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Motorola, Inc., through its wholly owned subsidiary 

Motorola Satellite Communications, Inc., is today filing an 

application with the Federal Communications Commission to 

construct, launch and operate a global digital mobile personal 

communications satellite system called IRIDIUM. Motorola is a 

world leader in the design and manufacturing of electronic 

equipment, systems, and components. Its products are distributed 

worldwide and include two-way mobile radios, pagers, cellular 

telephone systems, integrated circuits, and data and information 

processing and handling equipment. Motorola also is in the 

forefront of research and development of new and improved mobile 

communications equipment, cellular radio technologies and 

satellite communications subsystems. Motorola has combined its 

expertise in all of these areas to develop IRIDIUM. 

TRE IRIDIUM BYSTRM 

This past June, Motorola announced the development of 

its IRIDIUM mobile satellite system which envisions the use of 

many small low earth orbit satellites to provide worldwide 

cellular personal communications services. Subscribers to this 

system will use portable or mobile transceivers with low profile 

antennas to reach a constellation of 77 satellites. These 



satellites will be interconnected to one another by radio 

communications as they traverse the globe approximately 413 

nautical miles above the.earth in seven polar orbits. Principles 

of cellular diversity are used to provide continuous line-of- 

sight coverage from and to virtually any point on the earth's 

surface, with spot beams providing substantial and unprecedented 

frequency reuse (more than 5 times in the U.S. alone). 

This application requests authority from the Commission 

to operate IRIDIUM for both domestic and international use. As a 

global communications satellite system with worldwide continuous 

coverage, IRIDIUM can offer the full range of mobile communi- 

cations services including radiodetermination, voice and data, on 

land, in the air, and on water. Any subscriber unit will be able 

to communicate with any other IRIDIUM subscriber unit anywhere in 

the world, or with any telephone connected to the public switched 

telephone network. 

Each satellite in the IRIDIUM system will be relatively 

small and have sophisticated electronics capable of communicating 

with mobile subscriber units and earth station gateways on the 

ground, and with other low earth orbit satellites in the 

constellation. IRIDIUM~s innovative digital cellular design and 

spot beam technology is somewhat analogous to present day 

cellular telephone systems, except in reverse. In the case of 

cellular telephones, a static set of cells serves a large number 

of mobile units, whereas IRIDIUM's cells will move at about 7,400 

meters per second while mobile units remain relatively still. 



In this application, Motorola is requesting authority 

to use the RDSS uplink band (1610-1626.5 MRz) for the provision 

5 of mobile satellite services. This 16.5 MRz of spectrum, 

however, will only meet expected demand for IRIDIUM services 

through the latter part of this decade. Ultimately, IRIDIUM will - 

need to access up to 100 MHz of L-band spectrum worldwide to meet 

projected demand into the next decade. In light of the current 

restrictions on the use of the RDSS band, Motorola has requested 

a waiver from the domestic frequency allocation table to provide 

both two-way voice and data services on a co-primary basis with 

radiodetermination services. Such generic mobile satellite ~- 

services in this band are fully consistent .with the Commission's 

proposed frequency allocation plans, and are fully compatible 

with the use of this spectrum by other compliant RDSS systems as 

well as by the radio astronomy and aeronautical radio navigation 

communities. 

In addition, IRIDIUM will need 200 l4l-I~ of spectrum in 

the Ka-band for its gateway feeder links and 200 MHz for the 

intersatellite links. Such use of the Ka-band spectrum is fully 

consistent with both the domestic and international table of 

allocations, and will be coordinated with others to avoid 

interference to any planned use of this band. 



Bulk transmission capacity on the IRIDIUM system will 

be provided to licensed and authorized carriers, who in turn will 

sell mobile communications services to the public in their 

authorized service areas. Due to its limited capacity and cost 

structure, IRIDIUM is not designed to compete with existing 

landline and terrestrial based cellular mobile systems. Instead, 

IRIDIUM will target markets not currently served by mobile 

communications services, such as (1) sparsely populated locations 

where there is insufficient demand to justify constructing 

terrestrial telephone systems; (2) areas in many developing 

countries with no existing telephone service: and (3) small urban 

areas that do not now have a terrestrial mobile communications 

structure. 

IRIDIUM will offer the full range of mobile services 

including RDSS, paging, messaging, voice, facsimile and data 

services. More than half of IRIDIUM's projected six million 

subscribers will use RDSS and ancillary paging and messaging 

services. 

IRIDIUM will provide mobile communications services to 

the entire United States, including all of its territories and 

possessions. In addition, IRIDIUM will extend the reach of 

modern, reliable telecommunications services to and from all 

worldwide locations. By supplying a full range of mobile 
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services to many remote and underserved areas, IRIDIUM will 

provide critical life saving communications services to the 

public. 

IRIDIUM also achieves highly efficient use of the 

frequency spectrum by reusing the bandwidth by more than five 

times within the U.S. and more than 200 times worldwide. 

IRIDIUM~s innovative and flexible service will permit the 

constellation of satellites to shut off various frequencies and 

service offerings to accommodate regulatory requirements in any 

nation. In addition, IRIDIUM will be updated and expanded as 

satellites are replaced. 

Motorola's considerable experience in space 

communications, cellular technology and private mobile services 

provide the necessary qualifications for constructing this 

innovative system. IRIDIUM will promote U.S. leadership into the 

21st century in mobile, personal and satellite communications. 

These innovative services will enhance U.S. global 

telecommunications competitiveness and positively affect U.S. 

trade. 

~OTOROIA IS WY TO PROCEBD 

Motorola is firmly committed to the development of 

IRIDIUM. To date, it has devoted substantial resources to this 

project. Commission action on this application by early 1991 is 

imperative if Motorola is going to meet the demand for satellite 

mobile communications service by 1997. Certain elements of the 

satellite design must be fixed by the third quarter of 1991 in 
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order for IRIDIUW to become operational by 1997. In order to 

provide service as expeditiously as possible, Motorola 

concurrently requests a Section 319(d) waiver to begin 

construction on certain long-lead items in advance of a 

construction permit. 

mEION SROULD ACT RXPE~OUSL~ 

IRIDIUM is an excellent vehicle for furthering the U.S. 

goal of achieving a co-primary allocation in the 1610-1626.5 MHz 

band for RDSS and MSS, as proposed by the Commission in its 

recent Second Notice of Inouirv in GEN Docket No. 69-554, F.C.C. 

90-316, released October, 1990. By approving this application 

promptly, the Commission will promote U.S. interests and provide 

an innovative worldwide offering for the upcoming WARC scheduled 

for February 1992. 
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I. 

A. pperview of 1~101~~ Svsten and Aomlication 

In June of this year, Motorola, Inc. announced the 

development of its IRIDIDM satellite system, a state-of-the-art 

global personal communications system which will provide millions 

of users throughout the world advanced mobile digital voice and 

data communications by 1997. The IRIDIUM system is composed of a 

constellation of 77 low earth orbit satellites circling the globe 

in seven polar orbits some 413 nautical miles above the earth. 

The satellites will use the L-band for subscriber links and will 

be interconnected by means of radio crosslinks in the Ka-band tom. 

form a network which provides continuous line-of-sight communica- 

tions from and to any point on the earth's surface, as well as 

all points within an altitude of 100,000 feet above mean sea 

level. Figure I-l illustrates the major components of the 

IRIDIUM system including its communications capabilities. Figure 

I-2 depicts the orbital positioning of the satellite 

constellation. 

The IRIDIDR system will be capable of providing 

radiodetermination ("RDSS"), two-way digital voice and data 

communications between any two portable, mobile and transportable 

user units anywhere in the world, and interconnect any such 

subscriber unit to the public switched telephone network 

("PSTN"). Each of the satellites contains an array of spot beams 

which use digital cellular technology to communicate with the 

subscriber units. IRIDIUM's cellular system design reuses the 
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frequency spectrum far more efficiently than any other mobile 

satellite-based technology proposed to date. 

Sy this application, Motorola, Inc., through its wholly 

owned subsidiary Uotorola Satellite Communications, Inc. 

(nMotorolan), is taking the first domestic regulatory step toward 

the establishment of its IRIDIUM system. Motorola is requesting 

authorization to construct, launch and operate the continuously 

replenished 77 satellite system in low earth polar orbits in 

conjunction with ground stations and appropriate control 

facilities. This system initially will operate over all domestic 

United States points utilizing the available spectrum in the RD.99 

L-band (1610-1626.5 MHz)." IRIDIUM eventually will need 

additional L-band spectrum by the end of the decade to meet the 

projected worldwide demand for services. In addition, 200 MHz of 

spectrum will be needed in the Ka-band for the intersatellite 

crosslinks (22.55-23.55 GHz): 100 MHz of bandwidth for the 

satellite to fixed gateway/control downlink (18.8-20.2 GHz band): 

and another 100 MHz for the fixed gateway/control to satellite 

uplink (27.5-30.0 GSiz band). 

Motorola understands that the domestic allocation for 

the RDSS band is currently limited to the provision of 

radiodetermination and ancillary messaging satellite services.&' 

II Motorola has no need for the paired downlink RDSS spectrum, 
since it will provide both earth-to space and space-to-earth 
communications using only the 1610-1626.5 MHz band. 

Zl SM 47 C.F.R. 5 25.392(d) (1989). 



-3- 

Accordingly, a waiver is requested of the domestic Table of 

Frequency Allocations to provide both two-way digital voice and 

data services on a co-primary basis with RDSS.a' Such a generic 

mobile satellite service is fully consistent with the 

Commission's proposed frequency allocation plans in this band,I' 

and as demonstrated in the attached technical appendices, IRIDIUM 

is fully compatible with other authorized RDSS licensed systems. 

Motorola does not anticipate providing any satellite 

services over the IRIDIUM system directly to the public. 

Instead, Motorola will be a wholesale supplier of IRIDIUM's 

transmission capacity to other carriers which in turn will offer 

their mobile radio services directly to users. Motorola will 

enter into individual arrangements with these carriers for fixed 

terms, subject to possible renewals, on a non-common carrier 

basis. Motorola and possibly others will manufacture and supply 

the subscriber units to vendors for sale to the public. 

This application requests a domestic license to operate 

IRIDIUM among the United States and its territories and 

possessions, In addition, Motorola requests authority to provide 

transmission capacity between the United States and other nations 

for the provision of mobile services as other foreign 

9 &&g 47 C.F.R. 66 2.102 L 2.106 (1989). Additional minor 
technical waivers are also requested herein in order to comport 
IRIDIUM~s innovative low earth orbit design with the Commission's 
existing rules in the RDSS band. &S Section VI hereto. 

II Sse Second Notice of Inouirv in GEN Docket No. 09-554 
F.C.C. 90-316, at (7 74-76 (released Oct. 1, 1990) ("WAR&92 
Second Inoulrv Notice"). 
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administrations authorize the use of the IRIDIUR system. IRIDIUR 

is also designed to provide mobile satellite capacity 

domestically within foreign countries.z' Indeed, IRIDIDM~s 

technical design provides for service flexibility and universal 

global coverage and makes it uniquely qualified to obtain such 

authorizations. As each projected spot beam cell passes over 

different geographic regions, it will have the ability to utilize 

only those frequencies and to provide only those services 

authorized by each foreign administration. 

B. g)uulat.orv and Tfminu Issues 

At this time there is only~one satellite system -- 

Geostar Positioning Corporation (nGeostarn) -- currently licensed 

to operate in the domestic RDSS band.P' As originally envisioned 

by the Commission when it allocated this portion of the L-band 

for RDSS, multiple satellite systems would provide 

radiodetermination and ancillary messaging services to the 

public. The Commission believed that up to twelve co-coverage 

systems could be permitted using pseudo-random CDMA modulation 

1, It is anticipated that separate authorizations to use the 
IRIDIUM system in foreign countries will be obtained from their 
administrations as the need arises. 

$1 &.s Geostar Cm, 60 Rad. Reg. 2d (P&F) 1725 (1986). This 
authorization was conditioned upon the standard RDSS construction 
and launch milestones, which required completion of Geostar's 
first satellite by August 1990, and full system implementation by 
August 1992. & at 1730. In 1989, the Commission granted 
Geostar a one year extension Df its milestone requirements. 
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characteristics.1' As the Commission recently conceded, however, 

in its WARC-92 Second Inouirv Notice, "[t]his service has not 

materialized as originally anticipated."91 Geostar's most recent 

applications to modify substantially its existing authorizations 

raise serious questions about the economic viability of its 

licensed geostationary satellite system.P' As pointed out by 

Motorola in Comments to Geostar's recent satellite system 

modification requests, it has now been more than seven years 

since Geostar first proposed a dedicated RDSS system, and such a 

system is no closer to reality today than when it was first 

proposed.z' 

On September 4, 1990, the Chief of the Common Carrier 

Bureau placed on public notice GeoStar’s applications to modify 

its authorizations and to egtend the deadlines for construction 

/I See Report and Ordec 58 Rad. Reg. 2d (P&F) 1416 (1985). 
reconsideration l( ~ 14 F.C.C.Zd 637 (1986) (RDSS Allocation Order); 
Second ReD 1 m Order, 
Rad. Reg. id 

104 F.C.C.2d 650, 660-63 8 n. 44, 60 
(P&F) 298 (1986) (RDSS Licensina Order). 

91 F.C.C. 90-316, at ( 70. 

w m File Nos. 43-DSS-MP/WL-90! et. To date, Geostar has 
only been able to provide modest interim operations using two L- 
band payloads on GTE Spacenet satellites which merely relay 
LORAN-C/GPS data from user terminals inbound to subscriber 
central control points. Geostar also provides outbound links to 
receive-only mobile units using C-band transponders on Spacenet 
III. &g -net Cork., 1 F.C.C. Red 1163 (1986); m 
Sat llite Core. Wimeo Nos. 5175 6 1181 (released June 16, 1986, 
andeDecember 2,'1985, respectively). 

w m Comments of Motorola, Inc., filed November 5, 1990, in 
File Nos. 43-DSS-MP/ML-90, et. 
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and launch of its dedicated RDSS satellite system.L1’ In that 

public notice, the Commission merely requested comments to 

Geostar's applications and did not establish a cut-off period for c 
accepting contemporaneous applications as required by Section 

25.392(b) of the rules.U' Ellipsat Corporation, however, 

submitted an application on November 2, 1990, for authority to 

provide a communications satellite system in the RDSS-band.12' As 

of this date, that application has not been accepted for filing 

or placed on public notice by the Commission's staff. 

With the submission of Motorola's application today for 

authority to construct, launch and operate its IRIDIUM system, ~~- 

the Commission now has before it three separate proposals for 

using the same frequency spectrum. Under the Commission's RDSS 

processing rules, all three of these proposals should now be 

considered in conjunction with one another and given equal 

treatment for purposes of considering their respective technical 

showings and interference analyses. Each application should be 

processed separately on its own merits as long as mutual 

compatibility is achieved. In particular, since Geostar is now 

proposing to construct and launch a different RDSS dedicated 

satellite system, none of the current applicants should have to 

111 m Public Notice, Report No. DS-999, 5 F.C.C. Red 5400 
(1990). 

w 47 C.F.R. § 25.392(b) (1989). 

la w Application of Ellipsat Corporation for Authority to 
COnstNct an Elliptical Orbit Communication Satellite System, 

.filed November 2, 1990. 
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demonstrate compatibility with Geostar's licensed system."' Of 

course, each applicant still must show how it will coordinate 

with other RDSS systems to avoid harmful interference."' 

The expeditious processing of Motorola's application is 

critical in order to ensure that necessary international radio 

regulatory coordination and consultation is obtained and that the 

United States adequately formulates and achieves its objectives 

at the World Administrative Radio Conference ("WARC") in February 

1992."' Prompt processing of this application is also needed if 

Motorola is to meet the expected demand in the United States and 

worldwide for mobile communications service in those areas not 

adequately served by.terrestrial carriers and other mobile 

satellite providers. Based upon the lead times required for 

constructing the IRIDIUW system, Wotorola must fix certain 

elements of the satellite design by the third quarter, 1991. 

C. pioneers Proforence Reouestod 

As demonstrated throughout this application, Uotorola's 

IRIDIUW system combines, for the first time, advanced low earth 

orbit satellite and cellular technologies to enable carriers to 

provide new and innovative mobile services in the United States 

and throughout the world. IRIDIUM is exactly the type of system 

&g 47 C.F.R. 5 25.392(a) (1989). 

Yl m 47 C.F.R. P 25.392(f) (1989). 

.w On this date, Motorola is submitting separately its detailed 
Comments in response to the WARC-92 Second Inouirv Notice. 
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that the Commission must have envisioned when it recently 

proposed the award of *pioneer's preferences" in its proposed 

Rule 1.4O2.x' 

Indeed, Chairman Sikes recently referred to Uotorola's 

IRIDIUM system as just such a new and innovative service worthy 

of encouragement by the Commission.U' The Chairman went on to 

emphasize "the need to develop an international regulatory 

framework that is not just conducive, but hospitable to 

innovation and technological advances," and that "[a]11 other 

things being equal, what the Communications Act directs is for 

the FCC to 'tilt' in the direction of technological 

advancements."IP' 

D. pox-mat and Content of Amlication 

Motorola has set forth in detail all pertinent 

technical and operational aspects of its proposed satellite 

system as required by Section 25.392 of the Commission's rules. 

Motorola believes it has provided all the required information on 

each and every item specified in the rules, including the 

1/f ,m gstablishment of Procedures to Provide a Preference to 
rooosma an Allocation for New Services, 5 F.C.C. Red 

2766 (1990). 

A!, &g Remarks of Chairman Alfred C. Sikes, before the 
Washington Annenberg Program Conference on the 1992 World 
Administrative Radio Conference (Nov. 5, 1990). 

22, The Chairman cited Sections 157, 218 and 303(g) of the 
Communications Act of 1934, as amended, to support this view. 
ra. 
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. . . information identified in Appendix B to the Soace Statlon F&&g 

procedureg, 93 F.C.C.Zd 1260, 1265 (1983), and the w 

* &llocation Ow and BpSS Lwina Or-. In addition, 

Motorola has provided information in support of its rule waiver 

requests. To the extent the Commission requires additional 

information or data concerning the IRIDIUM system, Motorola would 

be happy to provide such information either by formal amendment 

or informally in communications with Commission staff. 

This application is divided into eight sections and 

seven appendices. Section I provides a brief overview of the 

IRIDIUM system and this application. Section II sets forth '- 

significant,public interest benefits supporting the prompt grant 

by the Commission of authorization for the IRIDIUM system. The 

most significant markets and overall demand for IRIDIUM are 

identified in Section III, along with the proposed service 

offerings. Orbital considerations are described in Section IV. 

The technical description of the entire IRIDIUM system is set 

forth in Section V. Section VI contains specific requests for 

waiver of the Commission*s rules in order to allow the IRIDIUM 

system to operate in the RDSS band. Certain international 

considerations are discussed in Section VII. Motorola’s legal, 

technical and financial qualifications are described in Section 

VIII. The appendices contain Motorola's interference and sharing 

analyses, further technical and operational details concerning 

IRIDIUM, IFRB advance publication data, supporting financial 

_~ data, FCC~ Form430, and the separate satellite~applications. 
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II. 

The IRIDIUM system is an ideal example of technology 

* serving the public interest, convenience and necessity. 

Motorola's pioneering efforts have resulted in a system 

architecture that enjoys unprecedented spectrum efficiency, 

unlimited service flexibility, and unmatched geographical 

coverage. The IRIDIUM system truly meets the Commission's 

statutory mandate "to make available, so far as possible, to all 

the people of the United States a rapid, efficient, Nation-wide, 

and world-wide wire and radio communication service with adequate 

facilities at reasonable charges . . . for the purpose of promoting 

safety of life and property through the use of wire and radio 
. . communlcatlon . . . . W and "to encourage the provision of new 

technologies and services to the public."=' Authorization of the 

IRIDIUM system will serve as a landmark of telecommunications 

development for many decades to come. 

A. IRIDIDR Uniquely Meets the Mobile Service 
Nba3s of Vmars In the United Btates and 
TProuahout thad 

The IRIDIUM system, with its continuous global coverage 

to virtually all points on the surface of the earth and up to 

100,000 feet above mean sea level, will bring the benefits of 

digital mobile voice and data service to all those individuals in 

the United States and abroad currently in need of reliable 

29 47 U.S.C, 90 151,.157~(1988). 
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telephone communications. As indicated in Section III to this 

application, Motorola estimates that demand for IRIDIUM in the 

United States will exceed 1.3 million units by 2001 with another 

4.7 million units worldwide. 

Those persons living or travelling in remote areas of 

the United States where landline and mobile radio service are 

minimal or nonexistent, will be able to use an IRIDIUM subscriber 

unit to communicate with anyone in the world connected to the 

PSTN or another IRIDIUM subscriber unit. Thus, for the first 

time, persons living or travelling in the outer reaches of Alaska 

will be able to communicate with offices in New York City or 

persons living in the U.S. Virgin Islands merely by using a 

handset and dialing a telephone number. Such instant 

communications access will greatly benefit a large number of 

individuals currently in need of reliable and cost-efficient 

telephone service. Motorola estimates that approximately 10 

million Americans live in these remote locations. 

Absent the development of IRIDIUM, persons living and 

travelling in such remote and scarcely populated areas of the 

country probably would never be able to obtain access to the 

telephone network. Insufficient demand exists for supporting the 

construction of a terrestrial-based telephone system in most of 

these locations either by means of landline or cellular radio 

technologies. The, incremental cost for IRIDIUM to serve these 

remote areas is minimal once the satellite constellation is 

launched and operational due to IRIDIUM's global~~coverage. All 
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that is required to connect a subscriber to the IRIDIUM network 

is a portable unit. 

In addition, IRIDIUM offers every subscriber unit, no 

matter where it is located, immediate access to reliable and 

cost-effective radiodetermination and position location 

information, as well as associated messaging capabilities. Such 

services will be of significant benefit to the U.S. 

transportation industry. 

B. No Other system Design Has Svor Been Proposed 
with the Orbit/8pectrum tfficimncp of the 

The number one problem in the satellite communications 

industry today is that of efficiently utilizing the available 

spectrum. New radio systems and subscribers are proliferating, 

but there remains a finite amount of frequency spectrum available 

for use. The IRIDIUM system has broken out of this policy 

bottleneck with a worldwide radio communications system that 

reuses its bandwidth gl9re than five times within the contiguous 

United States and more than two hundred times worldwide. IRIDIUM 

will be able to serve the entire RDSS market with substantial 

margin using only the RDSS uplink band. IRIDIUM will not use the 

16.5 MHz of spectrum in the 2483.5-2500 MI%? band, which may then 

be allocated for other uses. No other satellite communications 

system either proposed or authorized by the FCC even approaches 

such a high level of orbit/spectrum efficiency. In fact, 

Motorola’s understanding of.the.curren-state of the 
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geostationary mobile satellite design is that as much as 120 MHZ 

of uplink and downlink spectrum is required for such systems to 

provide the same transmission capacity over the same territory as 

IRIDIUM. 

Such efficient usage of the limited frequency spectrum 

resource directly serves the public interest, convenience and 

necessity. Indeed, the Commission has previously recognized the 

United States obligation to other countries under Article 33 of 

the International Telecommunications Union Convention to "bear in 

mind that radio frequencies . . . are limited natural resources 

. . . [which] must be used effectively and economically ....O1ti' 

C. The Unparalleled Flexibility and Innovations 
in the Technical Design of the IRIDIUM system 
Will Benefit the Public 

The digital technology of the IRIDIUM system and its 

innovative intersatellite radio links enable users to receive 

most type of mobile telecommunications service, including 

radiodetermination, facsimile, paging, two-way voice, or data. 

All of these services will be available on a 24-hour basis, seven 

days a week, in any country which authorizes the provision of 

such services. The system design, however, is also capable of 

zu Relatina to Preoaration for an International 
Tele C d'o Co nce on 
the Use of the Geostationarv-Satellite Orbit and the Pl nnina of 
th SD ace Services Utlllzlno It, 45 Fed. Reg. 85,126, 8;,127 . . 
(lz80): gee also Assianment of Orbital Locations to Soace 
S a S rvice t tio ' ns in the Domestic Fixed-Sate111 'te e ' 84 F.C.C.Zd 
584, 592, 610 n.9.3 (1981) ("1980 OrbitJ,&gD& Order"). 
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shutting off various frequencies and limiting the types of 

offerings to any region which may limit IRIDIUW's authority to 

operate. For example, the satellites can be programmed to use 

only the RDSS portion of the L-band over the United States while 

using other L-band WSS frequencies over Europe and Africa. 

There also are inherent technical and economic 

advantages to IRIDIUW's low earth orbit satellite design, such as 

minimal transmission delays and reduced subscriber unit power 

requirements. These advantages ultimately lead to smaller, more 

economical subscriber units and better quality communications. 

Moreover, the IRIDIUM system will constantly be updated 

and expanded as satellites are replenished and new technologies-- 

are developed. For example, as new frequency allocations are 

authorized worldwide for IRIDIUM, satellites under construction 

can be modified to utilize additional spectrum. 

D. The IRIDIUW System Kill Save Uanv Lives 

Central to the FCC's regulatory mission is to give 

priority to spectrum utilization that helps ensure the safety of 

life and property.Y' With the IRIDIUM system, ambulatory 

patients can have access to top-flight medical advice, the 

injured or lost can be located, and the handicapped can live with 

the freedom of knowing that they are one phone call away from 

help should the need arise. In essence, IRIDIUM extends the 

S,et 47 U.S.C. 5 151 (1988). 
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countless public health benefits of the telephone from the house 

or office to the outdoors. 

IRIDIUM also can be used by the aviation, shipping and 

tNCking industries as a primary or backup communications system 

for emergency or distress situations, such as for missing planes 

and for accident location determination. By accurately relaying 

these reports to the appropriate authorities, IRIDIUM will help 

save lives. 

t. Motorola 15 Uniquely Qualified to 
Ooerate the IRIDIUM Satellite System 

All of the public interest benefits of a proposed newly- 

technology are of little.value if the applicant lacks the ability 

or commitment to implement the proposal. Motorola is uniquely 

qualified to bring the benefits of low earth orbit mobile 

satellite technology to the public. It was a pioneer in the 

development of cellular technologies and today is the largest 

U.S. manufacturer of cellular telephones and systems. Motorola 

also is a world leader in the production and development of 

private mobile radio services. Moreover, Motorola has extensive 

experience with developing satellite communications subsystems 

based on its work for the U.S. Government. The combination of 

all of these technologies and resources within one company has 

resulted in the development of its IRIDIU'R system. 

Motorola is firmly committed to the development and 

implementation of IRIDIUM. Over seventy-five engineers and 
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managers at Motorola currently are working on the system. 

Although IRIDIUM features many innovations and a state-of-the- 

art satellite design, there are no technological limitations 

which will prevent it from becoming a commercial service by 1997. 

?. The IRIDImt System Will Establish U.S. 
Loader8hip in Wobilo, Personal and Batellite 
Co-ications for w roar8 to Come 

In today's highly competitive world, it is especially 

important for the FCC to take actions which help maintain and 

advance U.S. leadership in mobile, personal and satellite 

communications. The approval of IRIDIUM also will promote the 

expansion of U.S. private sector investment and involvement in 

civil space and related activities. The IRIDIUM system will 

establish U.S. leadership in these technologies for several 

decades, much as Early Bird did for the last half of the 20th 

century. Such leadership will provide countless public policy 

and economic growth benefits. 

0. The IRIDIUM System Will Blake a 
Major contribution to U.S. Global 
ComDotitiveness in Telecommunications 

RUSS technology was first developed in the United 

States and has since contributed positively to U.S. 

competitiveness in telecommunications. Now, with the satellite 

technological revolution represented by the IRIDIUM system, the 

low earth orbit concept can truly be put to work to add 
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significantly to the U.S. Gross National Product and to enhance 

U.S. exports. 

It is anticipated that IRIDIUM's global capabilities 

will be utilized abroad to provide both domestic and interna- 

tional mobile services. With only relatively minor incremental 

costs associated with additional gateways in foreign countries, 

IRIDIUM can offer the full range of mobile communications 

services to millions of individuals worldwide currently without 

telephone access. In addition, substantial revenues are expected 

from the sale in foreign countries of subscriber terminals and 

gateways. 

H. IRIDIUW Promote5 the CoILIpi55iOa'il Multiple Entry 
Policies for 8atellite Delivered Wobfle Services 

IRIDIUM is fully compatible with compliant RDSS 

systems. AS such, it will provide carriers and users with 

another competitive choice for obtaining satellite delivered 

communications. The Commission has stated on numerous occasions 

its preference for multiple entry in space-based communications 

systems, including those in the RDSS band.z' IRIDIUM will bring 

the benefits of such competition, including innovative services 

and technologies at reduced costs, to the public in a timely 

manner. 

Although the Commission initially may have expected 

multiple entrants into the RDSS band, to date only Geostar 

a S.&e u PDSS Li - -I CenSina Order, 104 F.C.C.Zd at 653-54. 
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retains the authority to operate a radiodetermination service. 

And as previously noted in Section I of this application, there 

are serious questions as to Geostar's long term viability. 
5 Motorola firmly believes that low-earth orbit satellite systems, 

like IRIDIUM, offer the only realistic possibility of achieving 

an economically viable RDSS system. With its global coverage and 

package of services, IRIDIUW will be able to achieve the revenue 

base necessary to justify the construction and operation of such 

a system. 

I. IRIDIUX Promotes the Intsraational Communications 
and Information Poliov Goals of the United Btates 

The IRIDIUM system enjoys an unmatched ability to bring 

modern digital telecommunications to underserved areas in other 

parts of the world. Those areas may range from urban centers in 

developing countries and Eastern Europe to the polar regions of 

the world. Roth this Commission and the Executive branch have 

articulated several U.S. policy goals which will be furthered 

directly and substantially by the establishment of such a global 

telecommunications system, including:&' 

. The promotion of the free flow of information 
throughout the world: 

. The promotion of the development of efficient, 
innovative, and cost-efficient international 

2/l p&$ $of ovidin 
Internaunal CommunicatioI@ 101 ;.C.C.2d 1046 1064-65 (1985), 
citinq “A White Paper on New'International Satellite Systems,” 
Senior Interagency Group on International Communication and 
Information Policy (FebNary 1985). 
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communications services responsive to the needs of 
users and supportive of the expanding reguirements 
of commerce and trade: 

. The promotion of continuing evolution of an 
international configuration of communications 
services that can meet the needs of all nations, 
with attention toward providing such services to 
developing nations. 

III. 8 ANDDEMAND FOR SRRVICEB 

The phenomenal growth of the public and private land 

mobile radio industry confirms that there is a very large market 

in the United States and throughout the world for mobile 

communications. Potential users number in the tens of millions. 

While the market for satellite-based mobile communications is 

expected to be substantial, it will amount only to a fraction of 

the total mobile communications market. 

Satellite based mobile communications will be 

commercially successful in areas that cannot be served by other 

mobile communications services. The primary target markets 

include (1) sparsely populated locations where there is 

insufficient demand to justify constructing terrestrial telephone 

systems: (2) areas in many developing countries with no existing 

telephone service: and (3) small urban areas that do not now have 

a terrestrial mobile communications infrastructure. 
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1. WOUraDhiC Coveraae 

IRIDIUM will provide global telecommunications service 
5 

on a continuous basis. All points from the North Pole to the 

South Pole will be covered. However, the IRIDIUM System will not 

compete with terrestrial systems with respect to transmission 

capacity and service costs. It will serve all international 

markets with RDSS, voice and data services. This unique coverage 

will provide service from any point in the world to any other 

point in the world. 

This capability of worldwide service is the critical 

factor to IRIDIUM8~ commercial viability -- IRIDIUM will serve 

many niche user markets with a single infrastructure. Once the 

satellite constellation is in service, IRIDIUM can provide 

service to all world markets with minimal additional 

infrastructure investments. IRIDIUM will provide the only mobile 

communications services to many U.S. and global locations. 

a. Rural and Ron USA Narkets 

IRIDIUM will serVe the entire United States and its 

territories and possessions, including Puerto Rico, the Virgin 

Islands, Alaska, Hawaii and the other U.S. Pacific Islands. 

IRIDIUM will provide businesses and individuals in these 

locations with the opportunity for world-wide mobile RDSS, voice 

and data services. 
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There are also many rural portions of the U.S. that may 

never have terrestrial cellular telephone service because of 

sparse population coverage and remote location. Approximately lo 

million Americans live in these areas. IRIDIUM will offer these 

citizens sophisticated mobile telecommunications services 

unavailable from terrestrial providers. 

b. w i s 

Developing countries will be another major IRIDIUM 

market. These countries comprise approximately 3 billion people, 

or 60% of the world population. Inadequate telecommunications .. 

infrastructure,in most developing nations is a major obstacle to 

their further economic development. IRIDIUM's services will 

promote the economies of the developing world by providing 

modern, reliable telecommunications service to these developing 

nations without the need for large indigenous infrastructure 

investments. For example, India has more than 500 million people 

in rural areas who have no access to telephone service. To 

ameliorate this problem, the Indian government proposes to 

provide portable public telephone booths in rural areas. IRIDIUM 

would provide an excellent solution to servicing these areas 

because the only infrastructure costs of providing service would 

be the phone booth and an IRIDIUM terminal. 
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New market economies, including most Eastern European 

nations and the Soviet Union, provide a tremendous market for 

modern mobile telecommunications services. Although these 

nations have industrialized economies, their telecommunications 

infrastructures do not satisfy existing demand, and are not 

adequate for the increased commercial activity they are likely to 

enjoy as their economies are liberalized. The telecommunications 

capabilities of the IRIDIUM system will assist these nations as 

they democratize their political structures and liberalize their- 

economies, 

d. naritime and Aeronautical Coveraaq 

IRIDIUM will provide space segment capacity to 

authorized service providers which will serve domestic and 

worldwide maritime and aeronautical markets. This coverage will 

extend to aeronautical polar routes. For the first time, these 

markets will enjoy the full range of mobile telecommunications 

services, including RDSS, voice and data. 

2. WSS and Amcillarv Services 

The U.S. Department of Commerce projects that the 

market for radiodetermination services will exceed $1 billion 

annually by the late 1990s. The Commission has previously 

recognized that RDSS can provide substantial services for life 
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Bafety, law enforcement, aviation, navigation, ground 

transportation and resource management markets. Su Bpss 

v, 58 R.R.2d at 1431-33 (Appendix B). The recent 
* 

application of Orbital Commnicetions Corporation also projects a 

substantial RDSS market." 

Bach IRIDIUM subscriber unit will have RDSS 

capabilities. Positioning determination based on IRIDIUR will be 

accurate within one mile for voice units. Optional GPS or 

GIDNASS circuitry will be offered to improve accuracy to within 

100 metem. 

Xotorola estimates that more than 3 million 

subscribera, over half of the subscriber base, will use RDSS and 

ancillary paging and messaging services in the following 

categories. 

IRIDIDM will provide RDSS emergency location services 

for planes, boats and land vehicles that have IRIDIUM receivers 

for voice and data seNice8. Market estimates for this service 

are included in other categories which use IRIDIDX voice and data 

8eNioe, mch as trucks, boats, aircraft, and recreational 

vehicles. 

2s Application of Orbital Communication8 Corporation for a IAW- 
Orbit Hobile Satellite System, filed PebNary, 1990, at 25-35. 
m Public Notice DS-953,~ released April 11, 1990. 
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RDSS tracking services will be available for subecriber 

unite. Low cost RDSS-only unite will also be able to provide 
a 

tracking services. Motorola will offer tracking service using 

IRIDIUM rather than geosynchronoue satellites. 

This service will be used primarily by trucking fleets 

in conjunction with two-way reesaging. There are an estimated 

3.1 million long haul trucks in the U.S.lp' Approximately ten 

percent of these tNCkS are expected to subscribe to IRIDIUR1s 

tracking service. Other applications will be found in the 

tracking of hazardous wastes and military convoys. The 

international market is estimated at four times the U.S. market. 

C. 

Motorola expects global paging to be used extensively 

by both domestic business people and foreign visitors travelling 

on business in the United States. This will be direct satellite- 

pager service and will allow the user to be paged instantaneously 

from anywhere in the world, and to receive a short message on an 

alphanumeric pager. 

The estimated paging market in the United States for 

the year 1997 exceeds 23 million users. The vast majority of 

these users will be for local or regional pagers. The global 

2s Dittberner Associates, Inc., Badio, in 
Project ESS Update XXV XII-11 (1990). 
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paging users will be most frequent among the fifty million 

foreign business per8one travelling in foreign countries each 

year. Motorola estimates a three percent penetration rate, 
. 

assuming approximately the same penetration of pagers among 

foreign business persons as the penetration of pagers among the 

entire United States population today. As a result, it is 

expected that there will be 1.5 million global pager users among 

business persons traveling abroad. In the U.S., there will be a 

62 penetration rate among 5,000,OOO potential users, or 300,000 

subscribers. 

IRIDIUM will not compete with the.public switched 

telephone network (vPSTRa) and terrestrial cellular systems 

primarily because of its rate structure. Instead, IRIDIDR will 

provide service to locations that do not otherwise have access to 

the PSTR or terrestrial cellular services. Major applications of 

IRIDIUM will be in governmental communications, international 

travel, commercial air travel, business and general aircraft, 

marine shipping, long-haul trucking, recreational vehicles, 

pleasure boats, construction and oil and mineral exploration. 

5. 

As a satellite-based communications system, IRIDIDR 

essentially will be disaster proof. It can be used in emergency 

.situations such asearthguakee,.hurricanes, tornadw,~ floods, 
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etc. Federal, state and local governments will use IRIDIUM as a 

secondary communications syetem in situations where standard 

* conunicetione services are inconvenient or impossible to access. 

Foreign governments will eeploy IRIDIIl?l extensively for emergency 

cervices as well as communication from areas Without telephone 

euvice. 

The~federal government has approximately 3 million 

civilian ~loyeee. Government agencies such as the Drug 

Enforcement Agency, Federal Bureau of Investigation, U.S. Customs 

Service, Coast Guard, and the State Department will use IRIDIUR 

for travel and emergency communications capabilities. United 

States diplomatic missions abroad also may use IRIDIUM as an 

evrgency communications system. 

Motorola estimates civilian federal government use as 

10,000 subscribers. In addition, the armed forces could employ 

IRIDIUH for non-combat applications. Another 10,000 subscribers 

are *stinted for this purpose. 

IRIDlTJ?l will enjoy significant use by foreign 

gwernmente for communications in areas without telephone 

service. Tbeee foreign governments will likely purchase 400,000 

units. 
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. 
State governments in the United States have 

approximately 4 million employees. State governmental agencies 

will use IRIDIUM for law l nforcment, emergency and travel 

applications. The penetration rate is estimated at 0.2 percent, 

or 8,000 l ubecribere. The international market for state 

governments is estimated at 20 times the U.S. market, or 160,000 

subscribers. 

(3) m 

IRIDIUR will be used as an emergency or secondary 

communications system by municipalitiee and local governments. 

Individual local governments will have a limited number of units 

available for emergency communications in case of a natural 

disaster, such as the San Francisco earthquake. Police, 

firefighters, rescue teams, as well as the American Red Cross and 

other emergency organizations, will be able to use IRIDIUM units 

in areas where other communications are not available. 

There are approximately 20,000 cormunities in the 

United States of various sizes (cities, towns, villages). The 

local gwernmente in these communities employ approximately seven 

rillion people. An IRIDIUM penetration rate of 0.4% is assumed 

which results in 28,000 subscribers. International demand by 

local governments is estimated at 20 times that in the U.S., or 

560,000 subscribers. 
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b. 

Foreign business travelers in developed countries will 

. be the eain users of IRIDIUM~s global paging 58rdCe as discussed 

above. United States and foreign business people travelling to 

many developing countries will rely on IRIDIUX's voice and data 

tereinals, In addition to paging units, since sophisticated and 

reliable communicatione services are not always available in 

these countries. An estimated 60% of the 50,000 U.S. business 

people travelling to developing countries will use IRIDIuR. 

Foreign business people travelling to developing countries will 

-. purchase an additional 120,000 unite. The estimated total 

subscriptions for international business travel is 150,000. 

c. 

IRIDIUN~e global coverage will offer reliable 

telephone, data and RD.% services by authorized service providers 

to commercial aircraft at all geographic latitudes, including 

flights on polar air router. The inetallation of terminal units 

will not require steerable antennae. Low gain antennae, 

including flush mounted antennas, may be used for this purpose. 

As a result, IRIDIUM will offer significant advantages over 

existing commercial air travel communications systems. 

There are approximately 5,000 air carrier aircraft in 

the United States. Eventually, most of these aircraft will have 

in-flight public telephone service. A low-earth orbit system 
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provides better coverage and lower cost receivers than land- 

based and geosynchronous-based in-flight telephones. It is 

assumed that IRIDIUH will capture up to fifty percent of the in- 
* flight market, or 2,600 aircraft. This aircraft service will be 

available to over two hundred million passengers each year. 

Approximately five percent, or 10 million passengers, are 

expectedtouee IRIDIUM. Subecriptione in the international air 

carrier market should be approximately the same as in the U.S. 

There are approximately 200,000 general aviation 

aircraft in the United States. The penetration rate is expected . 
to be at least that of similarly priced equipment, such as a 

LORAN-C receiver, which would result in 60,000 subscribers for 

general aviation aircraft. The international market is expected 

to add another 40,000 users. These services will also be 

provided by authorized service providers. 

l . 

Continuous and high quality data and voice service is 

presently not readily available to business aircraft, IRIDIUM 

will fill this void by providing through authorized service 

providers voice, faceimile, and data services for a complete 

flying office. 

There are approximately 10,000 turbo prop and turbo jet 

business aircraft in the United States. By 2001, this number is 
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expected to increase to 14,000 aircraft. Given the need for 

reliable c ommunications at all times and the generally high value 

of information being communicated, approximately fifty percent of 
. these business aircraft, or 7,000 customers, will subscribe to 

IRIDIUM. An estimated 2,000 subscribers will be drawn from 

foreign owners of business aircraft. 

f. &aareat,&mal Vebig&Rg 

There are approximately 8 million recreational vehicles 

in the United States. IRIDIDR service will provide owners of 

these vehicles with reliable telephone service in remote 
:- 

locations, NCh as camps, parks and rural roads. A hand-held 

phone could also be used for hiking and other recreational 

activities. Consumers of higher-priced recreational vehicles are 

prime candidates for becoming IRIDlSDl subscribers. The expected 

penetration rate is five percent, or 400,000 subscribers. The 

international market is expected to contribute another 100,000 

subscribers. 

There are approximately 10 million pleasure boats in 

the U.S. In the luxury class of boat5 (greater than 26 feet 

long) there are an estimated 300,000 pleasure boats. 

Approximately seventy percent of these luxury boats, or 210,000, 

are expected to subscribe to services carried over IRIDIUM by 
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licensed service providers. There should be a similar 

subscription level in the international market. 

Today, ships travelling on the U.S. coast, rivers, 

canals, and lakes lack affordable, reliable and continuous 

communications service. Voice, faceimile, and data services 

through authorized providers will be welcome in this market. 

There are approximately 30,000 ships in the United 

States which fall into this category. IRIDIUM will allow for a 

lower cost complement to other systems serving this market. A 

.~- penetration rate of twsnty percent, or 6,000 subscribers is 

anticipated. Another 40,000 coastal and inland shipping 

subscribers are estimated in the international market. 

i. ~onet~ Oil and Rineral aploratiog 

IRIDIUM will provide critical voice and data services 

through authorized carriers to remote construction and natural 

resource exploration eitee, including off-shore points. First 

class tele~unicatione services will improve the efficiency of 

these businesses. The U.S. market is estimated at 5,000 

subscribers, with another 15,000 internationally. 

Rany areas in developing countries of Asia, Africa and 

South America have no telephone service. In many cases, these 
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developing countries cannot afford to install the necessary 

infraetructuree. IRIDIUM is ideally suited for these situations 

. since the satellite infrastructure will be provided immediately 

and at no cost to the host country. Only ground terminals will 

be needed to begin service. The l etimatee of people with no 

access to telephone service range from one to two billion people. 

Assuming one public phone per 2,000 people, there is a market for 

up to one million phones. The estimated 30% penetration rate of 

this market for IRIDIUM will yield 300,000 subscribers. 

k. Domeetia Business Travel in Developing ._ 
es 

As discussed above in Section III.B.3.b, communications 

in many developing countries are inadequate and create a major 

impediment to conducting business in these countries. In 

addition to serving visiting business people from developed 

nations, IRIDIUH will offer critical communications services to 

the indigenous business community. IRIDIUR'S reliable mobile 

voice, data and facsimile service within these nations will 

benefit these developing economies in,all but the eoet 

induetrialixed countries, with combined populations of over four 

billion people. The potential market for use of IRIDID?l in 

domestic business travel is estimated to exceed one million 

unite. A 30% penetration rate yields 300,000 subscribers. 



4. 

Table III-1 summarizes the expected demand for IRIDIUM. 

The addressable market for all types of IRIDIUH applications in 

the U.S. exceeds 30 million users. The estimated numbers of 

subscribers after five years in operation will exceed 1.3 million 

in the U.S. and 6 million worldwide. All IRIDIUM unite will be 

capable of receiving RDSS. Radiodetermination and two-way 

messaging services will be offered to the tNCking market which 

comprises approximately 252 of the total subscriber base. Global 

paging will also account for 252 of the subscribers. The ,. 

remaining 502 of IRIDIUM subscribers will be split among other 

service applications. 
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TABLE 11X-l 

ICXDXUS DDIAIID -1 

* (my Yur 2Wl) 

3,lW,DW 10 

S,DDO,DDO 6 

3,000,000 0.7 

4,000,000 0.1 

1,000,000 0.4 

50,000 60 

5,000 SO 

700,000 30 

14,000 50 

8.DDD.000 5 

300,WO .70 

30,000 10 

10,DDD SO 

310,Wo 1.240.000 

300,000 1,200,000 

a0.000 600,000 

1,000 160,000 

a1,ow 560,000 

30,ow 120,Doa 

2,500 2,500 

60,000 40,000 

7,000 2,000 

6W.000 100,000 

210,000 210,ooo 

4,000 40,wo 

5.OOo 15,ow 

300,000 

3w.000 

1.550,ooo 

1,500,om 

b20.000 

168,OOo 

589,ooo 

~iso,ooa 

5,ooa 

100.0oo 

9,000 

J00.000 

420,000 

46.000 

20,ooo 

300,000 

300,ooo 

Tut*18 30,709,OW 4.5 1,316,5W 4,689,500 6,076,OW 
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IRIDIUM is a global RDSS, voice and data Communi- 

* cations system that can provide mobile commmications vithin the 

United States, and ktveen the United States and any other 

location in the world. The IRIDIUM netvork vi11 communicate 

through gatovays to existing communication8 netvorks such as the 

public switched telephone netvork and terrestrial cellular 

telephone systems. IRIDIUR is intended to extend the coverage of 

existing telephone networks, not to compete vith them. 

All services vi11 be offered on a global basis, as 

authorized in each country. The range of specific services .~- 

available to any individual subscriber depends only on the type 

of unit selected. 

tion and Anci.&&arv Benhe@ 

IRIDIUR will offer RDSS services for automatic location 

reporting, paging and tvo-vay messaging. These services vi11 be 

available on a global basis. 

IRIDIUM can provide low-cost RDSS-only location 

reporting services. In addition, RDSS capability is integral to 

voice units. 
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An alphanumeric pager for instantaneous global paging 

. will be offered. The pager unit vi11 be similar in size and 

performance to the present terrestrial pagers. It is primarily 

intended for use in domestic and international metropolitan areas - 

where adequate telephone service is available for timely 

responss . 

Two-way messaging will be offered in conjunction with 

RDSS to report unit positions and to receive and transmit short 

messages. The primary application for their service vi11 be for . 

trucking fleet ‘lnanagement. 

7.. 

Global data services vi11 be available over IRIDIUR. 

Users can send facsimiles and other data from any point in the 

vorld to any other point. 

Data will be transmitted at a rate of 2400 bits per 

second. IRIDIUH subscribers need only add a eodem to an IRIDIUM 

voice terminal in order to send and receive data. 

IRIDIUR vi11 provide tvo-way, high quality 4800 bits 

per second digital voice communications using handheld portable 
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and vehicle mounted terminal8. IRIDIUR mobile terminals will be 

available in combination vith terrestrial cellular phones, vith 

. RDSS and in combination with Global Position System (rGPS") 

units. A terminal ray be designed for in-flight telephone 

service on commercial aircraft and a unit to k used on general 

aviation and commsrcial aircraft. 

C. 

The IRIDIU?l subscriber unit (nISUn) product family 

consists of hand-held portable units, the vehicular mobile units, 

transportable units and pager unito. The ISU offers vorldvide 

RDSS, voice and data communicationa, and vi11 be lightveight, 

economical and as easy to use as a cellular phone. The ISU 

communicates vith IRIDIUM’s satellite constellation, which forms 

a practical, lov-pover communications link for next-generation 

telephony. 

ISU product development at Motorola is in progress. 

Because Rotorola has extensive design and development experience 

in conventional cellular telephones, digital cellular telephones 

and pagers, Motorola is uniquely qualified to design and develop 

a quality ISU product family. The economic advantages of 

Motorola's technical experience and volume production 

capabilities will cause ISU prices to follow a reduction pattern 

somevhat similar to that experienced vith cellular phones. 

However, they are not expected to experience as rapid and 
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dramatic reductions as occurred with cellular radio because fewer 

units vi11 be manufactured. 

It is anticipated that an Wpen systemW functional 

specification will be made available, allowing other 

manufacturers to design and build ISU products. ISU product 

compliance to the ISU functional spscification vi11 be verified 

through rigorous "type approvals testing. 

The initial introduction prices for the basic handheld 

telephone are expected to be in the neighborhood of $2,000 (1990 

dollars), and somewhat more for more complex units. A pager is 

expected to cost approximately $200-300. An RDFS-only unit made 

by.Hotorola or a third-party could cost as little as $200. 

PDSS-only units vithout any voice or other data 

capabilities are expscted to become available as the market 

develops for such services. As an option, Global Positioning 

System (GPS) or GLONASS receiver circuitry can be added to 

provide the user vith more accurate location information. 

The pager ISU provides worldwide paging in an apparatus 

similar in size, veight and operation to a Hotorola pager. In 

addition, other manufacturers are expected to offer pagers 

compatible 4th IRIDIUM. 
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. 
The ISU portable user interface will emulate, as much 

as possible, the existing Motorola cellular telephone interface. 

The ISU vi11 have many of the same programmable features found in 

conventional cellular telephones. 

The hand-held portable ISU provides full-duplex voice 

communication in an apparatus similar in size, veight and 

operation to a ?lotorola UynaTAC portable cellular phone. The 

portable ISU will be small and lightveight. &S Figure III-l for 

a depiction of a portable ISU. 

4. 

The vehicle mobile ISU provides voice and 2400 baud 

data communication in an apparatus similar in size, weight and 

operation to a Xotorola mobile cellular phone. nobile 

installation configurations include hands-free calling for 

driving safety, and dual antenna diversity for superior signal 

reception. 

Where permitted, the transportable ISU will provide 

full-duplex voica and full-duplex 2400 baud data communication in 

an apparatus similar in size, weight and operation to a Motorola 

mobile cellular phone. The transportable ISU can be temporarily 

installed in a building or at other locations. 
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1. 

. IRIDIUM vi11 be operated on a non-common carrier basis 

by selling bulk transmission capacity on the satellite con- 

stellation to major authorized carriers in the United States and 

abroad. RDSS will be pricsd on a usage basis. Voice and data 

offerings will be priced in units of service time, rather than 

transponder capacity, and sold for fixed terms. 

2. mature and Principal Terns of Offering8 To Re Rade 
l to athor Parties .^ 

Plans for the sale of IRIDIUR's communications services 

will take into account such factors as competition, customer 

demand, and flexibility in pricing and payment terms. The 

services vi11 be sold in vholesale bulk units on a traffic minute 

basis. 

IRIDIUM's unique ability to provide telecommunications 

service from and to anywhere in the vorld has already attracted 

considsrable interest from a number of major domestic and 

international carriers. Proposals are being presented to a 

select group of customers. Final negotiations relating to 

business terss, technical and lagal matters could occur prior to 

Commission approval of the IRIDIUR system. Buyers vi11 have the 

right to terminate agreements should Motorola elect not to 

continue the program because of regulatory considerations. 
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2. Npaoifio am6 Detailed Inforutioa Conaeming 

In m of Ree Utu 

s v. ? r G, 525 F.2d 630 (D.C. Cir. 1976), m. 

!a!aDhd auk Mm Nat'1 AmQd&hlors svstsm v. 

p.c.c., 425 U.S. 992 (1976), the Court held that "the 

charactaristic of holding oneself out to serve indiscriminately 

appears to be an essential element" of common carriage, and that 

an entity will not be a common carrier Where its practice is to 

make individualized decisions, in particular cases, vhether and 
.- 

on vhat terms to deal.. &j. at 641-42. In applying these 

holdings to satellite transponder sales, the Commission found 

that as stable one-time offerings to buyers and sellers vith 

particularized needs, these business relationships vould not be 

expected to be provided uniformly and indiscriminately to all 

potential customers on a common carrier basis.m Accordingly, 

the Commission authorized applicants to apply for domestic 

satellita licenses for non-common carrier purposes.P' Roreover, 

the Commission has held that long-term leases are consistent vith 

ut 

1238,%55-57 (1982) 
tic Psi+- Tram Sales , 90 F.C.C.Zd 

("- "1, &tf3, st!QLu 
Inc. v. P.C.C,, 735 F.2d 1466 (D.C. Cir. 1984). 

al Ip. at 1257. 
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the criteria established for the provision of non-common carrier 

offerings.“’ 

* IRIDIDX1s offerings should similarly be classified as 

non-common carrier services. notorola vi11 negotiate individual 

long-term srrangements with major international carriers for 

vholesale bulk trannission services. These carriers vill, in 

turn, provide telecommunications services to members of the 

public. 

A description of the proposed markets and services that 

can be offered by IRIDIUM is contained elsewhere in this 

application. The market response to IRIDIDR~s satellite system 

has been strong. Motorola further believes that prospective 

carriers will demand long-term relationships in order to ensure 

adequate capacity at stable prices. 

4. Nsmes of Any Purchasing Customers for Which sales 
Ye Been 2xecuted 

Although Motorola has not entered into definitive 

agreements for the sale of communications capacity, it has 

engaged in detailed discussions vith a number of prospective 

customers. Markst response to IRIDIUH has bean very positive. 

Hotorola has entered into Memoranda of Intent with several major 

international telecommunications carriers. 

m2d 866, 869-70 a’ w &&llite -6 Svstw, 95 P.C.C. 
(1983); s of Satute Svstems Provlpias 
-Communfcations. 101 P.C.C.2d 1046, 110 
(*v"), - 
(1986). m race, ix6.C. Red 

-. ;4-06 (1985) 
Pidaration , 61 Rad. Reg. 2d (P&F) 649 

439 (1986). 
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Iv. 

The IRIDIDI4 system consists of a constellation of 77 

low-earth orbit satellites in seven polar orbits, with eleven 

satellites l gually speced in each orbital plane. Ths selection 

of ths operating orbits for the satellites vas based on the 

simultaneous solution of many criteria, each of which are vital 

to the commercial and technological feasibility of IRIDIUM. 

.The following six criteria vere considered in selecting 

the number of satellites and orbits: 

The primary criterion for developing IRIDIDR~s orbit 

selections was the need to provide single global coverage over 

the entire surface of the earth at all times to insure that any 

IRIDIDR subscriber unit will alvays have at least one satellite 

in view. This reguirsment defines the minimum number of orbital 

planes and number of satellites vithin each plane. 

A second selection criterion required that some portion 

of each orbit bs available to allow each satellite to operate in 

a low pover environment, thereby parmitting pover generation 

subsystem5 to be recharged. This requirement allows the size of 

the pover subsystu to be minimized and makes it feasible to 

design a "smalln satellite. 
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A third criterion for selection required that the 

relative spacing and line-of-sight relationships to neighboring 

satellites be repeatable to allov the on-board subsystems vhich 
. control crosslinks to be simplified, thus reducing the size, 

weight and pover on the satellite design. 

A fourth orbit selsction criterion involved minimising 

the cost of the entire constellation of satellites. This is a 

two-part optimitation which requires that the number of 

satellites be minimized along vith the cost of launching each 

satellite into its operational orbit. In general, the costs 

associated vith launch vehicles increase as the satellite veight 

and orbit altitude increase. 

To insure that reasonable link margins could be 

established for nsmall" satellites directly communicating vith 

low pover subscriber units, the minimum slant angle as measured 

from the horizon to the line of sight betveen subscriber units 

and satellites was set at 10 degrees. This criterion also 

impacts the orbit selection process vhich must still provide . 

continuous coverage vhile providing a feasible link margin needed 

to offset the effects of slant range and foliage. 

The last criterion involves the operational altitude 

regime. operational altitudes above 600 nautical miles are 

affected more by the radiation environment vhich drive up 

hardware costs, vhereas altitudes lower than 200 nautical miles 

craate excessive on-board fuel requirements and frequency of 

stationkeeping maneuvers. 
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c. Orbit 

The orbit selection process focused on the satisfaction 
. of all of the above criteria. The paper contained in Appendix c 

hereto provides an extensive analysis of the general topic of 

earth coverage provided by families of polar satellites. The 

selected IRIDIDIY constellation is cosprised of seven l vsnly 

spaced circular polar planes, vith each plane containing eleven 

satellites in a ring. &P Figure IV-1 for a view of these 

planes. The satellites vithin each plane are spaced 32.7 degrees 

apart, and travel in the same direction at approximately 16,669 

miles per hour in a north/south direction and 900 miles per hour 

vestvaid over the equator. Each satellite circles the earth 

every 100 minutes. 

The seven planes of satellites co-rotate towards the 

north pole on one side of the earth and wcrossoverm and come down 

tovards the south pole on the other side of the earth. Of 

course, the earth continues to rotate baneath the IRIDIDR 

constellation. Tbe 11 satellites in each plane are equally 

spacad around their planar orbit, vith the satellites in the odd 

numbered planes (1,3,5, and 7) in phase vith one another, and 

those in the even numbered planes (2,4, and 6) in phase vith each 

other and halfvay out of phase with the odd numbsred planes. In 

order to prevent the satellites from colliding at the poles, a 

minimum miss distance is maintained between the planes in phase. 

Each of the seven co-rotating planes are separated by slightly 
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more than 27 degrees, and the "seaan betveen planes 1 and 7, 

which represents plane 1 satellites going up on one side of the 

Q earth and plane 7 satellites coming dovn in the adjacent plane, 

is separated by slightly more #an 17 degrees. 

This satellite constellation provides coverage over the _ 

entire surface of the earth with single coverage provided at the 

l guator and increasing levels of coverage as the satellites aove 

toward the poles (due to individual satellite coverages beginning 

to overlap). The chosen altitude of 413 nautical miles is 

compatible with the desired altitude regime of greater than 200 

and less than 600 nautical miles, and vith the need to minimize-' 

the cost of the launch vehicles needed to place the satellites 

into their operational orbits. Several launch vehicle suppliers 

should be able to place IRIDIUM satellites into the reguired 

orbits at a reasonable price. 

The nearly symmetrical relationships between planes in 

the chosen constellation also simplifies the on-board subsystems 

vhich control inter-satellite crosslihks. Neighboring satellites 

slightly ahead of a reference satellite move smoothly tovards the 

reference satellite's plane and cross over that plane at the 

poles. They then move smoothly avay from the reference satellite 

as the cluster approaches the equator. 
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t of aat- 

There are several deployment options for the 

constellation that are presently under evaluation. Single or 

multiple satellite launches are being considered. 

The majority of the constellation probably will be 

deployed wing multiple satellite launches to facilitate rapid 

completion of the 77 satellite constellation. Final completion 

of each plane vi11 be obtained by single satellite per launch 

emplacement. 

Replenishment of the constellation Vi11 be accomplished 

using single satellite launches to minimize cost and to replace 

rapidly non operational spacecraft. 

The IRIDIUM constellation is designed to comply vith 

all safety practices and procedures presently accepted in the 

aerospace industry. Launch safety will be assured through 

compliance vith appropriate range safety controlling documents 

from the selected satellite launch complex. 

An additional safety consideration for the IRIDICM 

program consists of avoidance of satellite to satellite 

collisions in the polar areas. The constellation is designed 

vith the assurance of clearance between satellites as they pass 

each other at the poles. Small deviations between actual orbit 
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elements and pure polar orbits with exactly the 6a6e orbit phase 

angles are used to assure that collisions do not occur. 

At tbo l ud of useful life, fuel is expended to enhance * 
the decay of the satellite into lover orbits where natural 

atmospheric drag will cause it to burn up during reentry. 

Careful selection of materials will be made to insure complete 

consumption during the reentry trajectory. 

Syste6s design includes the considerations necessary to 

assure user safety. 

?. 

The public interest considerations noted in Section II 

of this application also support the assignment of these proposed 

low-earth orbits to IRIDIUX. By utilizing polar orbit6 at 

relatively low altitudes, IRIDIUM is able to take advantage of 

superior propagation characteristics and frequency reuse 

techniques to enable worldwide mobile communications at 

affordable costs. Such services also can be offered in 

conjunction with other terrestrial and satellite-based 

communications systsms on an interference free basis. 

To date, no coxmercial carriers utilize low-earth 

orbits to provide communications service to the public. Only 

fixed geostationary satellite6 currently provide space 

communications. As the geosynchronous orbit becorcs more and 

more congested with satellites and interference considerations 

prevent further use of the orbital arc, low-earth orbit 
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satellites will provide a realistic alternative for the Continued 

and l xpa6ded use of space for global communications. Through the 

granting of this application for radio station licenses, this 
. 

Co66ission can start the process of licensing and coordinating 

low-earth orbital assignmanta. 

In addition, the proposed orbital assignments will 

provide continuous coverage to the contiguous United States as 

well as all noncontiguous U.S. areas, including Alaska, Hawaii, 

Puerto Rico, the Virgin Islands, and U.S. territories in the 

Pacific. The Co66ission has long recognized and encouraged the 

provision of satellite service to these offshore points in order- 

to integrate better domestic U.S. communications services.x' 

V. 

A. 

The IRIDIUM syste6 iS composed of: (1) a Space Segment 

comprised of a continuously replenished constellation of 77 

small, mart satellites in low earth orbit, (2) a Gateway Segment 

consisting of 6art.h stations and assmiated facilities 

distributed throughout the world to support Call processing 

operatious and to provide for PSTR interconnection, (3) a 

centralized System Control Facility: (4) a Launch Segment to 

transfer the satellite6 into orbit; and (5) a Subscriber Unit 

a' m, - 1980, 64 P.C.C.2d at 604- . . 05 (1981); Mite Fa I 35 
P.C.C.Zd 844, 656-59 (1972) ("-II"). 
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(gISUa) Segment. Figure V-l provides a pictorial summary of the 

major element6 of each of the system segments. 

The IRIDIUR system architecture is extremely flexible 

and has been designed with the following objective6 in mind: 

. Efficient use of spectrum and RF power: 

. Continuous global coverage; 

. Reliable communications in nearly all environments 
and terrains: 

. Minimizing user terminal size, weight and cost: 

. Minimizing satellite production and launch costs; 

. Allowing for economical upgrades to increase 
system capacity and to implement improvements .~. 
resulting from natural technology evolution. 

The Space Segment includes a constellation of 77 small 

satellites in low-earth orbit which are networked together as a 

svitched digital communications system utilizing the principles 

of cellular diversity to provide maximum frequency reuse. Each 

satellite will utilize up to 37 separate spot-beams to form cells 

on the surface of the earth. Multiple relatively small beams 

allow the u6e of higher oatellite antenna gains and reduce the RF 

power required in the satellite and the user terminal. The 

spatial separation of the beams allows increased spectral 

efficiency via time/frequency/spatial reuse over multiple cells, 

enabling many simultaneous user messages over the same frequency 

channel. 
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The constellation of satellites and its projection of 

cells is somewhat analogous to a cellular telephone system. In 

4 the case of Cellular telephones a static Set of cells serves a 

large number of mobile users: in the case of IRIDIUR, the users 

move at a slow pace relative to the spacecraft, so the users 

appe6r static while the cells move. As each satellite nears the 

poles, the outermost spot beams are disabled to eliminate 

unnecessary overlap with beams from adjacent satellites. m 

Figure V-2 for a global depiction of such spot beam coverage. 

Each satellite operates crosslinks as a medium used to 

support internetting. These crosslinks operate in the Ka-band .- 

and include both forward and backward looking links to the two 

adjacent satellites in the same orbital plane which are nominally 

at a fixed angle and 2,173 nautical mile6 away. Up to 4 inter- 

plane crosslinks are also maintained and these links vary in 

angle and distance from the satellite with a maximum distance of 

2,200 nautical miles. Crosslink beams never intercept the earth. 

Each satellite can communicate with earth-based 

gateways either directly or through other satellites by means of 

the crosslink network. The system architecture is designed to 

accommodate 250 independent gateways, although initially between 

5 and 20 gateway6 will be constructed, including two in the U.S. 

The initial system is sized to handle the expected 

demand plus some margin for the end of this decade; however, 

IRIDIUM allows for capacity growth in subsequent years as the 

need. arises. Technological improvements .in power available on 
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board spacecraft, launch weights, antenna technology, electronic 

technology, and areas not now known will allow for system growth 

. within the overall system design that provides for a natural 

evolution as IRIDIDH matures. 

The IRIDIUM system has been designed to meet the 

technical requirement6 set forth in the international Radio 

Regulations and the applicable provisions of Part 25 of the 

Commission's Rules and ReguletiOn6. The system design also is 

fully compatible With all compliant RDSS systems, the radio 

astronomy commun ity and GIDNASS. 

The major satellite characteristics are shown in Table' 

V-l. The following subsections will describe in greater detail 

these and other aspects of the IRIDIUM system. 
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TABLL V-l 

MAJOR IRIDIUN SATBLLITX CBARACTBRIBTICS 

Stabilization 

Uission Life 

Station Keeping 

3-Axis 

5 Years 

+/- 0.5 Degrees Attitude Accuracy 
+/- 20 Kilometers Position Accuracy 

Frequency Band6 1610-1626.5 mz 
18.8-20.2 G?lz 
27.5-30.0 GHz 
22.55-23.55 GHz 

Earth Coverage 5 Million Square Miles Per 
Satellite 

Hax. Number of Uplink 
Channel6 per Satellite 

Max. Number of Downlink 
Channels per Satellite 

Number Intersatellite 
Channels per Satellite 

Number Gateway Channels 
per Satellite 

110 per cell averaged over 37 cells 

110 per cell averaged over 37 cells 

3,000 Raximum 

2,000 Maximum 

Total Occupied Bandwidth 16.5 UBz 9 L-band 
200 RR2 9 Ka-band (crosslinks) 
100 RBz @ Ka-band (gateway uplink) 

Polarization Right Circular 100 RIiz @ Ka-band 
(gateway dovnlink) 9 L-band b 
Ka-band (Gateway and TTLC links) 

vertical 9 Xa-band (Intersatellite 
links) 

Transmit EIRP 12.4 to 31.2 dBw 9 L-band 
14.5 to 27.5 dBw 9 Ka-band 

(Gateway) 
37.9 dBu 9 Ka-band (Intersatellite) 

Satellite G/T -19.6 to -5.3 dBi/K 9 L-band 
-10.1 dBi/X 9 Ka-band (Gateway) 
5.3 to 7.0 dBi/K 9 M-band 

(Inter-satellite) 

Wet Nass withReserve 366.2 kg. 

Orbit Polar (7 planes) 
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1. 

a. 

Each satellite has the capability of projecting 37 L- 

band spot beams on the surface of the earth. The spot beams form 

a continuous hexagonal pattern with one center spot beam 

surrounded by three rings of %gIially-Sized beam5. The three 

rings consist of 6, 12, and 18 spot beam6, reSpaCtiV%ly. Each of 

the 37 6pOt b66mS iS Created such that they are approximately the 

same Shape and size (372 nautical miles in diameter), and combine 

to cover a circular area with a diameter of about 2,200 nautical 

mile6 for each satellite. Each satellite is in view by a, single 

ISU for approximately nine minutes. 

Each satellite has 6 multiple beam phased array 

antennas plus one fixed beam cupped dipole entenna. The phased 

array antennas are located on the side panels of the hexagonal 

satellite, each of which forms six cellular beams. The fixed 

beam antenna is located on the bottom of the satellite and forms 

a single cellular beam in the nadir direction. Active 

Tran5mit/Rsceive (T/R) module5 are utilized to provide power 

amplification for the transmit function, low noise amplification 

for the receive function, switch selection between transmit and 

receive, and digital phase control for active beam steering of 

both the transmit and receive beams in the phased arrays. 

The composite L-band pattern is illustrated in Figure 

V-3 as it is projected on the surface of the earth. The six cell 
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pattern of each phased array (beam types l-6) is repeated for 

each of the six pansls. The nadir cell (beam type 7) is served 

by the cupped dipole located on the nadir face of the satellite. 
* 

Each of the phased array antenna beams have been optimized to 

provide the desired cell coverage. The antenna aperture gains 

(on-boresight) and bearvidths for each of the beam types are 

listed in Table V-2. Figures V-4 to V-10 depict the satellite L- 

band antenna gain contours. Tables A-2 to A-5 in Appendix A 

provide the peak antenna gains and specific link analyses. 

TABLE V-2 

Aperture 3 dB Beamwidth Elevation 
Gain (dBi) Azimuth (deg) 

25.0 19.0 5.4 
25.0 19.0 5.4 
25.0 19.0 5.4 
23.9 19.0 7.0 
23.0 19.0 8.5 
20.0 26.0 11.5 
12.0 45.0 45.0 

b. 

IBIDID?l operates with a 7-Cell frequency reuse pattern, 

as shown in Figure V-11. The cells denoted as A through G are 

scanned by the satellite antenna arrays in accordance with the 

timing pattern and sequence shown in Figures V-3 and V-12. 

During the time slot that the antenna is pointing at a cell, 

satellite tranemissions may be made and receptions of 



SATELLITE TDMA FORMAT.. ” 
A = TRANSMIT BURST TlME = 1.3 MILLISECOND 
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EXRIBIT I (Revised) 

TECHNICAL NFOl'JQ+T?ON 

Channei Bandwidth 

Intersatellite Link 
Polarization 
Center Frequency 

Channel Bandwidth 

'6iO-1526.5 ?!3Z (16.5 !EZj 
;- oi-- 'and Circular -_ .- _. 
'3r"; cress Band 
230 nz Downlink 
126 :Gz Znlink 

27.5-30.3 GHz (100 AXliz) 
18.3-20.2 GHz (100 KB.?) 
Riqfit Band Circular 
5 Ctiannels (single channei per 
link) 
13 KHZ 

22.55-23.55 GHz (200 MHZ) 
Vertical 
8 Channels (single channel per 
link) 
25 KHz 

Final Amplifier Output POWe?+ 

L-Band 
(Cells 1 - 37) 1.5 to 11.8 Burst Watts per 

carrier 
Xa-Band 

Gateway 1.0 to 25.0 Watts per 
channel 

Intersatellite 5.1 Burst Watts per carrieti' 

Receiving System Noise Temperature" 

L-Band 553 'K 
Ka-Band 

Gateway 1454 'K 
Intersatellite 789 - 1114 'K 

11 See Appendix A of IRIDIUM system application. 



Gain of Each L-Band Channel (Not a transponder)P' 

Orbital Location& 

Altitude 

Number of Planes 

Spacing of Planes 

Number of Satellites Per Plane 

Spacing of Satellites In Plane 

Predicted Satellite Coverage Contours 

Functional Block Diagram of 
Satellite Communications System 
and Switching Capabilities 

Physical Characteristics of Satellite 

Attitude Accuracy 

Position Accuracy 

Antenna Axis Attitude 

Antenna Pointing Accuracy Toward 
Earth 

413 Nautical Miles 

7 Polar Planes 

27 Degrees (except 
planes 1 & 7 
spaced 17 
Degrees) 

11 Satellites 

32.7 Degrees 

21 

+/- 0.5 Degrees 

+/- 20 kilometers 

p: 

+/- 0.5 Degrees 

21 See Appendix A of IRIDIUM system application. 

3; See Section IV to the IRIDIUM system application for the 
factors which support these orbital assignments. 

9 L-band cell (1 - 7) contours and Ka-band gateway and 
intersatellite link contours are provided in the IRIDIUM system 
application at Section V. See Appendix A of the IRIDIUM system 
application for receiving antenna gain, transmitting antenna 
gain, receiving system sensitivity (G/T), saturation power flux 
density, and effective isotropically radiated power. 

21 See Section V of the IRIDIUM system application. 

61 See Section V of the IRIDIUM system application. 



Estimated Minimum Lifetime of 
In-Orbit Satellitd' 5 Years 

Attitude Stabilization and Station- 
keeping Systems 

e; 

Electrical Energy System p, 

Emission Limitations (L-Band) 
* 

Channel Bandwidth 280 KHz 

Spurious Emissions Attenuated 

30 dB @ 100% x Channel Bandwidth from carrier 
60 dB @ 200'2 x Channel Bandwidth from carrier 

21 The basis for this lifetime estimate is contained in Section 
V of the IRIDIUM system application. 

ai A description of these systems is contained in Section V of 
the IRIDIUM system application. 

9 A description of this system, including provision for 
operation during eclipse conditions, is set forth in Section V of 
the IRIDIUM system application. 
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FIGURE V-4 CELL 1 PAlTERN 
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FIGURE V-5 CELL 2 PAlTERN 
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FIGURE V-6 CELL 3 PAlTERN 
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FIGURE V-7 CELL 4 PAlTERN 
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FIGURE V-8 CELL 5 PATTERN 
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FIGURE V-9 CELL 8 PATTERN 
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FIGURE V-10 CELL 7 PATTERN 
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FIGURE V-11 SEVEN CELL FREQUENCY REUSE PATTERN 
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transmissions from ISU's may occur during the respective transmit 

and receive intervals. Transmissions may be on the same 

frequency at the same time in any cells with the same letters (A, 

B, etc.) as shown in Figure V-11. 

Each satellite has scanning beam antennas which are 

programmed to point at the correct cell on the earth at the right 

time. Figure V-13 shows the integration of the 7-cell pattern on 

a satellite and how it is integrated with satellites whose 

antenna patterns are contiguous. 

The positioning of the satellites is such that the 

cells merge at the equator as shown in Figure V-2. As the 

satellites move toward a pole, the distance between satellites in 

adjacent planes decreases. This causes antenna patterns to 

overlap. As the cell patterns begin to overlap, selected spot 

beam antennas are deactivated to permit an orderly reconstitution 

of the frequency reuse pattern. This synchronized control of the 

cells is defined as cell management. 

On a global basis, there typically are 1,628 cells and 

the seven-cell pattern reuses each frequency over two hundred 

times. Within the contiguous United States alone, IRIDIUM will 

achieve more than five times frequency reuse. NO other existing 

or proposed satellite system comes close to achieving these 

spectrum efficiencies. 
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2. Spectrum Utilisetion end Prequency and 
isation Plans 

* The IRIDIUM system will receive and transmit signals in 

the United States at the following frequencies: 

Subscriber Unit 
Uplink and Downlinka' 

1610-1626.5 MHz 

Gateways and Satellite 
Control Facilities 

27.5-30.0 GHz (Uplink) 
18.8-20.2 GHz (Downlink) 

Intersatellite Crosslinks 22.55-23.55 GH.? 

The IRIDIUM system is designed for single L-band 

operation. This means that no frequency spacing is required 

between the up and down link carriers, and that the paired RDSS 

band (2483.5-2500 MHz) will not be needed for the proposed 

service. 

a. Precfuencv Plans 

The Frequency Plan for the L-band is shown in Figures 

V-14 and V-15. The uplink consists of up to 102 frequency 

channels spaced every 160 KHz. Each channel occupies a 126 KHz 

bandwidth. It is expected that a maximum of 64 carriers may be 

used, 9 of which will be control channels. The downlink consists 

of up to 46 carriers. The carrier spacing is every 350 KHz and 

each channel occupies a bandwidth of 280 KHz. It is expected 

a/ The IRIDIUM system will be capable of operating in the 1610- 
1660.5 MHz band worldwide, but will only utilize those portions 
of the spectrum over any geographic region authorized by the 
appropriate regulatory bodies. 
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that a maximum of 29 carriers may be used, 4 of which will be 

control channels.z' 

The downlink uses Digital Speech Interpolation (DSI) 

techniques to reduce its bandwidth. A 2.2:1 DSI activity 

compression ratio is used allowing the 25 downlink traffic 

carriers to handle up to 55 voice channels. The four control 

channels provide the DSI control information to the IRIDIIJR 

subscriber terminal units, as well as the paging and 

synchronization signals. 

The spectral occupancy of the carriers will be arranged 

to protect the radio astronomy (1610-1613.5 MHz) and GLONASS (up. 

to 1616 MHz) frequency bands. Motorola does not anticipate any 

difficulties entering into memoranda of understanding with the 

appropriate radio astronomy parties to protect certain 

frequencies where necessary to avoid unacceptable interference in 

these bands. &g Appendix B. 

The IRIDIUM system crosslinks require 200 MHz of 

spectrum. The appropriate allocation for this type of service is 

the Intersatellite Link Sendx ("ISS") allocation at 22.55-23.55 

GHz. This application requests the use of frequencies in these 

specified bands; however, it is recognized that the space 

research community anticipates future use of this spectrum on 

such systems as the ATDRSS. It is believed that because of the 

Fiu These figures assume afully:nperational GLGNASS system. 
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general geocentric isolation of the two systems the likelihood of 

unacceptable interference is 10w.~' 

* Polarization for L-band links will be right circular. 

Polarization for the Ka-band intersatellite crosslinks will be 

vertical. The polarization for the Gateway links will be 

circular. 

Spurious emissions beyond the usable bandwidth of each 

frequency band will be attenuated by input and output filters, 

and the radio frequency design. 

b. COmDatibilitV with Other RDSS SYStemS 

IRIDIUM is fully compatible with all compliant RDSS 

systems and will not cause objectionable interference to any 

licensed system. &9 Appendix B hereto. Motorola agrees to 

coordinate with Geostar or any other licensed system operator to 

avoid harmful interference as required by Section 25.392(b) of 

the Commission's Rules. As set forth in Section VI of this 

application, Motorola requests a waiver of Section 25.392(f) of 

the Rules to provide such coordination through technical means 

other than the spread spectrum techniques set forth therein. 

221 It should be noted that the FCC Industry Advisory Committee 
to WARC-92 is recommending additional ISS allocations in the 22 
and 33 GIiz part of the spectrum to accommodate possible future 
needs. Motorola understands that this proposed ISS allocation 
use and development strategy has been discussed and coordinated 
with, cognizant U.S. space research officials. 
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3. mffic CaDaoity 

L 

The multiple access format for IRIDIUM uses both time 

division ("TDMA") and frequency division ("FDMA") which results 

in a very efficient use of spectrum. A 14 slot TDMA format is 

used, allowing each cell to be assigned on the average two time 

slots. The average traffic capacity of the IRIDIUM system using 

the 16.5 KHz from 1610 to 1626.5 ME?. is therefore 2 x 87 traffic 

channels or 174 full duplex voice channels per cell. The IRIDIUM 

system places approximately 40 cells (time variant over 10 

minutes) over the continental United States and its coastal 

waters. The traffic capacity for the contiguous United States 

would then be 40 cells x 174 or 6,960 full. duplex voice 

channels. 2~ 

Other non-contiguous parts of the United States would 

also be served by the IRIDIUM system, including Alaska, Hawaii, 

the Virgin Islands, Puerto Rico and the island territories in the 

Pacific Ocean. At 174 full duplex voice channels per cell and 

1628 operable cells worldwide, the theoretical maximum capacity 

of the system would be 174 x 1628, or 283,272 full duplex voice 

channels using just 16.5 MHz of spectrum.?l' 

For RDSS only applications, the traffic capacity would 

be even larger. The basic RDSS data may be transmitted in a 

.w These capacity figures may be reduced somewhat depending 
upon the future deployment of GLONASS. 



- 61 - 

single burst in the TDMA time slot. Each cell exchanges two 

bursts every 60 milliseconds, or 33.3 bursts per second. 

e. Therefore, the capacity per carrier per second over the 

continental United States would be 40 cells times 33.3 or 1333. 

Given the capability of 40 active RDSS traffic carriers on the 

downlink, the total system capacity would be over 191 million 

observations per hour.=' IRIDIUM can provide observations to all 

subscribers. There is no limit on the number of subscribers. 

4. Communications Subsvstem 

The IRIDIUM communications system provides L-band 

communications between each satellite and individual subscriber 

units, Ka-band communications between each spacecraft and ground- 

based facilities (either Gateway or System Control Facilities), 

and Xa-band crosslinks from satellite to satellite. The transfer 

of Telemetry, Tracking, and Control ("TT6C") information between 

the System Control Facilities and each satellite is generally 

provided via the a Ka-band communications links, with a dedicated 

link (via omni antenna) provided as a backup. Figure V-16 is a 

top-level block diagram for the communications subsystem. 
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FIGURE V-16 

SATELLITE ELECTRONICS TOP-LEVEL BLOCK DIAGRAM 
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. . - d Subscriber Terminal Links 

The L-band communications requirement is supported by 

an antenna complex consisting of seven antenna panels which form 

37 cellular beams. Of the seven beams that can be formed 

simultaneously (one from each panel), six may be active during 

any time slot (based on the projected overlap between the cell 

patterns of adjacent satellites). The L-band communications 

subsystem is sized to provide transmit and receive capability for 

up to six fully loaded cells. 

Each active receive beam supports up to 87 traffic 

channels spaced at 160 KHz intervals. Each active transmit beam 

supports up to '45 traffic channels requiring a maximum of 280 

TDMA modulator channels per satellite. The larger uplink channel 

quantity is balanced with the use of a 2.2:1 DSI voice activity 

compression ratio on the downlink. 

The L-Band communications subsystem is designed to 

support bit error rates of less than lo-' end-to-end for voice. 

The lower bit error rates required for data transfers will be 

supported through the use of processing hardware installed at the 

subscriber units to apply more robust protocols and coding in 

order to counter the deep fades experienced in the L-band links. 

The FDMA/TDMA architecture selected for use on IRIDIUM will allow 

growth in the capacities of future satellite launches through 

additional frequencies, while maintaining compatibility with the 
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data rates, channel spacing, and slot allocations described 

herein. 

b. Lntersatellite Crosslinks 

To form a transmission network that is able to 

transport subscriber communications around the entire earth 

requires that the satellites of the IRIDIUM constellation be 

interconnected. Each satellite will communicate and route 

network traffic to the two satellites that are fore and aft of 

the vehicle in the same orbital plane. Two separate fixed 

waveguide slot arrays pointing in forward and aft directions are~. 

used for the in-plane links. The gain of these arrays is 

approximately 36 dBi. Figure V-17 depicts a typical crosslink 

antenna gain contour. Table A-8 in Appendix A gives the peak 

antenna gains and specific link analyses. 

In addition, each spacecraft will be interconnected to 

the satellites in the adjacent two orbital planes. Mechanically 

steered waveguide slot arrays are used to track the co-rotating 

adjacent planes (cross-plane). The gain of the cross-plane 

antennas are also 36 dBi. The cross-plane antennas are optimized 

to provide a 5 degree elevation beamwidth so that mechanical 

scanning is required in only the azimuth direction. 

These four cross links provide both direct and 

practical routing between users throughout the world and provide 

a substantial redundancy that can continue to support traffic 

flow in the event of degradation to one of the satellites. These 
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links will experience neither transmission fades nor multipath as 

can be seen in the link budget calculations in Appendix A. The 

low link margins both limit the power requirements aboard the 

satellites and minimize any possibility of interference 

originating from the satellites. Each of the four crosslinks 

supports 600 simultaneous circuits for an effective capacity of 

1300 voice channels assuming the 2.2:1 DSI factor. 

The frequency plan for these crosslinks requires the 

allocation of eight distinct center frequencies for crosslink 

communications in order to support all necessary satellite-to- 

satellite communications on a non-interfering basis. The burst 

data rate for each plink is 25 Kbps and the channels are spaced at 

25 MBz intervals. Each Ka-band crosslink is designed to support 

a bit error rate of less than lo-' using rate l/2 FEC coding. 

c. gatevav Links 

The Ka-band gateway links support simultaneous 

communications with two ground-based gateways (or system control 

facilities) per satellite. The antenna elements for the gateway 

subsystem are located on the nadir panel of the satellite. 

Satellite beam-center gains for maximum range is 18.0 dBi on the 

downlink and 21.5 dBi on the uplink. The transmission links are 

designed to function even during rainfalls that attenuate the 

signal by up to 13 dB in the downlink and up to 26 dB in the 

uplink. Multiple antennas separated by up to 34 nautical miles 

provide spatial diversity which avoids sun interference and helps 
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mitigate rain attenuation. This provides link availability of 

99.8% for gateways. Figures V-18 to V-27 depict the satellite to 

gateway downlink antenna gain contours. Figure V-28 depicts the 

gateway to satellite uplink antenna gain contour. Tables A-6 and 

A-7 in Appendix A give the peak antenna gains and specific link 

analyses for the gateway link. 

Each of the two full-duplex gateway links supports 600 

simultaneous circuits for an effective capacity of 1300 voice 

channels assuming the 2.2:1 DSI factor. The frequency plan 

requires the allocation of six distinct center frequencies each 

for uplink and downlink gateway links. The modulation rate in 

each direction is 12.5 Mbps and the channels are spaced at 15 MHZ 

intervals. Each link is designed to support a bit error rate of 

less than lo-' using l/2 rate FEC. 

5. Transmission Characteristics 

a. Provision of ROSS and Other Services 

The IRIDIUM system has been designed to provide RDSS 

plus voice and data services using digital transmission in a 

combined time and frequency division multiplexing scheme. RDSS 

is accomplished by performing an electronic calculation of the 

stationary position of the ISU relative to a satellite orbit. 

Given these results and a description of the satellite orbit, the 

position of the ISU can be determined to within one mile. 

Accuracy can be improved with time. The ISU measures the arrival 
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of the start of downlink transmissions by correlation detection 

of the unique word which begins the event. The arrival of 

z subsequent bursts, at once per frame are noted. The difference 

between actual arrival time and expected arrival time are 

recorded. Using these values and the ephemeris parameters of the - 

orbit, the ISU computes an estimate of the distance and time from 

the satellite to the ISU when the satellite is at Point of 

Closest Approach ("PGCA"). In an iterative process, a difference 

equation is solved and an estimate of pseudo range produced. 

Worst case, the technique will require a few minutes of passive 

listening to provide an answer. 

Voice is provided by the transmission of the output of 

a VSELP 4800 BPS voice coder. Processing by this type of voice 

coder produces discrete blocks or packets of data at the coder 

framing rate. Each information packet will be protected from 

errors with a combination of forward error correction and error 

detection which increase the information bit rate of 4800 bits 

per second to a link transmission rate of about 8500 bits per 

second. 

b. Modulation Char8cteristics 

The modulation and multiple access techniques used in 

IRIDIUM resembles those of a terrestrial cellular system, 

especially the newer digital cellular systems (GSM, U.S. digital 

cellular, etc.). A combined frequency division and time division 
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5 

multiple access format is used along with data or vocoded voice 

and digital modulation techniques (QPSK, MSK, etc.). 

Each subscriber unit operates in a burst mode using a 

single carrier transmission. The bursts are controlled to occur 

at the proper time in the TDMA frame. A typical uplink TDMA 

format is shown in Figure V-12. The TDHA frame has fourteen time 

slots. Each ISIJ will burst so that its transmission is received 

at the satellite in the proper time slot, Doppler corrected. The 

downlink transmission format is similar, though slightly higher 

in bit rate to the uplink. 

This overall scheme has been chosen to maximize 

f reguency reuse, minimize spectrum requirements, maximize the 

possibility of sharing spectrum, and minimize the complexity of 

the subscriber units, the satellites, and the gateways that 

interface with the terrestrial public Switched Telephone Network 

("PSTN"). Use of digital techniques also provides good 

communication with lower signal to noise ratios than could be 

achieved with analog modulation techniques. Ultimately, this 

permits service to be provided to more users, using less 

spectrum, and at lower cost. 

The system will use differentially encoded, raised 

cosine filtered, quadrature phase shift keyed ("QPSK") 

modulation. This specific format has been chosen as the best 

compromise for the transmission channel between the satellites 

and the earth which may experience a combination of multipath 

fading and transmission impairments (shadowing) due to natural 
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vegetation. Several competing modulation formats were considered 

but were not chosen because they offered no improvement and 

generally were more complex to implement. Raised cosine 
* 

filtering of the digital signal reduces the spectral occupancy 

and thus permits multiple carriers to be placed close together 

with acceptable levels of intermodulation. 

c. performance Obioctives 

The IRIDIUM system is designed to provide service to 

virtually 100% of the earth, 99.5% of the time. However, it 

should be recognized that it will be economically, and at times,. 

physically impossible to provide service to every single point on 

the earth. There are practical limitations to the total number 

of locations which will physically be within line of sight to the 

satellites. The end-to-end bit error rate will be better than 

0.01 for voice transmissions. More typical minimum bit error 

rates will be between .OOl and .OOOl. 

d. &ink Performance Calculations 

The link budgets presented in Appendix A include the 

use of QPSK modulation format and sufficient bits to provide the 

equivalent of Rate 3/4 forward error correction. 

6. Telemetrv, Trackina and Control Subsystem 

The Telemetry, Tracking, and Control ("TThC*V) subsystem 

provides the functional hardware required for the reception, 
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processing and implementation of command data, and the 

collection, storing, multiplexing, and transmission of satellite 

telemetry data. The TT6C subsystem operates with or without the 

simultaneous functioning of the mission communications system, 

and does not degrade or interfere with the mission communications 

operations. The spacecraft antenna arrangement and the 

communications hardware configuration insure that command and 

telemetry functions are accessible during all phases of the 

mission. Functional hardware redundancy will be used to ensure 

reliability and preclude single point failures of the TTbC 

subsystem. Typical functions of the TTbC subsystem are satellite 

attitude control, thruster control, electronic equipment 

redundancy switching, multiple-point system monitoring for health 

and status evaluation, control of system initialization and 

testing, and general housekeeping tasks. 

When the satellite is on-station, telemetry downlink 

transmissions utilize the 18.8-20.2 GHz band, and telecommand 

uplink transmissions utilize the 27.5-30.0 GHz band. 

Alternatively, TThC data may be conveyed to any gateway using the 

satellite crosslink network provisions. TThC data normally are 

multiplexed into the wideband 20/30 GHs ground link or the 

crosslink transmissions during on-station operations, but during 

transfer orbit operations the TThC capability is provided by 

transmission over independent narrowband channels at the same 

20/30 GHz carrier frequencies. These narrowband channels use 

omnidirectional spacecraft antennas to permit direct communica- 
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tions with a gateway regardless of the satellite attitude. These 

antennas are linearly polarized. This link supports control and 

data communication during pre-orbit operations, de-orbit 

procedures, or during emergency or "lost bird" conditions where 

the satellite is not earth-locked. 

The narrowband 'TTLC communication link signal margins 

are adequate to permit a ground station antenna of moderate 

beamwidth (approximately 1 degree) to receive and transmit TThC 

link signals. This meets the requirements of initial acquisition 

and re-acquisition operations. When the narrowband transmission 

mode is in operation, all of the TT&C data and control signals 

are transmitted in digital form at a rate of 1.0 kbps each. 

Large signal margins and FSK modulation are used to minimize the 

effects of anticipated antenna pattern irregularities and grating 

lobes which are characteristic of the satellite omnidirectional 

antennas. Non-coherent modulation allows signal demodulation in 

the presence of the rapid phase shifts likely to occur if the 

satellite tumbles or spins. The TThC satellite transmission 

characteristics are summarized in Table V-3. 
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TABLE v-3 

TTLC! SATELLITE TRANSMISSION CHARACTERISTICS 

On-Station 
Transfer Orbit 
(Omni Antenna) 

Communications 
Network 

Frequency/ 18.8-20.2 GHZ/ 18.8-20.2 GHr/ 
Polarization Linear RHC (Gateway/SCS) 

EIRP 9.5 dBW max. (Uses Gateway 
link or Crosslink: 

Modes of Operations 

Modulation 

Data Rate 

Sequential data, Sequential data, 
Selected data Selected data 

FSK QPSK 

1 kbps 12.5/25 mbps 
(total Gateway 
link/Crosslink 
data rate) 

: 

The command subsystem is designed to maintain positive 

control of the spacecraft during all mission phases. It provides 

reliable control during launching maneuvers and for all satellite 

operating attitudes. It also maintains the orbital velocity of 

the satellite and controls housekeeping functions and 

communications subsystem configurations. The command messages 

are encrypted and authenticated to provide security, protecting 

the satellite control subsystem against unauthorized access. 

The command transmissions received from the ground are 

demodulated into a digital bit stream. When the satellites 
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receive and decode a valid command from the TThC earth control 

station, the spacecraft command subsystem generates a digital 

command verification message vhich is transmitted back to the 

ground. The spacecraft command subsystem then executes the 

command in response to a subsequent verification transmission, 

and executes the command. Some of the attributes of the command 

uplink are summarized in Table V-4. 

TABLE V-4 

COIMIWD SIGRAL CRARACTSRISTICS 

Frequency 

Ant. Polarization 

Modulation 

Receive Flux Density 

Data Rate 

Transfer Orbit 

27.5-30 GHz 

Linear 

FSK 

-60 dBU/mZ max. 

1 kbps I 

On-Station 

27.5-30 GHz 

RCP 

QPSK 

(Uses Gateway link 
or Cross-link) 

12.5 mbps (total 
uplink data rate) 

7. Autonomous Navigation and Control 
@ubsvstem 

IRIDIUM's Autonomous Navigation and Control Subsystem 

("ANAC") is configured as a three axis bias momentum system. 

Primary attitude control of the satellite is achieved by the 

gyroscopic effects of a single Pitch Axis momentum wheel. The 

design uses the momentum of a high speed, single degree of 
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freedom wheel to provide inherent attitude stability. Magnetic 

torguing and wheel speed control will be utilized for attitude 

error correction. The primary sensors will be a pair of Barnes 

Engineering Dual Cone Scanners implemented for the MANS 

(Microcosm Autonomous Navigation System) to provide infrared 

sensing of the earth and visible sensing of the Moon and Sun. 

The system will be fully autonomous with ground control 

backup capability after the satellite is placed in its final 

orbit and initially attitude stabilized. The inherent gyroscopic 

stability of the wheel provides stable attitude control and 

reliable reacquisition in the event of a sensor failure or 

control anomaly. Figure V-29 is a representative block diagram 

of the system. 

The ANAC System is utilized during the parking orbit 

and final mission orbit, and performs the following functions: 

Parkina orbit . : Determines altitude and position. The 

momentum wheel, torguers and small thrusters are used to 

establish and maintain three-axis stability during the parking 

orbit. Satellite position is reported via telemetry to the 

ground control. 

on Orbit . : Maintains control during deployment and 

mission operation. Stationkeeping can be performed autonomously 

or in conjunction with ground commands. 

The Momentum Wheel Assembly provides gyroscopic 

stability of the wheel axis which is aligned to the satellite 

Pitch axis in inertial space. Control of the Pitch Axis to 
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maintain nadir pointing is achieved by wheel speed control to 

exchange momentum with the satellite. Roll and yaw errors are 

both controlled utilizing magnetic torguing. wheel speed 

commands and magnetic torguing currents are developed in response 

to error signals developed by the MANS Kalmann filter. The 

Barnes sensor utilizes earth, sun, and moon sensing to develop 

the required error signals. Torguing results from the 

interaction between the magnetic fields of the coils and the 

earth's magnetic field. Both roll and yaw errors are corrected 

in response to a roll error signal. 

MARS employs a modified existing space qualified 

scanning sensor to obtain altitude, roll, and pitch using 

infrared detection of the earth. The same sensor obtains yaw and 

orbit parameters using visible light detection of the azimuth and 

elevation of the sun and moon. Two sensors are utilized to 

obtain enhanced accuracy plus provide sensor redundancy. Using 

this approach, fully autonomous navigation and attitude are 

provided independent of any external resources. A Rubidium clock 

is also required as part of the system to provide an accurate 

time reference. Position, attitude, and rates are available at 

250 msec intervals and provide the following attitude and 

position knovledge accuracy: 

. Attitude accuracy: +/- 0.5 degrees 

. Position accuracy: +/- 20 kilometers 

The system stationkeeping mode also utilizes an 

autonomous approach using an absolute stationkeeping method 
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wherein each satellite is maintained within a prescribed "box" 

with position within the box determined by the MANS system. This 

approach requires minimal commanding. The positions of all the 

other satellites are known without extensive data transmission, 

and the system can be easily monitored from the ground as a check 

mode. 

A low thNSt hydrazine system is utilized to minimize 

spacecraft disturbance torques. The thrusters will always be 

fired in the direction of the velocity vector to ensure optimal 

propellant efficiency. The magnitude of the drag makeup is based 

on the observed drift relative to its assigned box and the 

required impulse computed during the ascending node of the orbit. 

The required command will be executed at the subsequent apogee to 

raise and circularize the orbit to maintain the spacecraft within 

the center of its designated box. 

8. pronulsion Subsvstem 

The satellite uses a monopropellant hydrazine subsystem 

to provide all propulsive functions. This subsystem applies 

external torques and forces to the satellite to perform the 

functions of orbit insertion, orbit adjustment, maintenance, 

reaction control, and de-orbit. The principle components of the 

subsystem include propellant storage pressure vessels, catalytic 

thrusters, solenoid, manual, and pyrotechnically actuated valves, 

plumbing, and telemetry instrumentation to evaluate the in-flight 

performance of the subsystem. 
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The propulsion subsystem includes a propellant load and 

thrusters capable of providing the delta-velocity increment 

required to insert the spacecraft into the designated orbital 

slot and positively de-orbit the spacecraft at end-of-life. The 

on-orbit functions of the subsystem include, altitude, mean 

longitude, and orbit inclination maintenance for the duration of 

the operational life. The on-orbit propellant load has been 

sized to provide a 60% consumable reserve for on-orbit functions. 

Table V-5 provides a preliminary propellant budget. 

The hardware implementation of the subsystem utilizes 

one surface tension propellant tank manifolded to redundant 

thrusters -- each having a series redundant .propellant control 

valve and it's own thermal elements. Thrusters are located as to 

provide limited redundancy. The surface-tension device in the 

fuel tank ensures gas-free propellant delivery under all 

acceleration environments. The tank capacity provides for an 8- 

year mission life including the delta-velocity functions. 

TAPLP v-s 

PRELIPIPARY PROPELLANT BUDGET 

Function Propellant Mass (kg) 

Orbit Insertion 17.5 
Orbit Trim 2.2 
Drag Makeup 3.6 
EOL Decommission Maneuver 18.0 

Total Propellant Mass 41.3 
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Each solenoid valve is controlled by a thruster I/O 

board which provides the interface between the propulsion 

subsystem and the main payload processor. A background task 

running on the main processor selects the proper valves and 

timing for whatever function is commanded from the ground or by 

the on-board attitude control task. The status of the subsystem 

and maneuver bookkeeping is monitored via telemetry. End of 

consumable life is detected via pressure telemetry coupled with 

bookkeeping information. 

9. Bloctrical Power Bubsvatem 

The Electrical Power Subsystem ("EPS") is depicted in 

simplified form in Figure V-30. The EPS provides the power to 

the satellite electrical loads over the expected lifetime. The 

bus voltage varies from 22 to 36 volts and is converted to 

required equipment voltages by power converters located at the 

loads. 

The EPS is configured as a peak power tracking system 

with the battery always on line. The peak power trackers are 

adjustable and can be operated off the peak power point to reduce 

battery charge current when the battery reaches a full state of 

charge. The subsystem includes the following major elements: 

. A high output photovoltaic solar array. 

. Long life nickel hydrogen secondary batteries. 

. Fault isolating power distribution system. 
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4. 

. Redundant bus regulation and battery charging 
controls. 

The EPS contains fault protection features which 

automatically respond to subsystem malfunction or to excessive 

main bus loads. All power subsystem automatic function can be 

overridden in response to ground commands. Sufficient telemetry 

is provided to allow a comprehensive evaluation of EPS in flight 

performance as well as complete equipment status. 

The solar array consists of 18 sun oriented planar 

panels with 9 panes per wing. Each wing is attached to a 

deployed aatromast by a Graphite Fiber Reinforced Plastic 

("GFRP") boom. During transfer orbit, the panels are folded and 

stowed by a single wrap around cable against the spacecraft body. 

During this time, the outermost panels are periodically 

illuminated by the sun and will aid in providing power to 

housekeeping loads. When the spacecraft reaches its operation 

orbit, the array is deployed and full power will be available, 

The following mechanisms are used to deploy the solar 

array: 

. Multipoint solar panel support during launch by 
restraint from a single vraparound cable. 

. Cable release provided by redundant pyro activated 
cable cutter. 

. Deployment sequenced using simple therm0 motorized 
hinges. 

Stepper motor drives are used for sun tracking. TWO 

seasonal drives (one/wing) and a common orbital drive provides 

rotation of both wings about the deployed mast. -Power from the 
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rotating array is transferred to the main bus by slip rings. 

Each wing is independently oriented by redundant stepper motors. 

The design incorporates high efficiency GaAs/Ge solar 

cells on a lightweight GFRP substrate for minimum size and 

weight. Array design and sizing will meet all power requirements 

over the satellite mission life. 

One 48 amp-hour nickel hydrogen battery will comprise 

the battery system. Battery charge current will be controlled by 

adjusting the peak power tracker based on amp hour integration 

processed within. the on board computer, with temperature backup 

controls within the Power Control Unit. The battery consists of 

22 cells allowing for a single cell failure. 

The batteries are trickle charged at a constant c/loo 

rate when they reach approximately 97% state of charge (actual 

capacity). Recharge rate occurs at a level of c/l.2 to c/l.8 in 

the peak power tracking mode from eclipse exit until switch to 

trickle charge. The battery system will be sized to provide all 

housekeeping loads during eclipse plus some capability for 

communications. 

Table V-6 sets forth the electrical power budget and 

indicates EOL power capabilities: 

-.. 
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TABLE V-6 

POWER BUDOBT 

SUBSYSTEM EOL(5 yrs,avg pwr) 

Communications 
Electronics 433 
K band pwr amp(PA) 21 
L band pwr amp(PA) 232 (battery supplied) 

Attitude Control 50 
Telemetry, Tracking, and Cmd 20 
Electrical power and Dirtrib 75 
Thermal Control 20 
Battery Charge 750 

TOTAL LOAD 1369 (excluding L band PA) 

Panel Capability 1429 watts 

Margin (%) 60 watts (4%) 

10. 8atUllite Physical DesCriDtiOn 

Motorola will evaluate a variety of satellite designs 

before selecting a final design. It will be necessary to retain 

the flexibility to choose a final design based on technical 

capability and negotiations with potential suppliers. The 

baseline design was developed by Motorola in conjunction with 

consulting satellite engineers: however, Motorola reserves the 

right to substitute an equivalent design at a later date if so 

warranted. Motorola will, of course, keep the Commission 

informed of its final choice in satellite design and 

characteristics. 
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The satellite will be three-axis stabilized. Figure 

V-31 is an illustration of its design, and Figure V-32 is a 

diagram of major bus subsystems. 

The satellite structure will be capable of supporting 

the mass, volume, and heat dissipation requirements of the 

satellite. The structure itself will be capable of providing the 

required support and rigidity during all phases of launch, 

transfer and orbit insertion. The structure is a hexagonal tube 

of aluminum honeycomb panels supporting horizontal aluminum 

honeycomb shelves at both ends. Aluminum honeycomb stiffening 

ribs positioned vertically along the full length of the tube at 

three of the six corners support an internally mounted propellant 

tank. On one end of the hexagonal tube is the Zenith panel which 

supports two-axis articulating solar arrays on an extendable 

mast. The Nadir panel, on the opposite end, supports Ka-band 

crosslink and gateway antennas and a single L-band subscriber 

antenna. The remaining six subscriber antennas cover the side of 

the hexagonal panels. Bus, processor, and communication 

electronics are located on the inside of the hexagonal tube. 

The structure has the following features: 

. Simple structure assembly 

. Interchangeable subassemblies 

. Modular assembly of all subassemblies 

. Low structure weight 

. Grounded subassemblies to avoid space charging 
effects. 
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The structure will be compatible with the volume, 

thermal, acoustic, and vibration constraints of a variety of 

commercial launch vehicles, including Delta, Atlas, and Pegasus. 

The Thermal Control Subsystem maintains the temperature 

of the spacecraft and its components within a safe operation 

range under the simultaneous effects of the external space 

environment and component thermal dissipation during the entire 

mission. The major elements of this system are: 

. Surface finish coatings 

. Thermal insulation blankets 

. Thermal conducting materials 

. Makeup heaters 

. Temperature sensors and thermal control processing 

. Heat pipes 

Temperature control is performed by using passive 

design techniques, heat pipes, and heater augmentation. The 

passive surface finish, insulation, and heat pipe elements 

compensate for the seasonal and orbital variations in solar flux, 

while the heaters compensate for internal dissipation due to the 

variation in number of users over different areas of coverage and 

the state of the electrical power subsystem during eclipse and 

sunlight operations. 
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The spacecraft mass budget is as shown in Table V-7. 

TABLB v-7 

SPACECRAP' WB88 BDDGBT 

Subsystem Mass (kg) 

Structure 24.9 
Thermal Control Subsystem 12.1 
Propulsion (Dry) 8.6 
GNhC Subsystem 9.8 
Electrical Power Subsystem 78.9 
Antenna Subsystem 83.3 
Communication Electronics Subsystem 81.8 

Spacecraft Mass ~(Dry) 299.4 

Consumables 41.3 

Spacecraft Mass (Wet) 340.7 

Spacecraft Reserve Mass 45.5 

Spacecraft Wet Mass with Resenre 386.2 

11. ODeratiOnal Lifetime and 8Dace Seoment Reliability 

The operational lifetime of each satellite is 

determined by a number of factors, including solar array 

degradation, stationkeeping fuel consumption, and random parts 

failure. The following indicates the estimated lifetime of the 

satellites for each of these factors: 

Solar array degradation - 5 years 

Stationkeeping fuel - 8 years (3 sigma orbital, 
insertion accuracy assumed) 

Random parts failure - 5 years 
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c 

Redundancy will be provided on critical hardware as 

determined to be necessary through reliability analyses and 

predictions. 

C. Eatewav Becmcnt 

The Gateway Segment controls user access and provides 

interconnection to the terrestrial Public Switched Telephone 

Network ("PSTN"). There will be multiple gateways distributed 

throughout the world: initially two of these gateways will be 

sited in the continental U.S. to provide separate coverage of ~. 

both the eastern and western halves of the country. 'Iwo 

additional sites will be located in eastern and western Canada to 

provide coverage for that country as well as Alaska.ll' 

Each Gateway contains an Earth Terminal and Switching 

Equipment necessary to support IRIDIUM's Mission Operations. 

The key Earth Terminal parameters are summarized in 

Table V-8. Each earth gateway terminal contains three RF front- 

ends supporting continuous operations with extremely high 

reliability. One RF front-end is used to establish uplink and 

downlink communication with the "active" satellite while another 

21 When these exact locations are identified, separate gateway 
applications will be filed. 
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is used to establish communication with the next "active" 

satellite. A third RF front-end provides backup capability in 

* case of equipment failure and also provides geographic diversity 

against unusual sun or atmospheric conditions that would degrade 

service. Each RF-front-end consists of a Ka-band antenna, 

receiver, transmitter, demodulator, modulator, and TDMA buffers. 
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TABLE V-8 

GATEWAYBARTBTERXIRALNJWXARY 

Data Rate 12.5 Mbbps 

Error Correction Coding Convolutional, Rate=1/2, K=7 

Modulation QPSK 

Frequency Bands: Transmit 27.5-30.0 GIiz (Uplink) 
Receive 18.8-20.2 GHz (Downlink) 

Ground Tracking Antenna 
Diameter 3.5 Meters 

Gain 54.0 dB @ 20 GHz 
57.5 dB @ 30 GHZ 

Maximum Sidelobe Level. 20 dB below main beam peak 

3 dB Beamwidth 0.36 Degrees @ 20 GHz 
0.24 Degrees @ 30 GHs 

Pointing Angle Range 360 Degrees Azimuth 
+5 to 90 Degrees Elevation 

Ground Acquisition Antenna Passive Array, Configuration 
TBA 

Transmitter EIRP 
Clear Weather 
Heavy Rain 

Receiver G/T 

Minimum Eb/No 

51.4 dBW (+/- 3 dB) 
to 77.4 dBW Max. (+/- 3dB) 

23.2 dBi 

6.9 dB @ BER-10‘6 

c 

Since the orbiting satellites are in motion relative to 

the gateways, both primary antennas follow the track of the 

nearest two satellites. The communication payload being conveyed 

across the "active I* link must be handed off periodically, from 

the current satellite to the next one as the active link 
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disappears from view. This handoff process will be transparent 

to both IRIDIUM and PSTN users involved in active calls. 

Each RF front-end is controlled by an earth terminal 

processor, which provides antenna pointing commands based on 

ephemeris data provided by the System Control Segment ("SCS"). 

In addition, this processor provides status and performance data 

to the SCS so that the gateway operations within acceptable 

limits can be verified. The SCS will be able to direct specific 

gateway hardware to be tested, diagnosed, and reconfigured as 

necessary. In addition, the SCS can direct the gateways to 

reduce or terminate their access to the IRIDIUM network or the 

PSTN when continued operations would result in possible harm to 

either one. 

The RF front end High Power Amplifier power output will 

be controlled to compensate for atmospheric attenuation (such as 

rain). Received signal strength will be monitored and used to 

obtain information on atmospheric attenuation. The received 

electric field intensity at the satellite will be maintained at a 

constant level that is within 6 dB of the minimum required to 

maintain a lo-' bit error rate. The vast majority of the time, 

this will imply that the RF front end EIRP will be within 3 dB of 

nominal. 

Communication with the SCS will normally be achieved by 

using up to 1 Mb/s data rate to the "active" satellite: the 

information is transported by the IRIDIUM Ka-band network between 

each satellite and the "active" satellite serving the SCS. TO 
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insure that essential information flow is not disrupted in the 

face of Ka-band network anomalies, backup terrestrial 

communication channels conforming to CCITT V and X Series 

Recommendations will also be provided between the gateways and 

the SCS. 

To provide a reliable backup method of monitoring and 

controlling satellite operations, the gateways will transparently 

relay essential Tracking, Telemetry, and Control ("TThC") 

information between the overhead satellites using Ka-band 

channels and the SCS using terrestrial data communication 

channels. This equipment also performs the following functions: 

. Processing of call control data packets to 

establish and terminate virtual circuits for 

IRIDIUM subscriber units. 

. Processing of system control data packets to 

support SCS communications. 

3. #witchina Eouimment 

Each gateway provides switching equipment to interface 

between the communication payload in the Ka-band link and the 

voice/data channels of the PSTN for establishing, maintaining, 

and terminating calls. This equipment performs the following 

functions: 

. Transferring in-band line/address signals 

associated with PSTN Signalling System Rl to 
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establish and terminate circuit-switched 

connections. 

Transferring common channel signalling information 

associated with PSTN Signalling System 7 to 

establish and terminate circuit-switched 

connections. 

Supplying in-band tones and announcements to PSTN 

users to indicate call progress conditions 

Digital switching of PCM signals between channels 

derived from the earth terminal data, channels 

connected to the PSTN, and channels used to 

support in-band signalling of call control or 

progress information 

Risaion Dmerations 

Each gateway provides external interfaces that allow 

IRIDIIJM to set up connections between users and the PSTN, 

transfer billing information for each call, and transfer or 

update information in the subscriber files for its subset of 

registered users. 

5. pBTR Interconnectiog 

IRIDIUM will provide both voice and data connections 

through its satellite network, allowing information to be 

transferred between a subscriber terminal and any other IRIDIUM 

-or- PSTN user. Voice- connections will be designed ~to be fully 
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L 

compatible with applicable ANSI Tl standards and the CCITT G and 

Q Series Recommendations for digital transmission systems 

utilizing Signaling Systems Rl and 7 (as adapted for the U.S. 

telephone network). It is anticipated that interconnections will 

be made to local exchange, inter-exchange, and international 

carriers to allow an IRIDIUM user to establish a connection to 

any destination in the world. 

Data connections will be designed to be fully 

compatible with the Commission's OS1 standards developed in the 

context of its Computer III Inquiry, as well as with applicable 

CCITT V and X Series Recommendations. 

D. Svstem control Sewent 

The System Control Segment ("SCS") provides control of 

the satellite constellation. The SCS manages and controls all 

IRIDIUM system elements, insuring that service to the user is 

maintained in both the short term and over the long haul. 

Functions performed by the System Control Segment fall into two 

general areas: active control of the satellites, and control of 

the communications assets of the satellites. These tasks are 

performed by separate, collocated subsystems. 

1. Constellation Doerations 

The primary functions of the constellation operations 

subsystem include: 



- 91 - 

. Managing each satellite orbit. Over time a 
satellite's orbit tends to decay because of 
effects such as high altitude atmosphere and 
solar pressure. One of the constellation 
operations functions is to monitor this decay 
and order the firing of thrusters on the 
satellite to correct the orbit. 

. Monitoring each satellite's health. Telemetry 
information reflecting the status of each of the 
satellite's many systems is continuously 
telemetered to the System Control Segment. When 
unusual situations or failures occur it is often 
possible to issue commands to a satellite to "work 
around" the problem, and sometimes even correct 
it. 

. Supporting satellite launch and checkout. As each 
satellite is launched, it must be maneuvered into 
its final orbit and tests must be run to verify 
proper functioning. These activities are 
performed under the control of the constellation 
operations subsystem. 

. Removing satellites from the constellation. As 
each satellite reaches then end of its useful life 
it must be maneuvered away from the rest of the 
constellation and safely de-orbited. 

2. &&work Werations 

The network operations subsystem provides the 

capability to manage the communications networks. Under normal 

conditions the functioning of the satellites in terms of 

communication to the subscriber units, gateways, and to each 

other will be autonomous. In the event of abnormal conditions 

such as very heavy traffic loading or node failure, the network 

operations subsystem will provide instructions to the network 

nodes on what steps to take to maintain service quality to the 
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users. The steps may be very simple or very complex depending on 

the specific conditions. 

3. meation of 8CS SubsYstems 

The network operations and constellation operations 

subsystems will be replicated at two separate sites to provide a 

continuous capability in the event of some catastrophic event. 

By positioning the observation sites approximately 52 degrees 

north and spreading them in latitude, it is possible to observe 

every satellite every orbit with three earth terminals. The 

earth terminals will be nearly identical to those described in .- 

Section V.C.2. A final SCS element, the Operations and Analysis 

Subsystem, will be located at Chandler, Arizona. This subsystem 

provides long term planning and analysis for the entire IRIDIUM 

system. Chandler is particularly attractive as a site because 

access to the design engineers will be key to performing the 

analysis functions. 

E. pubscriber Unit 8eament 

Communications between the ISU and the satellite is 

over a full-duplex FDMA channel in TDKA bursts of QPSK modulated 

digital data. Digitized voice is encoded and decoded using the 

Motorola 4800 bps VSELP vocoder algorithm (selected as the U.S. 

Digital Cellular competition). Subscriber 2400 baud data and 

4800 bps digital voice data are protected with convolutional 
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coding and interleaving. Table V-9 provides a technical summary 

of a typical subscriber unit. 

TABLE V-9 

BWBCRIBW WIT SDMHARY 

Coded Date Rate: Uplink 180 Kbps 
Downlink 400 Kbps 

Error Correction Coding Convolutional, Rate=3/4, K=7 

Modulation QPSK 

Frequency Band 1610.0-1626.5 MHz 

Antenna : 
Type Quadrifliar Helix 

Gain +l.O to +3.0 dBi 

Area of coverage 360 Degrees Azimuth 
+lO to 90 Degree Elevation 

Transmitter EIRP: Peak 8.45 dBW (7.00 Watts) Maximum 
Average -4.70 dBW (338 Milliwatts) 

Maximum 

Receiver G/T -23.8 to -21.8 dBi 

Minimum Eb/No 3.1 dB @ BER-lo-' 

ISU uplink TDMA burst timing is synchronized to the 

downlink burst. The ISU compensates for changes in satellite 

range by timing the uplink burst transmission to arrive at the 

satellite with correct TDMA frame alignment. The ISU also 

compensates for the satellite Doppler frequency shift by 

adjusting the uplink transmit frequency. 
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P. @wMY eoament 

c 

The Launch Segment encompasses the systems required to 

deliver each satellite to a specified parking orbit for 

positioning in the constellation. This segment includes the 

launch vehicle and all associated equipment used to support the 

launch, integration of the launch vehicle and satellite, and 

control of launch operations. Satellites will be launched one by 

one or several at a time. At the end of launch vehicle powered 

flight, the launch segment provides the satellite state vector 

(position and time) to the SCS which them assumes control over 

the satellite. 

Pre-launch and launch operations are basically the same 

as those in practice for launches today. The SCS determines the 

overall launch plans and launch schedules. The launch vehicle is 

assembled and tested by the Launch Segment before mating with the 

satellite. The satellite is then mated with the launch vehicle 

and undergoes pre-flight integration testing and checkout. 

The SCS computes and provides the Launch Segment with 

the parameters that specify the desired parking orbit. The 

Launch Segment performs all planning and targeting required for 

the launch vehicle to achieve the desired parking orbit. The 

Launch Segment computes the mission-specific data load for the Lv 

flight computer and loads the flight computer. 

Launch operations are controlled by a Launch Control 

Center ("LCCN) under the direction of the System Control Segment. 
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Satellite telemetry is passed to the launch vehicle and relayed 

to the LCC as part of the telemetry. The LCC monitors the launch 

vehicle status and relays satellite telemetry to the SCS. The 

SCS processes and monitors telemetry to validate readiness of the 

satellite to launch. The LCC may recompute and upload the launch _ 

vehicle mission data load before launch. 

The LCC makes a recommendation to launch based on 

results of satellite and launch vehicle readiness testing and 

environmental monitoring (weather, etc.). 

The launch vehicle is monitored and controlled by the 

LCC. The LCC monitors range safety and can send an abort or 

destruct command to the launch vehicle after ignition if 

pre-determined~range safety guidelines are violated. 

The satellite provides health and status telemetry data 

to the launch vehicle. The launch vehicle transmits the data to 

the LCC, along with launch vehicle status data. The LCC provides 

the SCS with the satellite telemetry data received via the launch 

vehicle. The SCS monitors the satellite telemetry data to 

determine SV health and status. 

The ICC determines the launch vehicle trajectory from 

tracking and telemetry data and generates an estimate of the 

parking orbit state vector. The SCS uses these parameters to 

determine antenna pointing angles for contacting the satellite 

after separation. 

The SCS will nominally acquire the satellite using the 

estimated-parking orbit vectors received from the launch vehicle. 
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A search may be required to be performed by the ground antennas 

to acquire the satellite if a nominal orbit was obtained. The 

SCS will update the parking orbit vectors based on ephemeris 

information provided by the satellite. 

In the parking orbit, the satellite will deploy the 

satellite subsystems on ground command. The SCS will monitor the 

deployment sequence via telemetry when in line of sight of the 

SCS or Gateway earth terminals. The solar panels will then start 

to provide the power to allow use of the Ka-band uplink/downlink 

and crosslink antennas normally used for SCS/Gateway 

communications. The SCS determines the command sequences 

necessary to accomplish the transfer from the parking orbit to 

the mission orbit. The final sequence is actually a series of 

small burns which places the satellite into the right orbital 

"slot" relative to the other satellite in the same orbit. The 

satellite will execute the orbit maneuvers at the commanded 

times. The SCS will monitor the orbit maneuvers and continue to 

monitor satellite health, status and state vectors. 

VI. mIlKSTED VAIVERS OP COMMISSION RULE8 

IRIDIUM's state-of-the-art design and business plan 

requires certain nonconforming use and technical waivers of the 

Commission's rules. As demonstrated throughout this application, 

there are substantial public interest benefits supporting this 

global personal communications systems. These considerations and 
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others clearly demonstrate good cause for granting the requested 

A. Request For maivsr Of Frequency Allocation 
To Permit Co-Primary Voice And Data Servicer 
As A Noaconformina Use Of The RDSS Band 

Motorola requests that the Commission waive Sections 

2.106 and 25.392(d) of its rules to permit the IRIDIUM system to 

offer co-primary voice and data services as a nonconforming use 

of the RDSS band.=' A nonconforming use waiver will open up to 

the public the full range of advanced and innovative services the 

IRIDIUM system can offer, enhance the safety of lives and 

property worldwide, foster the international competitiveness of 

the United States, and significantly advance the efficient use of 

the 1610-1626.5 band, without interference to existing users. 

Additionally, use of the RDSS band for the provision of generic 

mobile satellite services comports with the Commission's own 

publicly espoused policy goal of reallocating the RDSS band for 

co-primary RDSS and generic MSS use. 

1. Nonconforming Uses of the Frequency 
Bpectrum Are Permitted in Appropriate 
pituatioos 

Both the Commission's rules and the international Radio 

Regulations provide for nonconforming uses of frequencies 

2, 47 C.F.R. 5 1.3 (1989). &9 &&Q WAIT Radio v. F.C.C., 418 
F.2d 1153 (D.C. Cir. 1969). 

3.3 47 C.F.R. 55 2.106, 25.392(d) (1999). 
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provided that no harmful interference is caused to existing 

allocated services.LO' When evaluating a request for a waiver of 

its frequency allocations, the Commission typically considers 

four factors: 

(1) whether the frequencies requested are 
underutilized; 

(2) whether the proposed use of the frequencies will 
be detrimental to their assigned users: 

(3) Whether any existing frequency allocation is not 
suited to or is insufficient to accommodate the 
applicant's requirements: and 

(4) whether the public interest will be served by 'a 
grant of the waiver. 

No single factor, however, is determinative in this analysis.ti' 

2. The Proposed Nonconforming Use of the 
RDSS Band Satisfies the Commiaaion~s 
Naiver Standard 

a. The 1610-1626.5 Band Is Underutilized 

AS discussed in the DSS Licensina Order,12' the 

Commission's original intent when it allocated the RDSS band was 

to license multiple RDSS systems so as to foster competition in 

the provision of radiolocation and radionavigation services. The 

r0, 47 C.F.R. S 2.102 (1989): International Radio Reaulation No. 
342: m Svstems, 92 F.C.C.2d 64, 68 (1982) (Commission generally 
allows nonconforming uses in appropriate situations). 

s' m Banaor and Aroo t ok R R Co., 5 F.C.C. Red 1199 (1990); 
Bia Bend TeleDhone Co., "2 0F.C.C: Red 3068 (1986) , and cases cited 
therein. 

23 104 F.C.C.Zd at 653. 

- 
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Commission perceived sufficient market demand for dedicated RDSS 

services to support several licensees."' It concluded that 

competition among those licensees would bring such services to 

the public quickly, without the delays attendant to comparative 

hearings or the establishment of a consortium.*l' 

None of these predictions has come to pass. Although 

the Commission initially entertained three technically compatible 

applications, only one licensee remains. To date, however, that 

licensee -- Geostar -- has had very little success in bringing 

its radio-determination services to the public.'l' 

Given Geostar's currently limited services, the 

decreasing likelihood of any significant increase in its capacity 

to serve new subscribers in the future, and the total absence of 

any additional proposals for the provision of dedicated RDSS 

services waiting in the wings, the 1610 to 1626.5 band is 

practically unused for its assigned purpose. In these 

circumstances, "the public interest would be better served by 

allowing [others] to use the frequencies . . . than by allowing 

the frequencies to lie fallow."s' 

ial &J. at 662-63. 
1/f Ip. at 653. 

111 &R WARC-92 Second Inouirv Notice, F.C.C. 90-316, at ( 70: 
GTE, 1 F.C.C. Red at 1163; =E Satellite COrD., 
Mimeo Nos. 5175 & 1181 (released June 16, 1996, and December 2, 
1985, respectively): GTE Suacenet Core., 4 F.C.C. Red 4538 
(1999). 

LPI Banaor and Aroostook R.R. Co., 5 F.C.C. Red at 1200. 
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b. Operation of IRIDIUM in the RDSS Band 
Will Not Interfera lith the Operations 
of Axw Other Authorirced Barvice Providers 

In its BSS Licensina Ordey, the Commission indicated 

that nonconforming uses of the RDSS band could be permitted if 

there is no prospect of causing harmful interference.u' As 

demonstrated in Appendix B, the IRIDIDM system has been carefully 

designed to share the 1610-1626.5 band with all currently 

licensed users. With this proposed system design, the chances of 

harmful interference to Geostar and other RDSS band users are 

virtually nonexistent. 

0. The Existing Allocation for Generic 
MB8 Is Clearly Insufficient 

The Commission itself has already recognized that 

additional bandwidth must be allocated to the generic mobile 

satellite service and that the RDSS band is the most appropriate 

source of additional scarce bandwidth. In its WARC-92 Second 

nouirv Notice, the commission explicitly noted that the demand 

for generic MS.9 is growing at an accelerating pace and is already 

beginning to create "increasing pressure to accommodate more and 

more systems within the limited spectrum available for these 

services.tllP' Consequently, the Commission has endorsed proposals 

for RDSS to share the 1610-1626.5 MHz band with compatible 

I/ 104 F.C.C.2d at 660. 

w F.C.C. 90-316, at q 65. 
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generic MS.9 systems on a co-primary basis and is planning to 

advocate such a reallocation at WARC-92.1s' In the past, the 

*. Commission has not hesitated to grant a waiver for a 

nonconforming use when, as here, the process for reallocation of 

the relevant band to that use is already underway.=' 

4. Granting a Waiver for Primary Voice 
and Data SerViCes Will Serve the 
public Interest 

Granting a waiver to permit the IRIDIUM system to offer 

voice and data services on a co-primary basis with RDSS will 

serve both the policies adopted by the Commission for the 1610- 

1626.5 band and the public interest for several reasons. .First -I 

the requested waiver will foster the Commission's multiple entry 

policies. The ability to offer voice and data services on a co- 

primary basis will permit multiple new entrants to use capacity 

on IRIDIUM to make RDSS and MSS widely available in competition 

with Geostar and possibly other MSS service providers. Second, 

as demonstrated in this application, IRIDIUM's extensive reuse of 

the L-band and lack of need for the paired RDSS bandwidth at 

2483.5-2500 MHz, is an extremely efficient use of the frequency 

spectrum. w, IRIDIUM can provide both supplemental RDSS 

service and meet the market's growing demand for generic MSS 

without causing interference to other operators in the L-band. 

S/ a. at ( 70. 

.w . 
Eommnlcatlon 

4117,%8~;jO). 
s Satellite Core., 5 F.C.C. Red 



- 102 - 

Fourth, the requested waiver will promote "the 

Commission's policy . . . to encourage advancements in 

communication system design and to foster communications that 
a. 

promote the safety of life and property.*lU' Finally, permitting 

IRIDIUR to develop to its full potential will advance U.S. 

Competitiveness in international teleCOUuTkUniCatiOnS generally and 

place the United States at the forefront of developments in low 

earth satellite technologies. 

B. Request for Waiver of RDSS Technical Rules to 
Allov for Up and Downlinks in RDSS L-band and 
for Non-Spread Spectrum Compatibility 
mchniaues 

Motorola also requests waivers of two technical 

requirements contained in the RDSS rules. First, Motorola seeks 

a waiver of Section 25.202(a)(2) of the rule&' to permit the 

IRIDIUM system to use both uplinks and downlinks in the 1610- 

1626.5 MHz band. Second, Motorola requests a waiver of Section 

25.392(f) of the rule&' to allow the use of non-spread spectrum 

techniques for ensuring IRIDIUM's compatibility with other 

licensed RDSS systems.s' 

111 Aeronautical Radio Inc., 5 F.C.C. Red 3038 (1990). 

%a 47 C.F.R. 5 25.202(a)(2) (1989) (allocating the 1610-1626.5 
MHz band for RDSS user-to-satellite communications and the 
2483.5-2500 MHz band for satellite-to-user communications). 

23 47 C.F.R. 5 25.392(f) (1989). 

,%I In addition, to the extent required, a wavier is requested 
of Section 25.392(f) of the rules, to allow for compatibility 

(continued...) 
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The Commission has consistently held that it is 

appropriate to waive its technical requirements whenever the 

requested waiver forwards the public interest and serves the 

. policies underlying the rules.=' Permitting IRIDIUM to use the 

1610-1626.5 MHz band for both uplinks and downlinks will benefit 

the public and advance the Commission's policy of multiple entry 

into RDSS. The Commission has traditionally advocated the 

efficient use of the frequency spectrum, including the bands 

allocated to RDSS, so as to bring the maximum level of service to 

the public. In addition, the Commission's policy is to foster 

multiple entry into RDSS.lP' By using both uplinks and downlinks 

in the L-band, IRIDIUM conserves scarce spectrum, freeing the 

2483.5-2500 Ml-la band for other users," and, as demonstrated in 

Appendix B, the IRIDIUM system's use of the 1610-1626.5 MHz band 

for the satellite-to-user link will not cause harmful 

interference to other operators in the L-band. 

Similarly, endorsing IRIDIUM's non-spread spectrum 

compatibility technology would both satisfy the rationale 

underlying the RDSS compatibility requirements and serve the 

Commission's policy favoring multiple entry. The Commission 

2Y ( . ..continued) 
techniques for radio astronomy other than those specified in 
Appendix D to the BpSS Licensins Order, such as those set forth 
in Appendix B hereto. 

=' &8.g Aeronautical Radio. Inc., 5 F.C.C. Red at 3039. 

29 . . 
BpsS Licensinq Order, 104 F.C.C.Zd at 653-54. 

x/I RDSS Allocation Order, 58 Rad. Reg. 2d (P&F) at 1420-21. 
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elected to require RDSS licensees to use spread spectrum 

techniques for avoiding interference with other RDSS licensees 

because it was the only technology proposed at the time which 

appeared to permit multiple entry.=' As demonstrated in Appendix 

B, Motorola's IRIDIUM system is equally as, if not more, 

effective as spread spectrum techniques at ensuring compatibility 

with other compliant systems. 

Under such circumstances, Motorola should not be 

prevented from utilizing this technology simply because it had 

not been developed at the time the technical standards for RDSS 

were established. Indeed, the Commission is required to adjust 

its rules and policies in the face of changed circumstances, 

including new and innovative technologies.z' 

One of the significant benefits of IRIDIUM is its 

ability to service the entire world with the same number of 

satellites required to provide U.S. domestic service. Each of 

its 77 satellites circles the earth in approximately 100 minutes, 

with the entire network of satellites providing continuous, 

interconnected global service via a revolutionary set of 

intersatellite crosslinks. 

.!&I SS Licensincr Order, 104 F.C.C.2d at 661. 

2% &WliT. Inc. Y. F.C.C.,. 656~F.2d,807, 819 (D.C. Cir, 1931): 
Eeller v. F.C.C., 610 F.2d 973, 980 n.59 (D.C. Cir. 1979). 
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With this comprehensive system application, IRIDIUM is 

seeking from the Commission both domestic and international 

s4 licensing authority for connections within the U.S. and between 

the United States and abroad. With respect to the requested 

international authorizations, notorola recognizes that separate 

approvals will be needed from foreign administrations before 

IRIDIUM can operate within and between those countries and the 

United States. An authorization from the Commission, however, 

will be extremely helpful in obtaining such foreign government 

approvals. Accordingly, Motorola requests that in addition to 

domestic authorizations, the Commission issue it conditional 

international authorizations subject only to further 

consultations and coordination with appropriate international 

bodies and foreign administrators. If such an international 

authorization would delay significantly the approval of a 

domestic license, Motorola respectfully requests the Commission 

first grant it a domestic license and then continue to process 

this request for conditional international approval. Such 

authorizations would be consistent with Commission policies for 

processing international satellite and undersea cable 

applications.B' 

Motorola understands that it will have to coordinate 

IRIDIUM with INTELSAT and INMARSAT pursuant to international 

9pI Seuarate Sv te 101 F.C.C.Zd at 1062: 
F.C.C.Zd 1033, 1:42%3 (1985)~; P 

Tel -0Dtik Ltd., 100 
acific Telecom Cable, In c., 2 

F.C.C. Red 2686, 2688-89 (1987). 
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agreements. Motorola firmly believes that these processes will 

not be an impediment to the provision of international RDSS and 

MSS services over IRIDIIJH. In this regard, at the most recent 

INTELSAT Assembly of Parties meeting in Lisbon, certain truncated 

procedures were approved for the processing of non-technical 

aspects of the Article XIV(d) consultation process. The INTELSAT 

Board of Governors now has the authority to issue findings with 

respect to separate systems intended to carry other than fixed 

satellite services. m BG 86-98, dated September 18, 1990. And 

in a recent internal progress report to the Board of Governors, 

which was endorsed by the Board, it was recommended that "since 

INTELSAT has no present intention to provide mobile services, 

separate systems . . . offering such services, should not be 

subjected to significant economic harm assessment." a BG 84- 

81 (Rev. l), dated March 13, 1990. 

In any event, it is imperative that the Commission 

immediately begin the process of advance publication with the 

IFRB and authorize IRIDIUM well in advance of the upcoming WARC. 

A. The U.S. Uust Immediately Advance 
publish IRIDIDW to the IPRB 

Advance publication Of the IRIDIUM system, and 

subsequent international frequency coordination in accordance 

with the international rules and regulations, must be an 
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important immediate undertaking for the United States.g' Such 

advance publication will enable the IFRB to circulate worldwide 

the IRIDIUM system characteristics, including global footprint 
a. 

patterns, and will further U.S. interests in obtaining primary 

allocation protection at WARC. 

The IRIDIUM system should be advance published without 

delay in connection with satellite uplinks for the aeronautical 

radionavigation class of stations and recognition that the 

downlink would operate under RR 342. This class of IRIDIUM 

subscriber terminals enjoys worldwide primary allocation status 

today under ITU Footnote 732. In early 1986, prior to 

authorization of Geostar and other RDSS satellite systems, the 

Commission advance published a generic RDSS satellite system for 

U.S. coverage in the 1610-1626.5 MHz band using similar 

strategies. This early advance publication, and subsequent 

coordination, had the advantage of protecting under ITU rules all 

other classes of RDSS subscriber terminals. 

B. It Is Imper8tive That The Commission Approve IRIDIUM 
m Advance Of The 1992 NARC 

Perhaps the most important international aspect of this 

application is its nexus with the World Administrative Radio 

Conference in Spain scheduled for February 1992. The 

expeditious processing of Motorola's application will provide the 

p11 Appendix D sets forth all of the information required for 
IFRB advance publication of IRIDIUM. 
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Commission with a rare opportunity to support a global mobile 

satellite allocation at the 1992 Conference with a concrete 

proposal and authorization for using that allocation to the 

% benefit of all nations. 

1. Global Primary Allocations for IRIDIUM Are 
Achievable at NARC if AdoDted As a Xaior (1.8. Goal 

A global primary allocation to RDSS and MSS in the 

1610-1626.5 MHz bands, as proposed by the FCC in its recent WARC- 

92 Second Notice of Inouiq, can be achieved much more easily if 

IRIDIUM is available as a reference system approved in the United 

States. Similar strategies have proved successful in the past ~~. 

for international recognition of Satellite systems -- such as the 

fixed satellite service and the direct broadcast satellite 

service. 

At the 1987 WARC, several countries refused to agree to 

a primary RDSS allocation in the 1610-1626.5 MHz band. Most of 

these countries saw little need for a pure position location 

service. The many other benefits of the IRIDIUW system 

architecture -- mobile telephony, digital technology, worldwide 

coverage, and personal telecommunications -- should be 

instrumental in upgrading the 1610-1626.5 MHz international 

allocation to primary RSS/RDSS status. 

Motorola is prepared to make a major effort to assist 

the United States in achieving worldwide primary status for RDSS 

and MSS in the 1610-1626.5 KHz band. However, for this effort to 
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achieve credibility overseas, it is extremely important for the 

IRIDIUM system to have already been licensed by the FCC. 

Otherwise, other countries will look at IRIDIUM as just a 

possible proposal that does not yet enjoy the backing of the U.S. 

government. 

2. International Authorisation of IRIDIUM in 
the ROSS Band Can Be Made subject to the 
2992 NARC Outcome 

As a global satellite system, it is important for 

IRIDIUM to be consistent with the international table of 

frequency allocations. It is precisely for this reason that 

IRIDIUM has been designed to operate in different portions of the 

L-band in different parts of the world. 

Motorola is willing to accept international license 

authority subject to the outcome of the 1992 WARC. Much work 

then could be done on the IRIDIUM system that would be consistent 

with various WARC outcomes. For example, it is likely that the 

1992 WARC will adopt certain sharing constraints as a concomitant 

of a global allocation for the IRIDIUM system. Motorola is 

confident that it can engineer the IRIDIUM system to comply with 

any reasonable set of sharing constraints. 

3. Authorisation of IRIDIUM Before the WARC Will 
garten the Availability of Service to the Public 

Another extremely important reason to authorize IRIDIUM 

prior to the 1992 WARC is to hasten the availability of life- 
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saving IRIDIUM services to the public. Motorola will be able to 

initiate satellite construction activity promptly, subject to any 

* necessary modifications based on the WARC outcome. Motorola is 

separately filing a request for a Section 319(d) waiver to begin 

certain construction activities for long-lead items prior to 

obtaining a license from the Commission. However, Motorola will 

need a U.S. license before it can proceed with final system 

design and construction of this project. 

VIII. WAL. TECHNICAL AND FINANCIAL OUALIPICATIONS 

A. Lea81 Oualifications 

Motorola Satellite Communications, Inc. is a Delaware 

corporation wholly owned by Motorola, Inc., which is also a 

Delaware corporation. Motorola is a leading manufacturer of 

space, cellular and terrestrial communications equipment, 

including mobile and portable telephones, cellular telephones, 

and pagers. In addition, Motorola, Inc. provides a number of 

communications services, including private microwave, common 

carrier paging and general mobile radio. 

Motorola Satellite Communications, Inc.'s legal 

qualifications are demonstrated in FCC Form 430, “Common Carrier 

and Satellite Radio License Qualification Report,*' attached to 

this application as Appendix F. 
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B. Financial Ouslifications 

1. Construction and L8unch Schedules 
I. 

Motorola has already issued a Request for Proposals 

("RFP") for satellite construction, and has met with a number of - 

potential major satellite manufacturers. The manufacturers that 

have studied Motorola's IRIDIUM operational plans confirm that 

there are no engineering or technical impediments with Motorola's 

proposed satellite system. 

Motorola requests permission to begin preliminary 

construction activities prior to Commission approval of this 

application. A Section 319(d) waiver request is being filed 

concurrently with this application. Authorization to begin 

satellite development would enable Motorola to continue to 

implement its IRIDIUM program during Commission consideration of 

this application, and to insure that IRIDIUM is prepared to 

proceed expeditiously following Commission approval. 

The combination of relatively light weight, small size, 

and low target altitude gives Motorola significant flexibility ir, 

selecting launch alternatives. For example, each satellite is 

sized to fit on an Orbital Sciences modified Pegasus type launch 

vehicle to replace single space vehicles, if required. Although 

this single launch option could place all 77 space vehicles into 

orbit, Motorola is actively reviewing several multiple launch 

options to populate the constellation initially. These multiple 

launch options include several based on modified Peacekeeper 
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missiles, the McDonnell Douglas Delta II, and the General 

Dynamics Atlas II. These negotiations are currently underway 

with a selection of a launch supplier estimated for mid 1991. 

The IRIDIDM program is off to an excellent start. 

Table VIII-l shows the IRIDIUM Program Milestones. This schedule 

assumes FCC authorization of IRIDIIJM in early 1991. As mentioned 

above, Motorola has already issued the RFP for satellite 

construction. Motorola expects to select the satellite 

contractor and execute a contract in 1991. Financing for the 

entire system is expected to be complete by 1992. 

TABLE VIII-l 

IRIDIUM Program Milestones Year 

Spacecraft RFP Issued 1990 

Spacecraft Contractor Selected 1991 

Spacecraft Contract Executed 1991 

Launch Services Contract Executed 1991 

Financing Completed 1992 

Motorola intends to construct the initial constellation 

of 77 satellites plus 10 spares on an assembly line basis. 

Table VIII-2 shows the IRIDIUM Construction and Launch 

Milestones. Satellite construction will begin in 1992. The 

first satellites will be completed and launched in 1994. 

Construction and launch of the final group of satellites will be 

completed by 1996. The first satellite will be placed into 
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service in 1995, and the last one in 1996. The final testing of 

the system will be completed in 1996, and IRIDIUM will provide 

communications service in 1997. 

TARLR VIII-2 

Construction and Launch Milestones 

Satellite Construction Begins 

First Satellite Constructed 

First Satellite Launched 

First Satellite in Service 

Last Satellite Constructed 

Last Satellite Launched 

IRIDIUM Begins Operations 

IRIDIUM Provides Services 

2. proiected Svstem Costs 

Year 

1992 

1994 

1994 

1995 

1996 

1996 

1996 

1997 

The total costs for IRIDIUM to the system operator for 

the period through 1997, the first full year of operation, are 

itemized in Table VIII-3 below. The pre-operating expenses 

include marketing, finance and administrative services. 

The research and development costs will be heaviest in 

the 1992-1994 period. Motorola intends to sub-contract some of 

the research and development work. 

The satellite construction and launch service costs 

cover 77 satellites, 10 ground spares and launch insurance. 
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Satellite construction will begin in 1992. Construction of the 

System Control Facility ("SCF") will begin in 1992 and be 

completed by 1994. 

The interest expenses are for loans to COnStNct and 

launch the system. These estimates are based on an eleven 

percent interest rate. 

Spacecraft depreciation will start in 1995 as the 

satellites are placed into orbit. Depreciation estimates are 

calculated by a straight line method over six years. 

The gateways will be owned and operated by independent 

gateway operators. These gateway operators will be the 

telecommunications carriers using IRIDIUM to provide service. 

The construction costs for the gateways, estimated as $16 million 

apiece, are not included in Table VIII-3 because they will be 

borne by the independent gateway operators. 

-- . 
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TABLE VIII-3 

PROJECTED TOTAL SYSTM COSTS (S MILLIONS) ! 

1990 1991 1992 1993 1994 1995 1996 1997 

Pre-Operating 
Expenses 3 10 .20 23 52 61 83 42 

Research and 
Development 8 43 130 133 97 46 46 46 

Satellite 
Construction 83 273 352 257 141 

Launch Services 
and Insurance 51 260 260 

System Control 
Facility 25 41 15 

Interest 4 5 34 63 102 136 154 

Depreciation 47 216 385 

Total Costs 11 57 263 504 630 773 882 627 

3. gources of Funds 

Motorola, Inc. is firmly committed to meeting all 

IRIDIDM construction and operating expenses with internal 

resources. Motorola, Inc. has adequate internal resources to 

finance the entire IRIDIUM system. The company's 1989 retained 

earnings exceeded $2.5 billion. Sales revenues for 1989 were 

$9.6 billion. At the end of the 1990 third quarter, Motorola's 

assets exceeded 58.4 billion. 
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Donald R. Jones, Motorola, Inc.'s Executive Vice 

President and Chief Financial Officer, confirms that Motorola, 

* Inc. "1s fully committed to meet[ing] the construction and 

operating expenses" of the IRIDIUM project. Mr. Jones' statement 

and excerpts from Motorola, Inc. Is most recent quarterly and 

annual reports are contained in Appendix E to this application. 

Motorola, Inc. is firmly committed to financing 100% of 

the total cost of the IRIDIUM system out of internal funds if 

necessary. However, Motorola, Inc. intends to seek additional 

equity and debt placements. Motorola is confident that debt 

financing for IRIDIUM can be obtained. 

4. pevenue Reouirements 

As a non-common carrier, Motorola need not address 

revenue requirements. Motorola does not expect any financing of 

the construction or launch of IRIDIUM to be generated by 

operating revenues. 

Motorola is a world-wide leader in space 

communications, telecommunications, semiconductors, global 

positioning, computer systems, electronics, and related 

technologies. Motorola's IRIDIUM team consists of management and 

professional staff taken from its corporate-wide resources. 

There are more than 75 managers and engineers dedicated to the 
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IRIDIUM project. These engineers specialize in communications 

and space technologies and systems. 

* Motorola has provided vital space communications 

technology for the Department of Defense, NASA and other 

government agencies. For example, Motorola supplied 

technologically advanced space equipment to NASA for the Ranger, 

Mariner, Viking, Voyager, Mercury, Gemini, Apollo and Magellan 

programs. 

The IRIDIUM team can draw on Motorola Inc.'s corporate 

resources as necessary. Motorola, Inc. has more than 20,000 

engineers corporate-wide. 

D. Waiver of Use of SDectrum 

Pursuant to Section 304 at the Communications Act of 

1934, as amended, Motorola hereby waives any claim to the use of 

any particular frequency or of the ether against the regulatory 

power of the United States because of the previous use of the 

same, whether by license or otherwise. 

E. certificate 

Motorola certifies that all of the statements contained 

herein are true, complete and accurate to the best of its 

information, belief and knowledge. 
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IX. $ONCLlJSIONS 

For all of the above rea.~ons, Motorola respectfully 

requests that the Conmission expeditiously grant this 

comprehensive IRIDIDM system application. 

Respectfully submitted, 

MOTOROLA SATELLITE 
COMMUNICATIONS, INC. 

By: 

PhiliD L. Malet 

Title: President. Motorola 
Satellite Conrmunications. Inc. 

Alfreh M. Mamlet 
Steptoe L Johnson 
1330 Connecticut A;;;;;, N.W. 
Washington, D.C. 
(202) 429-6239 

Counsel to 
Motorola Satellite 

Communications, Inc. 

December 3, 1990 

- 
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ENGINEERING CERTIFICATE 

I hereby cenify that I am the technically qualified person responsible 

for preparation of the engineering information contained In this 

application, that I am familiar with Part 25 of the Commission’s Rules, 

that I have either prepared or reviewed the engineering information 

submitted in the application, and, that it is complete and accurate to 

the best of my knowledge and belief. 

Title: Swctrum Utilization Manager 
Motorola Satellite Communications 

Date: December 3.1990 



AFPENDIX A 

IRIDIUM TRANSMISSION CHARACTERISTICS 

c 

1.0 RF PLAN AND LINK BUDGETS 

Tables A-l through A-8 summarize the key RF parameters of the communication links. 
Transmitter RF output electronic power control will be utilized on the subscriber and 
gateway lfnks to compensate for vegetative shadowing and inclement weather. Tables 
A-2. A-3 8 A-8 are with minimum transmitter power levels, representing clear sky, line 
of sigM operation. Tables A-4, A-5 8 A-7 reflect maximum transmitter power levels 
with the highest tolerable amount of shadowing and rain. 

Table A-8 shows two conditions of operation: l normal’ and ‘into sun*. The latter 
occurs when two linked-satellite’s orbital poskions are such that the receiving antenna 
of one must point directly into the sun, resulting in an increase in received thermal 
noise. 

TABLE A-l 

SPACE VEHICLE RF SUMMARY 

SV-USER USER-SV GATEWAY GATEWAY CROSS 
DOWNLINK UPLINK DOWNLINK UPLINK LINK 

CENTER FREQ (GHz) 1.618 
CHANNEL SPACING (MBz) 0.35 
MAX # CARRIERS 46 
RF PWR TO ANTENNA 1.5 min 

(pesb wstts Per Carrier) 115 max 
MODULATION QfiK 
CODING RATE 3k4 
CODED DATA RATE (Mbpr)OJO 
MULTIPLEXING TPDhfA 
USER CALL CAPACITY 

PEP SA TELLITE 4070 

1.618 20.00 
0.16 15.00 
64 2 

I.2 mill 1.0 min 
7.0 msx 20.0 msx 
QRK Q=K 
w IR 
0.18 12-50 
TEDMA T/FDMA 

4070 

30.00 
lS.00 

23.05 
25.00 
4 
25nom. 
____ 

QPSK 
1R 
25.00 
TlFD~ 



2 

EzlMuniANoLe w 5.39 19.7s 6.59 30.00 10.89 30.00 
* GROUND RANOEFROM NADIR Nhli 1108.0 1026.9 810.7 744.0 492.1 186.0 

NADlR ANOLB WI 61.56 60.82 51.69 56.26 47.58 23.98 
ORAZlNOANClU Da 10.00 12.09 18.82 21.36 34.23 62.93 
sLANTRANoB NM 1238.4 1157.8 949.9 881.3 664.2 451.5 

XMYRBUR.WF-WRlNTOANf 
(Per Canier) 
PEAKANToAlN 
mELOS.5 
SCAN mss 
TAPBR Loss 
XMIRNETANTOAIN 
XKr FEEDm-T LOSS 

EIRP 
PATH LOSS 
PolARlzAnoN Loss 
GAsEousLoss 
MEAN VEG~ATION LOSS 

TOT PROPAGATION LOSS 
RCVRNETANTGAIN 

1.73 2.42 3.13 3.56 
32.38 33.83 34.95 35.51 
23.87 23.02 20.00 12.04 
1.70 1.50 2.60 3.80 
1.42 3.00 3.61 0.00 
1 .oo 1.00 1 .oo 0.00 
19.75 17.52 12.79 8.24 
1.30 1.30 1.30 1.30 
50.83 50.05 46.44 42.45 

16153 160.94 158.43 155.19 
0.50 0.50 0.50. 0.50 
0.30 0.30 0.30 0.30 
0.00 0.00 0.00 0.00 

162.23 161.74 15923 155.99 
1 .oo 1.00 2.18 3.01 

ANT NOISE TRMP 
RCV FEED,CKT LOSS 
LNA NOISE FlGURE 

SYST NOISE TEMP, Ts 

Gfh 

Watt1 1.55 1.51 
dBm 31.89 31.19 
dBi 24.99 24.99 
dB 0.50 0.50 
dB 0.95 1.43 
dB 1 .oo 1 .oo 
dBi 22.54 22.06 
dB 1.30 1.30 
dBmi 53.13 52.55 
dB 163.84 163.25 
dB 0.50 0.50 
dB 0.30. 0.30 
dB 0.00 0.00 
dB 164.04 184.05 
dBi 1.00 1 .oo 

OK lSO.ca 150.00 
dB 1.00 1.00 
dB 0.80 0.80 

OK 298.93 298.93 

150.0 150.00 150.00 
1 .oo 1 .oo 1.00 
0.80 0.80 0.80 

298.93 296.93 296.93 

BOLlZMANN’S. k 
C/I 

RCVP C/No 
REQUIRED R./No 
CHANNEL DATA RATE 
MPEhElOATlON LOSS 

REQUIRED C/No 
LMK MARGIN 

FLUX DENSIIY per 4KHz BW 

dBi/‘K -2S.76 -23.76 -23.76 -23.76 

dBm/&K -188.60 -198.60 -196.60 -196.60 
dB 18.00 18.00 18.00 18.00 
dBIiz 62.87 62.87 62.87 62.87 
dB 3.10 3.10 3.10 3.10 
dB?iz 54.17 54.17 54.71 54.17 
dB 2.00 2.00 2.00 2.00 
dBAz 59.87 59.87 59.87 59.87 
dB 3.00 3.00 3.00 3.00 

-22.57 

-196.60 
18.00 
62.87 
3.10 
54.11 
2.00 
59.87 
3.00 

dBW/m2 -132.1 -122.1 -122.1 -132.3 -133.4 

150.00 
1.00 
0.80 

296.93 

.21.74 

-196.60 
18.00 
62.87 
3.10 
54.77 
2.00 
59.87 
3.00 

-124.1 

TABLE A-2 

SV-USER :%%VNLINK. LlNE OF SIGHT 

UNITS CELL1 CELLS CElll CEIl. 5 CELL6 CELL 7 
2k3 

- 



TABLE A.3 

USER-SV UPLINK. LINE OF SIGHT 

APMVIH ANOLB 
GROUND RANGE FROM NADIR 
NADIR ANOLB 
ORAZlNOANOLE 
SLhNTRANoB 

MAlRBURSTFWRlNTGANT 

XMlRNEl-ANTGAlN 
XMr PEEDKKT LOSS 

EIRP 
PATH LOSS 
PQLARRAnoN LOSS 
GAsEousuxs 
MEAN VEGETATION LOSS 

TOT PROPAGATION LOSS 
PRAK ANT GAIN 
MXlELGS.5 
SCAN Loss 
TAPER Loss 
xKrRmANTGAlN 

ANT NOISE TBMP 
RCV FBBDCXT LOSS 
WA NOISE FKRJRB 

SYST NOISE TEMP, Ts 

GITS 

BOLlZMANNS. k 
C/l 

RCV’D CJNo 
REQUIRED Bb/No 
CHANNBL DATA RATE 
MPLDENTATION LOSS 

REQUIRED C/No 
LMK MARGIN 

FLUX DENSITY per 4KHz BW 

CULlCELlS 
Z&3 

5.39 19.75 
1108.0 1026.9 

61.56 60.82 
10.00 12.09 
1238.4 1151.8 

UNITS 

m 
NM 
w 
m 
NM 

dBi/‘K -5.52 -5.26 

dBm/liz’K -196.60 -198.W 
dB 18.00 18.00 
dBHz 59.90 59.90 
dB 3.60 3.60 
dBHz 51.30 51.30 
dB 2.00 2.00 
dBHz 56.90 56.90 
dB 3.00 3.00 
dBWlm2 -150.4 -149.9 

WINS 
dBm 
dBi 
dB 
dBmi 
dB 
dB 
dB 
dB 
dB 
dBi 
dB 
dB 
dB 
dBi 

% 
dB 
dB 

OK 

1.27 1.24 
31.05 30.95 
1 .oo 1 .oo 
0.70 0.70 
31.35 31.25 
163.84 163.25 
0.50 0.50 
0.30 0.30 
0.00 0.00 
164.64 164.05 
24.99 24.99 
0.50 0.50 
0.95 1.43 
1.00 1 .oo 
22.54 22.06 

290.00 290.09 
1.80 1.80 
1 .oo 1 .oo 

652.56 662.58 

CKLL 4 CELL 5 CELL 6 CELL 7 

6.59 30.00 10.89 30.00 
810.7 744.0 492.1 186.0 
51.69 56.26 47.58 23.98 
18.82 21.36 34.23 62.93 
949.9 887.3 664.2 457.5 

1.43 1.99 
31.54 32.99 
1.00 1 .oo 
0.70 0.10 
31.84 33.48 
161.53 160.94 
0.50 0.50 
0.30 0.30 
0.00 0.00 
162.33 161.74 
23.87 23.02 
1.70 1.50 
1.42 3.00 
1.00 1.00 
19.15 17.52 

290.00 290.00 
1.80 1.80 
1.00 1 .oo 

662.58 652.58 

2.58 2.93 
34.11 34.67 
2.18 3.01 
0.70 0.70 
35.69 37.00 
158.43 155.19 
0.50 0.50 
0.30 0.30 
0.00 0.00 
159.23 155.99 
20.00 12.04 
2.60 3.80 
3.61 0.00 
1.00 0.00 
12.19 8.24 

290.00 290.00 
1.80 1.80 
1.00 1.00 

552.56 552.56 

-7.59 -9.64 

-198.60 -196.60 
18.00 18.00 
59.90 59.90 
3.60 3.60 
51.30 51.30 
2.00 2.00 
56.90 56.90 
3.00 3.00 
-147.6 -145.4 

-14.49 -19.56 

-196.60 -196.60 
18.00 18.00 
59.90 59.90 
3.60 3.60 
51.30 51.30 
2.00 2.00 
56.90 56.90 
3.00 3.00 
-140.7 -136.1 
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TABLE A-4 

SV-USER DOWNLINK, WITH MODERATE SHADOWING 

Az2MurHANolJ3 
'r GROUND MNGR FROM NADIR 

NADIR ANGLE 
oRAElNclANoLE 
sLANTRANclB 

-8 5.39 19.75 6.59 30.00 10.89 30.00 
NMi 1108.0 1026.9 610.7 744.0 492.1 186.0 
De.3 61.S6 60.82 57.69 56.26 47.58 23.98 
w 10.00 12.09 18.82 21.36 34.23 62.93 
Nhfi 1236.4 1157.5 949.9 867.3 664.2 467.5 

XMlTtBURSTPWRIMOANT 
(Per Carrier) 
PEAKAMGAIN 
EmELoss 
SCANLOSS 
TAPER Loss 
XM’I-RNETANTGAIN 
XMT PEEDlam Loss 

EIRP 
PATH LOSS 
Pol.ARL?AnoN Loss 
GASEOUSLOSS 
MEAN VEOETATlON LOSS 

TOT PROPAGATION LOSS 
RCVRmANTGAlN 

6.90 6.73 
38.39 38.28 
20.00 12.04 
2.60 3.80 
3.61 0.00 
1 .oo 0.00 
12.79 8.24 
1.30 1.30 
50.02 44.82 
156.43 155.19 
0.50,. 0.50 
0.30 0.30 
7.09 6.11 
166.21 162.14 
2.18 3.01 

ANT NOISE TFMP 
RCV FEEDbZXT LOSS 
LNA NOISE FIGURE 

SYST NOISE TEMP, Ts 

GRS 

Watts 11.51 9.59 6.00 7.43 
dBm 40.61 39.82 37.78 38.71 
dBi 24.99 24.99 23.87 23.02 
dB 0.50 0.50 1.70 1.50 
dB 0.95 1.43 1.42 3.00 
dB 1 .oo 1 .oo 1 .oo 1.00 
dBi 22.54 22.06 19.75 17.52 
dB 1.30 1.30 1.30 1.30 
dBmi 61.21 60.68 56.31 55.19 
dB 183.84 163.25 161.63 160.94 
dB 0.50 0.50 0.50 0.50 
dB 0.30 0.30 0.30 0.30 
dB 12.00 11.62 9.00 8.48 
dB 176.64 174.81 170.96 169.94 
dBi 1.00 1 .oo 1.00 1 .oo 

% 150.00 150.00 160.00 150.00 
dB 1 .oo 1 .oo 1.00 1 .oo 
dB 0.80 0.80 0.80 0.80 

OK 296.93 298.93 298.93 296.93 

dBil°K -23.76 -23.76 -23.76 -23.76 

dBm,liz’K -196.W -196.W -198.80 -196.W 
dB 18.00 18.00 18.00 18.00 
dBAz 59.87 59.17 59.87 59.87 
dB 3.10 3.10 3.10 3.10 
dBHz 54.77 54.77 54.77 54.77 
dB 2.00 2.00 2.00 2.00 
dBRz 59.87 59.87 59.87 59.87 
dB 0.00 0.00 0.00 0.00 

150.00 
1 .oo 
0.80 

296.93 

-22.57 

BOLlZMANN$ k 
C/l 

RCV’D C/No 
REQUIRED Ebmo 
CHANNEL DATA RATE 
-AnoN Loss 

REQUIRED C/No 
LINK MARGIN 

-196.60 
18.00 
59.87 
3.10 
54.17 
2.00 
59.87 
0.00 

150.00 
1.00 
0.80 

296.93 

-21.74 

-198.60 
18.00 
59.87 
3.10 
54.11 
2.00 
59.87 
0.00 

FLUX DENSITY per 4KAz BW dBWhn2 -123.3 -124.6 -126.7 -127.3 .129.6 -131.2 

UNITS CRLLlCRLl23 
203 



TABLE A-S 

USER-SV UPLINK. WITH MODERATE SHADOWING 

* AzmmliANoLe m 5.39 19.75 6.59 30.00 10.89 30.00 
GROUND RANQ PROM NADIR NMi 1109.0 1026.9 610.7 744.0 492.1 166.0 
NADIR ANGE he 61.56 60.82 57.69 56.26 47.58 23.98 
CiRAmloANcIII hl 10.00 12.09 18.82 21.36 34.23 62.93 
SLANTRANGE NW 1238.4 1157.8 049.9 887.3 664.2 *57.5- 

xMlRBlJRSTFWRlNlOANT 

XMIRNFTAKTGAIN 
xrmrzmKxTLoSS 

EIRP 
PAT?l LOSS 
PoLARlzAnoN Loss 
GAsEousulss 
hEAN VEGl3ATlON LOSS 

TOT PROPAGATION LOSS 
PEAKANTGAIN 
EDOELOSS 
scANLoss 
TAPER LOSS 
XMTRNETANTGAlN 

ANT NOISE TBMP 
RCV FBBDCKY LOSS 
LNA NOISE FlGuRE 

Watts 
dBm. 
dBi 
dB 
dBmi 
dB 
dB 
dB 
dB 
dB 
dBi 
dB 
dB 
dB 
dBi 

% 
dB 
dB 

OK 

dBil°K 

dBm/liZOK 
dB 
dBHz 
dB 
dBliz 
dB 
dBBz 
dB 
dBW/mZ 

7.00 7.00 
38.45 38.45 
1 .oo 1 .oo 
0.70 0.70 
35.75 38.75 
163.64 163.26 
0.50 0.50 
0.30 0.30 
12.00 11.62 
176.64 174.61 
24.99 24.99 
0.50 0.50 
0.95 1.43 
1 .oo 1 .oo 
22.54 22.06 

532 6.82 
37.42 38.34 
1 .oo 1 .oo 
0.70 0.70 
37.72 38.64 
161.62 160.94 
0.50 0.50 
0.30 0.30 
9.00 8.48 
170.96 169.94 
23.87 23.02 
1.70 1.50 
1.42 3.00 
1 .oo 1 .oo 
19.75 17.52 

290.00 290.00 
1.80 1.80 
1.00 1.00 

562.58 552.56 

6.35 6.19 
38.03 31.92 
2.18 3.01 
0.70 0.70 
39.51 40.23 
166.43 155.19 
0.50 0.50 
0.30 0.30 
7.09 6.17 
166.21 162.14 
2o.oa' 12.04 
2.60 3.80 
3.61 0.00 
1.00 0.00 
12.19 8.24 

290.w 290.00 
1.80 1.80 
1 .oo 1.00 

SYST NOISE TEh¶P, Ts 

CR1 

BOLTZMANNX k 
C/I 

RCV’D ClNo 
REQUIRED Em0 
CHANNBL DATA RATE 
-Am LOSS 

REQUIRED cm0 
LLNK MARGIN 

FLUX DENSITY per 4KHz BW 

290.00 290.00 
1.80 1.80 
1.00 1 .oo 

562.68 652.56 552.58 552.56 

-5.52 -5.26 -7.59 -9.84 

-196.60 -198.W 
18.00 18.00 
56.90 56.90 
3.60 3.60 
51.30 51.30 
2.00 2.00 
56.90 56.90 
0.00 0.00 
-142.2 -140.4 

-14.49 -19.58 

-198.80 -198.80 
18.00 18.00 
55.64 56.90 
3.60 3.60 
51.30 51.30 
2.00 2.00 
56.90 56.90 
-1.26 0.00 
-143.0 -142.4 

-196.60 -196.60 
18.00 18.00 
56.90 56.90 
3.60 3.60 
51.30 51.30 
2.00 2.00 
56.90 56.90 
0.00 0.00 
-136.9 -133.2 

UNITS cRLL1cRLLs 
313 

CELL 4 CELL 5 CELL 6 CELL 7 



TABLE A-6 

GATEWAY LINKS, CLEAR WEATHER 

(MAXIMUM RANGE) 

aROUND RANClE FROM NADIR NM 1108.0 1108.0 
NADIR ANOLB ml 61.56 61.56 
ORAZINO ANGLE ml 10.00 10.00 
sANTluNoB NMi 1238.4 1238.4 

-mlgJENcY OHZ 20.00 30.00 

XhflRBuRsTPWRINTOANT 
(Pa Carrier) 
PEAKANTGAIN 
OPF-PBAK LOSSES 
xlmRNErANTGAlN 
xMrmEDlclcrLms 

EIRP 
PATH LOSS 
PoLARDxnON Loss 
OASEOUS Loss 
RAIN Loss 

TOT PROPAGATION LOSS 
PEAKANTGAIN 
OlT-PEAX LOSSES 
RCVRNETANTGMN 

Watts 
dBm 
dBi 
dB 
dBi 
dB 
dBml 
dB 
dB 
dB 
dB 
dB 
dBi 
dB 
dBi 

%c 
dB 
dB 

OK 

dBil°K 

1 .oo 0.55 
30.00 27.37 
20.00 51.50 
2.00 0.00 
18.00 57.50 
3.50 3.50 
44.50 81.37 
185.67 189.19 
0.50 0.50 
3.30 3.30 
0.00 0.00 
189.47 192.99 
54.00 23.50 
0.00 2.00 
54.00 21.50 

ANT NOISE TEMP 
RCV IZEDCXT LOSS 
LNA NOISE PlGURE 

BYST NOISE TEMP, Ts 

Gfh 

BOLlZMAN?fS. k 
RCV’D C/No 

-Eb/No 
CHANNFL DATA RATE 
-ATION LOSS 

REQUIRED cm0 
LINK MARGIN 

FUJK DENSITY per 4KHz BW 

30.00 
4.00 
3.00 

1193.44 

23.23 

dBm/Hz’K -198.60 
dBBr 76.86 
dB 6.90 
dBHz 67.96 
dB 2.00 
dBHr 76.86 
dB 0.00 
dBWlm2 -155.7 

290.00 
4.00 
3.00 

1453.44 

-10.12 

-198.60 
76.86 
6.90 
67.96 
2.00 
76.86 
0.00 

-118.8 

UNITS DOWNLINK UPLINK 



TABLE A-7 

GATEWAY LINKS, ?YITH MODERATELY HEAW RAIN. 

(MAXIMUM RANGE) 

OROUND RANGE PROM NADLR Nhfi 1108.0 1108.0 
NADIR ANOLB ha 61.56 61.56 
-ANolE a8 10.00 10.00 
SLANT RANGE NMi 1238.4 1238.4 

-FREQumcY GHZ 20.00 30.00 

KMIRBURSTPWRlNTOANT 
(pu Cmier) 
PEAKANTGAIN 
oPF-PBAK LOSSES 
XMTRNEIANTGAIN 
xMrlzmcxTLoss 

EIRP 
PATH LOS.9 
POmnoN LOSS 
GASEOUS LOSS 
RAINLOSS* 

TOT PROPAGATION LOSS 
PEAKANTGAIN 
OPP-PEAK LOSSBS 
RCVRNKTANTGAB’J 

20.00 217.27 
42.99 53.37 
20.00 57.50 
2.00 0.00 
18.00 57.50 
3.50 3.50 
57.50 107.37 
185.67 189.19 
0.50 0.50 
3.30 3.30 
13.00 26.00 
202.47 218.99 
54.00 23.50 
0.00 2.00 
54.00 21.50 

ANT NOlSE TEMP 
RCV FEEDKXT LOSS 
LNA NOISE AGURE 

SYSI’ NOISE TEMP. ?I 

G/TS 

WINS 
dBm 
dBi 
dB 
dBi 
dB 
dBmi 
dB 
dB 
dB 
dB 
dB 
dBi 
dB 
dBi 

4< 
dB 
dB 

OK 

dBil°K 

30.00 
4.00 
3.00 

1193.44 

23.23 

BOLTZMANN’S. k dBmlllz°K -198.60 
RCV’D c/No dBKr 76.86 

REQUIRED Ebmo dB 6.90 
CHANNRL DATA RATB dBliz 67.96 
-ATION LOSS dB 2.00 

RRQUIRRD c/No dBEz 76.86 
LINK MARGIN dB 0.00 

FLUX DENSITY per 4REr BW d B WI m 2 -155.7 

290.00 
4.00 
3.00 

1453.44 

-10.12 

-198.60 
76.86 
6.90 
67.96 
2.00 
76.86 
0.00 

-118.8 

UNITS DOWNLlNK UPLINK 

l CRANE RAIN MODBL, REGION yi’. 058 OVTAGE 
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TABLE A-8 

CROSSLINKS 

(@ MAXIMUM RANGE) 

RANGB NMi 2200 2200 
-laEwEwY o?lz 23.05 23.05 

XMlRBURSTFWRlNIOANT 
(Per Carrier) 
PBAKANTGAIN 
OFF-PEAK LOSSES 
XMIRNFTANI-GAIN 
xhn FEED/clcr Loss 

EIRP 
PATH LOSS 
KLARlzAnON Loss 

TOT PROPAGATION LOSS 
P93AKANTGAlN 
OPF-PEAK LOSSES 
RCVRNETANTGAIN 

BOl.lZUANNS. k 
RCV’D C/No 

REQUIRED Ebmo 
CHANNEL DATA RATE 
iMplEMENTAnON LOSS 

REQUIRED C/No 
LINK MARGIN 

FLUX DENSITY per 4KHr BW 

WIllS 2.46 
dBm 33.91 
dBi 36.00 
dB 0.00 
dBi 36.00 
dB 2.00 
dBmi 67.91 
dB 191.47 
dB 0.50 
dB 191.97 
dBi 36.00 
dB 0.00 
dBi 36.00 

% 50.00 
dB 2.50 
dB 3.00 

OK 788.96 

dBi/‘K 7.03 

dBmmt°K -19030 
dBHz 61.57 
dB 6.90 
dBHz 70.97 
dB 2.00 
dBHz 79.87 
dB 1.70 
dBWI,Z -140.2 

2.46 
33.91 
36.00 
0.00 
36.00 
2.00 
67.91 
191.47 
0.50 
191.97 
36.00 
0.00 
36.00 

ANT NOISE TEMP 
RCV FEED,CKI LOSS 
WA NOISE FIGURE 

SYSI NOISE TEMP, Ts 

GfTS 

428.11 
2.50 
3.00 

1167.07 

5.33 

-198.60 
79.87 
6.90 
70.97 
2.00 
79.87 
0.00 
-140.2 

UNITS NORMAL INTO SUN 



APPENDIX B 

SPECTRUM UTILIZATION AND SHARING ANALYSIS 

1. INTRODUCTION 
c 

This paper evaluates the potential for a persona) communication bw earth orbn mobile 
satellite system (IRIDIUM) to share the 1610 to 1626.5 MHz frequency band with other 
services, in&ding the Radio Determination Satellite Service (RDSS), GLONASS. 
Aeronautical Public Correspondence (APC) and Radio Astronomy (RA). An example 
of sharing with RDSS se&es is given for the IRIDIUM system to share the spectrum 
with the GEOSTAR system in the contiguous United States (CONUS). The IRIDIUM 
system is designed for bidirectional, i.e. single band, operation. This means that the 
satellite transmits and receives in the same frequency band. 

- 

2. CONCLUSIONS 

This analysis establishes that the IRIDIUM system’may share this band with each of 
these systems without hamful interference to their operations. 

In sharing with RDSS systems, the IRIDIUM system will not interfere with the operation 
of the GEOSTAR system. As presently licensed, the GEOSTAR system will not 
interfere wtth the IRIDIUM system. An extension of this conclusion is that the system 
can share this spectrum with RDSS systems on a worfdwide basis. 

IRIDIUM will share the GLONASS, Radio Astronomy and APC bands by band 
segmentation. That is IRIDIUM will not use frequencies that would interfere with 
GLONASS, Radio Astronomy or APC operations.. 

The spectral eftkiency and frequency reuse of the IRIDIUM system is such that if can 
provide for a theoretical maximum capacity of approximately 4400 full duplex voice 
channels across the CONUS using 10.5 MHz of the 16.5 MHz frequency band. The 
remaining 6.0 MHz is assumed to be not used due to sharing with GLONASS and RA. 
The GLONASS system is not yet fully operational. IRIDIUM may use these frequencies 
until the GLONASS satellites are operational in these frequency bands. 
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3. RI= PLAN 

The following describes the RF plan for the up and down links. 

3.1 Uplink 

c 

The uplink would contain up to 102 canfers. These are 160 KBPS QPSK modulated 
carders that are spaced at 160 KHz and occupy a 126 KHz bandwidth. Each carrier is 
based on TDMA carders with one channel per burst and 14 bursts per TDMA frame. 
Due to sharing with GLONASS and HA, it is expected that only a maximum of 64 of the 
carrfers may be used when the GLONASS system is in full operation. 01 these 64 
carriers. 9 are control and 55 are traffc channels. 

- 

3.2 Downlink 

The downfink consists of up to 46 canfen. These are 400 KBPS offset keyed OPSY 
carriers that are spaced at 350 KHz and each occupies a 260 KHz bandwidth. These 
are also TDMA canters. with one channel per burst and 14 bursts per TDMA frame. 
Due to sharing wfth GLONASS, it is expected that only a maximum of 29 carriers may 
be used. 01 these 29 carriers, 4 are control and 25 are traffic channels. Voice activity 
compression techniques are used to reduce the number of carriers required in the 
downlink. Using 2.2:1 digital speech interpolation (DSI) compression, 55 voice 
channels can use the 25 downlink traffic channels. 

4.0 TRAFFIC CAPACtlY 

The muttipfe access format for the IRIDIUM system uses both time and frequency 
division. This is described in Annex A A 14 slot TDMA format is used. Since a 7 cell 
reuse pattern is used, each cell may bs assigned 2 time slots. The traffic capacity of 
the IRIDIUM system using 10.5 MHz of the 16.5 MHz from 1610 to 1626.5 MHz is 
therefore 2 X 55 or 110 full duplex voice channels per cell. The voice and data 
capacity is developed in Section 4.1. The RDSS capacity is developed in Section 4.2. 



4.1 Volu and Data Capaclty 

The IRIDIUM system places 40 cells over the CONUS and its coastal waters. The 
traffic capacity for the CONUS would then be 40 X 110 or 4400 full duplex voice 
channels (theoretical maximum). This is a very efficient use of speclrum. This 
corresponds to an equivalent 1.2 kHz per channel for the up and down link A 2400 
bits/s data channel may be used in place of a voice channel. 

The worldwide capacity of the system may be calculated as follows. Approximately 
1626 cells are active over the world. At 110 full duplex voice channels per cell, the 
theoretical maximum worldwide capacity would be 110 X 1626 or 179,060 full duplex 
voice channels. An estimate of the capacity for Land Mobile operations would be 
approximately 30% of this or 53,724 full duplex channels. 

4.2 RDSS Capacity 

The traffic capacity of the IRIDIUM system operating as an RDSS system is very large. 
Each cell exchanges two bursts in every carrier slot every 60 ms. Maximum traffic 
would be 33.33 bursts per second/carrier. There are 40 cells that cover the CONUS 
and 29 carriers/cell. Assuming the average RDSS data exchange may be transmitted 
in ten bursts, the theoretical maximum capacity of the system is: 

Capacity = 40 X 33.33 X 29 X 0.1 X 3600 = 13.9 million/hour 



5. SYSTEM CHARACTERISTICS 

. 

The system characteristics of the IRIDIUM and GEOSTAR systems are listed in Tables 
1 and 2. These characteristics are used in the sharing analysis of the following 
sections. 

TABLE 1 

IRIDIUM SYSTEM CHARACTERISTICS 

DOWNLINK UPLINK 

CHANNEL SPACING (KHz) 
CHANNEL BANDWIDTH (KHZ) 
MAX I CARRIERS (10.5 MHZ) 
MODULATION 
CODING RATE 
CODED DATA RATE @bits/s) 
MULTIPLE ACCESS 
POLARlZATlON 
EIRP/CARRIER (dBw) 

350 
260 

&K 
3l4 
400 
T/PDMA 
RCP 
ANNEX C 

160 ; 
126 

%SK 
314 
160 
T/‘FDMA 
RCP 
ANNEX C 

TABLE 2 

GEOSTAR SUBSCRIBER TERMINAL CHARACTERISTICS 

a. EIRP = 17 to 16 dBw 
b. Burst time I 20 to 60 ms 
c. Transmit polarization: LCP 
d. Muttiple access: CDMA 
8. Chip Rate: 6 Mcps 
f. Modulation: BPSK 

g* Spread ratio: 512 
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6. SHARING 

This section analyses the sharing of IRIDIUM with RDSS (GEOSTAR), GLONASS. 
Aeronautical Public Correspondence and Radio Astronomy. 

6.1 SHARING WITH THE GEOSTAR SYSTEM 

Since the IRIDIUM satellites and subscriber terminals transmit in the receive band of 
the GEOSTAR system satellites, each of these is a potential source of harmful 
interference. The basis of this sharfng analysis is the CCIR Document US IWP-8/l S- 
USA-S. Annex 1 of that paper is included as Annex 6 of this paper. The referenced 
sharing analysis defines the procedure for determining the effect of a mobile satellite 
system sharing with the GEOSTAR satellites. 

Table 1 ia a summary of the sharing between RDSS (as represented by GEOSTAR) 
and IRIDIUM. The interference of IRIDIUM into GEOSTAR is represented as the 
percent loss of GEOSTAR satellite capacity. This is consistent with the CCIR analysis 
of Annex 8. The interference of GEOSTAR into IRIDIUM is represented by the Carrier- 
to-Interference ratio (C/l) in the IRIDIUM satellite. This calculation is performed in 
Annex 0. 

A calculation has been included for both the peak and average transmitter powers of 
the IRIDIUM satellite constellation and the subscriber terminals. The average power 
calculations are considered to be the more accurate estimate of the interference. The 
peak bursts arrfve at the GEOSTAR satellite with variable time delay which has a 
tendency to average the bursts. 

Table 3 shows that the IRIDIUM satelliie constellation and subscriber terminals will 
cause a maximum of 2.4 % and 3.0 % loss of capacity to the GEOSTAR satellite 
system. The CCIR report in Annex B indicates that up to 20 % loss of capacity would 
be acceptable for sharing so the loss is well within the acceptable range. 

Table 3 also shows that the GEOSTAR system would resuft in a 14.0 dB C/I ratio in the 
IRIDIUM satellite. This is considered to be acceptable. 
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The conclusion can be drawn that the systems are mutually compatible and can share 
the spectrum. 

TABLE 3 

SHARING ANALYSIS 

SOURCE K LOSS OF GEOSTAR C/l IN IRIDIUM - 
SATELLITE CAPACITY SATELLITE (DB) 

IRIDIUM satelliie constellation 

a Average burst power 1.0 _I_ 

b. Peak burst power 2.4 _-- 

IRIDIUM subscriber terminals 

a Average burst power 2.5 
b. Peak burst power 3.0 

GEOSTAR subscriber terminals -_ 

--_ 

_- 

14.0 

The following sections are a more detailed description of the analysis and the results. 

6.1.1 IRIDIUM Satellites Sharing with the GEOSTAR Satellites 

A potential source of interference is the IRIDIUM satellite constellation transmitting its 
downlink carriers. Because of their orbits, the main beam of the IRIDIUM satellites will 
not transmit directly into the main beam of the GEOSTAR satelliies.The side and back 
lobes of the IRIDIUM satellite constellation would transmit energy up into the 
GEOSTAR satellite. An estimate of the energy from a global IRIDIUM system that 
would be transmitted up to the GEOSTAR satellite is calculated in Tables 3 and 4 of 
Annex C. 
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The equations of Annex B are evaluated for 29 carriers, each with a power of 5.1 dBw 
for the average burst power and 10.2 dBW for the peak burst power. A channel 
spacing of 350 KHz and a channel bandwidth of 280 KHz is used.. The results show 
that a 1 .O % and 2.4 % loss of capacity for the GEOSTAR satellite would result from 
this. This is negligible since, as indicated in Annex B, 20 % would be considered 
acceptable. Since GEOSTAR uses a spot beam rather than a global beam antenna, 
the results are probably conservative since the assumption is that all of the interfering 
carriers are in the 3 dB beamwidth of the GEOSTAR satellite, whiih they are not. 

6.1.2 IRIDIUM Subscrlber Terminals Sharlng with the 
GEOSTAR Satellite 

A second potential source of interference is the IRIDIUM subscriber terminal uplink 
carriers. An estimate of the interference energy, from the subscriber terminals of a 
global IRIDIUM system, is calculated in Table 5 and 6 of Annex C again for average 
and peak burst power. The equations of Annex B are evaluated for 64 carriers, each 
with a power of 5.7 and 6.5 dBW. a channel spacing of 160 KHz and a channel 
bandwidth of 126 KHz. The results show a 2.5 % and 3.0 % loss of GEOSTAR satellite 
capacity would resuft. which should be acceptable. Again, the results are probably 
conservative since only a portion of the subscriber terminals would be in the 3 dB 
beamwidth of the GEOSTAR satellites. 

6.1.3 GEOSTAR Subscrlber Terminals Sharing with the IRIDIUM 
Satellite 

The derivation of the uplink C/I in the IRIDIUM satelliie due to the GEOSTAR 
subscriber terminals is contained in Annex D. The spread spectrum modulation and 
short pulse duration, used on the GEOSTAR transmissions, allow the IRIDIUM 
satellites to share the spectrum with GEOSTAR transmissions. A GEOSTAR subscriber 
terminal transmits a 17 to 18 dBw burst that has an approximate duration of 29 to 80 
ms and is spread over a 16 MHz frequency band. The resulting 14 dB C/I is 

considered to be acceptable to the IRIDIUM system. 



6.1.4 GEOSTAR Subscriber Terminal Sharing wlth the IRIDIUM 
Subscrlber Termlnale 

The GEOSTAR subscriber terminals transmit into the receive band of the IRIDIUM 
system subscriber terminal. The probability of interference is bw due to the short burst 
length and geographical dispersion of the GEOSTAR subscriber terminals. 

The IRIDIUM subscriber terminal combats this interference in the following ways: 

1. Pulse blanker% The GEOSTAR burst has a duration of 20 to 80 
milliseconds. The subscriber terminal will blank this pulse if it is strong enough 
to exceed a threshold signal level. This prevents pulse stretching and damage 
to the receiver. 

2. Error detection and correction: The packet format contains error 
correction and detection coding. Missing packets are detected. The voice 
vocoder will interpolate across missing packets. The vocoder uses the same 
technology as the U.S. digital cellular system and can interpolate across 6 
missing voice frames. Automatic repeat request is used to request 
retransmission of missing data packets. 

6.2 Sharing wlth GLONASS 

GLONASS is the Soviet satellite navigation system. The satellite constellation may 
have up to 24 satellites in subsynchronous polar orbit. . Each of these satellites has a 
separate frequency. The satellite frequencies are spaced 562.5 KHz and extend up to 
1615.5 MHz. The bandwidth occupancy of each satellite is approximately 1 MHz. 
IRIDIUM will not use the frequency bands from 1610 to 1616 MHz that are actually 
being used by GLONASS. 

6.3 Sharlng wlth Radlo Astronomy 

The Radio Astronomy band extends from 1610.5 to 1613.5 MHz. The Radio Astronomy 
sites are fixed. Sharing would be accomplished by not using the frequencies in the 
cells that include the Radio Astronomy sites. 
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6.4 Sharlng wlth Aeronrutlcal Public Correspondence 

There is an Aeronautical Public Correspondence band from 1625.5 to 1626.5 MHz. 
which is not widely used. The IRIDIUM system would share this band by not using 
these frequencies in the cells that would interfere with the operation of the service. 

. 
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ANNEX A 

Multlple Access Format 

IRIDIUM uses a combination of time and frequency division multiple access to 
efficiently use spectrum, maintain subscriber equipment that is both affordable and 
simple, and to provide a network which is flexible and responsive to changing 
environments and applications. The time division multiple access is evident in a 60 
ms repetitive frame which is established for the system and repeats ad infinitum. The 
time waveform at the space station is shown in Figure 1. The shorter intervals, each 
1.3 milliseconds, are the transmit times for the space craft, while the longer 2.9 
millisecond intervals are the receive intervals aboard the space craft . Each frame 
begins with a transmit time for the first time slot, labeled 1. which is followed by the 
receive time slot which corresponds to the transmit time slot 8. Downlink burst 
transmissions occur during the space craft transmit interval while uplink 
communication bursts.occurs during the space craft receive bursts. Thirteen 
additional pairs of transmit and receive time slots complete the frame, each of which is 
a couplet of a transmit time and a receive time corresponding to a transmit time slot a 
half frame away. This half frame separation eases the processing burden in the 
ground subscriber units by providing time between the receipt of a down link message 
and the initiation of an uplink transmission. The interleaving of the transmit and 
receive pairs provides the full guard interval both in front of and behind the receive 
bursts. The guard is the means by which range change accumulations are buffered 
until a handshaking exchange between the subscriber units and the satellite recenters 
the uplink burst in the receive window. The time slots also provide time separation 
which implements frequency reuse. The downlink carriers may all be in use in each of 
the time slots as all of the uplink carn’er freCfuenC!ieS may be occupied during the uplink 
intervals. 

_ 
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FIGURE 1 - SATELLITE TDMA FORMAT 
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ANNEX B 

This Annex consists of an extract from Document No. US IWP 6/l CUSA-6 

Document Title 

Possibilities for Frequency Sharing Between Mobile-Satellite Services Using 
Geostationary Satellites and Other Services in Approximate Range l-3 GHz 

The Authors are: 

Tom Sullivan: AMSC 
Jeff Binkes: COMSAT 
Ron Lepkowski: GEOSTAR 

The part that has been. extracted is Annex I. MWRDSS sharing in the 
1610-1626.5 MHz Band. 
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?he crprcity of en 11055 inbound (mobile terminal to 
ccntrrl earth rtrtionl transponder is limited by cxternai 
interference and by the code noise erused by other spread 
spectrum signals prsrinp throuph the transponder at the same 
time. The effect of a number (10 of ruch simultaneous spread 
spectrum trSnsmiSrions cSrried over the trrnsponder can be 
estimated from the following formula presented in Section 
3.6.1 of CCIR Report 1050: 

[EdNol”req = IEdNoY1single + (K-1) IEdN~~~codo noise 

and, l sswr.it.9 the the effects of code noise 8re about 2/t the 
l ifecrr of thermal noise, 

[EdNolcoda noise = 1.5 l Rs 

uhe:e : 

lEtdo rrq- Eb/h’o required to achieve desired SEii; 

IEtdol sirgc- predicted link~-Eb/No in l bsexe of code 
noise; 

spread ratio, i.e. ratio of chip rate to 
data rate. 

for tha Cooltar MSS .yatsm, typical ralucr .I* 4.9 
(6.9 ds). 11.7 (10.7 dS) (unfaded condition), and 512 (27.1 dB) 

for Ifb/N,Jceq, [Eb/N Isingle. and II,, rcs9wtiv*ly. Thlr 
results in .n upper 1 mit P on SDSS tran,pond,r capacity of 
l pproxbnately 92 dmult~nwx~ nDSS rignalr parsing through the 
inbound transponder at .ny inrtmt. 

The effects of interference from en external US5 system 
can be estimated by calculatin9 the equivalent number of 
simultaneous RDSS trrnrmissions that would be displaced by 
the e99repate noise produced by the MS transmitters in the 
RDSS bandwidth using the follO~in9 formula adapted from 
l qu*tion (S) of Section 1.4.1 Of hnex II to CCIR Report 
1050: 

10 log10 [N&S] = EWrnss + 10 lOglO [Nns~] * ERPrdss - D&at + FBW 

-l- 

._ ,_ _.- .-... ._ 
-I 
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where: 

Nrdss - l quivslent number of simvltrneous RDSS users 
suppressed by the l gprcpate MSS inte:ference 

EIRPmss - ZIRP of an USS channel (dBW) 

Nmss - number of MS.5 channe?s within the RDSS 
satellite receiver bandvidtb 

txwrdss - ZJRP of a typical RDSS transmitter (dBk’) 

DGs.t - RDSS space station antenna discrimination 
tovards the WS service 8rea (db) (assumed to 
be 0 dB for the co-coverage case considered 
bcrel 

TBW - effective attenuation of the MS355 signals by 
the RDSS demodulation (dbl. 

for the ease of a narrowband interfering US3 carrier, the 
correlation process used in the spread spectrum ROSS 
receiving 

s 
recess results in a s>readinp of the MSS Carrie: 

into a sin (x)/x2 spe:trum, reducing the amount of 
interfering power falling within the passband of the 
demodulator in the RDSS ssystem. For multiple interfering 
nsS cr:rie:s evenly spaced l c:oss the RCSS trS.7SFOnder 
bandwidth, this inte:fcre3ee redcction effect is reflected it..~. 
the value of the rBk’ fsctor, which can be crlculated from the 
follovinq formula derived as an extension of formula (6) in 
Section 1.4.1 of hnex II to CCIR Repon 1050: 

FBW - lOlog 

where: 

Was. - width of MS5 channel OQlt) 

ABW - frequency separation between l4S.S channels WHz) 

and 8 mcps is the transmission rate of the direct sequence 
pseudorandom noise code of the Geostar RDSS system. 

7he following figure plots the loss of RDSS capacity as 
a function of the number of HSS channels with an EI&P of 22 

-2- 
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d9 (corresponding to en Inmrsrt-?! land 
channel) using the foamulrs given above. 

mobile earth station 

In satellite 
that no more than 
produced by other 
interierecce fro+ 

sharing studies, it is generally accepted 
208 of the noise in a channel should be . . satellite syrtcms. In the Case of 
an PISS system into a spread spectrum R3SS 

system, tnis can De approximated by a 20\ loss of ?3SS 
capacity using the formulas given above. For the assumptions 
used in this analysis, a nasroubasd MS system vculd have to 
be limited to about 17 or 16 channels to satisfy this 
criterion. 
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ANNEX C 

Derivation of Up and Downlink Power for 
Sharing Analysis 

The purpose of this Annex is to derive average and peak burst power for 
sharing calculations. Tables 1 and 2 show the link calculations for the up 
and down link. Tables 3 and 4 derive the average and peak burst satellite 
downlink sidelobe power. Tables 5 and 6 derive the average and peak 
burst uplink power for the subscriber terminals. 
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TABLE I 

DOWNLINK CALCULATIONS 

AzIMJniAnoLB 
ClROtJNDRANGBFROMNADIlt 
NADIR ANGLE 
GRAztNoANoIJs 
SLANTRANGE 
XMIRBlJRSl-PWRIMOANT 
(Per Carrier) 
FTAKANTOAIN 
mGEmss 
scAnlD.ss 
TARR LOSS 
xhrlRNErANTGAm 
KKrFEEDKKrmss 
EIRP 
PATH LOSS 
POLARI2xnON LQSS 
GAsmvsmss 
MEAN VEGETATION LOSS 
TOT PROPAGATION LOSS 
RCVRN-ETANTGAlN 

ANI’ NOISE TEMP 
RCV FEEDCKT LOSS 
LNA NOISE FlGURE 

SYST NOISE TEMP, Ts 

GlTs 

BOLTZMANN’S. k 
C/I 
RCV’D C/No 
RwnRED Ebmo 
CHMWEL DATA RATE 
-AnON Loss 
REQUIRED C/No 
LINK MARGIN 

UNITS 

w 
Nhii 
m 
m 
NMi 
WINS 
dBm 
dBi 
dB 
dB 
dB 
dBi 
dB 
dBm 
dB 
dB 
dB 
dB 
dB 
dBi 

OK 
dB 
dB 

OK 

dBi/‘K 

dBmA-lz’KdB 

dBEr 
dB 
dBHr 
dB 
dBHz 
dB 

CRLL 1CELLS 
2&3 

CltLt-4 CELL 5 CELL6 CELL 7 

5.39 19.75 6.59 30.00 
1108.01026.9 810.7 744.0 
61.56 60.82 51.69 56.26 
10.00 12.09 18.82 21.36 
1238.41157.8 949.9 887.3 
1.55 1.51 1.73 2.42 
31.89 31.79 32.38 33.83 
24.99 24.99 23.01 23.02 
0.50 0.50 1.70 1.50 
0.95 1.43 1.42 3.00 
1 .oo 1 .oo 1.00 1 .oo 
22.54 22.06 19.75 17.52 
1.30 1.30 1.30 1.30 
53.13 52.55 50.83 50.05 
163.84163.25 161.53 160.94 
0.50 0.50 0.50 0.50 
0.30 0.30 0.30 0.30 
0.00 0.00 0.00 0.00 
164.64 164.05 162.33 161.74 
1.00 1 .oo 1.00 1 .oo 

150.00 150.00 150.0 150.00 
1 .oo I .oo 1.00 1.00 
0.80 0.80 0.80 0.80 

298.92 am.93 296.93 296.93 

-23.76 -23.76 

-108.60 -198.60 
18.00 18.00 
62.87 62.87 
3.10 3.10 
54.11 54.11 
2.00 2.00 
59.87 59.87 
3.00 3.00 

PLUX DENSITY per 4KEz BW dBW/m2.132.1 -132.1 -132.1 -132.3 

23.76 -23.76 

-196.60 -196.60 
18.00 18.00 
62.87 62.81 
3.10 3.10 
54.11 54.77 
2.00 2.00 
59.87 59.87 
3.00 3.00 

10.89 30.00 
492.1 186.0 
41.58 23.98 
34.23 62.93 
664.2 451.5- 
3.13 3.56 
34.95 35.51 
20.00 12.04 
2.60 3.80 
3.61 0.00 
1 .oo 0.00 
12.19 a.24 
1.30 1.30 
46.44 

158.43 
0.50.~. 
0.30 
0.00 
159.23 
2.18 

150.00 
1.00 
0.80 

298.93 

-22.57 

-198.60 
18.00 
62.81 
3.10 
54.11 
2.00 
59.81 
3.00 

-133.4 

42.45 
155.19 
0.50 
0.30 
0.00 
155.99 
3.01 

150.00 
I .oo 
0.80 

298.93 

.21.74 

-199.60 
18.00 
62.87 
3.10 
54.17 
2.00 
59.117 
3.00 

-134.1 



-A.NGLR 
GROUND RANGE PROM NADIR 
NADIR ANGLB 
GRMlNfzANGlE 
SLAM MOE 
xMIRBUR.VPWR~ANT 

XMlRNErANTGAIN 
m EEDmcr Loss 
EIRP 
PATHLOSS 
POlNiEATlON LOSS 
GASHXISLOSS 
MEAN VEGETATION LOSS 
TOT PROPAGATION LOSS 
PEAK ANT GNN 
EDOE LOSS 
SCAN Loss 
TAPER Loss 
XhGRNETANTGAlN 

ANT NOISE ‘IEMP 
RCV FEED/CKT LOSS 
LNA NOISE FlGURB 

SYST NOISE TEMP, Tr 

Glfl 

BOLTZMANNS. k 
C/l 
RCVP C/No 
REQUIRED EbMa 
CHANNEL DATA RATE 
-Al-ION LOSS 
REQUIRED C/No 
LINK MARGIN 

De8 
NM 
-g 
w 
NMi 
WllIS 
dBm 
dBi 
dB 
dBm 
dB 
dB 
dB 
dB 
dB 
dBi 
dB 
dB 
dB 
dBi 

% 
dB 
dB 

OK 

dBil% 

dBm/Hz%dB 

FLUX DENSITY per 4KHz BW 

TABLE 2 

UPLINK CAL.CULATlQNS 

UNITS 

dBEz 
dB 
dBliz 
dB 
dBlIz 

CKLLlCELLS 
2k3 

5.39 19.75 
1108.01026.9 
61.56 60.82 
10.00 12.09 
1238.41157.8 
1.27 1.24 
31.05 30.95 
1 .oo I .oo 
0.70 0.70 
31.35 31.25 
163.84163.25 
0.50 0.50 
0.30 0.30 
0.00 0.00 
164.64 164.06 
24.99 24.99 
0.50 0.50 
0.95 1.43 
1 .oo 1 .oo 
22.54 22.06 

290.00 290.00 
1.80 1.80 
1 .oo 1.00 

552.58 862s8 

-5.52 -6.26 

-196.66 -196.60 
18.00 18.00 
59.90 59.90 
3.60 3.60 
51.30 51.30 
2.00 2.00 
36.90 56.90 

dB 3.00 3.00 
dBWI,2-150.4 -149.9 

CELL4 CELL S CELL6 CELL 7 

6.59 30.00 10.89 
810.7 744.0 492.1 
57.69 56.26 47.58 
18.82 21.36 34.23 
949.9 887.3 664.2 
1.43 1.99 2.58 
31.54 32.99 34.11 
1 .oo 1.00 2.18 
0.70 0.70 0.70 
31.84 33.48 35.69 
161.53160.94 158.43 
0.50 0.50 0.50 
0.30 0.30 0.30.. 
0.00 0.00 0.00 
162.33 161.74 159.23 
23.87 23.02 20.00 
1.70 1.50 2.60 
1.42 3.00 3.61 
1 .oo 1.00 1.00 
19.75 17.52 12.79 

290.00 290.00 290.00 
1.80 1.80 1.80 
1.00 1 .oo 1.00 

662.68 552.58 552.58 

-7.59 -9.64 -14.49 

-198.60 -196.60 .196.60 
18.00 18.00 18.00 
59.90 59.90 59.90 
3.60 3.60 3.60 
51.30 51.30 51.30 
2.00 2.00 2.00 
56.90 56.90 56.90 
3.00 3.00 3.00 
-147.6 -146.4 -140.7 

30.00 
186.0- 
23.98 
62.93 
457.5 
2.93 
34.67 
3.01 
0.70 
37.00 
155.19 
0.50 
0.30 
0.00 
155.99 
12.04 
3.80 
0.00 
0.00 
8.24 

290.00 
1.80 
1.00 

552.58 

-19.56 

.196.60 
18.00 
59.90 
3.60 
51.30 
2.00 
56.90 
3.00 
.136.1 
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TABLE 3 

RDSS SEARING ANALYSIS 

DERIVATION OF AVERAGE DOWNLINK SIDELOBE POWER 

Peak EIRP 

AvgtoPe8klum 

Avg EIRP an MS 

8idektbe Rehction 

Avg EIRP Off-Axis 

Avg EIRP Gfi-Axis 

Weighting 

EIRP X WQ 

urns 

d&n 

d8 

ceil1 

53.1 

-13.6 

39.5 

-20.0 

19.5 

0.089 

6 

0.535 

EEi 

52.6 

-13.6 

39.0 

-20.0 

19.0 

0.079 

12 

0.953 

Call4 Ceils Cell6 Cell7 

50.6 50.1 46.4 42.5 

-13.6 -13.6 -13.6 -13.6 

37.2 36.5 32.6 26.9 

-20.0 -20.0 -20.0 -20.0 

17.2 16.5 12.6 6.9 

0.052 0.045 0.019 0.009 

6 6 6 1 

0.315 0.266 0.114 0.009 

Avg ElRP/qat bum/c.a~in . (summation of EIBP X WTG) I 37 

I: 0.059 wa~ts/~cr = - 12.3 dBw/camier 

NI = Total number of sells (spot beams) worldwide - 1628 

LM % I Land Mobile spot bums (B of total) = 30 ‘16 

LOS 46 = Number of IBlDllJhi satellites in line of si@ to GEGSTAR saullitc L 57 8 (44 of 77) 

L b = A- cell loading (B of peak) - 50 B 

N = Number of active Land Mobile spot bums in view of lbe GEOSTAB satellite 

=NtXLU%XLOS%XL% =1628X0.3X57X5=139 

Pl = Polmiution loss = 4 dB 

ElRP(sa) = Avenge ridelobclbrcklobc EfRP/carrier 

- ElRP(saI) + 10 Log 0 - PI 

= -12.3 + 21.4 - 4.0 - 5.1 dBW/c.mia 
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TABLE 4 

RDSS SEARING ANALYSIS 

DERIVATION OF PEAK DOWNLINK SIDELOBE POWER 

uldts WI1 
El 

cd4 CM5 Cett6 cell7 

P&c EIRP dBm 53.1 52.6 50.8 50.1 46.4 42.5 

Sklebba Fteduotlon dB -20.0 -20.0 -20.0 -20.0 -20.0 -20.0 

Peale EIRP On-Axis dBm 33.1 32.6 30.8 30.1 26.4 22.5 

Peak EIRP on-Axis watts 2.04 i .a2 1.20 1.02 0.44 0.18 

Weighting 6 12 6 6 6 1 

EIRP X Wig 12.25 21.04 7.21 6.14 2.62 0.18 

Peak ElRPfspoc belmlclnier = (summation of EIRP X WTG) I 37 

I: 1.36 walu/tier = 1.3 dBw/&er 

Nt = Total number of cells (spot beams) worldwide = 1628 

LM % - Land Mobile spot beam (% of total) = 30 % 

LOS % = Number of IRIDIUM satellites in line of sight to GEOSTAR satellite = 57 % (44 of 77) 

RU % = % of cells active due 10 Ihe 7 cell reuse pattern = In = 14 8 

L + = Avenge cell loading (% of peak) = 50 % 

N = Number of active bd Mobile spot bums in view of the GEOSTAR satellite 

=NtXLM%XLOS%XRU%XL% =1628X0.3X57X.14X5=19 

PI = Polarization loss = 4 dB 

Peak ElRP(w) = Peak sidelok/backlok EIRP/cmier 

=puLuRPhpolbum+ 1oLcgCN)-PI 

I 1.3 + 12.9 - 4.0 - 10.2 dBW/cmier 

- 
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TABLE 5 

DERIVATION OF AVERAGE UPLINK POWER 

-. 

Pe&c EIRP d0m 

AqtoPeacRRtkJ d0 

Avg EIRP dBm 

Ay.j EIRP nw 

Welghtlng 

EIRP X WQ 

cell 1 MIS 
263 

31.4 31.3 31 .e 33.5 35.7 37.0 

-10.1 -10.1 10.1 10.1 10.1 10.1 

21.3 21.2 21.7 23.4 25.6 26.9 

0.135 0.132 0.146 0.219 0.363 0.490 

a 12 a 6 a 1 

0.609 1.582 0.867 1.313 2.176 0.490 

WI4 cell5 Cell 6 

Avg mhaiba EIRP = (summtion of EIRP X WrG) I 37 

I 0.3% wwukamier = - 7.1 dBW/ rubscriber unit 

Nt = Total numb of cells worldwide = 1628 

LM 8 = L.md Mobile rp01 beams (% of total) * 30 % 

LOS % = Number of Land Mobile cells visable to RDSS satellite (% of lotal) = 50 % 

L % = Average cell loading (% of peak) = 50 % 

VA % = Voice mxivity of each canin = 40 % 

N L Number of active md Mobile subscriber terminal umsmilters viuble to the RDSS 

srrcllite/carrier slot 

=NtXLM%XLOS%XL% XVA%=l628X0.3X0.SXOOJX0.4=48 

PI I Polariution loss - 4 dB 

Avg EIRP(sub) - Average EIRP for the subscriber miulcurier cl01 

=AvgBIRP(sub)+lOLogO+PI 

I - 7.1 + 16.8 - 4.0 = 5.7 dBW/ wrier slot 

call 7 
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TABLE 6 

DERIVATION 0~ PEAK UPLINK POWER 

urits cell1 ceus cell4 Cd5 
263 

ai a 

Peak EIRP 

Peak EIRP 

Weighting 

EIRPXWIQ 

dBm 31.4 31.3 31.8 33.5 35.7 

watts 1.36 1.35 1.51 2.24 3.72 

a 12 a a a 

0.26 16.19 9.08 13.43 22.23 

peak El~~/spot bum - (summation of EtRP X WTG) I 37 

I 2.0 vnts/cmier = 3.0 dBW/ spot bum 

NI = Toul number of cells worldwide = 1628 

LM % I Lmd Mobile spot beams (46 of total) = 30 6 

LOS % I Number of Land Mobile cells visable to RDSS satellite (% of total) = 50 % 

RU % = % of cells active due to rhe 7 cell MY frta = 111 = I4 % 

L % = Avenge cell loading (% of peak) = 30 % 

VA % = Voice activity of each carrier = 40 % 

N I Number of aaive Land Mobile subscriber tenninpl transmitters visable to the RDSS 

trwllitelcrrrier slot 

=NtXLM%XLOS%XRtJ%XL% XVA%=1628X0.3X05X.14X0550.4~7 

PI - PolarizMion loss I 4 dR 

Peak RIRP(sub) = Peak EIRP for lbe subscriber urdukarier rlol 

=PeakRlRP/spoIbeam+1ot..ago+Pl 

I 2.0 + 85 - 4.0 . 63 dBW/ canter slot 

cell 7 

37.0 

5.0 

1 

5.0 



20 

ANNEX D 

DERIVATION OF THE UPLINK C/l RATIO IN THE IRIDIUM SATELLITE 
DUE TO THE RDSS SUBSCRIBER TERMINALS 

The ROSS subscriber terminafs transmit a 20 to 80 ms spread spectrum burst at a 
power between 17 and 18 dBW. This power is spread over a 18 MHz bandwidth. The 
IRIDIUM subscriber terminal transmits a 2.9 ms burst wfth an occupied bandwidth of 
129KHZ. 

- 

The carrier-to-interference (C/l) ratio in the IRIDIUM satellite may be estimated as 
follows: 

CA = EIRP(irid) - BW(itid) - EIRP(rdss) + BW(rdss) + PI (all in dB) 

where: 

EIRP(irfd) = Peak burst power of the IRIDIUM subscriber terminal (dBW) 
= 8.5 dBW 

BW(irfd) = Occupied bandwidth of the uplink lRlDlUM transmission 
=128kHz=51dB 

EIRP(rdss) = Peak burst power of the RDSS subscriber terminal 
= 17.5 dBW 

BW(rdss) I Occupied bandwidth of the uplink ROSS transmission 
-18MHz=72dB 

PI = Polarization loss = 4 dB 

solving: 

CA = 6.5 - 51 - 17.5 + 72 + 4 
= 14.0 dB 



Circular Polar Constellations Providing 
Continuous Single or Multiple Coverage 

Above a Specified Latitude’ 

W. S. Adams’ md L. Rider’ 

A ptimuy activity of systems plrnnen in &signing porential navigrrion. canmu- 
nication. surveillance. acd defense systems is to perform those conccprul tide rrudics 
which lead to the idcntitication of minimal-cost. low-risk pceliminay rysem archiuc- 
tutcs that satisfy a given petfotmat~e rquitrmttr while utilitittg a pmjcctcd tech- 
nological capability. In many cases when such systems employ a space-based segment. 
to meet thii god mquites ti idtntifntion of families of satdhtc constcUations which 
exemplify the trade-off between total number of satellites and the Earth coverage 
required f&m each satellite of the constellation such that a spccifd cotttinuous Earth 
coverage criterion is met. Cc4tsqwntly. the idetttiftuUon of “minimU constellations 
is a0 impauttt qcct of system uchitcctum selatiott delitentions. 

This tick addresses the problem of syntbesiziig circular polar orbit C0nrtellations 
with the fewest number of wtdlitcs at a common altitude that ptwidc contiauous single 
or multiple coverage above an atbinary geocenttic titttk. Prim analyses I I-41 have 



. 

alndy ddreswd sOme rrpcu of this problem: In [I] minimal consulkrions were 
determined which provide single global and zonal coverage using arbitrap phasing 
bctwen saleWes in different orbital planes; rhe “NT partems” discussed in [Z] utilize 
opritnd inter-plane satctlile @using 10 find minimal consull~tions which pov~dc single 
0( dou6Ie &&I coverage; opimd intwpkne satellite phasing wu also used in 131 to 
determine constelluions providing single and aipk global and polar cap covenge; and 
du analysis I41 compares arbitrarily phased and optimally phased polar constellrtions 
for muldpk global coverage. pmvides afbitily phased polar constellation data for 
multiple polu tip coverage. but does not provide optimally phased poln constellnion 
dau for multipk polar cap covemge. 

The present study augments the analysis of polar orbit constellations by character- 
izing the compkte families of minimal polar orbit cons~cUrr~ons Ihr! provide con- 
tinuous single or multiple coverage above an arbitrary geocenvlc latitude using either 
arbitrary’ or opaimal inter-plane satellite phasing. As is the case with 11). 131. 141. and 
151. this study utilizes a “sucetof-covmge” technique and assumes Uw all orb~nl 
planes have the same number of satellites with rhe satellites symnxtncrlly distribued 
in each orbital plane. Unlike 131 and [4]. certain simplifications are avotdcd. so rhc 
results achieved herein are more precise than lhore found in 131 and 141. 

The “strcetof-covenge” technique was tint used in II I and generalized in 141. The 
kner formulation. also used herein. requires thu the covenge circles for the sym- 
metrically distributed satellites in exh orbital pluw overlap 10 provide a continuous 
band. or “stnx~,” of covenge along the orbital projection. This condition is illustrawd 
in Fig. 1. As shown. the half-strxt width of coverage c, is a functron of the satellite 
ndius of covcmgc - identified bv an Earth-ceaml an&z B-and j, an integer which 
indicucr rhe multiple level of coverage to be provided by satellites from the ymc 
orbital plane. The magaitude of c, is given by 

c, = arccos(cos B/cod jr/s)] (1) 

whcrr I is rhe number of suelliles in each orbital plane. For finite constellation 
altitudes. no satellite is able to cover a compkcc hemisphere. and thus. the mmimum 
valueofsconsi&redwillbe3. 

Muldple coverage can be provided mx only by tuhmdant coverage ensured by wcl- 
liter from dss same abiul pkne but also by overlapping strcctsof-covenge from 
different orbiul planes. lfn is lbe dcsircd kvel of multiple coverage. n can k factored 
into j x k, whm j is defined as above. and k is dw kvel of multiple covengc provided 
by overIrpping satsofanngc. 

If inter-plane suellitc phasing is M( to be exploited. ensuring continuous n-fold 
coverage above tbc lower IMu& bound 4 of a polar cap region by wtellitn fmm inrer- 



facing orbiul planes requim thal the woc1( Case CoWage intttfact be determined by 
rbc half-saw widths c, and C,. as piawd in Fig. 2. 

la (41 the consminr ntlation identified fa m-fold global ~ovenge wing ahhary 
inter-pluu satellife phasing was found 10 be 

pk, + c,) a kw (2) 

where D is the number of orbital planes in rhe ~an~lhtia~. Fmm Fig. 2 and an 
application of thy law of sines for sphmical lmngles. the gcnemiizuion KI n-fold 
coverage above an tiitnry latitude 6 is yen to be 

p[arcsin(sin c,/cos 6) + ucsinhin c,/cos &)I Z kn 13) 

- 



The inquality (3) holds for 111 values ofj. k. ud p such that p Z k. When p = I. each 
orbital plane is rquired to provide continuous j-fold covcngc independent of the other 
planes in the cmwellatioo. and therefore. the distatxc c. must qual the co-latitude 
n/2 - 6. The consaaint ml&on which reflects this condition is given by 

B ic uccos[sin 6 cos( j-/r)] (4) 

and follow directly ftmn qwtion (I). 
Fa arbitrary phasing dw incerfrcs be-n djacem orbital pluvs M independent 

of both IJK inter-plane satellite phasing and the mlrtive sense of travel of the wrrllites 
in &se planes. Cooseouentlv. the ascending nodes of dte orbital alms can be eouallv 
spaced along half dw quatn usmg a sepwtioo angle of Q = n/p radians. 

Pbosed coverage Interfoca 

s~ppsg the smc(rofcova8ge fmm two c&al plaoes interface to provide con- 
tinuous coverage above be latitude 4 for dw region dut lies between the two planes. 
When the satellites in the two planes M moving in the same rel~ttve direction along 
the ccwrap ~tetf~, the intctfuc is called a co-rotofing interface. sod when the 



satellites move in opposite directions along the intcrf%cEe. !he inwface IS called a 
iounur-rotating interface. Constraints which must k satlrficd to ensure commuous 
covmge along an interface depend upon wkrher the interface is co-rotating or counter- 
rotating. Constraints for each rypc of interface we discussed klow. 

Coaxafing Inu~acr 

Since utellires move in the same relative direction along a common co-rotating 
interface. it is enough to determine constraints which will ensure coverage II tk lower 
lain& limit of coverage 16. Let w denote the inter-olanc satellite Dhrsinn an&z 
ktweea utcUios in two orbital planes A and B. and let 6 = j(mod 2). The twmwe*t 
wan ot a ytotd streeto?avenge occurs at rhc cusp which is associated with the 
half-meet width c,. As illustntcd in Fig. 3, when such L cusp from plane A IS at the 
lower latitude limit 6, there is l urellite in plw A at latitude 1. whet-c 

i = arcsintsin b/cos c,) + &n/s 15) 



M Ah--U- 

Consquently. the latitude of satellites in plane B can be detcrmincd from the angular 
distances { + w + mt2n/s) mcuumd from their ascending node. where the mteger 
mmngesfromOtor- I. Gne of these utellites. having lrtitude .$. . wll be closest 
to chc plane A cusp at latitude 4. For continuous covcnge along the interface. then. 
the mgulu sepuation o ktwm lk rvending no&s of planes A and B must wusfy 
the following constraint 

0 5 arcsinlsin r,/cos 6) + arccos[(cos B - sin 6. sin 6V(cos f’ cos ml] 

161 

Similarly. when a cusp from plane B is at the lower luitude limit 6. the latitude of 
satellites in plane A can be detmnitted from the angular distances [ - w + ml?nir) 

measured from their ascending node, whm again dK integer m ranges fmm 0 to I - I, 
md C is defined by equation (5). If the Wellice in plane A dtrt is closest to the plane 
B cusp has IaUtude f-. then 0 must also satisfy 

P 5 arcsin(sin c,/cos 4) * uccor[lcor 8 - sin {- sin dlllcos t- cos &II 

171 

The detetmirtrtion of dtc l&twit t’ (or f-j CM be made by evaluating the erprw~on 
arccosllcos e - sin f sin 6Mcos 6 cos Sj] for 111 satellites in plane B (or Al uherc 
the vtellitc latitude t sarisfIes It - Cl 5 8: #- (or 6-j will correspond to the value of 
6 which maximizes this cxpresslon. 

Counrtr-rororing lnre$ocr 

To provide continuous coverage along a counrer-muting interface. it IS neceswr) 10 
satisfy constraints which will WJSUR covenge at the lower latitude bound d. As ~1s 
the cas4 for co-rotating interfaces. rhe critical situation occurs when a cusp fmm one 
plane’s sawt-of-zovenge lies at the IuiNde 6. Suppose such a cusp from pluv A IS 
at latitude 6 and a satellite in p(uw A is at an angular distance of i from its ascending 
node. where [ is again given by qurtion (I ). If. as before. w denotes the inler.plme 
satellite phasing angle at which satellites in plane B lead satellites in plane A. then the 
angular disunccs n - [I + w + mt2r/s)] mesued from plane B’s dtxmdmp 
lWdE.m~gi”gfIOlttOtOS - I. chanctetizc Ihe positions of the satellites in plane 
8. One of these satellites. having IatiNde 6’. will be closest to the plane A cusp II 
latitude Q. If 0’ &notes the wlu sepuation between the ascending ncde of one 
abiulplurladthc~ndingnodeofmeMher.mena’ = n - a.uidancccssary 
constraint dut must k UtisfKd for continuous coverage at lrtiwdc 6 along the counter. 
routing interface is mC foU0tig 

a’ 5 arcsin(sitt c,/cos 4) + arcc4(cos B - sin C’ sin &)/(cos f- cos&l] 

18) 

Likewise. an a4ogous c.oashM “tust k satisfed whet! the roles of planes A and B 
are twwsed. When a cusp from pk B is at titude 4. the positions of satellites in 
plane A 11c determined fmm dx ~g’ular distances w - I{ - o + m(2n/r)l mer- 
sued fmm pluw A’s dacvndin# no&. m @n t%nging fmm 0 to I - I. One of these 
mtellites. having latitude t-. wiU bc closest to rhe plane B cusp 81 latitude &. The uher 



cO”sml”l on (I’ can dun k expressed as follows 

a’ S rrcsin(sin c,/coa 61 + arccos[lcor g - sin t-sin dl/(cos (-cos &.I] 

(91 

The dcremrination of the latitudes (’ and [- EUI be wcomplished in a manner 
completely analogous lo thvl used in rhc case of a co-rotating inwfacc discussed 
previously. 

The conrvlints (8) ud (9) given &ove. which when satisfied. ensure lhrr continuous 
covcngc will always exist 01 lrtinade 6. However. ti constraints alone ue not 
sufficient (0 ensure conrinuous coverage evelywben abow latitude 6 along a coumer- 
rotating imcrface. Since satellites move in opposite directions along such an interface. 
it IS possible for a hole in coverage 10 open up above ktiwde 6 even though coverage 
at krirude 6 is continuous. This situation is depicted in Fig. 4. A necessary and 
suffkknt condition for no such hole 80 occur along a counter-muting interface is thac 
a’ be small enough so that whenever a c, CUSP from OIK plane’s steet-of.covcnge is 
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aI tht m-bt IrIiIude u a c, cusp from the other. the swecrs-of-covengc mUnecI. If IL 
is rhe lowest IaIiNdc greater Ihan or equal to 6 11 which this siwatlon occurs. the 
CoWminI on a* ctn k given as 

a’ 5 arcrin(sin c,/cos $1 + ucrinlrin c,/cos $1 

An erplicil determination of I is given in Appendix A. 

r IO, 

The orirnlarim of a polu orbit consUllrIion is determined by the inter-plane YUIIIU 
phasing angle w and the mgulu separation o between wending nodes of su~c~ssire 
orbital planer whose utellites possess this phasing. Ascending nodes can bc placed so 
Ihal the numbers of cc-routing and counter-routing inter(aces wy. Since lh+ goal of 
this analysis is to tivc at minimal conrUllaIions. for I given choice of 6. 8. and w. 
it is pfud.enI to maximize the number of one type of interface over the other. dependmg 
upon which type is less constraining to rhe coverage problem. Connclhrions with a 
maximal number of co-nnrting interfaces will be called co-or;mrrd. mod those ~8th a 
maximal number of counIer-rotaring inlet-faces will be called count -oritnrrd. If p IS 
the number of orbital planes in * constellrtion. rhere will k p coverage inlerfaccs. It 
will be shown &+I at leas1 p - 1 of these intcffaces can be made either all co-rotamp 
or all counter-rotaring. The cxcepdonal intrrface is the ooe krween the pth and lirsI 
planer. It should be noted that the inter-plane satellite phasing angle along tha inwface 
is (p - I lo (mod 23r/sL Since whir phasing angle possibly differs from w. iI is Ilk+ 
that fht angular separation between the ascending oodes for the pth and first orbtral 
planes may differ from o: for lhir reason this angular separation will be denoted 8. and 
@’ will be defmed as n - B. The covengc consoainrr for o sod o’ previously 
discussed also apply IO B and B’ with (p - Ilw (mod 2n/r~ taking ~he role of w. 

Recall thr~ in tbc factorization j X k of the kvel of coverage n. k is the minimum 
numbtr of sucetsd-covemgc which must overlap every point in the covered rcglon. 
When k equals I. ascending nodes can be dislribuUd over n radians with an appmx~. 
ma value for o king n/p. Ftum the example illuswxed in Fig. SA. non Ihrl all 
coveragt i”Itmr will k cPmuting exctpl Iht Iat one between the pdI and flrsr 
orbital planes. Thar is no manoa of disaibuting asceoding nodes in order to have all 
co-rotating interfaces when k qualr 1. When k equals 2. ascending nodes can be 
distributed over 2a mdians wiIh an lppmxinUU value fa a being 277/p. An example 
of Ihir SiNltion is depii in Fig. SB. la’dlis case all intctfrces will be cw’outing: 
howtvtr. dw excepiocul inurface btIwttn rhe pdt tnd firs1 orbital planes has a 
potentially different inter-plane satelliU phasing lngk dun dae other interfaces. In 
general. u) maximize the number of co-cwriog intctfaces ch~terized by the angle a. 
ascending node should be diruiikned over ka radians with an approximare value for 
o bring knjp. when k is odd. dw cxapjonal inlcrfw is cower-muting mnd IS 
chncurittd by dat aogk fi’; when k is eves. the exceptional interface is co-rotating 
and is &ncw&d by the angk 6. It should be noccd chat when k and p UC not 
nl~ively prime, dtae is I possibility of coincidence of abital planes; this siuatica 
will cu be ccmsidmd for virbk coflSU~do4lS. 



C k.1.p.J 0 k-2.p.J 

For t codtnud consulluion. t consutin t which mw be satisfied 10 ensure con- 
tinuous covtmgt tbovt ladtude 4 is given by 

(P - 1)~ + B’ ZI kn (Ill 

whtakisodd.a 

(P - I)o + fi 2 kn (12) 

when k is even. Nuunlly. a musk suirfy the inquliIies given in (6) and (7). and when 
k is even. @ must satisfy the lppmpnatc analogs of mC% YIly inequalities. lf k is odd. 
8’ must vtirty Ik tntlogs of (8). (9). md (10). 



Cwutraimted Cmuwllmimu 

Gmnliring from chc l umpkr in Figs. 5C md SD. the number of counter-rotating 
inurf~ charac~riztd by mC rngle u’ till be muimized by dirtibutmg rrending 
n&s over cp - k)r mditns wivim an rpprorimrre value for a being cp - kmlp. 
When bcHh p md k IR odd. all inurfm will be counter-routing with the exceptionrl 
inurfve between the pIh ud finl abiul piu~s being chuxcurized by the angle f3’. 
When l ithrr p of k is even. the cxceplonrl interfvc will lx co-rcuting mnd VIII be 
chamctcrited by fhe angle 8. When p and p - k UC K)( reluwely @me. durc is a 
possibility of co-imzidence of abiul plums. ud agun. this situuion will not be 
Alowed in determining pouatill conrulluionr. 

For 1 cwnter-orienud coasullrIion. 1 consmint which must be vtirfud to ensure 
continuous covenge above ktirude 4 is given by 

(P - lk’ + f3’ Z kn (131 

whenkandpucbothodd.a 

(P - I)o’ + ,9 + kw (141 

when either k orp is even. The Mgle (I’ must utirfy the inequAIia given in 18). (9). 
and (IO). tnd when k md p ate bolh cdd. B’ inure suirfy the ~pprup?iue rnrlogs 
of these ume ineqwlitics. IS either k of p is even. 5 mw utlsfy rhc analogs of (6) 

and (7). 

Mlnlmd Constdhtins 

The determinrtion of polu abi1 conrUlluionS Ah the fewest number of wullius 
that provide continuour n-fold covenge &we lUiN& 4 hrr been fxiliuud by 
developing irerative compuutiaul plaedures du1 c~lculue minimum BvAcs which 
satisfy the 1pprqriMe covemgc cotwnin1. For ubitnrily phrvd ccmsullrtions this 
implies solving (3) when e@iIy holds; ruch 1 solution is obuined by employing 
Newton’s method of rppoximuing mats to differenti~bk fwxtionr. When inter-plane 
wulliu phrring is to be exploited. dw iuntive procedure is more complicated since 
it must dcunnine I minimum 8 for which 1 phasing urgle Y cxius such that equ&ty 
will bold in the rpplicrble -gc consmin~ given by (Ill. (12). (13). ~~(14). These 
compuutiorul ms ue incapaucd into Ihe mininul cc+UUll~Iion sekcuon 
pmceu in fix following mamta~ b ud n yc given. Paentti vllver oft. mC toul 
number of suellius in I cons~llujoa. u’ecumined in incussing order. For I selected 
vducofT.~frnoriuaonroCbocht=pxIMdn=jXkirrcwldcrrd.When 
optiml phasing is to be co&de& both co-wienud uid countcr-orknud consul- 
&ions ue eumined. A miaimum value fa g is deunnined using the ~hcrble 
iuntivc compuutiowl w so dut eqtuliy will hold in Ihe mru covengc 
consminx for optinully pbrrcd cmuuUuicas m wxiued phuing u is ti found. 
Ifthev.lueofeu,deramindL~Ihm8~viwv~ueofecanpntdcnherfo~ 
rsrmlkrvrtueofTafa~diffawufwmrizad onofeitbathe~Tan.Ihcnche 
conacUuionannabcminimJladisdi~.If,a,lhe~rhud.~v.lucofg 
is rmrlkr ti rhrt daamiaed for a prrvious constellation consiuing of T utcllirer. 
then Ibe puviws consulMon annal be mininul md is discudcd. The consulluions 



which remain after lhir discarding proccrr are precisely the minimal conrullat~ons as 
a funaion of che wellice ralius of covenge 8. 

The fim fifty rotmbcrs of families of UbiInrily phased and optinully phased 
minimal consulltions au given in Tables l-d and Tables J-8. respectively. for values 
of n ranging from I to 4. and for valuer of d) qurl ro 0, 30. 45. and 60 degrees. II 
should be noud rhrl vhcn d is grater than zero. continuous j-fold coverage is powble 
using rucllicer in a singk orbiul plrne. Since inter-plane uullite phasing need no, be 
a concwn in thcsc cases. minimal consullations poviding continuous n-fold coverage. 
where each plane pnwides continuous j-fold coverage. have been included only in the 
tables pcruining 10 &Mary phasing. The j x k factorizations of n au given in 
Tables l-4 for arbioarily phased conrullrtions: however, due to rpacc nsnictmns. 
such factoriaions arc not given fm the optimally phased constellnicnr. Nevenheksr. 
it is possibk u) easily determine the integers j ad t rhc j-value for a constellr~on is 
me grca~e~ factor of n ksr thaw sB/MO”. where B is given in degteer. ad the inugcr 
k murc qual n/j. Inspection will weal that rll futorizations of n appear in the tables: 
lwwevn. mC facttitin wi& j = n is rhc predominant on. 

It is interesting *o nae IhnI for optimally @ared conrulkriont awl the valves of )I 
considered. counur-orknud consullnions are never minimal for global coverage. 
unless one considers Iwo plane conrullr~ionr u king coun~er-otienud. (Two plane 
consullrtions m both co-oriented and counur-orknud.) Howcvrr. fa higher valws 
of 6. soroe minimal consulluiwr are counter-oricnud (e.g.. 6 = j(P. n = 2. and 
T = 12). A deurminuion of du inugcn j and k as indicued above will weal whether 
a consulluion is co-oticnud or counworicnud: using a constellation’s o-value given 
in degues. if k - pu/lW. rhc conr~lla~ion will be cowxiawd. and if k - p - pa/ 
ISIS, the consullation will k counur-xicnud. 

Compmimn with Prior Results 

As YIN mud in du inuoduction. prior srudier have addfessed various special cases 
of chc genenl p&km nuud heuin. A complrison of those puviow multr with du 
ones rhac have been prrenud kre is in order. 

In [I] LG&rs showed that m u%nrily phased minimal consulluion supplying 
continuous single cowrage above a specified luinrdc d, mull hove a saullife radius of 
coverage wbkh in the mminology of dw $mzsen~ shldy is chuwIerized by the following 

0 - trccol[cos(n/slC/L - cd 6 ria’(n/2p)] (IS) 

I can easily k shown du1 quadon (15) follows lmmediuely Finn (31 by setting 
j-k= 1. 

Tht p&r otbiI “sur paems” used by Walker in (21 yield essetuklly the same results 
as Ihose otaincd heuii for continwus single global coverage using *maI inur-plane 
suelliu phasing. The resoles for c~nrinw~r doubk global coverage in 121. however. 
can be improd upat; dIir is vt by noting I~u the p = 3, I = 3 consullrtion 
givm dmc squired t saulliu radius of covmgx qrul to 74.0 degrees. whereas the 
value in Tabk 5 here indicaus dw by using l differem disuibution of suellius, L g 
qlul v) 71.2S3 degrees is sufficient. 

III 131 Besu was ~hc fwst in exumal publictions 10 consider optimal inur.plme 
suelliu phasing using both polar orbifs and a sIrr.aof+wenge uchniqw. His analysis 
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b I9 I,. 12.021 Y).OOO 2 I 4 22 ” Il..99 IS.uU J , 2 34 69 13,771 9OO”O 1 I 1 11 6b lb.084 9oooo 
5 23 IIS tt,a22 YW * I I 30 90 17.134 d0.a~ J I 2 IS 70 ZJ,MI 9ww 4 I 2 14 ba 15.792 9ow 
5 14 120 ,,,6,0 36.0 2 I I 2, 91 lb’397 4J.W 1 I 1 24 72 21.171 W.000 4 I 2 I, m 25.521 90~ 

I I 5 2, II, I,~420 %.W 2 I 4 24 96 lb.554 4S.W 1 I 3 25 75 22~520 t&O00 4 I 2 Y 72 25.27, m.ua 

3 12 
1 II 
3 I4 
3 IS 
3 lb 
3 17 
4 I3 
3 I8 
4 II 
4 IS 
4 I6 
4 17 
4 I8 
. I9 
4m 
4 1, 
5 (7 
4 22 
5 I8 

36 m.7il do.om 
39 t9.9m tam70 
41 ,r.n, 6oooo 
45 II.721 w.mo 
u I..%, M.om 
,I 17.969 6oooo 
52 17.t.Y .,.ooo 
54 17.w w~ooo 
56 16.W 45~om 
60 1t.145 4s.w 
64 ,,.m6 4S~ml 
61 IS.245 4s.ooo 
72 I..“7 45.000 
76 ,..,ol 4s.w 
a0 mm01 45.~ 
a.4 11.937 .s.om 
I, ,1.79* lam 
” IJ.704’ 4s.w 
90 ll.le 16.oal 

YOOUJ 
9ow 

1 I 2 I6 11 27~171 
1 I 2 17 34 l~~soo 
1 I 2 II J6 25 926 
2 I 2 I, 18 25 431 
2 I 2 lo ul 25~004 
I I 1 11 42 24~611 
2 I 2 22 44 24wu 
2 I 2 *I 16 24,OIS 
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%i%iost of the Latitude # 

In the discussion of e counter-rowing interfrc. it yu ooted thu D hok in covcnpe 
could result above the lowet ktitudc IimiI 6 even though cowngc et ktitude 13 was 
continuous. By exuoining Fig. 3. il is rppucm thet such e hok would not occur If the 
anpulu sepantion between the uccnding oak of one otbiul plane ud tbe descending 
node of the ahn was suffttiently small so theI the suceuofsoverage alwys intersect. 
II is enough for intersection to occur whenevet e c, cusp from a~ street is II Be same 
lrritude IS the c, cosp from the other street. witere the only ktirudcr theI need IO bc 
considered we those pntcr then d. This w is ccmcemcd with determining what 
those lrtitudes we. Oocc the detamination hr been m&e. it is en ersy m~ttcr IO 
detcrmim the latitude Ib involved in (7). which is the consmint I~u pkces an upper 
bound on o’. A similu consI1ain1 with (p - I )o (mod Zn/s) tiing the role of w 
applies to the angle fi ‘. 

Suppose o is the inter-plmc utellite phlrinp engk between utellites in Iwo pkncs 
A md B thu form s counter-touting interfece. Then wellites in B lud their counter- 
parts in A by the angle Y. In general. four luituder need to be determined: these ue 
II.. when a c, cusp on the esccnding side of A is u the sunc ktitudc as I c, cusp on 
the descending side of 8: ah,. when e c, cusp on the escending side of A is at rhc woe 
latitude 1s D c, cusp on the descending side of 8; ab,,. when a c, cusp on the wending 
side of B is II the same latitude is 0 c, cusp on Ibe descending side of A: and IL,. when 
a c, cusp on Ihe ascending side of B is at the same laiwde as I r, cusp on the descending 
side of A. Note Iha1 when j = I. &, is the umc es ti,,. ti ti, is the umc 1s Ilr, II can 
also be seen thal if Y equals n/J. then 6, equls A. ud llr, equals &. 

Lafitudc &, shall be determined first. Suppo~ 1 c, cusp from pknc A’s street-of- 
coverage is II ktitude b on the ascending side. Then thcrc is P satellite in plane A 11 
ktintde I. 1s given by eqution (5). Camqwntly. there is s wellire in plane B sI so 
angular distance of n - CC + w) from its dewtiding mde: angular distances of the 
ahcr satellites in B from their descending node cut be determined by adding integer 
multiples of Zn/s IO this quntiry. A cI cusp from plus B would be l t latitude d on 
the descending side if there we= e uullite in B I( ktiti f’. where 

(* = ucrin(sin dlcos c,) + n/s (All 

Usully. e setellite in plur B will not be I( ktitwie 6’ at the ume time e utellire in 
pluv A is II ktitude {. Then will. however. be l rrtcllite in pkoe B having ktitude 
f such theI f 2 f’ sod such thy 6 - 6’ isminimel. II is koown theI for some integer 
m. 

6 = 7r - ({ + IY) + m(2n/s) (AZ) 

Since 0 5 6 - f* C 2n/s. it follows dut 

Cm - 1)(2n/sl < t’ + l + w - rr s m(2nls) (A3) 

and therefore. the integer m is completely detetmined by the inequalities 

m - I < (I’ + c + w - W!(I/27r) s m (All 



P 

Along dte counter-Iuaing intnfwc. as satellites in pluv A moyc up in IetiIude. 
those in pkoe B decreue in ktintdc by the same amount. If 6’ rod 6’ represent the la- 
Ndcr of suellites in planes A sod B. respectively. when 1 c, cusp fmm plan A is at 
the same ktirudc A as I c, cusp from plane B. then then must bc a constam I such 
thl 

t’ = I - I’ IA51 

Since at some points in time I satellite in plaoe B will have ktitwk f on its descending 
side. the cwsunt I must qul ( + {. or 

I=* - u + m(2n/s) IA61 

Fmm the kw of cosioer lot spherical ttimgks. it follows that 

sin((’ - &r/rkor c, = sin *. = sin(f’ - n/s) co* c, IA71 

Let (I’ = #I - (I - 6)n/s. Solviog quaions tA5) and (A7) foe C’ yields 

C’ = ucIan[(sin I’ cos jn/r)/(cos n/s + co5 K’ co* jr/s)] - 6n/s IAS) 

The latitude $. can then be detemtioed fmm (A71 as 

$. = wcsin[sin({’ - &r/s) cos c,] I A91 

The kIiNde A is determined in a rimilu menoet by reversing the mkr of r, and c, 
evcrywkrc. When this is done. do roles of [ and (’ (and thus 6n/s and n/s, arc also 
reversed. The lrtitude I” of I wellite in plane A when its c, cusp is at the same ktitudc 
4, as a c, cusp ftom plate B is given as 

r = rrcuo[(sin I- co* n/s)/(cos jn/r + co* I” cos n/J)] + n/s 

IAIOI 

where I” = I - (6 - Iln/s. The ktinde k is chen found to be 

* = ucsin[sin(r - n/s) co* c,] IAIl) 

The ktitudes $, and 4, arc determined in tk same manner as & and *.. tcspectivcly. 
by intcrchaoging the mks of A and Band by noting Ihat this is equivalent IO rcplacmg 
w evay*rc wiIh -0. 

The btinade $ can tbm bc deIam&d as $ = min(*.. 6, I&. *). and the constrainI 
(7) follows by applying dte kw of sines for spherical Irkogles. 

Appendix B 
Appminute Sohtions for b Coastcbtions 

This rppndix details how tk ~ximuions given by qurtions (26) and 127) have 
bcm dsumlincd. 

Using qutions (22) rad Ci) givea in the text. the opclmiution problem can be 
formulucd as follows; Minimize T = p X I subject IO the constraints 

81 = p(e + c,) - tn cos d = 0 181, 



cbwwcou- WI 

fi = B: - fjn/s)’ - c; = 0 182) 

Employing 1 L.egnnpim tiwnnincd multiplkr Iccboiquc end considering p, I. 
ud C, as Ihe indepndenf vrrirbks. thc solulion CM be obuioed by ok simulraoeous 
solution of 1811. (B2). ud the dsfee following quuions 

aTlap + A, ag,f ap + AI agJap = 0 183) 

ar/a8 + A, ab,/as + A,ag,/a3 = 0 tB4) 

arlac, + A, a.3, f ac, + A, afi/ac, = 0 tBJ) 

when the five vukbln are p. I, c,. A,. md AZ. Af~nrhc putill derivrrivcs LR obuined 
mod the bgmngiti mulriplien A, cod A: UC climinercd. chc chm quaions in the three 
variables p. I. md c, chat result UC given by (B Il. (82 t. cod 

e + c, = (jnlsP/c, (86) 

Solving (B I I, (82). md tB6l for p and I yields 

p = (2/3)t(nle) cos 6 ,871 

I = Wtitj(nl6) (BBI 

Using n = j x t. qwtioos (87) snd (68) GUI be multiplied IO obmin 

t = (4til9)n(n/e)’ cos 6 (B9) 

Approximmion for T/or Large Arbirrarily Phoned Coa.n~llarions 

Using qwioos 123). (24) and (25) u given in the 1~x1. the optimizaion problem 
con bc fomwlrud es follows: Minimize T = p x 5 subjecI I0 Ihc consuainrs 

81 = pk, + r,) - tn cos lb = 0 (BIO) 

e - e* - (w/sY - C? = 0 (811) 

8, = e2 - (j~/# - c,! = 0 tBl2) 

Again employing e mgko u&Mm&d multiplier lechoiqw md ConsideIing 
p. I. c,, uxi c, LI Ihe independent vukbks. Ihe solti cu! be obuiocd by the 
simuluoeous solmion of (810). (BII). (Bl2). end rbe few following qurions 

arlap + A,ag,tap + AIa8Iiap + AsagJap = 0 ,813) 

arIds + A, ag,las + &at,far + ~,ag,/as = 0 (814) 

artac, + A, ag,lar, + AIat,lac, + Asa8,lac, = 0 (BIS) 

arlac, + ~,ag,tdc, + Alag,tac, + A,aa,tac, = 0 (BI6) 

whctc mC seven vtiabks UC p, I, CI, c,, A,. A,. md A,. Af&r d!e putill derivuives 
me obuined u~d the Lgnngko multiplied A,. As. em9 AI me climinmd. chc four 
qwions in the fowvtibksp. s. c,, end c, thu mull UC given by (BIO). (Bill. 

1812). end 

c, + c, = (n/sY(I/c, + j’lc,) (817) 



- 

Lac = \/I -j’ + j’. The cquationr (Bill. lEl2l. 1613). and 18171 cm k solved 
fapmdrtoyield 

p = tit[Vl + j’ + l J(t/2jz - I + t + \/2 - j’ + Zc)](n/e) Cos 6 

tB181 

5 = V/2(1 + j’ + l )/3(n/e) (819) 

Equuioas (818) and B(l9) can k multiplied to obtain 

t=[(2/~)L(l+ja+c)/(~2j’-I+t+\/2-j’+?r~]~n/e~’cos~ 

18201 

As depicted gnphicrlly in Fig. 6. it can k shown that T is minimized when the j = n. 
t = I factotiution of n is utilized. 
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MCI PWLICATIO~ INFORNATION FOR TEE IRIDIUN BYBTBN 

eeotion A - Oeaoral Information 

The Administration of the United States of America informs the 
members of the ITU of its intention to authorize the operation of 
the IRIDIUW Satellite Network. The RDSS system will operate in - 
the RDSS band 1610-1626.5 Wliz, in both the Earth-to-Space and 
Space-to-Earth directions. The last will operate in accordance 
with RR 342. 

section B - General Characteristics 

1. 

2. 

3. 

4. 

Identity of ths Satellite Network 

The Iridium Satellite Network is the same as the System.~- It 
consists of 77 identical interconnected satellites 
positioned in non-geostationary orbit, in seven equally 
spaced planes. 

mte of Bringing into Uss 

1994 Initial launches 

Administration or Group Submitting 

United States of America 
Federal Communications commission 
Washington, DC 20554 
Fed COUCOW 
Washington, DC 

Orbital Information Rel8ting to Space St8tion(s) 

There are seven polar, co-rotating planes, separated by 
slightly more than 27 degrees. Each plane has 11 
satellites. The 11 satellites in each plane are equally 
spaced around their planar orbit. Satellites in planes 1, 
3, 5 and 7 are in phase with each other, while those in 
planes 2, 4 and 6 are in phase with each other and halfway 
out of phase with those in planes 1, 3, 5 and 7. The earth 
center angel is 18.45 degrees. The system (network) 
satellites are at a constant altitude of 413 nautical miles. 
The total number of satellites having these characteristics 
is 77. 

- 



section C - 

-2- 

Characteristics of the Satellite Retwork in tbe Earth 
to Spaae Diraation 

1. 

2. 

3. 

4. 

5. 

Ruth-to-Space Serviae Area(s) 

Initially Earth Stations will be used in the territory of 
the United States; two Gateway Stations are anticipated. 
The system has the capability of providing service to entire 
surfaces of the Earth from Pole to Pole and everywhere in 
between. Earth stations will be used in accordance with 
individual administration authorization. See Figure 1. 

Class of Station and mature of Servics 

TF, TC, TL, TR 

?requenap Range 

1610.0-1626.5 Wliz - Subscriber Terminal 
27.5-30 GHz - Gateway link (Feederlink) 

Power characteristics of Transmitter Use 

a. Subscriber Terminal 

1) Peak EIRP (per burst): 
Total = 1.25 to 10.23 dBW 
Spectral Density = -48.3 to -40.8 dBW/Hz 

2) Average EIRP (per 60 ms frame): 
Total = 11.91 to -4.41 dBW 
Spectral Density = -61.5 to -53.9 dBW/Hz 

b. Gateway Link (Feederlink) 

EIRP: 
Total = 51.4 to 77.4 dBW 
Spectral Density = -16.6 to +9.4 dBW/Hz 

Characteristics of Space Station Receiving Antenna 

a. Subscriber Link 

Gain: 22.5 dBi at 61.6 deg angle from nadir 
(max range) 

See Figures Za-2g 

b. Gateway Link (Feeder) 

Gain: 21.5 dBi 

See Figure 3 
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6. Noise Temperature of Space Station ReCSiViBg ByStem 

a. Subscriber Link 

553 degrees K 
* 

b. Gateway Link (Feeder) 

1454 degrees K 

7. meoessary Bandvidth 

a. Subscriber Link 

Total = 16.5 MHz 
Per Channel-126 KHz 

b. Gateway Link (Feeder) 

15 MHZ 

8. Nodulation Charaataristies 

a. Subscriber Link 

Digital voice and data, QPSK with TDMA/FDMA 
multiplexing 

b. Gateway Link (Feeder) 

Digital voice and data, QPSK with TDMA multiplexing 

Section D - Cbuaotaristics of Satallita Network in the space to 
Ruth Direction 

1. Bpaae-to-Barth Service Areas 

The receiving earth stations, both subscriber units 
(portable, mobile, and transportable) and Gateways, may be 
located in the U.S. initially. The service areas will be 
expanded in accordance with agreements with other countries. 
See Figure 1. 

2. Cl888 of Stations and Mature of Service 

ES, EC, EF 

3. Prequmay Range 

1610-1626.5 Miz Subscriber Terminal 
18.8-20.2 GHz Gateway Link (Feederlink) 
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4. power Cbaraotori8tio8 of Trannittar D8e 

a. Subscriber Link 

1) Peak EIRP (per burst per carrier): 
Total = 12.45 to 31.21 dBW 
Spectral Density = -40.6 to -21.8 dBW/Hz 

2) Average EIFtP (per carrier per 60 ms frame): 
Total - -4.2 to +14.6 dBW 
Spectral Density = -57.2 to -30.4 dBW/Hz 

b. Gateway Link (Peederlink) 

EIRP: 
~Total = 14.5 to 
Spectral Density 

27.5 dBW 
- -53.5 to -40.5 dBW/Hz 

5. Spaca Station Tr8nsnitting Antenn8 

a. Subscriber Link 

Gain: 22.5 dBi at 61.6 deg angle from nadir (max 
range) 

See Figures 2a-2g 

b. Gateway Link (Feederlink) 

Gain: 18.0 dBi 

see Figures 4a-4j 

6. System Noise Temper8turo of Space Station Receiver 

a. Subscriber Link 

553 degrees K 

b. Gateway Link (Feederlink) 

1193 degrees K 

7. Necesmry Bendwidth 

a. Subscriber Link 

Total = 16.5 HHz 
Per Channel = 280 KHz 

b. Gateway Link (Feederlink) 

15 NH2 



- 5 - 

6. Modulation Ctmraaterieticr 

a. Subscriber Link 

Digital voice and data, QPSK with TDWA/FDWA 
multiplexing 

b. Gateway Link (Feederlink) 

Digital voice and data, QPSK with TDWA 
multiplexing 

Section I - Cherecterietice to be Turniehed for Bpece-to-space 
Relay8 

a) The 77 IRIDIDW satellites in seven planes, with 11 
identical satellites each are all interconnected to 
each other. 

b) 22.55-23.55 GHz 

C) Emission: QPSK, FDWA/TDWA 

d) Burst EIRP: 37.9 dBW (-33.1 dBW/Hz) 

e) Crosslink antenna pattern: See Figure 5 

Section T - supp1uentary 1nformetion 

Refer to Appendix A for power flux densities. 
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FIGURE 2a 

CHAFWCTERISTIC OF SPACE STATION 
RECEIVE AND TRANSMIT ANTENNAS 

.- 
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FIGURE 2b 

CHARACTERISTIC OF SPACE STATION 
RECEIVE AND TRANSMIT ANTENNAS 



c 

. 

FIGURE 2c 

CHARACTERISTIC OF SPACE STATION 
RECEIVE AND TRANSMIT ANTENNAS 



FIGURE 2d 

CHARACTERISTIC OF SPACE STATION 
RECEIVE AND TRANSMIT ANTENNAS 
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FIGURE 28 

CHARACTERISTIC OF SPACE STATION 
RECEIVE AND TRANSMT ANTENNAS 



FIGURE 21 

CHARACTERISTIC OF SPACE STATION 
RECEIVE AND TRANSMIT ANTENNAS 

-.. 



FIGURE 2g 

CHARACTERISTIC OF SPACE STATION 
RECEIVE AND TRANSMIT ANTENNAS 
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FIGURE 41 GATEWAY SPACE STATION TRANSMIT PAlTERN 500 NM1 FROM NADIR 
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MOTOROLA INC. 

October 31, 1990 

ERS Am1 +catipa, 
roll Satellite ComnunlEltions 

To Whom It Ray Concern: 

This will confirm that Motorola Satellite Coasnunications 
Inc. is a 100 percent-owned subsidiary of Motorola, Inc. and 
that the parent corporation is fully coasaitted to meet the 
construction and operating expenses of the subsidiary. The 
parent corporation's assets are more than adequate to meet 
these expenses, as evidenced by the attached Annual Report 
and Quarterly Report updates. 

President and 



. . . . ,,__~_..~~.....~...~.....,.......~..~.~~.,.,,,,..~~~.~~.............~~...~~~~~~~~~~~~~~~~~....~..~.,,~... 
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Exhibit III 
Form 430 

In March 1989, the filer’s corporate owner entered guilty pleas to 
three counts of making false statements to the U.S. Government. The pleas 
involved the Government Electronics Group (GEG) of Motorola, Inc. A 
penalty of 910,000 per count was imposed. In addition, Motorola pald 
approximately $17 million to the government in final settlement of this 
matter. Motorola was not suspended or debarred from business with the 
U.S. Government because of these guilty pleas. At the time of the guilty - 
pleas, Motorola entered into an Administrative Settlement Agreement 
with the Defense Logistics Agency (‘ULA’). ULA specifically determined 
that the terms of the Administrative Settlement Agreement ‘provide 
adequate assurance that future dealing with Motorola and GEG will be 
conducted with the high degree of integrity that the Government expects 
of its business partners and that suspension or debarment is not 
necessary at this time to protect the Government’s interests.’ (Preamble, 
paragraph 7) 



Exhibit IV 
Form 430 

Inc. v. md R Chsaman v. m 
m McClpyEi, Civil Action No. H-89-2706, U. S. District Court for the 
Souther District, Houston. The case includes a general allegation 
involving a claim of an illegal tying arrangement and is currently in the 
discovery stage. 



Exhibit V 
Form 430 

The filer’s corporate owner, Motorola, Inc., holds numerous licenses 
throughout the United States for repeater operations and/or base-mobde 
operations under Part 90 of the Rules. 

Motorola owns and holds licenses for numerous trunked SMR systems 
(Rules Part 90) throughout the United States and has applications pending 
for new SMA systems in additional markets. 

Motorola holds numerous private multiple address microwave 
licenses nationwide licensed under Part 94. The company also holds a few 
private microwave licenses to link its manufacturing plants in Phoenix, 
Arizona. 

Motorola holds various GMRS radio systems licensed under Rules 
Part 95. 

Motorola holds developmental and experimental licenses in a number 
of frequency bands associated with equipment development. 

Motorola holds a number of common carrier Digital Termination 
System licenses in various markets throughout the country. The company 
also holds common carrier paging licenses on the island of Guam and in 
Pueno Rico. Additionally, the company has received a construction permit 
for a rural cellular system for the Kossuth, Iowa, RSA. 



Exhibit VI 
Form 430 

The filer is wholly owned by kJotorola, Inc.. which is a publicly 
traded corporation. To the best of its knowledge, no individual or entry 
owns 10 per cent or more of the tiler company’s stock. 



Exhibit VII 
Form 430 

The names of the officers and directors of the filer corporation are 
set forth below. Each may be contacted in care of the filer’s principal 
place of business, given below: 

Durrell Hillis President 
Donald R. Jones Vice President 
Carl Koenemann Vice President 
GarVl L. Milne Treasurer 
Victor R. Kopidlansky Secretary 
Kevin Gilbert Assistant Secretary 
Ray A. Dybala Assistant Secretary 

Directors: 

Carl Koenemann 
Durrell Hillis 
John F. Mitchell 

Principal Place of Business: 
2501 S. Price Road 
Chandler, Arizona 85248-2899 



Exhibit VIII 
Form 430 

The filer corporation is a wholly-owned subsidiary of Motorola, inc., 
which is a publicly traded corporation. The parent company is a leading 
manufacturer of electronic and telecommunications equipment, particu- 
larly land mobile RF equipment. See exhibit V for a~ listing of 
tel~0~~UniCatiOnS systems operated by the company. to the best of its 

P knowledge, no individual or entity owns 10 per cent or more of Motorola, 
Inc’s., stock. The names of the president and directors of Motorola, tnc..- 
are set forth below. Each individual may be contacted at Motorola’s 
corporate headquarters, 1303 East Algonquin Road, Schaumburg. Illinois 
60196. 

George M. C. Fisher 
Chairman of the Board and CEO 

Gary L. Tooker 
President and COO 

Lawrence Howe, Director 

Anne P. Jones, Director 

Donald R. Jones, Director 

Christopher B. Galvin 
Director, Sr. Exec. VP, Asst. COO 

Stephen L. Levy, Director 

AobeR W. Galvin 
Walter E. Massey, Director 

Director, Chairman of Exec. Committee William G. Salatich. Director 

John F. Mitchell 
Director, Vice Chairman of the Board 

Gardiner L. Tucker, Director 

William J. Weisz 
Director, Vice Chairman of the Board 

B. Kenneth West, Director 

David A. Glare, Director 

Wallace C. Doud, Director 

John 1. Hickey, Director 



Exhibit IX 
Form 430 

The filer’s corporate parent, Motorola, Inc.. is a global corporation 
with operations in a number of other countries. In some of these 
countries, business operations are managed by corporate officers which 
are aliens. For example, Wilhelm Braxmeier, a German citizen, is 
Corporate Vice President and Director of Eastern Europe Operations. 
Toshiaki Irie, a Japaneze citizen, is Corporate Vice President and 
Chairman, Nippon Motorola Limited. None of these latter offiiers has any 
relationship with the filer or is involved with the business operations of - 
the filer. None of these officers holds or votes stock of the filer, and none 
holds 10 per cent or more of the stock of the parent corporation. 



Before tba 
rRDRRAL CORRmICATIORD coRNIR6IOR 

Wacihington, D.C. 20554 

In ro RppliOatiOB OfX 

5 MOTOROLA UTRLLITR ; 
CayyvylCATIOMB, IRC. 

For authority to COB#trUOt, U-Oh i 

Rile Ho. 

and Oporato a Lov 6utb Orbit 
Ratellito es Part of the i 
IRIDIDX Byetu (IRIDIDR A) 

Motorola Satellite Communications, Inc. (Wotorola"~'~or 

@Applicanta) hereby applies for authority to construct, launch 

and operate a low earth orbit satellite designated as IRIDIUM 1. 

I. 

066 O? APPLICATION 

A. ~utborieatioe Recueeted 

Motorola requests authority from the Commission to 

construct, launch and operate its IRIDIUR global personal 

communications system comprised of a constellation of 77 low 

earth orbit satellites. Each satellite will operate in the 1610- 

1626.5 Ritz band and the Ka-band, in a polar orbit some 413 

nautical riles abwe the earth's surface. This application 

covers all pertinent technical and operational information for 
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authority to construct, launch and operate one of the IRIDIUM 

satellites. Separate applications for the other in orbit and 

spare satellites are being filed concurrently herewith. Wuch of 

*. the information about this satellite and the IRIDIUW system is 

provided in the comprehensive system application also filed 

contemporaneously vith this application,~vhich is incorporated - 

herein by reference. 

The applicant vi11 offer bulk air time over IRIDIUM to 

others on a non-common carrier basis. Service that can be 

provided to the public include RDSS, paging, voice and data. 

IRIDIUW provides continuous coverage to virtually all points on 

the surface of the earth and within 100,000 feet above mean sea 

level, including all U.S. domestic locations. 

C. 

The applicant's name and address is: 

Wotorola Satellite Communications, Inc. 
2501 South Price Road 
Chandler, AZ 85248 

Correspondence and communications concerning this 

application should be addressed to: 

Leonard Kolaky 
vice President and Director 

Regulatory Affairs 
Wotorola, Inc. 
1350 I Street, N.W. 
Washington, D.C. 20005 
(202) 371-6932 
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with copiee directed to: 

Philip L. Valet, Esquire 
Alfred l4. Xamlet, Esquire 
Steptoe L Johnson 
1330 Connecticut Avenue, N.W. 
Washington, D.C. 20036 
(202) 429-6239 

Technical and other information about this satellite is 

provided in Exhibit I hereto. It is anticipated that 

construction, launch and operation of this satellite will be in 

accordance with the milestones set forth in Table VIII-2 in the 

comprehensive system application, which is incorporated herein by 

reference. 

Pursuant to SeCtiOn 304 of the Communications Act of 

1934, as mended, Motorola hereby waives any claim to the use of 

any particular frequency or of the ether against the regulatory 

power of the United States because of the previous use of the 

same, whether by license or otherwise. 

This application reflects a good faith effort to 

address all of the Commission's filing requirements as fully and 

completely as possible. While the applicant believes that it has 

fully complied with all pertinent rules and policies, and has 
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supplied all the information required by the Comission, it 

hereby requests that, to the extent it has not satisfied the 

applicable requirements, appropriate waivers be granted. 

The applicant certifies that all of the statements 

made in thir application are true, complete and accurate to the 

best of its belief and knowledge, and are made in good faith. 

Wherefore, Motorola requests that the Commission grant 

this application expeditiously and in conjunction with the other- 

IRIDIUM satellite applicationa. 

Respectfully submitted, 

MOTOROLA SATELLITE 
COMMTSNICATIONS. INC. 

t 
Title: prdside t. Motorola 

Sate IliFe commu nications. Inc. 

Philip L. Malet 
Alfred Mamlet 
Steptoe C Johnson 
1330 Connecticut Avenue, N.W. 
Washington, D.C. 20036 
(202) 429-6239 

By: 

Counsel to Motorola Satellite 
Communications, Inc. 

December 3, 1990 



Gain of Each L-Band Channel (Not a transponder)z' 

Orbital LocationsI' 

Altitude 413 Nautical Miles 

Number of Planes 7 Polar Planes 

Spacing of Planes 

Number of Satellites Per Plane 

Spacing of Satellites In Plane 

Predicted Satellite Coverage Contours 

27 Degrees (except 
planes 1 & 7 
spaced 17 
Degrees) 

11 Satellites 

32.7 Degrees 

9 

Functional Block Diagram of 
Satellite Communications System 
and Switching Capabilities 

Physical Characteristics of Satellite. 

Attitude Accuracy 

Position Accuracy 

Antenna Axis Attitude 

Antenna Pointing Accuracy Toward 
Earth 

+/- 0.5 Degrees 

+/- 20 kilometers 

PI 

+/- 0.5 Degrees 

21 See Appendix A of IRIDIUR system application. 

PI See Section IV to the IRIDIUM system application for the 
factors which support these orbital assignments. 

II Gband cell (1 - 7) contours and Ka-band gateway and 
intersatellite link contours are provided in the IRIDIUM system 
application at Section V. See Appendix A of the IRIDIUM system 
application for receiving antenna gain, transmitting antenna 
gain, receiving system sensitivity (G/T), saturation power flux 
density, and effective isotropically radiated power. 

II See Section V of the IRIDIIJN system application. 

01 See Section v of the IRIDIDB system application. 



Estimated Lifetime of In-Orbit Satellitd' 5 Years 

Attitude Stabilization and Station- 
keeping Systems PI 

Electrical Energy System 81 

Emission Limitations (L-Sand) 

Channel Bandwidth 280 KHZ 

Spurious Emissions Attenuated 

30 dB 0 100% x Channel Bandwidth from carrier 
60 dB @ 200% x Channel Sandwidth from carrier 

II The basis for this lifetime estimate is contained in Section 
V of the IRIDIDR system application. 

w A description of these systems is contained in Section V of 
the IRIDIDM system application. 

PI A description of this system, including provision for 
operation during eclipse conditions, is Set forth in Section V of 
the IRIDIUM system application. 



IIHIBIT I 

Radio Frequency and Polarization Plan 

LBand (Uplink and Downlink) 
Polarization 
Center Frequency 
Channel Bandwidth 

Gateway and TTGC (Uplink) 
(Downlink) 

Polarization 
Center Frequency 

Channel Bandwidth 

Intersatellite Link 
Polarization 
Center Frequency 

Channel Bandwidth 

1610-1626.5 MHZ (16.5 MHz) 
Right Hand Circular 
FDMA Cross Band 
200 KHz Downlink 
126 KHz Uplink 

27.5-30.0 GIie (100 ?Diz) 
18.8-20.2 GHz (100 MHz) 
Right Hand Circular 
6 Channels (single channel per 
link) 
15 MHZ 

22.55-23.55 GHz (200 MHz) 
Vertical 
8 Channels (single channel per 
link) 
25 MHz 

Final Amplifier Output Powed’ 

L-Band 
(Cells 1 - 37) 1.5 to 11.5 Burst Watts per 

carrier 
Xa-Band 

Gateway 1.0 to 20.0 Watts per 
channel 

Intersatellite 2.5 Burst Watts per Carrie@ 

Receiving System Noise Temperaturd' 

L-Band 553 ‘K 
Ra-Band 

Gateway 1454 'K 
Intersatellite 709 - 1167 'K 

I' See Appendix A of IRIDIUW system application. 



The individual satellite applications for IRIDIUM 1 

through IRIDIUX 87 are enclosed in separately bound appendices 

G-l and G-2. 
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COMMUNICATIONS, INC. 

. 

A LOW EARTH ORBIT MOBILE SATELUTE SYSTEM 

BEFORE THE 

FEDERAL COMMUNlCATlONS COMMISSION 

WASHINGTON, D.C. 

DECEMBER 1990 



Before the 
tS&AL CONNDRICATIOR6 COMNISSIOR 

Washington, D.C. 20554 

In re Application of: i 

MOTOROLA SATELLITE ; . COIMVIOICATIORS, IRC. 1 File No. 

For Authority to Construct, Launch ! 
and Operate a Lov Barth Orbit 
Satellite as Put of the ; 
IRIDIDM Systu (IRIDIM 1) 1 

\ 

Motorola Satellite Communications, Inc. ("Rotorola" or 

"Applicant") hereby applies for authority to construct, launch 

and operate a low earth orbit satellite designated as IRIDIDM 1. 

I. 

S OF APPLICATIO@ 

A. Authorirationested 

Uotorola requests authority from the Commission to 

construct, launch and operate its IRIDIUM global personal 

communications system comprised of a constellation of 77 low 

earth orbit satellites. Each satellite will operate in the 1610- 

1626.5 MHz band and the Ka-band, in a polar orbit some 413 

nautical miles above the earth's surface. This application 

covers all pertinent technical and operational information for 
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authority to construct, launch and operate one of.the IRIDIUR 

satellites. Separate applications for the other in orbit and 

spare satellites are being filed concurrently herewith. Much of 

the information about this satellite and the IRIDIUW system is 

provided in the comprehensive system application also filed 

contemporaneously with this application, which is incorporated 

herein by reference. 

The applicant will offer bulk air time over IRIDIUM to 

others on a non-common carrier basis. Service that can be 

provided to the public include RDSS, paging, voice and data. 

IRIDIUW provides continuous coverage to virtually all points on 

the surface of the earth and within 100,000 feet above mean sea 

level, including all U.S. domestic locations. 

C. 

The applicant's name and address is: 

Wotorola Satellite Communications, Inc. 
2501 South Price Road 
Chandler, AZ 85248 

Correspondence and communications concerning this 

application should be addressed to: 

Leonard Kolsky 
Vice President and Director 

Regulatory Affairs 
Motorola, Inc. 
1350 I Street, N.W. 
Washington, D.C. 20005 
(202) 371-6932 
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with copies directed to: 

Philip L. Malet, Esquire 
Alfred I¶. Wamlet, Esquire 
Steptoe L Johnson 
1330 Connecticut Avenue, N.W. 
Washington, D.C. 20036 
(202) 429-6239 

II. 

Technical and other information about this satellite is 

provided in Exhibit I hereto. It is anticipated that 

construction, launch and operation of this satellite will be in 

accordance with the milestones set forth in Table VIII-2 in the 

comprehensive system application, which is incorporated herein by 

reference. 

III. 

Pursuant to Section 304 of the Communications Act of 

1934, as amended, Wotorola hereby waives any claim to the use of 

any particular frequency or of the ether against the regulatory 

power of the United States because of the previous use of the 

same, whether by license or otherwise. 

This application reflects a good faith effort to 

address all of the Commission's filing requirements as fully and 

completely as possible. While the applicant believes that it has 

fully complied with all pertinent rules and policies, and has 
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supplied all the information required by the Comnission, it 

hereby requests that, to the extent it has not satisfied the 

applicable requirements, appropriate waivers be granted. 

The applicant certifies that all of the statements 

made in this application are true, complete and accurate to the 

best of its belief and knowledge, and are made in good faith. 

IV. 

CONCLUSION 

Wherefore, Motorola requests that the Com@ssion grant 

this application expeditiously and in conjunction with the other-' 

IRIDIIJM satellite applications. 

Respectfully submitted, 

MCTOROLA SATELLITE 
CCMMUNICATIONS, INC. 

By: 

Title: 

Philip L. Malet 
Alfred Kamlet l 

Steptoe a Johnson 
1330 Connecticut Avenue, N.W. 
Washington, D.C. 20036 
(202) 429-6239 

Counsel to Motorola Satellite 
Ccmsnunications, Inc. 

December 3, 1990 

President. Motorola 
Satellite Communications. Inc. 



ENGINEERING CERTIFICATE 

c 

I hereby certify that I am the technically qualifled person responsible 

for preparatlon of the engineering lnformatfon contained In thls 

application, that I am familiar with Part 25 of the Commisslon’s Rules, 

that I have either prepared or reviewed the engineering Information 

submitted In the application, and, that It Is complete and accurate to 

the best of my knowledge and belief. 

Title: s e 

Motorola Satellite Communications 

Date: DecemW 3.1990 



CXRIBIT I 

Radio Frequency and Polarization Plan 

L-Band (Uplink and Downlink) 
Polarization 
Center Frequency 
Channel Bandwidth 

Gateway and TTLC (Uplink) 
(Downlink) 

Polarization 
Centar Frequency 

Channel Bandwidth 

Intersatellite Link 
Polarization 
Center Freguency 

Channel Bandwidth 

1610-1626.5 MHZ (16.5 MRz) 
Right Rand Circular 
FDMA Cross Band 
280 KHz Downlink 
126 Xliz Uplink 

27.5-30.0 GHz (100 MHz) 
18.8-20.2 GIiz (100 MHz) 
Right Hand Circular 
6 Channels (single channel per 
link) 
15 Mm 

22.55-23.55 GHz (200 KHz) 
Vertical 
8 Channels (single channel per 
link) 
25Miz . 

Final Amplifier Output Powei’ 

L-Band 
(Cells 1 - 37) 1.5 to 11.5 Burst Watts per 

carrier 
Xa-Band 

Gateway 1.0 to 20.0 Watts per 
channel 

Intersatellite 2.5 Burst Watts per carrier" 

Receiving System Noise Temperatur3' 

L-Sand 553 'X 
Xa-Rand 

Gateway .1454 'X 
Intersatellite. 789 - 1167 l X 

. 

II See Appendix A of IRIDIUM eystem application. 



Gain of Each L-Sand Channel (Not a transponder)/' 

Orbital LocationeU 

Altitude 

Number of Planes 

Spacing of Planes 

Number of Satellites Per Plane 

Spacing of Satellites In Plane 

Predicted Satellite Coverage Contours 

Functional Block Diagram of 
Satellite Communications System 
and Switching Capabilities 

Physical Characteristics of Satellite 

Attitude Accuracy 

Position Accuracy 

Antenna Axis Attitude 

Antenna Pointing Accuracy Toward 
Earth 

413 Nautical Uiles 

7 Polar Planes 

27.Degrees (except 
planes 1 h 7 
spaced 17 
Degrees) 

11 Satellites 

32.7 Degrees 

/I 

/I 

+/- 0.5 Degrees 

+/- 20 kilometers 

+/- 0.5 Degrees 

21 See Appendix A of IRIDIUII system application. 

21 See Section IV to the IRIDIDM system application for the 
factors which support the8e orbital assignments. 

9 L-band cell (1 - 7) contours and Xa-band gateway and 
intersatellite link contour8 are provided in the IRIDIIJU system 
application at Section V. See Appendix A of the IRIDIUM system 
application for receiving antenna gain, transmitting antenna 
gain, receiving system semitivity (G/T), saturation power flux 
density, and effective isotropically radiated power. 

Y See Section V of the IRIDIUM nystem application. 

91 See Section V of the IRIDIUM system application. 



Estimated Lifetime of In-Orbit Satellitd' 5 Years 

Attitude Stabilization and Station- 
keeping Systems 41 

Electrical Energy System 

Emission Limitations (L-Band) 

Channel Bandwidth 280 XHz 

Spurious Emissions Attenuated 

30 dB Q 100% x Channel Bandwidth from carrier 
60 dB @ 200% x Channel Bandwidth from carrier 

. 

/I The basis for this lifetime estimate is contained in Section 
V of the IRIDIUM system application. 

PI A description of these systems is contained in Section V of 
the 1BIDIl.M system application. 

al A description of this system, including provision for 
operation during eclipse conditions, is set forth in Section V of 
the IBIDIUl4 system application. 
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the criteria established for the provision of non-common carrier 

offerings.g' 

IRIDIUM'S offerings should similarly be classified as 
*i 

non-common carrier services. Motorola will negotiate individual 

long-term arrangements with major domestic and international 

carriers for wholesale bulk transmission services. These 

carriers will, in turn, provide telecommunications services to 

members of the public. 

A description of the proposed markets and services that 

can be offered by IRIDIUM is contained elsewhere in this 

application. The market response to IRIDIUM's satellite system 

has been strong. Motorola further believes that prospective 

carriers will demand long-term relationships in order to ensure 

adequate capacity at stable prices. 

4. NaIm¶ of Any Purchasing Customers for which Sales 
Contracts Rave Been Executed 

Although Motorola has not entered into definitive 

agreements for the sale of communications capacity, it has 

engaged in detailed discussions with a number of prospective 

customers. Market response to IRIDIUM has been very positive. 

Motorola has entered into Memoranda of Intent with several major 

international telecommunications carriers. 

291 See Satellite Business Systems, 95 F.c.c.zd 866, 869-70 
(1983); stab 'shm ;g 
Bnal Communications, 101 F.C.C.2d 1046, 1104-06 (1985) 
("SeDarate~ystems"), reconsideration, 61 Rad. Reg. 2d (P&F) 649 
(1986), further reconsideration, 1 F.C.C. Red 439 (1986). 
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TABLE V-l 

MAJOR IRIDIUX SATELLITE CBARACTERISTICS 

1 

/ ! 
! 

11 
/ 

I : 

jtabilization 

%ission Life 

Station Keeping 

Frequency Bands 

Earth Coverage 

Max. Number of Uplink 
Channels per Satellite 

Max. Number of Downlink 
Channels per Satellite 

Number Intersatellite 
Channels per Satellite 

Number Gateway Channels 
per Satellite 

Total Occupied Bandwidth 

Polarization 

Transmit EIRP 

Satellite G/T 

Wet Mass with Reserve 

Orbit 

j-Axis 

5 Years 

+/- 0.5 Degrees Attitude Accuracy 
+/- 20 Kilometers Position Accurac 

1610-1626.5 Ml-z. 
18.8-20.2 GBz 
27.5-30.0 GHz 
22.55-23.55 GHz 

5 Million Square Miles Per 
Satellite 

110 per cell averaged over 37 cells 

110 per cell averaged over 37 cells 

3,000 Maximum 

2,000 Maximum 

16.5 MHz @ L-band 
200 MBz @ Ka-band (crosslinks) 
100 MHz @ Ka-band (gateway uplink: 

Right Circular 100 KHz @ Ka-band 
(gateway downlink) @ L-band & 
Ka-band (Gateway and TT&C links) 

Vertical @ Ka-band (Intersatellite 
links) 

12.3 to 31.7 dBw @ L-band 
15.1 to 28.1 dBw @ Ka-band 

(Gateway) 
39.6 dBw max @ Ka-band 

(Intersatell 
-5.1 to -19.2 dBi/K @ L-band 
-10.1 dBi/K @ Ka-band (Gateway) 
4.0 to 6.2 dBi/K @ Ka-band 

(Inter-satellite) 

386.2 kg. 

Polar (7 planes) 
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pattern of each phased array (beam types l-6) is repeated for 

each of the six panels. The nadir cell (beam type 7) is served 

by the cupped dipole located on the nadir face of the satellite. 
8. Each of the phased array antenna beams have been optimized to 

provide the desired cell coverage. The antenna aperture gains 

(on-boresight) and beamwidths for each of the beam types are - 

listed in Table V-2. Figures V-4 to V-10 depict the satellite L- 

band antenna gain contours. Tables A-2 to A-5 in Appendix A 

provide the peak antenna gains and specific link analyses. 

TABLE V-2 

ANTENNA APERTURE GAINS AND BEAMWIDTBS 

5 
6 
7 

-r 
Aperture 3 dB Bea 

Gain (dBi) Azimuth 

25.0 19.0 
25.0 19.0 
25.0 19.0 
23.9 19.0 
23.0 19.0 
20.0 26.0 
12.0 45.0 

width (deg) 
Elevation 

5.4 
5.4 
5.4 
7.0 
a.5 

11.5 
45.0 

b. Formation of the Cellular Pattern 

IRIDIUM operates with a 7-cell frequency reuse pattern, 

as shown in Figure V-11. The cells denoted as A through G are 

scanned by the satellite antenna arrays in accordance with the 

timing pattern and sequence shown in Figures V-3 and V-12. 

During the time slot that the antenna is pointing at a cell, 

satellite transmissions may be made and receptions of 
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The spacecraft mass budget is as shown in Table V-7. 

TABLE V-7 

SPACECRAF'T BASS BUDGET 

Subsystem Mass (kg) 

Structure 24.9 
Thermal Control Subsystem 12.1 
Propulsion (Dry) 8.6 
GN&C Subsystem 9.8 
Electrical Power Subsystem 78.9 
Antenna Subsystem a3.3 
Communication Electronics Subsystem al.8 

Spacecraft Mass (Dry) 299.4 

Consumables 41.3 

I Spacecraft Mass (Wet) I 340.7 

I Spacecraft Reserve Mass I 45.5 

I Spacecraft Wet Mass with Reserve I 386.2 

1 

11. Operational Lifetime and Soace Sea’ment Reliability 

The operational lifetime of each satellite is 

determined by a number of factors, including solar array 

degradation, stationkeeping fuel consumption, and random parts 

failure. The fcllowing indicates the estimated minimum lifetime 

of the satellites for each of these factors: 

Solar array degradation - 5 years 

Stationkeeping fuel - 8 years (3 sigma orbital, 
insertion accuracy assumed) 

Random parts failure - 5 years 
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h 

1 TABLE V-8 

GATEWAY EARTH TERMINAL SUMMARY 

Data Rate 12.5 Mbps 

Error Correction Coding Convolutional, Rate=1/2, K=? 

Modulation QPSK 

Frequency Bands: Transmit 27.5-30.0 GHz (Uplink) 
Receive 18.8-20.2 GHz (Downlink) 

Ground Tracking Antenna 
Diameter 3.5 Meters 

Gain 53.7 dB @ 20 GHz 
57.6 dB @ 30 GHz 

Sidelobe Level 

3 dB Beamwidth 

Will meet the criterion of 
47 CFR § 25.209(a)(2) 

0.36 Degrees @ 20 GHz 
0.24 Degrees @ 30 GHz 

Pointing Angle Range 360 Degrees Azimuth 
+5 to 90 Degrees Elevation 

Ground Acquisition Antenna Passive Array, Configuration 
TBA 

Transmitter EIRP 
Clear Weather 
Heavy Rain 

Receiver G/T 

Required Eb/No 

51.6 dBW (+/- 3 dB) 
to 77.6 dBW Max. (+/- 3dB) 

22.9 dB/K 

6.7 dB @ BER lo-" 

Since the orbiting satellites are in motion relative to 

the gateways, both primary antennas follow the track of the 

nearest two satellites. The communication payload being conveyed 

across the "active" link must be handed off periodically, from 

the current satellite to the next one as the active link 
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vegetation. Several competing modulation formats were considered 

but were not chosen because they offered no improvement and 

generally were more complex to implement. Raised cosine 

. filtering of the digital signal reduces the spectral occupancy 

and thus permits multiple carriers to be placed close together 

with acceptable levels of intermodulation. 

0. Performance Obiectives 

The IRIDIUM system is designed to provide service to 

virtually 100% of the earth, 99.5% of the time. However, it 

should be recognized that it will be economically, and at times, 

physically impossible to provide service to every single point on 

the earth. There are practical limitations to the total number 

of locations which will physically be within line of sight to the 

satellites. The end-to-end bit error rate will be better than 

0.01 for voice transmissions. More typical minimum bit error 

rates will be between .OOl and .OOOl. 

d. Link Performance Calculations 

The L-band link budgets presented in Appendix A include 

the use of QPSK modulation format and sufficient bits to provide 

the equivalent of Rate 3/4 forward error correction. 

6. Telemetrv. Trackins and Control Subsvsteq 

The Telemetry, Tracking, and Control ("TThC") subsystem 

provides the functional hardware required for the reception, 
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TABLE V-3 

TThC SATELLITE T~SMISSION CBARACTERISTICS 

Transfer Orbit 
(Omni Antenna) 

On-Station 
Communications 

Network 

Frequency/ 18.8-20.2 GHz/ 18.8-20.2 GHz/ 
Polarization Linear RHC (Gateway/SCS) 

EIRP 9.5 dBW max. (Uses Gateway 
link or Crosslink) 

Modes of Operations 

Modulation 

Data Rate 

Sequential data, Sequential data, 
Selected data Selected data 

FSK QPSK 

1 kbps 12.5/25 mbps 
(total Gateway 
link/Crosslink 
data rate) 

The command subsystem is designed to maintain positive 

control of the spacecraft during all mission phases. It provides 

reliable control during launching maneuvers and for all satellite 

operating attitudes. It also maintains the orbital velocity of 

the satellite and controls housekeeping functicns and 

communications subsystem configurations. The command messages 

are encrypted and authenticated to provide security, protecting 

the satellite control subsystem against unauthorized access. 

The command transmissions received from the ground are 

demodulated into a digital bit stream. When the satellites 



APPENDIX A 

IRIDIUM TRANSMISSION CHARACTERISTICS 

1. RF PLAN AND LINK BUDGETS 

Tables A-l through A-7 summarize the key RF parameters of the communication 
links. Transmitter RF output electronic power control will be utilized on the 
subscriber and gateway links to compensate for vegetative shadowing and 
inclement weather. Tables A-2, A-3 & the identified portion of table A-6 reflect 
maximum transmitter power levels with the highest tolerable amount of shadowing 
and rain. Tables A-4, A-S & the identified portion of A-6 are with minimum 
transmitter power levels, representing clear sky, line of sight operation. 

Table A-7 shows two conditions of operation: “normal” and “in-plane link into the 
sun”. The latter occurs when two linked-satellite’s orbital positions are such that the 
receiving antenna of one must point directly into the sun, resulting in an increase in 
received thermal noise. 

TABLE A-l 

SYSTEM PARAMETER SUMMARY 

MULTIPLEXING 
MODULATION 

BASEBAND FILTERING 
FEC RATE 

CODED DATA RATE (Mbps) 
OCCUPIED BW PER CHAN (KHz) 

CENTER FREQUENCY (Gtiz) 
TOTAL BANDWIDTH (MHz) 
CARRIER SPACING (MHz) 

SVYSER SV-GW 
DOWN uI1 DOWN L!e w 
. . . . . . . . . . . TDMA & FDMA . . . . . ...*.*..* 
. . . . . . . ...*... QPSK . . . . . . . . . ...*.*. 
..*.***.. 40% RAISED COSINE .*...*...... 

3t4 314 112 l/2 l/2 

0.40 0.20 12.50 12.50 25.00 

280 126 8750 8750 17500 
1.61825 1.61825 19.950 29.750 23.275 

16.5 16.5 100.0 100.0 200.0 
0.350 0.160 15.0 15.0 25.0 



TABLE A-2 
SV-ISU DOWNLINK, WITH SHADOWING 

==_=s=_ ==E=== =,z===- ======== ======== ==I===== 
CEU CELL CELL CELL CELL CELL 

1 213 4 5 6 7 
_............ ___...-.---.-~......-.--- --....-. . . . .._.. .-._.... . . . . . . . . . . . . ..__ 

AZIMUTH ANGLE (DEG) 5.4 21 .l 6.6 30.0 IS.9 30.: 
GROUND RANGE (Km) 2052.0 1917.9 1501.4 1377.9 911.4 344.5 

I. NADIR ANGLE (DEG) 61 .6 60.9 57.7 56.3 47.6 24.c 

GRAZING ANGLE (DEG) 10.0 11.9 18.8 21.4 34.2 62.: 
SLANf RANGE (Km) 2293.5 2160.2 1759.2 1643.3 122c.9 847.2 

3==-01===5= ==-=====rr-=======zc= ====e ES==- ===z=== ------- ======== ------- 

HPA Burst Power (Watts) 11 .a 8.6 5.7 7.2 7.1 6.7 - 

WBW 10.7 9.4 7.6 a.6 a.5 a.2 
XMTR Peak Ant Gain (dBi) 25.0 25.0 23.9 23.0 20.0 12.6 

Edge Loss (dB) 0.8 0.6 1.7 1.5 2.6 3.6 
Scan Loss (dB) 1 .o 1.4 1.4 3.0 3.6 0.:: 

Taper Loss (dB) 1 .o 1 .o 1 .o 1 .o 1 .o 0.C 
NET XMTR AM GAIN (dBi) 22.3 22.0 19.8 17.5 12.8 a.2 

XMTR Feed/Ckt Loss (dB) 1.3 1.3 1.3 1.3 1.3 1.3 
EIRP (dBWi) 31.7 30.1 26.0 24.8 20.0 15.2 

Path Loss (dB) 163.8 163.3 161.5 160.9 158.4 155.2 
Polarization Loss (dB) 0.5 0.5 0.5 0.5 0.5 0.5 

Atmos Absorption Loss (dB) 0.3 0.3 0.3 0.3 0.3 0.3 
Mean Vegetation Loss (dB) 12.0 10.9 a.7 a.2 7.0 6.2 

TOT PROPAGATION LOSS (dB) 176.6 175.0 171.0 169.9 166.2 162.2 
RCVR Ant Net Gain (dBi) 1 .o 1 .o 1 .o 1.2 2.3 3.: 

RCV’D SIG LEVEL, C (dBW) -143.9 -143.9 -143.9 -143.9 -143.9 -143.5 
RCVR Antenna N-Temp (K) 150.0 150.0 150.0 150.0 150.0 15O.C 

RCVR FeedlCkt Loss (dB) 1 .o 1 .o 1 .o 1 .o 1 .o 1 .c 
LNA Noise Figure (dB) 0.8 0.8 0.8 0.8 0.8 0.6 

RCV SYS NOISE TEMP, Ts (K) 298.9 298.9 298.9 298.9 298.9 293.5 
GKs (dBi/K) -23.8 -23.8 -23.8 -23.6 -22.5 -21.: 

RCVR NOISE BW. B (KHz) 280.0 280.0 280.0 280.0 280.0 2ao.c 
Sensitivity = kTsB (dBW) -149.4 -149.4 -145.4 -149.4 -149.4 -149.4 

RCV’D Cn\r (dB) 5.4 5.4 5.4 5.4 5.4 5.4 
C/I (dB) 18.0 18.0 18.0 18.0 la.0 1a.c 

RCVD C/(N+I) (dB) 5.2 5.2 5.2 5.2 5.2 5.2 
RCV’D C/(, Jo+lo) (dB) 59.7 59.7 59.7 59.7 59.7 55.7 

Required EbR\lo (dB) 3.2 3.2 3.2 3.2 3.2 3.2 
Modem lmpl Loss (dB) 2.0 2.0 2.0 2.0 2.0 2.c 

REQUIRED CI(N+I) (dB) 5.2 5.2 5.2 5.2 5.2 5.2 
LINK MARGIN (dB) 0.0 0.0 0.0 0.0 0.0 0.0 

FLUX DENS (dBW/sq-m. 4KHz) -123.5 -124.6 -126.9 -127.5 -129.8 -131 .c 
=======x=52 ====_====__=========I= z==rz= ===== -------- ------- ===c==== ======== 
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UNITED STATES OF AMERICA 

proposed Hodification -0 Secrior. 6.1.1.4.1.5 to the 
.7X? Resorz 

Concerzing proposed LEO mobile-satellite systems wkick wol;ld 
cse spectrxn above about 1 GI:z, new aspecrs Of spectrum sharing 
ITLiSt be addressed. The poteczial of suck a system to share wit?. 
geostarionary orbit mobile-satellite systems iS now under study. 
T5.e cha:acte:istics of the LEO earth stations along with the low 
orbit of the LEO satellites and cellular riature of the systems 
provides a potential for freqcencye~?a+r~~$.~~~ 

An analvsls has been 3 _- r . 0tezflaL -0: 
sk&izq between LEO systems and R3SS svsfem; in the GSO in the 
VlCLZlit Of 1.6 GHz. LEO svszem elements will nor cause 
snacceDtable interference to 1;alir.k carriers ooerazina with R3SS 
sin ?e beam or 1 
able to accommodate Dotentiallv harmful Interference from RDSS 
uzlink burst rackets bv mear.s of error detection and oacket 
isterpolation techniaues. Mutual harmful interference between LEO 
svsrems and PAS, APC and RNSS will not occur because the LEO 
systems will avoid co-frequency use on the basis of dynamic time 
and ceoqraDhica1 channel assionmer.t teChniUueS. Analvses are 
req-ired to consider sharinc with other services that use this 
band L 

The technical basis for this modification is in Annex 1, 

actached. 



1. INTRODUCTION 

One of the considerations ar WARC '92 will be :o provide 

additlocal spec trum for Mobile Satellite applications in tie 1-3 

GHz part of the spectrum. This contribution provides the tech?rical 

bases that show how a Persor,ai Conuwnication Low Earth Orbit ?!obile 

Satellite System (PCLEO) can share the uplink frequency bard 

allocation of the Radio Determination Sateliite Service (RDSS) in 

the 1-2 GIiz part of the spectrum. It also establishes the basis 

for sharing of this spectrum with other services, i.e., Radio 

Navigation Satellite L Services (PJJSS) I Aeronautical ".dbliC 

Correspondence (APC), and Radio Astronomy (PA). 

The PCLEO system operates i:: a bi-directional, single Sax? 

mode, i.e., the PCLEO satellite transmits and receives usir.g zF..e 

same frequencies on a time shared basis. Ir, order to assLst ir. 

sharing of spectrum, the PCLEO system conrrols the number a.-.d 

Location active cells, of its the transmitter powers -i of -.,e 

s.Jbscriber terminals, the satellite trassmir ,er power and z:-.e 

frequencies used. This capabiiizy is necessary to the performance 

of zhe system and provides assurance that ztie PCLEO system wii no: 

cause unacceptabie interference to other services and systems. 



2 

2. SYSTEM CHARACTERISTICS 

:>.e c>arac:eristics of :?e Ri3SS aEd ?C2:C syszerrs, are ci.;.er 

i r. t t e f 0 Il0xir.y ?araqra?ks. 

2.1 RDSS System Characteristics 

-L -..e sigzificar.: characteristics of a typical R3SS sys:err. 

0perarir.g ir. the GSO are giver. in Tabie 1. 

TABLE 1 

RDSS SYSTEM CHARACTERISTICS 

A. SUBSCRIBER TER!!Ih-AL EIRJ: 18.5 dBW 
9. BURST TIME: 20 TO 80 XS 
C. TRANSMIT POLAR:ZA?IOH: XP 
3. MULTIPLE ACCESS: C3pr3, 
E. C%iP RATE: 8 MCPS 
F. MOXJLATION: BPSK 
G. S?READ RATIO: 5i2 

2.2 PCLEO System Characteristics 

The characteristics of the ?CSEO sysrem are scmnarized in 

Table 2. The radio frequency carriers of the ?CLZO system will 

operare wizhin a maximum of 10.5 MHZ of bandwidth withir. r?.e RSSS 

band. A more detailed description of sig?ificant ctaracreriszics 

that enter i:.to sharing consideration are given in the followizg 

sections. 



'/TX! F/TFA 
350 160 
280 126 
10.5 10.5 
29 29 

b!L'LT:?LS ACCSSS 
CS.NNZ: SlACING ( KEz ) 
CLkNNEZ. 9hK3WI3?5 (KEz) 
TOTAL 3hN3WI3TF AsstYz'3 (MXZ) 
l-L&x # ACTIVE CARRIERS (10.5 MEz) 
MAX # VOICE C3NNZLS (10.5 ?EZ) 

PER CELL 
PER T3MA FUME 

SURST T:?!ES (MS) 
M03;'-LATION 
CODING RAATE 
CODED DATA RATE (KBIS) 
POLARIZAT:ON 
EIR?/CARRIER (dBW) 

li0 
770 

&Lz 
3/4 
400 
RCP 
APPX A 

110 

770 

& 
3/4 
180 
RC? 
AP?X A 

The following sections expand on the PCLEO system description 

to aid in evaluating the sharing analysis. 

2.2 1 A RF Plan 

This sectior. describes the RF plan f0: the XLEO subscriber 

up- and dowzlinks. The system 'uses mizip:e TDVAjFDMA carriers for 

both the gp- and downlinks. Since the PCLEO satellites do no= 

transmit and receive at the same time, the up- and down1ir.k 

transmissions will both be able zo cse the entire frequency bared 

c h a t is employed by the system. 

2.2.1.1 Downlink 

The downlink consists of mu:ti>le TWA carriers, each of whicti 

is QPSK modulated at a channel rate of 400 kbps and each of which 

occupies a bandwidth of 280 KHz. 

In order to provide protection to other services and systems, 

oniy 10.5 MHz of the 16.5 MHz aliocaced to RDSS uplinks will be 

utilized by the PCLEO system. A total of 29 downlink carriers may 
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cse this bandwidrb, 4 cf zI:ese are for cor.crol asti 25 are far 

traffic c?.ar.rels. -0ice aczivI:y coz?ressio: :ec?.r.ic-es are -see 

-0 red-ce :!-.e :.x33pr cf terriers req.2ired ir. z5.e d0w~lir.k. L- s i :. t 

2.2 :o 1 digizai s?eecb inrer?olazioz (3BIj compression, 55 voice 

channels can 'use the 2S traffic dowalihk chacheis. 

The TDYA frame may conzai;: 14 *doice char.r.els thus providing 55 

X 14 or 770 channels per frame in a 7-ce?i cluster. With a 7 cell 

frequency reuse patterr., each frame will service 7 cells resLi:ing 

in 110 voice channels per cell, assumng rziform distribution of 

traffic among the cells in a 7-cell cluster. 

2.2.i.2 301 ink 

The uplink also utilizes multiple TDMA carriers. These are 

QPSK modulated at a channel rate of 180 kbps and occupy a 126 K9.s 

bandwidth. Although a total of 64 carriers may occupy the 10.5 ?I.L:Z 

of bandwidth, only 29 0: these are active at any time due to the 

use of voice activity coctrol on the tranmitter. Therefore, z.'.e 

climber of active uplink carriers will be constrained to be the same 

as the nmber of downlink carriers. 

2.3 Multiple Access Format 

The PCLEO System uses a combination of time and frequency 

division multiple access. The time division multiple access scheme 

employs a 60 millisecond (ms) repetitive frame which is established 

for the system and repeats continuously. The timing diagram at the 

sateliize is shown in Figure :. The shorter intervals, each 1.3 

miiliseconds long, are the transmit (i.e. downlink) bursts fro% the 
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satellite, while the longer 2.9 millisecond ir.tervals are for 

recept:on or _ the 'L p 1 i 2 k '-.:-CYC -_____. 'G.:arC'>aEd time is also sncwz. 

Each fr ane 0eclr.s w:zk a satellite transmission for the first 

time slot, labeled 1, which is followed by the receive time slot 

which corresponds to the transmit time slot 8 (transmit slot number 

+ 7). Thirteen additional pairs of transmit and receive time slots 

complete the frame, each of which is a couplet of a transmit time 

and a receive time corresponding to a transmit time slot half a 

frame away. 

On the downlink , the satellite transmit= er is active 30.3% of 

the time. This corresponds to 14, 1.3 millisecond bursts in the 60 

millisecond frame. 

On the uplink, the subscriber unit transmitters are active 

67.6% of the time. This corresponds to 14, 2.9 millisecond bursts 

in the 60 millisecond frame. 

SATELLITE TDMA FORMAT 
A = TRANSMIT BURST note I 1.3 MILLISECOND 
B I RECEIVE BURST TIME = 2.9 MILLISECONDS 
C z TIME BETWEEN BURSTS I 4.2957 MILLISECONDS 
D z GUARD TiME s 42.057 MICROSECONDS 

u7J-L 7 
TRTRTRTRTRTRTR 

60ms FRAME * 

T = TRANSMIT TIME 
R = RECEIVE TIME 

FIGURE 1. 
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2.4 Earth Coverage 

A ?CLEO syster., opera-i-g with polar, low orbits can provide 

simc;taneocs fell Zart?. coverage ssing 1625 cells. A GSO R3SS 

satel'ite -* , on the other hand, provides coverage of ocly a portio:. 

of the Earth. :n order to evaluate ?he potential for sharing 

between these two types of systems it is necessary to define the - 

portion of the Earth which they will mutually cover. It has been 

useful to define the coverage of the GSO RDSS satellite in terms of 

the number of cells of the PCLEO system. 

Thus, a single beam RDSS satellite covering North America is 

assumed to receive interference from some 50 PCLEO cells. 

SYmilarly, in a multi-beam RDSS satellite serving North America, 

about 12 PCLEO cells are assumed to be within the coverage of one - 

of the beams. 

2.5 Transmitter Powers 

The PCLEO system provides dynamic control of the transmitted 

power of both the subscriber terminals and the satellites. To 

preserve battery power of the satellites and subscriber terminals, 

the system elements are operated at the power levels necessary to 

satisfy the communication link bit error requirements. These power 

levels are to be controlLed in 1 dB steps. The "maximum" 

transmitter power is needed to overcome the effect of vegetative 

shadowing. This power level is also the maximum that the satellite 

and subscriber terminal will be able to transmit. The 'nominal" 

transmitter power is based on a 3 db link margin. 
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aecause of the nxber of cells in tke PCLEO system, more zha2 

0 r. e satel;ire zrazsTi:zer 0: subscriber terminal “ill be 

trazsrL:zing at zhe same rime -sir.q tie same frequency ‘b;;t because 

of a r.utier Of factors, t 2 e powers are not simply additive. 

Further, the ?CLEO and the RDSS transmission systems are 

orthogonally polarized, and it is assumed in this analysis thar the 

PCLEO uplink transmissions that potentially interfere with RDSS 

satellites can be reduced by a poiarization isolation factor. This 

assumption, however, may be investigated further to assess the 

effects of multipath on the available cross polarization isolation. 

If the PCLEO interfering ca rrier powers were simply additive, the 

net interfering power per carrier (Pt) of the PCLEO system may b'e 

calculated as follows: 

Pt = P + 10 log (N) - PL 

where: 

P = Power/carrier for a single frequency use 

N = Number of frequency reuses of the PCLEO within the 

coverage of the GE0 RDSS satellite 

PL = Polarization loss 

However, the PCLEO transmitted power (EIRP) associated with 

almost all of the ceils in each seven-cell cluster is different, 

both in the uplink and downlink. in addition, the PCLEO system 

controls both uplink and downlink tracsmitter power to overcome the 

effects of vegetative shadowing in a variable, non-linear manner 

adjusting for the amount of individuai fades, the specifics of cell 

geometry, and available power. Further, the duration of a transmit 
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burst associated with any TCLED cell is q>uite short compared to the 

3-zst length of 22 uplizk ?.3SS packet transmission, i.e., 1.3 and 

2.9 ms compared zo 20 to 80 3, thcs the potentially interferizq 

power levels of ?CLSO carri ers change d,uring the i0SS uplink pulse. 

Moreover, each of the PCLEO cells can accommodate 29 simultaneous 

burst carriers but it is virt-ally impossible that all 29 carriers 

in all the geographically dispersed, co-frequency cells will be 

utilized at the same time --- in other words, an occupancy factor 

must be considered. Finally, the transmitted packets of the PCLEO 

cells and satellites are geographically distributed, having 

significantly different propagation times to the GSO --- thereby 

causing the potentially interfering PCLEO burst transmissions to be 

not simply additive in terms of interference power. 

The above described va riable factors have been considered to 

arrive at a weighted peak carrier EIRP to employ in the 

interference evaluations below. One of more conservative weighting 

factors was that half (50%) of all carriers were operated at 

maximum power to overcome vegetative shadowing. The Maximum 

Average Peak Powers per PCLEO carrier that will be used are: 

Uplink 7.09 dBW 

Downlink 26.46 dBW 

It is assumed that the PCLEO system operates in accordance 

with the parameters used in the following interference 

calculations. That is, it may be necessary to control the 

aggregate power level of the PCLEO carriers so that the required 

BER perfonoance of the RDSS system is achieved. Moreover, it is 
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assumed that the TCL30 signalling and control system is capable of 

cox:ro:llng access zo tie syszex i:. a mazzer that ecsures that zhe 

aggeqaze Ir.ierf erence power prod.uced at the geosynchronous orbit 

at any instant by all transm;sslocs wittin the PCLEO systen will 

not cause unacceptable interference to RDSS system. It also 

assumed that other operational characteristics of the PCLEO system, _ 

such as the accuracy of satellite attitude control and the sidelobe 

performance of the satellite phased array antennas are in fact 

being maintained within their specified limits. 

3. SBARING 

This section analyzes the sharing of the PCLEO system with 

RDSS systems and other services such as Radio Navigation Satellite, 

Aeronautical Public Correspondence and Radio Astronomy. 

3.1 Sharing with RDSS 

3.:.1 General 

Since the PCLEO satellites and subscriber terminals both 

transmit in the uplink band of the FUSS system satellites, there is 

a potential for mutual harmful interference between the networks. 

The basis for this sharing analysis is the calculation oi Carrier- 

to-Interference Density ratios (C/IO). For the case of 

interference into RDSS satellite receivers, the C/IO caused by 

PCLEO system elements is evaluated versus C/IO caused by other co- 

coverage RDSS systems as well as intra-RDSS System interference. 

The interference levels of RDSS systems into like RDSS systems 

serving North America are also represented by C/IO ratios 

calculated in Table A-l of Appendix A. Both single and multiple 
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beam RDSS sysrems are considered, as well as Ir,rra-33SS syszer: 

izzerferelce . . 

3.1.2 ?CLZO Sarellizes S?.arizc wi=k <tie ?.3SS Sarellizes 

A potential source of interference to z?.e geostaziocary orbit 

(GSO) RDSS system is the ICLEO satellite constellation transmitting 

its downlink carriers. Ti-LiS can result from Khe side- and 

backlobes of the PCXO satellite antennas transmitting energy into 

the RDSS satellite receivers. This is the source of interference 

that is used to calmlaze the downlink PCLEO interference. 

A second potential source of interference from the PCLEO 

satellite constellation could be from the main beam of PCLEO 

satellite antennas scanning through the geosynchronous orbit land 

directly illuminating RDSS satellite antennas. This potential 

interference will be avoided by shutting down PCLEO cells which 

graze the Earth's limb and illuminate the GSO. 

The C/IO of RDSS satellites caused by the downlinks of a ?CL'sO 

sateliite constellation are calculated in 'Table A-2 of Appendix A. 

In addition, Table A-3 includes link budgets which incorporate the 

effect of intra- and intersystem interference'. Table 3 is a 

summary of Table A-2 of Appendix A which shows how the interference 

from the PCLEO satellite transmissions will affect the uplink 

performance of the RDSS system in the presence of in?erference from 

I The link budgets do not include significant interference 
contributions from other sources, such as terrestrial 
transmissions and other satellite networks in the RDSS 
feederlink band, and is based on the data-like 
performance'of the RDSS link. 
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TABLE 3 
======= 

Effects of PCLEO Downlinks 

Mu!tiSeam SingleBeam 
PDSS RDSS 

Uplink RDSS C.'No (thermal) dB 56.20 52.70 

C/IO (in-beam RDSS) dB 59.52 61.82 

C;Io (adj beam RDSS) dB 66.00 NA 

C;'Io 13 other RDSS systems) dB 54.91 56.75 

C,'Io due to PCLEO downlink dB 62.16 64.12 

RDSS Uplink C, (No+101 dB 52.08 50.69 

Uplink RDSS CiNo (thermal) dB 58 20 52.70 

C;Io (in-beam RDSS) dB 59 52 61.02 

CiIo ladj beam RDSS) dB 66 00 NA 

C/IO (3 other RDSS systems) dB 54 91 56.75 

C;Io due to PCLEO uplink dB 70 40 56.66 

RDSS Uplink C,'(No+Io) dB 52 08 50.78 

TABLE 4 
====I== 

Effects of PCLEO Uplinks 

MultiBeam SinqleBeam 
RDSS RDSS 



TABLE A-3 
SV-ISU UPLINK, WITH SHADOWING 

========---* -L=S=LlEE===-5P==PLEE=- ==-=n= =PZ=EIIC= EC===== ====I=== E======= 

CELL CELL CELL CELL CELL CELL 
1 213 4 5 6 7 

_______________.._....~.---.-------.-- . . . .._.. _......_ .-....-. . . .._... . . . . . . 

AZIMUTH ANGLE (DEG) 5.4 21.1 6.6 30.0 10.9 3c.o 
GROUNDRANGE 2052.0 1917.9 1501.4 1377.9 911.4 344.5 

NADIR ANGLE (DEG) 61.6 60.9 57.7 56.3 47.6 24.0 
GRAZlNGANGLE(DEG) 10.0 11.9 la.8 21.4 34.2 62.9 

SLANT RANGE (Km) 2293.5 2160.2 1759.2 1643.3 1229.9 847.3 
========-= nn-==-P====-- ==-n 2=5-n ==s== -----zcr= ---- ======== 

HPA Burst Power (Watts) 7.0 7.0 5.5 6.9 6.7 6.3 - 

(dBW a.5 a.5 7.4 a.4 a.3 a.0 
NET XMTR ANT GAIN (dBi) 1.0 1.0 1.0 1.2 2.3 3.0 
XMTR Feed/Ckt Loss (dB) 0.7 0.7 0.7 0.7 0.7 0.7 

EIRP (dBWi) a.8 a.8 7.7 a.9 9.9 10.3 
Path Loss (dB) 163.8 163.3 161.5 160.9 158.4 155.2 

Polarization Loss (dB) 0.5 0.5 0.5 0.5 0.5 0.5 
Atmos Absorption Loss (dB) 0.3 0.3 0.3 0.3 0.3 0.3 

Mean Vegetation Loss (de) 12.0 10.9 a.7 a.2 7.0 6.2 
TOT PROPAGATION LOSS (dB) 176.6 175.0 171.0 169.9 166.2 162.2 

RCVR Peak Ant Gain (dBi) 25.0 25.0 23.9 23.0 20.0 12.0 
Edge Loss (dB) 0.8 0.6 1.7 1.5 2.6 3.8 
Scan Loss (dB) 1.0 1.4 1.4 3.0 3.6 0.0 

Taper Loss (dB) 1.0 1.0 1.0 1.0 1.0 0.0 
NET RCVR ANT GAIN (dBi) 22.3 22.0 19.8 17.5 12.8 a.2 
RCV’D SIG LEVEL, C (dBW) -145.6 -144.2 -143.6 -143.6 -143.6 -143.6 
RCVR Antenna N-Temp (K) 290.0 290.0 290.0 290.0 290.0 290.0 

RCVR Feed/Ckt Loss (dB) 1.8 1.8 1.8 1.8 1.8 1.8 
LNA Noise Figure (dB) 1.0 1.0 1.0 1.0 1 .o 1.0 

RCV SYS NOISE TEMP, Ts (K) 552.6 552.6 552.6 552.6 552.6 552.6 
Gfk (dBi/K) -5.1 -5.4 -7.7 -9.9 -14.6 -19.2 

RCVR NOISE BW. B (KHz) 126.0 126.0 126.0 126.0 126.0 126.0 
Sensitivity 5 kTsB (dBW) -150.2 -150.2 -150.2 -150.2 .150.2 -150.2 

RCV’D C/N (dB) 4.6 5.9 6.6 6.6 6.6 6.6 
C/l (dB) la.0 la.0 la.0 la.0 la.0 18.0 

RCV’D C/(N+I) (dB) 4.4 5.7 6.3 6.3 6.3 6.3 
RCVD C/(No+lo) (dB) 55.4 56.7 57.3 57.3 57.3 57.3 

Required Eb/No (dB) 4.3 4.3 4.3 4.3 4.3 4.3 
Modem Imp1 Loss (dB) 2.0 2.0 2.0 2.0 2.0 2.0 

REQUIRED C/(N+I) (dB) 6.3 6.3 6.3 6.3 6.3 6.3 
LINK MARGIN (dB) -1.9 0.0 0.0 -0.6 0.0 -0.4 

FLUX DENS (dBW/sq-m. 4KHz) -143.0 -143.4 -142.8 -142.5 .143.5 -138.9 
====E=n=E== ==xLs==e=e===z=== ----- ---- ------- c===== ======== ======== 



TABLE A-4 
SV-ISU DOWNLINK, NO SHADOWING 

se*=snxpI L-~====EIY~EI~=~=DE E-=s zaz===s== =======I szn=E== =======r 

CEU CELL CEU CEU CEU CEU 
1 213 4 

____.______ __.__.........._....~~... .._..._. ._ . . . . . . . . . 

AZIMUTH ANGLE ;3EG) 5.4 21 .l 6.6 
GROUND FiANGE (Km) 2052.0 1917.9 1501.4 1 

NADIR ANGLE (DEG) 61.6 60.9 57.7 

GRAZING ANGLE (DEG) 10.0 11 .9 la.8 
SLANT RANGE (Km) 2293.5 2160.2 1759.2 1 

5 6 7 
. . . . . .._...- __...-.. 

30.0 10.9 3c.c 
377.9 911.4 344.5 

56.3 47.6 24.0 
21.4 34.2 62.9 

643.3 1229.9 847.3 

HPA Burst Power (Watts) 1.6 1.5 1.7 2.3 3.0 3.4 - 

(dW 2.0 1.7 2.2 3.7 4.8 5.3 
XMTR Peak Ant Gain (dBi) 25.0 25.0 23.9 23.0 20.0 12.9 

Edge Loss (dB) 0.8 0.6 1.7 1.5 2.6 3.8 
Scan Loss (dB) 1 .o 1.4 1.4 3.0 3.6 0.0 

Taper Loss (dB) 1 .o 1 .o 1 .o 1 .o 1.0 0.9 
NET XMTR ANT GAIN (dBi) 22.3 22.0 19.8 17.5 12.8 a.2 

XMTR FeedICkt Loss (dB) 1.3 1.3 1.3 1.3 1.3 1 .3 
EIRP (dBWi) 23.0 22.4 20.6 19.9 16.3 12.3 

Path Loss (dB) 163.8 163.3 161.5 160.9 158.4 155.2 
Polarization Loss (dB) 0.5 0.5 0.5 0.5 0.5 0.5 

Atmos Absorption Loss (dB) 0.3 0.3 0.3 0.3 0.3 0.3 
Mean Vegetation Loss (dB) 0.0 0.0 0.0 0.0 0.0 0.0 

TOT PROPAGATION LOSS (dB) 164.6 164.1 162.3 161.7 159.2 156.3 
RCVR Ant Net Gain (dBi) 1 .o 1 .o 1 .o 1.2 2.3 3.3 

RCLPD SIG LEVEL, C (dBW) -140.7 -140.7 -140.7 -140.7 -140.7 -140.7 
RCVR Antenna N-Temp (K) 150.0 150.0 150.0 150.0 150.0 150.0 

RCVR FeedlCkt Loss (dB) 1 .o 1 .o 1 .o 1 .o 1 .o 1 .o 
LNA Noise Figure (dB) 0.8 0.8 0.8 0.8 0.8 0.8 

RCV SYS NOISE TEMP, Ts (K) 298.9 298.9 298.9 298.9 298.9 298.9 
G/Ts (dBilK) -23.8 -23.6 -23.8 -23.6 -22.5 -21.7 

RCVR NOISE BW, B (KHz) 280.0 280.0 280.0 280.0 280.0 280.0 
Sensitivity = kTsB (dBW) -149.4 -149.4 -149.4 -149.4 -149.4 -149.4 

RCV’D CM (dB) a.7 a.7 a.7 a.7 a.7 a.7 
CA (dB) la.0 la.0 la.0 la.0 la.6 la.0 

RCVD C/(N+I) (dB) a.2 a.2 a.2 a.2 a.2 a.2 
RCLPD C/(No+lo) (dB) 62.7 62.7 62.7 62.7 62.7 62.7 
Required EbMo (dB) 3.2 3.2 3.2 3.2 3.2 3.2 

Modem Imp1 Loss (dB) 2.0 2.0 2.0 2.0 2.0 2.0 
REQUIRED CI(N+I) (dB) 5.2 5.2 5.2 5.2 5.2 5.2 

LINK MARGIN (dB) 3.0 3.0 3.0 3.0 3.0 3.0 
FLUX DENS (dBW/sq-m. 4KHz) -132.3 -132.3 -132.3 -132.5 -133.6 -134.3 
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TABLE A-5 
SV-ISU UPLINK, NO SHADOWING 

ExEIYE====* ==as==r==5z=== G-s ===n=wl r=rL=z= =css==r== ZE____ ----- ==ElsE== 

CELL CELL CELL CEU CELL CELL 
1 2/3 4 5 6 7 

________.._____.__________.-.-.~.--..- . . . . . .._____. _.._____ ___..... _____.__ 

AZIMUTH ANGLE (DEG) 5.4 21 .l 6.6 30.0 10.5 39.0 
GROUND RANGE (Km) 2052.0 1917.9 1501.4 1377.9 911.4 344.5 

NADIR ANGLE (DEG) 61 .6 60.9 57.7 56.3 47.6 24.0 
GRAZING ANGLE (DEG) 10.0 11.9 la.8 21.4 34.2 62.9 

SLANT RANGE (Km) 2293.5 2160.2 1759.2 1643.3 1229.9 847.3 
=======1= p===II=u=sI=s----i Em- x_== =-==s ===== 3===== ----- 

HPA Burst Power (Watts) 1.5 1.4 1.6 

(dW 1.8 1.6 2.0 
NET XMTR ANT GAIN (dBi) 1 .o 1 .o 1 .o 

XMTR FeedlCkt Loss (dB) 0.7 0.7 0.7 
EIRP (dBWi) 2.1 1.9 2.3 

Path Loss (dB) 163.8 163.3 161.5 
Polarization Loss (dB) 0.5 0.5 0.5 

Atmos Absorption Loss (dB) 0.3 0.3 0.3 
Mean Vegetation Loss (dB) 0.0 0.0 0.0 

TOT PROPAGATION LOSS (dB) 164.6 164.1 162.3 
RCVR Peak Ant Gain (dBi) 25.0 25.0 23.9 

Edge Loss (dB) 0.8 0.6 1.7 
Scan Loss (dB) 1 .o 1.4 1.4 

Taper Loss (dB) 1 .o 1 .o 1 .o 
NET RCVR ANT GAIN (dBi) 22.3 22.0 19.8 
RCVD SIG LEVEL, C (dBW) -140.2 -140.2 -140.2 

RCVR Antenna N-Temp (K) 290.0 290.0 290.0 
RCVR Feed/Ckt Loss (dB) 1.8 1.8 i .a 

LNA Noise Figure (dB) 1 .o 1 .o 1 .o 
RCV SYS NOISE TEMP, Ts (K) 552.6 552.6 552.6 

Gffs (dBi/K) -5.1 -5.4 -7.7 
RCVR NOISE BW. B (KHz) 126.0 126.0 126.0 

Sensitivity = kTsB (dBW) -150.2 -150.2 -150.2 
RCV’D C/N (dB) 9.9 9.9 9.9 

C/I (dB) la.0 la.0 la.0 
RCv’D CI(N+I) (dB) 9.3 9.3 9.3 

RCVD C/(No-.lo) (dB) 60.3 60.3 60.3 
Required EbR\lo (dB) 4.3 4.3 4.3 

Modem lmpl Loss (dB) 2.0 2.0 2.0 
REQUIRED CI(N+I) (dB) 6.3 6.3 6.3 

LINK MARGIN (dB) 3.0 3.0 3.0 
FLUX DENS (dBW/sq-m, 4KHz) -149.6 -149.4 -147.1 

2.2 
3.5 
1.2 
0.7 
4.0 

160.9 
0.5 
0.3 
0.0 

161.7 
23.0 

1.5 
3.0 
1 .o 

17.5 

2.9 
4.6 
2.3 
0.7 
6.2 

158.4 
0.5 
0.3 
0.0 

159.2 
20.0 

2.6 
3.6 
1 .o 

12.8 
-140.2 -140.2 

290.0 290.0 
I .a i .a 
1 .o 1 .o 

552.6 552.6 
-9.9 -14.6 

126.0 126.0 
-150.2 -150.2 

9.9 9.9 
la.0 la.0 

9.3 9.3 
60.3 60.3 

4.3 4.3 
2.0 2.0 
6.3 6.3 
3.0 3.0 

-144.9 -140.1 

3.3 - 
5.2 
3.0 
0.7 
7.5 

155.2 
0.5 
0.3 
0.0 

156.0 
12.0 

3.8 
0.0 
0.0 
a.2 

-140.2 
290.0 

1.8 
1 .o 

552.6 
-19.2 
126.0 

-150.2 
9.9 

la.0 
9.3 

60.3 
4.3 
2.0 
6.3 
3.0 

-135.6 
=========_== ---_________--------=== =e=== ==-=e ==e=== ======== -------- -------- 

, I 



TABLE A-6 
SV-GATEWAY LINKS 

----__ =======zp=s= --ECS=E====C==n==P ====e ==ws -----~zc 

MAX SLANT RANGE = 2293.5 Km 
==========--= ===-=====--===E-=======U =r=r== ====x== ===z=== 

DOWNLINK UF’LINK 
CLEAR RAIN CLE4;I RAIN 

======x====== =====_IP===r==El=S==== **x=- =5===-= -------E ------_ 

CENTER FREO (GHz) - 20.0 20.0 
XMTR: HPA Output Power(dBW) 0.6 13.6 

Peak Ant Gain (dBi) 20.0 20.0 
Off-Peak Loss (dB) 2.0 2.0 

Net Antenna Gain (dB) 18.0 18.0 
XMIT Circuit Losses (dB) 3.5 3.5 

EIRP (dBWi) 15.1 28.1 

29.8 
-2.1 
57.6 

29.8 
24.0 
57.6 

0.5 0.5 
57.1 57.1 

3.5 3.5 
51.6 77.6 

Path Loss (dB) 185.7 185.7 
Polarization Loss (dB) 0.5 0.5 

Atmos Loss (dB) 3.3 3.3 
Rain LOSS (dB) 0.0 13.0 

TOT PROPAGATION LOSS (de) 189.5 202.5 

1 89.1 189.1 
0.5 0.5 
3.3 3.3 
0.0 26.0 

192.9 218.9 

RCVR: Ant Peak Gain (dBi) 54.2 54.2 23.5 23.5 
Blockage/Off-Pk Loss (de) 0.5 0.5 2.0 2.0 

NET ANT GAIN (dB) 53.7 53.7 21.5 21.5 
NOM RCVD POWER (dBW) -120.7 -120.7 -119.9 -119.9 

Net Ant Noise Temp (K). 30.0 30.0 290.0 290.0 
DiplxrlFLTlLim Losses (dB) 4.0 4.0 4.0 4.0 

LNA Noise Fig (dB) 3.0 3.0 3.0 3.0 
SYST NOISE TEMP,Ts (K) 1193.4 1 193.4 1453.4 1453.4 

GlTs (dBi/K) 22.9 22.9 -10.1 -10.1 
Boltzmann’s (dBW/HzK) -228.6 -228.6 -228.6 -228.6 

RCV’D C;No (dB) 77.1 77.1 77.1 77.1 
Required EbiNo (dB) 5.7 5.7 5.7 5.7 

RCVR Noise BW (dBHz) 69.4 69.4 69.4 69.4 
Modem lmpl Loss (dB) 2.0 2.0 2.0 2.0 

REQUIRED C/No (dBHz) 77.1 77.1 77.1 77.1 

LINK MARGIN (dB) 
FLUX DENS (dBW/sq-m, 4KH.z) 

0.0 0.0 
-155.1 -155.1 

0.0 0.0 
-118.6 -118.6 

=5===- -====-I 5======================= EEZY EEXZ ==n=s= 



TABLE A-7 
SV-SV INTERSATELLITE LINKS 

ADJACENT- 
PLANE LINKS IN-PLANE LINKS 

Looking Looking 
into into 

to4 sun E(3M sun 
*. =51Ezil=2=Lll ===,E===-IT=Esll=I =====zzP =3,rr===IP =====a= =====1=3 ======I= 

MAX SLANT RANGE (Km) 3885.5 3885.5 4023.8 6023.8 
Center Frequency (Gttz) 23.05 23.05 23.05 23.05 

XMTR: Output Power(Watts) 5.1 5.1 4.0 4.0 

XMTR: HPA Output Power(dBW) 7.1 7.1 6.0 6.0 
Peak Ant Gain (dBi) 36.0 36.0 36.0 36.0 

Off-Peak Losses (dB) 1 .5 1.5 0.8 0.8 

XMIT Circuit Losses (dB) 2.0 2.0 2.0 2.0 
EIRP (dBWi) 39.6 39.6 39.2 39.2 

Path Loss (dB) 
Polarization Loss (de) 

TOT PROPAGATION LCSS (de) 

RCVR: Ant Peak Gain (dBi) 
Off-Peak Loss (dB) 
NET ANT GAIN (dB) 

NOM RCV’D POWER (dBW) 
Ant Earth Noise (K) 

Ant Sun Noise (K) 
Diplxr!FLT/Lim Losses (de) 

LNA Noise Fig (de) 
SYST NOISE TE’.I’.Ts (K) 

GiTs (dBi/K) 
Boltzmann’s, k (d3WIHzK) 

RCV’D C,‘No (dBHz) 
Required Et ‘10 (dB) 

RCVR Noise B’.‘: (dBHr) 
Modem imp! :css (dB) 

REQUIRED C.f!c (dBHz) 

191.6 191.6 191.9 191.9 
0.5 0.5 0.5 0.5 

192.1 192.1 192.4 192.4 : 
0.0 0.0 0.0 0.0 

36.0 36.0 36.0 36.0 
1.5 1.5 0.8 0.8 

34.5 34.5 35.2 35.2 
-118.0 -118.0 -1 18.0 -118.0 

30.0 30.0 30.0 30.0 
20.0 345.2 20.0 345.2 

2.5 2.5 2.5 2.5 
3.0 3.0 3.0 3.0 

789.0 1114.1 789.0 1114.1 
5.5 4.0 6.2 4.7 

-228.6 -228.6 -228.6 .228.6 
81.6 80.1 81.6 60.1 

5.7 5.7 5.7 5.7 
72.4 72.4 72.4 72.4 

2.0 2.0 2.0 2.0 
80.1 60.1 to.1 80.1 

LINK MAPZIN (dB) 1.5 0.0 1.5 0.0 
FLUX DENS (dBW:sc--? SKHz) -130.5 -138.5 -138.9 .138.9 

------------- =====_==_========------- -------- -------- ======== ======== 

. . 
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Ze report Of IW? 8/15 to the KIWI indicated a zeed for f.;rzier 
stsdy or. sharizg a ?ersonal Comm,ur.ication Low Ear5 Orbit Mobile 
Satellite System (?CLZO) wi=h osher services in the vicir.ity 05~ .1.6 
GHz. 

ABSTRACT: 

This report describes the basis UFO:. which a ?CXO system car. shere 
this frequency band with other services. Spec ificaliy zke 3adio 
3etermization Sazeili:e (R3SS), Aerozaccical ?ublic Corresporzdezce 
(AX), Radio hstronomy (US), ar!d Radio Kavigazion Sacellize 
Services (WSS) a:e evaluated. A;. example of active Shari-g is 
giver. for a representative RSSS system serving zke co?.ti~i~~zs 
7: r, i z ed States (CONUS). Sharing between the ?CLEO and MS, A?C, a-d 
RNSS will occur on the basis of dyXmiC time a-d geograpica; 
c h a 2 c e 1 assignment techciqaes. The ?CLEO system operates i2 c bi- 
directional single band mode. 

This analysis establishes chat the ?CLEO system may share this band 
wit:? each of these systems witho-t harmful interference to :?.eir 
opera=rons. 

-, 
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0 t A: e r cocoverage 7055 sys~erzs as well as from :he “target” ?JSS 

sysze: itself. As car. be see:: from Ta5le 3 and the 1ir.k b-dge: in 

3 -able A-3, ?C 210 ca:. operate co~.patikly wick RDSS. Sowever, zke 

impac: of izcerference or. RDSS acquisition performance requires 

further study. Further study is also needed to optimize the 

example RDSS link budget in terms of RDSS system capacity and the _ 

several types of external interference. 

3.1.3_ PCLEO Subscriber Terminals Sharing with the RDSS 

Satellites 

‘The PCLEO subscriber terminals are also a potential source of 

interference to the RDSS system. The C/IO of RDSS satellites 

caused by PCLEO subscriber terminal uplinks are calculated in Table 

A-2 of Appendix A. Table 4 is a summary of the calculated results 

of Appendix A. Table 4 and Table A-3 of Annex A show that a PCLEO 

System will operate compatibly with RDSS. 

3.1.4 RDSS Subscriber Terminal Sharing with the PCLEO 

Satellites and Subscriber Terminals 

The RDSS subscriber terminals will transmit into the receive 

band of the PCLEO satellites and subscriber terminals. The 

probability of interference is low due to the short burst length 

and geographical dispersion of the RDSS subscriber terminals. 

Moreover, the PCLEO satellite and subscriber terminals compensate 

for potential interference from the RDSS terminal in several ways: 

1. Pulse blankers: The RDSS burst has a duration of 20 to 

80 milliseconds. This will include, at most, two PCLZO 

bursts associated with a single voice channel. The PCLEO 
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subscriber :erz.ir.al will 5-azk 0’~: the adversely affected 

PC;EO bcrs:5 if ::e 32SS 2.xlse is strong ezosqk to exceed 

a zk.reshold signal level. This orever.ts R3SS p.2lses fror 

causing damage zo t?.e ?CLZO rece-ver. 

2. Error detection and correction: The ?CLEO packet format 

contains error detection and correction coding. Missing 

packets are detected. The PCLEO voice vocoder wi?: 

interpolate across missing packets. The vocoder uses the 

same technology as the U.S. digital cellular system and 

can interpolate across six missing voice frames. 

Automatic repeat request is used to request 

retransmission of missing data packets. 

Because of the above factors, the PCLEO systemwill be abie to 

accept any interference caused to it, including to its subscriber 

terminals that arise from transmissions of RDSS subscriber 

terminals operating in conformance with their published 

characteristics. 

3.2 Sharing with RNSS 

One typical RNSS system employs a satellite constellation with 

up to 24 satellites in subsynchronous polar orbit. Each of these 

satellites operates on a different frequency. The satellite center 

frequencies are separated by 562.5 KHz. The bandwidth occupancy of 

each satellite is approximately 1 MHz. 

Although the PCLEO system has the capability to use the same 

frequency bands as those used by the F'.NSS system, it can 

selectively turn off transmissions in these bands and could share 
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the allocation in the vicinity of 1. 6 GE; by band segmer.ra:icr: 0:. 

a dyr.a.zic time ar.d geographical basis. 

3.3 Sharing with Radio Astronomy 

The Radio Astronomy Service (F&S) seeks protection in the 

1610.6 to i613.8 MHz portion of the spectrum. The radio astronoay 

sites are fixed. Sharing can be accomplished by having the ?CLzO _ 

system control the use of frequencies in this band so that the 

power flux density does not exceed -238 dBW/square meter/Es at 

radio observatory sites during the periods of radio astronomy 

observations. Since the radio astronomy need is not full time, 

scheduling can be used to aliow the use of FU frequencies by the 

PCLEO system when they are not being used by the Radio Astronomy 

Service. 

3.4 Sharing with Aeronautical Public Correspondence 

There is also a small Aeronautical Public Correspondence band 

in this part of the spectrum which is not widely used. The ICLEO 

system can share this band by not using the indicated frequencies 

in the specific cells that would interfere with the operation of 

the service. 

4. caticLuslols 

This analysis establishes that a PCLEO system having dynamic 

control characteristics can share allocations with several other 

services (including RDSS, APC, RAS and RNSS) without causing 

unacceptable interference to their operations. 
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I3 Sha:iZq with GSO ?JSS systems, the ?CXO system will 50: 

ca-se -2acceptable icterferecce '0 the operation of t 2 e R3SS 

systems. It can accomplisk zk.is by controliing the number of its 

active carriers and cells as well as the power leveis to be similar 

to those employed herein or as agreed to during coordination. As 

a result, i? 0 real-time cooperation between the PCLEO and RDSS _ 

systems and services is required. The ?CLEO system is able to 

accept any interference caused to it by an RDSS system operating 

normally. 

The XLEO system wili share with RNSS, Radio Astronomy and 

Aeronautical Public Correspondence by band segmentation, i.e., 

PCLEO will not use frequencies in the vicinity of 1.6 GHz t;at 

would interfere with their operations in the geographic areas of 

interest. 
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APPENDIX A 

PCLEO/RDSS System Interference 

Fi : . ..-S appendix estas-ashes baseline izformatioz reqardirg 

icterierezce levels ir.to a: TOSS 231in.4 carrier. This baseli.-.e 

izfor:atiox relazes :o zwo cy?es of R3SS sarellites that are 5eir.q 

considered for cse in Xortt: America, i.e., employing satellite 

antennas that cover the region with either single or multiple (8) 

beams in the 1.6 GHz band. PCLEO interference levels are also 

calculated. 

Table A-l lists the assumptions and (for both types of 

systems) shows the calculations for RDSS intra- and inter-system 

interference Table A-2 shows that arising from a PCLEO system. 

Table A-3 presents detailed RDSS link budgets showing the effects 

of intra-system, other RDSS, and PCLEO interference. Table A-4 

lists the PCLEO terminal and satellite EiRPs associated with each 

ceil type. 

These calculations assume that the PCLEO system is providing 

4,400 voice channels within North America. Weighted values are 

used for the PCLEO r.f. carrier EIRP in these caiculations which 

assume that one-half of the carriers are operating at maximum power 

due to heavy vegetative shadowing and the other half are operating 

at their nominal values. These conservative assumptions might be 

relaxed in the coordination process as more detailed information on 

traffic distribution statistics in the PCLEO system becomes 

available. 



TABLE A-l 

I',TP~A- 6 INTERSYSTEM INTERFEPSNCE FFOI" OTHER COCOVERAGE PDSS S‘IS?E?lS 
==-===========.====.=============================================~=== 

Assumptions: A!i PDSS llser I:F! ink powers equal 
5 All PCSS systems are copolarized 

Desired RDSS user is at EOC 
Carrier bandwIdth= i6 MHz = 72.04 dSHz 
Gold code advantage= 0.67 = 1.74 dB 

b!ultiBeam SingleBeam 
__--_ ---- ---------- 

Intra-Beam Case 
__----------------- 
Other users per beam 14 14 
Ave.relative gain lnterferor 2.8 0.5 dB 

c. I -14.26 -11.96 dB 
C.'Io (w. Gold codei 59.52 61.82 dBHz 

Intra-System.Inter-Beam Case . . 
______________---___------------ 
L'sers per beam 15 NA 
No. of adjacent beams 4 NA 
Ave.relative gain interferor -10 NA dB 

c. I -7.78 dB 
CIo tw. Gold code1 66.00 dBHz 

Tot intra-sys C.,Io(w Gold code) 58.6 61.82 dBHz 

Single Inter-System Case 
_______----_-_______------------ 
In beam.other system users 
Ave.relative gain interferor 
No. of other systm.adj beams 
Ave.relative gain interferor 

H> 
Tot inter-system CiI(one System) 

C/IO (W. Gold code) 

MultiBeam into 
SingleBeam 

15 
2 
4 

-15 

15 
0.5 

NA 

129 
0.5 dB 

dB 

-14.09 -12.26 -21.29 dB 
5Sr. 69 61.52 52.49 dBHz 

Multiple inter-System Case 
__-------_---_______~~~~~~~~--~- 
Number other interfer RDSS sys 3 3 3 

Tct inter-system C;I(one System) -18.87 -17.03 -26.06 
C:'Io (w. Gold code) 54.91 56.75 47.72 



TABLE A-2 

PCLEO INTERFERENCE INTO RCSS 
ZII=ll====I=l=l==tllDJ=rllll-lllll=11I-l~=~ 

FCLEO Parameters: Voice channels for North America = 4400 
Time slct factor = 1114 = 0.97 

Voice actI-1ty:CSI factor = 0.5 
Average FCLEO EIRF: uplink = 7.89 dBW :downlink = 26.45 dBiu 

ai RCSS System Parameters: Bandwidth = 72.0 dBHz:EIRP= 18.3 dBW(up 6 do;~n, 

Interferer ---> FCLEO Uplink Carriers 

RCSS RCSS - 
MultiBeam SingleBeam 

No. FCLEO channels in RDSS beam 1100 4400 
Time slot factor 0.07 0.07 
Voice activity/DSI factor 0.50 0.50 
Active xmitters;time slot 39 157 
EIRP per carrier (dBW) 7.89 7.89 

CUM PCLEO PEAK EIRF to RDSS beam 23.83 29.05 

Fclarization isolation !dB) 4~.. 
FBW (29 carriers in 10.5 MHZ)(in dB) -2.6; -2.69 
RDSS satellite ant relative gain(dB) 2.0 0.5 

RDSS EIRF (dBW) 18.3 18.3 

ROSS C,'I due to FCLEO -1.64 -5.35 
RCSS C/IO due to PCLEO 70.40 66.67 

Interferer ---Y FCLEO Cownlink Carriers 

No. FCLEO channels in RCSS beam 
Time slot factor 
Voice activity/CSI factor 
Active xmitters;time slot 
?IRP per carrier idEW) 
Relative gain FCLEO satellite antenna 

CUM PCLEO PEAK-EIRF to RCSS beam 

FBW (29 carriers in ln.5 MHZ) 
RCSS satellite ant relative gain 

RCSS EIRP (dBW) 

RDSS C,'I due to FCLEO 
ROSS C./IO due to PCLEO 

RDSS 
MultiBeam 

RCSS 
SingleBear 

4070 * 4400 
0.07 O.@? 
0.50 0.50 

145 157 
26.45 26.45 

-20 -20 

28.07 28.41 

-2.69 -2.69 
2.0 0.5 

18.3 18.3 

-9.00 -7.92 
62.16 64.11 



TAULE A-3 

! 
RDSS LINK BUDGETS --INCLUDING INTERFERENCE EFFECTS 

Mu1 t iBeam S L ng I e&am 
HDSS RDSS 

____------_-_-__-_ ----..-_---------- 

Uplink ROSS C/No (thermal 1 dB 5a. 20 58.20 52:lO 52.70 

C, IO ( in-beam RDSS) dB 
C,‘Io (a&~ beam RDSS) dB 
C.‘Io (other RDSS systems) dB 
C, IO due to PCLEO downlink dB 
C:Io due to PCLEO uplink dB 

h> 
RDSS Uplink C/(NotiIol dB 

Down1 ink RDSS C;No( thermal ) dB 

Downlink RDSS C/(NotIo) da 

Total Link C/(No+Io) da 

Info rate dEiIlz 
Eb/No received dR 
FEC coding gain dt3 
Implementation loss dB 
Eb,No for IOE-5 BER d0 

Link Margin d0 
Required I ink margin dI3 
Excess link margin dB 

59.52 59.52 61 .a2 61.82 
hh.OO 66.00 NA NA 
54.91 54.91 5h. 75 56.75 

NA 62.16 NA 64. I2 
70.40 NA 66.60 NA 

52.013 51.73 

76.80 76.80 

50.70 

71.90 

71.90 

50.75 

41 .‘I4 
a.aI 
5.20 
2.50 
9.60 

50.69 

‘ll.YO 

76.80 76.80 71.90 

52.06 51.72 50.66 

41.94 41.94 
10.12 9.7A 

5.20 5.20 
2.50 2.50 
9.60 9.60 

41.94 
a.72 
5.20 
2 .so 
9.60 

3.22 
3 00 
0.22 

2.00 
3.00 

-o,,. I2 

1 .9 1 
2.00 

-0. OY 
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PURPOSE/OBJECTIVE: 

The report of IWP 8/15 to the JIWP indicated a need for further study on sharing 
between a Personal Communication Low Earth Orbit Mobile Satellite System 
(PCLEO) with Geostationary Orbit (GSO) Mobile Satellite Service (MSS) systems in 
the vicinity of l-3 GHz. 

ABSTRACT: 

This report examines the potential for interference via mainbeam coupling of 
downlink emissions from a PCLEO satellite with a GSO satellite and indicates how 
interference from this coupling mechanism can be avoided. The potential 
interference will be avoided by shutting down PCLEO cells which could graze the 
Earth’s limb and illuminate the GSO. 



” i..l . +:a-:.s:s kas See:. ?erforzed of ootexrial icterferezces 
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t?.rO”Ch nair. Sean coc?lilq of ?CLEO d0wnlir.k erissiocs with 

recerv:zg GSO sazeA-iEes. 1 > T'cis qorenzial irterferecce will be 

avoided by sh,Jt:inc down PCSEO celis which could qraze the ~arrp.'s - 

iimb and thereby I, illmizate the GSO. 

The basis for this addition may Se found in Annex I. 



S?.arir.g 3erweer. ?!a::. Seam 3owr.lir.k Leo 

. . 
a7.c .,;lir.k GSO Sazellizes 

in t?.e 1-3 G’5z .:.Ilocatiozs 

1.0 IN~2033C~ION 

;WI E/l5 kas prepared zext for section 6.1.1.4.1.3, Sharing 

Involving Low Earth Orbi: Systems which states : 

II The potential of such a system (LEO) to share with 
geosta zionary orbit mobile-sazellice systems is now under 
study. The characteristics of rhe LEO Satellites and celli;lar 
cazure of the systems provides a potential for freq-ency 
sharing z>at has not yet beer, explored." 

This is of concern with respecr to fulfilling the provisions 

of 222613. Several other contributions have addressed the question 

of LEO and GE0 sharing in the present RDSS and M?+IS allocation~~in 

the l-3 Ghz range, and in the ?SS feederlink bands. ThiS 

contribution examines the potential for interference via mainbeam 

coupiing of downlink emissions from a XLFO satellite with a 

receiving geoszationary satel?ize, and indicates how interference 

from ttis coupling mechanism can be avoided. The question of 

cumulative level of interference t>at may occur to a geostationary 

satellite from PCLEO downlink emissions by way of the XX0 

satellite antenna sidelobes has been dealt with in another 

contribution. 

2.0 SYSTEM/INTERFERENCE CONFIGTK4A-ION 

Figure 1 shows the coverage provided by zhe 37 cells of a 

PCLEO satellite. Each cell has approximately an equal area 

projection on the Earth. The circle that encompasses the ceils 

represents a 10' horizon toward GSO. The cell pattern consists of 
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a center cell, surrounded by c?.ree rings of cells: A, B, and C. 

A has six, B has 12 and C has 18 cells, respectively. Cf the 

latter there are six *'key" Cells which protr'ude beyond the :O" 
5 horizon. 

Figure 2 shows the relative geometry between a PCLEO 

satellite, the Earth and a satellite in the GSO. The GSO satellite - 

is assumed to have a full earth coverage beam, i.e, an 6.7O degree 

half angle. For the PCLEO to have a line of sight interference 

path with the GSO it must be on the backside of the Earth. This 

condition exists when the angle between a vector to the PCLEO 

satellite and a vector to the GSO is 

31.3' + l/2 . 53.j2C = 1083 

A detailed diagram of this interference geometry is shown in 

Figure 3, and illustrates how energy inside the 3 aB beamwidth of 

the PCLEO will "splash over' the horizon. Table 1 below shows the 

Perimeter (C ring) Cell Boresight Angle from NADIR. The key 

perimeter cells are those that extend beyond the 10' horizon. From 

Figure 2, the angle from nadir to the horizon is 63.24' (one half 

of angle "b')l 

TABLE 1 

Perimeter Cell Boresic.ht Angle From Nadir 

Cell Type Boresight 3 Db Beamwidth Angle from Nadir 

Key Perimeter 60.7' 5.80 63.6' 

Regular Perimeter 59.9O 5.8' 62.8' 

The only RF energy from a PCLEO which vi11 go into outer space 

from behind the earth are those perimeter cells where the sum of 
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rkeir boresight acsle ar.d ?.a:: tte 3 d3 beazwid:!: are greazer =!.a.: 

r.?e a.7;:e _Crom F.adir -0 :.*.e 00 :?aorizor., i.e. 63.24. For tte :ie: 

cells this valze is + 0.36; for t.?e Zec,lar Cells this is -0.44. 

In ocher words the 6 Key cells of 37 of each PCLEO are t?.e orly 
..: apes whicr. Wi-- rac:aze intO space. 

3.0 INTZFF=?=YCE ANALY s I s -. -. 

To determine the potential for interference it is necessary to 

determine: 1) the specific locations withis the PCLEO orbit where 

the above in= erference geometry exists; 2) the frequency with which 

these occur, and 3) whether they occur for more than one PCLEO at 

a time. 

Figcres 4a and 4b show the beginning and end of the period 

when the ?CLEO horizon target can illumicate :i?e GSO. The qzestioz 

becomes when, and which of the six Key cells of a PCLEO sa:e:lite 

can cause interference. Figure 5 shows the six perimeter cells 5:: 

a PCLEO at the equator. The cells are active (turned or.) or.ly 

within specific latitude bands of the satellite nadir point. when 

these are correiated with the geometric constraint that r>e 0' 

horizon circle be target to the GSO fieid of view, it she-16 be 

apparent that only the cells at 3 o'clock and 9 o'clock have the 

potential to cause interference, and that on:y one of these will be 

in position to interfere at a time. 

A further analysis of Figure 5 shows that the coverages of t?.e 

neighboring satellites overlap the coverages of the perimeter 

ceiis. e.g. the 3 o'clock cell of Pl SAT 1 is covered by rhe 7 

o'clock cell of P2 SAT 11, and the 11 o'clock cell of P2 SAT 1. 
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Internal system coverage analysis indirates that one of these three 

can be turned off and still provide service. 

ThUS, throug:: the operational choice of shutting off the 3 

o'clock celi, (and by symme:ry the 9 o'clock Ceil) it is assured 

that no RF energy wi?l be radiated toward the GSO. 

4.0 CONCLUSION 

An analysis has been performed of potential interferences 

through main beam coupling of PCLEO downlink emissions with 

receiving GSO satellites. This potential interference wiil be 

avoided by shutting down PCLEO cells which could graze the Earth's 

limb and thereby illuminate the GsO. 
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PURPOSE/OBJECTIVE: 

The report of IWP 4/l to the JIWP indicated a need for further study on sharing a Low 
Earth Orbit Mobile Satellite System (LEO) with geostationary orbit (GSO) systems in 
the Fixed Satellite Service (FSS). 

ABSTRACT: 

This report provides the basis for LEO systems to share the FSS allocations in the 
20/30 GHz part of the spectrum with GSO systems. Several avoidance techniques 
are listed for the LEO systems to use which can achieve compatibility with GSO 
systems and meet the objective of RR 2613. These techniques include the LEO 
operating at non-interfering frequencies, operating at power levels which result in 
interference below the acceptable level determined by CCIR recommendations, and 
not transmitting to LEO satellites whenever there is insufftcient angular separation 
between the LEO satellite and the GSO satellite. 
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The basis for this proposed modification is iz Annex I. 



The Zeport of IW? 4/l to J1.Q (WARC-92), COctaizS p:OpOSed 

text for section 6.1.1.4.1.3, Sharing Between LEO Feeder Lizits ar.d 

GSO Sys:ems in the FSS. This zex~ szates: 

"Article 29 RR 2613 specifies the inter alia relationship 

between geostationary and non-geostationary satellite syszems 

in the FSS Further study is r.eeded to evaluate zhe potential 

interference and optim.xm sharing arrangements wbiich wcolk 

provide compatible operations between the LEO ar.d GSO sys:ex 

in the FSS bands." 

The purpose Of this contribution is to provide zb.e 

information to indicate how such compatible sharing Is establishe6 

between LEO and GSO Systems. 

2.C ~tm co- 

Although the principal use of Lhe FSS has been fcr SSZ 

corrsnunicacion satellites in the 4/5 GHz and ?I-12/14 GHz Tart of 

:he spectrum, the technology and associated systems are now beis 

2 



In addition,, proposals have been made fsr LEO systems, w:.ic?. 

WOtiC! use the 20/30 G%z bands, as feederlizks or gateways. 'Xe 

gateway lir.ks are intended to interconnect the LX system 20 rie 

?C?J. They would use 1CO MHz of bandwidth in each direction. 

There would be six center frequencies for the up1ir.k and dowr.link. 

Y.e channels will be spaced at 15 MHz intervals. The modv:lafion 

rate ir. each direction is 12.5 Mbps. The link characteristics of 

-iis system may be foxnd in the table in Appendix I. These links 

are betwee? earth s:ations and satellites wh?ich are in seven equal 

spaced polar orbits which are at an altitude of approximately 765 

Krr 

It is LEO ar.d GSO systems with characteristics such as those 

described above which will be the subject Of the subsequent 

sharing analysis. 

3.0 Q&ons for FSS GSO/ 7-7 0 Sha- -ino at 20/3C \ZIJ - a 

Ar'Gei ,L,-e 29, Sect ion II, Control of Interference to 

Geostationary-Satellite Systems, in RR 2613 szates: 

3 



Several mezhods exis: which can be employed by the X2, sysze.~ _ 

t0 avoid causing harmful interference to co-frequency G52. 

comrnznications satellites. These methods fall in the foll0wir.g 

categories: 

. The LEO sa:ellltes 

will have the capabilizy of operating at six 15 MHz chann&ls 

within the 100 MHz band. The channels may be used in such a 

way tha: the frequency is different for any pass where t?.e 

X.0 may point at zhe ;SG saceilite. 

range to the GSO is 18 to 54 times the range to t:le 5::. 

This is 25 to 34 dB additional free space path loss 

attenuation of the LEO sigr.al. Therefore, depending on z>e 

calculation of signal level for the individual case C5.e GS3 

may not be affected. 
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3.3.. ? : “. e;m 1. . ..-.. 55 i.,,;-j .i_ 

v,r’(Yj oc n- 9 ii’ D in-e,ip, n 2-ck. Due to the relazi-ely _ 

fixed position of the GSO satellite. The pericd of 

possible impingement by the LEO main beam is relatively 

small. These outage periods last for no more than a few 

seconds (2 to 4 depending on latit,Jde asd differe:rial 

longitude). 

3.3.2 ZP T,FO mav use a link -0 W _ t + e7 I,-70 qr.u.@ ir ..in 

At the moderate latitudes which are more ?opulsred, 

there is a high probability (40% at 33 deg to 100% at 52 

deg) that more than one satellite is in view. 

3.3.3 

This is a r.:rmal 

back-up for gateway failure. 

The LEO earth feederlink stations can be located suet thaz 

the down-link beam will not interfere iiith the GSO stations. 

5 
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APPENDIX D 

ADVANCE PUBLICATION INFORMATION FOR THE IRIDIUM NETWORK 

s. 
Section A - General Information 

The Adn.ir.istratior. of the wited States of America informs =he 
members of the ITU of its intentioz to authorize the operation of _ 
the IRIDIiiM Satellite Network. The Subscriber-to-Space Station 
?ink of the network will operate in :he RDSS band 1610-1626.5 
MHZ, in both the Earth-to-Space and Space-to-Earth directions. 
In the iatter direction the network will operate in accordance 
with RR 342. The Feederlink and Space-to-Space relay of the 
network will operaye in the appropriately allocated portions of 
the band 18.8 to 30 GHz.The Space Station of the network does not 
employ simple frequency changing transponders. 

Section B - General Characteristics 

1. Identity of the Satellite Network 

The Iridium Satellite Network is the same as the System. 
The Network includes of 77 identical interconnected 
satellites positioned in non-geostationary orbit, in seven 
equally spaced planes. 

2. Date of Bringing into Use 

Init ial launches in 1995 

Period of Validity of Frequency Assignments of the Space 
Stations 

15 Years 

3. Adn*inistration or Group Submitting the Advance Information 

United States of merica 

Federal Communications Commission FEDCOMCOM 
Washington, DC 20554 Washington,DC 
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sate;;i=es. The 1: satellites in eacE plar.e are equally 
spaced around r;?eir plar.ar orbit. Satellites iz planes i, 
3, 5 and 7 are in phase wiz? each other, while those in 
planes 2, 4 and 6 are in chase wirh each other and halfway 
out of phase with those ii pianes 1, 3, 5 and 7. The 
system (:.e:work) satellites are at a constant altitude of 
765 Kilometers. The total number of operational satellites 
h a v i s g zihese characteristics is 77. 

Section C - Characteristics of the Satellite Network in the 
Earth-to-Space Direction 

1. Earth-to-Space Service Area(s) 

Initially, Subscriber Terminals and Gateway .Earth Stgtions 
will be used in the territory of the United States; two 
Gateway EarthStations are anticipated. The system has the'. 
capability of providing service to the entire surface of the 
Earth from Pole to Pole and everywhere in between. See 
Figure 1. Subscriber Terminals and Gateway Earth stations 
will be used in accordance with individual administration 
authorization. 

2. Class of Station and Nature of Service 

TF, TC, TL, TR, TU 

3. Frequency Range 

1610.0-1626.5 MHz - Subscriber Terminal 
27.5-30.0 GHz - Gateway Link (Feederlink) 

4. Power Characteristics of the Transmitted Have Into the 
Transmit Antenna 

a. Subscriber Terminal 

Peak Spectral Power Density = -42.5 dBW/Hz 

b. Gateway Earth Station (Feederlink) 

Peak Spectral Power Density = -45.4 dBW/Hz 



- j - 

5. Characteristics of Space Station Receiving Antenna 

a. S.2bscriber Lick 

?eay. Gaiz: -25.0 dBi 
See Fipres 2a-2g 

5. Gateway Lir.k (Feeder; 

Teak Gair,: +23.5 dBi 
See ?ig;;re 3 

6. Noise Temperature of Space Station Receiving System 

a. Subscriber Link 

553 degrees K 

b. Gateway Lick (Feeder) 

1453 degrees K 

I. Necessary Bandwidth 

a. Subscriber Link 

Total: 16.5 MHz 
Per Channel: 160 KHz 

b. Gateway Lick (Feeder) 

15 MHz 

8. Modulation Characteristics 

a. Subscriber Link 

Digital voice and data, QlSK with TWA/FDV.f 
multiplexing 

b. Gateway Link (Feeder) 

Digital voice and data, QPSK with T3MA multiplexing 
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Section D - Characteristics of Satellite Network in the Space-to- 

1. 

5 

2. 

3. 

4. 

5. 

6. 

Earth Direction 

Space-to-Earth Service Areas 

Same as the Eaztn- to-space Service Area. See Fiydre 1. 

Class of Stations and Nature of Service 

ES, EC, EF, EU 

Frequency Range 

1610.0-i626.5 M4z Subscriber Terminal 
18.8-20.2 Gtiz Gateway Link (Feederlink) 

Power Characteristics of the Transmitted Wave Into the Space 
Station Transmit Antenna 

a. Subscriber Link 

Peak Spectral Power Density = -43.8 dBW/Hz 

b. Gateway Link (Feederlink) 

Peak Spectral Power 3ensity = -55.8 dBW/Hz 

Characteristics of the Space Station Transmitting Antenna 

a. Subscriber Link 

Peak Gain: +25.0 dBi 
See Figures 2a-2g 

5. Gateway Link (Feederlink) 

Peak Gain: +20.0 dBi 
See Figures 4a-4j 

Characteristics of the Receiving Earth Stations 

a. Subscriber Terminal 

Noise Temperature: 553 degrees K 
Peak Antenna Gain: +3 dBi 

b. Gateway Earth Station 

Noise Temperature: i193 degrees K 
Peak Antenna Gain: +54.2 dBi 
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7. Necessary Bandwidth 

a. s.:'~~cri'~,, :i;:L. 

Tozai: 16.5 M:;.z 
Per C:azr.el: 350 KEz 

5. Gazeway 2ir.k (Feederlick) 

ij MHz 

a. Modulation Characteristics 

a. Subscriber Link 

Digital voice and data, QPSK with TDMA/FDMA 
multiplexing 

b. Gateway Link (Feederlink) 

Digital voice and data, QPSK with TDMA 
multiplexing 

Section E - Characteristics to be Furnished for Space-to-Space 
Relays 

a. The 77 IRIDIUM satellites in seven planes, wizh 11 
ident ical satellites each are all interconnected to 
each other. 

5. Frequency of Operation: 22.55-23.55 GHz 

c. Xodulation: QPSK, FDMA/TDMA 

d. ?eak EIRP: t39.6 dBW 

e. Peak Spectral Power Density: -65.3 dBW/Hz 

f. Crosslink antenna pattern: See Figure 5 
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FIGURE 2s 

CHARACTERISTIC OF SPACE STATION 
RECEIVE AND TRANSMIT ANTENNAS 
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FIGURE 2b 

CHARACTERISTIC OF SPACE STATION 
RECEIVE AND TRANSMIT ANTENNAS 



FIGURE 2c 

CHARACTERISTIC OF SPACE STATION 
RECEIVE AND TRANSMIT ANTENNAS 
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FiGURE 2d 

CHARACTERISTIC OF SPACE STATION 
RECEIVE AND TRANSMIT ANTENNAS 



FIGURE 28 

CHARACTERISTIC OF SPACE STATION 
RECEIVE AND TRANSMIT ANTENNAS 
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FIGURE 21 

CHARACTERISTIC OF SPACE STATION 
RECEIVE AND TRANSMIT ANTENNAS 
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FIGURE 2g 

CHARACTERISTIC OF SPACE STATION 
RECEIVE AND TRANSMIT ANTENNAS 
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