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EJECOTIYI StJMKARY 

TllJ APPLICANT 

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. 

THE xRrpitJM sxsTEM 

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 
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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. 

- ii -
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In this application, Motorola is requesting authority 

to use the ROSS uplink band (1610-1626.5 MHz) for the provision 

of mobile satellite services. This 16.5 MHz 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 ROSS 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 ROSS systems as 

well as by the radio astronomy and aeronautical radio navigation 

communities. 

In addition, IRIDIUM will need 200 MHz 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. 

- iii -
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IQllltUS NIP PROPOSED SQVICBS 

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 ROSS, paging, messaging, voice, facsimile and data 

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

subscribers will use ROSS and ancillary paging and messaging 

services. 

PtlllLIC IIITBRBST CONSIDERATIONS 

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 

- iv -
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services to many remote and underserved areas, IRIDIUM will 

provide critical lite 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 quallfications 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. 

MOTOROLA IS READY TO PROCEED 

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 

- V -
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order for IRIDIUM 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. 

THE COMMISSION SHQOLD ACT BDEDITIOOSLY 

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 ROSS and MSS, as proposed by the Commission in its 

recent Second Notice of Inquiry in GEN Docket No. 89-554, 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, 

- vi -
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I. UITBQDQCTIQll 

A. overview ot IRIDIUM system and Application 

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

development of its IRIDIUM 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 to 

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-1 illustrates the major components of the 

IRIDIUM system including its communications capabilities. Figure 

I-2 depicts the orbital positioning of the satellite 

constellation. 

The IRIDIUM system will be capable of providing 

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

co1DJDunications 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. 

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

owned subsidiary Motorola Satellite Communications, Inc. 

("Motorola"), 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 ROSS 

L-band (1610-1626.5 MHz). 11 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 GHz band). 

Motorola understands that the domestic allocation for 

the ROSS band is currently limited to the provision of 

radiodetermination and ancillary messaging satellite services.•' 

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

~ 47 C.F.R. § 25.392(d) (1989). 
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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. 11 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 ROSS 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 

ll ~ 47 C.F.R. §§ 2.102 & 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 ROSS band • .all Section VI hereto. 

i' ~ second Notice of Inquiry in GEN Docket No. 89-554. 
F.c.c. 90-316, at 11 74-76 (released Oct. 1, 1990) ("WARC-92 
Second Inquiry Notice"). 
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administrations authorize the use of the IRIDIUM system. IRIDIUM 

is also designed to provide mobile satellite capacity 

domestically within foreign countries.l1 Indeed, IRIDIUM'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. Regulatory and Timing Issues 

At this time there is only one satellite system -­

Geostar Positioning Corporation ("Geostar") -- currently licensed 

to operate in the domestic ROSS band.§1 As originally envisioned 

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

for ROSS, 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. 

§I 
~ Geostar Corp,, 60 Rad. Reg. 2d (P&F) 1725 (1986). This 

authorization was conditioned upon the standard ROSS construction 
and launch milestones, which required completion of Geostar's 
first satellite by August 1990, and full system implementation by 
August 1992. lJL. at 1730. In 1989, the Commission granted 
Geostar a one year extension of its milestone requirements. 
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characteristics. 21 As the Commission recently conceded, however, 

in its WARC-92 second Inquiry Notice, "[t]his service has not 

materialized as originally anticipated."11 Geostar's most recent 

applications to modify substantially its existing authorizations 

raise serious questions about the economic viability of its 

licensed geostationary satellite system.1' 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 ROSS system, and such a 

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

proposed. 121 

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

Bureau placed on public notice Geostar's applications to modify 

its authorizations and to extend the deadlines for construction 

ll .8.e.e Report and Order, 58 Rad. Reg. 2d (P&F) 1416 (1985), 
reconsideration 104 r.c.c.2d 637 (1986) rRpss Allocation order); 
second Report and Order. 104 F.c.c.2d 650, 660-63 & n. 44, 60 
Rad. Reg. 2d (P&F) 298 (1986) (RDSS Licensing Order). 

1/ F.c.c. 90-316, at 1 70. 

ii .s.e.e File Nos. 43-DSS-MP/ML-90, et al. 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 • .8.e.e GTE Spacenet Corp., l F.C.C. Red 1163 (1986); gIE 
Satellite Corp,. Mimeo Nos. 5175 & 1181 (released June 16, 1986, 
and December 2, 1985, respectively). 

l!!i .s.e.e Comments of Motorola, Inc., filed November 5, 1990, in 
File Nos. 43-0SS-MP/ML-90, ~-
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and launch of its dedicated ROSS satellite system. 11' In that 

public notice, the Commission merely requested comments to 

Geostar•s applications and did not establish a cut-off period for 

accepting contemporaneous applications as required by Section 

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

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

provide a communications satellite system in the RDSS-band. 121 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 ROSS dedicated 

satellite system, none of the current applicants should have to 

11' ~ Public Notice, Report No. DS-999, 5 F.c.c. Red 5400 
(1990). 

ill 47 C.F.R. § 25.392(b) (1989). 

12' ~ Application of Ellipsat Corporation for Authority to 
Construct an Elliptical Orbit Communication Satellite System, 
filed November 2, 1990. 
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demonstrate compatibility with Geostar•s licensed system.ll' Of 

course, each applicant still must show how it will coordinate 

with other RDSS systems to avoid harmful interference.ll' 

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 • .a, 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 IRIDIUM system, Motorola must fix certain 

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

c. Pioneers Pr1t1r1nc1 Requested 

As demonstrated throughout this application, Motorola's 

IRIDIUM 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 

~ 47 C.F.R. § 25.392(a) (1989). 

~ 47 C.F.R. § 25.392(f) (1989). 

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

proposed the award ot "pioneer's preferences" in its proposed 

Rule 1. 402 .l.?.t 

Indeed, Chairman Sikes recently referred to Motorola's 

IRIDIUM system as just such a new and innovative service worthy 

ot encouragement by the commission.ll' 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)ll other 

things being equal, what the Communications Act directs is for 

the FCC to 'tilt' in the direction of technological 

advancements.nlit 

D. format and Content of Application 

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 

ll' ~ Establishment of Procedures to Provide a Preference to 
Applicants Proposing an Allocation for New services, s F.c.c. Red 
2766 (1990). 

l!' ~ Remarks ot Chairman Alfred c. Sikes, before the 
Washington Annenberg Program Conference on the 1992 World 
Administrative Radio Conference (Nov. s, 1990). 

12' The Chairman cited Sections 157, 218 and 303(g) of the 
Communications Act of 1934, as amended, to support this view . 
.Ig. 
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information identified in Appendix B to the Space Station Filing 
Procedures, 93 F.c.c.2d 1260, 1265 (1983), and the rn 

Allocation order and Ross Licensing order, 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 ROSS 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 Form 430, and the separate satellite applications. 
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II. PUBLIC INTQEST CQlfSIDERATIQNS 

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 

communication ••• ," and "to encourage the provision of new 

technologies and services to the public. ,.1.9., Authorization of the 

IRIDIUM system will serve as a landmark of telecommunications 

development for many decades to come. 

A. IRIDIUX Uniquely Meets the Mobile Service 
Heeds ot Users In the United states and 
Throughout the worl4 

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 

il_! 47 u.s.c. §§ 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. Ho Other sy■tea Design Ba• Ever Been Proposed 
with the Orbit/Spectrum Efficiency of the 
IRIDIUM System 

The number one problem in the satellfte 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 more than five times within the contiguous 

United States and more than two hundred times worldwide. IRIDIUM 

will be able to serve the entire ROSS market with substantial 

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

16.5 MHz of spectrum in the 2483.5-2500 MHz 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.current-state of the 
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geostationary mobile satellite design is that as much as 120 MHz 

of uplink and dolw!llink 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 

c. The unparalleled Flexibility an4 Innovations 
in the Technical Design of the IRIDIUM system 
Will Benefit the Public 

uill 

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 

u, Inquiry Relating to Preparation for an International 
Telecommunication Union world Administrative Radio conference on 
the use of the Geostationary-satellite orbit and the Planning of 
the Space services Utilizing It, 45 Fed. Reg. 85,126, 85,127 
(1980); see also Assignment of Orbital Locations to Space 
stations in the Domestic Fixed-Satellite service. 84 F.c.c.2d 
584, 592, 610 n.9.:J (1981) ("1980 orbit Assignment Order"). 
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shutting off various frequencies and limiting the types of 

offerings to any region which may limit IRIDIUM'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 MSS frequencies over Europe and Africa. 

There also are inherent technical and economic 

advantages to IRIDIUM'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 IRIDitlK system Will save Many Livas 

Central to the FCC's regulatory mission is to give 

priority to spectrum utilization that helps ensure the safety of 

life and property • .U' 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 

ill see 47 u.s.c. § 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 

trucking 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. 

B. xotorola I• Uniquely Qualified to 
Operate the IRIDitJX satellite system 

All of the public interest benefits of a proposed new· 

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 IRIDIUM 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. 

P. Tb• IRIDIOX syst .. Will ls~lisb u.s. 
Leadership in Xobile, Personal and Satellite 
copupicatiop• tor IIPY I••r• to co■• 

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. 

G. Tb• IRIDIOX syst .. Will Kake a 
llajor contribution to U.S. Global 
competitiveness ip Teleco-unications 

ROSS 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. IRIDIUM Promotes the co-ission•s Multiple Entry 
Policies for Satellite Delivered Mobile services 

IRIDIUM is fully compatible with compliant ROSS 

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 ROSS band.ill 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 ROSS band, to date only Geostar 

ill ~ LS.., RDSS Licensing Order. 104 F.C.C.2d 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 . 

Motorola firmly believes that low-earth orbit satellite systems, 

like IRIDIUM, offer the only realistic possibility of achieving 

an economically viable ROSS system. With its global coverage and 

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

base necessary to justify the construction and operation of such 

a system. 

z. J:RJ:DJ:tJM Promotes the International co-unications 
and Information Policy Goals of the United states 

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. Both 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:li1 

• The promotion of the free flow of information 
throughout the world; 

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

li' ~ Establishment of satellite systems Providing 
International communications. 101 F.c.c.2d 1046, 1064-65 (1985), 
citing "A White Paper on New International Satellite Systems," 
Senior Interagency Group on International Communication and 
Information Policy (February 1985). 
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communications services responsive to the needs of 
users and supportive of the expanding requirements 
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. 

Qlll'fS NIP DEKlUf)) PQJl SERVICES 

Demano Analysi■ 

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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Geographic coverage 

IRIDIUM will provide global telecommunications service 

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 ROSS, 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 IRIDIUM'S 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 Bon MBA Markets 

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 ROSS, 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 r-ote location. Approximately 10 

million Americans live in these areas. IRIDIUM will offer these 

citizens sophisticated mobile teleco-unications services 

unavailable from terrestrial providers. 

b. pevelopinq countries 

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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c. ••v Market Bcopoaie• 

New market economies, including most Eastern European 

nations and the soviet Union, provide a tremendous market for 

modern mobile teleco111D1unications services. Although these 

nations have industrialized economies, their teleco111D1unications 

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. Maritime and Aeronautical coverage 

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 ROSS, voice and data. 

2. RDSS apd bcillary 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 ROSS can provide substantial services for life 
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safety, law enforcement, aviation, navigation, ground 

transportation and resource management markets. ~ BJ2ll 

Allocation Order, 58 R.R.2d at 1431-JJ (Appendix B). The recent 

application of Orbital co-unications Corporation also projects a 

substantial ROSS aarket.U' 

Each IRIDIUM subscriber unit will have RDSS 

capabilities. Positioning determination based on IRIDIUM will be 

accurate vithin one mile for voice units. Optional GPS or 

GLONASS circuitry will be offered to improve accuracy to within 

100 -ters. 

Motorola estimates that ■ore than 3 ■illion 

subscribers, over half of the subscriber base, will use ROSS and 

ancillary paging and messaging services in the following 

categories. 

•• •vaucv Maiau 

IRIDIUM will provide ROSS e.ergency location services 

for planes, boats and land vehicles that have IRIDIUM receivers 

for voice and data services. Market estimates for this service 

are included in other categories which use IRIDIUM voice and data 

service, such as trucks, boats, aircraft, and recreational 

vehicles. 

u, Application of Orbital co-unications Corporation for a Low­
Orbit Mobile Satellite system, filed February, 1990, at 25-35, 
~ Public Notice DS-953, released April ll, 1990. 
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b • S'EIPkiP9 

RDSS tracking service• will be available tor subscriber 

units. Low coat ROSS-only units will also be able to provide 

tracking services. Motorola will otter tracking service using 

IRIDIUM rather than geosynchronous satellites. 

Thia service will be used primarily by trucking tleets 

in conjunction with two-way ••ssaging. There are an estimated 

3.1 million long haul trucks in the u.s.ll' Approximately ten 

percent ot these trucks are expected to subscribe to IRIDIUM's 

tracking service. Other applications will be tound in the 

tracking ot hazardous wastes and military convoys. The 

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

c. Global Paqinq 

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 

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

alphanuaeric pager. 

The estimated paging market in the United States tor 

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

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

u, Dittberner Associates, Inc., Radio in the Local Loop, in 
Project ESS Update XXV XII-11 (1990). 
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paging u■ers will be most frequent among the fifty million 

foreign bu■ine■■ per■on■ travelling in foreign countries each 

year. Motorola e■tiaates a three percent penetration rate, 

assU11ing approxiaately the sue penetration of pagers among 

foreign bu■iness per■ons 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 uiong 

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

61 penetration rate among 5,000,000 potential users, or 300,000 

subscribers. 

,. Voiat ud Pita 11rvic11 

IRIDIUM will not compete with the public switched 

telephone network c•PSTN•) and terrestrial cellular systems 

primarily because of its rate structure. Instead, IRIDIUM will 

provide service to locations that do not otherwise have access to 

the PSTN or terrestrial cellular services. Major applications of 

IRIDIUM will be in goverrmental 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. 

•· 99Y•ru•nt;a1 cogunication• 

As a satellite-based communications system, IRIDIUM 

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

.situations such. as.eartbquakes,.hurricanes, tornad~, floods, 
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etc. Federal, •tat• and local government• will u•e IRIDIUM as a 

•econdary communication• •Y•t- in •ituation• where •tandard 

- ccmaunication• •ervice• are inconvenient or impos•ible to access. 

Foreign government• will .. ploy IRIDIUM ext•n•ively for -•rgency 

service• as well a• colllllunication from area• without telephone 

service. 

c1> 1n•r11 Goyeruut 

The federal government has approximately 3 million 

civilian e11ployees. Government agencies such as the Drug 

Enforce-nt Agency, Federal Bureau of Investigation, U.S. customs 

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

for travel and e-rgency communications capabilities. United 

States diplomatic missions abroad also may use IRIDIUM as an 

eMrgency communications system. 

Motorola estimates civilian federal government use as 

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

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

an esti:aatad for thi• purpose. 

IRIDIUM will enjoy significant use by foreign 

gC1Yenuaents for com:munications in areas without telephone 

service. Th••• foreign governments will likely purchase 400,000 

unit•. 
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(2) ftatt foDDIIIPSil 

State government• in th• United States have 

approxiutely 4 •illion -ploy•••· State governmental agencies 

will use IRIDIUM for law enforcnent, -•rgency and travel 

applications. The penetration rate 1• estiuted at 0.2 percent, 

or a,ooo subscribers. The international .. rket for state 

governments is esti11ated at 20 times the U.S ... rket, or 160,000 

subscribers. 

(3) Local aov1rna1pt1 

IRIDIUM will be used as an emergency or secondary 

communications system by municipalities and local governments. 

Individual local governments will have a limited nUlllber of units 

available for emergency co-unications in case of a natural 

disaster, such aa the San Francisco earthquake. Police, 

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

other -ergency organizations, will be able to use IRIDIUM units 

in areas where other ca..lUlication• are not availallle. 

There are approxiutely 20,000 c-unities in the 

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

local government• in these collllllunities employ approximately seven 

•illion people. An IRIDIUM penetration rate of 0.4t 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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IDt1rnati2Ml Tra,·11 

Foreign bu■ine■■ traveler■ in developed countrie■ will 

• be the Nin uMr■ of IRIDIUM' ■ global paging ■ervice a■ di■cussed 

above. United Stat•• and foreign business people travelling to 

uny developing countries will rely on IRIDIUM' ■ voice and data 

terminals, in addition to paging units, ■inc• ■ophi■ticated and 

reliable co-unications 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 IRIDIUM. 

Foreign business people travelling to developing countries will 

purchase an additional 120,000 units. The estimated total 

subscriptions for international business travel is 150,000. 

c. cog1rci11 air Tr•••l 

IRIDIUM'S global coverage will offer reliable 

telephone, data and ROSS services by authorized service providers 

to commercial aircraft at all geographic latitudes, including 

flight■ on polar air routes. The installation of terminal units 

will not require st-rable antennas. Low gain antennas, 

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

As a result, XRIDIUM will offer significant advantages over 

existing co-rcial 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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provide• better coverage and lower coat receiver• than land­

ba•ed and geo•ync:hronou•-ba•ed in-flight telephone•. It i• 

a••umed that IRIDitJM will capture up to fifty percent of the in­

flight market, or 2,500 aircraft. Thi• aircraft service will be 

available to over two hundred million pa•••ngers each year. 

Approximately five percent, or 10 aillion passengers, are 

expected to use IRIDIUM. Subscription• in the international air 

carrier market should be approximately the sa.e as in the U.S. 

4. 99Pt[ll Aviatiop 

There are approximately 200,000 general aviation 

aircraft in the United States. The penetration rate is expected 

to be at least that of simila~ly priced equipment, such as a 

WRAN-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. 

e. hliPIII Ayiatiop 

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, facsimile, 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 incr•a•• to 14,000 aircraft. Given the need for 

reliable coaaunicationa at all ti-• and the generally high value 

of infor.ation being communicated, approximately fifty percent of 

th••• buain-• aircraft, or 7,000 cu•tomer•, will subscribe to 

IRIDIUM. An ••timated 2,000 subscribers will be drawn from 

foreign owner• ot buain••• aircraft. 

t. 11crutiopa1 v1hic111 

There are approximately 8 million recreational vehicles 

in the United States. IRIDIUM service will provide owners of 

these vehicles with reliable telephone service in remote 

locations, 1111ch as camps, parks and rural roads. A hand-held 

phone could also be used for hiking and other recreational 

activiti ... Consumers of higher-priced recreational vehicles are 

prime candidates tor beco.ing IRIDIUM subscribers. The expected 

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

international market is expected to contribute another 100,000 

subscribers. 

llHIVI Boatl 

There are approximately 10 million pleasure boats in 

the o.s. In the luxury class ot boats (greater than 26 feet 

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

Approximately seventy percent ot 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. 

h. lhiDPiU 

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

canals, and lakes lack attordable, reliable and continuous 

communication& service. Voice, facsimile, 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 twenty percent, or 6,000 subscribers is 

anticipated. Another 40,000 coastal and inland shipping 

subscribers are estimated in the international market. 

cop■truotiop 114 0111n4 x111ra1 m1oration 

IRIDIUM will provide critical voice and data services 

through authorized carriers to remote construction and natural 

resource exploration sites, including off-shore points. First 

class telecoamunications services will improve the etticiency of 

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

subscribers, with another 15,000 internationally. 

j. PUlllic TtltPbope 

Many areas in developing countries of Asia, Atrica and 

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

infrastructures. IRIDIUM is ideally suited tor these situations 

since the satellite infrastructure will be provided i-ediately 

and at no cost to tbe host country. Only ground ter11inals will 

be needed to begin service. The estimates of people with no 

access to telephone service range tr011 one to two billion people. 

Ass1D1ing one public phone per 2,000 people, there is a market for 

up to one million phones. The estimated JOI penetration rate of 

this market tor IRIDIUM will yield 300,000 subscribers. 

k. Dollestic Business Travel in Developing 
countri11 

As discussed above in section III.B.J.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, IRIDIUM will ofter critical communications services to 

the indigenous business community. IRIDIUM'S reliable mobile 

voice, data and facsimile service within these nations will 

benefit these developing economies in all but the ■est 

industrialized countries, with co■bined populations of over four 

billion people. Th• potential market for use of IRIDIUM in 

domestic business travel is estimated to exceed one million 

units. A JOI penetration rate yields 300,000 subscribers. 
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•. e,mea of PMIPd bllYlil 

Table III-1 SUllllllarizes the expected demand for IRIDIUM . 

Th• addressable market for all types of IRIDIUM 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 units will be 

capable of receiving ROSS. Radiodetermination and two-way 

messaging services will be offered to the trucking market which 

comprises approximately 251 of the total subscriber base·. Global 

paging will also account for 251 of the subscribers. The 

remaining 501 ~f IRIDIUM subscribers will be split among other 

service applications. 
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TULIIUI-1 

lllDIUII DSICAIID SUIINAJlT 

.. (BJ Tear 2001) 

u .•• v.a. 
......... 1. •--trati- v ••. roreip rotal 

IIEl&ll Ill i IZIIEI lli•I 1a1,1:i.aa lalilSEiHEI llm15'[ii~£!-

aDH -:raclda9 3,100,000 10 >10,000 1,240,000 1,550,000 

aDIS-Olobal Pa9iag 5,000,000 ' 300,000 1,200,000 1,500,000 

Federal Oo•e.--..t 3,000,000 o. 1 20,000 400,000 ,20,000 

ltata GoTe.--..t t,000,000 0.2 8,000 160,000 168,000 

Local -.--..t 1,000,000 o •• %1,000 560,000 589,000 

lataruatioaal 'fra••l 50,000 60 30,000 120,000 iso,ooo 

eo.aerchl Aircraft 5,000 50 2,500 2,500 5,000 

General ATiatioa 200,000 30 60,000 t0,000 100,000 

Busi•••• Aircraft u,ooo 50 1,000 2,000 9,000 

Aacraati-.1 Vahi.cl•• 1,000,000 5 600,000 100,000 500,000 

Luxury Plea111N1 -t• 300,000 10 210,000 210,000 U0,000 

Sllippiag 30,000 20 6,000 to,ooo 46,000 

Coa•truct:1- aAd 10,000 50 5,000 15,000 20,000 
Oil &ad lliMral 
11:xploratiae 

Public ftl.,...._ 300,000 300,000 

Doa••tic Bu•ia••· 
Tra•al 300,000 300,000 

Total■ 30, 10t ,000 t.5 1,316,500 •• ,1,,500 6,076,000 
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•• PrODOld 11aic11 

IRIDIUM i• a global ROSS, voice and data communi­

cation• •Y•t- that can provide mobile communications within the 

United States, and between the United States and any other 

location in the world. The IRIDIUM network will co11111unicate 

through gateways to existing co11111unications networks such a■ the 

public switched telephone network and terrestrial cellular 

telephone systems. IRIDIUM is intended to extend the coverage of 

existing telephone networks, not to compete with them. 

All services will 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. 

1. IA4i94•t•aination and Ancillary service■ 

IRIDIUM will offer ROSS services for automatic location 

reporting, paging and two-way messaging. These services will be 

available on a global basis. 

IRIDIUM can provide low-cost ROSS-only location 

reporting services. In addition, ROSS capability is integral to 

voice units. 
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b. Global Paq{pq ltaic11 

An alphan\llleric pager for instantaneous global paging 

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

performance to the present terrestrial pagers. It is priaarily 

intended for use in domestic and international metropolitan areas 

where adequate telephone ••rvice is available for timely 

response. 

c. 'tY9-bY l••••qipq 

Tw0-way -.ssaging will be offered in conjunction with 

ROSS to report unit positions and to receive and transmit short 

•essages. The priaary application for their service will be for 

trucking fleet management. 

2. pata ••aic•• 

Global data services will be available over IRIDIUM. 

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

world to any other point. 

Data will be transmitted at a rate of 2400 bits per 

second. DUDIOM subscribers need only add a modem to an IRIDIUM 

voice terminal in order to send and receive data. 

3. Digital Voic• S•ryic•• 

IRIDIUM will provide two-way, high quality 4800 bits 

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

availa))le in combination with terrestrial cellular phones, with 

~ ROSS and in combination with Global Position System (•GPS•) 

units. A teninal .. y be designed for in-flight telephone 

service on co-ercial aircraft and a unit to be used on general 

aviation and co-rcial aircraft. 

c. tr1n1c1iv1r peacription and r11tur11 

The IRIDIUM subscriber unit ("ISU") product family 

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

transportable units and pager units. The ISO offers worldwide 

RDSS, voice and data co111Dunicati0ns, and will be lightweight, 

econo■ical and as easy to use as a cellular phone. The ISU 

communicates with IRIDIUM'S satellite constellation, which forms 

a practical, low-power co-unications link for next-generation 

telephony. 

ISO product development at Motorola is in progress. 

Because Motorola 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 ISO product r .. ily. The econo■ic advantages of 

Motorola's technical experience and volume production 

capabilities will cause ISO prices to follow a reduction pattern 

somewhat similar to that experienced with cellular phones. 

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

units will be aanufactured. 

It is anticipated that an •open system• functional 

specification will be aade available, allowinq other 

manufacturer• to design and build ISU products. ISU product 

compliance to the ISU functional specification will be verified 

through rigorous "type approval• testing. 

The initial introduction prices for the basic hand.held 

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 RDSS-only unit made 

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

1. :aa4iodtttraipation T•rwia11 

ROSS-only units without any voice or other data 

capabilities are expected 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 th• user with aore accurate location information. 

2. 11aipq 11raiul1 

The pager ISO provides worldwide paging in an apparatus 

similar in size, weight and operation to a Motorola pager. In 

addition, other manufacturers are expected to offer pagers 

compatible with IRIDIUM. 
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3. Portablt TtraiMll 

The ISO portable uaer interface will emulate, as much 

a• poasible, th• exiating Motorola cellular telephone interface. 

The ISO will have many of the aame progrlllllllable features found in 

conventional cellular telephones. 

Th• hand-held portable ISO provides full-duplex voice 

communication in an apparatus similar in size, weight and 

operation to a Motorola DynaTAC portable cellular phone. The 

portable ISO will be small and lightweight. ~ Figure III-1 for 

a depiction of a portable ISO. 

•· Mobil• T•naina1, 

The vehicle mobile ISO provides voice and 2400 baud 

data communication in an apparatus similar in size, weight and 

operation to a Motorola mobile cellular phone. Mobile 

installation configurations include hands-free calling for 

driving safety, and dual antenna diversity for superior signal 

reception. 

s. nanmr:ttblt TemiMlt 

Where permitted, the transportable ISO will provide 

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

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

mobile cellular phone. The transportable ISO can be temporarily 

installed in a building or at other location•. 
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D. !Pforu\ioD conaarpipq 11111 of C9MVPication■ 11aice1 

1 • lt9R91e4 1&1•• of Conuaiaa\iODI l9"iCt! 

IRIDIUM will be operated on a non-co-on carrier basis 

by selling bulk transaission capacity on the satellite con­

stellation to 11ajor authorized carriers in the United States and 

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

offerings will be priced in units of service ti••• rather than 

transponder capacity, and sold for fixed terms. 

2. ■ature an4 Principal Teraa of Offerings To Be Ka4• 
ADila!llt to otbv Partit• 

Plans for the sale. of IRIDIUM's communications services 

will take into account such factors as competition, customer 

demand, and flexibility in pricing and payment teras. The 

services will be sold in wholesale bulk units on a traffic ainute 

basis. 

IRIDIUM'S unique ability to provide telecommunications 

service from and to anywhere in the world has already attracted 

considerable interest froa a nwaber of major domestic and 

international carriers. Proposals are being presented to a 

select group of customers. Final negotiations relating to 

business teD&, technical and legal aatters could occur prior to 

Comaission approval of th• IRIDIUM system. Buyers will have the 

right to terminate agreeaents should Motorola elect not to 

continue the program because of regulatory considerations. 
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J. Specific and Detailed Information Concerning 
Mrkt\iN Pl&PI 

In National Afsoeiation or Regulatory utility 
Cogi1■ioner1 Y, P,c,c,, 525 F.2d 630 (O.C. Cir. 1976), ~­

denied~ na Nat•1 A■■ociation or B1diot1l•pbon1 systems v, 
P,c,c,. 425 U.S. 992 (1976), the Court held that "the 

characteristic 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, whether and 

on what terms to deal.• I.II· at 641-42. In applying these 

holdings to satellite transponder sales, the C~ission found 

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

particularized needs, these business relationships would not be 

expected to be provided unifol'lllly and indiscri-.inately to all 

potential customers on a common carrier basis.W Accordingly, 

the Conission authorized applicants to apply for domestic 

satellite licenses for non-common carrier purposes.ll' Moreover, 

the co-ission ha• held that long-tel'lll leases are consistent with 

u, ~ P9Jlestic Pixed-satellite Transponder sales. 90 F.c.c.2d 
1238, 1255-57 (1982) <"transponder sales Decision"), a.LC.d, !iOrls! 
cogunications. Inc, v, r,c,c,, 735 F.2d 1466 co.c. cir. 1984) • 
.u, 1.11. at 1257. 
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the criteria established tor the provision ot non-co11111on carrier 

ofterings.U' 

IRIDIUM'• ottering• should similarly be classified as 

non-co.aon carrier services. Motorola will negotiate individual 

long-tera arranq-ents with major international carriers tor 

wholesale bulk trans•i•sion services. These carriers will, in 

turn, provide telecommunications services to •:mbers ot the 

public. 

A description ot the proposed markets and services that 

can be offered by IRIDIUM is contained elsewhere in this 

application. The market response to IRIDIUM'• 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. 

•• --e• of Any Purchasi.Jlg CUstoaars tor Which Sales 
contraot■ IAY• 111n 11;,cut,o 

Although Motorola has not entered into definitive 

agreements for the sale of co111111unications capacity, it has 

engaged in detailed discussions with a nllllber ot prospective 

custo-rs. Market response to IRIDIUM has been very positive. 

Motorola ha• entered into Memoranda ot Intent with several major 

international teleco-unications carriers. 

v.1 .an sattllite Business systems. 95 F.c.c.2d 866, 869-70 
(1983); Establi•hment of satellite system• Providing 
International communications. 101 F.c.c.2d 1046, 1104-06 (1985) 
("Separate system•">, reconsideration, 61 Rad. Reg. 2d (P,F) 649 
(1986), further reconsideration. 1 F.c.c. Red 439 (1986). 
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IV. QUIT c;oumQATJOII 

IKPtt\4t4 Qrbitl 

'l'he IJUDI'Oll sy•t- conaiata of a conatellation of 77 

low-earth orbit aatellitea in aeven polar orbits, with eleven 

satellites equally spaced in each orbital plane. The aelection 

of th• operating orbits for the satellites was based on the 

siJDUltaneous solution of many criteria, each of which are vital 

to the co111D1ercial and technological feasibility of IRIDIUM. 

•· Qrbit 1111ction criteria 

-The following six criteria were considered in selecting 

the number of satellites and orbits: 

The prillary criterion for developing IRIDIUM's orbit 

selections was the need t~ provide single global coverage over 

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

IRIDIUM subscriber unit will always have at least one satellite 

in view. This requir-nt defines the minimum number of orbital 

planes and n\Dlber of satellites within each plane. 

A second selection criterion required that some portion 

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

a low power environaent, thereby permitting power generation 

subsystama to be recharged. This requirement allows the size of 

the power subsy■t- to be minimized and makes it feasible to 

design a "small" satellite. 
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A third criterion for aelection required that the 

relative spacing and line-of-sight relationships to neighboring 

aatellitea be repeatable to allow the on-board subsystems which 

control crosalinkll to be ai.-plified, thus reducing the aize, 

weight and power on th• satellite deaign. 

A fourth orbit selection criterion involved minimizing 

the cost of the entire conatellation of aatellites. This is a 

two-part optimization which requires that the number of 

satellites be minimized along with the cost of launching each 

satellite into its operational orbit. In general, the costs 

associated with launch vehicles increase as the satellite weight 

and orbit altitude increase. 

To insure that reasonable link ■argins could be 

established for •small" satellites directly communicating with 

low power subscriber units, the mini■um slant angle as measured 

from the horizon to the line of sight between subscriber units 

and satellites was set at 10 degrees. This criterion also 

impacts the orbit selection process which must still provide 

continuous coverage while providing a feasible link margin needed 

to offset the effects of slant range and foliage. 

'l'be last criterion involves the operational altitude 

regime. Operational altitudes above 600 nautical miles are 

affected more by the radiation environment which drive up 

hardware costs, whereas altitudes lower than 200 nautical miles 

create excessive on-board fuel requirements and frequency of 

stationkeeping maneuvers. 



Motorola Solutions, Inc., Ex1029, p. 70

4 

- 45 -

c. orbi\ fflta\iPP 

The orbit •election proce•• focu•ed on the satisfaction 

of all of the above criteria. The paper contained in Appendix c 

hereto provide• an extensive analy•i• of the general topic of 

earth coverage provided by familie• of polar •atellite•. The 

•elected IRIDitJM con•tellation i• COJIPri•ed of •even evenly 

spaced circular polar plane•, with each plane containing eleven 

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

planes. The satellites within 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 

westward over the equator. Each satellite circles the earth 

every 100 ■inutes. 

The seven planes of •atellites co-rotate towards the 

north pole on one •ide of the earth and ~crossover• and come down 

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

course, the earth continues to rotate beneath the IRIDIUM 

constellation. Tbe 11 •atellites in each plane are equally 

spaced around their planar orbit, with the satellites in the odd 

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

those in the even n\lllbered planes (2,4, and 6) in phase with each 

other and halfway out of phase with the odd nu■bered planes. In 

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

minimUJI miss di•tance 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 "••am" between planes 1 and 7, 

which represent• plane 1 satellites going up on one side of the 

earth and plane 7 satellites coming down in the adjacent plane, 

is separated by •lightly ■ore than 17 degrees. 

Thi• satellite constellation provides coverage over the 

entire surface of the earth with single coverage provided at the 

equator 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 with 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 required 

orbits at a reasonable price. 

The nearly symmetrical relationships between planes in 

the chosen constellation also simplifies the on-board subsystems 

which control inter-satellite crosslinlcs. Neighboring satellites 

slightly ahead of a reference satellite move smoothly towards the 

reference satellite•• plane and cross over that plane at the 

pol••· 'l'!ley then move 1m00thly away from the reference satellite 

as the cluster approaches the equator. 
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D. PIPlODtPt Md BIPltPilballt Of 11\tllittl 

There are •everal deployment options for the 

constellation that are presently under evaluation. Single or 

multiple aatellite launches are being considered. 

The •ajority of the constellation probably will be 

deployed using multiple satellite launches to facilitate rapid 

completion of the 77 satellite constellation. Final completion 

of each plane will be obtained by single satellite per launch 

-plac-ent. 

Replenishment of the constellation will be accomplished 

using single satellite launches to minimize cost and to replace 

rapidly non operational spacecraft. 

The IRIDIUM constellation is designed to comply with 

all safety practices and procedures presently accepted in the 

aerospace industry. Launch safety will be assured through 

compliance with appropriate range safety controlling documents 

from the -lected satellite launch complex. 

An additional safety consideration for the IRIDIUM 

program consists of avoidance of satellite to satellite 

collisions in the polar areas. The constellation is designed 

with 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 or~its with exactly the sue orbit phase 

angles are used to assure that colli•ion• do not occur. 

At the end of useful life, fuel is expended to enhance 

the decay of the satellite into lower orbits where natural 

atmospheric drag will cause it to burn up during reentry. 

Careful selection of materials will be made to insure complete 

consllJlPtion during the reentry trajectory. 

Syst811S design include• the considerations necessary to 

assure user safety. 

P. Public Ipt•r••t cop1i01ratiop1 

The public interest considerations noted in Section II 

of this application also support the assignment of these proposed 

low-earth orbits to IRIDIUM. By utilizing polar orbits 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 

co-unicationa syst._ on an interference free basis. 

To date, no c0111111ercial carriers utilize low-earth 

orbits to provide c0111111unications service to the public. Only 

fixed geostationary satellites currently provide space 

communications. As the geo•ynchronoua orbit beco-s 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 expanded use of apace for global communication•. Through the 

granting of this application for radio station licenses, this 

COllllllisaion un start the procesa of licensing and coordinating 

low-earth orbital aa•ignmenta. 

In addition, the proposed orbital assigmaents will 

provide continuoua coverage to the contiguous United States as 

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

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

Pacific. The Commission bas long recognized and encouraged the 

proviaion of aatellite service to these offshore points in order­

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

v. IRIQIOM SYSTBK PIBCBIPTIQlf 

ffp1r11 QUrvip ot sy1tu 

The IRIDIUM syst- is composed of: (1) a Space Segment 

comprised of a continuously replenished constellation of 77 

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

consisting of earth stations and associated facilities 

distributed throughout the world to support call processing 

operations and to provide for PSTN interconnection, (3) a 

centralized System control Facility; (4) a Launch Segment to 

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

JJI' ~. LSla., 12so Orbit Assignment Order. 84 F.c.c.2d at 604-
05 (1981): pome,tic communication-satellite Facilities, 35 
F.C.C.2d 844, 856-59 (1972) ("Domsat II"). 
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Figure V-1 provides a pictorial summary of the 

aajor ele■ents of each of the •Y•tem •egments. 

The IRIDIUM •y•tem architecture ls extremely flexible 

and has been designed with the following objectives in mind: 

• Efficient use of spectrwa 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. 

B. apace ••a•nt 
The Space Segment includes a constellation of 77 small 

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

switched digital co-unications 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 use of higher satellite antenna gains and reduce the RF 

power required in the •atellite 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 

~ the case of cellular telephones a static set of cells serves a 

large number of aobile users; in the case of IRIDIUM, the users 

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

appear static while the cells aove. As each satellite nears the 

poles, the outeraost spot beams are disabled to eliminate 

unnecessary overlap with beams from adjacent satellites. ~ 

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 •ilea 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 beaas never intercept the earth. 

Each satellite can co-unicate with earth-based 

gateways either directly or through other satellites by means of 

the crosslink network. The system architecture is designed to 

acco-odate 250 independent gateways, although initially between 

sand 20 gateways 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 ot this decade; however, 

IRIDIUM allows for capacity growth in subsequent years as the 

need arises. Technological imp1ovements in power available on 
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board apacecratt, launch weights, antenna technology, electronic 

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

• within the overall ayat•• design that provides tor a natural 

evolution as IRIDIUM ■aturea. 

Th• IRIDIOM ayatam has been daaignad to meat the 

technical requirements set forth in the international Radio 

Regulation• and the applicable provisions of Part 25 of the 

COIIIDlission•• Rules and Regulations. The system design also is 

fully compatible with all compliant ROSS systems, the radio 

astronomy c01IDlllll\ity and GLONASS. 

The major satellite characteristics are shown in Table 

v-1. The following subsections will describe in greater detail 

these and other aspects of the IRIDIUM system. 
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'l'ABLB V-1 

K&JOR IRIDI'Qll 8A'l'BLLI'l'I CDUC'l'DI8'1'IC8 

Stabilization 

Mi■■ion Lite 

Station Keeping 

Frequency Band■ 

Earth Coverage 

Max. NUJlber of Uplink 
Channels per Satellite 

Max. NUJlber of Downlink 
Channels per Satellite 

NUlllber Intersatellite 
Channels per Satellite 

N\llllber Gateway Channels 
per Satellite 

Total Occupied Bandwidth 

Polarization 

Transait EIRP 

Satellite G/T 

Wet Mass vi th ~Reserve 

Orbit 

3-Axi• 

5 Years 

+/- 0.5 Degree• Attitude Accuracy 
+/- 20 Kilometers Position Accuracy • 

1610-1626.5 MHz 
18.8-20.2 GHz 
27.5-30.0 GHz 
22.55-23.55 GHZ 

5 Killion Square Miles Per 
Satellite 

llO per cell averaged over 37 c~lls 

110 per cell averaged over 37 cells 

3,000 Maximum 

2,000 Maximum 

16.5 MHZ@ L-band 
200 MHz@ Ka-band (crosslinks) 
100 MHz@ Ka-band (gateway uplink) 

Right Circular 100 MHZ@ Ka-band 
(gateway downlink) @ L-band, 
Ka-band (Gateway and TT,c links) 

Vertical@ Ka-band (Intersatellite 
links) 

12.4 to 31.2 dBw@ L-band 
14.5 to 27.5 dBw@ Ka-band 

(Gateway) 
37.9 dBw@ Ka-band (Intersatellite) 

-19.6 to -5.3 dBi/K@ L-band 
-10.1 dBi/K@ Ka-band (Gateway) 
5.3 to 7.0 dBi/K@ Ka-band 

(Inter-satellite) 

386.2 kg. 

Polar (7 planes) 
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1, Cell bpaqggt IPA Jrequepqy It»•• 

•. Sattllitf L-l•d bt•py Jatt•rp 

Each satellite ha• the capability of projecting 37 L­

band spot beau on the surface of the earth. The spot beams fonn 

a continuous hexagonal pattern with one center spot beam 

surrounded by three ring• of equally-■ized beams. The three 

rings consist of 6, 12, and 18 spot beaiu, respectively. Each of 

the 37 ■pot beams i■ 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. 

miles for each satellite. Each satellite is in view py a, single 

ISO for approximately nine ainutes. 

Each satellite has 6 multiple be- phased array 

antennas plus one fixed beaa cupped dipole antenna. The phased 

array antennas are located on the side panels of the hexagonal 

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

beam antenna i■ located on the bottom of the satellite and forms 

a single cellular baa. in the nadir direction. Active 

TranS1RitfReceive (T/R) module■ are utilized to provide power 

amplification for the transait 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 trans.it 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 pha■ed array (beam type■ 1-6) i■ repeated for 

each of the ■ ix panel ■. The nadir call (beam type 7) i■ served 

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

Each of the phased array antenna beama have been optimized to 

provide the desired cell coverage, The antenna aperture gains 

(on-boresight) and bea.widths 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. 

TABLII V-2 

A!ITDln APDTOllB QAUIS U1> BDltlnD'l'JIS 

Aperture 3 dB BellllVidth Elevation 
Beam Type Gain (dBi) Azauth (deg) 

1 25.0 19. 0 5.4 
2 25.0 19.0 5.4 
3 25.0 19. 0 5.4 
4 23.9 19.0 7.0 
5 23,0 19.0 8.5 
6 20.0 26.0 11. 5 
7 12.0 45.0 45.0 

Porptiop of th• Ctllplar Patt1rp 

IRIDIUM operates with a 7-cell frequency reuse pattern, 

as shown in Figure v-11. The cells denoted as A through Gare 

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 •ay be made and receptions of 
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EXliIBIT I (Revised) 

TECHNICAL INFOR¥.ATION 

::er.te:- ?:-eqi..:e:i.cy 
::~a~r.el 3an=wijth 

~a~eway and ~~&C {Cpl!~k) 
r:)ownlink) 

Cen~er =~equency 

Channel Bandwidth 

Intersatellite Link 
Polarization 
Center Frequency 

Channel Bandwidth 

Final Amplifier output Powerl,, 

L-Band 
(Cells 1 - 37) 

Ka-Band 
Gateway 

Intersatellite 

:5.l0-1626.5 M:iz '.:.6.5 ~Z) 
~iqh~ ~and c~rcu:a~ 
?:)!"'.A c:::-:::ss Band 
:ao K:fz ::iownlink 
: 2 6 ;;:-;z :::pl ink 

27.5-30.0 GHz (lOO MHz) 
:s.a-20.2 GHz 1100 MHz) 
~ight Hand Circular 
5 Channels (single channel per 
:!.ink) 
15 MHz 

22.55-23.55 GHZ (200 MHZ) 
Vertical 
8 Channels (single channel per 
link) 
25 MHz 

1.5 to 11.s Burst Watts per 
carrier 

1.0 to 25.0 Watts per 
channel 
5.1 Burst Watts per carrierl' 

Receiving System Noise Temperature1' 

L-Band 
Ka-Band 

Gateway 
Intersatellite 

553 •K 

1454 'K 
789 - 1114 'K 

See Appendix A of IRIDIUM system application. 

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

orbital Locations21 

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 

+ /- o. 5 Degrees 

+/- 20 kilometers 

6' _, 

+/- o.s Degrees 

See Appendix A of IRIDIUM system application. 

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

;i 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. 

See Section V of the IRIDIUM system application. 

See Section V of the IRIDIUM system application. 
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Estimated Minimum Lifetime of 
In-Orbit Satellite21 

Attitude Stabilization and Station­
keeping systems 

Electrical Energy System 

Emission Limitations (L-Band) 

Channel Bandwidth 

Spurious Emissions Attenuated 

5 Years 

280 KHZ 

JO dB@ 100% x Channel Bandwidth from carrier 
60 dB@ 200% x Channel Bandwidth from carrier 

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

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

ii 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 PATTERN 
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FIGURE V-5 CELL 2 PATTERN 
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FIGURE V-7 CELL 4 PATTERN 
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FIGURE V-8 CELL 5 PATTERN 



Motorola Solutions, Inc., Ex1029, p. 95

- 55f -

®""°ro~ 

FIGURE V-9 CELL 6 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. Spectr\llll Utilization and Frequency and 
Polarization Plans 

The IRIDIUM system will receive and transmit signals in 

the United states at the following frequencies: 

Subscriber Unit 
Uplink and Downlinkll' 

Gateways and Satellite 
Control Facilities 

Intersatellite Crosslinks 

1610-1626.5 MHz 

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

22.55-23.55 GHz 

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 ROSS 

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

service. 

a. Frequency 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 

llt 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.ll' 

The downlink uses Digital Speech Interpolation (OSI) 

techniques to reduce its bandwidth. A 2.2:1 OSI 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 IRIDIUM 

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 (u~­

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. ~ Appendix B. 

The IRIDIUM system crosslinks require 200 MHz of 

spectrum. The appropriate allocation for this type of service is 

the Intersatellite Link Service ("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 

These figures assume a£u.l.ly-~perational GLONASS system. 
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general geocentric isolation of the two systems the likelihood of 

unacceptable interference is low. 11' 

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. Compatibility with Other RDSS Systems 

IRIDIUM is; fully compatible with all compliant RDSS 

systems and will not cause objectionable interference to any 

licensed system. See 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. 

11' It should be noted that the FCC Industry Advisory Committee 
to WARC-92 is recommending additional ISS allocations in the 22 
and 33 GHz 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. Traffic capacity 

The multiple access format for IRIDIUM uses both time 

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

in a very efficient use of spectrum. A 14 slot TOMA 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 MHz from 1610 to 1626.5 MHz 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. ll' 

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.~1 

For ROSS only applications, the traffic capacity would 

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

lll These capacity figures may be reduced somewhat depending 
upon the future deployment of GLONASS. 
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single burst in the TOMA time slot. Each cell exchanges two 

bursts every 60 milliseconds, or 33.3 bursts per second. 

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 ROSS traffic carriers on the 

downlink, the total system capacity would be over 191 million 

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

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

4. CollllllUnications Subsystem 

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 Ka-band crosslinks from satellite to satellite. The transfer 

of Telemetry, Tracking, and Control ("TT&C") 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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a. L-Band &µ):,scriber 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 

TOMA modulator channels per satellite. The larger uplink channel 

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

compression ratio on the downlink. 

The L-Band communications subsystem is designed to 

support bit error rates of less than 10·2 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. Intersatellite crosslinks 

To for111 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 or 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 OSI 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 link is 25 Mbps and the channels are spaced at 

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

a bit error rate of less than 10·1 using rate 1/2 FEC coding. 

c. Gateway 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 OSI 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 10·1 using 1/2 rate FEC. 

s. Transmission Characteristics 

a. Provision of ROSS and Other services 

The IRIDIUM system has been designed to provide ROSS 

plus voice and data services using digital transmission in a 

combined time and frequency division multiplexing scheme. ROSS 

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 



Motorola Solutions, Inc., Ex1029, p. 113

I ! ®M'C•~ ~ 

Gateway Antenna 
100 

80 

<,() 
! ............ 

40 . .. . .. ·•···• ..... ··•······· ......... . 
: 

~ 20 

~ 
........ ··························r························· • 

. . . . 
~ 0 u 
·t:1 a z 

••000,00• ••••••••• .. •• •Hoo•• •••••••••••••••O• ••• ,;,,,.,0000000000•00• •H H••• •• ,;,,, •• .. ••••• .. •• • oOoOo•O•O . . 
i f 
~ . 

........ ···························r•··••···················· •·••····· 

.... . ................ :,................ .. 
I 
: 

·························=········ .. ··············· 
i 

-80 

-50 0 50 JOO 
, 

FIGURE V-18 Naulical Miles 

SATELLITE GATEWAY DOWNLINK ANTENNA PATTERN - 0 NMI FROM NADIR 

m@))u 

0\ 
VI 

"' 



Motorola Solutions, Inc., Ex1029, p. 114

@.-onwwA ·[m((l)u 
'Gateway Antenna 

100.--,~-,,...--.----::::,,--.-----=:c---.--~---•o 

W ~~ 8 
ro . ····························;············ ...... ·:o 11 

40 .. ........................................ . ..... . 

20 .... ...... i················· ...... +·· ....... · . . . . . . . . . . . . . . . . . . . 0 ...... ············ .;. ............................. ; ........................ . , .. ·!-·· ···•··· ....... . 
~ i ; . . 

..:20 ... ....... ;., .......................... +..... ....... ... ... . ......... . .. . 

... ·······•··•·•············"······· . . . ...... . 

··················································•········ 

FIGURE V-19 NaulJcal Miles 
SATELLITE GATEWAY DOWNLINK ANTENNA PATTERN- 100 NMI FROM NADIA 

0\ 
l.n 
C" 



Motorola Solutions, Inc., Ex1029, p. 115

@weU11N• 

FIGURE V-20 

Gateway Antenna 

: -6 
. . . . . . . ~- . . .. . . . . . . . . . . . ........ . i-4 .............. . 

. Beam .;caninqJ 
.:. . . ... ··••· ····:· .... •·· .. . .. 

: . . . . . . 
. . . ... ··········· ·••··· ·····~-·-·· ·•··•····• ·•···•·······;······· ·········· ... ········ ................ .. ... .. . .. 

. . .......................... t·•··· .......... · ........ -i-·················· ......... 1······ ............... ·•·· 
. . . . . . 

0 
. . . ·····••····. ·•. ·••··········t···· .......... ···•· ..... ·•··•:··· ........... ·•·••·• ....... •!·•···· .......... ·•· ...... . 

-2 l l l 
. . ............. ·•···········- ·•·•················ ·•······ •·············· ···••·•············•·· ·········••· ·•······· . . . 

·; ; ~ . . . . . . . . . . . . 
-40 ... ················· ... + ······· ................ ; ........................ : ..................... . 

. . . . . . . . . . . . . . . . . . . . . 
··•··•··•···•:---··· ··············• ··•····• ......... ···••·•····· 

········•····· ..................................... . 

200 

Nautical Miles 

150 300 

SATELLITE GATEWAY DOWNLINK ANTENNA PATTERN- 200 NMI FROM NADIR 

"' u, 
0 



Motorola Solutions, Inc., Ex1029, p. 116

®"'°nNWA 

FIGURE V-21 

40 

-40 

..(j() 

Gateway Antenna 

. . ..... ! ..... .......... ···••··········1······························t······················· 
; : 

·canned ; ...... ·from·oa .,:. ......................... ,: .............. . 
. : 

··········1············ ... ············t·················· 

............................ I ............................. ! .............................. !·.·····••· ............ ····· . . . 
: : : .. + .L + 

........ 1 ............................ i ........... ........ ······· ..................... -
' 1 

: • ·•·•··••··Z·"'' .................... . ······· ···················r·······················•·····r··········••·-·-·· 

.1 ............................. / ................. . 

.. ·····••······f ·········••·················· i···········•··· 
: : . : 

250 300 

Nautical Miles 

··••····'···················•········ 

.................. 

350 400 

SATELLITE GATEWAY DOWNLINK ANTENNA PATTERN· 300 NMI FROM NADIR 
I 



Motorola Solutions, Inc., Ex1029, p. 117

Gateway Antenna 

-8 
··••·t•······•····· ~--··········· 

......... : .......... . 

.. -~--. ······ ...... ; ........... . . : 

-
2
,00 250 300 3.SO 400 450 .SOO 5.SO (i()() 

FIGURE V-22 Nautical Miles 

SATELLITE GATEWAY DOWNLINK ANTENNA PATTERN· 400 NMI FROM NADIR 

0\ 
VI 
111 



Motorola Solutions, Inc., Ex1029, p. 118

@ MOl'lNIIXA 

• $0 
. . .... · .............. · .............. . 
: ~ ~ [ 

: . . : . 
···-r········ .... r ........... l ........ ·

1 

.......... l .. 
0 ...... ········· .... t .... ····· ·· 1···· ··· .. ···t······· ····i- ·· ·· ········ ··l······· 

~ ~ ~ i 
······t··············~··············i···············: :··•······ ····1··· 

. ~ ~ 

j 
·······i··············l········· ..... J ..... . 

. . 

-15 ........... ~--· ........... -;- ........ . 

-2~00~-~..:::350:b--4.L00--=4::t:,50~-5...1.00--5-1.5-0-600~-6:-::5~0-7::-;00 

FIGURE V-23 Nautical Miles 

SATELLITE GATEWAY DOWNLINK ANTENNA PATTERN- 500 NMI FROM NADIR 

0\ ..,, ... 



Motorola Solutions, Inc., Ex1029, p. 119

. . . . . 
.. . .. ... t·· .. ··········~-~-........... ~-- .... ' ..... •-·~ .. -· ..... ···-~· .... ····· ····{ ........... . 

. i ; ; Scann~ 
' . ' '<,000 . . nadir 

100 ....................... i ............. .L ... -2 .... ~ ............ + ....... : ..... 1·····--....... r 
: : : . . . . . . . . . . . . so . ~ ; ; . .. . :. ..f" ......... "[' ......... . 

0 . :::•·1•••:•:•:••· 1••···········•1••········ ·••1••··· ...•••. ! ............ j·· .........•............ 

: : : 
........... ;- ·······•··-·· i- ............ --~·-". __ ,., _____ ~·-·····... .. ··········- ··•· ········ 

i . : . 

; ............. !- ............. ! .. ............ -! ............. ; ..... . 
. . . . . . . 
: : : 
; ; : : 

-150 ....... ·i ........... r .......... t•~ ..... ; ............. · j 

FIGURE V-24 Nautical Miles 

SATELLITE GATEWAY DOWNLINK ANTENNA PATTERN. 600 NMI FROM NADIR 

"' u, 
,Q 



Motorola Solutions, Inc., Ex1029, p. 120

en 
u 

:::: 
~ 

200 ······ 

ciJ 0 
0 

·LJ 
ii} 
z 

FIGURE V-25 

-200 

Gateway Antenna 

"ed······· 

··•·I· .. ·: . .... .. ·····. 

Nautical Miles 
SATELLITE GATEWAY DOWNLINK ANTENNA PATTERN- 700 NMI FROM NADIR 

"' UI 
::,-



Motorola Solutions, Inc., Ex1029, p. 121

' 
Gateway Antenna 

FIGURE V-26 Nautical Miles 
SATELLITE GATEWAY DOWNLINK ANTENNA PATTERN - 800 NMI FROM NADIR 

"' "' ... 



Motorola Solutions, Inc., Ex1029, p. 122

"' _g 

~ 
-;a 
0 .... ... 
::, 

"' z 

0 ................ I 

600 

Gateway Antenna 

·· · ·· ···· .. , .. · · .. ...B~am S~ed ··· .. · 
..-_:.,_--7--~·~LOI!J!·~from nadir 

. . ··•····:···•·•·· ······•···:.········•·····•·· 

---•. 

........... ~--. .. . . .. . . ..... .. : , .... "" ... " .. ' ~" ...... " ..... " 

700 800 900 JOO() 1100 

FIGURE V-27 Nauticiti Miles 

SATELLITE GATEWAY DOWNLINK ANTENNA PATTERN- 900 NMi FROM NADIR 

"' "' '-'· 



Motorola Solutions, Inc., Ex1029, p. 123

! @a.oNMN¥A ~ 

141 
Gateway Antenna 

113 

85 ······· .. ···········•·-·¥••·············· •· 

57 ... ·················r···----········· ··-

• 
n 28 

~ 
fl 0 

"[I 

a -28 z 

········· -·········· .............. ••r···················-······ ········· 
. . . . . . . . . 
: ! : 

...•..... ·•··········· . -~ ························· .... ; ...•....................... ·--i--- ···•·········· .••.•.•.. 
2 i 1 . . . . . . 

••••••••• •••••••••••••••••••••••••••-:•••••o,••••••••·••••••••••• •••••••• 

'1 -57 

1 
-85 

··- ·················r··········-··-·· ... 

--------------- ··········r·····-------------------

-113 .. 

-141 
-71 0 71 141 

I 
FIGURE V-28 Nautical Miles 

SATELLITE GATEWAY UPLINK ANTENNA PATTERN· 0 NMI FROM NADIR 



Motorola Solutions, Inc., Ex1029, p. 124

- 66 -

of the start of downlink transmissions by correlation detection 

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

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 ("POCA"). 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 Characteristics 

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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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 TOMA frame. A typical uplink TOMA 

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

slots. Each ISU 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 

frequency 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 objectives 

The IRIDIUM system is designed to provide service to 

virtually 100% of the earth, 99.5% of th~ 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 .001 and .0001. 

d. Link Performance Calgulations 

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. Telemetry. Tracking and Control Subsystem 

The Telemetry, Tracking, and Control ("TT&C") 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 TT&C 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 TT&C 

subsystem. Typical functions of the TT&C 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 ~and, and telecommand 

uplink transmissions utilize the 27.5-30.0 GHz band. 

Alternatively, TT&C data may be conveyed to any gateway using the 

satellite crosslink network provisions. TT&C data normally are 

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

crosslink transmissions during on-station operations, but during 

transfer orbit operations the TT&C 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 TT&C communication link signal margins 

are adequate to permit a ground station antenna of moderate 

beamwidth (approximately 1 degree) to receive and transmit TT&C 

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 TT&C satellite transmission 

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

TT,c SATELLITE Tll.ANBMIBBIOH CJIARACTBRIBTICB 

on-Station 
Transfer Orbit Communications 
(Omni Antenna) 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 Sequential data, Sequential data, 
Selected data Selected data 

Modulation FSK QPSK 

Data Rate 1 kl:>ps 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 TT&C earth control 

station, the spacecraft command subsystem generates a digital 

command verification message which 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 

COMMAND SIGNAL CHARACTERISTICS 

Transfer Orbit On-Station 

Frequency 27.5-30 GHz 27.5-30 GHz 

Ant. Polarization Linear RCP 

ModuJ.ation FSK QPSK 

Receive Flux Density (Uses Gateway link 
-60 dBW/m2 max. or Cross-link) 

Data Rate 1 kbps 12.5 mbps (total 
uplink data rate) 

7. Autonomous Navigation and control 
subsystem 

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 

torquing 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: 

Parking orbit: Determines altitude and position. The 

momentum wheel, torquers 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. 

Mission 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 torquing. Wheel speed 

commands and magnetic torquing 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. Torquing 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. 

MANS 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 knowledge 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 thrust 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. 

a. Propulsion Subsystem 

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 a­

year mission life including the delta-velocity functions. 

TABLB V-5 

PRBLIXIIIARY PROPBLLAIIT 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. 

,. Electrical Power Subsystem 

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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• 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 grou.nd 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 astromast 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. 

array; 

The following mechanisms are used to deploy the solar 

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

• Cable release provided by redundant pyre activated 
cable cutter. 

• Deployment sequenced using simple thermo 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 



Motorola Solutions, Inc., Ex1029, p. 139

- 79 -

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/100 

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

capacity). Recharge rate occurs at a level of c/1.2 to c/1.8 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 BtJ'DGBT 

SUBSYSTEM 

Communications 
Electronics 
K band pwr amp(PA) 
L band pwr amp(PA) 

Attitude Control 
Telemetry, Tracking, and Cmd 
Electrical power and Distrib 
Thermal Control 
Battery Charge 

TOTAL LOAD 

Panel Capability 

Margin (%) 

EOL(5 yrs,avg pwr) 

433 
21 

232 (battery supplied) 
50 
20 
75 
20 

750 

1369 (excluding L band PA) 

1429 watts 

60 watts ( 4%) 

10. satellite Physical Description 

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. 



Motorola Solutions, Inc., Ex1029, p. 145

- 83 -

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

TABLE V-7 

SPACECRAF'l' MASS 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 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 Reserve 386.2 

11. Operational Lifetime and Space segment 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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Redundancy will be provided on critical hardware as 

determined to be necessary through reliability analyses and 

predictions • 

c. Gateway segment 

1. QV•rvi•w 

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. Two 

additional sites will be located in eastern and western Canada to 

provide coverage for that country as well as Alaska. 11' 

Each Gateway contains an Earth Terminal and Switching 

Equipment necessary to support IRIDIUM's Mission Operations. 

2. Jartb t•rmipal 

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 

111 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 TOMA buffers. 
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TULi v-a 
GATDAY BARTH TERX:t:NAL BlJMMAJI.Y 

Data Rate 

Error Correction Coding 

Modulation 

Frequency Bands: Transmit 
Receive 

Ground Tracking Antenna 
Diameter 

Gain 

Maximum Sidelobe Level_ 

3 dB Beamwidth 

Pointing Angle Range 

Ground Acquisition Antenna 

Transmitter EIRP 
Clear Weather 
Heavy Rain 

Receiver G/T 

Minimum Eb/No 

12.5 Mbps 

Convolutional, Rate=l/2, K=7 

QPSK 

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

3.5 Meters 

54.0 dB@ 20 GHz 
57.5 dB@ 30 GHZ 

20 dB below main beam peak 

0.36 Degrees@ 20 GHz 
0.24 Degrees@ 30 GHz 

360 Degrees Azimuth 
+5 to 90 Degrees Elevation 

Passive Array, Configuration 
TBA 

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

23.2 dBi 

6. 9 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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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 10-• 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 ("TT&C") 

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. switching Equipment 

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 

Mission Operations 

Each gateway provides external interfaces that allow 

IRIDIUM 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. 

s. PSTlf Interconnection 

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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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 OSI standards developed in the 

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

CCITT V and X Series Recommendations. 

D. system control Segment 

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 Operations 

The primary functions of the constellation operations 

subsystem include: 
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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. 

Network Operations 

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. Location of sea sub■y1t1ms 

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. Subscriber onit segment 

Communications between the ISU and the satellite is 

over a full-duplex FDMA channel in TOMA 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. 

TABLB V-t 

SlJBSCRIBBR UNIT StJJOIARY 

Coded Date Rate: Uplink 
Downlink 

Error Correction Coding 

Modulation 

Frequency Band 

Antenna: 
Type 

Gain 

Area of coverage 

Transmitter EIRP: Peak 
Average 

Receiver G/T 

Minimum Eb/No 

180 Kbps 
400 Kbps 

Convolutional, Rate=3/4, K=7 

QPSK 

1610.0-1626.5 MHz 

Quadrifliar Helix 

+l. 0 to +3. 0 dBi 

360 Degrees Azimuth 
+10 to 90 Degree Elevation 

8.45 dBW (7.00 Watts) Maximum 
-4.70 dBW (338 Milliwatts) 

Maximum 

-23.8 to -21.8 dBi 

3.1 dB @ BER-10·2 

ISU uplink TOMA 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 TOMA frame alignment. The ISU also 

compensates for the satellite Doppler frequency shift by 

adjusting the uplink transmit frequency. 
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F, Launch segment 

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 ("LCC") 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 LCC 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. REQUESTED WAIVERS OF COMMISSION ROLES 

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 

waivers.ll' 

A. Request Por Waiver Of Frequency Allocation 
To Permit co-Primary Voice And Data services 
As A Nonconforming Osa Of The ROSS 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 ROSS band • .li' 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 ROSS band for the provision of generic 

mobile satellite services comports with the Commission's own 

publicly espoused policy goal of reallocating the ROSS band for 

co-primary ROSS and generic MSS use. 

1. Nonconforming osas of the Frequency 
Spectrum Ara Permitted in Appropriate 
situations 

Both the Commission's rules and the international Radio 

Regulations provide for nonconforming uses of frequencies 

47 C.F.R. § 1.3 (1989). ~~WAIT Radio v. F.c.c •. 418 
F.2d 1153 (D.C. Cir. 1969). 

_li/ 47 C.F.R. §§ 2.106, 25.392(d) (1989). 
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provided that no harmful interference is caused to existing 

allocated services.i21 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 accolllltlodate 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.~1 

2. The Proposed Nonconforming Ose of the 
RDSS Band Satisfies the commission's 
Waiver standard 

a. The 1610-1626.5 Band Is Onderutilized 

As discussed in the ROSS Licensing Order,il1 the 

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

to license multiple ROSS systems so as to foster competition in 

the provision of radiolocation and radionavigation services. The 

i2I 47 C.F.R. § 2.102 (1989); International Radio Regulation No. 
342; DBS Systems, 92 F.C.C,2d 64, 68 (1982) (Commission generally 
allows nonconforming uses in appropriate situations). 

ill ~ Bangor and Aroostook R.R. co., 5 F.c.c. Red 1199 (1990); 
Big Bend Telephone co., 2 F.c.c. Red 3068 (1986), and cases cited 
therein. 

ill 104 F,C,C.2d at 653. 
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Commission perceived sufficient market demand for dedicated RDSS 

services to support several licensees.ill 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.il1 

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-deter111ination services to the public.il1 

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 

the frequencies to lie fallow. 11il1 

.ill 

ill 

IJ;l. at 662-63. 

IJ;l. at 653. 

. than by allowing 

~ WARC-92 second Inquiry Notice, F.c.c. 90-316, at 1 70; 
GTE Spacenet Corp •. 1 F.C.C. Red at 1163; GTE Satellite Corp., 
Mimeo Nos. 5175 & 1181 (released June 16, 1986, and December 2, 
1985, respectively); GTE Spacenet corp .. 4 F.c.c. Red 4538 
(1989). 

Bangor and Aroostook R.R. co., 5 F.c.c. Red at 1200. 
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b. Operation of IRIDIIJM in the ROBB Band 
Will Hot Interfere With the Operations 
ot Any Other Authorized Service Providers 

In its ROSS Licensing order, the commission indicated 

that nonconforming uses of the ROSS band could be permitted if 

there is no prospect of causing harmful interference.il1 As 

demonstrated in Appendix B, the IRIDIUM 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 ROSS band users are 

virtually nonexistent. 

c. The Existing Allocation for Generic 
MSB Is Clearly Insufficient 

The Commission itself has already recognized that 

additional bandwidth must be allocated to the generic mobile 

satellite service and that the ROSS band is the most appropriate 

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

Inquiry Notice. the commission explicitly noted that the demand 

for generic MSS 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.".!!' Consequently, the Commission has endorsed proposals 

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

.!!I 

104 F.C.C.2d at 660 • 

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

advocate such a reallocation at WARC-92.iil 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. 121 

d. Granting a Waiver for Primary Voice 
and Data Services Will Serve the 
Pul;>lic Interest 

Granting a waiver to pennit the IRIDIUM system to offer 

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

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

1626.5 band and the public interest for several reasons. ·First, 

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 pennit multiple new entrants to use capacity 

on IRIDIUM to make ROSS 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 ROSS bandwidth at 

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

spectrum. Third, IRIDIUM can provide both supplemental ROSS 

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

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

ill .Ig. at 1 70 • 

.S.U, LS.., Communications satellite corp., 5 F.c.c. Red 
4117, 4118 (1990). 
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Fourth. the requested waiver will promote "the 

Commission's policy ... to encourage advancements in 

communication system design and to foster communications that 

promote the safety of life and property. n.llt Finally. permitting 

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

competitiveness in international telecommunications generally and 

place the United States at the forefront of developments in low 

earth satellite technologies. 

B, Request for Waiver of ROSS Technical Rules to 
Allow for Op and Downlinks in ROSS L-band and 
for Non-spread SpectrWD compatibility 
Techniques 

Motorola also requests waivers of two technical 

requirements contained in the ROSS rules. First, Motorola seeks 

a waiver of Section 25.202(a) (2) of the rulesll' 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 rules.a' to allow the use of non-spread spectrum 

techniques for ensuring IRIDIUM'S compatibility with other 

licensed ROSS systems.ll' 

.Ill Aeronautical Radio Inc., 5 F.c.c. Red 3038 (1990). 

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

47 C.F.R. § 25.392(f) (1989). 

lll 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 ROSS. The Commission has traditionally advocated the 

efficient use of the frequency spectrum, including the bands 

allocated to ROSS, 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.1§1 By using both uplinks and downlinks 

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

2483.5-25.00 MHz band for other users, 2 ' 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 ROSS compatibility requirements and serve the 

Commission's policy favoring multiple entry. The Commission 

~, ( ... continued) 
techniques for radio astronomy other than those specified in 
Appendix D to the ROSS Licensing Order, such as those set forth 
in Appendix B hereto. 

~ Aeronautical Radio, Inc., 5 F.c.c. Red at 3039. 

ROSS Licensing Order, 104 F.C.C.2d at 653-54 • 

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

techniques for avoiding interference with other ROSS licensees 

because it was the only technology proposed at the time which 

appeared to permit multiple entry. 3 ' 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 ROSS 

were established. Indeed, the Commission is required to adjust 

its rules and policies in the face of changed circumstances, 

including new and innovative technologies.~' 

vu:. IIITERHATIONAL APPLICATION 

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. 

ROSS Licensing Order, 104 F.C.C.2d at 661. 

~/ WWHT, Inc, Y, F.c.c., _656 F.2d 807, 819 (D.C. Cir, 1981); 
Geller 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 

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

the United States and abroad. With respect to the requested 

international authorizations, Motorola 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 

intern·ational 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.ill 

Motorola understands that it will have to coordinate 

IRIDIUM with INTELSAT and INMARSAT pursuant to international 

ill separate systems, 101 F.c.c.2d at 1062; Tel-optik Ltd., 100 
F.C.C.2d 1033, 1042-46 (1985); Pacific Telecom Cable, Inc., 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 ROSS and 

MSS services over IRIDIUM. 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. ~ 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." See BG 84-

81 (Rev. 1), 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. Th• u.s. Must I-•4iately A4vanee 
:Publish IRIDIUM 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 . .!..!' Such 

advance publication will enable the IFRB to circulate worldwide 

the IRIDIUM system characteristics, including global footprint 

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 ROSS satellite systems, the 

Commission advance published a generic ROSS 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 ROSS subscriber terminals. 

s. It I• Imperative That The co-i■sion Approve IRIDIOH 
In Advance Of The 1992 WARC 

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 

ill 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 
Achieva~l• at WARC if Adopted As a xaior o.s. Goal 

A global primary allocation to ROSS and MSS in the 

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

92 Second Notice of Inquiry. 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 ROSS 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 IRIDIUM 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 MSS/RDSS status. 

Motorola is prepared to make a major effort to assist 

the United States in achieving worldwide primary status for ROSS 

and MSS in the 1610-1626.5 MHz 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 ot IRIDIUM in 
the RDSS Band Can Be Made Subject to the 
1992 WARC 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 
Basten 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. LEGAL, TECllli'ICAL AND FINANCIAL OOALIFICATIONS 

Legal Qualifications 

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 Qualifications 

1. construction and Launch schedules 

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 in 

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 IRIDIUM program is off to an excellent start. 

Table VIII-1 shows the IRIDIUM Program Milestones. This schedule 

assumes FCC authorization of IRIDIUM 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-1 

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. 

TABLB VJ:II-2 

Construction and Launch Milestones Year 

Satellite Construction Begins 1992 

First Satellite constructed 1994 

First Satellite Launched 1994 

First satellite in Service 1995 

Last satellite Constructed 1996 

Last Satellite Launched 1996 

IRIDIUM Begins Operations 1996 

IRIDIUM Provides Services 1997 

2. Proj•cted system costs 

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 construct 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 SYSTZK COSTS ($ 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. sources of Funds 

Motorola, Inc. is firmly committed to meeting all 

IRIDIUM 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 $8.4 billion. 
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Donald R. Jones, Motorola, Inc. •s Executive Vice 

President and Chief Financial Officer, confirms that Motorola, 

Inc. "is fully committed to meet(ing] the construction and 

operating expenses" of the IRIDIUM project. Mr. Jones' statement 

and excerpts from Motorola, Inc.•s 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. 

Revenue Requirements 

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. 

c. Technical oualifications 

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 Ose of Spectrum 

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. c1rtiticate 

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, CONCLUSIONS 

For all of the above reasons, Motorola respectfully 

requests that the Conmission expeditiously grant this 

cornprehensive IRIOIOH system application. 

Philip L, Malet 
Alfred M. Hamlet 
Steptoe, Johnson 

Respectfully submitted, 

MOTOROLA SATELLITE 

~✓~#f 
Title: President. Motorola 

Satellite Cormnunicatigns, Inc. 

1330 Connecticut Avenue, N.W. 
Washington, o.c; 20036 
(202) 429-6239 

Counsel to 
Motorola Satellite 

Communications, Inc. 

December 3, 1990 
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ENGINEERING CERTIFICATE 

I hereby certify 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 appllcatlon, and, that it Is complete and accurate to 

the best of my knowledge and belief. 

1-#ffl f- ...... 
Title: Spectrum Utlllzatlon Manager 

Motorola Satelllte Communications 

Date: December 3, 1990 
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APPENDIX A 

IRIDIUM TRANSMISSION CHARACTERISTICS 

1.0 RF PLAN AND LINK BUDGETS 

Tables A-1 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 links to compensate for vegetative shadowing and inclement weather. Tables 

A-2. A-3 & A-6 are with minimum transmitter power levels, representing clear sky, line 

of sight operation. Tables A-4, A-5 & A-7 reflect maximum transmitter power levels 
with the highest tolerable amount of shadowing and rain. 

Table A-8 shows two conditions of operation: •normal" and "into 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-1 

SPACE VEHICLE RF SUMMARY 

SV-USER USER-SV GATEWAY GATEWAY CROSS 
DOWNLINK UPLINK DOWNLINK UPLINK LINK 

CENTER FREQ (GHz) 1.618 1.618 20.00 30.00 23.0S 
CHANNEL SPACING (MHz) 0.35 0.16 15.00 IS.00 25.00 
MAX • CARRIERS 46 64 2 2 4 
RF PWR TO ANTENNA J.S min 1.2 min 1.0 min 0.55 min 2.5nom. 

(Pealr. Watts Per Carrier) 11.5 max 7.0 max 20.0 mu: 217 max 
MODULATION QPSK QPSK QPSK QPSK QPSK 
CODING RATE 3,'4 3,'4 1/2 1/2 1/2 
CODED DATA RATE (Mbps)0.40 0.18 12.50 12.50 25.00 
MULTIPLEXING T/FDMA T/FDMA T/FDMA T/FDMA TJFDMA 
USER CALL CAPACITY 

PEil SATELLITE 4070 4070 2000 2000 3000 

1 
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TABLE A-2 

SV-USER DOWNLINK, LINE OF SIGHT 

UNITS CELLI CELLS CELI.A CELL 5 CELL6 CELL 7 
21<3 

AZIMU111ANOLE Deg 5.39 19.75 6.59 30.00 10.89 30.00 
GROUND RANOEFROM NADIR NMi 1108.0 1026.9 110.7 744.0 492.1 186.0 
NADIR. A.NOLE Deg 61.56 60.12 57.69 56.26 47.58 23.98 
ORAZJNOANOLE Deg 10.00 12.09 18.82 21.36 34.23 62.93 
SLANTRANOE NMi 1238.4 1157.8 949.9 887.3 664.2 457 .5 

XM11l BURST PWR INTO ANT Walls 1.55 1.51 1.73 2.42 3.13 3.56 
(Per Carrier) dBm 31.89 31.79 32.38 33.83 34.95 35.51 
PEAX ANT OAIN dBi 24.99 24.99 23.87 23.02 20.00 12.04 
EDOELOSS dB 0.50 0.50 1.70 I.SO 2.60 3.80 
SCAN LOSS dB 0.95 1.43 1.42 3.00 3.61 0.00 
TAPER LOSS dB 1.00 1.00 1.00 1.00 1.00 0.00 
XMl'R NET ANT GAIN dBi 22.54 22.06 19.75 17 .52 12.19 8.24 
XMr FEED/CKT LOSS dB 1.30 1.30 1.30 1.30 1.30 1.30 

ElllP dBm I 53 .13 5 2.55 50.13 50 .05 46.44 '2.45 
PATH LOSS dB 163.84 163.25 161.53 160.94 158.43 155.19 
POLARIZATION LOSS dB 0.50 0.50 o.so o.so o.so.. o.so 
GASEOUS LOSS dB 0.30. 0.30 0.30 0.30 0.30 0.30 
MEAN VEGETATION LOSS dB 0.00 0.00 0.00 0.00 0.00 0.00 

TOT PROPAGATION LOSS dB 164.64 164.05 162.33 161.74 159.23 155.99 
RCVR NET ANT GAIN dBi 1.00 1.00 1.00 1.00 2. l 8 3.0 l 

ANT NOISE TEMP OK 150.00 150.00 150.0 150.00 150.00 150.00 
RCV FEED,CKT LOSS dB 1.00 1.00 1.00 1.00 1.00 1.00 
LNA NOISE flGURE dB 0.80 0.80 0.80 0.80 0.80 0.80 

SYST NOISE TEMP, Ts OK 298.93 298.93 298.93 298.93 298.93 298.93 

Grrs dBii°K •23.76 -23.76 •23.76 •23.76 ·22.57 ·21.74 

BOLTZMANN"S, k dB~oK -198.60 ·198.60 ·198.60 ·198.60 -198.60 -198.60 
C/1 dB 18.00 18.00 18.00 18.00 18.00 I 8.00 

JlCV'D C/No dBBz 62.17 62.17 62.87 62.87 62.87 6 2 .8 7 
REQUIRED Eb/No dB 3.10 3.10 3.10 3. 10 3.10 3.10 
CHANNEL PATA RATE dBHz 54.77 54.77 54.77 54.77 54.77 54.77 
IMPI:EMENTATION LOSS dB 2.00 2.00 2.00 2.00 2.00 2.00 

JtEQUIJlEP C/No dBBz 5 9.17 59.17 59.17 59.17 59.87 5 9 .8 7 
LINK MARGIN dB 3 .o 0 3 .oo 3.00 3 .oo 3.00 3. 0 0 

n.ux DENSITY ~r 4KBz BW dBWtm2 -132.1 -132.1 ·132.1 -132.3 ·133.4 -134.1 
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TABLE A•3 

USER-SV UPLINK, LINE OF SIGHT 

UNITS CELL 1 CELLS CELL 4 CELL 5 CELL 6CELL 7 
2&3 

AZIMU1H ANGLE Deg 5.39 I 9.75 6.59 30.00 10.89 30.00 
GROUND RANGE FROM NADIR NMi 1108.0 1026.9 810.7 744.0 492.1 186.0 
NADIRANOLE Deg 61.56 60.82 57.69 56.26 47 .58 23.98 
ORAZINGANOLE Deg 10.00 12.09 18.82 21.36 34.23 62.93 
SLANTRANOE NMi 1238.4 1157.8 949.9 887.3 664.2 457.5 -
XMTR BURST PWR JNfO ANT Watts 1.27 1.24 1.43 1.99 2.58 2.93 

dBm 31.05 30.95 31.54 32.99 34.11 34.67 
XMTR NET ANT GAIN dBi 1.00 1.00 1.00 1.00 2.18 3.01 
XMT FEED,'CKT LOSS dB 0.70 0.70 0.70 0.70 0.70 0.70 

EIRP dB mi 31.35 31.25 31.84 33.48 35.69 37.00 
PA'lliLOSS dB 163.84 163.25 161.53 160.94 158.43 155.19 
POLARIZATION LOSS dB 0.50 0.50 0.50 0.50 0.50 0.50 
GASEOUS LOSS dB 0.30 0.30 0.30 0.30 0.30 0.30 
MEAN VEGETATION LOSS dB 0.00 0.00 0.00 0.00 0.00 0.00 

TOT PROPAGATION LOSS dB 164.64 164.05 162.33 161.74 159.23 155.99 

PEAK ANT GAIN dBi 24.99 24.99 23.87 23.02 20.00 12.04 
EDGE LOSS dB 0.50 · 0.50 1.70 I.SO 2.60 3.80 
SCAN LOSS dB 0.95 1.43 1.42 3.00 3.61 0.00 
TAPER LOSS dB 1.00 1.00 1.00 1.00 1.00 0.00 
XMTR NET ANT GAIN dBi 22.54 22.06 19. 75 17 .52 12. 79 8.24 

ANT NOISE TEMP °K 290.00 290.00 290.00 290.00 290.00 290.00 
RCV FEED,'CKT LOSS dB 1.80 1.80 1.80 1.80 1.80 1.80 
U.A NOISE FIGURE dB 1.00 1.00 1.00 1.00 1.00 1.00 

SYST NOISE TEMP, Ts OK 552.58 552.58 552.58 552.58 552.58 552.58 

Gfrs dBi/°K -5.52 -5.26 -7.59 -9.64 -14.49 -19.S8 

BOL 1"ZMANN"S, k dBm/HzoK -198.60 ·198.60 -198.60 -198.60 -198.60 -198.60 

C/1 dB 18.00 18.00 18.00 18.00 18.00 18.00 
RCV'D C/No dBHz 59.90 59.90 59.90 59. 90 5 9. 9 0 5 9. 9 0 

REQUIRED Eb/No dB 3.60 3.60 3.60 3.60 3.60 3.60 
CHANNEL DATA RATE dBHz 5 1.30 51.30 51.30 51.30 51.30 51.30 

IMPLEMENTATION LOSS dB 2.00 2.00 2.00 2.00 2.00 2.00 
REQUIRED C/No dB Hz 56 .90 56 .90 56.90 56.90 56.90 5 6 .90 
LINK MARGIN dB 3.00 3.00 3.00 3.00 3 .00 3 .00 

FLUX DENSITY per 4KHz BW dBW/m2 -150.4 -149.9 •147.6 -145.4 -140.7 -136.1 
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TABLE A-4 

SV-USER DOWNLINK, WITH MODERATE SHADOWING 

UNITS CELL I CELLS CELL 4 CELL 5 CELL 6 CELL 7 
%&3 

AZIMU'll{ ANGLE Deg S.39 19.75 6.59 30.00 10.89 30.00 .. GROUND R.ANOEFROM NADIR NMi 1108.0 1026.9 810.7 1«.o 492.1 186.0 
NADIR ANGLE Deg 61.56 60.12 57.69 56.26 47.58 23.98 
ORAZINOANOLE Deg 10.00 12.09 18.82 21.36 34.23 62.93 
SLANTRANOI! NMi 1238.4 1157.8 9'9.9 887.3 664.2 457.5 

XM'I1l BURST PWR INJ'O ANT Wat11 1 I.SI 9.59 6.00 7.43 6.90 6.73 
(Per Carrier) dBm 40.61 39.82 37.78 38. 71 38.39 38.28 
PEAK ANT OAIN dBi 24.99 24.99 23.87 23.02 20.00 12.04 
EDOELOSS dB 0.50 0.50 1.70 I.SO 2.60 3.80 
SCAN LOSS dB 0.95 1.43 1.42 3.00 3.61 0.00 
TAPER LOSS dB 1.00 1.00 1.00 1.00 1.00 0.00 
XMTR NET ANT GAIN dBi 22.54 22.06 19. 75 17 .52 12. 79 8.24 
XMT FEEDICKT LOSS dB 1.30 1.30 1.30 1.30 1.30 1.30 

EIRP dB mi 61.%1 60 .,. 5 6 .31 55 .19 50.02 44 .12 
PATH LOSS dB 163.8" 163.25 161.53 160.94 158.43 155.19 
POLARIZATION LOSS dB 0.50 o.so o.so o.so 0.50. o.so 
GASEOUS LOSS dB 0.30 0.30 0.30 0.30 0.30 0.30 
MEAN VEGETATION LOSS dB 12.00 11.62 9.00 8.48 7 .09 6.17 

TOT PROPAGATION LOSS dB 176.64 174.81 170.98 169.94 166.21 162.14 
RCVR NET ANT GAIN dBi 1.00 1.00 1.00 1.00 2.18 3.01 

ANT NOISE TEMP °K 150.00 150.00 150.00 150.00 150.00 150.00 
RCV FEED,CKT LOSS dB 1.00 1.00 1.00 1.00 1.00 1.00 
LNA NOISE FIGURE dB 0.80 0.80 0.80 0.80 0.80 0.80 

SVST NOISE TEMP, Ts OK 298.93 298.93 298.93 298.93 298.93 298.93 

Gtrs dBi/OK ·23.76 -23.76 •23.76 -23.76 •22.57 ·21.74 

BOLTZMANN"S. t dBm/HzoK -198.60 -198.60 ·198.60 ·198.60 -198.60 -198.60 
C/1 dB I 8.00 18.00 18.00 18.00 18.00 I 8.00 

RCV'D C/No dBHz 59.17 59.17 59 .17 5 9 .17 59 .17 59.87 
REQUIRED Eb/No dB 3.10 3.10 3.10 3.10 3.10 3.10 
CHANNEL DATA RATE dBHz 54.77 54.77 54.77 54.77 54.77 54.77 
IMPUMENTATION LOSS dB 2.00 2.00 2.00 2.00 2.00 2.00 

REQUIRED C/No dB Hz 5 9 •• 7 59.17 59.17 59.17 59.17 S 9 .I 7 
LINK MARGIN dB 0.00 o.oo 0 .o 0 0.00 0.00 0.00 

FLUX DENSITY per 4KHz BW dBW/ml -123.3 ·124.6 ·126.7 ·127.3 ·129.6 -131.2 
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TABLE A•5 

USER-SV UPLINK, WITH MODERATE SHADOWING 

UNITS CELL 1 CELLS CELL 4 CEU S CELL 6 CELL 7 
2&3 

AZIMIJl'H ANOlJ! Dea 5.39 19.75 6.59 30.00 10.89 30.00 
OROUND RANG!FROM NADIR NMi 1108.0 1026.9 810.7 744.0 492.1 186.0 
NADIR ANGUi Dea 61.56 60.82 57.69 56.26 47.58 23.98 
ORAZINO ANCU! Deg 10.00 12.09 18.82 21.36 34.23 62.93 
SLANTJlANGE NMi 1238.4 1157.8 1149.9 887.3 664.2 457.5 

XMl'R BURST PWR 00'0 ANT Watts 7.00 7.00 5.52 6.82 6.35 6.19 
dBm 38.45 38.45 37.42 38.34 38.03 37.92 

XMl'R NET ANT GAIN dBi 1.00 1.00 1.00 1.00 2.18 3.01 
XMT PEEDIClCT LOSS dB 0.70 0.70 0.70 0.70 0.70 0.70 

EillP dBai 31. 7 S 3 I. 7 S 37. 72 31.64 39.51 40.23 
PATllLOSS dB 163.84 163.25 161.53 160.!14 158.43 155.19 
POLARIZATION LOSS dB 0.50 0.50 0.50 0.50 0.50 · 0.50 
GASEOUS LOSS dB 0.30 0.30 0.30 0.30 0.30 0.30 
MEAN VEGETATION LOSS dB 12.00 11.62 9.00 8.48 7.09 6. 17 

TOT PROPAGATION LOSS dB 176.64 174.81 170.!18 169.!14 166.21 162.14 
PEAK ANT GAIN dBi 24.99 24.99 23.87 23.02 20.06 12.04 
EIX3ELOSS dB 0.50 0.50 1.70 I.SO 2.60 3.80 
SCAN LOSS dB 0.95 1.43 1.42 3.00 3.61 0.00 
TAPER LOSS dB 1.00 1.00 1.00 1.00 1.00 0.00 
XMl'R NET ANT GAIN dBi 22.54 22.06 19.75 17 .52 12. 79 8.24 
ANTNOISE'raMP °x 290.00 290.00 290.00 290.00 290.00 290.00 
RCV FEED,CKT LOSS dB 1.80 1.80 1.80 1.80 1.80 1.80 
UIA NOISE FIGURE dB 1.00 1.00 1.00 1.00 1.00 1.00 

SYST NOISE TEMP, Ts OK 552.58 552.58 552.58 552.58 552.58 552.58 

Gfrs dBi/°K -5.52 -5.26 -7.59 -!1.64 -14.49 -19.58 
BOLTZMANN'S, k dBm/Hz°K -198.60 -198.60 -198.60 -198.60 ·198.60 -198.60 
C/1 dB 18.00 18.00 18.00 18.00 18.00 18.00 

RCV'D C/No dB Hz SS.64 S 6 .90 S6 .90 S 6 .90 S 6 .9 0 56.90 
REQUIRED ~o dB 3.60 3.60 3.60 3.60 3.60 3.60 
CHANNEL DATA RATE dBHz 5 1.30 51.30 51.30 51.30 51.30 51.30 
IMPLEMENTATION LOSS dB 2.00 2.00 2.00 2.00 2.00 2.00 

REQUIRED C/No dBHz 56.,0 56.,0 56 .90 5 6.90 S6.90 56.90 
LINK MARGIN dB -1.26 0.00 o.oo 0.00 0. 0 0 0.00 

FLUX DENSITY per 4KHz BW dBW/m2 -143.0 -142.4 -142.2 -140.4 -136.9 -133.2 
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TABLE A-6 

GATEWAY LINKS, CLEAR WEATHER 

(MAXIMUM RANGE) 

OROUND RANGE FR.OM NADIR 
NADIR.ANGLE 
ORAZINO ANGLE 
SLANTRANOE 

CENIER FREQUF.NCY 

XMI1l BURST PWR INTO ANT 
(Per Carrier) 
PEAK ANT GAIN 
OFF-PEAK LOSSES 
XMI1l NET ANT GAIN 
XMT FEED,'CKT LOSS 

EIRP 
PA1HLOSS 
POLARIZATION LOSS 
GASEOUS LOSS 
RAINLOSS 

TOT PROPAGATION LOSS 
PEAK ANT GAIN 
OFF-PEAK LOSSES 
RCVJl NET ANT GAIN 

ANT NOISE TEMP 
RCV FEED,'CKT LOSS 
LNA NOISE FIGURE 

SYST NOISE TEMP, Ts 

GfTs 

BOLTZMANN'S, k 
RCV'D C/No 

REQUIRED Eb/No 
CHANNEL DATA RATE 
IMPLEMENTATION LOSS 

REQUIRED C/No 
LINK MARGIN 

FLUX DENSITY per 4KHz BW 

UNITS DOWNLINK 

NMi 
Deg 
Deg 
NMi 

OHz 

Watts 

dBm 
dBi 
dB 
dBi 
dB 
dB•I 
dB 
dB 
dB 
dB 
dB 
dBi 
dB 
dBi 

°" dB 
dB 

1108.0 
61.56 
10.00 
1238.4 

20.00 

1.00 
30.00 
20.00 
2.00 
18.00 
3.50 
44.50 
185.67 
0.50 
3.30 
0.00 
119.47 
54.00 
0.00 
54.00 

30.00 
4.00 
3.00 

°K 1193.44 

dBi/°K 23.23 

dBm/Hz°K -198.60 
dB Hz 76.16 
dB 6.90 
dBHz 67.96 
dB 2.00 
dBHz 76.16 
dB 0.00 
dBW/m2 -155.7 

UPLINK 

1108 .0 
61.56 
10.00 
1238.4 

30.00 

0.55 
27 .37 
S1.SO 
0.00 
57.SO 
3.50 
11.37 
189.19 
o.so 
3.30 
0.00 
192.99 
23.50 
2.00 
21.50 

290.00 
4.00 
3.00 

1453.44 

-10.12 

-198.60 
76.86 
6.90 
67.96 
2.00 
76.86 
o.oo 

-118.8 

6 
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TABLE A-7 

GATEWAY LINKS, WITH MODERATELY HEAVY RAIN• 

(MAXIMUM RANGE) 

UNITS DOWNLINK UPLINK 

OROUND RANGE FROM NADIR NMi 1108.0 1108.0 
NADIRANOLE Dea 61.56 61.56 
ORAZINO ANOLE Deg 10.00 10.00 
SLANTltANGE NMi 1238 .4 1238.4 

CENIER FREQUENCY OHz 20.00 30.00 

XMTR BURST PWR INTO ANT Watts 20.00 217.27 
(Per Carrier) dBm 42.99 53.37 
PEAK ANT GAIN dBi 20.00 57.50 
OFF-PEAK LOSSES dB 2.00 0.00 
XMTR NET ANT GAIN dBi 18.00 57.50 
XMr FEED,'C1CT LOSS dB 3.50 3.50 

EIRP dB ml 57 .so 107.37 
PATlf LOSS dB 185.67 189.19 
POLARIZATION LOSS dB o.so 0.50 
GASFOUS LOSS dB 3.30 3.30 
RAINLOSS• dB 13.00 26.00 

TOT PROPAGATION LOSS dB 202.47 218.99 
PEAK ANT GAIN dBi 54.00 23.50 
OFF-PEAK LOSSES dB 0.00 2.00 
RCVR NET ANT GAIN dBi 54.00 2 I.SO 

ANT NOISE TEMP °K 30.00 290.00 
RCV FEED,'CKT LOSS dB 4.00 4.00 
LNA NOISE FIGURE dB 3.00 3.00 

SYST NOISE TEMP, Ts OK 11'3.U 1453.44 
Gffs dBi/°K 23.23 -10.12 

BOLTZMANN"S. k dBm/Hz°K -198.60 -198.60 
RCV'D CJNo dBBz 76.16 76.16 

REQUIRED Eb/No dB 6.90 6.90 
CHANNEL DATA RATE dBHz 67.96 67.96 
IMPLEMENl'ATION LOSS dB 2.00 2.00 

REQUIRED CJNo dBBz 76.16 76.16 
LINK MARGIN dB 0.0 0 0.0 0 

FLUX DENSITY per CKHz BW dBW/ m 2 °155.7 -118.3 

• CRANE RAIN MODEL, REGION -0", 0.5'1o OtrrAGE 

7 
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TABLE A-8 

CROSSLINKS 

(@ MAXIMUM RANGE) 

UNITS NORMAL INTO SUN 

RANOE NMi 2200 2200 
CENIER FREQUENCY OHz 23.05 23.05 

XMTR BURST PWR INTO ANT Watts 2.46 2.46 
(Per Carrier) dBm 33.91 33.91 
PEAK ANT GAIN dBi 36.00 36.00 
OFF-PEAK LOSSES dB 0.00 0.00 
XMTR NET ANT GAIN dBi 36.00 36.00 
XMI' FEED/CKT LOSS dB 2.00 2.00 

EIRP dBm I 67 .91 67 .91 
PATIi LOSS dB 191.47 191.4 7 
POI.ARIZA TION LOSS dB 0.50 o.so 

TOT PROPAGATION LOSS dB 191.97 191.97 
PEAK ANT GAIN dBi 36.00 36.00 
OFF-PEAK LOSSES dB 0.00 0.00 
RCVR NET ANT GAIN dBi 36.00 36.00 

ANT NOISE TEMP "x 50.00 428.11 
RCV FEED/CKT LOSS dB 2.50 2.50 
I.NA NOISE FIGURE dB 3.00 3.00 

SYST NOISE TEMP, Ts OK 7U.96 1167.07 

Gfrs dBi/°K 7. 0 3 S .33 

BOLTZMANN'S. k dBm/Hz°K -198.60 -198.60 
RCV'D C/No dB Hz 11.57 79.17 

REQUIRED Eb/No dB 6.90 6.90 
CHANNEL DATA RATE dBHz 70.97 70.97 
IMPLEMENTATION LOSS dB 2.00 2.00 

REQUIRED C/No dB Hz 79.17 79.17 
LINK MARGIN dB 1.70 0 .00 

FLUX DENSITY per 4KHz BW dBW/ml -140.2 -140.2 
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APPENDIX B 

SPECTRUM UTILIZATION AND SHARING ANALYSIS 

1. INTRODUCTION 

This paper evaluates the potential for a personal communication low earth orbit mobile 

satellite system (IRIDIUM) to share the 1610 to 1626.5 MHz frequency band with other 

services, Including the Radio Determination Satellite Service (RDSS), GLONASS, 

Aeronautical Public Correspondence (APC) and Radio Astronomy (RA). An example 

of sharing with ROSS services 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 bi-directional, 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 harmful interference to their operations. 

In sharing with ROSS systems, the IRIDIUM system will not interfere with the operation 

of the GEOSTAR system. As presently licensed, the GEOSTAR system will not 

interfere with the IRIDIUM system. An extension of this conclusion is that the system 

can share this spectrum with ROSS systems on a worldwide 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 efficiency and frequency reuse of the IRIDIUM system is such that it 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. 

1 
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3. RF PLAN 

The following describes the RF plan for the up and down links. 

3.1 Uplink 

The uplink would contain up to 102 carriers. These are 180 KBPS OPSK modulated 

carriers that are spaced at 160 KHz and occupy a 126 KHz bandwidth. Each carrier is 

based on TOMA carriers with one channel per burst and 14 bursts per TOMA frame. 

Due to sharing with GLONASS and RA, it is expected that only a maximum of 64 of the 

carriers may be used when the GLONASS system is in full operation. Of these 64 

carriers, 9 are control and 55 are traffic channels. 

3.2 Downlink 

The downnnk consists of up to 46 carriers. These are 400 KBPS offset keyed OPSI< 

carriers that are spaced at 350 KHz and each occupies a 280 KHz bandwidth. These 

are also TOMA carriers, with one channel per burst and 14 bursts per TOMA frame. 

Due to sharing with GLONASS, it is expected that only a maximum of 29 carriers may 

be used. Of 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 (OSI) compression, 55 voice 

channels can use the 25 downlink traffic channels. 

4.0 TRAFFIC CAPACITY 

The multiple access format for the IRIDIUM system uses both time and frequency 

cftvision. This is described in Annex A. A 14 slot TOMA format is used. Since a 7 cell 

reuse pattern is used, each cell may be 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 ROSS capacity is developed in Section 4.2. 

2 
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4.1 Voice and Data Capacity 

The IRIDIUM system places 40 cells over the CON US 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 spectrum. 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 
1628 cells are active over the world. At 110 full duplex voice channels per cell, the 
theoretical maximum worldwide capacity would be 110 X 1628 or 179,080 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 ROSS Capacity 

The traffic capacity of the IRIDIUM system operating as an ROSS 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 CON US 
and 29 carriers/cell. Assuming the average ROSS 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 

3 
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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 

CHANNEL SPACING (KHz) 
CHANNEL BANDWIDTH (KHZ) 
MAX# CARRIERS (10.5 MHZ) 
MODULATION 
CODING RATE 
CODED DATA RATE (kbits/s) 
MULTIPLE ACCESS 
POLARIZATION 
EIRP/CARRIER (dBw) 

DOWNLINK 

350 
280 
29 
OPSK 
3/4 
400 
T/FDMA 
RCP 
ANNEXC 

TABLE 2 

UPLINK 

160 
126 
64 
OPSK 
3/4 
180 
T/FDMA 
RCP 
ANNEX C 

GEOSTAR SUBSCRIBER TERMINAL CHARACTERISTICS 

a. EIRP • 17 to 18 dBw 
b. Burst time • 20 to 80 ms 

c. Transmit polarization: LCP 

d. Multiple access: CDMA 

e. Chip Rate: 8 Mcps 

f. Modulation: BPSK 

g. Spread ratio: 512 

4 
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.. 

6. SHARING 

This section analyses the sharing of IRIDIUM with ROSS (GEOSTAR), GLONASS, 
Aeronautical Public Correspondence and Radio Astronomy. 

8.1 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 sharing analysis is the CCIR Document US IWP-8/15-
USA-6. Annex 1 of that paper is included as Annex B 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 is a summary of the sharing between ROSS (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 B. The interference of GEOSTAR into IRIDIUM is represented by the Carrier­
to-Interference ratio (C/1) in the IRIDIUM satellite. This calculation is performed in 
Annex D. 

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 arrive at the GEOSTAR satellite with variable time delay which has a 
tendency to average the bursts. 

Table 3 shows that the IRIDIUM satellite 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 result in a 14.0 dB C/1 ratio in the 
IRIDIUM satellite. This is considered to be acceptable. 

s 
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The conclusion can be drawn that the systems are mutually compatible and can share 

the spectrum. 

SOURCE 

IRIDIUM satellite constellation 

TABLE 3 

SHARING ANALYSIS 

% LOSS OF GEOSTAR 
SATELLITE CAPACITY 

a Average burst power 1.0 

b. Peak burst power 2.4 

IRIDIUM subscriber tenninals 

a Average burst power 

b. Peak burst power 

GEOSTAR subscriber tenninals 

2.5 
3.0 

C/1 IN IRIDIUM 
SATELLITE (DB) 

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 satellites.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. 

6 
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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 1.0 % 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, which they are not. 

6.1.2 IRIDIUM Subscriber Terminals Sharing with the 
GEOST AR 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 result, 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 Subscriber Terminals Sharing with the IRIDIUM 
Satellite 

The derivation of the uplink C/1 in the IRIDIUM satellite 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 20 to so 
ms and is spread over a 16 MHz frequency band. The resulting 14 dB C/1 is 
considered to be acceptable to the IRIDIUM system. 

7 
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6.1.4 GEOSTAR Subseriber Terminal Sharing with the IRIDIUM 

Subscriber Terminals 

The GEOSTAR subscriber terminals transmit into the receive band of the IRIDIUM 

system subscriber terminal. The probability of interference is low 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 blankers: 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 with 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 Sharing with Radio 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. 

8 
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6.4 Sharing with Aeronautical Publlc 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. 

9 
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ANNEX A 

Multiple 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 t~e 
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 carrier frequencies may be occupied during the uplink 

intervals. 

1 0 
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FIGURE 1 • SATELLITE TOMA FORMAT 
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ANNEX B 

This Annex consists of an extract from Document No. US IWP 8/15-USA-6 

Document Title 

Possibilities for Frequency Sharing Between Mobile-Satellite Services Using 

Geostationary Satellites and Other Services in Approximate Range 1-3 GHz 

The Authors are: 

Tom Sullivan: AMSC 
Jeff Binkes: COMSAT 
Ron Lepkowski: GEOSTAR 

The pan that has been· extracted is Annex I, MSS/RDSS sharing in the 

1610-1626.5 MHz Band. 

1 2 
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A.-.nex I 

¥$S/MSI lhario; !o tJ:at 1110·112§ $ K!r lend 

The capacity of an ~SS inbound (mobile terminal to 
central earth station) transponder is ltmited by external 
interference and by the code noise caused by other spread 
spectrum si9nals passing through the transponder at the 1ame 
time. The effect of a number (X) of auch simultaneous spread 
spectrum transmissions carried over the transponder can be 
estimated from the following formula presented in Section 
3.6.1 of CCI~ Report 1050: 

[Et>/No)· 1 req • I Et>/No)· 1 single + (K-1) (Et>/Not 1 code noise 

and, assu~i~g the the effect• of code noise are about 2/~ the 
effects of thermal noise, 

[Et>/Nolcode noise • 1 .5 • Rs 

where: 

(Et>/Nol req• 

(Et>/Nol single• 

Eb/No required to achieve desired!~~; 

predicted link -£l:)/N0 in absence of code 
noise; 

spread ratio, i.e. ratio of chip rate to 
data rate. 

For the Geo1tar JII)SS •Y•t-, typical Yalue1 are 4.9 
(6.9 dB), 11.1 (10.1 dB) (unfaded condition), and 512 (21.1 dB) 
for (Eb/N0 Jreq, {Eb/N0 J1in9le, end~,, re1pec:tively. Thi1 
re•ult1 in an upper 1111\J.t on JII)SS tran1ponder capacity of 
approximately 92 1imultaneou1 JII)SS 1i9nal1 pa11in9 through the 
inbound tranaponder at any instant. 

The effects of interference from an external HSS system 
can be estimated by calculating the equivalent number of 
simultaneous ~SS transmissions that would be displaced by 
the aggregate noise produced by the HSS transmitters in the 
ROSS bandwidth using the following formula adapted from 
equation (SI of Section 1.4.1 of Annex II to CCI~ ~eport 
1050: 

10 log1 0 (Nrdss] • EIRPmss + 10 log10 [Nmss] • EIRPrdss • DGsat + FBW 

- 1 -
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where: 

Nrdss • eqyivalent null\ber of simultaneous IUlSS use:s 
suppressed by the a;;:e;ate MSS interference 

EIRPmss • EIIU' of an MSS channel (dBW) 

Nmss • null\ber of MSS channels within the RDSS 
satellite receiver bandwidth 

EIRPrdss • EIIU' of I typical JIDSS transmitter (dBW> 

t>Gsat • 

FBW • 

IU>SS space station antenna discrimination 
towards the MSS service area (dB) (assumed to 
be 0 dB for the co-coverage case considered 
here> 

effective attenuation of the MSS 1i9nals by 
the JU)SS demodulation (dBi. 

Tor the case of a narrowband interferin; MSS carrier, the 
correlation process used in the spread spectrum ROSS 
receiving process results in a •~reading of the MSS carrier 
into a sin2(xl/x2 S?ectrum, reducin; the amount of 
interferin9 power falling within the passband of the 
demodulator in the JU)SS ssystem. For multiple interfering 
HSS carriers evenly spaced across the RDSS transponder 
bandwidth, this interference reduction effect is reflected in 
the value of the FBW factor, which can be calculated from the 
following formula derived as an extension of formula (6) in 
Section 1.4.1 of Annex II to CCIR Report 1050: 

FBW • 10 log10 I -
where: 

BWmss • banwidth of MSS channel (MHz) 

~BW • frequency separation between HSS channels (Mll&l 

and 8 mcps is the transmission rate of the direct sequence 
pseudorandom noise code of the Geostar RDSS system. 

The following figure plots the loss of ROSS ca?ecity as 
a function of the number of MSS channels with an El~ of 22 

- 2 -
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d3~ (c0rrespondin9 tc an Irunarsat•H land mobile earth 1taticn 
channel) using the formulas given abcve. 

In satellite sharing studies, it is generally accepted 
that nc mc:e than 20\ 0! the ncise in a channel should be 
p:cduced by othe: satellite systems. In the case of 
inter!erer.ce !rem an HSS system into a spread spectrum R:lSS 
system, this can be approximated by a 20\ loss of ~ss 
capacity using the formulas given above. For the assumptions 
used in this analysis, a na:rowband MSS system wculd have tc 
be limited to about 17 or lS channels to satis!y this 
criterion. 

- 3 -
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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. 

I 3 



Motorola Solutions, Inc., Ex1029, p. 206

14 

TABLE l 

DOWNLINK CALCULATIONS 

UNITS CELL ICELLS CELU CELL 5 CELL6 CELL 7 
2&3 

AZIMUTH ANGLE ne, 5.39 19.75 6.59 30.00 10.89 30.00 
GROUND RANGE FROM NADIR NMi 1108.01026.9 810.7 744.0 492.1 186.0 
NADIR ANOLE Deg 61.56 60.82 57.69 56.26 47.58 23.98 
OJlAZINO ~ Deg 10.00 12.09 18.82 21.36 34.23 62.93 
SLANT RANGE NMi 1238.41157.8 949.9 887 .3 664.2 457 .s-
XM'l1t BURSI' PWR INTO ANT Watts 1.55 1.51 1.73 2.42 3.13 3.56 
(Per Carrier) dBm 31.89 31.79 32.38 33.83 34.95 35.51 
PEAK ANT OAJN dBi 24.99 24.99 23.87 23.02 20.00 12.04 
EOGELOSS dB 0.50 0.50 1.70 I.SO 2.60 3.80 
SCANLOSS dB 0.95 1.43 1.42 3.00 3.61 0.00 
TAP£k LOSS dB 1.00 1.00 1.00 1.00 1.00 0.00 
XM'l1t NET ANT GAIN dBi 22.54 22.06 I 9.75 17.52 12. 79 8.24 
XMI' FEED/CKT LOSS dB 1.30 1.30 1.30 1.30 1.30 1.30 
EIRP dBm 53. 13 52.55 50.13 50 .05 46.44 4 2 .4 5 
PAlliLOSS dB 163.84163.25 161.53 160.94 158.43 155.19 
POLARlZATION LOSS dB 0.50 0.50 o.so 0.50 0.50 .. 0.50 
OASEOUS LOSS dB 0.30 0.30 0.30 0.30 0.30 0.30 
MEAN VEGETATION LOSS dB 0.00 0.00 0.00 0.00 0.00 0.00 
TOT PROPAGATION LOSS dB 164.64 164.05 162.33 161.74 159.23 155.99 
RCVR NET ANT GAIN dBi 1.00 1.00 1.00 1.00 2.18 3.01 

ANT NOISE TEMP OK 150.00 150.00 I 50.0 150.00 1S0.00 150.00 
RCV FEEDiCKT LOSS dB 1.00 1.00 1.00 1.00 1.00 1.00 
LNA NOISE FIGURE dB 0.80 0.80 0.80 0.80 0.80 0.80 

SYST NOISE TEMP, Ts OK 298.93 298.93 298.93 298.93 298.93 298.93 

G/Ts dBl/°K -23.76 -23.76 -23.76 -23.76 -22.57 ·21.74 

BOLTZMANN'S, k dBmJHz°KdB -198.60 -198.60 -198.60 -198.60 -198.60 -198.60 
C/1 18.00 18.00 18.00 18.00 18.00 18.00 
RCV'D C/No dB Hz 62.17 62.17 62.87 62.87 6 2. 8 7 6 2.8 7 
REQUIRED Eb/No dB 3. 10 3. 10 3. 10 3.10 3.10 3.10 
CHANNEL DATA RATE dBHz 54.77 54.77 54.77 54.77 54.11 54.77 
IMPLEMENI'ATION LOSS dB 2.00 2.00 2.00 2.00 2.00 2.00 
REQUIRED C/No dBHz 59.17 59.17 59.17 5 9 .87 59.87 5 9 .8 7 
LINK MARGIN dB 3 .00 3 .00 3 .oo 3 .oo 3.0 0 3.00 

n..UX DENSITY per 4KHz BW dBWtm2•132. 1 -132. 1 -132.1 ·132.3 -133.4 -134.1 
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TABLE 2 

UPLINK CALCULATIONS 

UNITS CELL lCELLS CELL4 CELL 5 CELL6 CELL 7 
2&3 

AZIMt1IH ANOU! Deg 5.39 19.75 6.59 30.00 I 0.89 30.00 
OROUND RANOE FROM NADIR NMi I 108.01026.9 810.7 744.0 492.1 186.0-
NADIRANOLE Deg 61.56 60.82 57.69 56.26 47.58 23.98 
ORAZINOANOLE Deg 10.00 1 l.09 18.82 21.36 34.23 62.93 
SLANfRANOE NMi 1238.41157.8 949.9 887.3 664.2 4S1.S 
XMl1I. BURST PWR INI'O ANT Watts 1.27 1.24 1.43 1.99 2.58 2.93 

dBm 31.0S 30.95 31.54 32.99 34.11 34.67 
XMI'R NET ANT OAIN dBi 1.00 1.00 1.00 1.00 2. 18 3.01 
XMT FEED/CKT LOSS dB 0.70 0.70 0.70 0.70 0.70 0.70 
EIRP dBm 31.35 31.25 31.84 33.48 35.69 37.00 
PAnlLOSS dB 163.84163.25 161.53160.94 158.43 ISS. I 9 
POLARIZATION LOSS dB o.so o.so 0.50 o.so o.so a.so 
GASEOUS LOSS dB 0.30 0.30 0.30 0.30 0.30 · 0.30 
MEAN VEGETATION LOSS dB 0.00 0.00 0.00 0.00 0.00 0.00 
TOT PROPAGATION LOSS dB 164.64 164.05 162.33 161.74 159.23 155.99 
PEAK ANT GAIN dBi 24.99 24.99 23.87 23.02 20.00 I 2.04 
EXJELOSS dB o.so o.so 1.10 I.SO 2.60 3.80 
SCAN LOSS dB 0.9S 1.43 1.42 3.00 3.61 0.00 
TAPl:RLOSS dB 1.00 1.00 1.00 1.00 1.00 0.00 
XMl1I. NET ANT OAIN dBi 22.54 22.06 19. 75 I 7 .52 12. 79 8 .24 

ANT NOISE TEMP °K 290.00 290.00 290.00 290.00 290.00 290.00 
RCV FEED,1:KT LOSS dB 1.80 1.80 1.80 1.80 1.80 1.80 
LNA NOISE FIGURE dB 1.00 1.00 1.00 1.00 1.00 1.00 

SYST NOISE TEMP, Ts OK 552.58 552.58 552.58 552.58 552.58 552.58 

G/Ts dBl/°K -5.52 -5.26 -7.59 -9.64 -14.49 ·19.58 

BOL1ZMANN"S, I< dBmJHz°KdB -198.60 -198.60 -198.60 -198.60 ·198.60 ·198.60 
C/1 18.00 18.00 18.00 18.00 18.00 18.00 
RCV'D C/No dBHz 59.90 59.90 5 9 .90 59.90 59.90 5 9 .9 0 
REQUIRED Eb,'No dB 3.60 3.60 3.60 3.60 3.60 3.60 
CHANNEL DATA RATE dBHz S 1.30 51.30 51.30 S 1.30 S 1.30 Sl.30 
IMPLEMENTATION LOSS dB 2.00 2.00 2.00 2.00 2.00 2.00 
REQUIRED C/No dB Hz 56.90 56.90 56 .9 0 5 6.9 0 5 6 .9 0 56.90 
LINK MARGIN dB 3. 0 0 3 .00 3 .o 0 3 .o 0 3.00 3. 0 0 
.FLUX DENSITY per 4KHz BW dBW/m2·150.4 -149.9 -147.6 ·145.4 ·140.7 ·136.1 
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TABLE 3 

llDSS SHARING ANALYSIS 

DElllV A TION OF A VERA.GE DOWNLINK SIDELOBE 

Urits Cell 1 Cells Cell4 
2&3 

PeakEIRP dBm 53.1 52.6 50.8 

A11g to Peak Rallo dB ·13.6 -13.6 ·13.6 

A11g EIRP on Aids dBm 39.S 39.0 37.2 

Sidelobe Re<llclion dB -20.0 -20.0 -20.0 

A11g EIRP OIi-Axis dBm 19.S 19.0 17.2 

A11g EIRP OIi-Axis watts 0.089 0.079 0.052 

Weighting 6 12 6 

EIRPXWlg 0.535 0.953 0.315 

Avg EIRP/spot beam/carrier • (summation of EIRP X WTG) / 37 

• 0.059 walls/carrier • • 12.3 dBw/carrier 

Nt • Total number of cells (spot beams) worldwide • 1628 

LM 'I, • Land Mobile spot beams (ti of total) • 30 ti 

Cell5 

50.1 

-13.6 

36.5 

·20.0 

16.5 

0.045 

6 

0.268 

POWER 

CeU6 CeU7 

46.4 42.5 

-13.6 -13.6 

32.8 28.9 

-20.0 -20.0 

12.8 8.9 

0.019 0.009 

6 1 

0.114 0.009 

LOS 'I, • Number of IRIDIUM satellites in line of sight to GEOSTAR satellite • 57 ,. (44 of 77) 

L 'I, • A,rerage cell loading ('I, of peak) • SO 'I, 

N • Number of active Land Mobile spot beams in view of the GEOST AR satellite 

• Nt X LM 'I, X LOS .. XL ,. • 1628 X 0.3 X .57 X .S • 139 

Pl • Polarization loss • 4 dB 

EIRP(sat) • Average sidelobe/backlobe EIRP/carrier 

• EIRP(sat) + IO Log (N) • Pl 

• ·12.3 + 21.4 • 4.0 • 5.1 dBW/carrier 

I 6 



Motorola Solutions, Inc., Ex1029, p. 209

• 

TABLE 4 

RDSS SHARING ANALYSIS 

DERIVATION OF PEAK DOWNLINK 

Urits Cell 1 CeHs Cel4 
2&3 

PeakEIRP dBm 53.1 52.6 50.8 

Sldelobe Reduction dB -20.0 -20.0 -20.0 

Peak EIRP Off-Axis dBm 33.1 32.6 30.8 

Peak EIRP Off-Axis watts 2.04 1.82 1.20 

Weighting 6 12 6 

EIRPXWlg 12.25 21.84 7.21 

Peak EIRP/spot beam/carrier • (summation of EIRP X WTO) / 37 

• 1.36 watts/carrier • 1.3 dBw/carrier 

Nt • Total number of cells (spot beams) worldwide • 1628 

LM 'I, • Land Mobile spot beams ('I, of total) • 30 'I, 

SIDELOBE POWER 

Cell5 Cell 6 

50.1 46.4 

-20.0 -20.0 

30.1 26.4 

1.02 0.44 

6 6 

6.14 2.62 

CeU7 

42.5 

-20.0 

22.5 

0.18 

0.18 

LOS 'I, ,. Number of IRIDIUM satellites in line of sight to OEOST AR satellite = 57 'I, (44 of 77) 

RU 'I, • 'I, of cells active due to the 7 cell reuse pattern ,. 1n • 14 'I, 

L 'I, • Average cell loading ('I, of peak) • 50 'I, 

N • Number of active Land Mobile spot beams in view of the GEOST AR satellite 

• Nt X LM 'I, X LOS 'I, X RU 'I, X L 'I, • 1628 X 0.3 X .57 X .14 X .5 • 19 

Pl • Polarization loss • 4 dB 

Peak EIRP(sat) • Peak sidelobe/backlobe EIRP/carrier 

• Peak EIRP/spot beam + 10 Log (N) • Pl 

• 1.3 + 12.9 • 4.0 • 10.2 dBW/carrier 

I 7 
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TABLE 5 

DERIVATION OF AVERAGE UPLINK 

Units Cell 1 Cells CeU 
2&3 

PeakEIRP dBm 31.4 31.3 31.8 

Avg 10 Peak Ratio dB -10.1 -10.1 10.1 

AvgEIRP dBm 21.3 21.2 21.7 

AvgEIRP nw 0.135 0.132 0.148 

Weighting 6 12 6 

EIRPXWlg 0.809 1.582 0.887 

Avg mbscriber ERP • (summation of EIRP X WTG) / 37 

• 0 •• 196 wans/carrier • • 7.1 dBW/ subscriber Wlit 

Nt • Total nwnber of cells worldwide • 1628 

LM 'l, • Land Mobile spot beams ('l, of total) • 30 'l, 

POWER 

CeU5 Cell6 

33.5 35.7 

10.1 10.1 

23.4 25.6 

0.219 0.363 

6 6 

1.313 2.178 

LOS 'l, • Nwnber of Land Mobile cells visable to RDSS satellite ('l, of total) • SO 'l, 

L 'l, c Average cell loading ('l, of peak) • SO 'l, 

VA 'l, • Voice activity of each carrier = 40 'l, 

N • Nwnber of active Land Mobile subscriber terminal transmitters visable to the RDSS 

satellite/carrier slot 

• Nt X LM 'l, X LOS 'l, X L 'l, X VA 'l, • 1628 X 0.3 X O.S X 0.S X 0.4 • 48 

Pl • Polarization loss • 4 dB 

Avg EIRP(sub) • Average EIRP for the subscriber unill/carrier slot 

• Av& EIRP(sub) + 10 Log (N) + Pl 

• • 7.1 + 16.8 - 4.0 • 5.7 dBW/ carrier slot 

I 8 

Cell7 

37.0 

10.1 

26.9 

0.490 

0.490 
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TABLE 6 

DERIVATION OF PEAK UPLINK POWER 

Units Cell 1 Cells 
2&3 

PeakEIRP dBm 31.4 31.3 

PeakEIRP watts 1.38 1.35 

Weighting 6 12 

ElRPXWlg 8.28 16.19 

Peak ElRP/spot beam • (summation of EIRP X WTG) / 37 

• 2.0 walls/carrier • 3.0 dBW/ spot beam 

Nt • Toi&! number of cells worldwide • I 628 

LM 'I, • Lind Mobile spot beams ('I, of total) • 30 'I, 

Cell4 Cefl 5 

31.8 33.5 

1.51 2.24 

6 6 

9.08 13.43 

Cell6 

35.7 

3.72 

6 

22.23 

LOS 'I, • Number of Land Mobile cells visable to RDSS satellite ('I, of total) • SO 'I, 

RU 'I, • 'f, of cells active due to the 7 cell reuse factor • 1n • 14 'I, 

L 'I, • Average cell loading ('I, of peak) = SO 'f, 

VA 'f, • Voice activity of each carrier = 40 'lo 

N • Humber of active Land Mobile subscriber terminal transmitters visable to the ROSS 

satellite/carrier slot 

• Nt X LM 'I, X LOS 'lo X RU 'I, XL 'lo X VA 'I, • 1628 X 0.3 X 0.S X .14 X O.S X 0.4 = 7 

Pl • Polarization loss • 4 dB 

Peak EIRP(sub) • Peal< EIRP for the subscriber units/carrier slot 

• Peak EIRP/spot beam + IO Log (NJ + Pl 

• 2.0 + 8.5 - 4.0 • 6.5 dBW/ carrier slot 

19 

Cell7 

37.0 

5.0 

1 

5.0 
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ANNEX D 

DERIVATION OF THE UPLINK C/1 RATIO IN THE IRIDIUM SATELLITE 

DUE TO THE ROSS SUBSCRIBER TERMINALS 

The ROSS subscriber terminals transmit a 20 to 80 ms spread spectrum burst at a 

power between 17 and 18 dBW. This power is spread over a 16 MHz bandwidth. The 

IRIDIUM subscriber terminal transmits a 2.9 ms burst with an occupied bandwidth of 

126 KHZ. 

The carrier-to-interference (C/1) ratio in the IRIDIUM satellite may be estimated as 

follows: 

C/1 • EIRP(irid) - BW(irid) - EIRP(rdss) + BW(rdss) + Pl (all in dB) 

where: 

EIRP(irid) • Peak burst power of the IRIDIUM subscriber terminal (dBW) 

•6.SdBW 

BW(irid) '"' Occupied bandwidth of the uplink IRIDIUM transmission 

• 126 kHz •51 dB 

EIRP(rdss) = Peak burst power of the ROSS subscriber terminal 

•17.SdBW 
BW(rdss) • Occupied bandwidth of the uplink ROSS transmission 

• 16 MHz• 72dB 

Pl = Polarization loss = 4 dB 

solving: 

C/1 = 6.5 - 51 - 17.5 + 72 + 4 
= 14.0 dB 

20 
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Circular Polar Constellations Providing 
Continuous Single or Multiple Coverage 

Above a Specified Latitude 1 

W. S. Adams' and L. Rider' 

Arbitranly IDd op1imally phased polar orbit constcllallons us1nr minimum 101al numbon of 
satellites to achieve conunuous sinalc or multiple coverage above a specified latitude are derived 
uung a strec1-of-covc~ee technique. The fm1 fifty members of families of mJ.ntffll.1 constel­
lal!ons an, provided for srn1Je, double, a,ple. and qu.druple coverage above 0, 30. 45, and 60 
degrees. Approximacions n derived which relate me couJ number of sateJlites in a cons1ell11i011 
to the size of the Eanh covens< cap assocwed wrtb each satellite in the constcllanon. 

lntroduc:tioa 
A primary activity of systems plannen in designing potential navigation, commu­

nication. surveillance, and defense systems is 10 perfonn those concepnw trade studies 
which lead to the identification of minimal-cc»t. low-risk pRliminary system architee• 
tutts that satisfy a given performance requirement while utilizing a projected 1ech­
nological capability. In many cases when such systems employ a space-based segment. 
10 meet Ibis aoal requires 1he idcntificlllion of families of satellite constellations which 
exemplify die trade-off between tDcal number of satelli1es and the Eanh coverage 
requiRd from each satellite of the constellation such that a specified continuous Eanh 
coverqe criterion is met. Consequently, die identification of "minimal" consiellations 
is an imporunt aspect of system a,chitectute selection deliberations. 

This article addresses the problem of syntbcsizina circular polar orbit constellations 
with the fewest number of satellites 11 a common altitude lhal provide continuous single 
or multiple covens• above an arbitral)' aeocenDic latitude. Prior analyses I 1-4) have 

'l1us ..-di wu AlppOl1ed by Air forn Cami<! F04101....C-0015. 
'EA,- Aoalys11,.,.,.,.,..,. Dopo,,mc,u, lal0fflllllOll l'roceuUII Oivi,ioa, TIie """5poce Corpon.­
-. El s..,,..io. CA '!0245. 
'Aunld)'111111ic, Deporun,m. Sy"""' 111d C- En,immJ,1 Di-. TIie """5poce Corpon.uon. El 
Se1Wldo, CA '!0245. ,. 
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already addreSICd some aspecu of this problem: In (I] minimal constellations were 
detennincd which provide nn1l1 11obal and zonal coverage usina orb,"o~· phaS1ng 
between satellites in different orbital planes; the ··sw pancms·· discussed in [2] utilize 
optimal inter-plane satellite phasin& to find minim&! c011stellati011s which proVldc s,ngl, 
or double 1/obol coverage; optim&l inter-plane satellite phasin1 WIS also used in [ 3] 10 
determine constellaliOIIS providing single and triple alobal and polar cap coverage; and 
the analysis (4) compares arbitrarily phased and optimally phased polar constellations 
for multiple global coveral". provides arbilnrily phased polar constellal1on data for 
multiple polar~ coverage. but does not provide oprimally pl1aud polar constellation 
data for multiple polar cap covera1e. 

The present study augments the analysis of polar orbit constellations by character­
izing the complete families of minimal polar orbit consteUauons that provide con­
tinuous single or multiple coverage above an arbitrary geocentric latitude using euher 
.ubitrary' or optimal intcr-plane satellite phasing. As is the case with Ill, 131. [4). and 
[SJ. this study utilizes a ··street-of-coverage·· technique and assumes !hat all orbnal 
planes have the same number of satellites with the s.a1ellites symmetncally dis1nbu1ed 
in each orbital plane. Unlike [3] and [4]. certain S1mplifica1i011S are avoided. so the 
results achieved herein are more precise than those found in [3] and (4[. 

Streets-or-Coverqe 

The ··sireet-of-coverage·· tcchnique WIS lint used in (II and 1eneralized in [4[. The 
lancr formulation. also used herein. requires that the coverage circles for the sym­
metrically distributed satellites in each orbital plane overlap 10 provide a continuous 
band, or '"street:· of coverage along the orbital pro.JCction. This condition is illustmed 
in Fig. I. As shown. the half-street width of coverage r, is I funcuon of the s.atelh1e 
radius of coverage-identified bv an Earth-central anele 8-andj. an integer which 
indicaies the multiple level of coverage 10 be provided by s.atellites from the same 
orbital plane. The ma,nitlldc of c, is pven by 

r, ~ arccos[cos 9/cos(J,r/s)) 

where s is !he number of satellites in each orbital plane. For finite constellauon 
altitudes. no satellite is able 10 cover a complete hemJSphere. and thus, the minimum 
value of s considered will be 3. 

Multiple COvel'II" can be provided nol only by redundant covel'II" ensured by 5"1el­
lites from the same orbital plane but also by overlappin1 saeets-of-coverage from 
different orbital planes. If II is the desired level of multiple coverage, 11 can be factored 
into j x l. where j is defined as above. and l is the level of multiple coverage provided 
by overlapping streeu-of-coverage. 

Arbitrarily Pbased Constelladoas 

If inter-plane satellitc phasin1 i, DOI 10 be uploited. ensuring continuous 11-fold 
coverage above lbe lower latitude bound ti, of a polar cap re,;011 by satellites from inter-

• As far u dtis IIW:lc &J eoni:erned ... art,inry .. pMlin,1 mu,u thar no 1in1lc irner1)WW satellite ph.uin1 an11e 
needs IO t,e ffl&IIUU'lrd arnon, die satlim in tbr vanous ortNtaJ plann wtuch compn1e die cons&cllanon 
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facing orbiial planes requires dw the WOISI cue covera,e inletface be delermined by 
die half-street widths c 1 and c,, u pictured in Fi&. 2. 

In (4] the constraint relation identified for 11-fold &)obal coverage using arl!itrary 
inter-plane sarellire phasin& was found 10 be 

p(c, + c,) .o hr (2) 

where o is the number of orbital planes in lhe c:ansrellllicm. From Fig. 2 and an 
applicllion of lhe law of sines for spherical tnanales, lhe ,eneralization 10 n-fold 
coverage above an arl!itrary latitude ,; is seen 10 be 

p[an:sin(sin ,,/cost;)+ arcsin(sin c,/cos t;)] .o hr (3) 
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Tbeinequality(3)holdsforallvaluesof/.k.andpsuchlhatp > k. Whenp • k.each 

orbital plane is required to provide continuous /-fold coverage independent of the other 

planes in the constellarion. and therefore. !he distance r, must equal the co-lalllude 

"/2 - d,. 11le constraint relalion which reflects Ibis condition is given by 

6 z arccos[sin d,cos(j,r/sl] 

and follows directly from equation (I). 

For albitnry phasins the interfai:es between adjai:ent orbital planes are independent 

of both the inter-plane satellite phasing and !he relative sense of tnvel of !he satellues 

in these planes. Comeouentlv. the ucendin1 nodes of !he orbital planes can be eouallv 

spa,:ed along half the equator usan1 a separation angle of a • "Ip radians. 

Phased Co•erace lnterf11ees 

Suppose the sueets-of-coverqe from two orbital planes interfai:e 10 provide con­

tinuous coverage above the latitude d, for the region lhal lies between !he two planes. 

When the satellites in the two planes are moving in !he same relative direction along 

the coverage interf-. !he interface is called a ro-rotating interface. and when !he 
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satellites move in opposite directions along lhe 1n1erface. the mJCrface 1s called a 
,:oMnt~r-rotating interface. Constraints which must be satisfied to ensure conunuous 
covenge alon1 an interface depend upon whether the interface 1s co-ro1111n1 or coun1er­
ro1aung. Constraints for each type of interface >ff discussed below. 

Co•rotaJin, lntt,fau 

Sina: sa1elli1cs move in the same relative direction along a common co-ro1a11n1 
interface. ii is enough 10 determine consuainlS which will ensure covera1e al the lower 
la1illlde limit of coverage d,. I.el ., denote the inter-olane satelli1e ohasinR an2le 
between satellites in two orbital planes A and 8. and let 6 • }(mod 2). The narrowest 
w1atn or a 1-1010 street-or-coverage occun at the cusp which is associated with the 
half•strcct width c,. As illusuared in Fig. 3, when such a cusp from plane A ,s at the 
lower latitude limit d,. there is a satellite in plane A II lautude (. where 

( = arcsin(sin d,/cos c,) + 61r/s 

nc;. J. co--.ia lmmoct. 
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Consequently, the latitude of Sllellites in plane B can be determined from the angular 
dis1111Ces, + "' + m(2,r/s) measured from their ascending node. where the 1n1eier 
"' ranges from O to s - I. One of these satellites. havin1 latitude f ·. will be closesi 
to the plane A cusp al l11itude •· For continuous coverage along the interface. lhcn. 
the angular sepantion a between thc ascending nodes of planes A and B must """' f> 
the followin1 consuaint 

a s arcsinlsin c,/cos d>) + arccos[(cos 8 - sin f" sin d>l/(cos ,· cos <b1) 
(61 

Similarly. when a cusp from plane B is at the lower latitude limit d,. the latitude of 
satellites in plane A can be determined from the angular distances { - ., + ml 2 ,r; sl 
rncasured from their ascending node, where again the integer m ranges from Oto s - I. 
and ( is defined by equation (5). If the satellite in plane A that is closesc to the pli111C 
B cusp has latitude ,- , then a must also satisfy 

a s arcsin(sin c,/cos d>) • arccos{lcos 8 - sin r sin <bl/fcos t" cos d,1] 

I 71 

TIie detennination of the latitude f" /or r) can be made by evaluating the e.pm,oon 
arccos[lcos 8 - sin { sin d>)/lcos { cos <bl] for all satellites in plane B 1or Al ,.here 
the satellite latitude { satisfies If - Cl s 8; ,· (or t·l will correspond to the value of 
c which maximizes this upress,on. 

Cownttr-ror121ing lnttrface 

To provide continuous coverage along a counter-routing interface. it 1s necessary 10 
satisfy constraints which will ensure coverage at the lower latitude bound d,. As "'as 
the case for co-rotating interfaces. the critical situation occurs when a cusp from one 
plane's street-of-<average lies II the l11itude d,. Suppose such a cusp from plane A os 
11 lahtudc d, and a satellite in plane A is at an angular distance of, from ,ts ascending 
node. where , is again 1iven by equation (I). If. as befon:. "' denotes the inter-plane 
satellite phasing an1le at which satellites in plane B lead satelhtes in plane A. then the 
angular dimnces fr - fl +., + JJl(2,r/s)J measured from plane s·s desandm~ 
node, "' ranging from Oto s - I. characterize the positions of the satellites ,n plane 
B. One of the1C satellites, havin& latitude c·, will be closest to the plane A cusp 11 

latitude fb. If a ' denote$ the angular separation between the ascending node of one 
orbital plane and the dcscendinl node of the other, then a· • fr - a. and a neceswy 
constraint that must be satisfied for continuous covera1e at latitude 4> along the counter• 
rowing interface is the followin1 

a' s arcsin(sin c,/cos d>) + arecos{(cos 8 - sin f" sin d>)/(cos c· cos<bl) 
18) 

Likewise, an analogous constrainl must be satisfied when the roles of planes A and B 
arc revencd. When a cusp from plallo B is at latitude d,, the positions of satelli~ ,n 
plane A arc cletennined from Ille anauJar disllllCes fr - 1, - "' + m(2,r/s)I mea• 
sllffil from plane A's dlscenditlt node, "' again ranging from O to s - I . One of lhese 
satelliteS, having latitude ,- , will be closest to the plane B cusp at latitude d,. The other 
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consuain1 on a· can then be expressed as follows 

a' s arcsin(sin c,/cos d>I + arccos[(cos 8 - sin E-sin d>l/(cos rcos d>i] 
19) 

The determination of the latitudes E" and i- can be accomplished in a manner 
completely analogous to th.at used in the case of a co-r01a1ing interface discussed 
inviously. 

The constnints (8) and (91 given above. which when satisfied. ensure that continuous 
coverage will always exist 01 latilllde d>. However. those constn.ints alone are not 
sufficient 10 ensure continuous coverage everywhere abow latilllde d> along a counter­
rotating interface. Since satellites move in oppo>ite directions along such an interface. 
ii 15 possible for a hole in coverage 10 open up above latitude d> even though coverage 
at latitude d> is continuous. This siruation is depicted in Fia. 4. A necessary and 
sufficient condition for no such hole to occur along a counter-routing interface ,s that 
a' be small enough so that whenever a c1 cusp from one plane's street-of-coverage ,s 
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ar the same larinade IS a c, cusp from the other. the srreers-of-coverage intersect. If u, 
is the lowest lahhldc srcaicr lhan or equal 10 qi 11 which this siruauon occurs. rhe 
constraint on a' can be given IS 

a' s arcsinlsin c,/cos "1> + arcsin(sin c,/cos ,J,J 

An uplici1 determination of ,/, is 1iven in Appendix A. 

PhaMd Constellation Orientations 

c 101 

The oritntation of a polar orbil constellation is derennined by the inter-plane sarelhre 
phasing angle ., and the anplar sep&r11ion a between ascendinJ nodes of succcss"e 
orbital planes whose satellites possess this phasing. As.ending nodes can be placed so 
that the numbers of co-rotatin1 and countcr•rotalin& inlerfaces vary. Since the goal of 
this analysis is 10 arrive at minimal constellations. for a given choice of ~. 9. and w. 
it is prudent to muimize the number of one type of interface over the other. depending 
upon which type 15 less consuaining to the coverage problem. Constellations wnh a 
maximal number of co-rotatin1 inicrfaces will be called «>-ori,ni,d. and those .. ,rh a 
maximal number of counrcr-rotaring interfaces will be called count,:-oritnud. If p is 

rhc number of orbital planes in a constellation. there will be p coverage interfaces. Ir 
will be shown that 11 least p - I of these interfaces can be made ei1hcr all co-roraung 
or all counter-rotating. The c.ceplional interface is the one between rhe pth and first 
planes. It should be noted that the inter-plane satellite phasing angle along this interface 
is ( p - Ocu (mod 2fr/J). Since this phasing angle possibly differs from w. it is hkely 
that the angular separation between the ascending nodes for the pth and first orbnal 
planes may differ from a: for this reason this angular sepanuon will be denoted /J. and 
fJ · will be defined as fr - /J. The coverage conS!Tlinrs for a and a' prcviou<ly 
discussed also apply 10 /J and /J' with (p - J>., (mod 2fr/JI raking the role of w. 

C o-oritmtd C onsttllalio11J 

Recall that in the factorizalion j x k or the level of coverage n. k is the minimum 
number of streelS-of-coverage which must overlap every point in the covered region. 
When k equals I, ascending nodes can be distributed over fr radians with an appro• ,. 
mate value for a beina fr /p. From the example illustrated in Fig. SA. note that all 
coverage interaces will be co-rotatin1 ucep1 the last one between the pth and first 
orbital planes. There is no manner or distributing ascending nodes in order ro have all 
co-rowin1 interfaces when le equals I. When k equals 2. ascending nodes can be 
distributed over 211' radians with an approximate value for a being 2fr /p. An uarnple 
of this situation is depicted in Fi&. 58. In ·this case all interfaces will be co-rotating: 
how•-· the excepcional interface between the pth and first orbital planes has a 
potentially diffcl'Cftl inter-plane salCllite phasin1 angle than the ocher interfaces In 
general, 10 muimize the number or co-rowing interfaces characterized by the angle a • 
ascendin1 nodes should be disaibuted over k,r radians with an approximate value for 
a being k,r/p. When k is odd, the uccpcional interface is counter-rowina and ,s 
characterized by the anslc /J'; when k is even, the ucep1ional interface is co-rotating 
and is dlancterized by the anale /J. It should be noted that when t and p are not 
relatively prime, there is a possibility of co-incidence of orbilal planes: this siruauon 
will not be considered for viable coe1stellations. 
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C k • I. p • J 0 ... 2. p. J 

For a co-oriented cons1ellati011. a constraint which must be satisfied to ensu~ con• 
tinuous coverage above lalitude d, is givct1 by 

(p - l)a + fJ' z: hr (II) 

when k is odd, or 

(p - l)a + fJ z: hr (12) 

when k is even. Naturally. a must satisfy the inequalities given in (6) and (7). and when 
k is even, fJ must satisfy the appropriale analogs of these same inequalities. If k is odd, 
fJ' must satisfy the analogs of (8), (9), and (10). 
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COtU11tr-oriemed C011S1tllotiotu 

Generalizing from the e,wnplcs in Figs. 5C and 5D, the number of counter-rotaung 
interfaces characterized by lhe anale a' can be maximized by distributing ascending 
nodes over ( p - k ),r radians with an ll'l'ft)Ximate value for a be1n1 ( p - hrr / p. 
When both p and k are odd, all interfaces wiU be counter-rotating with the ucep11onal 
interface between the pth and first orbital planes being charlcterized by the angle (J'. 
When either p or k is even. the exceplional interface will be co-rowing and will be 
characterized by the angle {J. When p and p - k are not relauvely prune, there ,s a 
pouibility of co-incidence of ocbital planes. and again, this si111ation will not be 
allowed in determining potential constellations. 

For a counter-oriented cons1ellation, a constraint which must be satisfied 10 ensure 
continuous coverage above latitude d> is given by 

(p - l)a' + (J' ;i, hr 1131 

when k and p are both odd, or 

(p - l)a' + f3 ;i, hr 1141 

when either k or p iseven. The anale a' must satisfy the inequalities given in 181. 191. 
and (10), and when k and p are both odd, (J' inust satisfy the appropnate analogs 
of these same inequalities. If either k or p is even, fJ must satisfy the analogs of (6J 
and (7). 

Mlnlmal Constellations 

The determination of polar ocbit constellations with the fewest number of sarelhres 
that provide continuous 11-fold coverage above latitude d> 1w been facilitated by 
developing iterative computational procedures that calculate minimum II-values which 
satisfy the appropriate coveraae constraint. For arbitrarily phased constellations this 
implies solving (3) when equality holds; such a solution is obtained by employing 
Newton's method of approximatins roots to differentiable functions. When inter-plane 
satellite phasing is to be exploited. the iterative procedure is more complicated Since 
it must determine a minimum I far which a phasing anale ., exists such that equality 
will hold in the applicable coveraac constraint 1iven by (II), (12), (13). or (14). These 
compuwional proc:edwes are incorpontcd into die minimal constcllation selecuon 
process in the followinl - d> and II are aiven. Potential values of T. the total 
number of satellites in a conJt.ellation, are eumined in increasing order. For a selected 
value of T, all factoritations of both T • p x s and 11 • j x k are considered. When 
optimal phasing is to be c:onsidered, botb co-oriented and counter-oriented constel­
larions are examined. A minimum value for II is determined using the applicable 
iterative computational proc:edwe .o dw equality will hold in the appropnate coverage 
conslnint: for optimally pbued constellations an wociated phasing "' is also found. 
If the value of II so detennined is Jarser than a previous value of 8 computed either for 
a smaller value of r or ror a different factorizalion or either the current Tor 11. then the 
constellation cannoc be minimal and is discarded. If, on die other hand, the value of 9 
is smaller than that determined for a previous constellation consistina of T satellites. 
then the previous consteJJalion cannot be minimal and is discarded. The constellations 
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which remain after chis discarding process an, precisely lhe minimal conS1ella11ons as 
a function of lhe sa1ellirc radius of covera1e 9. 

The lint fifty members or families or art>itnrily phased and opurnally phased 
minimal coastcllalions IR 1ivcn in Tables 1-4 and Tables 5-8. resp«tivcly. for values 
of n ransing from I IO 4, and for values of di equal ro 0, .30. 45. and 60 defrecs. It 
should be noced lhal when di is greater lhan zero. con1inuousj-fold covcra1e ,s pou1ble 
using satellites in a single ort,ital plane. Since inter-plane satellite phasing need nor be 
a concern in these cues. minimal constcll11ions providing continuous •-fold covera1e. 
where each plane provides continuous }-fold cov~1e, have been included only in the 
iables pcnaining 10 arbiuvy plwins. The j x k factorizations or • an, Jiven ,n 
Tables 1-4 for art>itnrily phased constellations; however. due lo space res1nc11ons. 
such factonz11ions arc no1 given for lhc optimally phased conS1clla1ions. Ncvcrth<,Jcss. 
it is possible IO easily determine lhc integers j and t: the j-value for a conS1ell111on 1s 
lhc greatest faclOr of• less lhan stl I 180°. where 9 is given in degrees. and the integer 
k musl equal n/j. Inspection will reveal tha1 all facloriutions of• appear in lhc !ables; 
however. die factorization with j • • is the predominant one. 

11 is interesting 10 IIOIC that for optimally phased constellarions and lhc v1lues or n 
considered. counter-oriented constell11ions are never minimal for global covera1e. 
unless one considers IWO plane consrcllalions as being counter-oriented. (Two plane 
constellations are bolh co-oriented and counter-oriented.) Howevtr. for higher •alues 
of d,, some minimal constellations an, counter-orientcd (e.g .. d> • 30'. • • 1. and 
T = 12). A determination of the integersj and k as indicllCd above will n:•eal whether 
a constellation is co-oncntcd or counter-oriented: usina a constellation's a-value given 
in degrees, if k - pa/ 180". the constellation will be co-oriented. and if k "' p - pa/ 
180", the constcllation will be counter-oriented. 

Comparison with Prior Results 

As was IIOICd in the inaoduction. prior SIUdies have addressed various special cases 
or the general problem ue.tcd herein. A comparison of those previous n:sulrs wuh the 
ones !hit have been presented hen! is in order. 

In [I] Uiden showed chat an art>itnrily phased minimal constellation supplying 
continuous sin1le coverage above a specified latilllde di must have a Satcllite radius or 
coverage which in the rmninology of the presem study is characterized by the following 

e • an:cos(cos(,r/s)VI - co11 ♦ sin'(,r/2p)] (15) 

It r:an easily be shown !hit equation (1.5) follows immcdia1ely from <JI by setting 
j•k• I. 

The polar orbit "star pa11Cm$" used by Walker in (2] yield essentially the same resuhs 
u lhosc oblained herein for continuous single sJobal coverage usinJ optimal inrer-plane 
satellite phasing. The n!SUlts for continuous double slobal covcnce in {2], however. 
can be improved upoa; this is apparent by noting lhal the p • 3, • • 3 r:onsrcllarion 
liven then! rtquircd a satellite radius or coverage equal 10 74.0 dearecs. whereas the 
value in Table 5 here indicates that by using a different distribution or Satcllites, a 8 
equal 10 71.253 degrees is sufficient. 

In (3] Beste was the first in cxremal publications 10 consider optimal inter-plane 
satellite plwin1 using both polar ort,iu and a street-of<ovenge rechnique. His analysis 
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.. _ 
6-1:!ff 

5 10 ,0 19.<Wf .'160.1 •• (ll) .I •• •• 2670 11'1 .127 II ?~I .I .. ~ .H ?ft'I hllO'.W .. ,., 2 29 ,. ),I hl7 """-' h .?07 
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6 II IOI 11.026 Jl.626 10.000 4 2J 92 16:MM 114.7111 7.126 J JJ 99 1191>2 60229 0.OCII J 42 126 19 )511 120.000 0000 

' 22 110 10.175 )6.5,, 1.112 4 24 96 16.112 114.15) 7500 ) 14 102 11.7211 120.000 l 529 .1 41 12" 19.141 60069 4.1116 
6 19 114 10.616 )1.211 9.474 7 14 91 

.,._ 
51429 11.020 ) )5 105 11491 flll. )10 0.000 .I ~ Ill 11.961 60.llf> Ul91 

• 20 120 10.291 J0.137 ,.ooo 4 15 100 15.696 114194 0.000 J J6 IOI 11.246 60.102 00011 ) ., m 11.751 120.000 2.667 
6 21 126 10.0ll 11.092 l.'71' 4 26 104 IHII 114.1111 0000 ] )7 111 11.0111 120.000 0.OCII ] 46 Ill 11.561 60.107 )91] 

6 n 112 t.907 JO.IJO 6.IU 4 27 IOI 15.041 114.941> 0.000 ) ll 114 17.142 120000 0.000 l ., 141 II :114 60.014 )DO 
6 2) Ill 9.662 J0.190 6.261 4 11 112 14.719 114.791 6.429 ] )9 117 17.696 60052 0000 ] .. 144 11219 120.000 0.000 
6 24 144 9.476 10.119 7.500 4 29 116 14.500 114.708 6.207 IO 12 120 17.55) 54890 154100 ) 49 147 II 075 60029 )67) 
1 11 147 9.440 2U70 . .,, .. JO 110 14.JIJJ 114.770 6.000 l 41 123 17)11 1211.000 2.927 ] 50 150 17 ... "° m HOO 
6 15 150 9.211 )0565 7.lllO 4 JI 124 14.090 451J05 0.000 1 42 126 17 211 119165 4 216 ) ,. 151 17.114 60.007 2 JU9 
7 22 154 9.151 26.715 1.112 4 12 121 ll.159 114 922 0000 ) 4) 129 17 ll5 61)009 0.000 ) 52 1'6 17.69' 60000 2 076 
6 26 1'6 9.ltJI 10111 6.92) 4 )) Ill ll.'IOI 114.- 0.000 10 ll llO 16127 54.JIM ll- ) 5) 159 17.'62 60054 ).l96 

7 21 161 1.904 26471 7.126 9 15 115 11.592 40000 10.61>7 II 12 ll2 16.114 .. .., 151100 1 2.1 161 17.JOI 121.427 7.126 
1 24 161 1.7)1 26.611 7.500 4 )5 140 ll.4ll 114.742 5.10 4 14 1)6 16.660 45.151 0.000 1 24 161 16.919 121471 7500 
7 15 175 ,.,.., 26.521 6.4111 9 16 ... ll.142 40000 10.000 10 14 140 16.267 125.991 11.157 7 25 175 16.61>5 121.'61 11.000 
1 26 112 1.405 26.17) S.790 S JO 150 12 91,, 16.166 0.000 II I) 10 16.15) 49471 12462 15 12 IIO 16006 41000 14.0IQ 
1 21 119 1.25) 26.4IJ 6.667 9 17 15) 12.767 40.000 9.412 4 J6 144 16.0)1 114.974 0.000 1 26 112 16.277 12■- 0000 
I 24 191 1.251 2349'1 1.500 , JI 1'5 12.646 144.000 11.0llO 4 )7 141 U.180 45029 0.000 • 47 , .. 16 254 45.- Jl]O 
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did, 1iowe-. lab a c1anr,11i,,. ipjiiwdl ID lb& -• clealin1 widl coun1tr• 
rowina inlaf- by Haei .. • die latilUdt • ditamcd ii lllt JftlCIII analysis WU 

equal ID die lower l8liludt lilnil ol--,. •· The -.illl n:lahon llsed ill Ill for 
opcinlally pllwd pols -lllliom pn,vidJns ....,_,.n siaflc polar cap ccwera,e . 
ad npmMd ia die 111V. Josy ol dais paper. is 

(p - ll(f + c,1 + le, • •cos• 1161 

Usina COi • IS a imhiplilr o1 • ill <161 is equivalal ID ay-, to solve a sp11erica1 
ll'iqle widl - side bait a millGr ciKle an:. Cm: I 17. IOlutions oblainecl from 
cqullion ( 16) will be sufficielldy -· wbCII co,...,,.ul willl dlasc obtained herein. 
aaly if the .-my (iia 1/r:os •> is small. It "-W also be~ 11111 (JJ did no, 
recopiu 11111 cliff- j x k factoriutions ol n coald be beneficial in dctcnn1nin1 
minimal -llaliml. 

In (41 Rider eumined arbitnrily phased polar coamllatiom providin1 n•fold polar 
capcoverqe. ~. die resullsobtaiaed ill dlis reprd tneda -avera1e" balf•lllffl 
widdl c • le, + c,1/l ID ani"I • die followina ~ equation 

2p ucain(sia c/r:os •I • h t 171 

Compvin1 equation (17) will! die coasniat in (3) wiD meal for n > I that 
.. arioe l 17) prodllm llipdy---.d"' rauJis far lllp I ad essentially equiva­
._ mull: for mmll I. The w • (4) ol optimally .,.._ COIIStCllatioas Illar 
provide aJobal coYCralC alto takes die SUIIC CMSeMIM ipjiio-:11 IO COUIIICl-l'Olatilll 
inleafat.es • ck111C ia (3). 

Tbere 1ft adler lypCS ol -IJllixs wbictl ca lllisfy diffet'CIII portions of die 
seneraJ Eanll covaaac pn,blem widl C.- ..Uila ._ .... reponed hen:. In 161 
Walker - die lint ID .,_ .. C •· ◄5 _,. ol m Elrtb could be acbieved 
widl Ii~ SIICDites ia iDdillul circuJlr orbils. fa (7) lalfaNI HNlcled die results of 16). 
and bis incliaed o,t,it: C Rlllllions lltepOiluldlen: willl l'WCl4y four or fewer satellites 
1ft man efficiel4 ._ die pols CMSMll#ims 4iKwed ii dlis paper for the 10ta1 
number ot ..uita lie Ills consickled. For- lower lllilllfles 111d some redundancies 
of CO¥all'· arbilnrily plmed illclillcd cnil CMSlellalimls pnmdina pok,r rap ar,, 
enp u n:paned by ltidar ill (51 pnlVide rm eff"ICieP : : 7 :0-,s dlan tbose Jiven 
here. TIie _... of (5) a lllow .. aued ;acre• ifw -,loyill1 iwo Oillqonal 

pols ,i-wl - a; -• - pnlVide - tfficiel4 -llllions for doublr w I' zn,w ,,_, co,.,.. ..._ I a 55. II ..._ ._ die purely polar orbit 
7 Dzinn "'Ill ......... .., ill,._ wlysis. 

c,r I A IC ' 
1111 appa II ..., L cou•• pn,blem I* ~ IIIR 1w .. • )'Cl lddmsed die 

.-1e1a1 ......... colliliM -· s . Siace ,_ wlytis 1w been solely 
:cs iHHI widl cilalllr pols arhi7 Ca 1 .. ...,..., ad MCC ~ of orbital 
111- 11111 ._. If; c lfte,ily ffllided_ caliliom "ft poaible mly ahove the poles. Tbis 
impHa 11111 if 1111 -Dbrs - Ill ill fldectly cimlllr orbi1s • the SM1C altitude. 1 
collisioll -W - if ad csly if ..uita in two ar rm planes crossed 1heir 
wendina _,.. li-"-•ly. This ii llpvaient ID;., (aod 2• /$) equalills zero for 
1CH11C inlepr I ..... fn-n I ID p - I. For artJiaaily plllsed constellations. an 
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in1Cr1'1- phssina • can 11.,,,ys be selected 50 lbsl ;., I mod 2,r/11 never equals zero. 
For oplimally phased C01111ellalion1. ho...ever. • eumiaslion of Tabin 5-1 will re,'QI 
1h11 iwlmad 2,r/sl dDa equal uro for 10111C i-,er i~ I llldp - I for 111111y 

of• CC D-. lillld dim, - -i,iy ..... • • 0, 771d 111aze .. w • 
,r/1 .... , > 2. 

AIIOllwr - el IYOidia, collitiaa for zrt,itnrily pll-1 -llalias is by 
placiltadlelMCllileliaaclladlilal pi..11,_llliaade nidldiffm&amdle 

- nllilude _. fof $llttllila ia-, odier ,i- • wllicll llill-• same 
radillS ol -,e I far all ..Uiea. floM-. b oplilMIIJ pllalfCI COIIIICllaliaas Ibis 
mcdlDd is not zpplQble liKa die Oltlilll period (Md lllace die semi-major uisl of 
eadl SIICllilc in die -'ladoa fflllll be s - ..... 10 lllainlaia die optimal 
plmiltl. Small ~11 IO ocbcr ort,icai ~ ildMtillf die illcliallioa. ecceJl­

lricily. and ars- ol peripc could mull ill caanllsrior dnips dial were free of 
poenlial colliliam. Aniviq II such desips, however. -Id DOI be I lrivial rast. 111d 

lhc CGMtelllliolll alaimd could DOC be bodl cin:ullr 111d polar. wbicb are ~ 
1h11 blve been addi I f bereia. 

Au appn..da ID die colliliaa avoidance problem, which placl "ft ortiils 11111 an bolll 
cimda' 111d polar. in 10 deville llipdy fllllll die oplimal pllllina 50 1h11 1to swo 
saielliles an II dlcir acendint llll{le,. zie•II ly. All lppMIM COIICCIII dill Irises 
wba. appr-lhdl die problem in dlil W ii IID'w IWII I dcYillioll ill pbaliac "'iU 
affect die minilmlll 111eWte radius of co,,eraee app'il sbll for I COIISICllatioll. if die 
wnc anau di- licrweea successi..- uccadina IIDdes are llllimained. Lee ,1., 

de,.. die devillioa fJOm the optimal iftter-,i- llldlilc phuia, qlc. h will be 
showll Illa ~f-lhc necessary increase ill •-llarioa'• millimum applicable sat• 

elliir radius al covaa,e-is bounded fJom above. • iDdic-.1 in lhc follow1n1 
inequality 

1181 

Typically. die...,. will willl 10 deNnnine die millilall cc 7 lllli- ror I specirM: 
value of I. By IIMII dlSa like lbOle liven in Tables s-1, a cletaminllioll can be made 
of bada 7111' caaMlllioD 771d die minima•• I-value wbic:11 is applicable rar die constel• 
latioa. D> ...mpaiac 41e swo I-values ad by -ma (Ill, die ayss ca deta die 
fnedam lie llas ia penulNII die phasiq fllllll iss oplimal nlue isl order 10 avoid 
collisiaB. . 

i-.-: All-,,. cklamines a -'1ile's ,..._ e1-...10 be 12.3". He 
willlcl 10 flSld die minimal polar~• will psvvido Cffli- lillp 
COoer111 ._ 4S' llliludc. 1.oaat1 ia 1'11111 7, • 611111 .., di,. appcepias& 
caallleiPaa-nc· • llas r • 126., • 7, , • 11 • ..s a · • appti,:able 1-vai. ot 
12.013" if die apamal pbaina • ol Kl" - used. Sisa die lflCilla ~ 
-1lilll ia • - arbiSal plaM in 360'/tl • '111', ad Tisa 2w • '111'. die 
apsimll plmias in jadaed impncljcal 6oca colJisiN avoidlllce coesidultioos. 
TIie IBllysl'I f.walue elalds the mill.- zppl" zNe A.value far dis -1• 
lllioB by 0.211". 'lllemcn, Ibis - :c a l'ilice -ill be appropriate far the 
aalya'1 ... • lcaa • die drvillicll .1 .. flan die opcimal pbaina is sucll dllt 
mu[IA•I. 61Awl (mod 20'>1 $ 0.211". wllicll implia 1bs1 IA•I $ 0.Ol7". 
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t}J 1-f ~(~ ~ I;[(~ ::~ ~;f :[~a.f 11~! i! ~a., f t:•11•1 l-~1 !_,J ,.J 11•-. !. 1~~"'!~_ ... s>t&lt,.,1-t • l'•·fsl.,. ~ 
l" 11- §: i,. ~ S n ] n lf ~ [-§ · x. 2, i ;I, · 111 l • • · ~f I I. ·if 11 ~ri; !. !:~ii:~-K!]{1ri t ~ f ~r ~; a I ~;if i1 f ao= Sfl :I §1•.1 ...... lJnln>. 'lll , .. (g=-11:r+i..-f'2.t 

~ i I fl 2. 1 j !. I J i r _ ~ -. ; 6 [ § $_ ;'. { t~ ~ ~ :.-' ,. ~ i ~ ~: i R : l 
~ s· ;; ~ " f ! i ! a ~ ~ ~- ~ " ~ "! 1r s II t a § ~- ;; r ~- i ~ 1 1 f ~ s 1 f t !- l I 



Motorola Solutions, Inc., Ex1029, p. 243

.. 

--'62 7 
.. 

mpectively. on die ripc-lllnd side of (6). For I fi.qd I. upper nnd lower bounds °" 
o:can cuily be~ by lllowin1 die phalins qlc .. io vuy. Clearly, o, would 
be lffWII ii die pilaliac ,,,_ such dial die IIICUile laliludc f" sllown in fiJ. 3 
cGlfflPOllded IO die poim lloni pl- 1°1 orbilal pn>jcclioe Clotnl IO die c, CUip M 
lalilude ♦ ot ,i- 4"1 --or--,,. Libwile. o, would be Sllllllcsl ;r 111e 
pllllias - such 11111 • lllidpoilN-- -'liles wa, Ille point in pl- 1·1 orbilal 
pcojecrion .:tosest to Ibis cusp. flam die law o1 _. ror spheri<al lriln1lcs. lbew racu 
CID be expcascd a follows 

arni■llill c,/cos ♦Is a, s arcsin(sia I/cos ♦ I 120! 

Thc diffema befweca die bounds on o,,oes IOICIOU, leads IO zero. Cocucquendy. 
IICSilWsin I/cos ♦ I will be• ,-1 appoxilllllioa faro, for small values ol I. Siace 
I • sin I for ,mall lfllld 111111, ;r • ll'Csia z ror lmlll zl. it follo<n 1h11 I/cos • is 
also 1 ,ood appcoaimMia■ faro, wbea I/eta ♦ is small. Likewise. c1/COI ♦ wiU be 
• f!JOd lplllllllimllioa far a, wbea f/COI ♦ is small. 11lis IUle llJUmeal will wort 
fa/ _aim m. (I). md (9) a well. wticre,... o, md o, cormpoDd 10 die arcsin 

11111 - -· rapecawly, e111 die ripr-111■11 lidt ol lbae inequalilia. 
For COMll'linl c IOI die siNalioll is somcwbll differm. la Ibis cue, let die pnmeier 

o, • arcsia(sia c,/cos ♦I and let o2 • acsi■flia ,,/cos ♦). Thc defulilioa of die 
laliludc ♦ implies dial ♦ s ♦ s ♦ + ,r/1. Coa11q1-iy, 

arcsinhin ,,/cos ♦) s o, s arnia{1i■ c,/cosl♦ + •Isl] <21 l 

The diffema belweea die bounds on 0 1 JM11 U1 (21) pl IO zero U I inaasn. 
Tbaefm. arnin(sia c,/OJIJ ♦ I will be • ,ood apprmimalioa for o, for small values 
of I. siace s mus1 iDaw ii I deansn Silllillrty. arnia<sin ca/cos ♦ I wiU be a 
,ood appnwmllioa far o, ■1 I leads IO mo. Sila die difference on die bouads of o, 
live■ ia (201 leads IO mo. arnill(sill f/coa ♦) will also be• ,ood approlUIUlion for 
o, • I lellds IO zero. Tbercfore. employias die - ieasm•,1 i..s for 161 duoup 
(9) above. ii follows dial ,,/cos ♦ aad I/- ♦ 8" ,ood approximllions for o, and 
o2, mpeclilldy, wbea I/COi ♦ is small. 

Equalily ii die -._ COIIIUliDIS (II) dlroup 114) is considered wlleD deltr­
millias milimal-u.io■I. Fram di& pee. j·-, ..-,. die o. o'. /J. and /J' 
pewr s 111M appear ii lllne COIISlraUIII ca• be lpplUaim■led by ,,/COi ♦ + I/ 
-♦ faralll vlluaolf/- ♦ . Cc 1; ly. alplllOllimnleconsniMIIIM 
c:llAICI IWI .niaima1 oplinlllly phased ca D . N ~or 1111111 values of I/COi • is 

pll + c,I • t,r COi ♦ C??I 

1'1111 -a ap ~ tlJll llaw ._ 1111d ill die above -1ysis b 
aplillllly ..... I l'Mims ca also be lllflied IO (3) IO 111M M die followi-, 
cwwwaill far aninrily ..-, consuPllioas--■ •t- ♦ ii small: 

plc, + c,) • n COi ♦ <2ll 

r-o an11er sma11 ap appn,airnllioas wlJictl ..w 11c meful ia detcnninins die 
~ behavior of r for 1111111 values of , '" 

(24) 
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f' • (jtl/11' + ,: (25) 

A Ll,rUlaian unclnmniDed mulliplier IICluliquc ca be med 10 r.nc1 a minimum 
vllueofT • p x l1Ubject10dleCGllllninll(l2ldlrouab(2')si-abo-e. Appendia 
B audilla bow dais defaminalioll ii made. The desired 1pp10&im11iDns for Tare found 
10 be 

T • (4V3/91i1(1r/fl' cos• 
for aplimal)y phased -1latiolll, and 

T • ((2/¥31 (I + •' + dl/(Vl■' - I + 2,/ 

+ V2 - •' + 2dl](1r/fl' cos• 
for arbilnrily phased constellalioas. when d • VI - 11' + •'· 

(261 

The KCUr1CY of die approaimalions (26) and (27) baa bea Yairied by comparin1 
IICIUal T•values for minimal COIIS(CIJaliam wi1b appoaimllc Vllues deri>ed rrom thnc 
equalioas. Liu die daia sivcn ia Tables 1-8, die levels of coYfflfC II lead ran,cd 
fnlm I 10 4, and die values of • c:onsidmd were equal ID O. )0, 45. 111d 60 de1rees. 
For cadl minimal constellatioa wilb a lDIII DU1llber of saicllita be1MCft 100 and 1000. 
an ~ value of r. denoced r •· was calcullled us-, 1261 « ,211 111d lhcn 
rounded 10 die nearest iarc,cr. A pcn:eal clevialioo ia T - dlea delcnnined by 
compulina(IT. - Tl/Tl>< I~. Aven,eandmaaimumvaluesoflbisdeYiatioaare 
indicaled ;., Table 9. The approaimale values of Tu a f1IDClion of I are _,, 10 be 

TAIi.it. _,.,""' : r--..•srs-·-... ·--....... _.,,..._ 
• • - - - -
0 I 2..569 6.4l9 0.60 ].JJ] 

z O.MO US7 0.325 I.Ill 
] o.711 J.10! o. ... 2.157 

' 0 . .)M 1.754 U)9 J.ffl 

JO I 2.•1 ,.ni O.JII Ul9 
z O."NZ uu O.'!f UGI 
J UIIII Ult o.m J.115 

' o ..... UGO 0.,11 J.m 
I u" S."2 o.• 2.5N 
z USJ z.m 0507 UGO 
J 0.556 U'7 0.,.1 ].llS 

' UN 1.NI 0.717 J.175 

I Z.556 ,."NJ O.ffl UGO 
2 USI Z.516 0.626 2.7711 
J o.m 4.IIOZ 0.11211 'IIOZ 

' l.ffl UGO 1.2'6 S.6'1 
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-'>ly preme ror tqe -llaiom; iD a larp lllljority al~ die approli­
,_ valun al T undcralima 1bt -i vaJas bJ juc a sm11 _._ 

WIien ,,_ • is small e-,11 ror die approainlllionl li>a ill ,qumom 1261111d 
(27) IO be valid, ii is ••lllill& IO - dlal a 1111 ln'CI of-. Ii increlscs. lhe 
..... ol ureUiles ill a -ilaliaa wllicll ii IO plOVidt CGlihMK'US ... f'old-. 
us-. artliinry pllasillc •ynipii ◄i<:.U, app.oadlu 1111 IIUlllber ,equi,ed if oplimal 
plmi,,s Wffl IO be Ulilized. Tllil ca be 1Nb Malydcally by alinl a simple ralio IHI 
IO aow dlal U II lends IO iafiailJ, 1M --.iillcl codf,ciat," defined by 
TII<• /II' cos • I. ror nnrily pllwd -u.a-.i,,u-as (4Vl/9lli-whicb 
is • correspondiDa -iiDd wefficical ror oplimally pbmd _,laliolls. nus 
uya,pcotic behavior is dcpicso.l I'" I . : Illy ia F"11. 6, wbidl plots T Ill., I Ir cos ♦ I 
u a functioll ol 11. Solid lilla bave Ileen used IO COlllleCI dD poinls in lhe same 
"family" ror arbilrlrily pbucd ~. whae a family is dlanclerizecl by a 
- k-value in dlcj x .traaorizalioas oldie differeao.._of •· ftQmdlc lilffl, 
ii ii apparem 11111 die fK1llriDlioll of • wi111 j • • Md t • I ii IIICICiMed widl 
millmlm CGlll&eu.iom USina arbilrwy plmint, Dlfa poillls ,dad to oplimally 
pbmd consccllaliolll bave been C(MH clld by lhe dolled lille --.a. For " ~ ' 111d • 

~ ,J-_; _ _.:__...,.._-l---l----,~-+--il-:.._ ...... ~ 
i € ,1-,_;.. ______ ..._--l--+-"-.-,~,q..~ 

• !! • 1----l--!.-....L.-..;..;....;;...;.,..;:"n~..C,~ I ,1----l---L--+~~~~-+--+--+-~ 

J . 
• 1--4....:....~:i..--~~~-+"'"""+-+--l-+-+---i--l 

• L-....l-...1.-..1..--'--"--"""---.......i.--=------"'-"""-....., 
• l I J • ' 7 • 

a....~c -~-• 
flG.6. AfF 1-•-•uorC II. 

t II ll U 
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fi•ed 1111111 ~value. die appro•imllions 1261 and 1271 predict 1h11 die difference 
bet- die rwquired IIUlllber of ..aira ill COftllellalioCIS usin1 ubiua,y or opcimal 
phasilla is llladlln or..i ID 1.01•. eo.-1y. for,.~ 5 and a fiudlOC&I n11mber 
of satellites, equllioaa {261 111d {27) predia die difference in die requind • between 
die bell artlinrily pb....t 1811 apliallly pbaled COllllelladons lO be Ina 1111n 0.5 Ill. 

1111n is a~ diff- ill die elm~ of the approximMC IOlutioM for 
oplimally YfflUI artlilnrily pbaled lllillilnal CGlllldlllioas. This .an be made eYidem 
l,y tliminlrina <•/II ftom aquMilw (Ill) md (l19) while 111in1 die oplimalj • 11, 

t • I flCIDrizlliaa ol II ID abcain., ~ rtlalion 

(1/pl. • (Y2"1 - 1 + 2'I + Y2 - ,.• + 24l/lV3 eos •1 1281 

for larp ltbill'lrily phased minimll-llalionl. In a similar ~- equations I 87) 
Uld (88) can be ulilized lO obcain die approaimalion 

11/pJ. • V3(j/t)/cos • 1291 

for larp oplimally phased minimal consrellalions. For SiYCn values of n 1111d •. 
equalion (28) ind~ dial 1ellffllly dlert is a 11nique approximate 11/p I ratio auoci­
llled with minimal COIISl&llalions employin1 arbiinry phasina. However. equations 1261 
Uld (29) illdicalc tbal minimal -llalions 111in1 oplimal phasin1 may be associated 
wilh several dift'CRIII appro•imalc Is/ p) ralios -one for each possible factoriutioft of 
n. Bocb these cues can be verified by euminina die minimal constellalions listed in 

Tables 1-8. For small fit should be noted that for aiYCn values of T Md ls/pi..,. an 
approlimation IO die number of artlilal pi- CIII be obained from lhc closest inte1er 
iop • VT/11/p>.. The appro•ima nwnberof satellifles in each orbiw plane is then 
obc•ined by choosina s IUCb 1h11 p X I is clolesl IO T. 

SammerJ 
This lfticle bu adda ed lbe pralllem of delenninin1 minimal cimdar polar orbit 

COIISICllalions wllicll pn,vidf ~ .. fold -SC abcM I specified latitude lb 
when lllbject lO lbe COIISll'linls of Ille _-of_,.. ltChnique. Botll an,itrary and 
optimal ;.r.pi.. ..ailt pllalinc 111w beta considend. lneqllllity -.ints baYC 
been deri,,ed wllidl - be saisfied if a -ilalion is 10 provide ad! co,,era,c. 
When solviq far lllllllilY ill ... -... lllillilMI consrellalions can be defer. 
milled by • ileraliw COlllpUlaCional ...-... The finl fifty n.emt...1 J families of 
111i11im11 cc mllaliaM ~ 1111n tit Ir 1111■1 this proceclurt far ..:.S of",.... 
fnllll I ID 4, md far .__ al ..... ID 0, 30, 4.5. 1811 60 depees. T1lc lllilily of 
--oriaad oplimllly plllle1 c n r c:::.s, "lllidl :.ve bcreeofcn aoc beta con-
---'· is appll'CIP apo- a · ie al ... flmilia far Yllues trf • p-eaaer lhan 
zen,. A comp11isoa al dt- !ltbl 1 clala will! prior mulls has beta made, and 
•- al wtien dlae prior NMII • -wlivw lllaYW been .-1. The problem 
al collisioa t<U [I L. 1111n ..... by aiYina inlqualilies whicll relale Ille devia­
lion in plmins 6- apciiml ID .. .....,..S illimMc ill die -Uite radius of C--., 
•. Abo. 1111111 up apprlllimMlcm lll\lt beta aed in -junctioa willl a Laannaian 
undelermined 1111111ip1ier llt'llniq,le ID derivw appo•.- relations ._ lhc •'llll 
IUfflbcr a! -llilel in lllp s PIJ!ioM and lbe required •value necessary for 
supplyiq lbe dnind ,_, al--.. 



Motorola Solutions, Inc., Ex1029, p. 247

c,,a.,,...ca, •• '. , .. 
Appendi,i A 
Determination of the Latitude 1/1 

In the discussion of a coun1er-ro111ing inierface. ii was IIOled lhal a hole in coverage 
could resuh above the lower lalilUde limil di even lhoup coverage 11 lamude di was 
con1inuous. By examinin1 Fia. 3. ii is apparcm lha1 such a hole would not occur 1f the 
angular separation between the a.scendin1 node of one orbital plane and lhe descendin1 
node of lhe ocher was sufficienlly small so lhal Ille strcets-of-c:overase always interseci. 
It is enough for in1enec:1ion 10 occur whenever a t, c:usp from one Slrttt is at the same 
latitude as the t, cusp from the ocher SIT'eel. where Ille only la1itudes lhat need to be 
conSJdered are !hose pater lhan di. This appendix is concerned wilh de1erminin1 what 
1hose latitudes are. Once the delerrnination has been made. it is an easy matter to 
determine the latitude ,J, involved in (7). which is the constraint that places an upper 
bound on a'. A similar constrain! wilh ( p - I)"' (mod 2,r / s) taking lhe role of w 
applies to lhe angle fJ '. 

Suppose w is the inter-plane sa1elli1e phasina anale between satellites in two planes 
A and B that form a counter-routing interface. Then saiellites in B lead !heir counter­
pans in A by the angle "'· In 11eneral. four la1i1Udes need 10 be determined: these are 
"'•· when a t, cusp on the a.scendinJ side of A is al the same latitude as a t, cusp on 
lhe descending side of B: ,J,,. when a t, cusp on the ascending side of A is at the same 
la1i1ude as a t, cusp on the descending side of B: ,J,,. when a t, cusp on the a.scending 
side of Bis a1 lhc same la1itude as at, cusp on the descending side of A: and w,. when 
a c, cusp on the ascending side of B is a1 lhe same latilUde as at, cusp on the descend mg 
side of A. Note lhat whenj • I."'• is the same as,;,. and,;, is the same as"'·. It can 
also be seen that if w equals ,r/s. then,;, equals ,J,,. and,;, equals"'•· 

La1i1ude ,;, shall be de1ermined first. Suppose a t, cusp from plane A ·s strttt-<>f• 
coverage is at latilude di on the ascending side. lben there is a satellite in plane A at 
latitude,. as given by equa1ion (5). Consequently, there is a satellite in plane Bat an 
angular distance of ., - C, + w) from its descending node: angular dis1ances of the 
other sa1elli1es in B from their descending node can be de1erm1ned by adding integer 
multiples of 2., / s 10 this quan1ity. A c, cusp from plane B would be 11 la1i1ude di on 
1he descending side if there were a sa1elli1e in B al latitude {•. where 

f• • arcsin(sin di/cos c,) + ,r/s (All 

Usually. a satcllile in plane B will 1101 be al la1itudc f• al the same time a sa1elli1e in 
plane A is 11 latitude {. lbere will. however. be a satellile in plane B having lah1ude 
f such lha1 f ;,: f• and such thal f - f• is.minimal. II is known !hat for some in1eger 
m. 

f • ., - <, + o,) + m(2,r/s) 

SinceO:s f- f• < 2w/s. i1followslha1 

(m - 1)(2,r/s) < f• +, +"' - ., :s m(2,r/s) 

and therefore. the iniegcr m is cornpleiely deiermined by the inequalities 

m - I < Cf 0 + ' + "' - ,r) (s/2,r) :s m 

(A21 

CA3l 

IA4) 
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Alona die countcr-roulin1 interface, u satellites in plane A move up in latitude. 

those in plane B decrease in latitude by die same amount. tr f and(' represent the lau­
Ndcs of satellites in planet A and B, respectively, when a r, cusp from plane A is 11 
the same latitude ,;, as a r, cusp from plane B, then there muSI be a consw11 IC such 
1hat 

(' a IC - ,• IA5l 

Since at some points in time a satellite in plane B will have latitude t on its descending 
side, the constant IC muSI equal t + , , or 

IC • ,r - ., + m(21r/s) IA6) 

From the law of cosines for spherical Dian1tes, it follows that 

sin('' - 6-rr/s)cos r, •sin.;,• sin((' - 1r/s) cos r, IA71 

Let IC'•« - (I - 6)1r/s. Solviq equations (AS) and (A7) for f yields 

,• • uctan[(sin 1C' cosj1r/s)/(cos 1r/s + cos 1C' cosjtr/sl) • 6,r/s IA8i 

The latitude J/1, can then be de1mnined from (A 7) as 

,;, • ucsin[sin((' - flfr / s) cos r,] IA9J 

The latitude J/1, is detennined in a similar manner by reversinJ the roles of c, and r, 
everywhere. When this is done, the roles of , and t• ( and thus 611' I sand ,r / s I are also 
reversed. The latitude (" of a satellite in plane A when its r, cusp is at lhe same la111ude 
t/t, as a r, cusp from plane B is given as 

C = arct.an[(sin 1C" cos tr/s)/(cosj,r/s + cos 1C" cos tr/s)] + tr/s 
!AIOI 

where 1C" • ,c - (6 - 1)11'/s. The latitude,;, is then found to be 

,;, • ucsin[sin((" - tr/sl cos r,J 
The latitudes J/1, and,;, are determined in the same manner as J/1, and J/1,. respectively. 

by interchanging the roles of A and Band by noting tha1 !his is equivalent 10 replacing 
"'everywhere wilh -.,, 

The latitude ,; can then be detcnnined u ,; • min( t/,., ,;,. t/,,. ,J,,). and the cons1rain1 
(7) follows by applyina the law of sines for spherical Diangles. 

AppendlxB . 
Approximate Solutions for Larse Constellations 

This appendix details how the approximations given by equations (26) and (171 have 
been determined. 

Appro1titNJtion for T for Lari• Optimally Pita.rid C onsttllations 

UsillJ equations (22) and (25) given in the 1exi. the optimiu1ion problem can be 
formulated as follows: Minimize T • p x s subject to the constraints 

g, • p(B + r,) - k,r cos tb = 0 1811 
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1, • B' - (j1r/s)' - c; • 0 (82) 

Employing a La1nngian unde1m11ined multiplier recbnique and considering p. s. 
and <, as the independenr variables, the solurion can be obwned by rhe simultaneous 
solurion or (BI), (B2), and rhe three followina equations 

aT/ap + A,a,,/ap + A,a,,/ap • o 
a11a, + A, a,,/as + A,a,,/as • o 
a11a,, + A, a,,fac, + A,a,,/ac, • o 

(83) 

(84) 

(85) 

where the five variables are p. s, c,, A,. and A,. Aher!he puttal derivatives are obtained 
and the Lagrangian multiplien A, and A, are eliminated, die three equations in the three 
variables p. s, 111d c, that result are 1iven by (8 II, (B2), and 

8 + c, • (j1r/s)1/c1 

Solving (BI), (82), and (86) (or p ands yields 

(86) 

p • (2/3)k(1r/8) cos• (87) 

s • (2/V3)j(1r/8) (881 

Using n "'j x k. equations (87) and (B8) can be multiplied to obtain 

T • (4V3/9Jn(1r/BJ' cos d, (891 

Approximation/or T for I.Argt Arbitrarily Pltastd Conntlhuions 

Using equations (23). (24) and (25) IS 1iven in die text. the optimization problem 
can be fonnulatcd IS follows: Minimize T • p x s subject to the constraints 

1, = pk, + c,) - lt1r cos• • 0 

1, • 82 
- (1r/s)' - cl• 0 

1, • IJ' - (j1r/s)' - c; • 0 

(810) 

(811) 

(B12> 

Again employin1 a La,nn1ian undetermined multiplier technique and considering 
p. s, c,, and c, as the independent variables, !be solution can be oblained by the 
simulraneous solution of (BIO), <Bil), (B12), and !be four ro11owin1 equations 

aT/ap + A,a,,/ap + A,a,,/ap + A,a,,Jap • o <B13l 

a11a, + A,a,,/as + '>.,a,,Jas + A,a,,/as • o (B14> 

a11ac, + A,a,,1ac, + >.,a,,/ac, + A,a,,/ac, • o <B15) 

ar/ac, + A,a,,/ac, + A,a,,Jac, + A,a,,/ac, • o <B16) 

where the seven variables are p, s, c,, c,, A,. A1, and A,. Aher !be panial deriv11ives 
are obuined and the Lacransian multipliers A,. A,, aad A, are eliminated, the four 
equations in the four variables p, s, c,. and c, 11111 result are Jiven by (810), (B II), 
<B12), and 

c, + c, • (1r/s)1 (1/c, + } 1/c,) (817) 
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Lete • v'J -j' +}'. Theequalions(81)),(812).(8131.and1817lcanbesolved 
for p and s to yield 

p • v'it[v't + i' + ,/(v'2i' - 1 + u + v'2 - ,, + 2,1J<1r/Bl cos~ 
1818) 

s • V20 + j' + ,)/3(1r/8l (8191 

Eq1111ioas (818) 111d 8(19) can be multiplied to oblain 

T • ((2/VJ)k(I + i' + e)/(v'2j' - I + u + V~2---,--,-•-21-)](,r/8)2 cos~ 

(820) 

As depicted graphically in Fig. 6. ii can be shown that Tis minimized when the j = •. 
t • I factorization of n is utilized. 

The authon wish to express their thanks to the revicwen of this anicle. A ipecial acknov.1-
cdgment is due to die late A. H. Ballard ..,.hose insight has led to s11nific:,n1 improvement~ 1n the 
manuscnpl u onJinally submiacd. 
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Al'PBNi:.lIX D 

JU>VUCB PUBLICATION IIIFOIUlATION FOR ftB IRIDIUM SYSTBM 

section A - General Inforaaticn 

The Administration of the United States of America informs the 
members of the ITU of its intention to authorize the operation of 
the IRIDIUM Satellite Network. The JlOSS system will operate in 
the ROSS band 1610-1626.5 MHz, 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. Identity of th• Satellite Retvork 

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. 

2. Date of Brinqinq into Use 

1994 Initial launches 

3. Aainistration or Group B~ittinq 

United States of America 
Federal Communications commission 
Washington, DC 20554 
Fed COMCOM 
Washington, DC 

,. Orbital Inforaation Relating to Space station( ■ ) 

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. 
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section C - Cbaracteriatica of tb• Satellite Hetvork in tbe Barth 
to Space Direction 

1. Bartb-to-spac• service Ar••<•> 
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. 

2. Class of Station and •ature of service 

3. Prequency Range 

1610.0-1626.5 MHz - Subscriber Terminal 
27.5-30 GHz - Gateway link (Feederlink) 

4. Power Characteristics of Transaitter use 

a. Subscriber Terminal 

l) 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= ll.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 

s. Characteristics of Space Station Receiving Antenna 

a. Subscriber Link 

Gain: 22.5 dBi at 61.6 deg angle from nadir 
(max range) 

See Figures 2a-2g 

b. Gateway Link (Feeder) 

Gain: 21.5 dBi 

See Figure 3 
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6. Moise T.-perature of Space station Receiving Sy■tam 

a. Subscriber Link 

553 degrees K 

b. Gateway Link (Feeder) 

1454 degrees K 

7. •ece••ary BaD4wi4th 

a. Subscriber Link 

Total• 16.5 MHZ 
Per Channel• 126 KHz 

b. Gateway Link (Feeder) 

15 MHz 

a. Xo4ulation Charactari■tic■ 

a. Subscriber Link 

Digital voice and data, QPSK with TDMA/FDMA 
:multiplexing 

b. Gateway Link (Feeder) 

Digital voice and data, QPSK with TOMA multiplexing 

section D - Characteri■tic■ of satellite Metvork in the space to 
Barth .Direction 

1. Space-to-Barth service Ar••• 
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 l. 

2. Cla•• of station■ and Bature of Service 

ES, EC, EF 

3. ~requ9Dcy hnge 

1610-1626. 5 MHz 
18.8-20.2 GHz 

Subscriber Terminal 
Gateway Link (Feederlink) 
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Pc•i,ar Cbaractariatic• of Trana■itter oae 

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 EIRP (per carrier per 60 ms frame): 
Total• -4.2 to +14.6 dBW 
Spectral Denaity • -57.2 to -38.4 dBW/Hz 

b. Gateway Link (Feederlink) 

EIRP: 
Total• 14.5 to 27.5 dBW 
Spectral Density• -53.5 to -40.5 dBW/Hz 

5. Space Station Trana■itting Antenna 

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 

s- Figures 4a-4j 

,. Sy•t- Boiae T-perature of Space Station Receiver 

a. Subscriber Link 

553 degrees K 

b. Gateway Link (Feederlink) 

1193 degrees K 

7. •eceaaary Bandwidth 

a. Subscriber Link 

Total• 16.5 MHZ 
Per Channel• 280 KHz 

b. Gateway Link (Feederlink) 

15 MHz 

• 
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a. Modulation Charaoteri•tic• 

a. Subscriber Link 

Digital voice and data, QPSK with TDMA/FDMA 
multiplexing 

b. Gateway Link (Feederlink) 

Digital voice and data, QPSK with TOMA 
multiplexing 

section B - Characteri■tic■ to be :rurni■h•4 tor apace-to-space 
Relay■ 

a) The 77 IRIDIUM satellites in seven planes, with 11 
identical satellites each are all interconnected to 
each other. 

b) 22.55-23.55 GHz 

c) Emission: QPSK, FDMA/TDMA 

d) Burst EIRP: 37.9 dBW (-33.1 dBW/Hz) 

e) Crosslink antenna pattern: See Figure 5 

section F - suppleaentary Information 

Refer to Appendix A for power flux densities. 
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®MOz"GdOLA 1a48 

FIGURE 1 POTENTIAL IRIDIUM SERVICE AREAS 
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® MOT'OIIOU 

FIGURE 2a 

CHARACTERISTIC OF SPACE STATION 

RECEIVE AND TRANSMIT ANTENNAS 

.. , .... 
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® MOT'OIIOCA 

FIGURE 2b 

CHARACTERISTIC OF SPACE STATION 
RECEIVE AND TRANSMIT ANTENNAS 
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FIGURE 2c 

CHARACTERISTIC OF SPACE STATION 

RECEIVE AND TRANSMIT ANTENNAS 
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@MOT'OIIOI.A 

FIGURE 2d 

CHARACTERISTIC OF SPACE STATION 
RECEIVE AND TRANSMIT ANTENNAS 

.... 1 ... 
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® 1110 i OlfOLA 

FIGURE 2e 

CHARACTERISTIC OF SPACE STATION 
RECEIVE AND TRANSMIT ANTENNAS 
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FIGURE 2f 

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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MOTOROLA INC. 

October 31, 1990 

FINANCIAL QUALIFICATION SHOWING 
RPSS APP11tat1on, 
Motorola Satellite Co11111un1cations Inc, 

To Whom It May Concern: 

This will confirm that Motorola Satellite Communications 
Inc. is a 100 percent-owned subsidiary of Motorola, Inc. and 
that the parent corporation is fully committed to meet the 
construction and operating expenses of the subsidiary. The 
parent corporation's assets are 110re than adequate to meet 
these expenses, as evidenced by the attached Annual Report 
and Quarterly Report updates. 

esident and 
Chief Fina Officer 

Corporate Offices 
1303 E Algonquin Road. Schaumburg. IL 60196-1015 • (708) 576-5000 
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Exhibit Ill 
Form 430 

In March 1988, 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 $10,000 per count was imposed. In addition, Motorola paid 
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 {"DLA"). DLA 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 degrff 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) 
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Exhibit IV 
Form 430 

Motorola Inc v Howard B. Cbaoman and Robert Colt v Hal Brock v 
Ma.son MeCJpyd. Civil Action No. H-89-2706, u. S. District Court tor 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. 
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Exhibit V 
Form 430 

The filer's corporate owner, Motorola, Inc., holds numerous licenses 
throughout the United States for repeater operations and/or base-mobile 
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 1n 
Puerto Rico. Additionally, the company has received a construction permit 
for a rural cellular system for the Kossuth, Iowa, RSA. 
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Exhibit VI 
Form 430 

The filer is wholly owned by Motorola, Inc., which is a publicly 
traded corporation. To the best of its k11owledge, no individual or entity 

owns 1 O per cent or more of the filer company's stock . 
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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 
Donald R. Jones 
Cart Koenemann 
Garth L. Milne 
Victor R. Kopidlansky 
Kevin Gilbert 
Ray A. Dybala 

Directors: 

Carl Koenemann 
Durrell Hillis 
John F. Mitchell 

Principal Place of Business: 
2501 S. Price Road 

President 
Vice President 
Vice President 
Treasurer 
Secretary 
Assistant Secretary 
Assistant Secretary 

Chandler, Arizona 85248-2899 
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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 
telecommunications systems operated by the company. To the best of its 
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, Inc .. _ 
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 

Christopher B. Galvin 
Director. Sr. Exec. VP, Asst. COO 

Robert w. Galvin 
Director, Chairman of Exec. Committee 

John F. Mitchell 
Director. Vice Chairman of the Board 

William J. Weisz 
Director, Vice Chairman of the Board 

David A. Clare, Director 

Wallace C. Doud. Director 

John T. Hickey, Director 

Lawrence Howe. Director 

Anne P. Jones. Director 

Donald R. Jones. Director 

Stephen L. Levy. Director 

Walter E. Massey. Director 

William G. Salatich, Director 

Gardiner L. Tucker, Director 

8. Kenneth West, Director 
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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 officers 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 1 O per cent or more of the stock of the parent corporation. 
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Before th• 
~DAL COIOIUJIICATIOHS COIOlI88IOH 

Washington, o.c. 20554 

Zn re ~plication of1 

JIO'f01l0U DTBLLITB 
COIIKUIIZCATIOHS, z•c. 

wor authority to con■truct, Launch 
an4 Operate a LOY Barth or~it 
satellite a■ Part of the 
Dll:DIUII Sy■t- (IJtIDIUJl 1) 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) ____________________ ) 

UPLICATIQJI 

Wile •o. 

Motorola Satellite Communications, Inc. ("Motorola" ·or 

"Applicant") hereby applies for authority to construct, launch 

and operate a low earth orbit satellite designated as IRIDIUM 1. 

I. 

PQBPQSB Ql APPLICATIQJI 

A. Authorisation BtCZU••t•4 

Motorola 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 Xa-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 IRIDIUM 

satellites. Separate applications for the other in orbit and 

spare satellites are being filed concurrently herewith. Much of 

the inforaation about this satellite and the IRIDIUM system is 

provided in the comprehensive system application also filed 

contemporaneously with this application, which is incorporated 

herein by reference. 

a. IPPPtll or Propo■d 11rvic1 

The applicant will offer bulk air time over IRIDIUM to 

others on a non-colDlllon carrier basis. Service that can be 

provided to the public include ROSS, paging, voice and data. 

IRIDIUM 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. ,1pp1icant znroraation 

The applicant's name and address is: 

Motorola 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, o.c. 20005 
(202) 371-6932 
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with copies directed to: 

Philip L. Malet, Esquire 
Alfred M. Mamlet, Esquire 
Steptoe, Johnson 
1330 Connecticut Avenue, N.W. 
Washington, D.C. 20036 
(202) 429-6239 

II, 

TIClQfICAL IRQRMATIQN 

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, 

DIYIRB MP CBRTIPICATIQNS 

Pursuant to Section 304 of the Communications Act of 

1934, as a.ended, 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 

.f.u:Ll.y complied with all pertinent rules and policies, and has 
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supplied all the information required by the Colllllission, 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 

beat of its belief and knowledge, and are made in good faith. 

IV. 

CONCLUSION 

Wherefore, Motorola requests that the Commission grant 

this application expeditiously and in conjunction with the other· 

IRIDIUM satellite applications. 

Philip L. Malet 
Alfred Hamlet 
Steptoe, Johnson 

Respectfully submitted, 

MOTOROLA SATELLITE 
COMMUNICATIONS, INC, 

.,,,~ 
Title: President, Motorola 

Satellite Communications, Inc, 

1330 Connecticut Avenue, N.W. 
Washington, D.C. 20036 
(202) 429-6239 

Counsel to Motorola Satellite 
Communications, Inc. 

December 3, 1990 
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Gain of Each L-Band Channel (Not a transponder) 1' 

Orbital tocations1' 

Altitude 

NUlllber 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 

.lJ 

+/- 0.5 Degrees 

+/- 20 kilometers 

§I 

+/- O. 5 Degrees 

see Appendix A of IRIDIUM system application. 

11 See section IV to the IRIDIUM system application for the 
factors which support these orbital assignments. 

ii 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. 

JI See Section V of the IRIDIUM system application. 

JI See section V of the IRIDIUM system application. 
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Estimated Lifetime of In-Orbit Satellite1' 

Attitude Stabilization and Station­
keeping systems 

Electrical Energy System 

Emission Limitations (L-Band) 

Channel Bandwidth 

Spurious Emissions Attenuated 

5 Years 

!/ ., 
280 KHz 

30 dB@ 1001 x Channel Bandwidth from carrier 
60 dB@ 2001 x Channel Bandwidth from carrier 

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

1' A description of these systems is contained in section v of 
the IRIDIUM system application. 

1' 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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llDIBI'l' I 

TICJQIICAL IlfOJlQTIQJI 

Radio Frequency and Polarization Plan 

L-Band (Uplink and Downlink) 
Polarization 
Center Frequency 
Channel Bandwidth 

Gat-ay and TT,c (Uplink) 
(Downlink) 

Polarization 
center Frequency 

Channel Bandwidth 

Intersatellite Link 
Polarization 
Center Frequency 

Channel Bandwidth 

Final Amplifier output Powerl' 

L-Band 
(Cells 1 - 37) 

Ka-Band 
Gateway 

Intersatellite 

1610-1626.5 MHz (16.5 MHz) 
Right Hand Circular 
FDMA Cross Band 
280 KHz Downlink 
126 KHz Uplink 

27.5-30.0 GHz (100 MHz) 
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 

1.5 to 11.5 Burst Watts per 
carrier 

1.0 to 20.0 Watts per 
channel 
2.5 Burst Watts per carrier11 

Receiving System Noise Temperaturel' 

L-Band 
Ka-Band 

Gateway 
Intersatellite 

553 "K 

1454 "K 
789 - 1167 "K 

l/ See Appendix A of IRIDIUM system application. 
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The individual satellite applications for IRIDIUM 1 

through IRIDIUM 87 are enclosed in separately bound appendices 

G-1 and G-2. 
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RECEIVED 
APPENDIX G-1 TO DEC 5 1990 
APPLICATION OF O:imesac1-SCIHliiis~ 

Saleftl Rad:, Br.inc.~ 
MOTOROLA SATELUTE COMMUNICATIONS, INC. 

FOR 

A LOW EARTH ORBIT MOBILE SATELLITE SYSTEM 

BEFORE THE 

FEDERAL COMMUNICATIONS COMMISSION 

WASHINGTON, D.C. 

DECEMBER 1990 
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... 

Before the 
FBDDAL COJIXlJIIICATIOHS COJOIISSIOH 

Washington, o.c. 20554 

In re Application of: 

MOTOROLA SATBLLITB 
COMMUHICATIOHS, INC. 

Por Authority to Construct, Launch 
and Operate a Low Barth Orbit 
satellite aa Part of the 
IRIDitJK Syat- (IRIDitJK 1) 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) ____________________ , 

APPLICATION 

Pile Ho. 

Motorola Satellite communications, Inc. ("Motorola" 9r 

"Applicant") hereby applies for authority to construct, launch 

and operate a low earth orbit satellite designated as IRIDIUM 1. 

PQRPOBI Of APPLICATIOll 

A. Authori1ation BfCIU••t•4 

Motorola requests authority from the Commission to 

construct, launch and operate its IRIDIUM global personal 

communications syst- 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 IRIDIUM 

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 IRIDIUM system is 

provided in the comprehensive system application also filed 

contemporaneously with this application, which is incorporated 

herein by reference. 

B. SIJJPPITY Of PrOP91t4 Staie• 

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 ROSS, paging, voice and data. 

IRIDIUM 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. Appli9ant Information 

The applicant's name and address is: 

Motorola Satellite comiunications, Inc. 
2501 South Price Road 
Chandler, AZ 85248 

Correspondence and comiunieations concerning this 

application should be addressed to: 

Leonard Kolsky 
Vice President and Director 

Regulatory Affairs 
Motorola, Inc. 
1350 I Street, N.W. 
Washington, o.c. 20005 
(202) 371-6932 
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with copies directed to: 

Philip L. Malet, Esquire 
Alfred M. Mamlet, Esquire 
Steptoe, Johnson 
1330 Connecticut Avenue, N.W. 
Washington, o.c. 20036 
(202) 429-6239 

II. 

'fBcmn;cn IQ'OJUIM'IOll 

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 syst- application, which is incorporated herein by 

reference. 

III. 

JPIYIBI MP CQ'filICA'fIQlll 

Pursuant to Section 304 of 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. 

This application reflects a good faith effort to 

address all of the Commission's filing requir-ents 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 Commission, 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. 

CONCLQSION 

Wherefore, Motorola requests that the Comm;j.ssion grant 

this application expeditiously and in conjunction with the other -

IRIDIUM satellite applications. 

Philip L. Malet 
Alfred Mamlet • 
Steptoe, Johnson 

Respectfully submitted, 

MOTOROLA SATELLITE 
COHMIJNICATIONS, INC. 

By, ,d4J;.4~ 
Title: President, Motorola 

Satellite Communications. Inc. 

1330 Connecticut Avenue, N.W. 
Washington, D.C. 20036 
(202) 42.9-6239 

Counsel to Motorola Satellite 
C011111Unications, Inc. 

December 3, 1990 
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ENGINEERING CERTIFICATE 

I hereby certify that I am the technically quallfled person responsible 

for preparation of the engineering Information contained In this 

appllcatlon, 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 appllcatlon, and, that It Is complete and accurate to 

the best of my knowledge and belief. 

Tltle: Spectrum Utlllzatlon Manager 

Motorola Satelllte Communications 

Date: December 3. 1990 
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Radio Frequency and Polarization Plan 

l/ 

L-Band (Uplink and Downlink) 
Polarization 
Center Frequency 
Channel Bandwidth 

Gateway and TT&C (Uplink) 
(Downlink) 

Polarization 
center Frequency 

Channel Bandwidth 

Intersatellite Link 
Polarization 
Center Frequency 

Channel Bandwidth 

Final Amplifier output Powerl' 

L-Band 
(Cells 1 - 37) 

Ra-Band 

1610-1626.5 MHz (16.5 MHz) 
Right Hand Circular 
FDMA Cross Band 
280 KHz Downlink 
126 KHz Uplink 

27.5-30.0 GHz (100 MHz) 
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 

1.5 to 11.5 Burst Watts per 
carrier 

Gateway 1.0 to 20.0 Watts per 
channel 

Interaatellite 2.5 Burst Watts per carrier' 

Receiving Syst- Noise T-perature1' 

L-Band 553 "K 
Ka-Band 

Gateway . 1454 'K 
Intaraatellite 789 - 1167 'K 

See Appendix A of IRIDIUM system application. 
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Gain of Each L-Band Channel (Not a transponder)•' 

Orbital LocationsV 

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 Co!Dlllunications 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 l & 7 
spaced 17 
Degrees) 

11 Satellites 

32.7 Degrees 

+/- 0.5 Degrees 

+/- 20 kilometers 

l/ 

+/- o.s Degrees 

'I.I See Appendix A of IRIDIUM systtllll application. 

11 See section IV to the IRIDIUM system application for the 
factors which support these orbital assignments. 

11 L-band cell (l - 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 aensitivity (G/T), saturation power flux 
density, and effective isotropically radiated power. 

1/ 

See Section V of the IRIDIUM system application. 

See section v of the IRIDIUM system application. 
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Estimated Lifetime of In-orbit Satellital' 

Attitude Stabilization and Station­
keeping Systems 

Electrical Energy System 

Emission Limitations (L-Band) 

Channel Bandwidth 

Spurious Emissions Attenuated 

5 Years 

1/ 

it 

280 KHz 

JO dB@ 1001 x Channel Bandwidth from carrier 
60 dB@ 2001 x Channel Bandwidth from carrier 

r, The basis for this lifetime estimate is contained in Section 
v of the IRIDIUM system application. 

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

V 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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RECEIVED 

FEB 2 2 1991 

r-eaefal "'ommurncauons Ccmm1ss1cr 
-/ 'Jffu:e of !he Sec:etary 

BEFORE THE 
FEDERAL COMMUNICATIONS COMMISSION 

WASHINGTON, D.C. 20554 

In re Application of: 

MOTOROLA SATELLITE 
COMMUNICATIONS, INC. 

For Authority to Construct, Launch 
and Operate a Low Earth Orbit 
Satellite System in the 
1610-1626.5 MHz Band. 

File No. 

q-DSS-f-/f ,{87) 

SUPPLEMENTAL INFORMATION 
to 

IRIDIUM SYSTEM APPLICATION 

Leonard S. Kolsky 
Vice President and 
Director of Regulatory Affairs 
Motorola, Inc. 
1350 I Street, N.W. 
Washington, D.C. 20005 
(202) 371-6932 

Philip L. Malet 
Alfred M. Mamlet 
Steptoe & Johnson 
1330 Connecticut Ave., N.W. 
Washington, D.C. 20036 
(202) 429-6239 

Attorneys for 
Motorola Satellite 

Communications, Inc. 
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The undersigned officer of the applicant hereby certifies that all of 

the attached information submitted in support of Motorola Satellite 

Communications· application for a low earth orbit satellite system is true, 

complete and accurate to the best of my belief and knowledge, and is 

made in good faith. 

Respectfully submitted, 

MOTOROLA SATELLITE 
COMMUNICATIONS, INC. 
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CERTIFICATION OF PERSON RESPONSIBLE 
FOR PREPARING ENGINEERING INFORMATION 

I hereby certify that I am the technically qualified person 

responsible for preparation of the attached engineering information 

submitted in support of Motorola Satellite Communications· application for 

a low earth orbit satellite system, that I am familiar with Part 25 of the 

Commission's Rules and Regulations, that I have either prepared or 

reviewed the attached engineering information, and that it is complete 

and accurate to the best of my knowledge. 

~£~-~~ 
Gerald M. Munson 
Spectrum Utilization Manager 
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the criteria established for the provision of non-common carrier 

offerings. >21 

IRIDIUM's offerings should similarly be classified as 

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. Names of Any Purchasing customers for Which Sales 
contracts Have 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. 

See Satellite Business Systems, 95 F.C.C.2d 866, 869-70 
(1983); Establishment of Satellite systems Providing 
International Communications, 101 F.C.C.2d 1046, 1104-06 (1985) 
("Separate Systems"), reconsideration, 61 Rad. Reg. 2d (P&F) 649 
(1986), further reconsideration, 1 F.c.c. Red 439 (1986). 
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TABLE V-1 

MAJOR IRIDIUM SATELLITE CHARACTERISTICS 

Stabilization 

Mission 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 

3-Axis 

5 Years 

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

1610-1626.5 MHz 
18.8-20.2 GHz 
27.5-30.0 GHz 
22.55-23.55 GHz 

5 Million Square Miles Per 
Satellite 

110 per cell averaged over 37 cel:s 

110 per cell averaged over 37 cells 

3,000 Maximum 

2,000 Maximum 

16.5 MHz@ L-band 
200 MHz@ Ka-band (crosslinks) 
100 MHz@ Ka-band (gateway uplink; 

Right Circular 100 MHz@ Ka-band 
(gateway downlink) @ L-band & 
Ka-band (Gateway and TT&C linksj 

Vertical@ Ka-band (Intersatellite 
1 inks) 

12.3 to 31.7 dBw@ L-band 
15.1 to 28.1 dBW@ Ka-band 

(Gateway) 
39.6 dBw max@ Ka-band 

( Intersatelli <;e; 
-5.l 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 1-6) 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. 

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 BEAMWIOTRS 
I 

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

1 25.0 19.0 5.4 
2 25,0 19.0 5.4 
3 25.0 19.0 5.4 
4 23,9 19.0 7.0 
5 23.0 19.0 8.5 
6 20.0 26.0 11. 5 
7 12. 0 45.0 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 Gare 

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 

SPACECRAFT MASS BtTDGET 

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 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 Reserve 386.2 

11. operational Lifetime and Space Segment 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 fellowing 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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TABLE V-8 

GATEWAY EARTH TERMINAL SUMMARY 

Data Rate 

Error Correction Coding 

Modulation 

Frequency Bands: Transmit 
Receive 

Ground Tracking Antenna 
Diameter 

Gain 

Sidelobe Level 

3 dB Beamwidth 

Pointing Angle Range 

Ground Acquisition Antenna 

Transmitter EIRP 
Clear Weather 
Heavy Rain 

Receiver G/T 

Required Eb/No 

12.5 Mbps 

Convolutional, Rate=l/2, K=7 

QPSK 

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

3.5 Meters 

53.7 dB@ 20 GHz 
57.6 dB@ 30 GHZ 

Will meet the criterion of 
47 CFR § 25.209(a) (2) 

0.36 Degrees@ 20 GHz 
0.24 Degrees@ 30 GHz 

360 Degrees Azimuth 
+5 to 90 Degrees Elevation 

Passive Array, Configuration 
TBA 

51.6 dBW(+/- 3 dB) 
to 77.6 dBW Max.(+/- 3dB) 

22.9 dB/K 

6.7 dB@ BER 10·' 

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. 

c. Performance Objectives 

The IRIDIUM system is designed to provide service to 

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

should pe recog~ized 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 nwnber 

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 .001 and .0001. 

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. Telemetry, Tracking and control Subsystem 

The Telemetry, Tracking, and Control ("TT&C") subsystem 

provides the functional hardware required for the reception, 
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TABLE V-3 

TT&C SATELLITE TRANSMISSION CHARACTERISTICS 

Frequency/ 
Polarization 

EIRP 

Modes of Operations 

Modulation 

Data Rate 

Transfer Orbit 
(Omni Antenna) 

18.8-20.2 GHz/ 
Linear 

9.5 dBW max. 

Sequential data, 
Selected data 

FSK 

1 kbps 

on-Station 
Communications 

Network 

18.8-20.2 GHz/ 
RHC (Gateway/SCS) 

(Uses Gateway 
link or Crosslink) 

Sequential data, 
Selected data 

QPSK 

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 functirns 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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APPENDIX A 

IRIDIUM TRANSMISSION CHARACTERISTICS 

1. RF PLAN AND LINK BUDGETS 

Tables A-1 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-5 & 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·1 

SYSTEM PARAMETER SUMMARY 

SV-USER SV-GW 
QQ'M:! .I.If .t!QW .I.If ~V-~V 

MULTIPLEXING •.••••..... TDMA & FDMA .............. 
MODULATION .............. QPSK ................ 

BASEBAND FILTERING ••.....•. 40% RAISED COSINE ........•••. 
FECRATE 3/4 3/4 1 / 2 1 / 2 1 /2 

CODED DATA RATE (Mbps) 0.40 0.20 12.50 12.50 25.00 
OCCUPIED BW PER CHAN (KHz) 280 126 8750 8750 17500 

CENTER FREQUENCY {GHz) 1.61825 1.61825 19.950 29. 750 23.275 
TOTAL BANDWIDTH (MHz) 16.5 16.5 100.0 100.0 200.0 
CARRIER SPACING (MHz) 0.350 0.160 15.0 15.0 25.0 
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TABLE A-2 
SV-ISU DOWNLINK, WITH SHADOWING 

--:.i:--·-- ====== zz::==== ======== ======== ======== 
CELL CELL CELL CELL CELL CELL 

1 2/3 4 5 6 7 
--··········· -----------------------·- -------- - ... -... . - ... --- - - - - - . - - -- - . - ... 

AZIMUTH ANGLE (DEG) 5.4 21. 1 6.6 30.0 1 0 .9 30.: 
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.C 
GRAZING ANGLE (DEG) 10.0 11 .9 18.8 21 .4 34.2 62.S 

SLANT RANGE (Km) 2293.5 2160.2 1759.2 1643.3 1229.9 84 7.3 
===--===-z=- --=-------=-------== ===== a:zz== ======= ======= ======== 

HPA Burst Power (Watts) 11 .8 8.6 5.7 7.2 7 .1 6.7 
(dBW) 10.7 9.4 7.6 8.6 8.5 8.2 

XMTR Peak Ant Gain (dBi) 25.0 25.0 23.9 23.0 20.0 12.c 
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 a.: 

Taper Loss (dB) 1 .0 1 .0 1 .0 1 .0 1 .0 o.c 
NET XMTR ANT GAIN (dBi) 22.3 22.0 19.8 17.5 12 .8 8.2 
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 1 58.4 155.2 

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) 1 2.0 10 .9 8.7 8.2 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 .0 1.0 1.0 1 .2 2.3 3.: 
RCV'D SIG LEVEL, C (dBW) -1 43. 9 -143.9 -143.9 -1 43. 9 -143.9 -143.S 
RCVR Antenna N-Temp (K) 150.0 150.0 150.0 150.0 150.0 150 .c 

RCVR Feed/Ck! Loss (dB) 1 .0 1 .0 1.0 1.0 1 .0 1 .c 
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.S 
G/Ts (dBi/K) -23 .8 -23 .8 -23 .8 -23 .6 -22.5 -2 1 . ~ 

RCVR NOISE SW, 8 (KHz) 280.0 280.0 280.0 280.0 280.0 280.C 
Sensitivity = kTsB (dBW) -149.4 -149.4 -149.4 -149.4 -149.4 -149 .4 

RCV'D C!N (dB) 5.4 5.4 5.4 5.4 5.4 5.4 
C/1 (dB) 18.0 18.0 18.0 1 8 .0 1 8 .0 1 8 .c 

RCV'D C/(N+I) (dB) 5.2 5.2 5.2 5.2 5.2 5.2 
RCV'D Cl(, Jo+lo) (dB) 59.7 59.7 59.7 59.7 59.7 59.~ 
Required Eb!No (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 C/(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 .c-
FLUX DENS (dBWisq-m, 4KHz) -123.5 -124.6 -126.9 -127.5 -129.8 -131.4 

-------=-== --------====-=== =-==--=-= ====== ===== ======= ======== ======== 
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CCIR JIWP 
Geneva, Switzerland 
4 - 15 March 1990 

DOC: JIWP 
Date: Feb 
Original: 

USA-6A ( REV 1) 
4, 1991 
English 

UNITED STATES OF AMERICA 

?rooosed Modi:ication tc Section 6.:.:.4.:.3 to the 
J:W? ?.eoort 

Concer~ing proposed LEO mob~:e-sa~ell~~e systems w~~ch wou~c 
use spectrum above about l GHz, new aspects of spectrum sharing 
must be addressed. The potential of such a system to share with 
geostationary orbit mobile-satellite systems is now under study. 
The characteristics of the LEO earth stations along with the low 
orbit of the LEO satellites and cellular nature of the systems 
p=ovides a pote~tial for =req~ency shar~n~-~ha~ has HO~ yet SeeA 
eHpiloreei, An ana:ysis has been :,e:-fo:-rned of the poten~ial fo:­
sharing between LEO systems and RDSS systems in the GSO in the 
vicinity of 1.6 GHz. LEO system elements will not cause 
unaccep~able inter!erence to uplir:k carriers ooera~ing with RDSS 
single beam or multi-beam GSO satellites. LEO system elements are 
able to accommodate potentially harmful ir:ter::erence from RDSS 
uplink burst packets by mear:s o: error detection and packet 
ir:terpolation techniques. Mutual harmful interference between LEO 
svstems and RAS, APC and RNSS will not occur because the I.EO 
sys~ems will avoid co-frequency use on the basis of dynamic t~~e 
and ceographical channel assignment techr:icrues. Analyses are 
regui:-ed t.o consider sharing with other services t!lat use t:'lis 
band. 

The technical basis for ':his modification is ir: Annex 

attached. 
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ANNEX l TO JIWP-USA-6A 

SEJ..R:NG 3E~WEE::S :.:so .;!\J GSO SYS:"E~S :s 7!:E 
:<AJ:O JE:'E?..'!:N1'.':-:oN s;..:::::.:.::-::' ?..;J:o J..S':'RONO~Y' R.AJ:o 

N.;v:G;..-::O!'-" SA':'E:.:.::-E ANJ AERONA·-.::-:c.t.:. CORRES?ONJENCE SE?:::cEs 
in :he V~c~~.::y of :.6 GEz 

(QCES:':ONS 82-:/8) 

l. INTRODUCTION 

One of the considerat:.or.s at WARC · 92 will be to prov:.de 

addit:.onal spectrum for Mobile Satel:ite applications in the :-3 

GHz part of the spectrum. This contribution provides the technical 

bases that show how a Personal Communication Low Earth Orbit Mobi:e 

Sa tel lite System (?CLEO) can share the uplink frequency band 

al:ocation of the Radio Determination Satellite Service (RDSS) in 

the 1-2 GHz part of the spectrum. It also establishes the bisis 

for sharing of this spectrum with other services, i.e., Rad:..o 

Navigation Satellite Se:-vices (RNSS), Aeronautical Pt:b:...:c 

Correspondence (APC), and Radio Astronomy (RA). 

The ?CLEO system operates in a bi-directional, single ba~.c 

mode, i.e., the ?CLEO satellite transmits and receives using the 

same frequencies on a time shared basis. In order to ass:..st :.n 

sharing of spectrum, the PC!..EO system controls the number a::d 

location of its active cells, the t=ansmitter powers o: :~e 

subscriber terminals, the satellite transmit e:- power and -:::e 

frequencies used. This capability is necessary to the performance 

of the system and provides assurance that the ?CLEO system will not 

cause unacceptable interference to other services and systems. 
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2. SYSTEM CHARACTERISTICS 

a::C sys:.e:r.s, 

2.1 RDSS System Characteristics 

:-:-.e sig::i£icar::. c:':a:-ac-:er.:.s":ics o-: a -:yp.:.cal RDSS sys:.em 

TABLE 1 

RDSS SYSTEM CHARACTERISTICS 

A. SUBSCRIBER TERMINAL EI?-?: 18.5 dBW 
3. BURST TIME: 20 TO 80 MS 
C. TRANSMIT POLARIZATION: LCP 
D. MULTcPLE ACCESS: CJ~.A 
E. CHIP RATE: 8 MCPS 
F. MODULATION: BPSK 
G. S?READ RATIO: 512 

2.2 PCLEO System Characteristics 

~he characte:-istics of the PC:..EO sys":em a:-e surr.mar:..zed .:.:i. 

Table 2. The radio f=equency car=iers o: the ?CLEO system wi:: 

operate within a maximum of 10.5 MHz o! bandwidth within the RJSS 

band. A more detailed description of significant characteristics 

that enter i~":o sharing conside:-ation are given in t~e :o::ow.:.~g 

sections. 
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?-!::LT:?:.:: ;..cc:::ss 
CHANN::::. S?AC:NG (KHz) 
CHANNE:. SANJ~IDTH (KHz) 

3 

TABLE 2 

TOTAL 3A.~OWIDTH ASS~'MEO (MHz) 
t-'.AX # ACT!V:C CARR:ERS ( :o. 5 MHz) 
MAX# VOICE CHA.~NELS (10.5 MHz) 

PER ':'DMA FRAME 
SURST ':':MES (MS) 
MOOULAT:ON 
CODING RATE 
CODED DATA RA':'E (KB?S) 
PO~RI ZATION 
EIR?/CARRIER (dBW) 

F /':"::lt-'..A 
350 
280 
l0.5 
29 

110 
770 
l. 3 
Q?SK 
3/4 
400 
RCP 
APPX A 

F / ':'Jt-'.A 
160 
:26 
10.5 
29 

110 
770 
2. 9 
Q?SK 
3/4 
180 
RC? 
A??X A 

The following sections expand on the PCLEO system description 

to aid in evaluating the sharing analysis. 

2. 2. l 

!h~s sectior. desc=ibes the RF plan fo:- the ?CLEO subsc=ibe= 

up- and dow::links. The system uses multiple TDt-if..A/FDMA carrie:-s '.:o= 

both the up- and downlinks. Since the ?CLEO satel:ites do no:. 

transmit. ar,d receive at t.he same time, the up- and downli:-.~ 

transmissions will both be able :.o use the entire frequency band 

:.hat is employed by the system. 

2 .2 .1. l Downlink 

The downlink consists of multiple ':'Dt-'..A carriers, each of which 

is Q?SK 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, 

only 10.5 MHz of the 16.5 MHz allocated to RDSS uplinks will be 

utilized by the ?CLEO system. A total of 29 downlink carriers may 
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i..:.se tt-.:.s bandwid:.::, 4 c: --:::-:ese a:-e ::o:- C':):-.:.=o: a:1:::. 25 a:-e :o:­

::-a~:::.c c~ar:~e:s. ~o:...ce ac:.:.v:.:.~- :o~p:-ess::.o~ :ect~iq~es a:-e ~set 

:.o :-ed:.:.ce :..:".e :-:..:.!:'.tie:- c:: cc.:-:-::..e:-s :-eq:·.:.:...:-eC. :...:-. :.::e dow:-.:...::.:-.K. ·~s.:..:-.<; 

2.2 =o: digi:a: speec~ in:erpo:a:ion (JBI) compression, 55 voice 

channels can i..:.se :.te 25 t:-affic down::.r:k c~atnels. 

The TD!-'f..A ::-arne may co:-;.:.air: 14 vo::.ce char.r:els tht.:.s p:-ov:.di::g 55 

X 14 or 770 channels per :rame in a 7-cell cluster. With a 7 ce:1. 

frequency reuse patterr., each frame will service 7 cells resi..:.::.i~g 

in 110 voice channels per cell, assi..:.rning i..:.~:.:orm dist:-ibutior: of 

traffic among the cells in a 7-cel: cluster. 

2 . 2 . 1... 2 'Jplink 

The uplink also utilizes multiple TDMA carriers. These are 

QPSK modulated at a channel rate of 180 kbps and occupy a 126 KHz 

bandwidth. Although a total o: 64 carriers ~ay occupy the 1..0.5 ~Hz 

o: bandwidth, only 29 of :hese are active at any time due to t~e 

use of voice activity control on the transrnit~er. Therefore, :.=:e 

n~mber of active uplink carriers wi:l be constrained to be the same 

as the number of downlink carriers. 

2,3 Multiple Access Format 

The PCLEO System uses a combination of time and frequency 

division multiple access. The time division mu:tip:e access scheme 

employs a 60 millisecond (ms) repetitive frame which is established 

for the system and repeats continuously. The timing diagram at the 

satellite is shown in Figure :. The shorter intervals, eact l.3 

milliseconds long, are the transmit (i.e. downcink) bursts from che 
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satellite, while t.he :o:-1ger 2. 9 :-r . .:....:...;..:..seco:1d ir:te:-vals a:-e fo:-

-:irne s~o:., .:abel.ed l, wtich i.s followeC by -:~e receive :..:.r.ie s:ot 

which corresponds to the transmit time s:ot 8 (transmit slot ~umber 

+ 7). Thirteen addit.ional pairs of tra~s~it and receive :ime 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 transmitter is active 30.3% of 

the time. T~is 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 TOMA FORMAT 
A = TTIANSMIT BURST TIME 
B = RECEIVE BURST TIME 
C = TIME BETWEEN BURSTS 
0 = GUARD TIME 

A-11-
~ 9 

T R T 

= 1.3 MILLISECOND 
= 2.9 MILLISECONDS 
= 4.2857 MILLISECONDS 
= 42.857 MICROSECONDS 

R T R T R 
lJ7l 
T R 

I

T• R T R 

~--------- 60ms FRAME-------

T = TRANSMIT TIME 
R = RECEIVE TIME 

FIGURE 1. 
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2.4 Earth Coverage 

A ?C:EO syste~, operat!ng w!:~ po:ar, :ow orb!ts can prov!de 

A GSO 2.::iss 

~ satellite, on :he other hand, prov!des coverage of only a portion 

of the Earth. :n order to evaluate the potential for sharing 

between these :wo types of systems it is necessary to define the 

portion of the Earth which they will mutually cover. It has been 

useful to define :he coverage of the GSO RDSS satellite in terms o: 

the number of cells of the ?CLEO system. 

Thus, a single beam RDSS satellite covering North America is 

assumed to receive interference from some 80 ?CLEO cells. 

slmilarly, in a multi-beam RDSS satellite serving North America, 

about 12 ?CLEO cells are assumed to be within the coverage of one 

of the beams. 

2,5 Transmitter Powers 

The ?CLEO 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 

transmitter power is based on a 3 db link margin. 

.. nominal" 
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Because of ~~e n~rr.::ie= of ce::s ~~ the PC~EO system, more ~ha~ 

of a r.umber of powe!:"s are not 

Fu:-ther, the ?CLEO and the RDSS transmission systems are 

orthogonally polarized, and it is assumed in this analysis that the 

PCLEO uplink transmissions that potentially interfere with RDSS 

satellites can be reduced by a polarization 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 carrier powers were simply additive, the 

net interfering power per carrier (Pt) of the PCLEO system may be 
calculated as follows: 

Pt= P + 10 :cg (N) - PL 

where: 

P = Power/carrier for a single frequency use 

N = Number of frequency reuses of the PCLEO within the 

coverage of the GEO RDSS satellite 

PL= Polarization loss 

However, the PCLEO transmitted power (EIRP) associated with 

almost all of the cells in each seven-cell cluster is different, 

both in the uplink and downlink. In addition, the PCLEO system 

controls both uplink and downlink transmitter power to overcome the 

effects of vegetative shadowing in a variable, non-linear manner 

adjusting for the amount of individual fades, the specifics of cell 

geometry, and available power. Further, the duration of a transmit 
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b~rst associated with a~y ?C~EO eel: is cuite sher: compared :o tte 

=>u.=s:. :e:-iqth of an u:;,:.ink ?..JSS :;,a eke:. :.:-a::srr.iss.:..c::, i.e., l. 3 ar:.C 

2.9 ms com?a=ed ~o 20 to 80 ~s, th~s t~e po!entially inter=er.:..~~ 

power levels o~ ?C~EO carriers change during the RJSS uplink pulse. 

Moreover, each of the PCLEO cells can accommodate 29 simultaneous 

burst carriers but it is virtually 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 variable 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 Maxim::m 

Average Peak Powers per PCLEO carrier that will be used are: 

Uplink 7.89 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 performance of the RDSS system is achieved. Moreover, it is 
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at acy ~~stant by a:l transm~ssiocs within ~he PC:..EO system 

not cai.:se unacceptable system. also 

assumed that other operational characteristics of the ?CLEO 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. SHARING 

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.l Sharing with ROSS 

3.1.1 General 

Since the ?CLEO satellites and subscriber terminals both 

transmit in the uplink band of the RDSS system satellites, there is 

a potential for mutual harmful interference between the networks. 

The basis for this sharing analysis is the calculation of Carrier-

to-Interference Density ratios (C/Io). For the case of 

interference into RDSS satellite receivers, the C/Io caused by 

?CLEO 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-1 of Appendix A. Both single and multiple 
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beam R:JSS systems a:-e conside:-ed, as we:: as in:::-a-R:JSS sys::e,-;-, 

(GSO) RDSS system is the ?CLEO satellite constellation t:-ansmitting 

This can resul~ from t~e s~de- a~d 

backlobes of the ?CLEO satellite antennas transmitting energy into 

the RDSS satellite receivers. This is the source of interfe:-ence 

that is used to calcu:ate the downlink PCLEO interference. 

A second potentia: source of interference from the PCLEO 

satellite constellation could be from the main beam of PCLEO 

satellite antennas scanning through the geosynchronous orbit and 

directly illuminating ,rnss satellite antennas. This potential 

interference will be avoided by shutting down PCLEO cells which 

g:-aze the Earth's :imb and illuminate the GSO. 

The C/!o of RDSS satellites caused by the downlinks of a ?CLEO 

satellite constellation are calculated in Table A-2 of Appendix A. 

In addition, Table A-3 includes link budgets which inco:-porate the 

effect of intra- and intersystem interference1
• Tab:e 3 is a 

summary of Table A-2 of Appendix A which shows how the interference 

from the PCLEO satel:ite transmissions will affect the uplink 

performance of the RDSS system in the presence of inte:-ference f:-om 

The link budgets do not include significant interference 
contributions from other sou:-ces, such as terrestrial 
transmissions and other satellite networks in the R:ISS 
feederlink band, and is based on the data-like 
performance·of the ROSS link. 
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TABLE 3 

Effects of PCSEO Downlinks .. 
Multi9eam Single8eam 

POSS RDSS 

Uplink RDSS C,No (thermal) dB 58.20 52.70 

C/Io ( in-beam ROSS) dB 59.52 61. 82 

C, Io (adJ beam ROSS) dB 66.00 NA 

Ci Io 13 other ROSS systems) dB 54.91 56.75 

C/Io due to PCLEO downlink dB 62.16 64.12 

ROSS Uplink C'(No4Io) dB 52.08 50.69 

TABLE 4 

Effects of PCLEO Uplinks 

MultiBeam SingleBeam 
ROSS RDSS 

Uplink RDSS CiNo (thermal) dB 58.20 52.70 

c;ro ( in-beam ROSS) dB 59.52 61. 82 

C!Io (adj beam ROSS) dB 66.00 NA 

C/Io ( 3 other ROSS systems) dB 54.91 56.75 

Ci lo due to PCLEO uplink dB 70.40 55.68 

ROSS Uplink C'(No+Io) dB 52.08 50.78 
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TABLE A-3 
SY-ISU UPLINK, WITH SHADOWING 

====•==•-=-=• ---==•=======--=••===-
,.. _____ 

=••=-=-•a:= ======= ==a•••== ======== 
CELL CELL CELL CELL CELL CELL 

1 2/3 4 5 6 7 
------------- --------·········-------- -------- -----··· -------- - . - - . -- . --------

AZIMUTH ANGLE (DEG) 5.4 21 .1 6.6 30.0 1 0. 9 30.0 
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 18.8 21 .4 34.2 62.9 
SLANT RANGE (Km) 2293.5 2160.2 1759.2 1643.3 1229.9 847.3 

=========-- ==s-=====-== ==== :zz:ssm •=====-- ===== ======= ======== 
HPA Burst Power (Watts) 7.0 7.0 5.5 6.9 6.7 6.3 

(dBW) 8.5 8.5 7.4 8.4 8.3 8.0 
NET XMTR ANT GAIN {dBi) 1 .0 1.0 1 .0 1 .2 2.3 3.0 
XMTR Feed/Ck! Loss (dB) 0.7 0.7 0.7 0.7 0.7 0.7 

EIRP (dBWi) 8.8 8.8 7.7 8.9 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 (dB) 12.0 10.9 8.7 8.2 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 .o 0.0 
NET RCVR ANT GAIN (dBi) 22.3 22.0 19.8 17 .5 12.8 8.2 
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/Ck! 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 
G/Ts (dBi/K) -5. 1 -5.4 -7. 7 -9.9 -1 4 .6 -1 9 .2 

RCVR NOISE BW, B (KHz) 126.0 126.0 126.0 126.0 126.0 126. 0 
Sensitivity = 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/1 (dB) 18.0 18.0 18.0 18.0 18.0 1 8 .0 

RCV'D Ci(N+I) (dB) 4.4 5.7 6.3 6.3 6.3 6.3 
RCV'D 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 lmpl 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 

======---===== ===-~~===== ====== ==== ===== =====: ======== ======== 
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TABLE A-4 
SV•ISU DOWNLINK, NO SHADOWING 

====--•-:a:-• -=========-""•=.., ~-===z= ==-===- ===••c= ======s= s===:a=== :=:======::: 

CELL CELL CELL CELL CELL CELL , 2/3 4 5 6 7 
------------- --------···-···--·------- - -- - - - - . - - - - - - - - . - -- - - - - - - -- . - - - --······ 

AZIMUTH ANGLE (:::JEG) 5.4 21 .1 6.6 30.0 10.9 30.C 
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 18.8 21 .4 34.2 62.9 

SLANT RANGE (Km) 2293.5 2160.2 1759.2 1 643.3 1229.9 84 7.3 
=:s--•=--- ---========-= ======- ==•s= s==--===z ====-- =====z-== ==:=== 

HPA Burst Power (Watts) 1 .6 1 .5 1. 7 2.3 3.0 3.4 -
(dBW) 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 12.0 
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 XMTR ANT GAIN (dBi) 22.3 22.0 19.8 17.5 12.8 8.2 
XMTR Feed/Ckt 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) 1.0 1.0 1 .0 1.2 2.3 3.J 
RCV'D 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 Feed/Ck! Loss (dB) 1.0 1.0 1 .o 1 .o 1.0 1 .0 
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 (dBi/K) -23.8 -23.8 -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 C/N (dB) 8.7 8.7 8.7 8.7 8.7 8.7 
C/1 (dB) 18.0 18.0 18.0 18.0 18.0 18 .0 

RCV'D Ci(N+I) (dB) 8.2 8.2 8.2 8.2 8.2 8.2 
RCV'D C/(No+lo) (dB) 62.7 62.7 62.7 62.7 62.7 62.7 
Required Eb/No (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 2.0 
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 

======- =--=---==----- ==r---== ----=- ======= ======== ======= ======= 
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TABLE A-5 
SV-ISU UPLINK, NO SHADOWING 

z=====-•===:zc s:ss:=.ss:=i:=====•= === ====•-- a••-==-= ===z=•=• ===== =:=:==•=== 

CELL CELL CELL CELL CELL CELL 
1 2 i 3 4 5 6 7 

------······- ------------------------- -------- -------- .... - ... - - - .. - - - ... - .... 

AZIMUTH ANGLE (DEG) 5.4 21 .1 6.6 30.0 1 0 .9 30.0 

GROUND RANGE (Km) 2052.0 1917.9 1501 .4 1377.9 91 1 .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 18.8 21 .4 34.2 62.9 

SLANT RANGE (Km) 2293.5 2160.2 1759.2 1643.3 1229.9 847.3 

--------=--- s=-=-=--====----= ==m === ===== ===== ====== 

HPA Burst Power (Watts) 1.5 1 .4 1.6 2.2 2.9 3.3 -
(dBW) , .8 1 .6 2.0 3.5 4.6 5.2 

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) 2.1 1 .9 2.3 4.0 6.2 7.5 

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 1 61. 7 159.2 156.0 

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 , .o 0.0 
NET RCVR ANT GAIN (dBi) 22.3 22.0 19.8 17.5 12.8 8.2 
RCV'D SIG LEVEL, C (dBW) -140.2 -140.2 -140.2 -140.2 -140.2 -140.2 

RCVR Antenna N-Temp (K) 290.0 290.0 290.0 290.0 290.0 290.0 

RCVR FeedlCkt 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 
G/Ts (dBi/K) -5. 1 -5 .4 -7 .7 -9.9 -1 4 .6 -1 9 .2 

RCVR NOISE BW. B (KHz) 126.0 126.0 126.0 126.0 126.0 1 26. 0 
Sensitivity = kTsB (dBW) -150.2 -150.2 -150.2 -150.2 -150.2 -150.2 

RCV'D C/N (dB) 9.9 9.9 9.9 9.9 9.9 9.9 
C/1 (dB) 18.0 18.0 18.0 18.0 18.0 18 .0 

RCV'D C/(N+I) (dB) 9.3 9.3 9.3 9.3 9.3 9.3 
RCV'D C/(No, lo) (dB) 60.3 60.3 60.3 60.3 60.3 60.3 

Required Eb/No (dB) 4.3 4.3 4.3 4.3 4.3 4.3 

Modem lmpl 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) 3.0 3.0 3.0 3.0 3.0 3.0 
FLUX DENS (dBW/sq-m, 4KHz) -149.6 -149.4 -147.1 -144.9 -140.1 -135.6 

============ ,;::=========== ==--=== ===== ==== ====== ======== ======== 

' I 
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TABLE A-6 
SY-GATEWAY LINKS 

============= a:zss========•======-= ===== ==== ======= 

MAX SLANT RANGE = 2293.5 Km 
=-------=-,...=- -=-... ---=------==- -----=- ====== ======= ======= 

DOWNLINK UPLINK 
CLEAR RAIN CLEArl RAIN 

============= s===========as======== =====a ======= ======== .. CENTER FREQ (GHz) • 20.0 20.0 29.8 29.8 
XMTR: HPA Output Power(dBW) 0.6 13.6 . 2. 1 24.0 

Peak Ant Gain ( dBi) 20.0 20.0 57.6 57.6 
Off-Peak Loss (dB) 2.0 2.0 0.5 0.5 

Net Antenna Gain (dB) 18.0 18.0 57. 1 57 .1 
XMIT Circuit Losses (dB) 3.5 3.5 3.5 3.5 

EIRP (dBWi) 15.1 28.1 51 .6 77.6 

Path Loss (dB) 185.7 185.7 189.1 189.1 
Polarization Loss (dB) 0.5 0.5 0.5 0.5 

Atmos Loss (dB) 3.3 3.3 3.3 3.3 
Rain Loss (dB) 0.0 13.0 0.0 26.0 

TOT PROPAGATION LOSS (dB) 189.5 202.5 192.9 218.9 

RCVR: Ant Peak Gain (dBi) 54.2 54.2 23.5 23.5 
Blockage/Off-Pk Loss (dB) 0.5 0.5 2.0 2.0 

NET ANT GAIN (dB) 53.7 53.7 21.5 21.5 
NOM RCV'D POWER (dBW) ·120.7 ·120.7 ·119.9 ·119.9 

Net Ant Noise Temp (K). 30.0 30.0 290.0 290.0 
Diplxr/FL T /Lim 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 1193.4 1453.4 1453.4 

G/Ts (dBi/K) 22.9 22.9 · 1 0. 1 · 1 0. 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 Eb/No (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) 0.0 0.0 0.0 0.0 
FLUX DENS (dBW/sq-m, 4KHz) · 1 55. 1 · 1 55. 1 ·118.6 ·118.6 

-=----=---== ===----------=--= ----= ===== ==== ====-= 
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TABLE A-7 
SV-SV INTERSATELLITE LINKS 

ADJACENT• 
PLANE LINKS IN-PLANE LINKS 

Looking Looking 
into into 

IOv1 sun IOv1 sun .. =====•====--• •===•-------=-•=• ====•--- =,..=:=-:===• ==•=-=z= =====•== =====zzs 

MAX SLANT RANGE (Km) 3885.5 3885.5 4023.8 4023.8 
Center Frequency (GHz) 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) 191 .6 1 91.6 1 91. 9 191. 9 
Polarization Loss (dB) 0.5 0.5 0.5 0.5 

TOT PROPAGATION LOSS (dB) 192. 1 1 92.1 192.4 192.4 
0.0 0.0 0.0 0.0 

RCVR: Ant Peak Gain (dBi) 36.0 36.0 36.0 36.0 
Off-Peak Loss (dB) 1 .5 1 .5 0.8 0.8 
NET ANT GAIN (dB) 34.5 34.5 35.2 35.2 

NOM RCV'D POWc:R (dBW) ·118.0 ·118.0 ·118.0 -11 8. 0 
Ant Earth Noise (K) 30.0 30.0 30.0 30.0 

Ant Sun Noise (K) 20.0 345.2 20.0 345.2 
Diplxr/FLT/Lim Losses (dB) 2.5 2.5 2.5 2.5 

LNA Noise Fig (dB) 3.0 3.0 3.0 3.0 
SYST NOISE iE'.'",Ts (K) 789.0 1114.1 789.0 1114.1 

GiTs (dBi/K) 5.5 4.0 6.2 4.7 
Boltzmann's, k (d9WIHzK) ·228 .6 ·228.6 ·228.6 ·228.6 

RCV'D C No (dBHz) 81.6 80.1 81 .6 80.1 
Required E:: 'Jo (dB) 5.7 5.7 5.7 5.7 

RCVR Noise 2'.'/ (dBHz) 72.4 72.4 72.4 72.4 
Modem Imp! ~ :ss (dB) 2.0 2.0 2.0 2.0 

REQUIRED C 11'.J (dBHz) 80.1 80.1 t.O. 1 80.1 

LINK MARGIN (dB) 1 .5 0.0 1.5 0.0 
FLUX DENS (dBWs: ,. 4KHz) ·1 38.5 ·1 38.5 ·138.9 · 138. 9 

========== =======:========= ====== ======= ======= ======== ======== 
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The re~ort of :wp 8/15 to the ::wP indicated a need for furt er 
s:.udy 0:: shari::g a ?ersonal Commu:::.cation Low Ear:.~ Orbit Mo::> :e 
Satel:ite System (PC~EO) with other services in the vicinity of .6 
GHz. 

ABSTRACT: 

This re?ort describes the basis U?On which a PC~EO system can share 
this frequency band with ot:1er services. Specifica::y the Radie 
~etermination Satellite (R~SS), Aeronautical Public Correspondence 
(A?C), Radio Astronomy (RAS), and Radio Navigation Sate::ite 
Services (RNSS) a;-e evaluated. A:. example of active shari::g is 
giver. :or a representative R:>SS syst.em serving -:;:e con:.ig"Jo~s 
United States (CONUS). Sharing between the ?C~EO and RAS, A?C, a::d 
RNSS wi:l occur on the basis of cynamic time a::d geograpica: 
channe: assignment techniques. The ?C~EO system operates i:: a bi­
directional single band mode. 

This analysis establishes that the ?C~EO system may share this bane 
with each of these systems without ::-,a:nr.:1.:l interference to t::-.eir 
operations. 
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o-::t:e:- cocove:::-age RJS S sys-::err.s as we:: as f :::err. -::he "-::a:::-get" ,DS S 

sys:e~ i:self. As ca~ be see!"l f=orr. ~ab:e 3 and -::he :i!"lk budge: i!"l 

:urthe::- study. Fur-::her study is a:so needed to optimize the 

examp:e RDSS link budget i!"l te:::-ms of RJSS system capacity and the 

seve:::-al types of external interference. 

LL.1 PCLEO Subscriber Terrr.inals Sharing with the RJSS 

Satellites 

The PCLEO subscriber terminals are also a potential source of 

inte:-::erence to the ROSS system. The C/Io of ROSS 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 PC:EO 

System will operate compatibly with RDSS. 

3 .1. 4 ROSS Subscriber Terminal Sharing wi-::h the PC~EO 

Satellites and Subscriber Terminals 

~he RDSS subscriber terminals will transmit in~o the receive 

band of the PCLEO satellites and subscriber terminals. The 

probability of interference is low due to the short burst leng-::h 

and geographical dispersion of the ROSS subscribe:- terminals. 

Moreover, the PCLEO satellite and subscriber termina:s compensate 

for potential interference from the ROSS terminal in several ways: 

1 Pulse blankers: The ROSS burst has a duration of 20 :o 

80 milliseconds. This will include, at most, two PCLEO 

bursts associated with a single voice channel. The PCLEO 
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.. 

subsc:::-ibe:::- -:e:::-::-.:..;.a_ ·•·:.._. ;J:a;.:" ou-: -:he adve:::-se:y a:::ec-:ec: 

PCLEO bu:::-s-:s i:: -:~e ~~ss c1.::se :.s s-::::-ong eno1.:gh -:o exceec: 

a ~t=es~o:d s~g~a: :e~e:. :~~s ?=evec~s RJSS p~:ses ~=o~ 

causing daffiage ~o t~e ?C~EO =eceiver . 

2. Error detectior. and correction: The ?CLEO packe~ forma~ 

contains erro:::- de-:ection and co:::-rection coding. Missing 

packets are detected. The PCLEO voice vocoder will 

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 :::-equest is used to request 

retransmission of missing data packets. 

Because of the above factors, the PCLEO system will be able to 

accept any interference caused to it, including to its subscriber 

terminals -:hat arise from transmissions of RDSS subscribe:::-

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 di:ferent frequency. The satellite center 

frequencies are separated by 562.5 KHz. The bandwidth occupancy of 

each satellite is approximately l MHz. 

Although the PCLEO system has the capability to use the same 

frequency bands as those used by the RNSS system, it can 

selectively turn off transmissions in these bands and could share 
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13 

the a~:ocation ~- the v:c~~::y o: :.6 G~z by ba~d segrne~:a~:c~ o~ 

a dy~a~:c t~me a~d geog=a?~:ca: bas:s. 

3.3 Sharing with Radio Astronomy 

The Radl.o Ast::-or.omy Se::-vl.ce (RAS) seeks protectl.on · - the 

1610.6 to 1613.8 MHz po::-tl.on o: the spectrum. The ::-adio ast::-onorr.y 

sites a::-e fixed. Sha::-l.ng car. be accomplished by having the ?CLEO 

system control the use of frequencies in this band so that the 

powe::- flux density does not exceed -238 dBW/square meter/F.z at 

radio observatory sites during the periods of radio astronomy 

observations. Since the ::-adio astronomy need is not full ti.me, 

scheduling can be used to allow the use of RA 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 wr.ich is not widely used. The ?CLEO 

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. CONCLUSIONS 

This analysis establishes that a PCLEO system having dynamic 

control characteristics can share allocations with several other 

services (including ROSS, APC, RAS and RNSS) without causing 

unacceptable interference to their operations. 
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In sharing with GSO R~SS sys:ems, :.~e ?C~EO sys~ere wi_~ ::.ot 

ca;;se :.:::iacceptab:e 3..r::.e:-.:e=er:.ce -:o the ope:-e~.:..on of :.je R~SS 

sys-:.ems. :t ca:: acco:np2.3..s:-'. :.:::.s by co::.::-0:.1.:...ng the n~mbe:- o: :. :.s 

active ca:-=3..e:-s and ce::s as wel: as the powe:- levels to be simila:­

to those employed herein or as ag=eed to du:-ing coord.:...nat.:..or.. As 

a :result, no :rea:-time coope:ration between the ?CLEO and R::lSS 

systems and services is :required. The ?CLEO system is able to 

accept any interference caused to it by an ROSS system operating 

normally. 

The ?CLEO system will share with RNSS, Radio Ast:ronomy and 

Aeronautical Public Correspondence by band segmentation, i.e. , 

?CLEO will not use frequencies in the vicinity of 1. 6 GHz that 

would interfere with their ope:rations in the geographic areas of 

interest. 
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APPENDIX A 

PCLEO/RDSS System Interference 

,~is appe~dix estab::s~es base::~e i~:o=matio~ =ega=di~g 

i.::!o:r:=-:at.:..or: :-e:.a:.es to -:.wo ":y?es of R:,ss sa:.el:ites that a:-e :::>e.:..::g 

co:1sid.e=ed. to:- i.:.se in North America, i.e., employi:1g satell.:.::e 

ar.tennas that cover the region with either single or mu:tiple (8) 

beams in the 1. 6 GHz band. ?CLEO interference levels are a:so 

calculated. 

Table A-1 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. ':'able A-4 

lists the ?CLEO terminal and satellite EIRPs associated with each 

cell type. 

':'hese calculations assume that the PCLEO system is providing 

4,400 voice channels within North America. Weighted values a=e 

used for the PCLEO r.f. carrier EIRP in these calculations 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. ':'hese conservative assumptions might be 

relaxed in the coordination process as more detailed information on 

traffic distribution statistics in the PCLEO system becomes 

available. 
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TABLE A-1 

!NTPA- & INTEPSYSTEM INTERFERENCE FROM OTHER COCOVERAGE PDSS SYSTEMS 

Assumptions: .. Ali POSS 11se~ '!plink 
All ROSS systems are 
Desired ROSS user is 
Carrier bandwidth= 
Gold code advantage= 

powers equal 
copolarized 
at EOC 

16 MHz= 
0. 67 = 

72.04 d!3Hz 
1.71 dB 

MultiBeam SingleBeam 

Intra-Beam Case 

Other users per beam 
Ave.relative ga1n 1nterferor 

C.l 
C. Io (w. Gold code I 

Intra-System.Inter-Beam Case 

Users per beam 
No. of adjacent beams 
Ave.relative gain 1nterferor 

C.! 
C. lo 1w. Gold code) 

Tot intra-sys C. Io( w Gold code) 

Single Inter-System Case 

!n beam.other system users 
Ave.relative gain interferor 
No. of other systm.adj beams 
Ave.relative gain interferor 

tt, 
Tot inter-system C/I(one system) 

C1Io (w. Gold code) 

Multiple Inter-System Case 

---------

14 
2.8 

-14.26 
59.52 

15 
4 

-10 

-7.78 
66.00 

58.6 

15 
2 
4 

-15 

- 14. 09 
59.69 

Number other interfer ROSS sys 3 

Tot inter-system C/I(one system) -18.87 
Ci!o (W. Gold code) 54.91 

----------

14 
0.5 

-11.96 
61.82 

NA 
NA 
NA 

61. 82 

15 
C.5 

NA 

-12.26 
61. 52 

3 

-17.03 
56.75 

dB 

dB 
dBHz 

dB 

dB 
dBHz 

dBHz 

MultiBeam into 
SingleBeam 

I 2 () 
0.5 

-21.29 
52.49 

3 

-26.06 
47.72 

dB 

dB 

dB 
dBHz 
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TABLE A-2 

PCLEO INTERFERENCE INTO ROSS 

PCLEO Parameters: Voice channels for North America= 
Time slot factor= 1/14 = 0.07 

Voice act1?1ty/OS! factor= 0.5 
Average PC~EO EIRP: uplink = 7.89 dBW ;downlir1k = 

4400 

26.45 dBW 

ROSS System Parameters: Bandwidth= 72.0 dBHz;EIRP= 18.3 dBW(up & down! 

Interferer ---> 

No. PCLEO channels in ROSS beam 
Time slot factor 
Voice activity 1 DSI factor 
Active xmitters/time slot 
EIRP per carrier (dBW) 

CUM PCLEO PEAK EIRP to ROSS beam 

Polarization isolation (dB) 
FBW (29 carriers 1n 10.5 MHZ)(in dB) 
ROSS satellite ant relative gain(dB) 

ROSS EIRP (dBW) 

ROSS C/I due to PCLEO 
ROSS C/Io due to ?CLEO 

Interferer ___ , 

No. PCLEO channels in ROSS beam 
Time slot factor 
Voice activity/OSI factor 
Active xmitters/time slot 
~IRP per carrier (dBW) 
Relative gain PCLEO satellite antenna 

CUM PCLEO PEAK _EIRP to ROSS beam 

FBW (29 carriers in 10.5 MHZ) 
ROSS satellite ant relative gain 

ROSS EIRP (dBW) 

ROSS C/1 due to PCLEO 
ROSS C/Io due to PCLEO 

PCLEO Uplink Carriers 

ROSS 
Multi Beam 

1100 
0.07 
0.50 

39 
7.89 

23.83 

4 
-2.69 

2.8 

18.3 

- 1. 64 
70.40 

ROSS 
SingleBeam 

4400 
0.07 
0.50 

157 
7.89 

29.85 

4 -
-2.69 

0.5 

1 8. 3 

- 5. 36 
66.67 

PCLEO Downlink Carriers 

ROSS 
Multi Beam 

4070 * 
0.07 
0.50 

145 
26.45 

-20 

28.07 

-2.69 
2.8 

18. 3 

-9.88 
62. 16 

ROSS 
SingleBearr 

4400 
0.07 
0.50 

157 
26.45 

-20 

28.41 

-2.69 
0.5 

18. 3 

-7.92 
6 4. 11 
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Up Ii nk ROSS C/No (thermal ) 

C, Io ( in-beam ROSS) 
C,' Io (adJ beam ROSS) 
C .' lo (other ROSS systems) 
C, Io due to PC LEO down Ii nk 
C,' Io due to PC LEO up! ink 

h> 
ROSS Uplink C/(Nodo) 

Downlink ROSS C/No( thermal) 

Downlink ROSS C/(No+Io) 

Total Link C/(No+Io) 

Info rate 
Eb/No r-eceived 
FEC coding gain 
Implementation loss 
Eb1No for lOE-5 BER 

Ltnk Margin 
Required l 1 nk man11n 
Excess link margin 

• 

TADLE A-3 

ROSS LINK BUDGETS --INCLUDING INTERFERENCE EFFECTS 
====-=======---======-----====-----===----=--==--·-

MultiBeam 
ROSS 

------------------
Units 

dB 58.20 58.20 

dB 59.52 59.52 
dB 66.00 66.00 
dB 54.91 54.91 
dB NA 62. 16 
dB 70.40 NA 

dB 52.08 5 l. 73 

dB 76.80 76.80 

dB 76.80 76.80 

dB 52.06 5 l. 72 

dBllz 4 l. 94 41.94 
dB IO. 12 9.78 
dB 5.20 5.20 
dB 2.50 2.50 
dB 9.60 9.60 

dB 3.22 2.88 
clB J. 00 3.00 
clB 0. 22 -o .. I 2 

s,nyleBeam 
RDSS 

52.10 52.70 

6 l. 82 61. 82 
NA NA 

56.75 56.75 
NA 64. 12 

6b.68 NA 

50.78 50.69 

71. 90 71. 90 

71. 90 71. 90 

50.75 50.66 

4 l . 94 41. 94 
8.81 8.72 
5.20 5.20 
2.50 2.50 
9.60 9.60 

I . 'J l l. 82 
2.00 2 . I)() 

-0.09 -0. l II 

Note: Sm ... dl 11t~lJdt.1ve •1c.llues of excess m,ug111 can be resolved 111 t:he coord111at i1n1 prUCPSS 
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CCIR FACT SHEET 

STUDY GROUP: U.S. JIWP 
DOC. NO. U.S. JIWP-26 

DATE: JANUARY 28, 1991 
REF: REPORT OF IWP 8.15 

TO THE JIWP 

DOCUMENT TITLE 

SHARING BETWEEN MAIN BEAM DOWNLINK LEO 
AND UPLINK GSO SATELLITES 
IN THE 1-3 GHz ALLOCATIONS 

AUTHOR 

JOHN KNUDSEN 
DONALD JANSKY 
BILL BORMAN 

PURPOSE/OBJECTIVE: 

ORGANIZATION 

MOTOROLA 
JANSKY/BARMAT 
MOTOROLA 

PHONE 

(602) 732-2965 
(202) 467-6400 
(202) 371-6916 

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 1-3 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. 
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::>oc·~me::-:s 
cc:R Study G=oups 
?e=.:.od :990-:994 

" 

=eceivi::c GSO satel:ites. 

::w?-26 
28 :a:: :99: 
O=ig.:.:1a:: Eng:.:.s:: 

avo.:.ded by shuttinc down PC:EO cells which cou:d 5=aze the Ea=th's 

limb and the:-eby illumi~ate the GSO.n 

The basis :o= this addition may be found i:: Annex I. 
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Involving Low Earth Orbit Systems which states: 

Tl:e potential of such a system (LEO) to sha::-e with 
geostationary orbit mobile-satellite systems is now under 
study. The characteristics of the LEO Satellites and cellular 
nature o: the systems prov.1.ces a potential for frequency 
sharing that has not yet been explored." 

This is of concern with respect to fulfilling the provisions 

of RR2613. Several other contributions have addressed the question 

of LEO and GEO sharing in the present RDSS and MMS allocations.in 

the 1-3 Ghz range, and in the FSS feederlink bands. 

contribution examines the potential !or interference via mainbeam 

coupling of downlink emissions :rem a ?CLEO satellite with a 

receiving geostationary satelli~e, and indicates how interference 

from tr.is coupling mechanism can be avoided. :'he question of 

cumulative level of interference that may occur to a geostationary 

satellite from PCLEO downlink err.issions by way of the ?CLEO 

satellite antenna sidelobes has been dealt with in another 

contribution. 

2.0 SYSTEM/INTERFERENCE CONFIG~RAT:ON 

Figure 1 shows the coverage provided by the 37 cells of a 

PCLEO satellite. Each cell has approximately an equal area 

projection on the Earth. The circle that encompasses the cells 

represents a 10° horizon toward GSO. The cell pattern consists of 
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a center cell, sur::-ounded by ::-.::-ee rings of cells: A, B, and c. 

A has six, B has 12 a:::d C has l8 cells, ::-es?ective:y. o: t=:e 

lat-:er there are s::..x "key" ce:ls which ;:,rotr~de beyond. -:.:ie :o 0 

horizon. 

Figure 2 shows the relative geomet::-y between a PCLE0 

satellite, the Earth and a satellite in the GSO. The GS0 satellite 

is assumed to have a full earth coverage beam, i.e, an 8.7° degree 

half angle. For the PCLE0 to have a line of sight interfe::-ence 

path with the GS0 it must be on the backside of the Earth. This 

condition exists when the angle between a vector to the PCLE0 

satellite and a vector to the GS0 is 

81.3° + 1/2 . 53.520 s 1080 

A detailed diagram of this interference geometry is shown in 

Figure 3, and illustrates how energy inside the 3 dB beamwidth of 

the PCLE0 will "splash over" the horizon. Table l 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 l 

TABLB 1 

Perimeter Cell Boresir·ht Angle From Nadir 

Cell Type Boresight 3 Db BeaJ11Width Angle from Nadir 

Key Perimeter 60.7° 

Regular Perimeter 59.9° 

6 3. s• 

62. s• 
The only RF energy from a PCLE0 which will go into outer space 

from behind the earth are those perimeter cells where the sum of 
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c::e a:-.:;:e f:-orr. :-.adi:- :.o :.::e 0° ::orizor:, i.e. 63.24. 

ce::s :.::is va:ue is• 0.36; :o:- the Regu:a:- ce::s :.his is -0.44. 

:r: cc.he:- wo:-ds :.he 6 Key cel:s of 37 of eac:: ?CLEO a:-e :.he or::y 

3.0 :N~ERFERENCE ANALYS:S 

To dete:-mine the potential for inte:-ference it is necessa:-y co 

dee.ermine: 1) the specific locations within the ?CLEO orbit whe:-e 

the above inte:-ference geometry exists; 2) the f:-equency with which 

these occur, and 3) whether they occur for more than one ?CLEO at 

a time. 

Figu:-es 4a and 4b show the beginning and end of the period 

when the ?CLEO horizon target can illuminate che GSO. The question 

becomes when, and which of the six Key cells of a ?CLEO satel:ite 

can cause interfe:-ence. Figure 5 shows the six perimeter ce::s ir: 

a PCLEO ac the equator. The cells are ac-::ive (turned on) or.:y 

within specific catitude bands of the satellite nadir point. When 

these are cor:-elated with the geometric const=aint that ~:i.e 0° 

horizon circle be target to the GSO field of view, it should ::>e 

apparent that only the cells at 3 o'clock and 9 o'clock have the 

potential to cause interference, and that only one of these wil: ::>e 

in position to interfere at a time. 

A further analysis of Figure 5 shows that the coverages of che 

neighboring satellites overlap the coverages of the perimeter 

cells. e.g. the 3 o'clock cell of Pl SAT 1 is covered by the 7 

o'clock cell of P2 SAT 11, and the 11 o'clock cell of P2 SAT l. 
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:eternal system coverage a=a!ysis icd~cates that one of these three 

cac be turned off and sti!l provide service. 

Thus, th~ough the operational c::oice o: shutting o:f tt:e 3 

o'clock cell, (and by symr::et:ry the 9 o'clock cell) it is assured 

that no RF energy wil! 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 will be 

avoided by shutting down PCLEO cells which could graze the Earth's 

limb and thereby ill=inate the GSO. 
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Figure l. PC:..EC Cell Pottem Proiect~d On lhe Eorth·s Surfoce 

?CLEO SAT 

-------

GCOCYNCHnO!'IOU6 
SATELLITE . ~-- "'·· 

---r.c:::,,,:i1_ - \_ - - - - - - - - - - - - - - j, -- - ------------~ 
22.767 n.m. 

(a1 !23 !2deg(I0degHorizon) i 

I bi 126 48 deg I o deg Horizon) I 
c) 36.90 deg {Earth Central Arg•~) : 

I d! 53.52 deg (Earth Central Angle) I 
I e) 81 30 deg (Geoeentrie Latitude) 
. I I 8.70 deg (Hall Angle) '--1 ---! 
"----- --·---- - --

Figure 2. Interference Geometry 
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Figure 4. lllum,notion Dvnom,cs 

I 

11-i-H-+~-..=:'-+--_::::,;:-'--~_:...'-,--_~1--+--\ I 
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I 

F,g,;re 5 
· Interference Geomelry Al 1he Eouolor 
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CCIR FACT SHEET 

STUDY GROUP: U.S. JIWP 
DOC. NO. U.S. JIWP-27 

DATE: FEBRUARY 5, 1991 
REF: REPORT OF IWP 8>15 

TO THE JIWP 

DOCUMENT TITLE 

LEO FEEDERLINK AVOIDANCE OF THE GSO 
IN THE FIXED SATELLITE SERVICE {FSS) 

AUTHOR 

JOHN KNUDSEN 
DONALD JANSKY 
BILL BORMAN 

PURPOSE/OBJECTIVE: 

ORGANIZATION 

MOTOROLA 
JANSKY/BARMAT 
MOTOROLA 

PHONE 

(602) 732-2965 
(202) 467-6400 
(202) 371-6916 

The report of IWP 4/1 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 insufficient angular separation 
between the LEO satellite and the GSO satellite. 
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:ic::ument.s 
:::R Study G~o~ps 
?e=:od :990-1994 

::w?-fl-A...~:-92-27 
5 :e::='-'a=y :99: 

The second sentence in this pa=agraph should be rep:aced w:t~ 

:!"le following: 

allocations ic "he 20/30 GHz part or '"he spel"'t-.,.,,,m :-iave be 0 1"1 

.; dent.; f~ ed 

.. i=-cb..,;Q;ile(sl wre.., t",.-ar:sm.;~+-jr'\g and ,..eceiv.;..,g =:ig1~ 1 s ·o ~..,~ 

The basis for this proposed modification is 1~ Annex •. 
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.. in :he Fixed Sa:e::i:e Service IFSSI 

T:-,.e ?.eport of IWP 4/1 to JIWP (WARC-92), cor.tair.s proposed 

tex: for section 6.1.1.4.1.3, Sharing Between LEO Feeder Links and 

GSO Systems in the FSS. This text states: 

"Article 29 RR 2613 specifies the inter alia relationship 

between geostationary and nor.-geostationary satellite systems 

in the FSS Further study is needed to evaluate the potentia: 

interfere:1ce a:i.d optimum sharing ar:::-angements whic~ wou.:.:i 

provide compatible operations between the LEO ar.d GSO syste:c.s 

in the FSS bands." 

The purpose of this contribution is to provide :he 

i~formatio~ to i:idicate how such compatible sharing is es':ab:~s:-ied 

between LEO and GSO Systems. 

2.c Sys~em cocsidera~ioos 

Although the principal use of the FSS has bee:i. fer JS8 

comrnunica::ion satellites in t!'le 4/5 GHz and 11-12/14 GHz pa::: c: 

the spectrum, the technology and associated systems are now being 

2 
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:.e'... ~ sche B.i:"ld. 
:~a.:y 

;~•,i:e;~~-i 

Germany 
!::aly 

:" -30 

ld!ll 
48 

47/55.5 

A.2.:.2, .; :. 's 

above 

~ 3.f:- •-- ~ 
(d.5) ,:iB;.;''!-!z 

7.7 39. 7 
,, 
4, 

6Bne.e 38/SC ,, --
:n addition, proposals have been made for LEO systems, w~ic~ 

would use the 20/30 GHz bands, as feederli~ks or ga:eways. 7he 

ga~eway links are intended to interconnect the :Eo system ~o t~e 

?CN. They would use 100 MHz of bandwidth in eac::i direction. 

:here would be six center frequencies for the uplink and downlink. 

:he channels will be spaced at 15 MHz intervals. The mod1;. l.at ion 

=a:e in eac~ direc:ion is 12.5 Mbps. The link characteristics of 

this system may be found in the table in Appendix I. These li:iks 

are between earth stations and satellites which are in seven equal 

spaced polar orbits which are at an altitude of approximately 765 

!<",..'TI . 

It is LEO and GSO systems with characteristics such as those 

described above which will be the subject of the subsequent 

sharing analysis. 

3.0 Options for FSS GSO/wEO Sha;ing at 20/30 q?Z 

Article 2 9, Sect:.on II, Control of Interference to 

Geostationary-Satellite Systems, in RR 2613 states: 

3 
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''Ncn-geos:atio~a=y s~a=e s:a:ions s~a:..:.. cease c= =ed~=e :: a 
~eglig!ble leve: :he!= e~.:.ss:..ons a~d :hei= associa:e:i ea=:~ 
s:atior.s sha::. ••'-- ::-a:-.s~.:.: :o :::e:r., ~-::e:-.eve= ::-.e=e :..s 
i:-.s,_;!!!cien: a:1;'.,;.:..a:- sepa:-a:ic-!". be:wee:-. :-.::::.-gecs:a:ic:-.=-=::· 
sa:e11.:.:es and ge-:s:a:.i:::-.a=:::· sa:e:..:.:.:es, a:::: \,,.":'.e:-.e·.·e::.- :!'"'.e=~ 

is unac::ep:a~:e i::.:e::.-~e=e::::e =~ gecs:a:i::~a=::·-sa:e:..::.:e S?a:e 
s:a::..c:-.s _.,, ::-.e ::.xed sa:e:.:..:.:e se:-~ . .r:.ce cpe:-a::..:-.:; 
a::co=C.a:-.::e w:.:::-: :=-:.ese ?.eg·..;:a::.o::s." .!.. !c::::-:o:e · --- --~-:=.~ 
:.:-,a: ::-.e :eve2.. c: :..:;:e=::e=ence s:lo1.::..::. be de:e=rr.:-:-.ed 
acco:rda:-.ce wi::'l cc::R :\eco~ ... ~e!:.dat:'..o!"'.S. 

Several me:hods exist wr.ich can be emp:oyed by the :.E:: sys:e~ 

~o avoid causing harmful interference to co-frequency 

com."Tl1..:.:1icatio:,;s satellites. These methods fall in the fol:.owi~g 

categories: 

' ' _, .... The LEO sa:elli:es 

will have the capabili~y of operating at six 15 MHz channels 

within the 100 MHz ba~d. The channels may be used i~ such a 

way that the frequency is different for any pass whe=e the 

:Eo may point at the GSO sa~ellite. 

=ange to the GSO is 18 to 54 times the range to ~he LE'.:. 

This is 25 to 34 dB additional free space path loss 

attenuation of the LEO sig~al. The~efore, depending on :~e 

calculation of signal leve: for the individual case the GS: 

may not be affected. 

4 



Motorola Solutions, Inc., Ex1029, p. 363

3. 3. l 

3.3.2 

3.3.3 

;-,t:;;.- 'ti•ei:a- .. ""t:;;. 

Due to the reia:ively 

fixed position of the GSO satellite. The peri.8d o: 

possible impingement by the LEO main beam is =ela~:vely 

small. These outage periods last for no more than a few 

seconds (2 to 4 depending on latit~de a:i.d c:..::e=e:-.:ial 

longitude). 

At the moderate latitudes which are more popul3.:ed, 

there is a high probability (40% at 30 deg to l00% at 52 

deg) that more than one satellite is in view. 

This is a ~~=ma: 

back-up for gateway failure. 

The LEO earth feederlink stations can be locaced sue:-. 

the down-link beam will not interfere with the GSO stations. 

5 
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sys':err.s ::eede:-::.:.::.ks 2C/32 

a:::-:..:.eved by a va::-:.ety c:: meth:)dS. 

6 
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GATEWAY LINKS, WrTH MODERATELY HEAVY RAIN' 

(MAXIMUM RANGE) 

UNITS DOWNLINK 

GfO.NJ RANGE FR:».IN.A.M N'-' 1108.0 
N>D~~ Dog 61.56 
~~ Dog 10.00 
SI.ANT RANGE ""' 1237.0 

CENTERFFEO..e.cv Ck 20.00 

XMT'R BURST PWR INTO ANT Wana 20.00 
(Per Carrier) dBm 42.99 
PEAK ANT GAIN dBi 20.00 
OFF~LOSSES d3 2.00 
XMTR NET ANT GAN dBi 18.00 
Xl,(T FEEO,OCT LOSS d3 3.50 

EIRP d8ml 17.10 
PATI-1 LOSS d3 115.17 
POLAAIZA TION LOSS d3 0.50 
Gl.SECOSLOSS d3 3.30 
RAIN LOSS' d3 13.00 

TOT PROPAGATION LOSS dB 202.'7 
PEAK ANT GAIN dBi 54.00 
OFF~LOSSES d3 0.00 
RCVR NET ANT GAIN dBi 54.00 

ANTNOISETEt.F °K 30.00 
AC\/ FEEOICICT LOSS d3 4.00 
LNAI-OISEFICU1E d3 3.00 

SYST NOISE TEMP, Ta 01( 1U3.44 

Q/Ta dB11°K U.23 
80L TZMANN'S, k d8m!Hz°K •108.IO 

RCV'D CINo d8H1 71.11 
~Et,No dB •. ,o 
~ DATA RATE dBHz 17.H 
M'I.ElelTA'n:lN LOSS cB 2.00 

REQUIRED CINo d8Hz 71.11 
UNK MARGIN di 0.00 

FLUX DENSITY ,- 4KHz IW d I W / ffl 2 •114.7 

• CRANE RAIN 1.00EI.. REGION "G", 0.5% OUT AGE 

UF'LINK 

1108 0 
61 56 
10.00 
1237 0 

30 00 

217.27 
53.37 
57.50 
0.00 
57.50 
3.50 
107.37 
18i.19 
o.so· 
3.30 
26 00 
211.U 
23.50 
2 00 
21.50 

290.00 
4 00 
3.00 

U53.U 

., 0.'2 

·198.60 
H.11 
6.90 
67.H 
2.00 
71.11 
0.00 .,, ... 
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APPENDIX D 

ADVANCE PUBLICATION INFORMATION FOR THE IRIDIUM NETWORK 

Section A - General Information 

~~e Adrr.~r.~stratior. of the United S~ates o: America informs the 
members o: the ~TU of its intentio~ ~o authorize the operation of 
the IRIDIUM Satellite Network. The Subscriber-to-Space Station 
link of the network will operate in the ROSS band 1610-1626.5 
MHz, in both the Earth-to-Space and Space-to-Earth directions. 
In the latter 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 

Initial 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 America 

Federal Communications Comrnission 
Washington, DC 20554 

FEDCOMCOM 
Washington,DC 
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4. Orbital Information Relating to Space Stations 

:te=e a=e seven po:a=, co-=otating planes, sepa=ated by 
s:~g~~:}· mo=e ~ta~ 27 deg~ees. Eact pla~e ~as 1: 
sate::i:es. Thell satel:i:es in each p:ane a=e equally 
spaced around t~ei= planar orbit. Sate::~~es i~ planes 1, 
3, 5 and 7 a=e in phase wi~t each other, wtile those in 
planes 2, 4 and 6 are in phase with each othe= and hac:way 
out of phase with those in planes 1, 3, 5 and 7. The 
system (network) satellites are at a constant altitude of 
765 Kilometers. The total number of operational satellites 
having these characterist~cs is 77. 

Section c - Characteristics of the Satellite Network in the 
Earth-to-Space Direction 

l. Earth-to-Space Service Area(s) 

Initially, Subscriber Terminals and Gateway .Earth St~tions 
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 adrr.inistration 
auttorization. 

2. Class of Station and Nature of Service 

TF, TC, TL, TR, TU 

3. Frequency Range 

1610.0-:626.5 MHz - Subscriber Terminal 
27.5-30.0 GHz - Gateway Link (Feederlink) 

4. Power Characteristics of the Transmitted Wave 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 
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5. Characteristics of Space Station Receiving Antenna 

?eak Gai::: --2 5. 0 dBi 
See Fig~=es 2a-2g 

Peak Gair.: ~23.5 dBi 
See Fig~=e 3 

6. Noise Temperature of Space Station Receiving System 

a. Subs er ibe= :.ink 

553 degrees K 

b. Gateway Lir.k (Feeder) 

1453 degrees K 

7. Necessary Bandwidth 

a. Subs er iber Link 

Total: 16. 5 MHz 
?er Channel: 160 KHz 

b. Gateway Lir.k (Feeder) 

15 MHz 

8. Modulation Characteristics 

a. Subscriber Link 

Digital voice and data, Q?SK with TDMA/FD~.A 
multiplexing 

b. Gateway Link (Feeder) 

Digital voice and data, QPSK w~th TOMA multiplexing 
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Section D - Characteristics of Satellite Network in the Space-to­
Earth Direction 

l. Space-to-Earth Service Areas 

2. Class of Stations and Nature of Service 

ES, EC, EF, EU 

3. Frequency Range 

:6l0.0-i626.5 MHz 
18.8-20.2 GHz 

Subscriber Terminal 
Gateway Link (Feederlink) 

4. Power Characteristics of the Transmitted Wave Into the Space 
Station Transmit Antenna 

a. Subscriber Link 

Peak Spectral Power Density 

b. Gateway Link (Feederlink) 

Peak Spectral Power ~ensity 

-43.8 dBW/Hz 

-55.8 dBW/Hz 

5. Characteristics of the Space Station Transmitting Antenna 

a. Subscriber Link 

Peak Gain: +25.0 dBi 
See Figures 2a-2g 

b. Gateway Link (Feederlink) 

Peak Gain: +20.0 dBi 
See Figures 4a-4j 

6. Characteristics of the Receiving Earth Stations 

a. Subscriber Terminal 

Noise Temperature: 
Peak Antenna Gain: 

b. Gateway Earth Station 

Noise Temperature: 
Peak Antenna Gain: 

553 degrees K 
+3 dBi 

1193 degrees K 
+54.2 dBi 
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7. Necessary Bandwidth 

,ota:: :6.5 MHz 
Per C~anr.el: 350 KHz 

l5 MHz 

8. 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. ~he 77 IRIDIUM satellites in seven planes, with 11 
identical satellites each are all interconnected to 
each other. 

b. Frequency of Operation: 22.55-23.55 GHz 

c. Modulation: QPSK, FDMA/TDMA 

d. Peak EIRP: +39.6 dBW 

e. Peak Spectral Power Density: -65.3 dBW/Hz 

Crosslink antenna pattern: See Figure 5 
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FIGURE 1 POTENTIAL IRIDIUM SERVICE AREAS 
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