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satellites but improves coverage by increasing the number of orbital planes from four
to eight and by increasing the orbital altitude from 1,020 km to 2,000 km. In
particular, this reconfigured system is capable of providing initial commercial service
after only a portion of the total satellites are launched. One of these planes will have
an inclination of 0° and will contain 11 operational satellites. This equatorial belt of
satellites can be established with only two launches and is capable df providing
continuous service to the area between 23° North Latitude and 23° South Latitﬁde.
There are about a hundred countries included in this service area.

The other 35 operational satellites in the Constellation system ﬁll consist of 7
planes of satellites in circular orbits inclined at 62° at 2,000 km altitude configured in
a Walker constellation. Taken together, the 46 satellites of Constellation’s LEQO MSS
system provide United States and global coverage which complies with the technical
requirements specified in the Report and Order.

In its 1991 Application, Constellation also recognized that the capacity of its

system would have to grow as demand increased. Since that time, Constellation’s

: ongoing market research and analysis has indicated that demand for its service is likely

to be much higher than originally contemplated. As a result, Constellation is
proposing a satellite design using 32 spot beams at the L and S-bands and a minimum
capacity of over 1,000 voice circuits per satellite using code division multiple access
("CDMA"). These satellites are more spectrum efficient and cost effective than those

originally proposed.
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In sum, Constellation believes that the expansion of its team of investors and
strategic partners and the changes in orbit configuration and satellite design represent a
dynamic approach to the implementation of a technically and economically viable LEO
satellite system. Of particular importance to the Commission’s regulatory objectives
are the improved spectrum efficiency and sharing capabilities resulting from these
modifications. With a grant of a system license from the Commission, Constellation is

confident that it will be a strong and successful competitor in the LEO MSS market.
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is well aware, this proceeding has resulted in voluminous comments and replies in
examining the initial applications, as well as waiver requests, petitions for rulemaking,

allocation proposals, pioneer’s preference requests, etc. Constellation has actively and

extensively participated at each step of this proceeding. Constellation was an active
member of the Negotiatéd Rulemaking Committee in CC. Docket No. 92-166 during
the first quarter of 1993,° as well as the Negotiated Rulemaking Committee in CC
Docket No. 92-297 duriné the third quarter of 1994.° Additionally, Constellation
representatives served on the .United States delegation to the 1992 World

Administrative Radio Conference ("WARC") and in related preparatory meetings.’

Constellation also joined with other LEO applicants in filing joint proposals to resolve

the complex issues in this proceeding.®

Throughout this proceeding, Constellation has advocated a multiple entry policy

in the RDSS/MSS bands to offset the single designated entity licensed by the

Commission in the conventional MSS bands at 1545-1599 MHz and 1646.5-1660.5

5 See FCC Public Notices DA 92-1085, August 7, 1992 and DA 92-1691,
December 15, 1992; Report of the MSS Above 1 GHz Negotiated Rulemaking
Committee April 6, 1993.

® See FCC Public Notices No. 43845, July 12, 1994 and 41726, February 11, 1994.
7 See Report and Order in ET Docket No. 92-28,9 FCC Recd 536 (1994) (Allocation

Order).

® See Proposal of Constellation, Ellipsat and TRW to the Negotiated Rulemaking
Committee established for the MSS Above 1 GHz (January 5, 1993); Final Report of the

Majority of Active Participants of Informal Working Group 1 to the Above 1 GHz
Negotiated Rulemaking Committee (April 6, 1993); Joint Proposal of Constellation,

Ellipsat and TRW (October 8, 1993), and Joint Proposal and Supplemental Comments of
Constellation, Mobile Communications Holdings, Inc., Motorola and TRW (September 9,

1994).
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MHz.? Although the rules adopted in the Report and Order did not completely
achieve this goal, Constellation is amending its application to conform to the rules
adopted in the Report and Order.

Constellation also realized from the outset that a LEO satellite system is
necessarily an international undertaking. Such an undertaking would require a team of
partners, each contributing their own expertise to the project. Constellation’s initial
team consisted of Defense Systems, Inc., MicroSat Launch Systems, Inc., and Pacific
Communications Sciences, Inc.'” This team provided the initial technical and
business development for the Constellation system. Based on these efforts,
Constellation has expanded its United States partners to include Bell Atlantic
Corporation (through its wholly-owned subsidiary, Bell Atlantic Enterprises
International) ("Bell Atlantic") and E-Systems, Inc. ("E-Systems") as equity investors
in Constellation.!" Each of these companies will play a critical role in the further
development and implementation of the Constellation system.

Bell Atlantic is one of the seven Regional Bell Operating Companies

- ("RBOCs") with assets of approximately $30 billion and operating revenues for 1993
of approximately $13 billion. It provides telephone network services throughout the

mid-Atlantic states, with more than 18 niillion access lines, and has cellular telephone

° See, e.g. Second Report and Order in Gen. Docket No. 84-1234,2 FCC Rcd 485
(1987).

'0 See Application of Constellation, June 3, 1994 at 4-6 and Exhibit E, Attachment 3.

'' Bell Atlantic presently owns approximately 8% of Constellation voting stock and
E-Systems owns approximately 31% of Constellation voting stock.
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operations throughout the United Smte;, with more than a million customers. Bell
Atlantic also has telecommunications, computer and information system operations in a
growing number of countries worldwide. Bell Atlantic’s service orientation has
focused Constellation’s business objectives and planning, and its experience as a
telephone network operatbr has helped Constellation in its system development,
particularly interconnection with the public switched telephone network ("PSTN").

Bell Atlantic’s presence is an important step in the formation of the global team of
partners to finance the Constellation LEO satellite system. A copy of Bell Atlantic’s
1993 Annual Report is attached as Exhibit 6.

E-System; is a leading worldwide developer of high technology electronic
systems and products. Its 1993 sales were in excess of $2 billion, and it has been on
the Fortune 500 list since 1982. E-Systems has 16,700 employees, half of whom are
degreed engineers, scientists or other technical professionals. The company has
systems integration and engineering expertise in all aspects of ground and space
communications systems, including radio transceivers and modems, power amplifiers
and filters, antenna systems, spread spectrum and other relevant technologies. As the
systems integrator for Constellation, E-Systems’ experience in large scale systems
engineering and integration and sophisticated communications subsystems will ensure
the reliability and service quality of the Constellation system. A copy of E-Systems’
1993 Annual Report is attached as Exhibit 7.

Constellation has also established a strategic relationship with

Telecomunicagdes Brasileiras S.A. - ("Telebras"). Telebras is the third largest




company in Brazil based on total assets of more than US$21 billion. Telebras,
through its 28 operating companies, is the primary supplier of public
telecommunications services in Brazil. It owns more than 90% of all public exchanges
and &e nationwide network of local telephone lines. Through one of its subsidiaries,
Telebras owns and operatés 100% of the public interstate and international telephone
transmission facilities in Brazil. Telebras also provides telephone related services such
as telex and telegraph transmission, cellular mobile telephone service and video and
data communications. Constellation has signed a Memorandum of Understanding with
Telebras and Bell Atlantic with the intent of jointly developing a LEO system.
Telebras, in a lem;r appearing in Exhibit 4, indicates that it intends to be "major
shareholder" of the "LEO system."”

In addition, Martin Marietta Astro Space ("Martin Marietta") and Texas
Instruments are strategic technical partners and are supporting Constellation’s system
development. Martin Marietta is one of the world’s leading designers and
manufacturers of space satellites for commercial, civil government and defense
customers. The company has produced more than 180 satellites that have accumulated
over 625 years of operation in space. The current Martin Marietta backlog is 60
satellites on firm order. Martin Marietta provides critical expertise in the design,
manufacture and launch of the Constellation satellites. Texas Instruments is a high
technology company with a high degree of expertise in space systems, including
antenna design. Its products and services also include semiconductors, defense

electronics systems, software productivity tools, printers, notebook computers and




consumer electronic products, custom engineering and manufacturing sources, electrical
controls, and metallurgical materials. Texas Instruments has sales and manufacturing
operations in more than 30 countries. Texas Instruments provides critical expertise to
the design and manufacture of the phased array antennas on board the satellites and
other elements of the Constellation system.

As is demonstrated above, Constellation has, during the last three and one-half
years, successfully assembled a highly experienced team that can design, construct,
launch and implement a first-rate mobile satellite communications system. Equally
important, the team has the unparalleled knowledge of how to provide high quality and
affordable telecommunications services. Together, this team is well poised to develop
a dynamic, commercially viable LEO system.

Constellation has sought from the outset to develop a system that would
provide essential communications services in areas that could not be economically
served by terrestrial radio facilities or geostationary satellites, and to do so with a
system whose capabilities and costs evolve over time as the demand for such services
evolves. In particular, Constellation’s implementation plans include staged expansion
of system capacity, low initial investment to produce early profits based on penetration
of only a portion of the total global market, and obtaining revenues from resellers
rather than direct retail sales to subscribers.'? Constellation’s amended proposal fully

achieves these objectives.

"2 See Application of Constellation at 11-12.




Constellation’s amended orbital configuration reduces the number of operational
satellites from 48 satellites to 46 satellites but improves coverage by increasing the
s number of orbital planes from four to eight and by increasing the orbital altitude from
1,020 km to 2,000 km."” In particular, this reconfigured system is capable of
providing initial commercial service after only a portion of the total satellites are
launched. One of these planes will have an inclination of 0° and will contain 11
operational satellites. This equatorial belt of satellites can be established with only two
launches and is capable of providing continuous service to the area between 23° North
Latitude and 23° South Latitude." There are about a hundred countries included in
this service area.
The other 35 operational satellites in the Constellation system will consist of 7
planes of satellites in circular orbits inclined at 62° at 2,000 km altitude configured in
a Walker constellation. Taken together, the 46 satellites of Constellation’s LEQ MSS
( system provides United States and global coverage which complies with the technical
requirements specified in the Report and Order.
In its 1991 Application, Constellation also recognized that the capacity of its
system would have to grow as demand increased. Since that time Constellation’s
ongoing market research and analysis has indicated that demand for its service is likely

to be much higher than originally contemplated. As a result, Constellation is

' As discussed in Section III, the orbital altitude of any specific satellite is either
slightly above or below 2,000 km in order to avoid satellite collisions. Constellation is
also proposing to launch an in-orbit spare satellite for each of the eight planes.

'* Service can be provided outside this area but at elevation angles below 15°.
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for 200 MHz of uplink C-band spectrum and 200 MHz of downlink C-band spectrum
for its feeder links. Constellation believes that it would be feasible to share the same
feeder link spectrum with other CDMA LEO systems provided that there is careful
coordination and control of power levels used by the systems sharing the band. A
number of bands in the C—band portion of the spectrum are currently being considered
by the ITU Radiocommunications Study Group Task Groups 8/3 and 4/5 and the
Commission’s Industry Advisory Committee for the 1995 WRC. Of the alternatives
being considered, Constellation is pl;oposing in this amendment to use the 5050-5250
MHz band for its Earth-to-space feeder links and the 6825-7025 MHz band for its
space-to-Earth fet;der links. As recognized by the Commission,'® Constellation will
file any necessary amendment to modify its system to operate in the bands ultimately
allocated for 1.6/2.4 GHz MSS feeder links.

Conformance with Assignment Plan: The Commission adopted an L-band
frequency assignment plan that divides the 1610-1626.5 MHz band into two segments,
one to be used by multiple CDMA systems and the other to be used by a single system
using frequency division multiple access/time division multiple access
("FDMA/TDMA") transmissions. As initially filed in 1991, Constellation’s system is
neither a CDMA nor an FDMA/TDMA system under the Commission’s frequency

assignment plan.® The Commission’s Report and Order does not allow Constellation

' Report and Order at { 169.

* The inbound transponder was to be operated in an SCPC/FDMA mode using
narrowband QPSK transmissions, and the outbound transponder received a single TDM
carrier which was demodulated and retransmitted as a direct sequence spread spectrum
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center frequencies of the transponders can be switched in orbit to cover the entire 16.5
MHz of allocated frequency spectrum.

Orbit configuration: Constellation’s application was premised on a phased
system implementation for two reasons.”> One was to keep initial investment low
during the early periods when traffic was building up. Thus, an initial investment for
first generation, low capacity satellites was intended to be followed by higher capacity
satellites. Constellation’s 1991 application contemplated that global coverage would be
provided from the outset by the entire 48 satellite system.

The amended Constellation system of 46 satellites in 8 orbital planes provides
full global coverage as required by the Commission’s rules, while still providing a
means for time phasing the introduction of continuous service. Moreover, by using
non-polar orbits and increasing altitude, Constellation will provide significantly
improved coverage to its customers.

Increased capacity and improved spectrum efficiency: In this amendment,
Constellation is also proposing changes that will result in more efficient spectrum
utilization. In addition to the use of CDMA, a significant improvement results from
the use of L-band and S-band antenna arrays which generate 32 beams and increase
satellite capacity to over 1,000 channels with improved link margins. At S-band,
Constellation plans to operate each beam at a power level that just meets the power

flux density limits specified in RR 2566 in order to avoid coordination with terrestrial

2 See Application of Constellation at 2.
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services under the procedures of Resolution 46. The increase in antenna gain at
L-band compared to the initial filing also allows a reduction in uplink power from the
2 watts indicated in the 1991 Application to a fraction of a watt (e.g., 300 mw). The
CDMA architecture allows adaptive power control available on each individual channel
and multiple gateways to access each beam, and permits sharing of the spectrum with
other LEO systems and other radio services.

Qualifications: In the Report and Order, the Commission established the legal,
technical and financial qualifications required for an applicant to receive an
authorization in the 1.6/2.4 GHz MSS.?* Section IV, below, demonstrates that
Constellation has fully complied with all of these requirements.

III.  Information Required Bv the Commission’s Rules and Regulations

The following' amended information is submitted in accordance with §25.114
(c) of the Commission’s rules and regulations.?

(1) Applicant: The name, address and telephone number of the applicant is:

Constellation Communications, Inc.

10530 Rosehaven Street, Suite 410

Fairfax, Virginia 22030

Telephone:  (703) 352-1733
Facsimile:  (703) 352-9279

** See 47 CFR §25.143(b).

3 This section of Constellation’s filing responds to the information required to be

submitted in all space station applications as set out in subparagraphs (1) through (22) of
§25.114(c). Subparagraphs (23) to (27) are applicable only to specific satellites services
other than the 1.6/2.4 GHz MSS. Subparagraph (28) dealing specifically with the 1.6/2.4
GHz MSS is addressed in Section IV of this filing.
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equatorial orbit (circular orbit with 0° inclination) where they will provide continuous
services to that portion of the Earth located between about 23° North Latitude and 23°
South Latitude. The other 35 operational satellites will be operated in 7 planes of 5

satellites each to complete coverage of the United States and the rest of the world.

C-Band Feeder Links
L/8-Band
Service
Linka

s/
e

Network Control Center Network Control Center

FIGURE 1: CONSTELLATION SYSTEM FACILITIES
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satellite in view under control of the SCC. A digital control network is used to
transfer this data between the SCC and gateways.

The gateway Earth stations track the satellites as they pass within view. They
provide outbound signaling and control channels in each beam and acquire and process
inbound signaling packeté. The gateway Earth stations establish and maintain pilot and
communications channels, which support beam-to-beam and satellite-to-satellite
handovers,* correct Doppler and synchronize CDMA codes of the outbound links at
the satellite, and provide dynamic tracking and outbound power control (individual
link and satellite range compensation). Gateways accept outbound traffic from the
PSTN and direct inbound traffic to the PSTN (or another subscriber unit) including all
signaling and call supervision functions. They also communicate with the regional
NCC to coordinate traffic routing and operations through the digital control network.

Subscriber Earth station units can be implemented with a variety of equipment
and installation configurations conforming to the basic Constellation transmission and
protocol specifications. In the outbound direction, the subscriber units acquire and
track the S-band downlink signal. They demodulate, despread and error correct the
digital data stream which is converted to audible speech by the vocoder or is routed to
the data/fax peripheral. In the inbound direction, the subscriber unit transmits digitized
speech or data/fax information along with control information. This data is error

protected, upconverted to L-band and transmitted.

% With multiple gateways capable of accessing the satellite with CDMA techniques,

the gateway-to-gateway handovers mentioned in Appendix B, at 10-11, to the Application
of Constellation are no longer required.
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Constellation will issue basic subscriber unit specifications, and various vendors
will be licensed by Constellation to customize and manufacture subscriber units subject
to type approval process. Subscriber units will be sold by vendors in conjunction with
an NSP, or the NSPs can package subscriber units as part of retail service offerings.
The subscriber units are~initia11y commissioned and registered by NSPs in the
subscriber’s home country and roaming is supported by the Constellation system.

Updated baseline transmission parameters for the gateway Earth stations and
subscriber units are presented in Exhibit 2.
¢)) Service Description: The basic service to be provided by the Constellation
system is cellula;-quality voice service, including voice bandwidth data and
facsimile.® Exhibit 2 provides the technical parameters for these services and
Constellation provided an estimate of the demand for its services in its 1991

¥ Constellation has been reviewing and updating its service demand

application.
estimates. Indeed, several new studies indicate a potential for an even larger market
for satellite MSS services than that originally estimated by Constellation.

(10)  Stationkeeping: The inclination of the orbital plane will be maintained within
0.02° and the eccentricity within 0.002 over the satellite lifetime. The antenna axis

attitude will be maintained within + 2°. This increase in demand for Constellation’s

service is reflected in the higher predicted revenues set forth in Exhibit 3.

* Position determination will be provided as described in Appendix B of the
Application of Constellation at 7-8.

¥’ See Application of Constellation at Appendix D.
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(11) Power Flux Density: Exhibit 2 provides PFD calculations for the S-band
downlinks. As can be seen, each beam can be operated at a PFD level that does not
exceed the value specified in RR 2566, and thus no coordination is required with respect
to terrestrial services under Resolution 46.

PFD calculations ére also presented in Exhibit 2 for the 6825-7025 MHz band
proposed for Constellation’s space-to-Earth feeder links. In this case, it is assumed that
the PF.D limits specified in RR 2566 would be applied to this band if allocated for
downlink transmissions from the satellites. The PFD levels are substantially lower than |
the limits specified in RR 2566.

(12) Launch Arr.angements: Constellation will arrange for launching its satellites from
commercially available options including Proton, Atlas, Delta and Ariane. Constellation
will initially establish its system by launching six satellites at a time into an orbital plane.
Replenishment satellites will be launched on smaller vehicles, such as the Taurus, as
needed.
(13) TT&C Arrangements: Constellation will install telemetry receivers and
| telecommand transmitters in most, if not all, gateway Earth stations that will be operated
remotely by the Constellation SCC in order to have real-time access to all of the
operational Constellation satellites. Specific TT&C transmission parameters are presented
in Exhibit 1, Section 4.
(14)  Space Station Characteristics: The Constellation satellites have a hexagonally
shaped structure with a 70.5" maximum height and 42.4" maximum diameter. The

satellite weighs 521.8 kg. Three solar arrays, each 140 square feet in area, provide the 1.8
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available software package.”? Visibility statistics were generated at a series of test
points for the orbital parameters specified in Table 2, including reference points at 10°
increments of latitude between 0° and 90° latitude, and at a set of test points to define
the bbundaries of the United States. These visibility statistics demonstrate that both
the global and United Sté;es coverage requirements are satisfied by Constellation’s
proposed orbital configuration. In particular, Table 2 provides the visibility statistics
generated for the United States test points listed in the first column of the table. The
second column indicates the length of the simulation run, and the third column
indicates the number of minutes that the computer simulation detected at least one
satellite visible at ;he test point with an elevation angle of 5° or more. The fourth
column indicates that at least one Constellation satellite is visible with at least a 5°

elevation of the time.

Test Point imulation | 3° Visibility | % lime

Run Minutes Coverage
Minutes Met
northern tip of Maine (47.5°, 68.33°) 1,440 1,440 100%
northwestern tip of Washington state 1,440 1,440 100%

(48.95°N, 122.92°W)

San Diego, Califormia (32.72°N, 117.17°W) 1,440 1,440 100%
Key West, Flonda (24.68°N, 81.78°W) 1,440 1,440 100%
Hilo, Hawan (19.73°N, 155.02°W) 1,440 1,440 100%
Point Barrow, Alaska (71.38°N, 156.48°W) 1,440 1,440 100%
San Juan, Puerto Rico (18.3°N, 66.17°W) 1,440 1,440 100%

TABLE 2: UNITED STATES VISIBILITY STATISTICS

“2 The software package, known as the Satellite Tool Kit, was developed by Analytical
Graphics, Inc.
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B. Constellation’s Proposed System Will Make Efficient Use
Of The Spectrum.

Constellation has modified its satellite design to achieve a high degree of
frequency re-use by means of active satellite antenna arrays in the L-Band and
S-Bands links to its users, These arrays produce 32 spot beams within the satellite
coverage area, and frequené:ies can be re-used in adjacent beams with the CDMA
architlecture of the Constellation system. The resulting satellite is capable of providing
well over a thousand voice circuits in a bandwidth of 2.56 MHz with conservative link
margins. Use of CDMA promotes flexibility in gateway and subscriber access to the
Constellation system and improves sharing feasibility with other systems and radio
services. By utilizing 12 MHz transponders at L and S-band, Constellation has also
designed its satellites to reduce its feeder link requirements to further improve
spectrum efficiency.

C. Constellation’s Proposed Svstem Will Provide Urgently
Needed Services.

A large percentage of the world’s population lives in rural areas where it is not
economical to construct ground-based telephone lines to provide basic
telecommunications services. Constellation’s system is designed to address these
communications needs at an early date. In particular, Constellation’s plan to initially
establish an equatorial plane of satellites is focused on providing basic
telecommunications in this part of the world.

Even in more developed countries, there is a need for wide area service that

extends beyond the limits of terrestrial mobile radio and cellular systems so that
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subscribers can always be reached no matter where they are at the moment. Such
service coverage is not currently available at an affordable price, except for low speed
data services. Constellation’s LEO MSS system will meet this need with a range of
voice, data and facsimile services at a price to the user which is significantly lower

than current satellite services.

D. Constellation’s System Will Enhance American
Competitiveness And Contribute To The Nation's
Economy.

LEO MSS systems offer a great opportunity to commercialize technology
originally developed for the defense industry. Constellation’s technical partners have
tremendous experience in all of the various technologies needed to construct and
operate a LEO MSS system. The modified satellite design proposed in this
amendment reflects these capabilities. Inevitably, LEO MSS systems, as inherently
global businesses, will require global participation in their construction and operation.
Constellation has been successful in obtaining partners to fund and operate the system.
Consequently, Constellation is now fully qualified to receive a license from the
Commission and well poised to provide leadership in implementing a global mobile
satellite system.

VI.  Certification

The undersigned, individually and for the applicant, certifies that the statements
made invthis application are true, complete and correct to the best of his knowledge

and belief, and are made in good faith.
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VII.  Conclusion

Constellation believes that for all of the above reasons the grant of its
application, as amended, will serve the public interest, and requests the Commission to
promptly grant this application and authorize Constellation to construct, launch and
operate a LEO satellite system in the 1610-1626.5 MHz and 2483.5-2500 MHz bands.
Constellation also requests a conditional feeder link authorization in the 5050-5250
MHz (Earth-to-space) and 6825-7025 MHz (space-to-Earth) bands.

Respectfully submitted,

CONSTELLATION COMMUNICATIONS, INC.

‘BM‘-‘-— @.

Bruce D. Kraselsky, Chairman and CHO
10530 Rosehaven Street, Suite 410
Fairfax, Virginia 22030

(703) 352-1733

Of Counsel:

Robert A. Mazer, Esq.
Rosenman & Colin
. 1300 19th Street, N.W., Suite 200
Washington, DC 20036 .
(202) 463-7177

November 16, 1994
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ENGINEERS’ CERTIFICATION

We hereby certify that we are the technically qualified persons responsible for
preparation of the engineering information contained in this application, that we are familiar
with Part 25 of the Commission’s rules, that we have either prepared or reviewed the
engineering information submitted in this Application, and that it is complete and accurate

to the best of our knowledge.

Dated: this 15th day of November, 1994

Malcolm Ruc;j Uffelez %%
Vice President, E-Systends! Inc.

foresl ! Qfgloe K

Ronald J. Lepkowski
Constellation Communications, Inc.







Anti-Drug Abuse Act Certification
The applicant certifies that no party to the application is subject to denial of

federal benefits pursuant tb Section 5301 of the Anti-Drug Abuse of Act of 1988 U.S.C.

§853A.

P pses R,

Bruce D. Kraselsky
Chairman and Chief Executive Officer
Constellation Communications, Inc.
10530 Rosehaven Street, Suite 410
Fairfax, Virginia 22030

(703) 357-1733




Exhibit 1

Satellite Description




1.0 General Description

The Constellation satellites are designed to operate at a nominal orbital
altitude of 2000 km. Each spacecraft will have a design life of at least 5 years and will have
sufficient redundancy and fuel reserves to meet all mission objectives with high reliability.
Figure 1 shows the various components of the Constellation spacecraft.

Structure | Communications
] ¢ L-Band user uplink
* Hexagon configuration ¢ §-Band user downlink
& Modular design o C-Band TT&C

Attitude Control -
Power

[ ]

: Momentum Wheel ¢ 140 ft? solar array

: TMma-quemrods e 3-wing solar array

o Earth sensors * NiH; batter

© Electronios ¢ Peak power tracking

~ « 1823W EOL DC power

@ equinox

Propulsion Thermal Dimensions

¢ Hydrazine tank ¢ Blankets ° "x63"

¢ Redundant valves o Heaters . 6\;:\1311’:6 %2?88’]?(1;

o Thrusters ¢ Surface coatings ¢ 70.5" Max, Height

o Pressure sensors ¢ 424" Max, Diameter

Figure 1 Constellation Satellite Components

The Constellation satellite bus utilizes state-of-the-art proven designs which
are heritage to many of Martin Marietta Astro Space satellites. Many bus components have
flight heritage either with Astro Space, NASA, or other satellite vendors. The functional
block diagram of the Constellation spacecraft is presented in Figure 2.










the center frequency can be switched to one of four frequencies so that operations can be
conducted on any frequency within the 2483.5-2500 MHz band. A separate combination
of frequency and polarization is assigned to the C-band feeder link for each of the S-band
beams. The RHCP feeder link receiver receives the feeder links associated with one group
of 16 transponders that are accessed by gateways using FDMA transmissions, and the
LHCP feeder link receiver receives the feeder links associated with the other group of 16
transponders also accessed by gateways using FDMA. The signals are amplified and
processed by separate transponders and applied to the S-band active phased array for
transmission to the subscriber units at S-band. For reliability, 18 for 16 transponder
redundancy is provided. Together with telecommand, the total uplink feeder link spectrum
required is 200 MHz.

Telecommand

1A 000 /SSB\

Gateway-to-Satellite
LHCP Feeder Link Ch 1

BW = 12 MHz

/s1c\ eee  Asp\

Gateway-to-Satellite
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ransponder (enter Frequencies:
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2483.5 MHz 2500 MHz
Satellite-to-S8ubscriber
1 to 4 2.56 MHz RF Channels Within
CClI Transponder BW = 12 MHz
Center Frequency Selectable On-Prbit
Within the 16.5 MHz Band

er Conter Frequencies:;
{1616, 1617.2,1618.9, 1620.5 MHz)
1610 MH= 1626.5 MHzx
Subacriber-to-Satellite
1 to 4 2.56 MHz RF Channels Within
CCI Transponder BW = 12 MHz
Center Frequency Selectable On-Orbit
— Within the 16.5 MHz Band

Satellite-to-Gateway
LHCP Feeder Link Channels
BW = 12 MHz

Telemetry

Satellite-to-Gateway

RHCP Feeder Link Channels
BW = 12 MHz

6825 MHz
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Figure 4 Frequency Plan
The detailed frequency plan for the Constellation satellites is presented in Tables 1-
A and 1-B. Transponders are identified by their associated L-band and S-band beams.
Table 2 provides a summary of the communications system.
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Figure 8 Reaction Control Subsystem Block Diagram _

The standard mission profile requires the propellant shown in Table 5. Orbit
insertion delta-V assumes the worst case dispersions and all rephasing maneuvers. Inter-
orbit phasing of the spacecraft will be maintained within the system designed mean
anomaly. In-plane rephasing covers operations after a satellite fails until a replacement is
available. The grave yard orbit will be at 2200 km.

Maneuver kg Hydrazine
Insertion Z
Stationkeeping 12
In-plane rephasing 2
|__Disposal 19
Margin 4
Total Fuel 44

Table 5 Fuel Budget

Given the initial orbital parameters, the highest expected deviations in each parameter are
small. In reference to inertial space, orbit plane, (measured by the Right Ascension of the
Ascending Node), will process at -2.2° per day and will not be corrected. The Constellation
spacecraft orbit will be maintained to .02° of inclination and .002 eccentricity over the
mission life.
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and non-operating payload modes. All temperature predictions include uncertainty added to
the minimum and maximum raw computer temperature predictions, except for heater
controlled equipment. Heater controlled equipment maintains the margin by sizing the
heaters to provide more power than required at worst case conditions.

Multiple layers of plastic film with separators between each layer are used.
All blanket layers are grounded to the satellite structure. Each radiator surface is constructed
from individual Optical Solar Reflector (OSR) tiles bonded to the external panel skin. OSRs
are used to provide favorable radiator surface properties, which are low solar absorptivity,
and high emissivity. If required, heat pipes will be used to spread heat on the radiator
panels for more efficient heat rejection. Heat transport capability margin is provided to
ensure acceptable operation. This design margin also ensures that performance of the heat
pipe network will not be compromised in the event of a single-pipe failure. In the unlikely
event of a heat pipe failure, the components mounted on the failed pipe will not exceed their
qualification temperature limits.

Each of the payload units and assemblies is designed to withstand the
specified temperature limits and environments. Detailed thermal analysis is performed at the
unit and/or subassembly level to ensure that all unit and subassembly components and
materials can successfully perform under all simulated worst-case environments. For
mission specific equipment, qualification-level testing will be performed. Design and
analysis verification is accomplished by environmental thermal vacuum testing.

_ The proper functioning of the thermal design will be proven in the course of
a thorough verification program. This program will include spacecraft, subsystem, and unit
level thermal modeling in addition to a rigorous comprehensive test program. A major
component of the spacecraft-level testing is the thermal balance test performed during
proto-flight system-level thermal vacuum testing. This thermal balance testing provides the
data required to correlate the detailed thermal math model. The correlated thermal math
model will then be*used to predict final, refined on-orbit temperatures.

11.0 Launch Vehicle Options

The Constellation satellites are being designed to permit the launch of six
satellites at a time when initially establishing a plane of satellites. This configuration is
planned to be compatible with Proton, Ariane 44L, Atlas II AS and the Delta IT Launch
vehicles. The satellite will also be compatible with the OSC Taurus LV for replenishment

options.
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SATELLITE ANTENNA CONTOURS
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Figure A.3: Directivity Contours for Beam L3A
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Exhibit 2

System Transmission Parameters







2. TRANSMISSION CHARACTERISTICS

A detailed description of the Constellation space stations is presented
in Exhibit 1. The communications payload is described in Section 2 and
detailed antenna gain patterns are provided in the Annex to Exhibit 1. The
Constellation satellites operate with simple frequency changing ("bent pipe")
transponders. Each transponder has a 12 MHz bandwidth, but the center
frequency of the transponder can be switched in orbit over the entire 16.5
MHz allocated at 1610-1626.5 MHz (L-band) for uplinks from user terminals
and 2483.5-2500 MHz (S-band) for downlinks to user terminals. Figure 1
illustrates the Constellation frequency plan.

Telecommand
1A o0® /88B
Gateway-to-S8atellite
LHCP Feeder Link Channels
BW = 12 MHs 2483.5 MHx 3500 MHsz
Satellite-to-8ubscriber
[0\ eee D\ 1 to 4 2.56 M}z RF Channels Within
Gateway-to-Satellite CCI Transponder BW = 12 MHz
RHCP Fesader Link Channele Center Fraquency Selectable On-Orbit
Within the 16.5 MHs Band

S0S0 MHz BW =13 5250 MH=z

ponder or Frequencies:

{1616, 1617.2,1618.9, 1620.5 MHz)

1610 MHs 1626.5 MH=

Subscriber-to-Satellite
1 to 4 2.56 Mz RF Channels Within
CCI Transponder BW = 12 MHs

Ceanter Fraquency Salectable On-Orbit

— Within the 16.5 MHs Band

ellite-to-Gateway
LHCP Feeder Link Channels
BW = 12 MHz Telemetry

Satellite-to-Gateway
RHCP Feeder Link Channels
BW = 13 MHs

6828 MHx 702s MHs

Figure 1. Constellation System Frequency Plan

The Constellation satellites carry an S-Band transmitting antenna array
and an L-Band receiving antenna array. Each array creates 32 beams, divided
into 4 symmetrical sectors of 8 beams each. Table 2 provides a summary of
the L-band and S-band spot beam parameters.







Transmit i Receive
| Antenna type ] Non-directional
Frequency Range 1610-1626.5 MHz 2483.5-2500 MHz
Polarization _RHCP LHCP
Gain 3 dBi (nominal) 3 dBi (nominal)
Receiving System NA 324K
Noise Temp & G/T * -21.6 dB(K-1)
Power Control 10 dB NA
Max. Transmitter Power 3 watts (nominal) NA

Table 4. Baseline Subscriber Earth Station Parameters

3. LINK PERFORMANCE AND CAPACITY

Figures 4 and 5 illustrate the reference link budget analyses for (gateway
earth station-to-subscriber) and the inbound (subscriber-to-gateway earth
station) transponders operating in the Constellation system.

Each downlink beam at S-band has an operating bandwidth of 12 MHz
in which one or more CDMA radio frequency ("RF") channels can be
operated on a frequency division multiple access ("FDMA") basis, each with a
bandwidth of 2.56 MHz. The center frequency of each S-band transponder is
selectable within the 16.5 MHz tunable bandwidth in four frequency steps.
The aggregate CDMA transmit power in any 2.56 MHz per beam is set at a
level that holds the received power flux spectral density at a maximum of
-142 dBW/m2-4kHz or such lower value as is specified in RR 2566 for
elevation angles below 25°.

Each uplink beam at L-band has an operating bandwidth of 12 MHz in
which one or more CDMA RF channels can be operated on an FDMA basis,
each with a bandwidth of 2.56 MHz. The center frequency of each L-band
transponder is selectable within the 16.5 MHz tunable bandwidth in four
frequency steps.

Adaptive power control (10 dB dynamic range) is provided in both the
outbound and inbound directions. The power control system will be
designed to minimize excess operating margins to users, to increase system
capacity, and to allow service to be provided to users encountering foilage
obstructions or other impairments in the satellite-user path. The effects of
power control are not explicitly reflected in the reference link budgets.
However, the relatively high average link margins reflected in the reference




link budgets provide for a distribution of users between clear line-of-sight
paths to the satellite and paths that are obstructed or faded.

The reference outbound and inbound link budgets presented in Tables
5 and 6 assume that there are 16 active signals being transmitted through the
transponder (corresponding to 32 voice circuits with a 50% voice activity
factor). This corresponds to a total of 1,024 circuits for 32 beams. The effects of
internal code noise (but not external interference from other systems) and
other performance impairments are included in these reference link budgets.
With an average link margin over 3 dB and the various impairments
included in the link analyses, Constellation believes that the 1,024 circuit
satellite capacity indicated by these reference link budgets is conservative, and
that a significantly higher capacity will be achieved with further refinement
and optimization of system transmission parameters.

1. POWER FLUX DENSITY CALCULATIONS

Constellation plans to operate its satellites using CODMA. As a result
there will be multiple carriers operating in each transponder on the same
frequencies. In addition, the power level of each signal can be adaptively
controlled to use the minimum amount of power needed to close each link
under time varying propagation or fading conditions. For this reason, power
flux density ("PFD") calculations are based on statistical aggregate power
levels within the transponder rather than on the peak power of a single RF
carrier. :

Pursuant to RR 753F, coordination of space stations in the mobile-
satellite and radiodetermination-satellite services with respect to terrestrial
services is required only if the PFD produced at the Earth's surface exceeds the
limits in RR 2566. The PFD limits specified in RR 2566 are as follows:

-152 dB(W/m?) in any 4 kHz band for angles of arrival between 0
and 5 degrees above the horizontal plane;

-152 + 0.5 (3-5) dB(W/m?2) in any 4 kHz band for angles of arrival

8 (in degrees) between 5 and 25 degrees above the horizontal
plane;

-142 dB(W/m?) in any 4 kHz band for angles of arrival between
25 and 90 degrees above the horizontal plane.













75

Angle of Arival 0 5 10 15 | 20 25 35 45 §5 65 90
Range (km) 5428149024434 4025 13671 3,368 | 2,891 [2,550]2,312]2,152]2,0531 2.000
Satellite Angle 4961493 {486 | 473 | 457 | 436 | 386 | 326 {259 | 188 [ 114 | 00
Power/user (dBW) { -10.0 | -10.0 | -10.0 | -10.0 { -10.0 ] -10.0 ] -10.0 {-10.0{-10.0§ -10.0§ -10.0 | -10.0
|Number of users 16 18 16 16 16 16 16 16 16 16 16 16
Total Power 20 | 20 | 20 | 20 2.0 2.0 20 20 J 20§ 20 | 2.0 2.0
[dBW/2.5 MHz
Total Power dBW/4[ -25.9 | -25.9 | -25.9 | -25.9 | -25.9 | -25.9 | -259 |-25.9|-259|-259]-259 | -25.9
IkHz '
Antenna Gain (dBi)] 2.1 2.1 2.1 2.1 2.1 2.0 1.8 1.2 0.6 00 | -04 -0.8
EIRP/4 kHz -2381-2381-238] -238 |-23.8] -23.9 | -242 |-24.7]-253]-259]-263 | -26.7
Spreading 145.7 1 144,81 143.9] 143.1 ] 1423} 1415 ] 140.2 ]139.1]138.3| 1376 137.21 137.0
(dB/mA2)
PFD (dBW/mA*2- |-169.5(-168.6|-167.7| -166.9 |-166.1] -165.5 | -164.4 |-163.8|-163.6|-163.6|-163.6} -163.7
4kHz)
RR 2566 Limit -152.01-152.0§-149.5] -147.0 |-144.5] -142.0 | -142.0 |-142.0]-142.0}-142.01-142.0] -142.0
Excess PFD (dB) -17.51]-16.6 -18.2 -19.9 §-216] 235 | -224 |-218]-216]-216]-21.6 | -21.7
Table 8. C-Band PFD Calculations
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CONSTELLATION COMMUNICATIONS, INC.
FCC Form 430
Question 10(b)

EXHIBIT VI

Listed below are names, addresses, and citizenship of those stockholders owning of

record or voting 10 percent or more of the filer's voting stock and the percentage so

held.

Percentage of Stock
Names and Addresses Stock Held Citizenship
CTA Launch Services' 18.35 USA

1521 West Branch Drive
McLean, Virginia 22102

E Systems, Inc.? 30.7 USA
1200 Gariand Road
Garland, Texas 75042

! The majority of outstanding stock of Microsat Launch Systems was purchased

by CTA; Inc. in September of 1993. Microsat Launch Systems continues to operate as
a corporation but has been renamed CTA Launch Systems. See Attachment A to this
exhibit for a review of this transaction.

2 The stock issued by CCl to E Systems and other parties since the initial CCl
application was filed with the FCC in June 1991 presently account for less than 50% of
the outstanding CCl stock.
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urges that: (1) the cumulative effect of the three acquisitions is not "substantial," and a
"major” amendment is not required; or, alternatively, (2) even if an amendment were
deemed "substantial” or "major,"the changes in ownership caused by the three
transactions are "inthe public interest” under §25.116(c)(2) and exempt from a "cut-off"
date.

As Constellation demonstrates in this amendment, during the last three and one-
half years it has pursued a course identical to the other Big LEO applicants. Each of the
applicants has recognized that the implementation of a Big LEO system would require a
great deal of capital and technical expertise. This resulted in a scramble by all the
applicants to assemble a team of strategic, technical and financial partners.

Constellation has certainly been successful in this endeavor as demonstrated by its
relationships with Bell Atlantic, E-Systems, Telebras, Martin Marietta and Texas
Instruments. Given this success, Constellation believes that the grant of its application at

this time will serve the public interest.




