 400 channels would be distributed among these 15 terminals.
There is also a need for the distribution of wideband data (i.e., 1
Mb/s to 30 Mb/s) between certain pairs of these terminals.

Another justifiable extension would address the inclusion of
several remote facilities that have need for transmitting wideband
data. A network of 15 medium size terminals seems appropriate to
be included. The cost of terrestrial access lines for high-speed
digital voice (50 or 64 kb/s) can be very high and is also a
reasonable application for small (economical) satellite terminals.
Fifteen such Tocations could readily be identified. Therefore,
fifteen small terminals providing access to secure voice or computer
users should also be included as a basis of comparing the military
system (DSCS) with domestic satellite systems.

The evolutionary development of an integrated digital DCS could
include phases that require extending this access approach to many
more users than fifteen; therefore, the provision of a random access
capability to 100 and 200 subscribers should be included. This type
of service takes advantage of the inherent flexibility of satellite
communications systems and should prove to be a useful application
worthy of further consideration. A DCEC study [38] has indicated
that it may be possible to realize significant cost savings if
satellite links are used more extensively in the DCS, thus both 2400
and 4800 voice-channel networks should be investigated.

Teletype service is essential to ships and planes traversing
the oceans. Therefore, one teletype circuit into several hundred
mobile stations is an essential requirement. Certain users require
more than a single teletype circuit, thus groups of four teletype,
eight teletype, and sixteen teletype are also used for comparison
purposes. There is a strong desire to include voice service to
many of these mobile platforms, therefore, a single voice circuit,
on a demand basis, is needed into approximately 30 ships and 20
aircraft. Figure 6 is a summary of the requirements addressed in the
remainder of this report.
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The policy guidance established by OTP and OMB was shown to be
unrealistic when dealing with future capabilities and high leverage
services. The number of possible system alternatives was reduced
to a tractible number and the existing and planned systems were
shown to satisfactorily represent most of the reasonable system
alternatives. It was shown that cost is the only reason to select
a commercial system over a military system and the possibility of
cost savings by utilizing commercial systems is the motivation to
continue the tradeoff analysis. It was also shown that an advanced
DSCS and AFSATCOM will only improve military capability and will rot
provide substantial cost improvements and are.thus not candidates
for further analysis in this report. A representative set of require-
- ments was developed and used as the basis for comparing the system
alternatives.
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IV. TRADEOFF ANALYSIS FOR ALTERNATIVE SYSTEMS

The analysis in this section deals primarily with the cost
advantage gained by utilizing the commercial system alternatives
to satisfy DoD communicatjons requirements. The commercial alter-
natives are compared with the military alternatives for satisfying
requirements in the international, domestic, and oceanic regions of
the world. Special emphasis is placed on satisfying digital require-
ments and expanding satellite service to a broader community of
users. The cost advantage gained by replacing terrestrial facilities
by a satellite communications capability is also addressed in this
chapter. This effort was undertaken to determine the feasibility of
increasing the reliance on communications satellites in the future
DCS. Survivable systems such as AFSATCOM are not included, because
survivability is not a major consideration. However, the number of
satellites that will be visible during this time frame, and the
selectivity of the area coverage antennas, should provide signifi-
cant survivability improvement when used in conjunction with the
existing public telephone service.

The existing, or soon to be operational, commercial communica-
tions system alternatives were shown (in section III, 4) to adequately
represent the desired conceptual alternatives established in section
III, 2. The system alternatives considered in the tradeoff analysis
in this section are summarized in Figure 4. The requirements used
as a basis to compare system alternatives as a function of cost and
performance are summarized in Figure 6.

There exists a strong argument that it is always cheaper to use
commercial facilities when they exist; this is the inference of OTP
circular No. 13. This argument is based on the knowledge that the
militarization of certain equipments usually results in at least
doubling the cost of the equipment. Extending this reasoning to
highly available space communications systems is not necessarily
justified. Much of the additional cost of military equipment results
from the extensive verification and testing program, however, com-
mercial satellites are also tested extensively. Military systems
must be highly reliable in an adyerse environment; commercial satel-
lite systems have essentially the same operational criteria, thus
commercial terminals must also include the redundancy and an auto-
matic switchover capability in order to provide the same high level
of availability. When the high availability criterion is compromised
in a common carrier system, the impact on the users is disastrous,

The other ingredient that generally makes commercial equipment
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cheaper than military equipment is the commitment to large produc-
tion runs. The advantage of large production runs has not been
achieved, to date, in any spacecraft production, except to some
degree in the Hughes HS-333 domestic spacecraft used by ANIK and
Western Union. Usually, terminals have been procured in small
quantities seldom exceeding more than ten in a single contract. Two
exceptions to this rule are the Navy UHF transceiver WSC-3, and the
COMSAT General maritime transceivers, where several hundred terminals
are being procured. Accepting the performance and availability
penalties that a marginal economical design would give could cer-
tainly result in a cheaper system, however, even most commercial
system managers have not been willing to accept this as a realistic
alternative. Therefore, the comparison of the actual costs of the
system components for the DSCS and INTELSAT in Table I does not
reflect the significant savings that might otherwise be expected.
A1l costs in Table I are stated in current 1975 dollars. Even the
costs of the ATT/COMSAT domestic system, that is essentially of
similar guaranteed quality, are not strikingly different from the
DSCS.

The launch costs to the DoD are cheaper, thus the on-orbit cost
for a DSCS satellite is less than an INTELSAT satellite. The INTEL-
SAT spacecraft, however, are simpler and have a higher predicted
reliability. The procedure for calculating reliability and the
criteria for successful performance are different for military and
commercial spacecraft and difficult to relate, but the INTELSAT
spacecraft should have an appreciably higher reliability. However,
due to anomalies detected in the INTELSAT IV spacecraft, COMSAT has
ordered three additional INTELSAT IVA satellites. It will be sev-
eral years before actual reliability figures are available. There-
fore, a conservative estimate, favoring commercial spacecraft, would
be to require 1.5 times more DSCS spacecraft to support an orbital
station than commercial spacecraft. However, it must be remembered
that the DSCS spacecraft is less reliable because it has more
potential capability and more is demanded of it.

There is no significant difference in reliability for the other
system components. The NATO III spacecraft is of comparable com-
plexity to the Hughes HS-333 and the resulting costs are approxi-
mately the same. A big cost differential exists between the small
militarized terminal and the small commercial terminal. This is
particularly true when only a few terminals are procured. The devel-
opment costs for a military terminal, designed for combat, are much
higher than its commercial counterpart. If the development cost can
be spread over several hundred units, the differential between the
unit price for a military terminal and the unit price for a
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commercial terminal is much smaller./ There are many applications
and, of course, these are the same applications where it would be
feasible to consider using a commercial satellite system (i.e.,
operating in the commercial satellite frequency band). Therefore,
comparisons between standard commercial terminals (4 and 6 GHz) and
military terminals (7 and 8 GHz) built to best commercial practice
should be included in the analysis.

The investment costs shown in Table I indicate the degree of
savings that are possible if the DoD could lease services from the
carriers at bare bones costs. Of course, observing the initial
investments, it is reasonable to expect lower rates from the domestic
satellite companies than from INTELSAT. The DSCS was not designed
for this particular application and the inherent ability of the DSCS
to direct higher power into small contingency areas and accept
broader band signals cannot be factored directly into these figures.
The penalty placed on the DSCS is realistic, however. Therefore,
for this application INTELSAT is nearly twice as cost effective as
the DSCS on an equivalent per channel basis, and the domestic satel]-
Tites are nearly three times as cost effective. This cost differ-
ential is due almost entirely to the variance in predicted relia-
bility and the different channelization approaches.

The Targe standard DSCS terminals are only approximately twenty
percent more costly than the large INTELSAT terminals, but nearly
twice as costly as the domestic satellite terminals. The smaller
DSCS terminals designed to best commercial practice are expected to
cost about twice as much as the domestic satellite counterpart.

1. INTERNATIONAL ALTERNATIVES

From the costs shown in Table I, it would appear that for point-
to-point applications the commercial satellite entities should have
a decided cost advantage over the DSCS. Examination of several
scenarios will determine if this savings can be realized in practical
system implementations. The first comparison is a network of sevoral
terminals utilizing the INTELSAT Pacific satellite. The configura-
tion for this network is shown in Figure 7. The costs that DoD
paid last year for this service are shown in Table II. The total
cost of $19,281,276 for 134 circuits was paid to several common
carriers (A.T.& T., RCA, WUII, ITTW, HAWTELCO) who in turn paid
INTELSAT 134 x $18,000 = $2,412,000. The remaining $16,869,276 went
to the satellite terminal owners and the common carriers.

The initial annual capital investment for INTELSAT was $640,000.

Since 134 channels is equivalent to approximately one third of a
standard commercial transponder, the .DoD equivalent initial investment
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TABLE II. INTELSAT LEASE- COSTS
Locations Total Monthly

of Terminals No. Channels X Cost/Channel _Lease Cost
CONUS/Hawai i 37 X 5,200 $192,400
CONUS/Guam 2 X 11,800 23,600
CONUS/Philippines 7 X 18,900 132,300
CONUS/Japan 8 X 21,137 169,096
Alaska/Hawaii 1 X 7,968 7,968
Hawaii/Guam 15 X 8,500 127,500
Hawaii/Philippines 17 X 13,450 ' 228,650
Hawaii/Japan 17 X 16,199 275,383
Hawaii/Korea 4 X 16,440 65,760
Hawaii/Thailand 8 X 14,375 115,000
Hawaii/Australia 1 X 21,014 21,014
Guam/Japan 2 X 11,413 22,826
Guam/Hong Kong 1 X 11,342 11,342
Guam/Thailand 4 X 13,775 55,100
Guam/Australia 2 X 19,917 39,834
Philippines/Thailand 8 X 14,875 119,000
2

Total 134 Circuits $1,606,773!

]Annual Cost = $19,281,276

Zpverage Monthly Cost/Channel = $11,991
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is 1/3 x $640,000 = $213,333. The transponder is backed up by a
similar 1/3 transponder to gjve a total equivalent initial invest-
ment of $426,666, The difference between $2,412,000 (paid to
INTELSAT) and $426,666, or approximately $2,000,000, is allocated
to overhead, operating expense, interest, and profit,

There were 13 INTELSAT terminals in the Pacific, plus 5 addi-
tional antennas, for a total initial investment of approximately
$80 million. These terminals would normally last 15 years, but if
a 10-year life is used (as COMSAT does), the initial investment cost
is $8 million a year for the terminals. There were 1151 circuits on
the Pacific satellite during 1973. Assuming the same number of cir-
cuits during 1974 (it probably increased), 134 circuits (DoD)

1151 circuits (total)

= .12. Thus 12 percent is the DoD share of the initial investment
in terminals, and the DoD equivalent investment in terminals is
$8,000,000 x 0,12 = $960,000. The difference between $16,869,276
and $960,000, or approximately $16 million, is allocated to operat-
ing expenses, common carrier interface boxes, interest, overhead,
and profit.

As indicated by the COMSAT annual report [39], COMSAT is a very
profitable business, but as seen from Table IT, some of the foreign
terminals operators charge four times the rates of COMSAT. From this
analysis, without stating what is a reasonable operating expense or
profit, it can be clearly seen that it would not be too difficult
to operate a system at these rates and achieve a substantial profit.
It can also be seen that the initial investment costs constitute a
very small portion of the total charges. These results are very
insensitive to the costs of satellites or terminals (i.e., a factor
of 100% is barely perceptible).

From the foregoing, it is obvious that it doesn't take much
effort to show that the DSCS can perform this same task at a fraction
of the cost. Table I shows that it costs $9.1 million dollars a year
to maintain a DSCS phase II spacecraft on station. The DSCS Program
Plan [40] states that it would take approximately 8.5% of the DSCS
satellite's capacity to support a network similar to the one shown
in Figure 7. This would be equivalent to $773,500/year in initial
investment, To achieve the same availability as INTELSAT requires
two DSCS spacecraft. Therefore, the initial annual inyestment is
equivalent to $1,547,000. A way to verify this figure would be to
take one third of the annual transponder cost from Table I, which is
$380,000. This indicates that the $1.5 million figure is probably
conservative by a factor of two and is consistent with the use of
64 Kb/s instead of standard analog FM channels.
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Assuming nine terminals are required for this service (the
one circuit to Hong Kong does not warrant a terminal), the DSCS
terminals would represent an initial investment of $54 million
(Table I shows terminals cost $6 million each). Using a ten year
Tife again yields $5.4 million/year. Rounding the 8.5% up to 10%
(to be conservative) yields $540,000 as the cost of the terminals
to be charged for this purpose. The total initial annual invest-
ment for terminals and spacecraft is thus $2.1 million.

Assuming each terminal is a large AN/FSC-78, the total annual
operating cost would be 9 x $470,000 = $4,230,000. The portion of
this cost to satisfy the stated requirement would be $423,000. The
cost to control the satellite is approximately $100,000/year of
which $10,000 would be assessed against satisfying this requirement.

The total DSCS annual investment and operating cost is
$2,540,000. A sophisticated computer cost model for the DSCS, that
includes previous R&D efforts, present value weighting, etc., yields
a DSCS cost of $2,754,000 [41] for a medium loaded system. This
more sophisticated model is good for getting accurate total system
costs, however, it is easy to lose sight of the major factors that
are influencing cost. It is easier to understand the tradeoffs
between alternatives if the analysis is kept in the simpler terms
of investment and operating costs that yield an annual figure of
$2,540,000. As may be observed in most of the comparisons, a 10 per-
cent error is not significant and if it is, the more accurate model
is used.

In actuality, the DSCS terminals are already installed at these
locations, in support of WWMCCS, and it costs relatively little to
equip them to provide the additional 133 circuits (i.e., $1.7 million
total or $170,000/year). No additional operating expense would be
incurred by placing these additional circuits on the system. There-
fore, the spacecraft costs dominate and the total cost would be
approximately $1,717,000 (this is less than 10 percent of current
DoD lease costs -- quite a bit less than the 10 percent less stipu-
lated by OTP Circular No. 13).

These results show the fallacy of assuming that it is always
cheaper to go commercial. The commercial rate is only cheaper if
true competition or purposeful regulation exists. No real competi-
tion exists in the case of international satellite circuits, as a
matter of fact, and as indicated previously, they are held unreal-
istically high to permit cables to be competitive. It is unlikely
that the standard rates, to all common carrier users, will be
changed significantly as Tong as nations continue to protect their
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investment in cables. Therefore, it is essential for DoD to seek

a nonstandard type of service that can be bid at a fixed price not
to exceed a specified number of dollars/year. This price should be
determined by the DoD, based on a reasonable cost established by
determining the DSCS cost to provide the same services, and used as
a ceiling.

Another commercial alternative would utilize a leased INTELSAT
transponder. Leasing a protected INTELSAT transponder (i.e., backed
up) for $3.240 million/year and establishing a 400-channel network
using 10 commercial terminals, results in a system initial invest-
ment and operating cost of $1.63 million per year for 133 voice
channels. If the terminals are also leased, the annual system cost
would be $2.16 million.

For this application (point-to-point trunking), it would be
realistic to introduce a commercial class of terminal into the DSCS.
The cost to set up a 1200-channel network in the Pacific would
require approximately $40 million. If such a network existed, the
annual cost for 133 voice channels would be $1.42 million, or the
individual voice channel cost would be $890/month. If only 400
channels were used, the annual cost for 133 channels would be $2.20
million and an individual voice channel would cost $1390/month.

Since satellite circuit costs are essentially independent of
Tocation and distance, it would be informative to extend the fore-
going analysis to examine the costs of providing 133 voice circuits
in the CONUS utilizing a domestic satellite with 10 terminals. The
domestic tariffs are much Tower than the international rates and
would establish a lower bound on the network costs. The cost per
domestic transponder (shown in Table I) is $430,000; if completely
backed up each transponder would have an initial investment cost of
$860,000. This service can be leased for $1.7 million/year. The
2x implementation cost equals selling price rule of thumb is followed
in this case. When four or more transponders are ordered simulta-
neously, the price drops to $1.5 million/year.

The cost for ten terminals at $1.7 million each is equal to $17
million total initial investment cost and is equal to $1.7 million/
year. Assuming these terminals are located on military bases to
reduce interconnect costs, first the total cost of the terminals is
assessed against the satisfaction of the 133 voice channels. This
results in an initial investment cost of $2,560,000. The operating
cost would be in the neighborhood of $1.5 - $2.0 million. Therefore,
taking the highest costs for all the terminals and the entire trans-
ponder, the annual system cost would be approximately $4,560,000.
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Actually this capability could support three times the capa-
city, or 399 voice channels, with no increase in cost. If the need
for 400 channels existed, it would be reasonable to charge only one
third of the total cost against the 133 channels, or the cost could
be as Tow as $1,520,000 in most situations. If the network were to
use three transponders and carry 1200 voice channels (i.e., similar
to INTELSAT), the total system cost would be only $7.28 million and
the 133-channel portion would be approximately $806,000. This is
equivalent to $505/month per channel.

A comparable service provided by the DSCS would require $2.28
million/year for the satellite transponder, $3 million/year for com-
mercial grade terminals, and $2 million/year for operational costs.
The total costs would be approximately $7.28 million/year for 400
channels or approximately $1.22 million prorated for 133 channels
(assuming the terminals are used in a 1200 channel network). This
is approximately $764/month per channel,

Taking the domestic tariff for intermediate distances ($870/
month), which would require interconnects if established common
carrier terminals are used, 133 channels would cost $1,389 million/
year. The total yearly investment and operation and maintenance
(0/M) costs for the contractor to provide this service would be
approximately one half the cost required to cover the investment and
operating costs for the fully militarized DSCS equipped to provide
equivalent service, but approximately equivalent if the DSCS were
to utilize terminals built to best commercial practice. As des-
cribed previously, the cost for leasing INTELSAT transponders and
using commercial government terminals at user locations would cost
approximately the same ($1.63 million/year) as the domestic tariff.
The interconnect costs, however, could be appreciably less for the
leased transponder case. This cost analysis is summarized in Table
III.

Column five (total yearly investment and 0/M) of Table IIT can
be used as a basis to develop intrinsic comparisons. These numbers
do not include overhead, G & A, or profit for the commercial com-
panies, or the planning and management costs for the DoD. Tt is
often argued that DoD is very inefficient at managing programs and
therefore this kind of figure should not be used by the DoD as the
cost to the government for using a DoD system. This may be true,
but the DoD inefficiency is not generally in the overhead function
but rather in planning and getting the program initiated (i.e., many
false starts). When the program reaches the implementation stage, the
DoD usually has a very low overhead; many times too lTow to properly
manage the system operations. Nevertheless, these are the only
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consistent figures that can be used for a realistic comparison and
if the reader keeps this constraint in mind and weighs the results
based on his experience there should be no serious distortion. The
implications of this expediency on the conclusions are addressed
during the tradeoff analysis.

It can be assumed, in the Aerospace industry, that if the sell-
ing price is between 2 and 2.5 times the investment and operating
costs, the price is competitive. A factor of 2 times the investment
and operating costs for the DSCS (i.e., $2.540 million x 2) should
certainly cover all related government costs. For example, $2.5
million/year would support at least 50 people full time for this one
requirement, and at this rate, well over 500 people would be required
for just the trunking portion of the DSCS. Therefore, Alternative 1,
for Tess than $5 million, would provide a high quality secure voice
service that has full military capability. A $2.85 million ($1.42 x
2) system, utilizing DSCS spacecraft and commercial terminals (Alter-
native Ta), would be more equivalent to the service provided by
INTELSAT (Alternative 10). This would also be the approximate cost
of an all-military system utilizing 32 Kb/s for secure voice in place
of the conventional 64 Kb/s.

The Towest domestic satellite tariff is the bulk rate of $350/
month per voice channel for users leasing over 300 voice channels.
Appendix D verifies these tariffs as being reasonable and fair by
applying the above Togic to the initial investment and operating costs
for a fully loaded domestic system. Using the same logic, the
INTELSAT prices should be in the order of $4.5 million/year and no
more than $6 million/year. This is for a lightly-loaded satellite
and the cost should be reduced proportionately as the satellite is
more fully loaded. In other words, these are prices that allow
INTELSAT and participating earth terminal operators to take very
little risk, particularly since many of the terminals should be
nearly paid for by now. The high total of $6 million/year is equiva-
lent to an average cost of $3,760/month per voice circuit. This is
still 4.3 times as expensive as an equivalent domestic satellit
voice channel, but it is much better than the 14.0 times the domestic
rate that DoD is currently paying. Column 6, Tariff Yearly Total,
of Table III gives the total costs for 133 voice circuits ]eased
from the international common carriers, who in turn lease from
INTELSAT, and the cost to obtain a similar service from a domestic
satelTite carrier. Column 7 shows the average monthly rate for this
service.

In summary, the existence of the DSCS (Alternative 1) in the
Pacific, with Targe WWMCCS terminals at the desired locations, makes
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it possible to provide a full military capability at the lowest cost.
Leased INTELSAT transponders and owned (Alternative 7) or leased
terminals (Alternative 8) to parallel the DSCS network, would only
become competitive if the requirement were to exceed 800 voice cir-
cuits, which is unlikely. The artificially high prices of the
INTELSAT network (Alternative 10) would warrant reducing the number
of commercial satellite voice circuits, unless a special rate (Alter-
native 9) could be negotiated. For survivability reasons (i.e.,
alternate routings) they should not be reduced below 100 voice cir-
cuits. Therefore, the reason to maintain a sizable number of com-
mercial circuits is not for economic reasons, but to maintain mili-
tary survivability.

Point-to-point trunks could be more economical by commercial
carrier (i.e., INTELSAT) if both ends required new terminals and
there were never a need for additional connectivity to other ter-
minals in the network -- this is an unlikely circumstance. Certain
requirements when examined in isolation appear to be strictly point-
to-point requirements, but when the aggregate requirements for the
Tocation are examined, the need for a multidestination capability
becomes apparent.

At current INTELSAT leasing rates for transponders, the DSCS
satellite transponder is cheaper and the DSCS commercial grade ter-
minals (Alternative la) are not significantly higher. If a decision
is made to develop an extensive DSCS domestic capability, a family
of commercial grade DSCS terminals would need to be procured to off-
set any current INTELSAT economic advantage.

2. DOMESTIC ALTERNATIVES

The policy of the FCC to allow competition in the domestic satel-
Tite communications industry has resulted in several suppliers of this
service as shown in Figure 4. These companies were requested to
indicate their interest in providing these services to the DoD.*
CML was interested, but unable to provide any definitive costing
information at this time, RCA, Western Union, and American Satellite
Corporation indicated interest in providing most of the services
indicated in Figure 4, and representative prices from their budgetary
estimates are used in the following analysis. General Electric and
Philco also provided information on the price of system components.
A.T.& T. and GTE were interested primarily in providing standard

*A copy of this letter is shown in Appendix E.
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voice circuits through their planned terminals. This is a very com-
petitive industry that is evolying rapidly and this study addresses
new seryices that are in the planning stages and have not been filed
or advertised, Therefore, to retain competition and the confiden-
tiality of the information, only representative cost figures are used.
This is sufficient for this current analysis, which has the purpose
of examining feasibility and establishing guidance in this field.
Budgetary quotes are not expected to be highly accurate, but they
establish Tower bounds that can provide insight for examining per-
tinent issues.

The first requirements scenario used for comparing the system
alternatives shown in Figure 4 is provision of the 133 voice circuits
between 10 terminals as discussed in the previous section and sum-
marized in Table III. In this case, however, the operational date
is post-1978 thus permitting consideration of 32 Kb/s for secure
voice.  This would reduce the costs for the all-military DSCS
(Alternative 1) of Table III to those shown in Table IV. The total
yearly investment and operating costs of $1.519 million are comparable
to the non-discounted domestic charge (Alt 10) of $1.389 million/year.
The 30 percent discounted price (Alternative 9), however, would be
$1.11 million/year which is appreciably cheaper than the all-military
DSCS rate. The DSCS, using terminals built to best commercial stan-
dards (Alternative la), could provide the 133 voice channels for
$1.22 million/year which is comparable to the commercial tariff rate.
The costs for the DSCS do not include indirect costs, but-the DoD
terminals would be adjacent to the user and thus access line costs
would be much less. In this case costs would be close enough to
allow selection on strictly a performance basis.

If a domestic commercial channel is leased (Alternative 7) and
the 133 voice channels are part of a larger 1200-voice-circuit net-
work, the cost allocated to the 133 channels would be only $0.800
million/year. This is appreciably cheaper than the DSCS alternatives,
except for the case where the DSCS terminals are in place (Alterna-
tive 1b) servicing WWMCCS users. The DoD-owned commercial terminals
could also be located close to the user. If sufficient capacity is
required between these same terminals (i.e., greater than 3000 chan-
nels) to warrant leasing an entire satellite (Alternative 7a), the
costs would drop to approximately $.460 million/year for a 5000 chan-
nel network. This is an appreciable cost savings, however, with 5000
channels going into only 10 terminals, there will undoubtedly be
additional costs for access lines,

The final commercial alternative would be to also lease the
terminals (Alternative 8). For the 1200-channel network case, the
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leased terminal costs for 133 channels would be approximately
$600,000/year. Therefore, system costs would be $1.10 million/year.
For the 5000-channel network case (Alternative 6), the leased ter-
minal costs for 133 channels would be approximately $240,000/year
and the system costs would be $0.540 million/year.

In summary, comparisons between Alternatives 1 and 10 indicate
that Tittle is gained by leasing individual commercia] circuits,
particularly when the additiona] cost of access lines is added to
Alternative 10. The greater access line cost for the commercial
alternatives, using their currently planned terminal locations, is
attributable to the more optimum placing of DoD owned or leased ter-
minals in conjunction with the military users. Alternative 9 i¢
attractive enough to warrant usage of the domestic service to satisfy
requirements that terminate and originate near currently planned
domestic terminals. Alternatives Ta and 1b would indicate that even
Alternative 9 would not be used if existing DSCS terminals were
capable of carrying the traffic over approximately parallel routes.
Comparisons between Alternatives 1b, 7, and 7a (Tikewise 1b, 8, and
6) show that it is not profitable to install a commercial network
paralleling an existing DSCS network unless network capacity exceeds
1200 channels. If the capacity gets as great as 5000 channels, the
paraliel commercial network becomes very attractive.

Comparing Alternative la and 7 and 7a demonstrates the desira-
bility of utilizing the commercial capability to serve a new DoD
network, one that has no planned colocated DSCS facilities, even
when the capacity is as low as 1200 channels. The cost per channel
to lease terminals also goes down as the number of channels increases
and for a large network, it would probably be worthwhile to lease
terminals. The total additional cost to Tease terminals (for 5000
channels) would be approximately $3 million a year, out of a total
cost of approximately $20 million/year. At this rate, 25,000 long
distance circuits could be provided for less than $100 million a
year, with approximately one terminal in each state.

In order to provide a flexible capability to a larger community
of users, an additional domestic scenario was postulated for analysis
purposes. This scenario introduces a large number of smaller terminals
(G/T = 27 dB) operated in a demand access mode. These small terminals
are integrated into a network of 15 large terminals (G/T = 39 dB) and
15 medium terminals (G/T = 33 dB). Two demand access scenarios are
used, one servicing 20,000 users and one servicing 40,000 users.
These numbers of users are compatible with the requirements addressed

munications satellites to supplement or replace terrestrial transmission

facilities for the BCS. The number of satellite terminals addressed in
that report ranges from 10 to nearly 1000 to satisfy up to 251,000 users.
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A typical curve from that report, showing the 10-year cost of the
network as the number of satellite terminals increases, is shown
in Figure 8.

The terrestrial network cost decreases as the average length of
terrestrial access lines is reduced. At a certain point, however,
the cost of the small satellite terminals becomes significant and
becomes the dominant portion of the satellite costs as the number of
terminals increases beyond 500. The system cost is the summation
of the terrestrial network and satellite network costs. The average
yearly cost, for that model, for a completely terrestrial network,
would be approximately $120 million. That report includes a gener-
alized parametric tradeoff addressing a range of possible terminal
costs and, depending on the cost of the satellite terminals, pre-
dicts that as much as $60 million a year could be saved by the proper
mix of satellite links and terrestrial facilities. Figure 8 was
selected out of the many curves presented in that report as repre-
sentative of the more realistic costing data developed in this present
study.

In this scenario the previous analysis is extended to include
the cost impact of extending DCS service, via communications satel-
1ite, to numerous distant locations, and then to even shorter access
1inks as more satellite terminals are introduced into the system.
Table V and Table VII address 2 scenarios that include 100 small ter-
minals and 200 small terminals respectively. Table VI and Table VIII
provide backup information to Tables V and VII. Both scenarios
expand the network of large terminals to 15. The requirements analy-
sis indicates this would be sufficient to support all the major com-
mands and would provide expanded capability as the number of small
terminals increases. The number of carriers, modems, and multiplexers
also increases as the size of the dedicated network increases. The
DSCS options include consideration of the existence of ten large
WWMCCS terminals that require only minor modification for this appli-
cation. A group of medium size terminals, 15, was introduced to
handle medium capacity switching centers and special wideband
requirements. The 30 large terminals will also be used as the
primary entry points for the small terminals. The small terminals
remain the same in both scenarios, only the number increases. Sce-
nario 1, Table V, provides 2400 duplex voice channels to a dedicated
network comprised of the 30 larger terminals and 400 satellite chan-
nels to all 130 terminals, to be utilized in a demand access network.
A small terminal will be able to communicate directly with another
small terminal, but this is not expected to be the normal mode of
operation. Therefore, the large terminals are modified to include
a demand access capability including system control. Each small
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terminal is provided with up to 12 demand access channels depending
on the number of users in that region. The large terminals are
equipped with a correspondingly greater number of channels depend-
ing on the expected demand.

Table V summarizes the costs for scenario one. The costs for
the dedicated network and the demand access network are separated.
Again, Alternative 1, with all militarized terminals, is approxi-
mately twice the cost of a completely commercial system, Alternative
7. The DSCS with commercial grade terminals, Alternative la, is
approximately twelve percent greater than the all commercial network,
Alternative 7. If the commercial terminals are also leased, Alter-
native 8, the DSCS, with commercial grade terminals, Alternative la,
is less by approximately twelve percent.

When the service is expanded to a 4800-dedicated-voice-channel
network and 800 satellite demand access channels serving 230 ter-
minals, Table VII, the ratios and percentages remain approximately
the same. When the number of small terminals is increased to 500,
the cost of the small terminals dominates system costs and drives
the total system cost to unacceptable levels.

The number of demand access channels were determined by assum-
ing a 2 percent factor for each of the 20,000 or 40,000 users. The
peak factor is not as critical in a demand access satellite network
as for terrestrial trunks because all users are drawing on a common
reserve, which already includes a system margin that is relatively
unaffected by this small portion of the total capacity. In addition,
the traffic peaks occur at different times for different geographical
locations (e.g., Hawaii and New York) and tend to be smoothed out
when users from all locations draw upon the same satellite reserve.

Figure 9 shows the total cost of the different alternatives as
the number of terminals range from 30 to 500. The decreasing cost
of the terrestrial network is also shown. The terrestrial costs are
combined with the costs for each of the alternatives to show the
total DSCS transmission costs and demonstrate the savings incurred
by increasing dependence on satellite communications in the DCS.

The annual savings could be as much as $30 million if 100 to 200
satellite terminals are integrated into the terrestrial facilities
of the DCS.

The cost figures used in these calculations are quite conserva-
tive and in particular, the 0&M philosophy is based on current
practices within the DoD that would not be used in a competitive
commercial market. These conservative estimates are presented to
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determine the feasibility of replacing a portion.of the terrestrial
facilities with communications satellites, The comparison between
system alternatives, however, is a more relative evaluation. The
trend in the commercial systems is to install unattended terminals
with maintenance personnel on call* [43]. The commercial domestic
terminals are highly reliable redundant terminals, as are all of

the terminals costed in this study, and do not require extensive
onsite sparing. Figure 10 extends the previous analysis to include

a somewhat more optimistic learning curve for production of terminals
and an efficiently instituted 0&M support system. Tables IX and X
give the breakdown of the system costs for the different alternatives.
These costs indicate an additional $10 million a year can be saved
with proper planning and management.” Therefore, introducing 100

to 200 satellite terminals into the domestic DCS could save as much
as $40 million a year.

In summary, it should be apparent that the demand network of
Alternative 1, utilizing fully militarized small terminals, is not
a viable alternative. The dedicated network subsystem costs, however,
are close enough to the other alternatives to be considered, parti-
cularly if the WWMCCS requirements have previously justified a sig-
nificant number of the terminals.” The excessive access line costs
rule out Alternatives 9 and 10, except to satisfy a limited require-
ment. /The real cost savings result from implementing either Alter-
native la or Alternative 7. Both alternatives require the DoD to
set up an effective 0&M support system. Both systems also require
the DoD to plan and manage the system. Therefore, the choice between
these alternatives can be made on a performance basis, which would
of course favor Alternative la. On the other hand, Alternative la,
implemented with commercial grade terminals, does not provide a
large enough performance advantage to preclude consideration of
Alternatives 7 or 8, if other pressures become significant. There-
fore, the cost analysis does not indicate a clear cut economic advan-
tage for one of the alternatives, but does provide a means to evaluate
a specific implementation. It is also important to evaluate the
aggregate of the requirements to take advantage of the economy of
scale that the purchase of a large number of terminals would provide.

*The Canadian Telesat System has successfully operated and maintained
forty-one terminals in all regions of Canada with a staff of two
supervisors and six technicians, plus Tess than eleven weeks of con-
tract support during the entire year,
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3. OCEANIC ALTERNATIVES

Procurement data is not as well developed on system components
for the satellite communications systems to satisfy oceanic require-
ments as for systems operating in the other regions of the world.
Therefore, certain aspects of the analysis rely on available data
that is extrapolated to provide the best insight possible. The COMSAT
contract for the Marisat [44] spacecraft is $40 million for three
spacecraft. This number of satellites is expected to provide satel-
lites at 2 locations for 5 years, or dividing $40 million by 10
yields a cost of $4 million/year for each on-orbit satellite. The
booster costs assessed against each satellite are approximately $4.5
million a year and thus the total cost is $8.5 million/year to main-
tain a satellite on-orbit. This amounts to $17 million a year for
maintaining two satellites on-orbit. Approximately $1 million/year
can be charged to the satellite control facility, therefore, the
investment and operating costs are approximately $18 million a year.
The DoD pays $23 million/year for the UHF portion of those satellites.
This shows that the DoD is essentially paying for Marisat while COMSAT,
is developing a market among the maritime users. The terminals for
the Navy Fleetsat system and the Marisat system are both approximately
$30 thousand, however, integration and antenna costs can run the total
cost to over $100 thousand for each terminal installation.

If the charge for a 1-minute ship-to-shore voice conversation
were in the order of $10, the annual revenue could be approximately
$5.3 million for each satellite voice channel. Therefore, 10 such
channels with a duty factor of 50 percent would yield approximately
$26 million/year. Therefore, if each Gapsat utilized more than five
voice channels, 50 percent of the time it would be cost effective.

If teletype channel charges are half of this ($5/minute minimum),
Gapsat would need to provide only 10 channels per satellite to be 0 ®
cost effective. Thus, with several hundred UHF satellite terminals
becoming available over the next three years, it appears that Gapsat
is a cost efficient approach to obtain an interim capability. How-
ever, the DoD could have obtained this capability at a Tower total
system cost if the spacecraft had been procured from the contractor
by DoD and launched by DoD taking advantage of the DoD discount on
launch charges. The probability of three spacecraft maintaining
sufficient on-orbit satellites for five years is not as high as would
be expected of a military system, but the contractor is willing to
take the risk of not getting paid for a certain portion of that time.
This is consistent with the nonmilitary posture of Gapsat.

The Fleetsat spacecraft cost will be approximately $30 million
and the launch costs approximately $25 million. Therefore, the total
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annual on-orbit cost for each satellite is $11.0 million. If one
sateliite is used to back up two on-orbit satellites, as is the

case with Gapsat, the annual cost goes to $16.5 million, For two
locations, similar to Gapsat, the annual cost would be approximately
$33.0 million, which is $10 million more than DoD pays to COMSAT °
for the Gapsat capability. The terminals are the same, therefore,
the total system cost would be $10 million more a year for Fleetsat.
The Fleetsat satellite has considerably more capacity, not to
mention military capability, and the resulting channel costs would
be about one-half of the Gapsat costs. There are additional costs
associated with Fleetsat, however, these investments (i.e., SHF ter-
minals) provide a military capability that is not obtainable by a
Gapsat class of spacecraft.

In summary, Fleetsat, Alternative 1, provides a flexible mili-
tary capability at a lower cost than Gapsat, Alternative 7, or Mari-
sat, Alternative 8. Marisat and Aerosat costs to the DoD will be
higher due to the necessity to install dupiicate terminals on the
mobile platforms. This is necessary because mobile military users
require a primary connectivity with the military network in order to
perform their intended mission. Therefore Gapsat is adequate for an
interim capability, but in order to provide a military capability,
with Tess total system cost, it is essential to develop the Fleetsat
class of spacecraft.

4. DIGITAL TRAFFIC

The scenario that is used for comparing alternatives to satisfy
digital requirements includes a large terminal, that is also part of
a larger network, and a medium terminal that is installed at the
source of data to handle this specific requirement, except where
service terminates at the common carrier terminal (Alternatives 9
and 10). It is assumed that the large terminal was previously han-
dling 10 Mb/s of data, therefore, the new requirement is apportioned
according to the new total traffic handled by the terminal. For
instance, if the new requirement is 10 Mb/s, one-half of the large
terminal cost would be assessed against the new requirement, and if
the new requirement is 100 Mb/s, nearly all of the large terminal
cost will be assessed against the new requirement.

A1l of the cost of the medium terminal is assessed against the
new requirement, unless the requirement is less than the capacity
for a secure voice circuit. It is assumed that the high data rate
is in one direction, received by the large terminal, and a return
link is provided that operates at 0.1 of the rate of the forward
Tink.
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Table XI shows the results of costing out this scenario for
different alternatives as the data rate varies from 10 Kb/s to
100 Mb/s. At the Tower data rates, as can be seen from Table XI,
the medium terminal costs dominate and there is very litte dif-
ferential between the alternatives, except for the domestic Alter-
natives 9 and 10, Alternatives 9 and 10 require additional costs
to extend the service from the common carrier terminal to the user.
At the medium data rate, 1.5 Mb/s and 6 Mb/s, the INTELSAT costs
become appreciably higher than the DSCS, or the domestic carriers.
At 10 Mb/s the DSCS, Alternatives la and domestic, Alternatives 7
and 8 are nearly equal. The tariffed rates, Alternatives 9 and 10,
are not competitive, particularly when the additional interconnect
links are included. Tariffed rates will not be provided for 100
Mb/s. The DSCS is clearly superior for these high data rates. These
cost estimates were verified by a recent DECCO inquiry [45] and pro-
posed rate structures that have been filed with the FCC.

In summary, the DSCS is very cost competitive with either domes-
tic or INTELSAT systems in providing digital service. These rates
also assume the DoD is an authorized user of COMSAT which, as noted
previously, would require examination by the FCC. The DSCS is parti-
cularly superior for data rates exceeding 40 Mb/s. Even with mili-
tarized terminals the DSCS costs are only 40 percent higher at the
medium rates, but 50 percent less at the higher rates.

5. DEMAND ACCESS SERVICE

DoD has had great difficulty, as indicated by the Congressional
records concerning leasing channels in the Pacific, achieving direct
access to COMSAT earth stations as an authorized user. This is a
complex issue and assuming that resolution is in favor of DoD and
the authorized user status is achieved will only lead to another
set of difficult problems concerning obtaining agreements with the
many foreign carriers who operate the other ends of the satellite
Tinks and provide the interconnecting facilities. The billing pro-
cedure for short calls is complicated and the foreign national
Ministries of Posts and Telecommunications are not accustomed to
interfacing with the many entities that are considered normal in a
free market economy. Introducing a new government agency into this
maelstrom would not be received by participating INTELSAT governments
with very much enthusiasm. The jnternational carriers are also able
to influence the climate of acceptance in certain foreign countries.
Therefore, it appears the best approach would be to develop an inter-
national WATS type of service through the international carriers.
Based on the COMSAT charge of $0.46/minute, however, it is unlikely
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that sayings of more than a factor of two would be realized,

A normal Washington-to-United Kingdom telephone call costs $5.40
for the first 3 minutes, If COMSAT charges $1.30 for its half-circuit
and the United Kingdom charges at least that much (foreign operators
usually charge quite a bit more), then the satellite link has cost
$2.60, which is approximately half of the charge, Unless a special
multinational rate structure is negotiated, it is unlikely that total
costs will be Tess than twice the COMSAT rate. COMSAT rates are
being reduced approximately 20 percent as the result of FCC direction,
and it is anticipated that the international carriers will pass this
savings on to the user. The overall reduction may not be as great
as this if there are strong pressures to subsidize the submarine
cables, or if the foreign terminal operators continue to charge
excessive rates. Therefore, the prospects of realizing significant
savings by capitalizing on the SPADE capability are poor. The
advantages of demand access service for the domestic systems were
demonstrated in the section discussing domestic alternatives. The
advantages are possible in the domestic region because the number of
terminals is larger and the administration and political problems
are much simpler.

Significant savings are achievable, however, if the SPADE chan-
nel is used for 50-Kb/s secure voice or computer traffic. This is
achieved by dedicating one of the SPADE channels for a specific
requirement. The transmission channel for SPADE is digital and
readily adapts to receive digital traffic up to 56 Kb/s. Since no
more bandwidth or power required, it is possible to obtain 50-Kb/s
service at a rate that is only 1.5 times the cost of a normal analog
circuit. This is much cheaper than the 12 times the cost of an
analog circuit to obtain the same service if normal analog techniques
are employed. This factor of 12 is necessary because a group of 12
analog circuits is required to transmit 50 Kb/s. Therefore, savings
of a factor of eight could be realized if secure voice channels are
between Tocations where INTELSAT SPADE terminals have been installed.

There are several ways to satisfy a given requirement, For '
instance it would be desirable to supply a 50-Kb/s Tink from Washing-
ton to Stuttgart (approximately 4,200 miles) and Honolulu (approxi-
mately 4,900 miles). This requirement could be satisfied by strictly
terrestrial analog circuits at 12 times the single voice circuit
rate, or $130,000/month to Stuttgart and $68,000/month to Honolulu.

The Stuttgart requirement could also be satisfied by using a dedicated'
INTELSAT SPADE channel to a Germany INTELSAT terminal, and a terres-
trial interconnect to Stuttgart, for approximately $20,000/month,

The Honolulu requirement could be satisfied by a terrestrial lease
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across CONUS to the Jamesburg earth station in California, and then
routed via a dedicated INTELSAT SPADE channel to the Hawaii earth
station and on in to Honolulu, for approximately $25,000/month.

The DSCS could provide this service to either Honolulu or Stuttgart
for approximately $2,000/month, plus the costs for a short inter-
connect link. The domestic carriers would be willing to provide
service to Honolulu for approximately $7,000/month, INTELSAT is the
only commercial satellite service to Germany.

In summary, the prospects of achieving significant savings by
making special use of the INTELSAT SPADE capability is small. The
savings realized by introducing a large number of small demand access
terminals into the domestic DCS is very significant. Significant
savings can be realized if dedicated INTELSAT SPADE circuits are
used to carry digital data streams of 10 Kb/s to 56 Kb/s.

This section has compared the costs for implementing the system
alternatives, derived in section III, to satisfy the representative
requirements. It was shown that the DSCS can provide international
service, both analog and digital, much cheaper than the current rates
charged by the international carriers who are in turn leasing service
from INTELSAT. It was also shown that integrating 200 to 300 satel-
lite terminals into the DCS could appreciably reduce total system
costs. This is accomplished by reducing the terrestrial circuit
miles that would otherwise have to be leased from A.T.& T. Tt was
concluded that the DSCS 1is generally as economical or more economical
than the other alternatives for satisfying wideband requirements.
Domestic satellite systems are very competitive for satisfying new
requirements where all new terminals need to be installed. Tariffed
domestic satellite service is reasonable if the interconnect distance
to the users is short.
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This study addresses several important questions pertaining
to the utilization of satellite communications systems and the
practicality of employing commercial satellite systems to satisfy
DoD communications needs. Insight into these important issues is
provided by reviewing policy and background that has evolved over
the past decade and examining satellite communications systems that
are either in operation or will soon go into operation, System
alternatives are developed and tradeoff analyses are performed
which compare the cost for each of these alternatives to satisfy
representative categories of DoD requirements. The following
conclusions can be made as the result of this analysis:

@ Communications satellites provide important new services that
are not economically supplied by other means. They are also
inherently very flexible and are thus important as a military
capability. It has been demonstrated that satellite communi-
cations are the most economical means of communications for
Tong-haul circuits unless extremely high capacities permit the
construction of special terrestrial facilities.

® The potential radio frequency interference problems and
coordination procedures that are involved in establishing
satellite communications systems result in a Tong and highly
political review process. The time consuming process has a
serious impact on the flexibility of the systems.

o Satellite communications systems can be used to satisfy sev-
eral classes of user requirements and a system that is optimized
to efficiently satisfy one class of requirements may not be
effective if used to satisfy one of the other classes of
requirements. Therefore, it has been demonstrated that sev-
eral different types of satellite systems are required to
satisfy the broad spectrum of requirements. This need was
recognized by Congress and in the past they have devoted a
considerable amount of their time to satellite communications
problems.

@ Congress made provision for separate government systems and
intended the military to develop its own system, They also
included a clause in the Communications Satellite Act of 1962
that would allow the government to develop government systems
if that would result in significant savings to the government.
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Military satellite communications systems should be developed
to support the missions of the DoD in any adverse environment.
Therefore, the military systems should provide a high degree
of survivability, flexibility, mobility, positive control,
security, and availability. These features have been designed
into the military systems, however, the only one of these
features that has been deliberately designed into the commer-
cial systems is high availability. The strictly military
features generally cause the cost of the system to increase,
and therefore the commercial designers have not placed emphasis
in these areas. Improved flexibility could have been designed
into the commercial systems without much increase in cost, but
the frequency clearance problems and politics have reduced the
incentive for including it as a major consideration.

The United States policy is to utilize commercial facilities
whenever possible unless such use interferes with accomplishing
the mission of the user, delays the program schedule, or is
appreciably more expensive. The criteria for determining cost
is quite rigid and unrealistic when considering the establish-
ment of a new service such as domestic satellites. It would

be possible to juggle cost figures to prove a 10 percent
differential either way and the corporations involved have
sufficient flexibility in pricing to make thresholds of this
nature meaningless. Therefore, costs that are within 10 to

15 percent should be considered essentially equal and attention
given to the other implications affecting the decision. With
this as a basic premise, initial investment and 0/M costs

were used as the primary vehicle for cost comparisons. These
are the only firm costing figures that are available and can
provide adequate insight into the issues under consideration.

The meaningful alternatives that are available consider the
degree of ownership and control by the DoD. Thus, if the
system is completely owned, operated, and controlled by the
DoD, it is considered to be an all military system. The

other end of the spectrum would be service obtained from a
common carrier where the DoD owns no part of the system and
has virtually no control of the system. The range of alterna-
tives is shown in Figure 1.

The military capability of these alternatives ranges from very
high for the all military system to very poor for the commer-
cial carrier service. The performance rating is shown in
Figures 2 and 3.
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The DSCS is operational and Fleetsat is expected to be
operational by 1978. INTELSAT provides an operational example
of an international system and Marisat and Aerosat other
examples that will be operational before 1980. There are
several entrants in the domestic satellite field and three are
already operational. Figure 4 shows the representative systems,
by geographical region, that will be available during the next
five years. Therefore, there are enough real systems to pro-
vide a basis for a meaningful axperiential study.

DoD requirements can be classified into certain categories.
The truly military category has not been addressed in this
report, but those requirements that can be satisfied by
utilizing either a military system or a commercial system,
depending on the most economical means of satisfaction, are
used as the basis for comparing alternatives in section IV.
Figure 5 shows the methodology used in categorizing require-
ments. Figure 6 shows the categories of requirements that
are best suited for satisfaction by a commercial satellite
system and that are used in the tradeoff analysis.

INTELSAT rates have been deliberately established to be non-
competitive with submarine cables. Therefore, because
INTELSAT is not in a competitive satellite market, the DSCS
can provide the same service at a fraction of the cost. No
effective international regulation exists and even though the
INTELSAT transponder rates are fairly reasonable, as are
COMSAT's rates, the foreign operators and international
carriers are receiving excessive profits. Cost comparisons
between the different alternatives are shown in Table ITI. .

The domestic systems are significantly cheaper than the DSCS
if the DSCS utilizes all-military terminals. If the DSCS
deploys a terminal built to best commercial practice, the
initial investment and O/M costs are close enough to give

the domestic systems only a slight advantage. Military perfor-
mance would of course favor the DSCS, thus, when the satellite
terminals are placed on the user's site, the decision between
using the DSCS or the domestic system can be based on other
than performance or cost factors. Service provided at the
common carriers standard terminals is not cost competitive,
except for a Timited number of requirements. Significant
savings could be realized, however, if 100 to 200 small demand
access terminals were integrated into the terrestrial facil-
ities of the DCS. These savings, shown in Figure 9 and 10,
are possible only if the system is properly managed and an
effective 0/M system is instituted. Indications are that a
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contractor could provide this 0/M service for DoD-owned
terminals at a price commensurate with providing a $30-to-$40
million annual saving for the DCS. DoD ownership of the
terminals is preferable due to the increased flexibility and
long term cost savings.

o Gapsat provides a good interim capability until Fleetsat is
developed sufficiently to be declared operational, but even
from a cost standpoint, Gapsat, Marisat, or Aerosat provide
no advantage. This is particularly true if the mobile plat-
form is required to also operate in the military satellite
network in order to perform the users primary mission.

®  The satellite communications systems can be utilized effec-
tively for transmitting wideband data while realizing signifi-
cant savings. The DSCS should be used for those requirements
where at least one end of the 1ink already has an established
DSCS terminal, see Table VI. A parallel commercial network
must carry a large volume of traffic to offset the costs the
DSCS gains by sharing facilities. Links between two new
locations are cheaper utilizing domestic satellite systems
unless the data rate exceeds 40 Mb/s. This discussion also
applied to other wideband service, such as television. The
demand access capability supplied by satellite communications
systems will provide a marked improvement for secure voice
and computer networking at very reasonable costs.

@® Special actions should be taken in the following areas:

® Increased participation in the ITU to obtain conditions favoring
flexible use of satellite communications systems.

® Analysis of the aggregate of requirements to obtain maximum

’ advantage of economy of scale. When considering requirements
that can be satisfied by commercial systems, the requirements
of other government departments and agencies should be
considered in the aggregate (i.e., NASA, FAA, GSA, etc.).

@® Recognition of the DoD as an authorized user of COMSAT should
be pursued.

@® Pressure should be increased on the foreign INTELSAT terminal
operators and international carriers to reduce rates.

@® DoD should develop a cost data base that establishes the cost

for which DoD can supply a particular service. This would be
a2 useful tool in negotiating fair prices from contractors.
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@ DoD should investigate the feasibility of establishing
an 0/M system to economically support DoD-owned commer-
cial grade satellite terminals.

To retain the United States technological initiative in the
communications satellite field, and to capitalize on the current lead,
the United States Government shou]d establish national policy by
pursuing the following actions:

The OTP and the FCC should work closely with the DoD and

- other government agencies to develop a flexible policy that

will permit the government to take advantage of the new
services at the most economical terms possible.

The government agencies, under the guidance of the NCS, should
develop a management plan to provide a cohesive capability for
all government users. To enhance survivability, interoper-
ability criteria should be developed to permit satellite
terminals to operate with any of the satellites. This

reduces the impact of a single point failure by any of the
satellites.

The same group should also develop a comprehensive R&D pro-
gram that gives guidance to the DoD, NASA, and the commercial
carriers to establish complementary efforts that assure a
dynamic expansion of capability in the communications satel-
lite industry.

In order to increase the options available to the DoD, and assure
the DoD a good bargaining position, during the next series of negotia-
tions with the carriers for satellite service, the following recommenda—
tions are made:

Expand the WWMCCS secure voice and computer networks util-
izing a mix of DSCS and domestic satellite circuits. Use
DSCS circuits where the DSCS terminals are already in
existence and use domestic satellite circuits where existing
domestic terminals are convenient and where both ends of
1ink require new terminals.

Increase the number of DCS circuits carried by the DSCS.

Gradually reduce the number of INTELSAT circuits, unless a
special international type of WATS service can be offered.

For a1l Tong-haul service, domestic and international, the

DoD should determine a price that is fair and reasonable and
only lease cjrcuits if that price is offered. The DSCS
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would provide the alternatiye means of satisfying this class
of requirement. The initial investment plus O/M costing
procedure outlined in this report provides an initial

starting point to develop these prices. It is true that
several factors were not included, but all of these additional
factors should be dependent on the initial investment and O/M
costs as a basis. The weighting multipliers that modify these
factors may vary from company to company, but it should be
possible to establish a reasonable and acceptable spread for
these weighting multipliers,

Lease a Domsat transponder and establish a precedent of the
government operating a network with commercial characteristics.
In parallel with this effort, conduct a detailed study to .
verify the desirability of Domsats carrying a significant
amount of AUTOVON and AUTODIN traffic in and between the 50
states and Puerto Rico. This study should address cost
(satellite network and terrestrial network), survivability
implications, performance, and operational difficulties.

Establish a pilot demand access network that could operate
in either a domestic satellite network, a DSCS network, or
both,

Develop a standard family of commercial grade DSCS terminals’
and establish a special 0/M system to efficiently operate
them.

Make sure the design of the DSCS Phase III spacecraft will
effectively accommodate the special small terminal networks
discussed in this study.

Continue the Fleetsat program to expand the service available
to mobile platforms. Sufficient capacity should be provided
to satisfy logistic requirements, in addition to the criticali’
command and control requirements, because the cost of equip-
ping these mobile platforms with duplicate satellite terminals
to operate in a commercial system would be excessive.
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GLOSSARY OF ACRONYMS

REROSAT . . . . v v v v v . .. Aeronautical Satellite

AUTODIN . . . . . . . .. ... Automatic Digital Network

AFSATCOM . . . . . . . . ... Air Force Satellite Communication
System

ATE&ET. .. ... ... .. American Telephone and Telegraph
Company

AUTOVON . . . . . . . . . ... Automatic Voice Network

COMSAT . . . . . . . . . ... Communications Satellite Corporation

DCA . . . .« . ¢ ... Defense Communications Agency

DCEC . . . . . .+ o ... Defense Communications Engineering
Center

DCS . . . .. e Defense Communications System

DoD . . .. ... ..., Department of Defense

DOMSAT . . . . . . ... ... Domestic Satellite

DSCS . . . . . ..o Defense Satellite Communications
System

ESRO . . . . . .. ..., European Space Research Corporation

FAA . . o o o e Federal Aviation Agency

FCC . . v v v v oo e, Federal Communications Commission

FLEETSAT or FLTSAT . . . . .. Fleet Satellite

N Federal Telecommunication System

GAPSAT . . . . . . .. . ... Gap Filler Satellite

GSA . ... General Services Administration

INTELSAT . . . . . . . . ... International Telecommunication

Satellite Organization
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1 International Telecommunications Union

Jos . ... ... ... ... Jdoint Chiefs of Staff

MARISAT . . . . . .. .. ... Maritime Satellite

MSO . . . . . . e Military Satellite Communications
Systems Office

NASA . . . . e e e e e National Aeronautics and Space Admin.

NCS . . . o o oo National Communications System

O/M . . . 0 e Operation and Maintenance

OMB . ... ... .. ..... Office of Management and Budget

oTP . . . . . ... [ Office of Telecommunications Policy

R&O . . . .. ... ... Research and Development

WATS . . . o v o v o 0 o . ; . Wide Area Telecommunication Service

WWMCCS . . . . . . e e e e e World Wide Military Command and

Control System
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APPENDIX A
NORTH AMERICAN DOMESTIC SATELLITE SYSTEM

1. U.S DOMESTIC SYSTEM

Five of the six potential domestic satellite system operators
have been authorized by the FCC to proceed with their initial plans.
Market forces are likely to place some constraint on the actual
number of systems implemented.

a. COMSAT/A.T.& T. COMSAT General, a subsidiary of COMSAT,
has under construction a satellite system using Atlas/Centaur-launched
satellites produced by Hughes Aircraft using a design approach similar
to the INTELSAT IV and IV-A series. Three such satellites in orbit
will be made available for use by A.T.& T. and recently General Tele-
phone and Electronics Corporation (GTE). A.T.& T. plans to establish
4 earth stations in the contiguous United States employing a total of
10 Targe antennas (30 meters). This system projects service within
the continental United States, with terminals near New York City,
Chicago, San Francisco, and Atlanta. Service is also proposed to
Alaska and Puerto Rico.

A.T.& T.'s current plans emphasize the economic integration
of high capacity satellites with the large terrestrial broadband net-
work. Another prime objective involves essential research in the
bands above 10 GHz. Each satellite will have 24 transponders operating
at 6/4 GHz and two research beacons operating at 10 and 28 GHz. Each
transponder, when operated between 97-foot antennas, can accomodate
1200 one-way voice channels or the equivalent capacity in television
or high speed data.

b. Western Union Telegraph Company. Western Union has success-
fully operated their satellite system (WESTAR) using satellites of
the Delta-launched type developed for the Canadian domestic system.
The first launch was April 13, 1974 and operation commenced on
July 15, 1974. The satellite's primary coverage is the contiguous 48
states plus coverage of Hawaii and Alaska at reduced power Tevels.
Each of the 2 in-orbit sateliites in the system contain 12 transponders
operating in the 6/4 GHz bands.

The earth stations are located at the tail ends of the
existing Western Union microwave network so as to directly augment
the long distance Western Union terrestrial transmission system. In
an effort to minimize costs, each earth station will employ a single
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antenna, and except for the control center, will be unattended. The
reliability of the overall system will be enhanced by alternate rou-
ting through the terrestrial Western Union microwave system. Western
Union will offer a complete line of services through its own earth
stations located in New York, Chicago, Atlanta, Dallas, and Los Angeles,
or customer-owned facilities. This service includes voice, data (low
speed, medium-speed, high-speed), video, and facsimile.

c. American Satellite Corporation. The American Satellite
Corporation (ASC), which is owned by Fairchild Industries, had orig-
inally planned a 3-phase program, beginning with a Tlease of transpon-
ders in the Canadian domestic satellites, followed by deployment of
their own satellites (Eagle I and II) in 1975. However, ASC has intro-
duced major changes in their plans. The first phase, now operational,
includes the lease of three transponders in the Western Union System
for service to New York, Los Angeles, and Dallas. Service to San
Francisco and Chicago will be instituted by leased terrestrial facil-»
ities, initially, and upgraded to full satellite service with ASC- '
owned-and-operated earth staions at a later date. The contract for
6/4 GHz Eagle satellites has been terminated and ASC is now evaluat-
ing the feasibility of communications transmission in the 14/12 GHz
range. ASC also provides special point-to-point service for DoD.

d. General Telephone and Electronics (G.T.& E.). G.T.& E.,
through its subsidiary, GTE Satellite Corporation (GSAT), has planned
a domestic satellite system to provide a trunking capability between ,
areas which it serves. The FCC had authorized GSAT to construct five
earth stations in Hawaii, California, Pennsylvania, Indiana, and
Florida, and to lease 10 transponders in a 12 transponder satellite
to be owned by National Satellite Services, Inc., a Hughes Aircraft
Company subsidiary. Last year, GTE Satellite Corporation entered an
agreement with the A.T.& T./COMSAT team to share the costs of their
spacecraft and implement a complementary terrestrial network. GTE
Satellite Corporation is planning terminals in Florida, California,
and Hawaii.

Because of the restrictions imposed by the FCC, G.T.& E.
will provide only message toll telephone service for a period of
three years. There are two exceptions to this restriction. G.T & E.
is authorized to carry private line services over its system between
Hawaii and the mainland, and it is also authorized to carry private
1ine services for the United States Government over any part of its
system.

e. RCA Global Communications. Domestic satellite communica- ,
tions services were initiated in January of 1974 by RCA Global Comm-
unications, Inc., and RCA Alaska Communications, Inc. This service
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is provided through transponders in the Canadian Satellite system

to four United States earth stations, one each located in Pennsyl-
vania and California and two Tocated in Alaska. The second phase in
the RCA plan involves three satellites, each containing 24 transponders
and a network of earth stations to serve the 50 United States. The
satellites are of a new design and will be supplied by the RCA Astro
Electronics Division. The first launch is scheduled for late 1975

or early 1976 using the Thor-Delta 3914 launch vehicle, which is an
augmented version of the standard Delta. A comparatively large number
of earth stations (16 initially) are planned for Alaska due to the
state's unique topograpical features and population patterns.

Most of the earth stations will employ 32-foot antennas, al-
though the two control stations will have 98-foot antennas. Procure-
ment of single-channel-per-carrier (SCPC) equipment from General Elec-
tric is in progress.

f. CML. In December 1972, the FCC approved the formation of
CML, a company jointly owned by COMSAT General Corporation, MCI Comm-
unications Corporation, and Lockheed Aircraft Corporation. IBM
recently purchased 55% of the CML stock and COMSAT holds 45%. The
FCC has ordered still another restructuring that will take several
months to resolve. o

Although CML has not published firm program plans, nor has
it applied for FCC authorization to proceed, the thrust of its efforts
appear to be directed at the private Tine and point-to-point commer-
cial market. This is manifested in two ways, first the planned use
of frequencies in the 14/12 GHz bands in contrast to the planned use
of the 6/4 GHz bands by other domestic satellite system operators,
and second the emphasis on small earth stations and single-channel-
per-carrier (SCPC) multiple-access. Use of the higher frequencies
eliminates the problem of terrestrial microwave relays interfering
with the earth stations, thus allowing location of the earth station
antennas within the city and, perhaps, on the roofs of the customer's
facilities. Unlike the other system plans, the CML concept envisages
Titerally hundreds of antennas of various sizes tailored to meet the
specific communications needs of individual customers.

2. CANADIAN TELESAT SYSTEM.

Canada has established its own satellite system for domestic comm-
unications purposes. The first satellite (called ANIK), launched in
November 1972, was followed by a second satellite launched in April
of 1974, They are stationed at 114°W and 109°W longitude and have
antenna beams which illuminate Canada from East Coast to West Coast
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and from the United States border to the Far North. The spacecraft

is of the basic design developed by Hughes Aircraft, designated HS-
333, for launch by the Delta launch vehicle. This basic satellite
design has also been adopted by Western Union, a United States domes-
tic system applicant. FEach satellite has 12 transponders each of
which can be used for 480 duplex voice channels or 1 color television
channel. The initial system includes several different classes of
earth stations, ranging from the large 98-foot antennas for the heavy
routes, to 26-foot antennas for the remote television stations. There
are approximately 40 Telesat ground stations. The major customers

are the Canadian Broadcasting Corporation (TV), and Trans-Canada Tele-
phone System, and the Canadian National and Canadian Pacific Railways.
Of particular importance to Canada, of course, is the fact that this
system can provide reliable service to its remote northern locations.
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V. MILITARY REQUIREMENTS

i

While NASA and other Federal civilian agencies are mandated by
law to provide certain support services to the Communications Satel-
lite Corp., no such distinctive role is assigned to the Department of
Defense. The Communications Satellite Act of 1962 nowhere men-
tions the Department by name and calls for no direct Defense assist-
ance. 1f NASA’slaunching services for the corporation, for example,
require boosters developed under Defense Department sponsorship,
then NASA serves as the intermediary.*

The Defense role, as represented in the formative days and months
of the new legislation, was one not differentiated from other assistance
to private endeavors. To the extent that technical information
derived from its contract studies and development programs for satel-
lite communications could be placed in the public &omain, it would be
made available to the corporation and any other interested party, pub-
lic or private. The Defense Department would even perform appro-
priate support services to assist and promore the corporation’s en-
deavors because it favored the creation of the new business entity,*
but mainly the Department was bent on developing its own system.

In the debates preceding passage of the Communications Satellite
Act of 1962, the considerable research and development work done by
the military as well as NASA provided the core of the argument of
those who ddvocated retention by the Federal Government of the
responsibility for exploiting satellite communications potentials to
meet commercial as well as Government needs. :

Defense officials, for their part, asserted the need for their own
system to meet unique military requirements. This was understood
and accepted as part of the legislative history of the Communications
Satellite Act of 1962 and was reflected in specific wording of the law.
True, it was plainly indicated that the U.S. Government would be
a large user of communications services to be provided by the corpora-
tions and indeed, the act empowers the corporation “to contract with-
authorized users, including the U.S. Giovernment, for the services of
the communications satellite system.” The President is mandated,
furthermore, to “take all necessary steps to insure the availability and
appropriate utilization of the eommunications satellite system for gen-
eral governmental purposes except where a separate communications
satellite system is required to meet unique governmental needs, or is
otherwise required in the national interest.”

4 An Interesting question !s whether the corporation could bypass NASA and procure
Inunching rervices directly from the Defense Department.  The incentive to the corpora-
tion might be more favorable terms of reimbursement : for example, the Defense Depart-
ment might not charge for aborted launches, wherens NASA presently takes the position
that the cost of all launches for the corporation will he reimhursed.” If the corporation
were to procure lannching services on 2 fixed-price basis, presumably the Government
wonld atisarh the enst of unsnceessfu) launches - . .

# See “Communications Satellite Act of 1962.” hearlngs before the Committee on Foreign
Relations, U.S. Senate, S7th Cong., 2d coks., on H.R. 11040, Mugnst 1962, pp. 290 291
Secretary McNamarn snbmitted a stafement to the Senate committee on the Defense
Department’s proposed cooperation with industry in satellite-based telecommunications.

.t .
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46 SATELLITE COMMUNICATIONS

SEPARATE SYSTEM CONCEPTS

The qualifying language here is important. Two issues are to be
distinguished: The Federal Government reserved “unique govern-
mental needs” for separate system operation in accord with testimony
by Secretary of Defense McNamara and other defense authorities.
that the military nceded its own system; * but beyond a separate sys-
tem for unique governmental needs, the act expressly reserves the
right and opportunity for the establishment of scparate satellite com-
munications systems, under public or private management, if the
Cominunications Satellite Corp. should be wanting in performance.

The legislative history of the provision for separate and alternative
systems was established by the introduction of the Church-Lausche
amendment during the consideration of the communications satellite
bill in mid-1962. As approved by Senate committee action, the bill
included in itg “Declaration of Policy and Purpose”:

It is not the intent of Congress by this act to preclude the
uso of the communications satellite system for domestic com-
munication services where consistent with the provisions of
this act nor {o preclude the creation of additional communi-
cations satellite systems, if required to meet unique govern-
mental needs or if otherwise required in the national interest.

In the substantive section directing the President to use the com-
mercial system for general governmental purposes except where g.
separate system is needed for uni(%ue governmental needs, the reported
bill did not contain the phrase “or 1f otherwise required in the na-
tional interest.” The Church-Lausche amendment was introduced to-
conform the substantive provision with the declaration of policy and
purpose. Senator Frank Chuich, in explaining the rationale of the
amendment, observed that the phrase in the declaration of policy and
purpose “or if otherwise required in the national interest” was wisely
written, since it could not now be foretold how well the new corporate:
instrumentality would serve the needs of the public. If the rates
charged were too high or the service too limited, or maximum benefits:
of the new technology were not forthcoming, then the Government
might want to establish alternative systems. To give cffect to this.
safeguard in the bill, Senator Lausche pointed out, the language in
the substantive part should conform. ITis amendment, thercfore,
wrote into what is now section 201(6) the phrase “or is otherwise.
required in the national interest.” ¢

This amendment was accepted by the Senate. In the floor discus-
sion, Senator Kefauver said it was his understanding that without the
language of the amendment, Government operation of a “unique™
system would be too restrictive in that it would be limited to coded or
sceret military messages. The amendment would allow broader Gov-
ernment use of separate systems, as for example, U.S. Information
Agency broadeasts to other countries. Senator Church agreed with.

¢ See Secretary McNamara’s testimony In henrings cited in footnote 41, p. 289 ft.; also.
letter by Cyrus R, Vance, General Counsel, Defense Department to Senator Muagnucon,
chairman of the Senate Committee on Commerce, printed in “Communications Satellite
Tegislation,” hearlngs before the Committee on Coinmerce, U.S. Senate, 87th Cong., 24-
sexk., on S. 2814, April 1062, pp. 400 -402. 3

¢ “Communications Satvilite Act of 1962,” reg;ort to accompany H.R. 11040, Committee-
on Forelgn Relations, U.S. Senate, S. Rept. 1873, 87th Cong., 24 sess., p. 14,
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this interpretation of the amendment. Although Senator Robert Kerr,
as chairman of the Senate Committes on Aeronautical and Space
Sciences, expressed the opinion that there was no inhibition in the bill
agunst the Government establishing communications satellite sys-
tems, he agreed that the amendment would make this clear beyond any
question.*’

PROCUREMENT OF COMMUNICATIONS SERVICES

. The case for a separate military system, although taken for granted
in the years prece ing the creation of the new corporate entity, was
sharpened and amplified in the context of policy laid down in thie 1962
law. In this context it was made clear that while a separate military
system is needed, it would be a unique or special-purpose system, so far
as the military were concerned. If and when a commercial system
were developed, the Department of Defense intended to purchase com-
mpnipations services from that system, or from carriers contracting
with it, for routine or peacetime traffic. Un doubtedly the Department
of Defense would be one of the corporation’s largest customers if it
adhered to the customary practice of utilizing comimercial carriers
for routine communications, Most military point-to-point commu-
nications within the United States are carried over commercial facil-
ities in accord with prevailing Government policy.** Routine military
communications with oversea bases, and to some extent locally in
Europe and Japan, also make use of common carriers where services
are available and efficient. Commercial communications companies
provide by contract special services, leased lines, and secure channels
to meet various military requirements. Leasing costs for commercial
service in the Defense Communications System, which covers the long-
haul point-to-point telecommunications requirements of the Depart-
ment of Defense,* are estimated at $211 million a year.

This is not to say that the Department relies exclusively or even
primarily on common carrier services. More than half (52 percent)
of the 96,600 channels in use are Government-owned. The Defense
‘Communications System includes an enormous Government-owned
plant, which a Government telecommunications expert estimated to
-exceed $2 billion in initial investment by the Army, Navy, and Air
Force, with annual operating costs of about $750 million. (The
Defense Department annual cost figure is $528 million, excluding
military personnel costs.) These annual costs for defense communi-
cations, morcover, have been increasing at the rate of 10 to 15 percent
a year, reflecting the steady growth of military traffic.s

While a commercial satellite system in operation could carry a
large amount of routine military traffic, it would not necessarily meet
special requirements for resistance to jamming, transmission of en-
crypted data, protection against physical destruction, and other de-

47 Congressional Record, Aug. 13, 1962 (dally edition), pp. 15334-1353386.

“ Bureau of the Bndget Bulletin No. 60-2, dated Sept, 21, 1959, directs Government
agencies not to encage in industrial or commercial type activities where these are satis-
factorily available from {ndustry sources.

4 The Defense Communications System excludes tactical communications which are
self-contained within tactical organizations; self-contained information gathering and/or
transmitting processing facilities which are normally local in operation and use; land and
ajrborne terminal facilitles of broadcast ship-to-ship, ehip-to-shore, and ground-air-ground
systems; and jntrasite communieations for command countdown, range safety and weapons
destruct at missile and air defense launch and firlng complexes.

© 1964 hearings, pt. 1, pp. 295, 297,
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sired characteristics. Conversely. the military system is not intended
to accommodate the services readily suited to a comnmercial system.
Lt. Gen. Alfred D. Starbird, Dircctor of the Defense Communications
Agency, made it clear in earlier testimony to the subcommittee that
the military satellite communications system would not be designed
to handle bulk traffic.®*

This 1s a matter of policy. There are no technical reasons why a
military system could not be designed to accommodate bulk traffic.
'This depends in the main on designing and installing large ground
station equipmes ¢, which does not figure in Defense Department plans.
As far as economy is concerned, it is difficult to state with confidence
at this time whether the Government could purchase satellite commu-
nications services from carriers more cheaply than by providing thiem
itself.*?  If economies through direct Government operation could
be demonstrated, the Church-Lausche amendment was expressly in-
tended to leave the door open for Government operation to effect these
savings. 'This is shown in the following colloquy: **

Mr. Gorr. In other words, if the Government should find
that by the establishment of a satellite communications sys-
tem of its own, to be used for its own purposes, it can accom- -
plish its objectives and save the taxpayers enormous sums
of money, the national inferest would require such use,
Therefore the amendment would prevent the section referred
to fromn requiring the Government to use the corporation’s
system, if vast savings to the taxpayers could be accomplished
through the use of the Government’s own system. L

Mr. Cnivren. The Senator is correct * * *

The military system under design when the Communications Sat-
ellite Corp. was created sought to satisfy specialized military require-
ments, not to promote economies by Governmient handling of bulk
trafic. Because military needs for such services were steadily increas-
ing, the Department of Defense was quite content to have an expanded
commercial systein through the use of satellites as well as conventional
means.

DISTINCTIVE MILITARY REQUIREMEXNTS

For several years through its Advent and other projects, the Defense
Department had been studying the potentials and conducting experi-
ments looking toward future operational systems of satellite communi-
cations. Prior to 1961, there had been stated military requirements
to ARPA, but no JCS-approved ones. In late 1961, the Joint Chiefs
of Staff validated a requirement for a military communications satel-
lite capability to be intearated with the Defense Communications
System. The approved plans stemmed from a_document known as
MESU (minimum essential survivable communications). Although

& eMilftary Communications Satellite Program,” hearings before the Military Operations
Subcommittee of tbe Committee on Government Operations, IJouse of Representatives,
88th Cong., 1st sess., April 1963, p. 36.

t2 Compare Secretary McNamarn’s statement before a Senate committee in August 1962
“It would be iy purpose to design our system to contain suficient capacity only to carry
the nnique wilifary traflie and to place all other nilitary traflic on the commercial system,
and having designed it so. I amn eonfident that the lowest cost form of operntion \\'ould_
be to follow that principle and place all nonunigue truffic on the commercial system.’
Hearings cited {n fontnote 41, p. 303,

83 Congressional Record, Aug. 13, 1962 (daily edition), p, 15336,
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criticized for its lack of precision, this document was the key to pre-
scribing a workable military system of satellite communications. For
the first time, requirements were stated that could be satisfied without
inordinately high power within the satellite or complicated stabiliza-
tion and command control schemes.

The time scale was initial capability by April 1963 and full system
operation by August 1964. This requirement took on added urgency,
since the “Year of the Quiet Sun” was predicted for 1964, introé-ucing
a period of reduced solar activity which could disrupt long-distance
radio transmissions.®* Microwave satellite relays would not be affected
by these phenomena.

For an operational system the military have posed these distinctive
requirements:

(1) Positive operational control.—The system must be under mili-
tary command and control at all times without dependence on foreign
companies or governments. A commercial system requires negotia-
tions, agreements, and cooperative working arrangements with many
nations and their carriers. Although military base rights would have
to be negotiated with sovereign governments to permit installations
when and where needed for operation of a U.S. military system, com-
mand and control would not be affected. )

(2) Mobility and remote area access—Military communications
cannot be limited to fixed stations and points of high-density traflic.
A commercial system can employ large, elaborate ground stations to
handle the traffic burden of populous areas, but a military system
must be able to penctrate remote and sparsely populated areas as
emergencies dictate. Relatively simple, transportable ground sta-
tions are required to quickly establish communications among many
terminal locations and to move out on short notice. Also, communi-
cations must be maintained with flying aircraft and ships at sea, and
communications satellites hold forth the promise of capabilities in
this direction.

(8) Protection against physical attack.—Whereas a commercial
system is designed for normal peacetime operations, a military system
demands special protective measures both for the ground stations and
the satellite repeaters. Flardening, dispersal, and mobility are pro-
tective factors for ground stations; the space repeater system should
be designed to operate even if some of the repeaters are destroyed by
hostile action.

(4) Protection against electronic countermeasures.—Even in peace-
time, a military system must be able to overcome jamming action.
This requires the ability to switch from one frequency to another and
entails a much larger ratio of radiofrequency bandwidth to informa-
tion bandwidth than would be normally used in a commercial system.
Different modulation techniques and higher transmitter powers also
may be required to protect against jamming. :

(5) Low capacity and secret message transmission.—Unlike com-
mereial systems, which are designed for capacities of hundreds of
standard voice channels or one or two TV channels operating primarily

5 An international program of sclentific research in 1964-65, with active participation
by the United States, Is planned for study of the gulet sun. See Natlonal Academy of
Seclences-National Research Councll, “Proposed U.S, Program for the International Years of
the Quiet Sun, 1964-65,” February 1963.
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on a trunk basis, a military system requires relatively low capacity for
a few voice, teletype, or digital data channels. However, redundant or
multiple channels are important in case of countermeasures. Also
cryptographic security requires bandwidth and transmission features
not normally required of commercial systems.

. (8) Separate frequencies for mililary use.—The choice of frequen-
cies for use in satellite communications poses difficult problems. The
military now have bands of frequencies assigned for their own use in
the United States. They also intend to take full advantage of the
special bands set aside in the Geneva radio revisions discussed in sec-
tion VII for satellite communication services. International agree-
ment on the use of civilian bands now shared among diverse types of
users for military satellite communications purposes might be diffi-
cult or impossible under a commercial satellite system encompassing
military requirements.

The concept of a military communications satellite system, as formu-
lated in general terms by the Defense Communications Agency and
approve&f by the Joint Chiefs of Staff, was to seek a minimum essential
capability in the earliest possible time within cost limitations. In the
short range, the satellite communications capability was viewed as a
“redundancy” or additional resource to back up or supplement existing
long-haul military communications, which are accomplished by various
means and combinations, including high-frequency cirenits, iono-
spherie and tropospheriec scatter circuits, cables, and microwave sys-
tems. As time went on and technology advanced, it was expected that
the satellite communications system would grow in reliability, cover-
age, and versatility, and would acquire the full range of military
characteristics advanced in justification for a separate military system,

The rationale for a separate or unique military system was developed
by the Defense Department both preceding and following the enact-
ment of the Communications Satellite Act of 1962, since there were
recurrent questions by Members of Congress as to the need for separate
systi-ms which might be duplicative and, in any case, would be very
costly.®

In making their case the military authorities did not deny that com-
mercial systems could be designed to accommodate, in lesser or greater
degree, their special requirements, providing the extra costs, the tech-
nical complications, and the inconveniences were accepted. Consider-
ing, however, the widely divergent needs of a commercial system com-
mitted to economic operations in a friendly peacetime environment and
a military system w}ﬁch must be prepared for a whole range of con-
tingencies in both friendly and hostile environments, there seemed to
be no likelihood that the two would merge. Indeed, a RAND study
concluded that a separate military system not only would best meet our
security needs but actually would ?wlp to promote the success of the
commercial system and our foreign policy objectives. Other coun-

& See testimony by John H. Rubel, “Project Advent—Military Communications Satellite
Program,” hearings before the Subcommittee on Space Sclences, Commitice on Sclences
and Astronauties, Jouse of Representatives. 87th Cong., 2d sess., August 1962, p. 84 fI.;
Gen. Bernard A. Schriever, commander, Alr Force Systems Command. “Systems Development
and Management.” hearings before the Military Operations Subcommittee of the Committee
on Government Opcrations, House of Representatives, 87th Cong., 24 sess, August 1962,
%p. 010-911; Lt. Gen. Alfred D. Starbird, Director, DCA. and Rear Adm. Jack 8. Dorsey,

eputy Director, DCA, “Military Communications Satelllte Program,” hearings before the
Military Operations Subcommitfee of the Committee on Government Operations, House of
Representatives, 8Sth Cong., 1st sess., April 1963,
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tries would be more inclined to participate in a commercial system not
intermixed with military operations.*®

SECRETARY M’NAMARA’S LETTER

Notwithstanding the well-developed rationale, the settled policy,
and the continuous military planning and experimenting in satellite
communications—which dated back to 1958—Secretary McNamara
came up with a question which reopened the whole issue: Why not get
the commercial company to provide the unique as well as the bulk
traffic requirements of the military? The Secretary put the proposal
in a letter to Dr. Charyk dated October 11, 1963.5

The time was rather late. The Advent program had been reoriented
in May 1962, and program definitions for the MACS system had been
completed. The Secretary was faced with a decision whether to per-
mit contracts to be awarded to suppliers for system hardware. As he
estimated it then, “an interim global operational capability is expected
to be about $165 million,” including $60 millien for the development
and construction of the satellites. This assumed 10 launches, The
cost of maintaining the space segment of the system, after this initial
capability, was estimated at $111 million for a 5-year period.

If the corporation could “provide acceptable service at substantiall
lesser cost,” the Sccretary would refrain from making an award.
"Therefore, he wanted to be advi cd of the “corporation’s ability to
obtain the required funding, management talent, and technical fa-
cilities necessary to establish a satellite system in the early future.”
He also wanted to know whether these services could be supplied to
the Defense Department with a stated degree of confidence. The
corporation would have to show how it could meet the military need
for “freedom from jamming, control of the terminals, and availability
of & minimum essential number of channels to remote areas and upon
a short notice.” These would have to be weighed against the corpora-
tion’s international commitments and arrangements, involving such.
things as “determination of priorities, assignment and reassignment of
satellites, choices of modulation, and frequency allocations.” Cost of
services for a 5-year period would have to be stated.

The Secretary asked for an answer to the letter by October 26 “at.
the latest.” He assured Dr. Charyk that in any event the Defense
Department and the corporation could maintain a “close relationship,”
and that the corporation could supply a substantial portion of the
Department’s international communications where common carrier
facilities were appropriate.

Although the Secretary’s letter of inquiry was dated October 11,
he referred to prior discussions “aimed at determining the extent to
which the Communications Satellits Corp. could in the future meet
essential military requirements of the Department of Defense.”
TWhen the basis was laid for these discussions is not precisely known.
Sccretary McNamara did say at a recent press conference regarding
joint military-civil operations: “We have worked toward that objec-
tive for 2 years.” Taken literally, this remark suggests that he enter-
tained a joint or shared concept from the very beginning of the

corporation’s existence.
% M. L. Schwartz and-J. M. Goldsen, “Forelgn Participation In Communications Satellite
Systems: Implications of the Communjcations Satellite Act of 1962,” RAND Corp. Mem-

orandum RM-3484--RC, February 1963, p. 22.
57 1064 hearings, pt. 1, pp. 31-32.
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VIII. CONCLUDING OBSERVATIONS AND
RECOMMENDATIONS

In this report we have reviewed 6 years of Government effort in
promoting, planning, designing, and developing communications satel-
lites. We have tried to identify the basic policy issues in a complex
and complicated field of Governiment activity and to recount what hag
been done to resolve them.

Inbroad compass there are three main sectors of research and devel-
opment in satellite communications, military, civil, and cominercial;
and three corresponding action agencies, the Department of Defense,
the National Acronautics and Space Administration, and the Com.
munications Satellite Corp. Fach has a statutory mission and impor-
tant responsibilities bearing upon the security, welfare, and prestige
of the United States. Each has a vital interest in the work of the
others, and in many ways, subtle or obvious, their efforts are competi-
tive as well as mutually supporting,

For these reasons, underst andably, the Congress has been concerned
about high program costs, overlap and duplication, extent of inter-
agency coordination, the “subsidy™ issue in Government, assistance to
the commercial sector, and the justifieation for separate systems.
Underlying these concerns is a deeper issue: What must be done to
establish workable satellite communications systems which will en-
hance the security of the United States and best promote its national
objectives? .

Our report nnravels some of thege intricate issues and agency inter-
relationships and, hopefully, will contribute to a better understanding
of the responsibilities, functions, and aims of the organizations in- -
volved. We also make recormnendations in this section which we ask
the responsible parties to consider carefully and in the same good faith
and constructive spirit in which our committes has approached this
inordinately difficult subject matter.

The public hearings held by the Military Operations Subcommitteo
over a period of weeks in the present session of Congress, at which
more than 50 witnesses appeared, already have helped to clear up one
crucial matter and to bring about a decision which we consider of para-
mount importance to the national security., The Department of
Defense, after long and {fruitless negotiations with the Communica-
tions Satellite Corp., now has decided to proceed with the development
of a separate communications satellite system to fulfill urgent Govern-
ment requirements. The President of the United States affirmed this
fact in a statement to the press on August 8.

The wisdom of Secretary McNamara’s decision—unfortunately long
delayed —is evidenced by the need for improved conunications to
remote areas in a world of recmrring erises and constant danger of
war. Satellites offer a means to cstablish these vital communications
links, The Defense Department, overly sensitive to budgetary con-
straints and prior mistakes in satellite development, has been too timid
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and uncertain about exploiting proved technologies for the establish-
ment of a workable system of satellite communications. Valuable
time has been lost. Had the Department moved ahead according to
plans and policies laid down 2 years ago and approved by the Joint
Chiefs of Staff, a system could have been operating now.

The search for economies is essential in military spending, which
accounts for half of the yearly nationa] budget. Indeed this commit-
tee has worked long and hard and has made many constructive recom-
mendations in support of objectives strongly espoused by Secretary
McNamara—more efficient procurement, integrated supply manage-
ment, interservice cooperation, and other measures for improved per-
formance. We do not belicve, however, that economizing efforts
should throttle programs essential to the national security. Satellite
communications is one of the most vital and relatively less costly of
our major defense programs.

Perspective is needed. To develop, produce, and deploy a major
weapon or space system often is a multibillion-dollar affair. Less
promising development programs, after expenditures‘of hundreds of
millions, have been terminated from time to time. When Project
Advent, for synchronous satellite communications, after the ex-
genditure of about $170 million and 2 years of effort, threatened to

ecome a $350 million project, Secretary MceNamara ordered it can-
celed and approved a Jess ambitious, less costly program for a medium-
altitude system. Two more years passed, and still we have no working
system. The technology is known, the components are proven, a reli-
able booster is available, the specifications are firm, the preliminary
design work is done. The effort was halted when Secretary McNamara
decided to explore whether the unique military requirements could be
met by the Communications Satellite Corp. ~ This exploration took
the better part of a year.

The Secretary apparently was moved by the conviction that the
corporation could provide satellite communications services to meet
unique military needs more economically than the Defense Depart-
ment itself, even though the corporation would draw upon the same
contractor sources for designing and building the satellites and depend
upon the Government to place them in orbit. An immediate advan-
tage to the Defense Department of such a transfer of responsibilities
was that it could delete this item from the budget for tﬁe next few
years. The corporation, using funds from stockholders and foreign
participants in the global system, would study U.S. military as well
as global commercial requirements, and build one system to satisfy
both. TLater on, when the system was working and the services avail-
able, the Department of Defense would lease satellite communications
channels at FCC-approved tariff rates and pay for shared use of the
single system through yearly budget funds for procurement of com-
munications services. "If handled through revolving management
funds, the specific item of payment for satellite communications serv-
ices would never appear as a separate item in the military budgets.

The Communications Satellite Corp., for its part, would have ad-
vance commitments and a “built-in” customer good for at least $35
million a year in billings—a most advantageous arrangement and a
bargaining factor in dealing with other domestic and foreign carriers.

Why and how this plan failed we have recounted in sections V and
VIT above and need not repeat here. It will suffice to say that the
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committee believes the effort for a military tie-in with the commercial
system was ill advised, poorly timed, and badly coordinated.

While we commend the decision of the Defense Department now
to go about its proper business of building a communications satellite
system for military needs and leaving the corporation to build the
global commercial system as part of an international consortium, we
still detect uncertainty and overeconomizing in the Defense Depart-
ment approach. The Secretary has released very limited funds for a
risky and insufficient effort which is neither the medium-alti-
tude system he endorsed 2 years ago and represented as a most
important and urgent defense program, nor the synchronous station-
ary system which remained under study as a future alternative.

The Secretary’s announced plan is to lJaunch an interim system of 24
satellites In near-synchronous orbit using three booster shots in the
Titan ITI-C development program, scheduled for 1966. In this
way, the Department hopes to get a “free ride” and save launching
costs for satellite communications, since the $800 million Titan III
develojment already is funded under other programs, Certainly
every cflort should be made to save money by piggyback rides and
single launches of composite experiments, but why introduce a new
large element of uncertainty in the long-delayed satellite communica-
tions program?

"The Atlas-Agena’s originally earmarked for the program are
reliable workhorse launch vehicles and available now. The Titan
1I1-C is yet to be proved, and while there are high hopes for its suc-
cess, booster development programs are marked by many vicissitudes,
The committee sees no warrant in risking further possible delays.
The lessons of the Advent project ought to be kept in mind. ‘It
came to grief in large part because it was hooked to the Centaur
development, an unproved upper-stage booster.

The better part of wisdom, in the committee’s view, is to continue
with the plan laid down in 1962 for a medium-altitude random-orbit
system using Atlas-Agena launch vehicles. This plan has been
carefully studied. More than $5 million already has been spent in
program definition studies of the spacecraft, with another $22 million
for boosters and design modifications to accommodate the satellites.
The 1962 plan also contemplated a future development of a syn-
chronous stationary satellite system. The Titan III development
vehicle could well be used to Jaunch truly synchronous satellites in
orbit to test out this concept. Satellites account for a relatively small
part of total costs, and higher risks could well be taken with a “free
ride” on the Titan development boosters for a synchronous system,
since the basic dependence for the initial system capability will be on
the medium-altitude system, the more conservative, less risky ap-
proach, using Atlas-Agena’s.

If the Defense Department does not elect to use the Titan III
development boosters for testing out the synchronous stationary satel-
lite system, there is another alternative which merits careful considera-
tion. That is to procure communications satellites which can be used
on both the Atlas-Agena and the Titan IIT development vehicles,
and to minimize risk and achicve some cconomies simultancously
by launching two satellite systems for complementary coverage.
Satellites on the Atlas-Agena could be boosted into medium-altitude
polar orbits and on the Titan ITI-C into equatorial near-synchron-
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ous orbits. A combined program would provide broad comple-
mentary communications coverage if both launch systems go well,
and low-risk substantial coverage with the Atlas-Agena launches
alone if one or more of the Titan III development launches fail.
With relatively little extra cost, the satellites and dispensing mecha-
nisms can be designed for use on both boosters,

In choosing the Titan ITI-C interim approach, the Defense Depart-
ment is not only gambling with additional time delays but is leaving
to an indefinite future the important considerations of system growth
to accommodate technological advances and diversified tactical and
other military needs. 'The medium-altitude system, as earlier planned,
was designed for systematic improvement in coverage, performance,
and maintenance. At an appropriate stage, for example, gravity
gradient techniques were to have been introduced, promising manifold
Increases in the efficiency of satellite performance and permitting
small mobile surface stations to be used for tactical purposes on land
and sea. With t}ie Titan III-C launches into near-synchronous orbit,
gravity gradient techniques may prove to be much less effective be-
cause of the long distance from the earth. Indeed, the Defense De-
partment proposes to skip the gravity gradient experiments in the
Titan III “interim” effort and pick them up some years later in
follow-on systems,

According to the Defense Department, follow-on systems for satel-
lite communications are contemplated when the Titan ITI booster
is proved out and put in production for space missions. Because of
its enormous thrust power, a single Titan III booster could launch
15 or 20 lightweight satellites, so that one successful launch would be
sufficient to establish a whole system. This time is in the future,
after a long development period has elapsed and vehicle missions
have been determined. Capability is needed now and should be
achieved as quickly as possibg)e. '

In sum, the committee believes that the Department’s plan for short-
range economies depending on a high-risk program may prove very
costly in the end, The more economical and efficient method is to
bui]dy a system that has a high assurance of success and planned
growth potential. A well-planned, high-confidence system can enable
the Government to save money in the years ahead by incorporating
technical improvements and weceding out less efficient conventional
means of long-distance communications.

We see no_indication that the budget restraints imposed by the
Secretary of Defense on communications satellite system building re-
flect the intent of the Congress. e are confident that the Congress
recognizes the vital importance of improved means of communications
for military and other governmental purposes. The committees of
authorization and appropriations, aware that the Department was
negotiating for many months with the corporation, have deleted some
buﬁget request items only because of the uncertainty and indecision
as to the outcome of the negotiations. A clear statement of national
security needs presented to the Congress would, in our judgment, be
met with a positive response.

Recommendation No. 1
T'he committee recommends that the Department of Defense proceed
without further delay to establish a medium-altitude, random-orbit
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satellite communications system for operational use. To achicve this
objective in the most expeditious way, planning and design work
already accomplished to date should be carried forward and Atlas-
Agena launch vehicles employed.

Recommendation No, 2

To achieve additional experimental and practical benefits from the
Titan 111 development launches, designated Titan development ve-
hicles should be used to launch communications satellites either in
gynehronous stationary orbit or in near-synchronous random orbit to
supplement the capability of the medium-altitude system recommended.

above.

Recommendation No., 8

Since delayed decisions in the Defense Department have caused
satellites rather than boosters to be the pacing item in establishing
satellite communications systems, and since the satellites are relul ively
inexpensive, sufficient satellites should be procured to permit timely
system establishment and maintenance.

Recommendation No. 4

The Depurtment of Defense should give emphasis and attention to
tactical military needs and to this end should aggressively support
experiments in gravity gradient and other tech nigues to improve the
efficiency of satellite performance and thereby permit the use of small
mobile land, shipboard, and alreraft stations. As immediate steps,
the Department of Defense should (@) immediately request the Na-
tional Aeronautics and Space Adminisiration to perform the carly
gravity gradient experiment for which funds were authorized in the
fiscal year 1966 budget; and (b) design and procure very small mobile
land and shipboard terminal stations for test purposes.

The committee understands the need for tight management and
control of costly research and development programs to prevent du-
plicating, unnecessary, or unpromising expenditures. We appreciate
the enormity and the demanding nature of this responsibility which
Sccretary McNamara has taken upon his shoulders. At the same
time, the committce must observe that highly centralized control of
research and development could have unintended and untoward con- -
sequences which must be carefully watched and guarded against.

c%ur review of the communications satellite expericnce suggests to us
that in some ways there has been overmanagement and underperform-
ance. Too tight control and direction could have these undesirable
results: dry up initiative in the action agencies, disrupt planning, dif-
fuse responsibility, delay decisions, and keep talents in the field idle.
With the best of intentions and the greatest of skills, the top-level men
in charge do not have enough hours in the day to handle in depth or
detail the immensely varied and complex programs’ which are com-
peting for their attention. Too much time with one program means
only superficial review of another. And the process of direction from
the top, if exercised in program details, feeds upon itself. It im-
merses the top managers'in programs which they cannot thoroughly
know and causes them to assume the wrong responsibilities—or el<e to
minimize risk to themselves by heavy use of the veto or approving only
the “minimum” program. -
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Decisionmakers at the apex of government are presumed to have
a superior command of talent or at least of sources of information,
and to be aceordingly wiser in their judgments. If they are too busy
to be well informed, there is the danger that they will simply use
their authority without knowledge, in which case the sources of in-
formation are tapped post hoc to make the decision Jook well consid-
ered if not wise. The decision to negotiate with the Communications
Satellite Corp. for many months, and to persist in these negotiations
despite the accumulating evidence that the Government’s best inter-
ests would not be served by a joint military-commereial system, ap-
pears to be one of those awkward situations.

Although many agencies and resources were at the Defense Secre-
tary’s command, his agents did not draw upon them consistently for
expert judgment and advice nor keep them posted on developments
in the profracted negotiations with the Communications Satellite
Corp. The erratic, constantly changing course of these negotiations,
when technical positions were advanced and modified or reversed
from week to week, had an air of improvisation and hasty, weekend
staffing. ’

The Defense Communications Agency, with its triservice specialists:
in communications and its technical support contractor (ITT) in
satellite communications, was kept on the sidelines and called upon
only for very limited tasks in connection with the shared system dis-
cussions, Service agencies in the field waited for defense-level deci-
sions, while contractors were kept at low, ineflicient levels of perform-
ance. BEverything depended on the word from the directorate of
Defense Research and Engineering.

The committee believes that the D.D.R. & E. has talented, dedicated,.
and hardworking men. Their proper role is policy and gencral super-
vision. It appears that they have gotten too decply involved in the
day-to-day details of the communications satellite program. The
program suffers from too many layers of supervision, the lack of
clear-cut responsibility in a single agency, and sluggish channels of
departmental communication. Because earlier management arrange-
ments were not considered wholly satisfactory, the DCA. was assigned
the integrating management task at the Defense level. It should be
allowed to do its job rather than serve as mere technical staff to the:
DDR. &E.

Recommendation No. 5§ :

The Secretary of Defense should reexamine the role of the director-
ate of Research and Engineering to inswre that it does not get in-
volved in detailed program direction. The Defense Communications
Agency should be made clearly responsible for technical management
of the communications satellite program and be enabled to ewercise
its full responsibility and competence in cooperation with appropriate
elements of the military services.

The negotiations between the Defense Department and the Com-
munications Satellite Corp. not only failed to bring to bear in an or-
ganized way the immense technical resources of the Department but
were pursued without considering needs, interests, and responsibilities
of other major agencies of the Government, These agencies have im-
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portant communications requirements and several of them are in-
cluded in the Nutional Communications System which President Ken-
nedy established after the Cuban crisis. ~ The Secretary of Defense
filled a leadership gap and essayed to make Government policy in the
satellite communications sector since there was no central agency or
office for discussion and resolution of complex policy issues.

Many persons in and out of Government, with the best of intentions,
tried to work their individual wills on the resolution of major public
issues in the field of communications during the period of negotiations
between the Defense Department and the Communications Satellite
Corp. There was no firm policy direction which would take into full
account the needs and responsibilities of the agencies concerned and
develop a unified Government position. The chief result was confusion
and conflict. 'The episode demonstrated faulty planning, incomplete
stafling, and uncoordinated c¢flort in an aggravated form.

"The Offico of the Director of Telecommunications Management, who
also serves as Special Assistant to the President for Telecommunica-
tions, was vacant during the largest part of the time of the negotia-
tions. There were competent persons in the National Acronantics and
Space Council, the Office of Science and Technology, the Office of
Emergency Planning, and elsewhere who served informally as an ad
hoe coordinating committee, but it was not until a Director of Tele-
-colnmunications Managemert was appointed, after onr hearings
started, that issues began to fall into place.

By law and policy the President is charged with important duties
and responsibilities in communications which he must fulfill with the
help of competent advisers and specialists in the Executive Office. The
Director of Telecommunications Management, who serves as the
President’s adviser, also is concerned with mobilization functions as an
Assistant Director in the Office of Fmergeney Planning. One line of
authority runs directly to the Presidenf and the other to the orp
Director.

The committeo believes that the Office of Director of Telecommuni-
cations Management should be clevated jn status and strengthened
with a staff of specialists in technieal, management, and policy aspects
of communications. An appropriate means of accomplishing this
objective is the submission to tﬁle Congress of a Presidential reqr-

anization plan, particularly since the President’s Executive Office
1s involved.

Recommendation No. 6

At the earliest procticable date, the President should submit to the
Congress a reorganization plan to reconstitute the functions and re-
sponsibilities of the Director of Telecoimunications Management in
.a separate office in the Kwecutive Office of the President, and take steps
2o insure that the office is adequately stujfed.

By Presidential dircctive, the Director of Telecommunications
Management now is assigned vesponsibility for policy direction in
the integration and improvement of the national communications sys-
tem.  Among the important tasks of that Office, if it is given the
requisite status and stafling, will be to coordinate Government research
:activities in telecommumications and direct a thoroughgoing study of
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our Government communications resources and arrangements, giving
attention to needs, existing facilities, and development programs.
The Government stake in communications is an extremely large one,
transcending agency lines and jurisdictions. Nothing less than a gov-
ernmentwide study effort will bring the problems into clear focus. In
this study, the first order of business should be an outline of require-
ments. Then a review of existing facilities and components should be
made. This is particularly necessary in view of Government and com-
mercial competition for frequency uses and the congestion in the high
frequency portion of the radiospectrum. Demands placed on high
frequencies will mean serious trouble to the United States during the
1965 International Telecommunications Union Conference unless ade-
quate plans are made in advance.

Many of the communications facilities are outdated and inadequate
to do the job. - Satellite communications systems undoubtedly can re-
place many of these facilities and, at the same time as improvement and
reliability are achieved, substantial savings in upkeep and plant can
be gained. Government-owned assets probably exceed $214 billion in
original cost and about $1 billion a year is requiréd to maintain them
(including personnel costs). The Defense Department accounts for
the bulk of the system assets and costs. Advancing technologies and
consequent improvements in long-haul carrier communications suggest
that the trend toward Government use of common carrier services will
be continued. The proposed study of communications should also con-
sider lines of future policy in procurement of carrier services and
weeding out of high-cost, inefficient Government facilities on a care-
fully selected basis.

Recommendation No. 7

The Office of the Director of Telecommunications Management,
when reorganized and properly staffed, should undertake a study of
the National Communications System and the long-range requirements
and policies of the United States in the telecommunications field.

The Communications Satellite Corp. will play an important part in
supplying required Government services. Government policy will
have to take careful account of the fact that the corporation is the
chosen instrument for commercial satellite communications on a global
basis, while at the same time submarine cables will provide other
efficient means of Jong-distance communications. These alternative
sources will have to be put in proper balance so far as Government
requirements are concerned, :

Research and development programs of the Defense Department
and the National Aeronautics and Space Administration will be use-
ful to the corporation. Services of a direct subsidy nature are not con-
templated by the Jaw and are to be avoided. Otherwise, in accord.
with existing law, we believe that every proper effort should he made
by Government to assist its chosen instrument in a successful venture.
Nothing less than the prestige of the United States is at stake.

While the corporation will benefit from Government-sponsored re-
search and from selling communications services to the Government, it
will have, in turn, important responsibilities to act for the United
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States in global system arrangoments and to continuously safeauard
the interests of the U.S. Government. 'The corporation, though pri-
vately owned, is clothed with Government-type res)-msibilities and
charged with a statutory nandate to work toward objectives im-
ortant to our foreign policy. We urge the covporation authorities to
Lcep ever in mind a high scnse of national purpose and their re-
sponsibilitics to the Governinent which created their organization.

The Department of Defense and the National Aeronautics and Space
Administration together have programad about €150 million for com-
munications satellite yeccarch during the past 5 years. Both agencics
have sponsored flight progruns as well as analytical studies, lahora-
tory research, and compenent development, although the only Gov-
ernment-owned satellites presently in orbit and useful for communi-
cations experiments are NASA’s.” In projecting its research and de-
velopment program for the years ahead, NASA has formulated and
recetved authovization for composite experiments in satellites, includ-
ing communications. These experiments will be of great importance to
both military and connnercial systems.

Beyond the experimental work, the communications capacity of the
advanced techno}ogical satellites will be substantial and will operate
on frequencies now assiemed for commereial service.  Although this
capacity will not be available for several years, at which time both the
Defense Departiment and the Communie:tions Satellite Corp. may
have soine system capabilities, evidently NASA is crealing a substan-
tial communications resource as a byproduct of its rosearch and de-
velopment work.  Although it is not cﬁcnr at this time in what manner
this resource can be utilized, it wonld seem that consideration should
be given by appropriate Government users to obtaining some opera-
tional use froin the considerable expenditure in the advanced techno-
Togical satellite program. ,

The conmittee is unable to ohserve any clear lines of division of
work hetween the DOD and NASA. There are mechanisms for co-
operation, and the military are responsible for the ground stations
of NASA’s Syncom program. Tt may be possible to effect a clearer
definition of appropriate divisions of effort, but the commitice belioves
that it is important to have a nnified program of both acencies for a
broad, active rescarch and development, program in sutellite cormmuni-
cations which will contribute toward national objectives. There aré
many {echnical avenues to be explored and techniques to he exploited.

Recommendation 8

Instead of the inadequate coopcration that has characterized
the NASA/DOD efforts to dute in communications satellite research
and decelopment proyrams, we recc.omead thot military and eivil
agency programs be defincd and planned in complementary fushion.
T'here are sufficiint covrdinating nstruments to effcct better integra-
tion of these activities,



APPENDIX C
MILITARY SYSTEMS

The United States Department of Defense has been active in satel-
lite communications programs for over a decade. These early efforts
resulted in the first operational defense system known as the Interim
Defense Communications Satellite Program (IDCSP) and now renamed the
Defense Satellite Communications System (DSCS) Phase I. This system
consisted of 26 simple spin-stablized satellites launched, between
June, 1966 and June, 1968, into quasi-synchronous equatorial orbits.
The orbits were chosen to produce a satellite drift rate over the
equator of approximately 30° per day. These satellites operate in
the 7/8 GHz bands. Of the 26 satellites placed into orbit, 5 are
still performing satisfactorily. Some 36 R&D earth terminals were
developed for this program, which has demonstrated the feasibility
of military satellite communications and has been supporting opera-
tional traffic for several years.

The follow-on DSCS Phase Il satellites,developed by TRW, also
utilize spin-stabilized satellites, but they are station-kept in geo-
stationary orbits. The DSCS Phase II satellite is much larger, with
greatly improved capability over the Phase I satellite» haying, in
addition to the earth coverage channels, narrow beam (2.50) antennas
to more readily accommodate communications with small terminals now
under development. The second two satellites were launched in Decem-
ber, 1973. They underwent evaluation testing during January and
February of 1974 and were placed into operation in March of 1974,

The United Kingdom entered into a cooperative effort with the
United States during Phase I of the DSCS. After extensive testing,
the United Kingdom established an operational capability designated
SKYNET. The system included large fixed earth stations and shipborne
and land-mobile terminals. In 1966 a Memorandum of Understanding was
signed by the United Kingdom and the United States whereby the United
States built and launched two SKYNET I satellites. The SKYNET II
program was initiated in early 1971 with satellite construction per-
formed by G.E./Marconi in Portsmouth, England. The first launch of
SKYNET II, which occurred in January, 1974, resulted in loss of the
spacecraft due to a malfunction of the booster. The second SKYNET II
satellite was Taunched successfully in November, 1974, and is currently
operational.

The NATO satellite communications program has also consisted of

several phases. Phase I was conducted between 1967 and 1970 as a test
and evaluation program. These tests were successful and Phase II was
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implemented in March, 1970 to provide an operational capability during
the 1971-1974 time frame. With assistance from the United States,

two satellites were launched successfully into synchronous orbit in
March, 1970 and February, 1971. The operational system includes 12
fixed earth stations located near the capitals of the 12 participating
countries. During the next phase, NATO Phase ITI, it is planned to
increase this number to 22 earth stations and to add 2 large transport-
able stations. It is also expected that service will be extended to
ships that would be under the operational command of NATO. Construc-
tion of the NATO Phase III spacecraft, developed by Philco-Ford, was
ordered early in 1973 for launch in late 1975. One transponder in

the satellite will be connected to a widebeam antenna to provide cov-
erage of the entire NATO area, while a second transponder will be
connected to a narrowbeam antenna to provide coverage throughout
Europe.

The Department of Defense has also been developing the capability
to provide satellite communications service to mobile and tactical
users. This has been primarily accomplished through systems using
the 225 to 400 MHz band. This capability was originally demonstrated
by the Lincoln Experimental Satellite (LES 5). The TACSAT program
was an outgrowth of this effort and demonstrated operational capabil-
ity and was used with LES 6 to provide an interim operating capability
(I0C) from 1970 until 1972. LES 6 still provides some UHF capability.
This tactical capability will be expanded when Fleetsatcom is launched
in 1978. 1In addition, the United States Navy has contracted with
COMSAT General for the lease of UHF channels in its Marisat system to
serve as an interim capability prior to the Fleetsatcom Taunch.

The Fleetsatcom capability will provide service to ships at sea,
submarines, and the Air Force, in particular the Strategic Air Command.
To provide additional capability in the future, the Defense Department
is looking to survivable satellite techniques which will enhance the
command and control capability of the strategic forces.

The AFSATCOM system consists of a combination of special communi-
cations transponders and channels carried on board "host" satellites
placed in orbit for other missions (e.g., Navy FLTSATCOM satelljtes)
plus numerous ground and air terminals. This deliberately redundant
satellite system will assure that essential NCA instructions reach
the forces. It will also enable the forces to report back the data
needed by the NCA to maintain sure control and to execute a variety
of nuclear options.
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Service test models of the various terminals have been acquired
and are now in test and evaluation. The production of terminals is
scheduled to begin in late 1975. Host satellite launches are also
scheduled to begin in 1975.

AFSATCOM II is now in program definition. The prinicipal objec-
tive of AFSATCOM II is to achieve a major upgrade in ECCM capability
over AFSATCOM I, and to further enhance the physical survivability
of the space segment. AFSATCOM II consists of the AFSATCOM I earth
terminal segment, modified to give it a much higher antijamming capa-
bility, and a new space segment (SURVSAT I) to be installed in upgraded
host, or possibly dedicated, satellites. The LES 8 and 9 experimental
satellites, which are scheduled to be launched in 1976, will
demonstrate new technology for improvements in the physical and ECCM
survivability of satellites. The results of these experiments are ex-
pected to influence significantly the definition and design of the
SURVSAT T system.*

*Department of Defense Publication, "Annual Defense Department Report
FY1976 and FY197T," James R. Schlesinger,February 5, 1975.
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APPENDIX D

PRICE VERIFICATION FOR DOMESTIC SATELLITE RATES

Extending the costing analysis of section IV to the heavily
loaded domestic satellite case {i.e., 5000 channels), the cost of the
domestic satellite from Table I is $10.3 million each, or $20.6 million
for two satellites on orbit, or $4.1 million/year for a protected
satellite. The terminals for this network cost approximately $3 mil-
lion, thus for 15 terminals, the initial investment would be $45 mil-
Tion or $4.5 million/year. The operating cost is approximately $1.5
million, thus the annual system cost is the sum of these costs or
$10.1 million/year. The annual cost per voice channel is $10.1 mil-
1ion/5000 = $2,020. This is equivalent to $168/month per channel.
Twice this is $337/month, which is probably adequate to recover sys-
tem cost plus overhead, but it is unlikely that any profit is included.
The longer distance channels are priced appreciably higher and would
yield good profit margins, commensurate with the risk. Therefore,
these tariffs appear to be fair and reasonable and are Tikely to be
relatively stable. !
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APPENDIX E
INQUIRY LETTER

Dear Mr.

I am conducting a study to determine the proper role of commercial
satellite systems in satisfying Department of Defense (DoD) communica-
tion requirements. I am requesting assistance from several corpora-
tions during the course of this study. I would appreciate your
assistance in answering the following questions:

1. HWould you be interested in leasing satellite transponders to the DoD?
If yes, when would they be available and at what price (budgetarys-

What frequency bands, bandwidth, coverage area, and output power?

2. Would you be interested in Teasing satellite terminals to the DoD?
What would be the date of availability and the price (budgetary) for
small, medium and large terminals? How much to equip them with 3, 12,
24, 48, or 96 channels, include capability for 1, 3, or 9 carriers?
How much to equip terminals with a demand access capability of 1 or 3
accesses. MWhat would be the yearly cost to maintain and operate the
terminals.

3. Would you be interested in leasing a system to the DoD that would
include a transponder as under question 1, and a mix of terminals as
under question 2, 15 large terminals and 15 small terminals, total
channels 180 or 3607 Also a system composed of two transponders,

15 larger terminals, 15 medium terminals, and 100 small terminals

in a Demand Access Net? What would be the price for providing
operation and maintenance? . .

4. What are your rates to lease 50 kilobits, 100 kilobits, 200 kil-
obits, 1.544 M bits, 6.312 M bits, and 100 M bits? Available at the
terminal and at locations 100 miles remote from the terminal?
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Would you also indicate what areas of the world could be serviced
by these systems?

Your budgetary prices will be kept in complete confidence, unless
released by you or published in the open literature; only a represen-
tative price of the participating group will be used in the report.

Thank you very much for your cooperation.

Sincerely yours,

G. E. LaVEAN

Deputy Chief, Satellite Division
Defense Communications
Engineering Center

Defense Communications Agency
1860 Wiehle Avenue

Reston, Virginia 22090
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