LORAL

Space & Communications Ltd SAT-PDR-2002101 0-00198
1755 Jefferson Davis Hwy  Loral Skynet do Brasil John P. Stern
Suite 100;  Estrela do Sol 1 Deputy General Counsel

Arlington, VA 22202-3501
(703) 414-106C
Fax: (703) 414-1079

October 10, 2002

RECEIVED
Marlene H. Dortch, Secretary

i . 1 a0
Federal Communications Commission oci b 1 2002
Office of the Secretary CoMMISSI0N
< { ALHICATIONS COMMISS
‘\1735 ‘h'l 26; Str%:tésg(f)sﬂ *@@2?22 OF THE SECRETARY
ashington, D.C.

Re:  Petition for Declaratory Ruling to Add Loral Skynet do Brasil’s Estrela do Sull
Ku band Satellite to the Permitted Space Station List

Dear Ms. Dortch:

Enclosed for filing on behalf of Loral Skynet do Brasil (Loral) is an original and
four (4) copies of a Petition for Declaratory Ruling and associated FCC form 312 and
technical and financial attachments to add Loral’s Estrela do Sul 1 Ku band satellite,
authorized by Brazil to operate at 63° W.L., to the Permitted Space Station List pursuant
to Sections 1.2 and 25.137 of the Commission’s rules. Any inquiries related to this
request should be directed to the undersigned.

Sincerely,

s

John P. Stern
Deputy General Counsel
Loral Space & Communications Ltd.

cc: Tom Tycz
Fern Jarmulnek
Jennifer Gilsenan
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FOREIGN OWNERSHIP INFORMATION



FCC Form 312 Mam Form
Exhibit 1~ Ttem 34

Loral SpaceCom Corporation (d'b/a Loral Skvnet), a Delaware corporation, is a
wholly owned subsidiary of Loral Space & Communications Corporation, also a
Delaware corporation. Loral Space & Communications Corporation is owned and
controlled by Loral Space & Communications Ltd. (“Loral”), a Bermuda company
publicly traded on the New York Stock Exchange (NYSE: LOR). Loral’s home market
is the United States. See /n re Application of AT&T Corp. and Loral SpaceCom
Corporation, Order and Authorization, 12 FCC Red. 925 at 9 (1997).



PETTITION FOR DECLARATORY RULING



BEFORE THE

Federal Communications Commission
WASHINGTON, D.C.

In the Matter of

Loral SpaceCom Corporation
File No.

Petition for Declaratory Ruling to Add
Estrela do Sul 1 a Ku-Band Satellite
to the Permitted Space Station List

PETITION FOR DECLARATORY RULING

L INTRODUCTION

Loral Space and Communications Ltd., on behalf of its subsidiary, Loral Skynet do Brasil
(LSdB),l respectfully petitions the Federal Communications Commission, pursuant to Section
25.137 of the Commission’s rules and the DISCO II Reconsideration Order,” to add LSdB’s
Estrela do Sul 1, a Ku-band satellite authorized by Brazil, to the Permitted Space Station List.
The satellite is scheduled for launch in the first quarter of 2003. It will operate at 63° W.L.

Grant of LSdB’S request will permit all U.S. ALSAT earth stations to provide services covered
by the WTO Basic Telecommunications Agreement on all routes to, from, and within the United
States using Ku-band frequencies via Estrela do Sul 1.

IL. THE ESTRELA DO SUL 1 PAYLOAD SATISFIES COMMISSION
REQUIREMENTS FOR ENTRY ON THE PERMITTED SPACE STATION LIST.

In the DISCO II Reconsideration Order, the Commission stated that non-U.S. satellites

may be included on the Permitted Space Station List if they demonstrate compliance with

' Loral Skynet do Brasil is a subsidiary of Loral Space and Commnications Ltd.

? 47 CF.R. § 25.137 (2001).

> In re Amendment of the Commission’s Regulatory Policies to Allow Non-U.S. Licensed Space Stations to
Provide Domestic and International Satellite Service in the United States, First Order on Reconsideration, 15 FCC
Red. 7207 (1999) [hereinafter DISCO II Reconsideration Order]).



Sections 25.114 and 25.137 of the Commission’s rules and raise no other public interest

concerns.” As this petition and its appendix show, the Estrela do Sul 1 payload satisfies the
legal, financial and technical requirements of the Commission’s rules for inclusion on the list,
and its addition would further the public interest in providing competitive services by permitting
all U.S. ALSAT-designated Ku-band earth stations to provide such services via Estrela do Sul 1.

A, Loral Skynet do Brasil Satisfies the Commission’s Legal and Technical
Requirements as Outlined in Section 25.114.

The Estrela do Sul 1 payload will include 41 Ku-band transponders providing digital
services and analog video services to South and North America and the North Atlantic Ocean
Region (NAOR). The satellite will be operated under Brazil’s BSAT-I satellite network filing.
Attached to this application at Appendix A is the necessary information to show that Estrela do
Sul 1 complies with the relevant technical requirements of Section 25.114 of the Commission’s
rules. Loral Skynet do Brasil has already coordinated its satellite with U.S -licensed satellites
within the %9° “coordination arc.”’ The international coordination process for Estrela do Sul 1 is

nearly complete.

* See DISCO II Reconsideration Order, 15 FCC Rced. at 7214 (“U.S earth stations with ALSAT licenses should be
permitted to communicate with any non-U.S. satellite just as easily as they communicate with any U.S.-licensed
satellite, provided that those communications do not cause harmful interference to or require protection from
adjacent satellite operations, and otherwise comply with DISCO IL”).

5

The coordination arc coordination threshold was established by WRC 2000 Final Acts, Appendix S5,
Identification of administrations with which coordination is to be effected or agreement sought under the provisions
of Article 89, Table S5-1 Technical Conditions for Coordination.

2-



Loral Skynet do Brasil Is Financially Qualified to Operate Estrela do Sul 1.

Although Estrela do Sul 1 is under construction and thus not yet in orbit, Loral Skynet do
Brasil is financially qualified to construct, launch and operate the satellite that is the subject of
this application, and respectfully requests a waiver of the requirement to make a detailed
financial qualification showing.6 In its DISCO II Order, the Commission exempted in-orbit
systems from this requirement, concluding that, “where the foreign satellite is already in orbit,
there is no concern about whether the prospective entrant is financially capable of building and
launching the system.” The same policy considerations underlying this exemption apply to
Estrela do Sul 1.

There is no risk that Estrela do Sul 1 will not be constructed and launched as it is
scheduled for launch in the first quarter, 2003. Loral Skynet do Brasil contracted with Space
Systems/Loral for the construction and launch of the satellite, and has already invested
significant funds in the development of this spacecraft. There is no practical danger of spectrum
warehousing in this situation. Loral is authorized by Brazil to use the ITU Ku-band filing,
BSAT 1, at the 63° W.L. orbital location.

Finally, Loral is an established U.S. satellite provider and, through the Loral Global
Alliance, operates dozens of satellites serving U.S. and foreign markets. There is no need to

make a detailed financial showing here to establish that Loral Skynet do Brasil is “financially

capable of building and launching its system.”"Y Nevertheless, Loral’s balance sheet is attached at

Appendix B to demonstrate its adequate financial resources.

® See 47 CF.R. §§ 25.114(c)(13) & (17), 25.137(b) and 25.140.

" In re Amendment of the Commission’s Regulatory Policies to Allow Non-U.S. Licensed Space Stations to provide
Domestic and International Satellite Service in the United States, IB Dkt. No. 96-111, Report and Order, 12 FCC
Rcd. 24094, 24176 (1997) [hereinafter DISCO II Order].
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B. Loral Skynet do Brasil Satisfies the Effective Competition Requirements of
Section 25.137(a)(2).

The DISCO II Order established a presumption in favor of granting applications to
provide services into the U.S. that are covered under the World Trade Organization (“WTOQO”)

Basic Telecommunications Agreement by satellite operators that are already licensed by WTO

members.” Estrela do Sul 1 is licensed by Brazil, a WTO member country. As such, it satisfies
the effective competitive opportunities requirement laid out in Section 25.137(a)(2) of the
Commission’s rules.”

Grant of this petition and inclusion of Estrela do Sul 1 on the Permitted Space Station
List is in the public interest. By granting the Petition, the Commission will increase competition
and provide additional Ku-band capacity and more options for U.S. consumers, who would
benefit via lower rates and better service. These are the very public interest goals the

Commission sought to promote when it established its presumption in favor of entry for WTO

satellites,w and thus the public interest weighs heavily in favor of grant of this petition.

® Seeid. at 24112.

° 47 CFR §25.137)Q2).

' See DISCO II Order, 12 FCC Red. at 24113 (“By enhancing competition, this approach will provide U.S.
consumers with additional choices among providers, reduce prices, and increase the quality and variety of
services.”).

4



Iv.  CONCLUSION

For the reasons discussed above, grant of this petition for declaratory ruling is in the

public interest. Loral Skynet do Brasil requests that the Commission expeditiously grant this

request.

October 10, 2002

Respectfully submitted,

for LORAL SPACE & COMMUNICATIONS LTD.

o =

John P. Stern

Deputy General Counsel

Loral Space & Communications Ltd.
1755 Jefferson Davis Highway Ste. 1007
Arlington, VA 22202-3501




ENGINEERING CERTIFICATION

I hereby certify that I am the technically qualified person responsible for preparation of
the engineering information contained in this Petition for Declaratory Ruling of Loral Space &
Communications Ltd. to add the Estrela do Sul 1 satellite to the Permitted space Station List;
that I am familiar with Parts 21 and 25 of the Commission’s rules; that I have either prepared
or reviewed the engineering information contained in Appendix A; and that it is complete and

accurate to the best of my knowledge.

Dated the 10" day of October 2002

By:_* % ?ﬁ Wﬂ_

Peter E. Goettle

Principle Engineer, Satellite and
Spectrum Development

Loral Skynet®

! Skynet is a registered trademark of Loral SpaceCom Corporation.
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1. GENERAL SYSTEM AND SERVICE DESCRIPTION
1.1. GENERAL SYSTEM DESCRIPTION

The Estrela do Sul satellite will be deployed at 63° WL and will be a Space Systems/Loral FS1300
class, three-axis stabilized spacecraft that will operate in standard and extended Ku-band. Estrela do
Sul will be the most powerful Ku-band FSS satellite serving Brasil. The satellite will have 5 separate
Ku-band transmit and receive beams, which cover Brasil, Mercosul, the Andean countries and the
Guyanas and Panama, most of North and Central America, and the North Atlantic Ocean Region
(NAOR). The coverage areas are depicted in Figure 1-1 and summarized in Table 1-1.

Table 1-1. Coverage Areas for the Estrela do Sul Beams

Beam Name Coverage Area Maximum number of transponders
Brasil Beam Brasil Up to 21
Mercosul Beam Southeast Brasil, Argentina, Upto9
Uraguay, & Chile

Andean Beam Bolivia, Columbia, Ecuador, Peru, Upto3
Venezuela, Guyanas, & Panama

NAFTA Beam US (including Puerto Rico), Mexico, | Upto 13
Southern Canada, Guatemala, El
Salvador, Honduras, Nicaragua,
Costa Rico, & Cuba

NAOR North Atlantic Ocean Upto9

The spacecraft will provide 41 transponders; 26 transponders have bandwidth of 36 MHz, 4
transponders have bandwidth of 28 MHz, 10 have bandwidth of 76 MHz, and 1 has bandwidth of 60
MHz. Frequency reuse will be obtained through the use of orthogonal polarization and spatial isolation
of the antenna beams. The Ku-band transponders will have a mix of 130-W and 100-W TWTAs, and
the spacecraft is designed to ensure that at least 50% of the prime power is devoted to the portion of the
payload, which will serve Brasil. All transponders will contain gain-step attenuators (adjustable in 1 dB
steps) that can be adjusted remotely by ground commands. The satellite will also include inter-beam
switching on a channel by channel basis, which, for example, would permit connectivity between Brasil
and the US.

The satellite transponder arrangement is provided in Table 1-2. Table 1-3 provides details on the
TWTA power for each beam and shows that more than 50% of the spacecraft prime power is directed
into Brasil beam transponders which operate in standard Ku-band.

The satellite design provides a high degree of flexibility in switching TWTAs among the NAFTA,
Mercosul, Andean, and NAOR beams. And to ensure that the spacecraft meets the important prime
power requirement set by Anatel, sixteen standard 36-MHz and two standard 28-MHz Ku-band
transponders, powered by 130-W TWTAs, are dedicated to the Brasil beams. There is the potential to
obtain three additional transponders for the Brasil beam by switching TWTAs from the NAOR beam,
but this switching is not necessary for the satellite to meet Anatel’s prime power requirement.
Furthermore, the flexible design of Estrela do Sul will enable Loral Skynet do Brasil to make additional
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transponder capacity, contained in the Mercosur beam, available for use by Brazilian customers. Up to
75% of the prime potency of the satellite can be available for use by Brazilian customers.
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Figure 1-1. Coverage Areas for Estrela do Sul Satellite
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Table 1-2. Transponder Arrangement for Ku-band Beams

Beam BW and # of BW and # of
Name Dedicated Switchable
Transponders Transponders
. 16 @ 36 MHz

Brasil 2 @ 28 MHz 0-3 @ 36 MHz
2 @ 76 MHz 0-3 @ 76 MHz

Mercosul
1 @ 60 MHz 0-3 @ 36 MHz
28, | 03 @36MH

NAFTA
5 @ 76 MHz 0-2 @ 76 MHz
Andean - 0-3 @ 76 MHz
0-3 @ 36 MHz
NAOR - 0-3 @ 36 MHz
0-3 @ 36 MHz
Totals 29 Dedicated 12 Switchable

For the Ku-band NAFTA beam, there will be a minimum of two 28-MHz and one 36-MHz
transponders and four 76-MHz and one 60-MHz transponders. With TWTA switching, the quantity of
36-MHz and 76-MHz can be increased to four and six, respectively. For the Mercosul beam, there will
be a minimum of two 76-MHz and one 60-MHz transponder and a maximum of five 76-MHz
transponders and up to three 36-MHz transponders. For the Andean beam, there will be up to three 76-
MHz transponders, and for the NAOR beam there will be up to nine 36-MHz transponders. The
majority of switchable TWTAs come from the TWTA bank, which serves the NAOR beam.

The satellite will be designed for a 15-year orbital maneuver life and will use linearized Traveling
Wave Tube Amplifiers (TWTAs) exclusively.

Loral Skynet do Brasil will lease or develop the necessary Telemetry, Tracking, and Control (TT&C)
facilities to operate the satellite from a site within Brasil.
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GENERAL SERVICES DESCRIPTION

The service objectives are to provide:

Digital Services supporting a variety of information rates ranging between 64 kbps to 45 Mbps.
The transponders can be used to relay a single wideband carrier or hundreds of narrowband
carriers. The anticipated use of the transponders on the satellite will be to support
communications applications which use primarily Phase Shift Keying (e.g. 8PSK, QPSK)
modulation. The transponders are also compatible with more advanced modulation techniques
such as 16QAM. The satellite users will employ Forward Error Correction Coding (FEC)
where appropriate. ‘

Analog Video Services using Frequency Modulation (FM) in the full-transponder mode as well
as in the half transponder mode.

Whether digital or analog, Skynet do Brasil will be able to offer customers point-to-point and point-to-
multipoint services.

Detailed characteristics for some typical services are given in Section 4.

1-08-00
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2. PAYLOAD DESCRIPTION

Table 2-1 summarizes the key characteristics of the Estrela do Sul satellite.

The satellite design conforms to the International Radio Regulations technical standards. To maximizec
the use of Brazil’s scarce orbital resources, Estrela do Sul is designed to operate at 2° orbital separation
from other co-coverage satellites. The following subsections provide more detailed information on the
satellite design. '

Table 2-1. Summary of Spacecraft Characteristics

General
Mission Life 15 Years
Stabilization Three-Axis
Stationkeeping + 0.05° N-S, E-W
Eclipse Capability 100%
Antenna Pointing Accuracy Within 0.15° half cone
Launch Vehicle Compatible with Sea Launch, Ariane 4 and 5,
Proton, Delta-1V, and Atlas V
Communications
Frequency Band Standard Ku, Extended Ku
Brasil, the remaining parts of South America,
Antenna Coverage Central America, most of North America, and the
North Atlantic Ocean
Polarization Orthogonal Linear
Number of Transponders 41 Ku-Band
Usable Bandwidth 1824 MHz at Ku-Band

Transmitter RF Power Ku-Band: 130, 160 Watts

Brasil-Brasil, Brasil-NAFTA, NAFTA-Brasil
Mercosul-Mercosul, Mercosul-Andean, Mercosul-
NAFTA, NAFTA-Mercosul, Andean-Andean,

Connectivity Andean-Mercosul, Andean-NAFTA, NAFTA-
Andean, NAFTA-NAFTA, NAFTA-NAOR,
NAOR-NAFTA
Redundancy: \
Receivers 13 for 9

130-W TWTAs: 24 for 18

Channel Amplifiers and TWTAs 100-W TWTAs: 32 for 23

Tracking, Telemetry, and Command (TT&C)

Frequency Ku-Band

Earth Station Location Brasil

1-08-00 A-11
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2.1. COMMUNICATIONS SUBSYSTEM

2.1.1. Capacity

The payload provides 26 transponders with bandwidth of 36 MHz, 4 transponders with bandwidth of 28
MHz, 10 transponders with bandwidth of 76 MHz, of which 72 MHz is usable, and I transponder with
bandwidth of 60 MHz, of which 56 MHz is usable. In total, the payload provides 41 transponders with
1824 MHz of usable bandwidth. The spacecraft power subsystem will be sized to provide simultaneous
operation for all of the 28 and 36-MHz transponders at saturation and all of the 60 and 76-MHz
transponders at 3 dB OBO for a minimum of 15 years with 100% eclipse operation.

2.1.2. Transponder Frequency and Polarization Plan

Loral Skynet do Brasil has designed the frequency plan for the Estrela do Sul satellite to provide
significant value to Brasilian and other customers in the western hemisphere. Specifically, the
frequency plan provides:
1. The largest amount of dedicated FSS Ku-band capacity for Brasil of any existing satellite.
2. Large capacity of inter-connectivity between South America and North America.
3. The ability to flexibly assign additional capacity to the Brasilian customers, depending on
market needs.
The Estrela do Sul satellite design enables Loral Skynet do Brasil to be a prominent domestic FSS
supplier and instantly catapults Loral Skynet do Brasil into the international FSS arena.

Orthogonal linear polarization, frequency selection, and spatial isolation are used to obtain substantial
frequency re-use with minimal interference among the beams. Figures 2-1 and 2-2 summarize the
downlink and uplink frequency plans, respectively, for all of the beams on the Estrela do Sul satellite,
while Tables 2-2 through 2-11 provide more details, such as start, stop, and center frequencies for the
transponders.

The transponders in the Brasil beam operate in both horizontal and vertical polarization. Sixteen 36-
MHz bandwidth and two 28-MHz bandwidth transponders are dedicated to the Brasil beam and are
operated with uplink frequencies between 14.00-14.50 GHz and downlink frequencies between 11.70-
12.20 GHz. Twelve of these eighteen transponders use uplink vertical polarization and downlink
horizontal polarization, and the remaining six transponders use uplink horizontal polarization and
downlink vertical polarization. Three additional 36-MHz transponders can be switched into the Brasil
beam to support customer applications if the market requires additional capacity. These transponders,
which are operated in the extended Ku-band, use uplink vertical polarization and downlink horizontal
polarization. Cross-polarization isolation within the coverage area will be a minimum of 30 dB.

The major population centers of Brasil can access the Estrela do Sul satellite through not only the Brasil
beam but also the Mercosul beam. The transponders in the Mercosul beam, like those in the Brasil
beam, operate in both horizontal and vertical polarization. Two 76 MHz transponders and one 60 MHz
transponders are dedicated to the Mercosul beam, and one of these transponders is operated in the
standard Ku-band while the remaining two are operated in the extended Ku-band. As a result of the
TWTA switch network, the satellite can provide up to three additional 76-MHz and three additional 36-
MHz transponders for the Mercosul beam.

The Andean beam is designed to provide coverage for the parts of South America not covered by the
Brasil and Mercosul beams. The three 76-MHz transponders in the Andean beam are switchable from
other beams on the satellite and operate with uplink horizontal polarization and downlink vertical
polarization.

1-08-00 A-12
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Because of the proximity of the Andean, Mercosul, and Brasil coverage regions, polarization isolation,
frequency selection, and transponder switching are used to obtain minimal interference among these
South American beams.

The spatial isolation between the Brasil and the NAFTA coverage areas is exploited to obtain frequency
and polarization re-use for parts of the standard and extended Ku-band. The Estrela do Sul satellite
provides one dedicated 36 MHz, two dedicated 28 MHz, four dedicated 76 MHz, and one dedicated 60
MHz bandwidth transponders for the NAFTA beam. The satellite can be configured to obtain up to
three additional 36-MHz and two additional 76-MHz transponders in the NAFTA beam. For the
uplinks, the NAFTA receive beam provides twenty 36 MHz and four 28 MHz channels in the standard
Ku-band (12 V-pol and 12 H-pol) and twelve 36-MHz channels in the extended Ku-band (6 V-pol and
6 H-pol).

All of the transponders for the NAOR beam are switchable into other beams. The downlink NAOR
beam provides up to nine 36-MHz transponders whose uplinks are expected to originate in the US. The
downlink NAOR beam uses both horizontal and vertical polarization and operates exclusively in the
11.45-11.70 GHz band. The uplink NAOR beam contains up to twelve 36-MHz transponders, which
use horizontal and vertical polarization and operate exclusively in the 14.00-14.50 GHz band.

It is important to note that the bandwidth for channel 6’ is 34 MHz, the bandwidth for channels 5’
through 10 is 36 MHz, and the bandwidth for channels 11 and 12 is 28 MHz. There are no 76 MHz or
60 MHz uplink channels. Inside the spacecraft repeater, there are some cases where two uplink
channels are combined to form a downlink channel with bandwith of 76 MHz (there is one case where
the resulting downlink channel bandwidth is 74 MHz and one case where the downlink channel
bandwidth is 60 MHz). The design details for connectivity between 36-MHz uplink channels and 76-
MHz downlink channels are provided in a following section.

1-08-00 A-13
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Table 2-2. Uplink Channel Plan for the Brasil Beam

Brasil Beam U

plink Channels

Horizontal Polarization Vertical Polarizatio
Uplink || chann | S | Guard Uplink chann | "™ | Guard
BW, High BW, High
Chan Center MHz Low Edge, Edge, Band, Chan Center MHz Low Edge, Edge, Band,
Freq, MHz MHz MHz MHz Freq, MHz MHz MHz MHz
Edge 13750 Edge 13750 2
Ext. 4' 13852 | 36 13834 13870 4
Band 3 13892 | 36 13874 13910 8
2 13936 | 36 13918 13954 4
Edge 14000 Edge 14000
Edge 14000 2 Edge 14000 | 2
1 14020 | 36 14002 14038 4 1 14020 | 36 14002 14038 4
2 14060 | 36 14042 14078 8 2 14060 | 36 14042 14078 8
3 14104 | 36 14086 14122 4 3 14104 | 36 14086 14122 4
4 14144 | 36 14126 14162 8 4 14144 | 36 14126 14162 8
5 14188 | 36 14170 14206 4 5 14188 | 36 14170 14206 4
Std. 6 | 14228 | 36 14210 14246 8 6 14228 | 36 14210 14246 8
Band 7 14272 ] 36 14254 | 14290 4
8 14312 1 .36 ] 14294 14330 8
9 14356 1 36 14338 14374 4
10 14396 | 36 14378 14414 8
11 14436 | 28 | 14422 14450 4
12 14488 | 28 14454 14482 14.5
CMD_1 ] 14497 1 14496.5 | 144975 ] 25
CMD_2 | 14499 1 144985 | 1449951 05
Edge 14500 Edge 14500
1-08-00 A-16
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Table 2-3. Downlink Channel Plan for the Brasil Beam

Brasil Beam Downlink Channels

Vertical Polarization Horizontal Polarization
Downlink Chann Ch.ann Guard Downlink Chann Ch'ann Guard
BW, High BW, High
Chan Center MHz Low Edge, Edge, Band, Chan Center MHz Low Edge, Edge, Band,
Freq, MHz MHz MHz MHz Freq, MHz MHz MHz MHz
Edge 11450 Edge 11450
Ext. 4 11552 | 36 11534 115670 4
Band 3 11592 | 36 ] 11574 11610 8
2 11636 | 36 11618 11654 4
Edge 11700 Edge 11700
Edge 11700 2 Edge 11700 2
1 11720 | 36 ] 11702 11738 4 1 11720 ] 36 | 11702 11738 4
2 11760 | 36 ] 11742 11778 8 2 11760 |} 36 11742 11778 8
,,,,,,,,, 3 11804 | 36 | 11786 11822 4 3 11804 | 36 11786 11822 4
4 11844 | 36 | 11826 11862 8 4 11844 | 36 11826 11862 8
5 11888 | 36 | 11870 11906 4 5 11888 | 36 11870 11906 4
6 11928 | 36 | 11910 11946 8 6 11928 | 36 11910 11946 8
Std. 7 11972 1 36 11954 1 11990 4
Band 8 12012 | 36 11994 12030 8
9 12056 | 36 12038 12074 4
10 12096 | 36 12078 12114 8
1 12136 | 28 12122 12150 4
12 12168 | 28 12154 | 12182 16.9
TLM_1 ] 121975 102 ] 121974 | 121976 ] 24 |
1. TM 2 12199 1 0.2] 12198.9 ] 12199.1 0.9
Edge 12200 Edge 12200
1-08-00 A-17
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Table 2-4. Uplink Channel Plan for the Mercosul Beam

Mercosur Uplink Channels
Horizontal Polarization Vertical Polarizatio
Uplink chann | S 1 Guard Uplink chann | €M | Guard
BW, High BW, High
Chan Center MHz Low Edge, Edge, Band, Chan Center MHz Low Edge, Edge, Band,
Freq, MHz MHz MHz MHz Freq, MHz MHz MHz MHz
Edge 13750 2 Edge 13750 2
6 13769 | 34 § 13752 13786 4 6 13769 | 34 13752 13786 4
5 13808 | 36 | 13790 13826 8 5 13808 1 36 ] 13790 13826 8
Ext. 4 13852 | 36 ] 13834 13870 4
Band 3 13892 | 36 ] 13874 13910 8
2 13936 | 36 ] 13918 13954 4
1 13976 | 36 | 13958 13994 6 1 13976 1 36 | 13958 13994 6
Edge 14000 Edge 14000
Edge 14000 2 Edge 14000
BS:Sd 7 14272 | 36 | 14254 14290 4
8 14312 | 36 | 14294 14330 8
9 14356 | 36 | 14338 14374 4
10 14396 | 36 | 14378 14414 I T e T T
11 14436 | 28 | 14422 14450 4
12 14468 | 28 | 14454 14482 16.5
CMD_1* | 14497 1 ] 144965 | 144975} 25
CMD_2* | 14499 1 ] 144985 | 144995 | 05
Edge 14500 Edge 14500

* Note: Command frequencies are shown for illustrative purposes. Commanding will not be
performed in the Mercosul beam; commanding is performed from the Brasil and NAFTA coverage
areas only.
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Table 2-5. Downlink Channel Plan for the Mercosul Beam

Mercosur Downlink Channels
Vertical Polarization Horizontal Polarization
Downlink Chann Ch.ann Guard Downlink Chann Ch‘ann Guard
BW, High BW, High
Chan Center MHz Low Edge, Edge Band, Chan Center MHz Low Edge, Edge Band,
Freq, MHz MHz MHz MHz Freq, MHz MHz MHz MHz
Edge 11450 2 Edge 11450 2
- . viaso | 3a | vram | vams | 4
- 65 11489 | 74 | 11452 11526 8 5 11508 | 36 | 11490 | 11526 | &
Ext. 4.3 11572 | 76 | 11534 | 11610 g |-
Band ] , L )
210 | 11e%6 761 11618 | 11694 | 48 | 11676 | 36| 11658 | 11604 | 6
Edge | 11700 Edge ' 11700
" Edge B 1 11700 2 "Edge B 11700
Std. , 4 -
Band | .4 11992 | 76 | 11954 | 12030 8
9-10 12076 | 76 | 12038 | 12114 8
11-12 | 12152 | e0 | 12122 | 12182 | 154
LM 1* | 121975 | 02| 121974 | 121976 | 24 B
- ] M 2* | 12199 | 02| 121989 | 12199.1 | 09
Edge 12200 Edge 12200

* Note: Spacecraft telemetry beacons shall be used by earth stations for antenna pointing, tracking, and
uplink power control.
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Table 2-6. Uplink Channel Plan for the Andean Beam

Andean Uplink Channels
Horizonta! Polarization Vertical Polarization
Uplink Chann Ch.ann Guard Uplink Chann Ch.ann Guard
BW, High BW, High
Chan Center MHz Low Edge, Edge Band, Chan Center MHz Low Edge, Edge Band,
Freq, MHz MHz MHz MHz Freq, MHz MHz MHz MHz
Edge 13750 2 Edge 13750
Ext. 4 13852 36 13834 13870 4
Band 3 13892 36 13874 13910 8
Edge 14000 Edge 14000
Edge 14000 2 Edge 14000
CMD N/A
Bsz::d 7 14272 36 14254 14290 4
8 14312 36 14294 14330 8
9 14356 36 14338 14374 4
10 14396 36 14378 14414 8
cMD_1* | 14497 | 1 | 144965 | 144975 | 25
CMD_2* 14499 1 14498.5 | 14499.5 0.5
Edge 14500 Edge 14500

* Note: Command frequencies are shown for illustrative purposes. Commanding will not be
performed in the Andean beam; commanding is performed from the Brasil and NAFTA coverage areas

only.
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Table 2-7. Downlink Channel Plan for the Andean Beam

Downlink Channels

Vertical Polarization Horizontal Polarization
Downlink Chann Ch.ann Guard Downlink Chann Ch'ann Guard
BW, High BW, High
Chan Center MHz Low Edge, Edge Band, Chan Center MHz Low Edge, Edge Band,
Freq, MHz MHz MHz MHz Freq, MHz MHz MHz MHz
Edge 11450 2 Edge 11450
Ext. | 43 | 11572 | 76| 11534 | 11610 | 8
Band
Edge 11700 Edge 11700
Edge 11700 2 Edge 11700
Std.
Band 7-8 11992 | 76 11954 12030 8
9-10 12076 | 76 12038 12114 8
TLM 1* | 121975 1 0.2 ] 121974 | 121976 | 24
TLM 2 12199 ] 0.2 ] 12198.9 | 12199.1 0.9
Edge 12200 Edge 12200

* Note: Spacecraft telemetry beacons shall be used by earth stations for antenna pointing, tracking, and
uplink power control.
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Table 2-8. Uplink Channel Plan for the NAFTA Beam

NAFTA Ublink Channels
Horizontal Polarization Vertical Polarization
Uplink Chann | CM™M | Guard Uplink chann | "M 1 Guard
BW, High BW, High
Chan Center MHz Low Edge, Edge, Band, Chan Center MHz Low Edge, Edge, Band,
Freq, MHz MHz MHz MHz Freq, MHz MHz MHz MHz
Edge || s 13750 2 Edge I T 13750 2
6 13769 | 34 13752 13786 4 8 13769 | 34 13752 13786 | 4
_ 5 13808 | 36 13790 13826 8 1 &% 13808 | 36 § 13790 | 13826 8
Ext. 4' 13852 1 36 13834 13870 ;. 4 4 13852 | 36 | 13834 | 13870 | 4
Band 3 13892 | 36 13874 } 13910 | 8 3 ] 13892 | 36 13874 1 13910 | 8
2 13936 | 36 13918 | 13954 | 4 2' ) 13936 | 36 13918 13954 4
1} 13976 | 36 13958 13994 | 6 1 13976 | 36 | 13958 | 13994 6
Edge 14000 Edge 14000
Edge | 1 | 14000 2 Edge - 14000 2
b B ] ) CMD N/A i
1 14020 | 36 ] 14002 14038 4 1 14020 | 36 ] 14002 14038 4
2 14060 | 36 14042 | 14078 8 2 14060 | 36 14042 | 14078 8
3 14104 | 36 | 14086 | 14122 | 4 3. 14104 | 36| 14086 | 14122 | 4
4 14144 | 36 14126 14162 | 8 4 14144 36 14126 14162 8
.5 14188 36 | 14170 14206 4 5 14188 | 36 | 14170 14206 4
Std. 6 14228 | 36 | 14210 14246 8 6 14228 | 36 | 14210 14246 8
Band 7 14272 | 36 | 14254 14290 4 7 14272 | 36 | 14254 14290 4
8 14312 ] 36 14294 | 14330 = 8 . 14312 | 36 14294 14330 8
9 14356 | 36 14338 | 14374 4 9 ] 14356 | 36 14338 | 14374 | 4
.10 14396 | 36 | 14378 14414 | 8 _ 10| 14396 | 36| 14378 | 14414 8
11 14436 | 28 | 14422 14450 4 11§ 14436 | 28 | 14422 14450 4
12 14468 | 28 | 14454 14482 16.5 12 14468 | 28 14454 14482 14.5
N ] ) ] CMD_1 14497 1 | 144965 | 144975 § 25
CMD_2 | 14499 1 | 144985 | 14499.5 0.5 ]
Edge 14500 Edge 14500
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Table 2-9. Downlink Channel Plan for the NAFTA Beam

NAFTA Downlink Channels
Vertical Polarizatio Horizontal Polarization
Downlink Chann Ch'ann Guard Downlink Chann Chlann Guard
BW, High BW, High
Chan Center MHz Low Edge, Edge Band, Chan Center MHz Low Edge, Edge Band,
Freq, MHz MHz MHz MHz Freq, MHz MHz MHz MHz
_Edge 11450 Edge 11450
Ext. |
Band |
Edge 11700 Edge 11700
Edge 11700 2 Edge 11700
1 11720 36 11702 11738 4
1-2 11740 76 11702 11778 8 5 11760 6 11742 11778 8
3-4 11824 76 11786 11862 8 3-4 11824 76 11786 11862 8
5-6 11908 76 11870 11948 8 56 11908 76 11870 11946 8
std. | ., 1 7 11972 | 36 | 11954 | 11990 4
Band -8 11992 e 11954 12030 8 8 12012 36 11994 12030 8
9-10 12076 76 12038 12114 8
1 12136 | 28 | 12122 | 12150 4
12 12168 28 12154 12182 15.4
TLM 1 12197.5 | 0.2 | 12197.4 | 12197.6 2.4 ]
o TLM 2 12199 | 0.2 ] 121989 | 12199.1 0.9
Edge 12200 Edge 12200
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Table 2-10. Uplink Channel Plan for the NAOR Beam

NAOR Beam Uplink Channels
Horizontal Polarization Vertical Polarization
Uplink BW Chann C:ial;:n Guard Uplink BW Chann C:iar;]n Guard
Chan Center MH.;_ Low Edge, E dge Band, Chan Center MHz;_ Low Edge, E dge Band,
Fregq, MHz MHz Mtz MHz Freq, MHz MHz MHz MHz
Edge 13750 Edge 13750
Ext.
Band
Edge 14000 Edge 14000
Edge 14000 2 Edge 14000
1 14020 | 36 14002 14038 4
2 14060 | 36 14042 14078 8
3 14104 | 38 14086 14122 4 3 14104 | 36 14088 14122 4
4 14144 | 36 14126 14162 8 4 14144 | 36 14126 14162 8
5 14188 | 36 14170 14206 4 5 14188 | 38 14170 14206 4
std 6 14228 | 36 14210 14246 8 6 14228 | 36 14210 14246 8
Band
9 14356 | 36 14338 14374 4
10 14396 | 36 14378 14414 8
CMD_1*] 14497 1 144965 ] 1449751 25
CMD _2*}] 14499 1 144985 ]| 144995 ] 0.5
Edge 14500 Edge 14500

* Note: Command frequencies are shown for illustrative purposes. Commanding will not be
performed in the NAOR beam; commanding is performed from the Brasil and NAFTA coverage areas
only.
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Tabie 2-11. Downlink Channel Plan for the NAOR Beam

NAOR Beam Downlink Channels
Vertical Polarization Horizontal Polarjzation
Downlink Chann Ch.ann Guard Downlink Chann Ch-ann Guard
BW, High BW, High
Chan Center MHz Low Edge, Edge Band, Chan Center MHz Low Edge, Edge Band,
Freq, MHz MHz MHz MHz Freq, MHz MHz MHz MHz
Edge 11450 2 Edge 11450 2
6' 11469 | 34 11452 11486 4
g 11508 | 36 11490 11526 8 5 11508 | 36 11490 11526 8
Ext BCN 11533 _10.01
Ban;i 4' 11552 36 11534 11570 4
3 11592 | 36 11574 11610 8 3 11592 36 11574 11610 8
2 11636 38 11618 11654 4
1 11676 1 36 11658 11694 6 1 11676 36 11658 11694 6
Edge 11700 Edge 11700
Edge 11700 Edge 11700
Std.
Band
TLIM_1* } 121975 1 0.2 121974 | 121976 ] 24
TLM_2* 12199 J 0.2] 121989 ] 12199.1 | 0.9
Edge 12200 Edge 12200

* Note: Telemetry frequencies are shown for illustrative purposes only.
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2.1.3. Types of Emissions

The transponders of the Estrela do Sul spacecraft payload are expected to handle a wide variety of
digital traffic from narrowband data to wideband video. Some FM TV traffic is also expected to be
loaded in the transponders. Table 2-12 below provides some of the important characteristics of these
signals.

Table 2-12. Emission Designators for Communications Traffic for the Estrela do Sul

Spacecraft
Signal Emission Designators Allocated Bandwidth |

Wideband Digital 27MO0G7W, 32MOG7TW 32MHz, 36 MHz
Medium-band Digital 5MO00G7W, 3M00G7W, IM98G7W | 6 MHz, 3.6 MHz, 2.4 MHz
Narrowband Digital Data 128KG7W, 44K1G1D 155 kHz, 55 kHz
FM-TV 32MOF9W, 27MOFOW 36 MHz, 32 MHz
Command IMOOF9D 1 MHz

Telemetry / Ranging 144KG9D, 200KG9D, 200KG8X 175 kHz, 240 kHz
Tracking 25KONON, 144KG9D, 200KG9D | 40 kHz, 175 kHz, 240 kHz

2.1.4. Subsytem Configuration

Figure 2-3 contains a high-level block diagram for the Ku-band communications subsystem, and Figure
2-4 depicts the spacecraft antenna configuration as viewed from the earth.

The spacecraft has four deployable antennas, two off the west side and two off the east side, which are
capable of simultaneous transmission and reception. Two of these antennas use a Gregorian design
with an elliptical shaped-reflector to provide coverage of the Brasil and NAFTA regions. Two of these
antennas use a single offset feed and a circular shaped-reflector to provide coverage of Mercosul and
the Andean regions. The feeds for all of the antennas are dual-polarization (H-Pol and V-Pol), derived
from ortho-mode junctions, and operate over both the transmit and receive bands. The dimensions for
the elliptical Brasil and NAFTA beam antenna reflectors are 2.2 x 2.8 m; the diameter for the circular
Mercosul and Andean beam antenna reflectors is 1.8 m.

There are up to nine active low-noise receivers, arranged in a single redundancy ring of 13-for-9, which
amplify and down-convert each set of signals to the 11.45-12.20 GHz range. The net translation
frequency is 2.300 GHz.

After down conversion the signals are applied through a channel-dropping network to filters (input
multiplexers or IMUXes) that demultiplex them into individual channels.

For most of the channels there are 2x1, 2x2, 3x2, and 4x1 switch matrices which permit a wide range of
possible inter-connectivity between the uplink beams and the downlink beams on a channel-by-channel
basis. For six of the Brasil beam channels, the uplink channels are connected directly to the downlink
channels with no switching. A summary of how the individual transponders can be configured is
provided in Table 2-13, and the details of the potential connectivity arrangements for each beam are
provided in Tables 2-14 through 2-23.
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With its comprehensive switching capability for individual channels, the Estrela do Sul spacecraft will
provide Brasilian customers with the capability of connecting to nearly the entire western hemisphere
with just a single spacecraft “hop.”

For the case of a 76 MHz downlink channel, for instance Mercosul channel 2°-1°, the switch matrix
output for 36-MHz Mercosul channel 1’ and the switch matrix output for 36-MHz Mercosul channel 2’
are combined with a 3-dB hybrid to obtain channel 2’-1°. The guard-band between the channels and 1’
and 2’ is 4 MHz, so the bandwidth for wideband downlink channel 2°-1" is 76 MHz.

The outputs of the switch matrices, the outputs of the channel combining hybrids, and the outputs of the
IMUZX filters, which are not connected to switch matrices, are then routed to the Linearized Channel
Amplifiers (LCAMPs) and TWTAs. The LCAMPs use pre-distortion linearizers to provide corrections
for the TWTA non-linearities and contain commandable attenuators that control channel gain and
saturation flux density.

Many of the TWTAs are dedicated to a particular downlink beam and some of the TWTAs are
switchable among two or three downlink beams. The 130-W TWTAs for the Brasil downlink beam are
dedicated solely to the Brasil beam and are arranged in two redundancy rings — one ring of 16-for-12
and one ring of 8-for-6.

For the 100-W TWTAs, eight are dedicated to the NAFTA beam, three are dedicated to the Mercosul
beam, and the remaining TWTAs are switchable among the Andean, Mercosul, NAFTA, NAOR and
Brasil beams. All of the TWTAs, which energize the NAOR beam, can be switched into the remaining
beams on the spacecraft. The switching arrangements for the TWTAs are provided in Tables 2-24
through 2-28. The 100-W TWTAs are arranged in two redundancy rings — one ring of 16-for-12 and
one ring of 16-for-11

The TWTA outputs are connected through R-switches to complete the redundancy rings and are
subsequently routed to output multiplexers (OMUXes) for each of the downlink beams. The OMUXes
combine the appropriate channels for each spacecraft transmit antenna. After filtering in the OMUXes,
the signals are routed through test couplers to the transmit antennas.
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Table 2-13. Configuration Summary for the Individual Transponders

Uplink Beams Downlink Beams
Xpndr Chan &
# BW Power D/LPol | BRI MS|AN| NF|AO| BR|MS| AN | NF | AC
1 36 MHz, 130W 1H S - - S - F - - - -
2 36 MHz, 130W 2H S - - S - F - - - -
3 36 MHz! 130W 3H F - - - - F - - - -
4 36 MHz! 130W 4H F - - - - F - - - -
5 36 MHz! 1130W 5H S - - S S F - - - -
6 36 MHz| 130W 6H S - - S s F - - - -
7 36 MHz| 130W TH S - - S - F - - - -
8 36 MHz] 130W 8H S - - S - F - - - -
9 36 MHz] 130W 9H S - - S - F - - - -
10 |36 MHz] 130W 10H S - - S - F - - - -
11 |28 MHz] 130W 11H S - - S - F - - - -
12 |28 MHz| 130W 12H S - - 3 - F - - - -
13 |36 MHz] 130W 1V F - - - - F - - - -
14 |36 MHz| 130W 2V F - - - - F - - - -
15 |36 MHz} 130W 3v F - - - F - - - -
16 |36 MHz] 130W AT F - - - - F - - - -
17 |36 MHz] 130W 5V S - - S S F - - - -
18 |36 MHz] 130W 6V S - - S S F - - - -
19 |36 MHz] 100W 2'H S - - S - S - - - s
20 J36MHz| 100W 3'H S - - S - S - - - S
21 136 MHz] 100W 4'H S - - S - S - - - S
22 |36 MHz]| 100W 1H - S - S - - S - - S
23 |36 MHz] 100W 5'H - S - S - - S - - S
24 |36 MHz] 100W 6'H - S - S - - S - - S
25A |36 MHz}] 100W 5V - S - S - - - - - S
25B |36 MHz] 100W 1H S - - S - - - - S -
26A |36 MHz] 100W 3V - S S S - - - - - S
26B |36 MHz] 100W 2H S - - S - - - - S -
27A |36 MHz] 100W v - S - S - - - - - S
27B |36 MHz] 100W TH S - - S - - - - S -
28 |36 MHz| 100W 8H S - - S - - - - F -
29 |28MHz| 100W 11V - S - S - - - - F -
30 |28MHz| 100W 12V - S - S - - - - F -
31 |76 MHz| 100W 3-4H - - S S - - - F -
32 |76 MHz] 100W 5-6H S - - S S - - - F -
33 |76 MHz|§ 100W 1-2V - - - S S - - - F -
34 {76 MHz| 100W 3-4V - - - S S - - - F -
35 ({76 MHz| 100W 5-6V s - - S S - - - F -
36 |76 MHz] 100W 7-8V - S S S - - S S S -
37 (76 MHz] 100W 9-10V - S S S S - s S S -
38 |60MHz} 100W § 1112V - S - s - - F - - -
39 |76 MHz| 100W 1-2'v - S - S - - F - - -
40 (76 MHz| 100W 34V - s s - - s - -
41 |76 MHz] 100W 5'-6'V - S - S - - F - - -
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Table 2-14. Downlink Connectivity Options for Brasil Uplink Channels

Uplink Brasil V-Pol Beam Uplink Brasil H-Pol Beam

Ch | Downlinks | Ch | Downlinks | Ch | Downlinks | Ch | Downlinks
6 | N/A 4 | BRH 6 | N/A 4 | BRV

5" | N/A 5 | BRH,NFH | 5 | N/A 5 |BRV,NFV
4 | BRH 6 | BRHNFH [ 4 | N/A 6 | BRV,NFH
3> | BRH 7 | BRH,NFH | 3° | N/A 7 | NJA

2> | BRH 8 | BRHNFH | 22 | NA 8§ | N/A

" | NA 9 | BRH " | N/A 9 | N/A

1 | BRH,NFH | 10 | BRH 1 | BRV 10 | N/A

2 | BRH,NFH | 11 | BRH 2 | BRV 11 | N/A

3 | BRH 12 | BRH 3 | BRV 12 | N/A

Table 2-15. Uplink Connectivity Options for Brasil Downlink Channels

Downlink Brasil H-Pol Beam

Downlink Brasil V-Pol Beam

Ch Uplinks Ch Uplinks Ch Uplinks Ch Uplinks
6 | N/A 4 | BRV 6 | N/A 4 | BRH
, BRV,NFV, , BR H,NFH,
5 | N/A AOV 5 | N/A AOH
, BRV,NFV, , BR H, NF H,
4 | BRV,NFV 6 AOV 4> | N/A 6 AOH
3’ |BRV,NFV 7 | BRV,NFV | 3° | NA 7 | N/A
2’ | BRV,NFV 8 |BRV,NFV | 22 INA 8 |N/A
" | NA 9 |BRV 17 | N/A 9 | NA
1 |BRV,NFV |10 |BRV 1 | BRH 10 | N/A
2 |BRV,NFV |11 | BRV 2 |BRH 11 | N/A
3 | BRV 12 | BRV 3 | BRH 12 | N/A

Table 2-16. Downlink Connectivity Options for Mercosul Uplink Channels

Uplink Mercosur V-Pol Beam

Uplink Mercosur H-Pol Beam

Ch Downlinks Ch Downlinks Ch Downlinks Ch Downlinks
6’ | MSH 4 | N/A 6 | MSV 4 | N/A
5 | MSH 5 | N/A 5 | MSV,AOV 5 | N/A
4’ | N/A 6 | N/A 4 | MSV,ANV 6 | N/A
s ., | MSV ANV, MSV,ANVY,
3’ | N/A 7 | N/A 3 a0V 7 NF V
) , MSV,ANYV,
2’ | N/A 8§ | N/A 22 | MSV 8 NE V
s R MSV,ANYV,
1 MSH 9 | N/A I’ | MSV,AQOV 9 NF V
MSV,ANYV,
1 | NA 10 | N/A 1 | N/A 10 NF V
2 | N/A 11 | N/A 2 | N/A 11 | MSV
3 | N/A 12 | N/A 3 | NA 12 | MSV
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Table 2-17. Uplink Connectivity Options for Mercosul Downlink Channels

Downlink Mercosur H-Pol Beam Downlink Mercosur V-Pol Beam -
Ch Uplinks Ch Uplinks Ch Uplinks Ch Uplinks
6 | MSV,NFV 4 | N/A 6’ | MSH, NFH 4 | N/A
5 MSV,NFV 5 | N/A 5> | MSH,NFH 5 | N/A
s , | MSH, ANH,
4 | N/A 6 | NA 4 NF H 6 | NVA
s , | MSH, ANH, MSH, ANH,
3 N/A 7 | N/A 3 NF H 7 NF H
, s MSH, ANH,
27 | N/A 8 | N/A 2 | MSH,NFH 8 NFH
> s MS H, ANH,
1 MSV,NFV 9 | N/A 1 MSH,NFH 9 NF H, AO H
MS H, AN H,
1 | NA 10 | N/A 1 | NA 10 NFH, AOH
2 | NA 11 | N/A 2 | N/A 11 | MSH, NFH
3 | NA 12 | N/A 3 | NA 12 | MSH,NFH

Table 2-18. Downlink Connectivity Options for Andean Uplink Channels

Uplink Andean V-Pol Beam Uplink Andean H-Pol Beam
Ch | Downlinks | Ch| Downlinks | Ch | Downlinks | Ch Downlinks
6 | N/A 4 | N/A 6 | N/A 4 | N/A
57 | N/A 5 | N/A 5" | N/A 5 | N/A
4 | N/A 6 | N/A 4 | MSV, ANV 6 | N/A

> , MSV,ANV,
3 | NA 7 | N/A 3’ | MSV, ANV 7 NFV
> > MSV,ANYV,
2> | N/A 8§ | N/A 27 | N/A 8 NF V
, ) MSV, ANV,
I’ I NA 9 | N/A 1’ | N/A 9 NF V
MSV,ANYV,
1 | N/A 10 | N/A 1 | NA 10 NF V
2 | NA 11 | N/A 2 | N/A 11 | N/A
3 | N/A 12 | N/A 3 | NA 12 | N/A

Table 2-19. Uplink Connectivity Options for Andean Downlink Channels

Downlink Andean H-Pol Beam Downlink Andean V-Pol Beam
Ch | Uplinks | Ch| Uplinks | Ch|  Uplinks Ch | _ Uplinks
6’ | N/A 4 | N/A 6’ | N/A 4 | N/A
5 | N/A 5 | N/A 5 | NNA 5 | N/A
, , | MSH, ANH,
4 N/A 6 | N/A 4 NFH 6 | N/A
s , | MSH, ANH, MSH, ANH,
3 N/A 7 | N/A 3 NF H 7 NF H
s 5 MSH, ANH,
2 N/A 8 | N/A 2 N/A 8 NF H
s , MSH, ANH,
1 N/A 9 | N/A 1 N/A 9 NFH, AOH
MSH, ANH,
1 N/A 10 | N/A 1 | N/A 10 NFH, AOH
2 | N/A 11 | N/A 2 | N/A 11 | MSH,NFH
3 | N/A 12 | N/A 3 | N/A 12 | MSH,NFH
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Uplink NAFTA V-Pol Beam

Uplink NAFTA H-Pol Beam

Ch Downlinks Ch Downlinks Ch Downlinks Ch Downlinks
¢ |IMSH.AOH | 4 | NFH & | MSV 4 | NFV
5 IMSH AOH | 5 |BRILNFH | 5 |[MSV,AOV | 5 |BRV,NFV
4 |BRH.AOH | 6 |BRILNFH | # |MSV,ANV | 6 | BRV,NFV
) MSV. ANV, MSV, ANV,
3 |BRH,AOH | 7 |BRH,NFH |3 | ¥0U 7Ny
2 |BRH,AOH | 8 |BRH,NFH |2° [MsV 3 glg\\]/ ANV,
I’ |MSH,AOH | 9 | BRH I’ |MSV,AOV | 9 ?\JAI;Q’\\//’ANV’
| |BRH,NFH |10 | BRH 1 | BRV,NFV | 10 ;\I’[s\‘//’ ANV,
2 |BRENFH | 11 | BRH 2 |BRV.NFV | 11 | BRV.NFV
3 |NFH 12 |BRH 3 [NFV 12 | BRV.NFV

Table 2-21. Uplink Connectivity Options for NAFTA Downlink Channels

Downlink NAFTA H-Pol Beam Downlink NAFTA V-Pol Beam
Ch Uplinks Ch Uplinks Ch Uplinks Ch Uplinks
6 | N/A 4 |NFV,AOV ] 6 | N/A 4 | NFV,AOV
R BRV,NFV, , BR H, NFH,
5 N/A 5 AOV 5 N/A 5 AOH
, BRV,NFV, , BR H, NF H,
4 N/A 6 AOV 4 N/A 6 AOH
P , MS H, ANH,
3 N/A 7 | N/A 3 N/A 7 NF H
s s MS H, ANH,
2 N/A 8 | N/A 2 N/A 8 NF H
s , MSH, ANH,
1 N/A 9 | N/A 1 N/A 9 NF H, AO H
MS H, ANH,
1 BRV,NFV 10 | NVA 1 | NFH, AOH 10 NFH, AO H
2 |BRV,NFV 11 | N/A 2 | NFH, AOH 11 | MSH,NFH
3 INFV,AOV 12 | N/A 3 |NFH, AOH 12 | MS H, NFH

Table 2-22. Downlink Connectivity Options for NAOR Uplink Channels

Uplink NAOR V-Pol Beam Uplink NAOR H-Pol Beam

Ch Downlinks | Ch Downlinks Ch Downlinks | Ch Downlinks
6 | N/A 4 | NFH 6 | N/A 4 |NFV

57 | N/A 5 | BRH,NFH 5" | N/A 5 |BRV,NFV
4 | N/A 6 | BRH,NFH 4’ | N/A 6 | BRV,NFV
3 | N/A 7 | N/A 3’ | N/A 7 | N/A

2> | N/A 8 | N/A 2’ | N/A 8 | N/A

1" | N/A 9 | N/A 1" | N/A 9 |[NFV

1 | N/A 10 | N/A 1 |NFV 10 { NFV

2 | N/A 11 | N/A 2 | NFV 11 | N/A

3 |NFH 12 | N/A 3 INFV 12 | N/A

1-08-00

A-33



1-08-00

APPENDIX-A

Table 2-23. Uplink Connectivity Options for NAOR Downlink Channels

Downlink NAOR H-Pol Beam

Downlink NAOR V-Pol Beam

Ch Uplinks Ch Uplinks Ch Uplinks Ch Uplinks
6 |[MSV,NFV | 4 |NA 6 | N/A N/A

S IMSV,NFV 5 | N/A 5 | MSH,NFH N/A

4 | BRV,NFV 6 | N/A 4 | N/A N/A

3 | BRV,NFV 7 | N/A 3 II:I/IFSI?, ANH, N/A

2> |BRV,NFV 8 | N/A 2° | N/A N/A

' |MSV,NFV 9 | N/A I’ | MSH,NFH N/A

1 [ N/A 10 | N/A 1 | N/A 10 | N/A

2 | N/A 11 | N/A 2 |N/A 11 | N/A

3 | NA 12 | N/A 3 | N/A 12 | N/A

Table 2-24. TWTA Switching Between the NAOR and NAFTA Beams

NAFTA H NAFTA H NAFTA H
Channel 1 Channel 2 Channel 7
NAOR YV X
Channel §'
NAOR V X
Channel 3'
NAOR V X
Channel 1"

Table 2-25. TWTA Switching Between the NAOR and Mercosul Beams

Mercosur H Mercosur H | Mercosur H
Channel 6’ Channel 5’ Channel 1’
NAOR H X
Channel 6’
NAOR H X
Channel 5'
NAOR H X
Channel 1'

Table 2-26. TWTA Switching Between the NAOR and Brasil Beams

Brasil H Brasil H Brasil H

Channel 4° Channel 3° Channel 2’
NAOR H X
Channel 4'
NAOR H -
Channel 3'
NAOR H X
Channel 2'
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Table 2-27. TWTA Switching Between the Mercosul and Andean Beams

Andean V | Andean V | Andean V
Channel Channel Channel
4°-3° 7-8 9-10

Mercosur V X
Channel 4°-3°

Mercosur V X

Channel 7-8

Mercosur V X
Channel 9-10

Table 2-28. TWTA Switchability Between the Mercosul and NAFTA Beams

NAFTA YV NAFTA 'V
Channel 7-8 | Channel 9-10

X

Mercosur V

Channel 7-8

Mercosur V
Channel 9-10

2.1.5. EIRP and G/T Parameters
Tables 2-29 and 2-30 provide summaries of the predicted EIRP and G/T performance respectively.

Table 2-29. EIRP Summary for the Ku-band Beams

Beam Brasil' Mercosul® Andean’ NAFTA | NAOR
Brasil | Brasil Mercosul Andean
Coverage Area Coast | Interior Main Main NAFTA | NAOR
Amplifier Output Power (Watts) 130 130 100 100 100 100
Amplifier Output Power (dBW) 21.1 21.1 20.0 20.0 20.0 20.0
Net Output Losses (dB) 2.5 2.5 2.5 2.5 2.5 2.5
Antenna Input Power (dBW) 18.6 18.6 17.5 17.5 17.5 17.5
Antenna Gain at EOC (dBi) 31.9 23.4 30.0 30.0 29.0 30.5
EOC EIRP (dBW) 50.5 42.0 47.5 47.5 46.5 48.0

Notes: 1. Values shown for the Brasil beam are for the standard Ku-band transponders. For the three extended
Ku-band transponders, the single carrier saturation EIRP levels are expected to be 1.1 dB lower,
because 100-W TWTAs are used for these transponders.

2. EOC values for Mercosul North coverage area will be 3 dB lower.

EOC EIRP values for Andean Panama and Andean Guyanas coverage areas will be 3 and 5 dB lower,
respectively.

(V)
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Table 2-30. G/T Summary for the Ku-band Beams

Beam Brasil Mercosul’ | Andean’ | NAFTA | NAOR
Brasil | Brasil Mercosul | Andean
Coverage Area Coast | Interior Main Main NAFTA | NAOR
Antenna Gain at EOC (dBi) 31.0 22.0 29.0 28.5 28.5 28.5
Transponder Noise Temperature (K) ' 700 700 700 700 700 700
Transponder Noise temperature (dBK) 28.5 28.5 28.5 28.5 28.5 28.5
EOC G/T (dB/K) 2.5 -6.5 0.5 0.0 0.0 0.0

Notes:

2. EOC values for Mercosul North coverage area will be 3 dB lower.
3. EOC G/T values for Andean Panama and Andean Guyanas coverage arcas will be 3 and 5 dB lower,

respectively.

2.1.6. Saturation Flux Density and Transponder Gain

The transponders have individual gain control that is set by command. Table 2-31 shows the channel
gain settings and the corresponding saturation flux densities for the Ku-band beams.

Table 2-31. Transponder Saturation Flux Density and Gain

1. Worst-case temperature referenced at output of spacecraft receive antenna with earth Temp = 290 K.

Brasil Beam (Coast)

Gain Step Attenuator setting (dB) 0 3 6 9 12 15 18 21
Transponder Saturation Gain >~ (dB) | 133.0 | 130.0 | 127.0 | 124.0 | 121.0 | 118.0 | 115.0 | 112.0
Saturation Flux Density” (dBW/m°) | -98.0 [ -95.0 | -92.0 | -89.0 | -86.0 | -83.0 | -80.0 | -77.0

Mercosul Beam (Main)

Gain Step Attenuator setting (dB) 0 3 6 9 12 15 18 21
Transponder Saturation Gain"* (dB) | 130.5 | 127.5 [ 124.5 | 121.5 | 118.5 | 1155 | 112.5 | 109.5
Saturation Flux Density” (dBW/m”) | -98.0 [ -95.0 | -92.0 | -89.0 | -86.0 | -83.0 | -80.0 | -77.0

Andean Beam (Main

Gain Step Attenuator setting (dB) 0 3 6 9 12 15 18 21
Transponder Saturation Gain"~ (dB) | 131.0 | 128.0 | 125.0 | 122.0 | 119.0 | 116.0 | 113.0 | 110.0
Saturation Flux Density” (dBW/m®) | -98.0 | -95.0 | -92.0 | -89.0 | -86.0 | -83.0 | -80.0 | -77.0

NAFTA Beam

Gain Step Attenuator setting (dB) 0 3 6 9 12 15 18 21
Transponder Saturation Gain" (dB) | 131.0 [ 128.0 | 125.0 | 122.0 | 119.0 | 116.0 | 113.0 | 110.0
Saturation Flux Density” (dBW/m”) | -98.0 | -95.0 | -92.0 | -89.0 | -86.0 | -83.0 | -80.0 | -77.0

NAOR Beam

Gain Step Attenuator setting (dB) 0 3 6 9 12 15 18 21
Transponder Saturation Gain">~ (dB) | 131.5 [ 128.5 | 125.5 | 122.5 | 119.5 | 116.5 | 113.5 | 110.5
Saturation Flux Density” (dBW/m”) | -98.0 | -95.0 | -92.0 | -89.0 | -86.0 | -83.0 | -80.0 | -77.0
Q) Gain is from output of receiving antenna to input of transmit antenna.

) Attenuator setting selectable by ground command

3) Gains and Saturation Flux Densities rounded to the nearest 0.5 dB

4 Gain is adjustable in 1-dB steps.
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2.1.7. Transponder Receive Channel Filter Response Characteristics

The receive out of band response is defined as the response from the input antenna to the input of the
final amplifier. The receive response will be a minimum of 20 dB below center frequency response for
signals greater than 23 MHz from center frequency and greater than 22 dB below center frequency for
signals greater than £30 MHz from center frequency.

2.1.8. Transponder Transmit Channel Filter Response Characteristics

The transmit response is defined as the response from the input of the final amplifier to the output of the
transmit antenna. For 36 MHz downlink channels, the transmit response will be greater than 10 dB
below center frequency response for signals greater than £23 MHz from center frequency and greater
than 22 dB below center frequency for signals greater than +30 MHz from center frequency. For 76
MHz downlink channels, the transmit response will be greater than 10 dB below center frequency
response for signals greater than £47 MHz from center frequency and greater than 22 dB below center
frequency for signals greater than £54 MHz from center frequency.
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3. ANTENNA COVERAGE PATTERNS

Figures 3-1 through 3-10 show the receive and transmit antenna coverage patterns for the Ku-band
beams of the Estrela do Sul spacecraft. The EIRP and G/T contours are presented at the -2 dB, -4 dB, -
6 dB, -10 dB, and ~20 dB levels.
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APPENDIX-A

4. DETAILED SERVICE DESCRIPTION

High-level characteristics for some typical services are provided below in Table 4-1. The Estrela do
Sul spacecraft is designed to satisfy present and future customer requirements. More details regarding
the types of services supported by the satellite are provided in the following section.

It is important to note that the spacecraft EIRP and G/T levels provided in the following sections are at
or near the edge of coverage. Thus, the service availability estimates and the link budgets are worst-
case. And under these worst-case conditions, the users of the Estrela do Sul will be provided with

acceptable service.

Table 4-1. Overview of Service Characteristics

Wideband Medium- Narrow- FMTV
Digital Band Band
Digital Digital
Signal Characteristics
Modulation QPSK QPSK QPSK M
Signals per Transponder 1-2 15-25 180-300 1-2
Information rate (Mbps) 41.0 1.54 0.128 N/A
Coding rate 0.691 0.461 0.461 N/A
Application CbhV CDV, Data Data CDhV
Transponder Characteristics
Bandwidth (MHz) 36-76 36-76 36-76 36-76
Single Carrier Saturated EIRP (dBW) 46-51 46-51 46-51 46-51
G/T (dB/K) -6.5102.5 -6.5t02.5 -6.5t02.5 | -6.5t02.5
Input Back Off (dB)/ Output Back Off (dB) 0.0/0.4 0.0/0.4 0.0/0.4 0.0/0.0
or or or or

5.5/3.0 5.5/3.0 5.5/3.0 5.5/3.0
Transmit Earth Station
Antenna Diameter (Meter) 3.7-7.0 1.2-3.0 1.2-2.4 7.0-9.0
Sidelobe Characteristics 29-25Logh | 29-25LogB | 29-25Logb | 29-25Logb
Uplink Power Control (dB) 0-6 0-3 0 3-9
Receive Earth Station
Antenna Diameter (Meter) 2.4-6.0 1.2-3.0 1.2-2.4 4.5-7.0
LNA Noise Temperature (K) 90 90 90 90
Performance Objectives
End-to-End Availability (%) 99.9 99.7-99.9 99.5-99.9 99.9
Required Ey/N, (dB) 5.5 5.0 5.0 N/A
Required S/N (dB) N/A N/A N/A 49-52
Bit Error Rate 1x 107 1x 107" 1x 107 N/A
1-08-00 A-49




APPENDIX-A

4.1. LINK BUDGETS

Tables 4-2 through 4-17 show the link budgets for the different services over different beams. The link
budgets include all the relevant impairments and have been performed at or near the edge-of-coverage
of the indicated regions (for instance, at the edge of the defined Brasil Coast region). The link budgets
show that with reasonably sized earth stations, the spacecraft can support a variety of services, such as
digital video distribution or VSAT, with a significant amount of clear-sky margin. In addition, the
spacecraft EIRP and G/T are ample enough to minimize the effects of rain-induced attenuation, which
is especially prevalent in South America. As a result, Skynet do Brasil anticipates the Estrela do Sul
spacecraft to be especially useful to Brasilian and other western hemispheric customers.
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Table 4-2. Brasil Beam (Coast) Link Budget Summaries (Clear Weather)

Medium- Narrow-

Wideband.

Parameter Digital Band Band EMTV™
Carrier Frequency (GHz) 14.25 14.25 14.25 14.25
Carriers/Transponder 1 15 180 1
Uncoded Bit Rate (Mbps) 41.0 1.54 0.128 N/A
Coding Rate 0.691 0.461 0.461 N/A
Modulation QPSK QPSK QPSK FM U
Noise Bandwidth (dB-Hz) 75.5 63.0 52.2 75.5 p
Transmit Antenna Diameter (m) 6.0 1.8 1.2 9.0 L
Transmit Antenna Gain (dBi) 57.2 48.7 432 60.7 |
Carrier EIRP (dBW) 74.4 571 43.3 77.4 N
SFD @ 0 dB Pad (dBW/m?) -98.0 -98.0 -98.0 -98.0 K
Attenuation Pad (dB) 9.0 9.0 6.0 12.0
Total Path Loss (dB) * 207.9 207.9 207.9 207.9
Transponder Input Backoff (dB) 0.0 5.5 5.5 0.0
Satellite G/T (dB/K) 2.5 2.5 25 25
C/Ni Uplink (dB) 22.1 17.3 14.3 25.1
Carrier Frequency (GHz) 11.95 11.95 11.95 11.95
Saturated Single Carrier EIRP (dBW) 51.0 51.0 51.0 51.0 D
EIRP / Carrier (dBW) *** 50.6 36.2 254 49.0 0
Receive Antenna Diameter (m) 2.4 1.8 1.8 4.5 w
Receive Antenna Gain (dB) 47.7 45.2 45.2 53.2 N
Total Path Loss (dB) * 208.0 206.0 206.0 206.0 L
LNA Noise Temperature (K) 90 90 90 90 |
System Noise Temperature (K) 170 170 170 170 N
Earth Station G/T (dB/K) 25.1 2286 22.6 30.6 K
C/Nin Downlink (dB) 22.8 18.4 18.4 26.7
C/Nth Uplink (dB) 22.1 17.3 14.3 25.1
C/Nth Downlink (dB) 22.8 18.4 18.4 26.7
C/l Intermod Earth Station HPA (dB) N/A N/A N/A N/A c
C/l Intermod Satellite HPA (dB) N/A 16.0 16.0 N/A e}
C/l Adj. Sat. Uplink (dB) 23.0 23.0 23.0 23.0 M
C/t Adj. Sat. Downlink (dB) 23.0 - 230 23.0 23.0 P
C/1 Cross Polarization Uplink (dB) 27.0 27.0 27.0 27.0 o]
C/1 Cross Polarization Downlink (dB) 27.0 27.0 27.0 27.0 S
C/l Co-Polarization Isolation Uplink (dB) 25.0 25.0 250 25.0 !
C/l Co-Polarization Isolation Downlink (dB) 25.0 25.0 25.0 25.0 T
Overall C/N (dB) 15.0 11.1 10.1 15.9 E
Required C/N (dB) 6.1 4.0 4.0 14.0
Link Margin (dB) 8.9 7.1 6.1 1.9

* Total Path Loss for Uplink and Downlink includes antenna mispointing, polarization misalignment,

and atmospheric losses.

**% For FM TV, the transponders must be operated at 2 to 3 dB OBO to ensure compliance with [TU

PFD limits.

*** In the case of multi-carrier traffic, the total OBO for the transponders is 3 dB.

1-08-00
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Table 4-3. Brasil Beam (Coast) Link Budget Summaries (Fade Conditions)

Medium- Narrow-.

; Wideband Band Band
Digital
Digital Digital
UPLINK RAIN
Target Uplink Availability (%) 99.9 99.8 99.5 99.9
Uplink Rain Fade (dB) [Sao Paulo] 5.9 4.1 2.7 5.9
Uncompensated Uplink Rain Fade (dB) 0.0 1.1 2.7 0.0
C/Nth Uplink (dB) 221 16.2 11.6 25.1
C/Nth Downlink (dB) 22.8 17.3 16.7 26.7
C/l Intermod Earth Station HPA (dB) N/A N/A N/A N/A C
C/i Intermod Satellite HPA (dB) N/A 14.9 13.3 N/A 0
C/i Adj. Sat. Uplink (dB) 23.0 21.9 1203 23.0 M
C/l Adj. Sat. Downlink (dB) 23.0 21.9 20.3 23.0 P
C/l Cross Polarization Uplink (dB) 27.0 25.9 24.3 27.0 0]
C/1 Cross Polarization Downlink (dB) 27.0 259 24.3 27.0 S
C/l Co-Polarization Isolation Uplink (dB) 25.0 23.9 22.3 250 |
C/t Co-Polarization Isolation Downlink (dB) 25.0 23.9 22.3 25.0 T
Overall C/N (dB) 15.0 10.0 7.4 15.9 E
Required C/N (dB) 6.1 4.0 4.0 14.0
Link Margin (dB) 8.9 6.0 3.4 1.9
DOWNLINK RAIN
Target Downlink Availability (%) 99.9 99.9 99.9 99.9
Downlink Rain Fade (dB) [Rio de Janeiro] 4.2 4.2 4.2 4.2
C/Nth Uplink (dB) 221 17.3 14.3 251
C/Nth Downlink (dB) 16.1 11.8 11.8 20.0
C/l Intermod Earth Station HPA (dB) N/A N/A N/A N/A c
C/l Intermod Satellite HPA (dB) N/A 16.0 16.0 N/A o
C/l Adj. Sat. Uplink (dB) 23.0 23.0 23.0 23.0 M
C/l Adj. Sat. Downlink (dB) 23.0 23.0 23.0 23.0 P
C/l Cross Polarization Uplink (dB) 27.0 27.0 27.0 27.0 o]
C/i Cross Polarization Downlink (dB) 27.0 27.0 27.0 27.0 S
C/1 Co-Polarization Isolation Uplink (dB) 250 25.0 25.0 25.0 ]
C/} Co-Polarization Isolation Downlink (dB) 25.0 25.0 250 25.0 T
Overall C/N (dB) 12.9 8.8 8.3 14.8 E
Required C/N (dB) 6.1 4.0 4.0 14.0
Link Margin (dB) 5.8 4.8 4.3 0.8
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Table 4-4. Brasil Beam (Interior) Link Budget Summaries for Downlink-Limited Links

(Clear Weather)
Widel ; Medium- Narrow-
Parameter . Band Band EMTV**
Digital Diaital Digital
Carrier Frequency (GHz) 14.25 14.25 14.25 14.25
Carriers/Transponder 1 15 180 1
Uncoded Bit Rate (Mbps) 41.0 1.54 0.128 N/A
Coding Rate 0.691 0.461 0.461 N/A
Modulation QPSK QPSK QPSK FM U
Noise Bandwidth (dB-Hz) 75.5 63.0 52.2 75.5 P
Transmit Antenna Diameter (m) 6.0 2.4 2.4 9.0 L
Transmit Antenna Gain (dBi) 57.2 49.2 49.2 60.7 i
Carrier EIRP (dBW) 74.4 571 46.3 80.4 N
SFD @ 0 dB Pad (dBW/m?) -98.0 -98.0 -98.0 -98.0 K
Attenuation Pad (dB) 9.0 9.0 9.0 15.0
Total Path Loss (dB) * 207.9 207.9 207.9 207.9
Transponder Input Backoff (dB) 0.0 5.5 5.5 0.0
Satellite G/T (dB/K) 2.5 2.5 25 25
C/Ny, Uplink (dB) 22.1 17.3 17.3 28.1
Carrier Frequency (GHz) 11.95 11.95 11.95 11.95
Saturated Single Carrier EIRP (dBW) 42.0 420 42.0 42.0 D
EIRP / Carrier (dBW) *** 41.6 272 16.4 40.0 o}
Receive Antenna Diameter (m) 4.5 2.4 1.8 7.0 w
Receive Antenna Gain (dB) 53.2 47.7 45.2 57 N
Total Path Loss (dB) * 206.0 206.0 206.0 206.0 L
LNA Noise Temperature (K) 90 90 90 90 I
System Noise Temperature (K) 170 170 170 170 N
Earth Station G/T (dB/K) 306 251 226 34.4 K
C/Ny, Downlink (dB) 19.3 11.9 9.4 215
C/Nth Uplink (dB) 221 17.3 17.3 28.1
C/Nth Downlink (dB) 19.3 11.9 9.4 21.5
C/l Intermod Earth Station HPA (dB) N/A N/A N/A N/A Cc
C/l Intermod Satellite HPA (dB) N/A 16.0 16.0 N/A o]
C/1 Adj. Sat. Uplink (dB) 23.0 23.0 23.0 23.0 |
C/l Adj. Sat. Downlink (dB) 23.0 23.0 23.0 23.0 P
C/1 Cross Polarization Uplink (dB) 27.0 27.0 27.0 27.0 o
C/l Cross Polarization Downlink (dB) 27.0 270 27.0 27.0 S
C/l Co-Polarization Isolation Uplink (dB) 25.0 25.0 25.0 250 i
C/l Co-Polarization Isolation Downlink (dB) 25.0 25.0 250 25.0 T
Qverall C/N (dB) 14.2 8.9 7.5 15.4 E
Required C/N (dB) 6.1 4.0 4.0 14.0
Link Margin (dB) 8.1 4.9 3.5 1.4

* Total Path Loss for Uplink and Downlink includes antenna mispointing, polarization misalignment,
and atmospheric losses.

#* For FM TV, the transponders must be operated at 2 to 3 dB OBO to ensure compliance with ITU
PFD limits.

*%% [ the case of multi-carrier traffic, the total OBO for the transponders is 3 dB.

1-08-00 A-53



APPENDIX-A

Table 4-5. Brasil Beam (Interior) Link Budget Summaries for Downlink-Limited Links

(Fade Conditions)
Widel ’ Medium- Narrow-
Parameter . . Band Band. EM TV
Digital Diqital Digital
UPLINK RAIN

Target Uplink Availability (%)

Uplink Rain Fade (dB) [Sao Paulo]
Uncompensated Uplink Rain Fade (dB)
C/Nth Uplink (dB)

C/Nth Downlink (dB)

C/l Intermod Earth Station HPA (dB)

C/l Intermod Satellite HPA (dB)

C/l Adj. Sat. Uplink (dB)

C/l Adj. Sat. Downlink (dB)

C/1 Cross Polarization Uplink (dB)

C/l Cross Polarization Downlink (dB)
C/l Co-Polarization Isolation Uplink (dB)
C/l Co-Polarization Isolation Downlink (dB)
Overall C/N (dB)

Required C/N (dB)

Link Margin (dB)

DOWNLINK RAIN

Target Downlink Availability (%)
Downlink Rain Fade (dB) [Manaus]
C/Nth Uplink (dB)

C/Nth Downlink (dB)

C/l Intermod Earth Station HPA (dB)

C/l Intermod Satellite HPA (dB)

C/l Adj. Sat. Uplink (dB)

C/l Adj. Sat. Downlink (dB)

C/1 Cross Polarization Uplink (dB)

C/I Cross Polarization Downlink (dB)
C/t Co-Polarization Isolation Uplink (dB)
C/1 Co-Polarization Isolation Downiink (dB)
Overall C/N (dB)

Required C/N (dB)

Link Margin (dB)

99.9 99.8 99.8 99.9

59 41 41 5.9

0.0 1.1 1.1 0.0

221 16.2 16.2 28.1

19.3 10.8 8.3 215

N/A N/A N/A N/A Cc
N/A 14.9 14.9 N/A O
23.0 21.9 21.9 23.0 M
23.0 219 219 23.0 P
27.0 259 259 27.0 0
27.0 259 259 27.0 S
250 23.9 23.9 250 I
250 23.9 239 25.0 T
14.2 7.8 6.4 154 E
6.1 4.0 4.0 14.0

8.1 3.8 2.4 1.4

99.9 99.7 99.5 99.9

6.2 3.5 24 6.2

221 17.3 17.3 281

10.2 6.2 53 12.4

N/A N/A N/A N/A c
N/A 16.0 16.0 N/A 0o
23.0 23.0 23.0 23.0 M
23.0 23.0 23.0 23.0 P
27.0 27.0 27.0 27.0 o
27.0 27.0 27.0 27.0 S
250 25.0 25.0 250 I
250 250 25.0 250 T
9.1 52 4.4 11.0 E
6.1 4.0 4.0 11.0* .

3.0 1.2 0.4 0.0

* Under extreme downlink fade conditions, a 3 dB degradation in C/N is permitted.
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Table 4-6. Brasil Beam (Interior) Link Budget Summaries for Up-Limited Links (Clear

Weather)
Widet | Medium- Narrow-
Parameter Digital Band_ Band EMTV*
Carrier Frequency (GHz) 14.25 14.25 14.25 14.25
Carriers/Transponder 1 15 180 1
Uncoded Bit Rate (Mbps) 41.0 1.54 0.128 N/A
Coding Rate 0.691 0.461 0.481 N/A
Modulation QPSK QPSK QPSK FM U
Noise Bandwidth (dB-Hz) 75.5 63.0 52.2 75.5 P
Transmit Antenna Diameter (m) 6.0 2.4 1.8 9.0 L
Transmit Antenna Gain (dBi) 57.2 49.2 46.7 60.7 I
Carrier EIRP (dBW) 74.4 571 46.3 81.4 N
SFD @ 0 dB Pad (dBW/m?) -98.0 -98.0 -98.0 -98.0 K
Attenuation Pad (dB) 9.0 9.0 9.0 16.0
Total Path Loss (dB) * 207.9 207.9 207.9 207.9
Transponder Input Backoff (dB) 0.0 55 5.5 0.0
Satellite G/T (dB/K) -6.5 -6.5 -6.5 -6.5
C/N Uplink (dB) 13.1 8.3 8.3 20.1
Carrier Frequency (GHz) 11.95 11.85 11.95 11.95
Saturated Single Carrier EIRP (dBW) 51.0 51.0 51.0 51.0 D
EIRP / Carrier (dBW) *** 50.6 36.2 254 49.0 0]
Receive Antenna Diameter (m) 4.5 4.5 2.4 4.5 w
Receive Antenna Gain (dB) 53.2 53.2 477 53.2 N
Total Path Loss (dB) * 206.0 206.0 206.0 206.0 L
LNA Noise Temperature (K) 90 90 90 90 1
System Noise Temperature (K) 170 170 170 170 N
Earth Station G/T (dB/K) 30.6 30.6 251 306 K
C/N» Downlink (dB) 28.3 26.4 20.9 26.7
C/Nth Uplink (dB) 13.1 8.3 8.3 201
C/Nth Downlink (dB) 28.3 26.4 20.9 267
C/l intermod Earth Station HPA (dB) N/A N/A N/A N/A c
C/l Intermod Satellite HPA (dB) N/A 16.0 16.0 N/A O
C/l Adj. Sat. Uplink (dB) 23.0 23.0 23.0 23.0 M
C/ Adj. Sat. Downlink (dB) 23.0 23.0 23.0 23.0 P
C/l Cross Polarization Uplink (dB) 27.0 27.0 27.0 27.0 o
C/1 Cross Polarization Downlink (dB) 27.0 27.0 27.0 27.0 S
C/l Co-Polarization Isolation Uplink (dB) 25.0 25.0 25.0 25.0 I
C/i Co-Polarization Isolation Downlink (dB) 25.0 25.0 25.0 25.0 T
Overall C/N (dB) 11.5 7.1 7 14.9 E
Required C/N (dB) 6.1 4.0 4.0 14.0
Link Margin (dB) 54 3.1 3.0 0.9

* Total Path Loss for Uplink and Downlink includes antenna mispointing, polarization misalignment,
and atmospheric losses.
** For FM TV, the transponders must be operated at 2 to 3 dB OBO to ensure compliance with ITU

PFD limits.
**% In the case of multi-carrier traffic, the total OBO for the transponders is 3 dB.

1-08-60 A-55



APPENDIX-A

Table 4-7. Brasil Beam (Interior) Link Budget Summaries for Uplink-Limited Links

(Fade Conditions)
Widel I Medium- Narrow-
Digital Diqital Digital
UPLINK RAIN
Target Uplink Availability (%) 999 ’ 99.7 99.5 99.9
Uplink Rain Fade (dB) [Manaus] 8.7 49 2.4 8.7
Uncompensated Uplink Rain Fade (dB) 2.7 1.1 2.4 0.0
C/Nth Uplink (dB) 104 7.2 5.9 201
C/Nth Downlink (dB) 256 253 18.5 26.7
C/I Intermod Earth Station HPA (dB) N/A N/A N/A N/A Cc
C/l Intermod Satellite HPA (dB) N/A 14.9 13.6 N/A o]
C/l Adj. Sat. Uplink (dB) 20.3 21.9 20.6 23.0 M
C/l Adj. Sat. Downlink (dB) 20.3 21.9 20.6 23.0 P
C/l Cross Polarization Uplink (dB) 24.3 259 246 27.0 0]
C/1 Cross Polarization Downlink (dB) 243 25.9 246 27.0 S
C/l Co-Polarization Isolation Uplink (dB) 22.3 23.9 226 250 1
C/t Co-Polarization Isolation Downlink (dB) 22.3 23.9 226 25.0 T
Overall C/N (dB) 8.8 6.0 4.6 14.9 E
Required C/N (dB) 6.1 4.0 4.0 14.0
Link Margin (dB) 2.7 20 0.6 0.9
IDOWNLINK RAIN
Target Downlink Availability (%) 99.9 99.9 99.8 99.9
Downlink Rain Fade (dB) [Sao Paulo] 4.2 4.2 29 4.2
C/Nth Uplink (dB) 131 8.3 8.3 20.1
C/Nth Downlink (dB) 216 19.8 16.0 20.0
C/l Intermod Earth Station HPA (dB) N/A N/A N/A N/A C
C/l Intermod Satellite HPA (dB) N/A 16.0 16.0 N/A o
C/l Adj. Sat. Uplink (dB) 23.0 23.0 23.0 23.0 M
C/l Adj. Sat. Downlink (dB) 23.0 23.0 23.0 23.0 P
C/l Cross Polarization Uplink (dB) 27.0 27.0 27.0 27.0 0]
C/l Cross Polarization Downlink (dB) 27.0 27.0 27.0 27.0 S
C/l Co-Polarization Isolation Uplink (dB) 25.0 250 25.0 25.0 i
C/i Co-Polarization Isolation Downlink (dB) 25.0 25.0 25.0 25.0 T
Overall C/N (dB) 11.2 6.9 6.6 14.0 E
Required C/N (dB) 6.1 4.0 4.0 14.0
Link Margin (dB) 5.1 2.9 2.6 0.0
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Table 4-8. Mercosul Beam Link Budget Summaries (Clear Weather) for 36-MHz

Channels
Widel | Medium- Narrow-
Parameter . . Band Band EMTV*
Digital Digital Digital
Carrier Frequency (GHz) 14.25 14.25 14.25 14.25
Carriers/Transponder 1 15 180 1
Uncoded Bit Rate (Mbps) 41.0 1.54 0.128 N/A
Coding Rate 0.691 0.461 0.461 N/A
Modulation QPSK QPSK " QPSK FM U
Noise Bandwidth (dB-Hz) 75.5 63.0 52.2 75.5 P
Transmit Antenna Diameter (m) 6.0 1.8 12 9.0 L
Transmit Antenna Gain (dBi) 57.2 46.7 43.2 60.7 I
Carrier EIRP (dBW) 77.4 57.1 44.3 81.4 N
SFD @ 0 dB Pad (dBW/m?) -98.0 -98.0 -98.0 -98.0 K
Attenuation Pad (dB) 12.0 9.0 7.0 16.0
Total Path Loss (dB) * 207.9 207.9 207.9 207.9
Transponder Input Backoff (dB) 0.0 55 5.5 0.0
Satellite G/T (dB/K) 1.0 1.0 1.0 1.0
C/N Uplink (dB) 236 15.8 13.8 27.6
Carrier Frequency (GHz) 11.95 11.85 11.95 11.95
Saturated Single Carrier EIRP (dBW) 47.0 47.0 47.0 47.0 D
EIRP / Carrier (dBW) *** 46.6 32.2 214 45.0 0]
Receive Antenna Diameter (m) 3.0 1.8 1.8 7.0 w
Receive Antenna Gain (dB) 496 452 452 57.0 N
Total Path Loss (dB) * 206.0 206.0 206.0 206.0 L
LNA Noise Temperature (K) 90 90 90 90 I
System Noise Temperature (K) 170 170 170 170 N
Earth Station G/T (dB/K) 27 226 226 344 K
C/N¢ Downlink (dB) 20.7 14.4 14.4 265
C/Nth Uplink (dB) 236 15.8 13.8 27.6
C/Nth Downlink (dB) 207 14.4 14.4 286.5
C/l Intermod Earth Station HPA (dB) N/A N/A N/A N/A C
C/l Intermod Satellite HPA (dB) N/A 16.0 16.0 N/A o]
C/l Adj. Sat. Uplink (dB) 23.0 23.0 23.0 23.0 M
C/l Adj. Sat. Downlink (dB) 23.0 23.0 23.0 23.0 P
C/l Cross Polarization Uplink (dB) 27.0 27.0 27.0 27.0 O
C/I Cross Polarization Downlink (dB) 27.0 27.0 27.0 27.0 S
C/l Co-Polarization Isolation Uplink (dB) 25.0 25.0 25.0 25.0 |
C/l Co-Polarization Isolation Downlink (dB) 250 25.0 25.0 25.0 T
Overall C/N (dB) 14.8 9.7 9.1 16.1 E
Required C/N (dB) 6.1 4.0 4.0 14.0
Link Margin (dB) 8.7 5.7 5.1 2.1

* Total Path Loss for Uplink and Downlink includes antenna mispointing, polarization misalignment,
and atmospheric losses.

** For FM TV, the transponders must be operated at 2 to 3 dB OBO to ensure compliance with ITU
PFD limits.

*#%* In the case of multi-carrier traffic, the total OBO for the transponders is 3 dB.
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Table 4-9. Mercosul Beam Link Budget Summaries (Fade Conditions) for 36-MHz
Channels

Medium- Narrow-

Parameter . . Band Band. EM TV
Digital Diaital Digital

UPLINK RAIN
Target Uplink Availability (%) 99.9 99.8 99.5 99.9
Uplink Rain Fade (dB) [Sac Paulo] 5.9 4.1 27 5.9
Uncompensated Uplink Rain Fade (dB) 0.0 11 27 0.0
C/Nth Uplink (dB) 236 14.7 11.1 27.6
C/Nth Downlink (dB) 20.7 13.3 11.7 26.5
C/t Intermod Earth Station HPA (dB) N/A N/A N/A N/A c
C/l Intermod Satellite HPA (dB) N/A 14.9 13.3 N/A 0
C/l Adj. Sat. Uplink (dB) 23.0 21.9 20.3 23.0 M
C/l Adj. Sat. Downlink (dB) 23.0 21.9 20.3 23.0 P
C/l Cross Polarization Uplink (dB) 27.0 25.9 24.3 27.0 o
C/l Cross Polarization Downlink (dB) 27.0 259 243 27.0 S
C/l Co-Polarization Isolation Uplink (dB) 250 23.9 223 250 |
C/l Co-Polarization Isolation Downlink (dB) 25.0 23.9 22.3 250 T
Overall C/N (dB) 14.8 8.6 6.4 16.1 E
Required C/N (dB) 6.1 4.0 4.0 14.0
Link Margin (dB) 8.7 4.6 24 2.1
DOWNLINK RAIN
Target Downlink Availability (%) 99.9 99.9 99.9 99.9
Downlink Rain Fade (dB) [Rio de Janeiro] 4.2 42 4.2 4.2
C/Nth Uplink (dB) 236 15.8 13.8 27.6
C/Nth Downlink (dB) 14.0 7.8 7.8 19.8
C/l Intermod Earth Station HPA (dB) N/A N/A N/A N/A Cc
C/l Intermod Satellite HPA (dB) N/A 16.0 16.0 N/A 0
C/l Adj. Sat. Uplink (dB) 23.0 23.0 23.0 23.0 M
C/l Adj. Sat. Downlink (dB) 23.0 23.0 23.0 23.0 P
C/i Cross Polarization Uplink (dB) 27.0 27.0 27.0 27.0 o
C/i Cross Polarization Downlink (dB) 27.0 27.0 27.0 27.0 S
C/l Co-Polarization Isolation Uplink (dB) 25.0 25.0 25.0 25.0 ]
C/l Co-Polarization Isolation Downlink (dB) 25.0 25.0 25.0 25.0 T
Overall C/N (dB) 11.9 6.2 5] 14.9 E
Required C/N (dB) 6.1 4.0 4.0 14.0
Link Margin (dB) 5.8 2.2 2.0 0.9
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Table 4-10. Mercosul Beam Link Budget Summaries (Clear Weather) for 76-MHz

Channels
Widel I Medium- Narrow-
Parameter Diaital Band Band EM TV
Carrier Frequency (GHz) 14.25 14.25 14.25 14.25
Carriers/Transponder 2 25 300 2
Uncoded Bit Rate (Mbps) 41.0 1.54 0.128 N/A
Coding Rate 0.691 0.461 0.461 N/A
Modulation QPSK QPSK QPSK FM U
Noise Bandwidth (dB-Hz) 75.5 63.0 522 75.5 P
Transmit Antenna Diameter (m) 6.0 1.8 1.2 9.0 L
Transmit Antenna Gain (dBi) 57.2 46.7 432 60.7 }
Carrier EIRP (dBW) 68.9 54.9 421 72.9 N
SFD @ 0 dB Pad (dBW/m?) -98.0 -98.0 -98.0 -98.0 K
Attenuation Pad (dB) 12.0 9.0 7.0 16.0
Total Path Loss (dB) * 207.9 207.9 207.9 207.9
Transponder Input Backoff (dB) 55 55 55 55
Satellite G/T (dB/K) 1.0 1.0 1.0 1.0
C/Ny, Uplink (dB) 15.1 13.6 11.6 19.1
Carrier Frequency (GHz) 11.95 11.95 11.95 11.95
Saturated Single Carrier EIRP (dBW) 47.0 47.0 47.0 47.0 D
EIRP / Carrier (dBW) *** 41.0 30.0 18.2 41.0 O
Receive Antenna Diameter (m) 3.0 1.8 1.8 7.0 W
Receive Antenna Gain (dB) 496 452 452 57.0 N
Total Path Loss (dB) * 206.0 206.0 206.0 206.0 L
LNA Noise Temperature (K) 90 90 90 90 |
System Noise Temperature (K) 170 170 170 170 N
Earth Station G/T (dB/K) 27 226 226 344 K
C/Ny, Downlink (dB) 15.1 12.2 12.2 225
C/Nth Uplink (dB) 15.1 13.6 11.6 19.1
C/Nth Downlink (dB) 15.1 12.2 12.2 225
C/l Intermod Earth Station HPA (dB) N/A N/A N/A N/A C
C/l intermod Satellite HPA (dB) N/A 16.0 16.0 N/A O
C/l Adj. Sat. Uplink (dB) 23.0 23.0 23.0 23.0 M
C/t Adj. Sat. Downlink (dB) 230 23.0 23.0 23.0 P
C/l Cross Polarization Uplink (dB) 27.0 27.0 27.0 27.0 0
C/l Cross Polarization Downlink (dB) 27.0 27.0 27.0 27.0 s
C/l Co-Polarization Isolation Uplink (dB) 25.0 25.0 25.0 25.0 l
C/l Co-Polarization Isolation Downlink (dB) 25.0 25.0 25.0 25.0 T
Overall C/N (dB) 10.9 8.3 7.6 14.2 E
Required C/N (dB) 6.1 4.0 4.0 14.0
Link Margin (dB) 4.8 4.3 36 0.2

* Total Path Loss for Uplink and Downlink includes antenna mispointing, polarization misalignment,

and atmospheric losses.

** For FM TV, the transponders must be operated at 2 to 3 dB OBO to ensure compliance with ITU

PFD limits.

*** In the case of multi-carrier traffic, the total OBO for the transponders is 3 dB.
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Table 4-11. Mercosul Beam Link Budget Summaries (Fade Conditions) for 76-MHz
Channels

Widel IMediumz_Narmw-.
Parameter . . Band._ Band. EM TV
Digital Diaital Diaital

UPLINK RAIN

Target Uplink Availability (%) 99.9 99.8 99.5 99.9

Uplink Rain Fade (dB) [Sao Paulo] 59 4.1 2.7 59
Uncompensated Uplink Rain Fade (dB) 0.0 1.1 27 0.0

C/Nth Uplink (dB) 15.1 12.5 8.9 19.1

C/Nth Downlink (dB) 15.1 111 9.5 225

C/l Intermod Earth Station HPA (dB) N/A N/A N/A N/A Cc
C/l Intermod Satellite HPA (dB) N/A 14.9 13.3 N/A o
C/l Adj. Sat. Uplink {dB) 23.0 21.9 20.3 23.0 M
C/l Adj. Sat. Downlink (dB) 23.0 21.9 20.3 23.0 P
C/I Cross Polarization Uplink (dB) 27.0 259 243 27.0 0]
C/I Cross Polarization Downlink (dB) 27.0 259 24.3 27.0 S
C/l Co-Polarization Isolation Uplink (dB) 25.0 23.9 22.3 25.0 1
C/l Co-Polarization Isolation Downlink (dB) 25.0 23.9 22.3 25.0 T
Overall C/N (dB) 10.9 7.2 4.9 14.2 E
Required C/N (dB) 8.1 4.0 4.0 14.0

Link Margin (dB) 4.8 3.2 0.9 02
DOWNLINK RAIN

Target Downlink Availability (%) 99.9 99.9 99.9 99.9
Downlink Rain Fade (dB) [Rio de Janeiro] 4.2 4.2 4.2 4.2

C/Nth Uplink (dB) 15.1 13.6 11.6 19.1

C/Nth Downlink (dB) 8.4 5.6 56 15.8

C/l Intermod Earth Station HPA (dB) N/A N/A N/A N/A C
C/i Intermod Satellite HPA (dB) N/A 16.0 16.0 N/A 0
C/l Adj. Sat. Uplink (dB) 23.0 23.0 230 23.0 M
C/l Adj. Sat. Downlink (dB) 23.0 23.0 23.0 23.0 P
C/I Cross Polarization Uplink (dB) 27.0 27.0 27.0 27.0 o
C/l Cross Polarization Downlink (dB) 27.0 27.0 27.0 27.0 S
C/l Co-Polarization Isolation Uplink (dB) 25.0 250 25.0 25.0 I
C/l Co-Polarization Isolation Downlink (dB) 25.0 25.0 25.0 25.0 T
Overall C/N (dB) 7.1 4.4 4.1 12.3 E
Required C/N (dB) 6.1 4.0 4.0 11.0*

Link Margin (dB) 1.0 0.4 0.1 1.3

* Under extreme downlink fade conditions, a 3 dB degradation in C/N is permitted.
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Table 4-12. Andean Beam Link Budget Summaries (Clear Weather) for 76-MHz

Channels
Widet ; Medium- Narrow-
Parameter . . Band Band EM TV
Carrier Frequency (GHz) 14.25 14.25 14.25 14.25
Carriers/Transponder 2 25 300 2
Uncoded Bit Rate (Mbps) 41.0 1.54 0.128 N/A
Coding Rate 0.691 0.461 0.461 N/A
Modulation QPSK QPSK QPSK FM U
Noise Bandwidth (dB-Hz) 75.5 63.0 52.2 75.5 P
Transmit Antenna Diameter (m) 6.0 1.8 1.2 8.0 L
Transmit Antenna Gain (dBi) 57.2 48.7 43.2 60.7 I
Carrier EIRP (dBW) 68.9 54.9 421 72.9 N
SFD @ 0 dB Pad (dBW/m°) -98.0 -98.0 -98.0 -98.0 K
Attenuation Pad (dB) 12.0 9.0 7.0 16.0
Total Path Loss (dB) * 207.9 207.9 207.9 207.9
Transponder Input Backoff (dB) 55 5.5 55 55
Satellite G/T (dB/K) 1.0 1.0 1.0 1.0
C/Ny, Uplink (dB) 15.1 13.6 11.6 19.1
Carrier Frequency (GHz) 11.95 11.95 11.95 11.95
Saturated Single Carrier EIRP (dBW) 47.0 47.0 47.0 47.0 D
EIRP / Carrier (dBW) *** 41.0 30.0 19.2 41.0 o)
Receive Antenna Diameter (m) 3.0 1.8 1.8 7.0 W
Receive Antenna Gain (dB) 49.6 45.2 45.2 57.0 N
Total Path Loss (dB) * 206.0 206.0 206.0 2086.0 L
LNA Noise Temperature (K) 90 90 90 90 I
System Noise Temperature (K) 170 170 170 170 N
Earth Station G/T (dB/K) 27.0 226 226 34.4 K
C/Ny, Downlink (dB) 15.1 12.2 12.2 225
C/Nth Uplink (dB) 15.1 136 11.6 191
C/Nth Downlink (dB) 15.1 12.2 12.2 22.5
C/ Intermod Earth Station HPA (dB) N/A N/A N/A N/A C
C/l Intermod Satellite HPA (dB) N/A 16.0 16.0 N/A O
C/l Adj. Sat. Uplink (dB) 23.0 23.0 23.0 23.0 M
C/l1 Adj. Sat. Downlink (dB) 23.0 23.0 23.0 23.0 P
C/l Cross Polarization Uplink (dB) 27.0 27.0 27.0 27.0 0]
C/l Cross Polarization Downlink (dB) 27.0 27.0 27.0 27.0 S
C/l Co-Polarization Isolation Uplink (dB) 25.0 25.0 250 25.0 i
C/l Co-Polarization Isolation Downlink (dB) 25.0 25.0 25.0 250 T
Overall C/N (dB) 10.9 8.3 7.6 14.2 E
Required C/N (dB) 6.1 4.0 4.0 14.0
Link Margin (dB) 4.8 4.3 3.6 0.2

* Total Path Loss for Uplink and Downlink includes antenna mispointing, polarization misalignment,

and atmospheric losses.

** For FM TV, the transponders must be operated at 2 to 3 dB OBO to ensure compliance with ITU

PFD limits.

*** In the case of multi-carrier traffic, the total OBO for the transponders is 3 dB.
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Table 4-13. Andean Beam Link Budget Summaries (Fade Conditions) for 76-MHz
Channels

Widel IMedium:.Narmw-_
Parameter . . Band_ Band_ EM TV
Digital Diaital Digital

UPLINK RAIN

Target Uplink Availability (%) 99.9 99.8 99.5 99.9

Uplink Rain Fade (dB) [Caracas] 7.6 5.4 29 5.9
Uncompensated Uplink Rain Fade (dB) 0.0 1.1 2.9 0.0

C/Nth Uplink (dB) 15.1 12.5 8.7 19.1

C/Nth Downlink (dB) 15.1 11.1 9.3 22.5

C/l Intermod Earth Station HPA (dB) N/A N/A N/A N/A c
C/l Intermod Satellite HPA (dB) N/A 14.9 13.1 N/A 0o
C/l Adj. Sat. Uplink (dB) 23.0 219 20.1 23.0 M
C/l Adj. Sat. Downlink (dB) 23.0 21.9 20.1 23.0 P
C/l Cross Polarization Uplink (dB) 27.0 259 24.1 27.0 0O
C/I Cross Polarization Downlink (dB) 27.0 259 241 27.0 S
C/l Co-Polarization Isolation Uplink (dB) 250 23.9 221 25.0 I
C/l Co-Polarization Isolation Downlink (dB) 25.0 23.9 221 25.0 T
Overall C/N (dB) 10.9 7.2 4.7 14.2 E
Required C/N (dB) 6.1 4.0 4.0 14.0

Link Margin (dB) 4.8 3.2 0.7 0.2
DOWNLINK RAIN

Target Downlink Availability (%) 99.9 99.8 99.8 99.9
Downlink Rain Fade (dB) [Lima] 5.1 36 3.6 5.1

C/Nth Uplink (dB) 15.1 13.6 11.6 191

C/Nth Downlink (dB) 7.3 6.4 6.4 14.7

C/l Intermod Earth Station HPA (dB) : N/A N/A N/A N/A c
C/l Intermod Satellite HPA (dB) N/A 16.0 16.0 N/A 0
C/1 Adj. Sat. Uplink (dB) 23.0 23.0 23.0 23.0 M
C/t Adj. Sat. Downlink (dB) 23.0 23.0 23.0 23.0 P
C/l Cross Polarization Uplink (dB) 27.0 27.0 27.0 27.0 o]
C/t Cross Polarization Downlink (dB) 27.0 27.0 27.0 27.0 S
C/i Co-Polarization isolation Uplink (dB) 25.0 25.0 25.0 25.0 i
C/l Co-Polarization Isolation Downlink (dB) 25.0 25.0 25.0 25.0 T
Overali C/N (dB) 6.2 49 4.6 11.8 E
Required C/N (dB) 6.1 4.0 4.0 11.0*

Link Margin (dB) 0.1 0.9 0.6 0.8

* Under extreme downlink fade conditions, a 3 dB degradation in C/N is permitted.
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Table 4-14. NAFTA Beam Link Budget Summaries (Clear Weather) for 36-MHz

Channels
Widet , Medium- Narrow-.
Parameter . . Band. Band EM TV
Digital Digital
Carrier Frequency (GHz) 14.25 14.25 14.25 14.25
Carriers/Transponder 1 15 180 1
Uncoded Bit Rate (Mbps) 41.0 1.54 0.128 N/A
Coding Rate 0.691 0.461 0.461 N/A
Modulation QPSK QPSK QPSK FM U
Noise Bandwidth (dB-Hz) 75.5 63.0 52.2 75.5 P
Transmit Antenna Diameter (m) 6.0 1.8 1.2 9.0 L
Transmit Antenna Gain (dBi) 57.2 48.7 43.2 60.7 |
Carrier EIRP (dBW) 74.9 58.1 453 77.9 N
SFD @ 0 dB Pad (dBW/m?) -98.0 -98.0 -98.0 -98.0 K
Attenuation Pad (dB) 15.0 10.0 8.0 18.0
Total Path Loss (dB) * 207.9 207.9 207.9 207.9
Transponder Input Backoff (dB) 55 55 55 55
Satellite G/T (dB/K) 0.0 0.0 0.0 0.0
C/Ny, Uplink (dB) 20.1 15.8 13.8 23.1
Carrier Frequency (GHz) 11.85 11.85 11.95 11.95
Saturated Single Carrier EIRP (dBW) 46.0 46.0 46.0 46.0 D
EIRP / Carrier (dBW) *** 456 31.2 204 46.0 o]
Receive Antenna Diameter (m) 3.7 2.4 24 7.0 w
Receive Antenna Gain (dB) 51.4 47.7 47.7 57.0 N
Total Path Loss (dB) * 206.0 206.0 206.0 206.0 L
LNA Noise Temperature (K) 90 90 90 S0 I
System Noise Temperature (K) 170 170 170 170 N
Earth Station G/T (dB/K) 28.8 25.1 25.1 344 K
C/Ni, Downlink (dB) 215 15.9 15.9 27.5
C/Nth Uplink (dB) 20.1 15.8 13.8 23.1
C/Nth Downlink (dB) 21.5 15.9 15.9 27.5
C/l Intermod Earth Station HPA (dB) N/A N/A N/A N/A C
C/l Intermod Satellite HPA (dB) N/A 16.0 . 16.0 N/A O
C/l Adj. Sat. Uplink (dB) 23.0 23.0 23.0 23.0 M
C/l Adj. Sat. Downlink {dB) 23.0 23.0 23.0 23.0 P
C/l Cross Polarization Uplink (dB) 27.0 27.0 27.0 27.0 0
C/i Cross Polarization Downlink (dB) 27.0 27.0 27.0 27.0 S
C/l Co-Polarization Isolation Uplink (dB) 25.0 25.0 25.0 25.0 I
C/l Co-Polarization isolation Downlink (dB) 250 25.0 25.0 25.0 T
Overall C/N (dB) 14.3 10.1 9.5 15.7 E
Required C/N (dB) 6.1 4.0 4.0 14.0
Link Margin (dB) 8.2 6.1 5.5 1.7

* Total Path Loss for Uplink and Downlink includes antenna mispointing, polarization misalignment,
and atmospheric losses.

** For FM TV, the transponders must be operated at 2 to 3 dB OBO to ensure compliance with ITU
PFD limits.

**% In the case of multi-carrier traffic, the total OBO for the transponders is 3 dB.
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Table 4-15. NAFTA Beam Link Budget Summaries (Fade Conditions) for 36-MHz
Channels

Widel IMedium-_Naaow_-_
Parameter . . Band. Band EM TV
Digital Diaital Diqital

UPLINK RAIN

Target Uplink Availability (%) 99.9 99.8 99.8 99.9

Uplink Rain Fade (dB) [New York] 3.4 2.1 21 3.4
Uncompensated Uplink Rain Fade (dB) 0.0 2.1 2.1 0.0

C/Nth Uplink (dB) 20.1 13.7 1.7 23.1

C/Nth Downlink (dB) 21.5 13.8 13.8 275

C/l Intermod Earth Station HPA (dB) N/A N/A N/A N/A C
C/l Intermod Satellite HPA (dB) N/A 13.9 13.9 N/A o]
C/l Adj. Sat. Uplink (dB) 23.0 20.9 20.9 23.0 M
C/l Adj. Sat. Downlink (dB) 23.0 20.9 20.9 23.0 P
C/l Cross Polarization Uplink (dB) 27.0 249 249 27.0 0]
C/l Cross Polarization Downlink (dB) 27.0 249 24.9 27.0 S
C/l Co-Polarization Isolation Uplink (dB) 250 229 229 25.0 l
C/l Co-Polarization Isolation Downlink (dB) 25.0 22.9 229 25.0 T
Overall C/N (dB) 14.3 8.0 7.4 16.7 E
Required C/N (dB) 8.1 4.0 4.0 14.0

Link Margin (dB) 8.2 4.0 34 1.7
DOWNLINK RAIN

Target Downlink Availability (%) 99.9 99.9 99.9 99.9
Downlink Rain Fade (dB) [Miami] 5.4 54 54 54

C/Nth Uplink (dB) 201 15.8 13.8 23.1

C/Nth Downlink (dB) - 13.3 7.8 7.8 19.3

C/l Intermod Earth Station HPA (dB) N/A N/A N/A N/A C
C/l Intermod Sateilite HPA (dB) N/A 16.0 16.0 N/A o
C/l Adj. Sat. Uplink (dB) 23.0 23.0 23.0 23.0 M
C/l Adj. Sat. Downlink (dB) 23.0 23.0 23.0 23.0 P
C/l Cross Polarization Uplink (dB) 27.0 27.0 27.0 27.0 0]
C/l Cross Polarization Downlink (dB) 27.0 27.0 27.0 27.0 S
C/t Co-Polarization Isolation Uplink (dB) 25.0 250 25.0 25.0 I
C/l Co-Polarization Isolation Downlink (dB) 25.0 25.0 25.0 25.0 T
Overall C/N (dB) 11.2 6.2 8 14.3 E
Required C/N (dB) 6.1 4.0 4.0 14.0

Link Margin (dB) 5.1 2.2 2.0 0.3
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Table 4-16. NAFTA Beam Link Budget Summaries (Clear Weather) for 76-MHz

Channels
Widet , Medium- Narrow-
Parameter . . Band. Band EMTV
g Digital  Digital
Carrier Frequency (GHz) 14.25 14.25 14.25 14.25
Carriers/Transponder 2 25 300 2
Uncoded Bit Rate (Mbps) 41.0 1.54 0.128 N/A
Coding Rate 0.691 0.461 0.461 N/A
Modulation QPSK QPSK QPSK FM ]
Noise Bandwidth (dB-Hz) 75.5 63.0 52.2 75.5 P
Transmit Antenna Diameter (m) 6.0 1.8 12 9.0 L
Transmit Antenna Gain (dBi) 57.2 46.7 43.2 60.7 i
Carrier EIRP (dBW) 71.9 55.9 431 74.9 N
SFD @ 0 dB Pad (dBW/m?) -98.0 -98.0 -98.0 -98.0 K
Attenuation Pad (dB) 15.0 10.0 8.0 18.0
Total Path Loss (dB) * 207.9 207.9 207.9 207.9
Transponder Input Backoff (dB) 5.5 55 5.5 55
Satellite G/T (dB/K) 0.0 0.0 0.0 0.0
C/Ny, Uplink (dB) 17.1 13.6 11.6 20.1
Carrier Frequency (GHz) 11.95 11.95 11.95 11.95
Saturated Single Carrier EIRP (dBW) 46.0 46.0 46.0 48.0 D
EIRP / Carrier (dBW) *** 40.0 29.0 18.2 40.0 o
Receive Antenna Diameter (m) 3.7 2.4 2.4 7.0 w
Receive Antenna Gain (dB) 51.4 47.7 477 57.0 N
Total Path Loss (dB) * 206.0 206.0 206.0 206.0 L
LNA Noise Temperature (K) 90 90 90 90 i
System Noise Temperature (K) 170 170 170 170 N
Earth Station G/T (dB/K) 28.8 25.1 25.1 34.4 K
C/Ny Downlink (dB) 15.9 13.7 13.7 215
C/Nth Uplink (dB) 171 13.6 11.6 20.1
C/Nth Downlink (dB) 15.9 13.7 13.7 21.5
C/l Intermod Earth Station HPA (dB) N/A N/A N/A N/A C
C/l Intermod Satellite HPA (dB) N/A 16.0 16.0 N/A o
C/l Adj. Sat. Uplink (dB) 23.0 23.0 23.0 23.0 M
C/l Adj. Sat. Downlink (dB) 23.0 23.0 23.0 23.0 P
C/l Cross Polarization Uplink (dB) 27.0 27.0 27.0 27.0 o
C/l Cross Polarization Downlink (dB) 27.0 270 27.0 27.0 8
C/l Co-Polarization Isolation Uplink (dB) 25.0 25.0 25.0 250 |
C/l Co-Polarization Isolation Downlink (dB) 25.0 25.0 250 25.0 T
Overall C/N (dB) 11.8 8.8 8 14.3 E
Required C/N (dB) 6.1 4.0 4.0 14.0
Link Margin (dB) 57 4.8 4.0 0.3

* Total Path Loss for Uplink and Downlink includes antenna mispointing, polarization misalignment,
and atmospheric losses.

** For FM TV, the transponders must be operated at 2 to 3 dB OBO to ensure compliance with ITU
PFD limits.

*** In the case of multi-carrier traffic, the total OBO for the transponders is 3 dB.
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Table 4-17. NAFTA Beam Link Budget Summaries (Fade Conditions) for 76-MHz
Channels

Widel IMedium-_Naxmw-_
Parameter . . Band_ Band_ EM TV
Digital Diqital Digital

UPLINK RAIN

Target Uplink Availability (%) 99.9 99.8 99.8 99.9

Uplink Rain Fade (dB) [New York] 3.4 2.1 21 34
Uncompensated Uplink Rain Fade (dB) 0.0 2.1 2.1 0.0

C/Nth Uplink (dB) 17.1 11.5 9.5 20.1

C/Nth Downlink (dB) 15.9 11.6 11.6 21.5

C/l Intermod Earth Station HPA (dB) N/A N/A N/A N/A C
C/l Intermod Satellite HPA (dB) N/A 13.9 13.9 N/A o)
C/l Adj. Sat. Uplink (dB) 23.0 20.9 20.9 23.0 M
C/l Adj. Sat. Downlink (dB) 23.0 20.9 20.9 23.0 P
C/l Cross Polarization Uplink (dB) 27.0 249 24.9 27.0 (0]
C/1 Cross Polarization Downlink (dB) 27.0 249 249 27.0 S
C/l Co-Polarization Isolation Uplink (dB) 25.0 22.9 22.9 25.0 |
C/i Co-Polarization Isolation Downlink (dB) 25.0 22.9 22.9 250 T
Overall C/N (dB) 11.8 6.7 59 14.3 E
Required C/N (dB) 6.1 4.0 4.0 14.0

Link Margin (dB) 5.7 2.7 1.9 0.3
DOWNLINK RAIN

Target Downlink Availability (%) 99.9 99.9 99.9 99.9
Downlink Rain Fade (dB) [Miami] 5.4 5.4 5.4 54

C/Nth Uplink (dB) 17.1 13.6 11.6 20.1

C/Nth Downlink (dB) 7.7 5.6 5.6 13.3

C/l Intermod Earth Station HPA (dB) N/A N/A N/A N/A c
C/l Intermod Satellite HPA (dB) N/A 16.0 16.0 N/A o]
C/l Adj. Sat. Uplink (dB) 23.0 23.0 23.0 23.0 M
C/l Adj. Sat. Downlink (dB) 23.0 23.0 23.0 23.0 P
C/l Cross Polarization Uplink (dB) 27.0 27.0 27.0 27.0 0
C/l Cross Polarization Downlink (dB) 27.0 27.0 27.0 27.0 s
C/l Co-Polarization Isolation Uplink (dB) 25.0 250 250 25.0 I
C/l Co-Polarization Isolation Downlink (dB) 25.0 25.0 25.0 25.0 T
Overall C/N (dB) 6.8 4.4 4.1 1.2 E
Required C/N (dB) 6.1 4.0 4.0 11.0*

Link Margin (dB) 0.7 0.4 0.1 0.2

* Under extreme downlink fade conditions, a 3 dB degradation in C/N is permitted.
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5. STATION KEEPING AND ANTENNA POINTING ACCURACY

The mission objectives of maintaining antenna axis attitude (also called antenna pointing) during the
spacecraft orbital life are met with combinations of attitude sensors, actuators and control algorithms
flight proven on many SS/L programs. These combinations form a multitude of control modes
designed to carry out specific tasks and are divided into three main mission categories, namely:

1. The transfer orbit mission in which the various modes function to place the spacecraft in the
proper orbital position and in the proper satellite attitude for sun and earth acquisition.

2. The synchronous orbit mission in which the various modes function to maintain the satellite in
proper orbital position. Regularly scheduled spacecraft maneuvers will be performed to keep the
Estrela do Sul satellite inside the “station-keeping box,” which will be +0.05 degrees from the
nominal orbital slot. Maneuvers will also be performed to prevent the orbit inclination from
exceeding 0.1 degrees.

3. The syncronous orbit mission to maintain precise RF beam pointing throughout the life of the
spacecraft. The expected pointing error for all of the antennas is less than 0.15 degrees.

The attitude control system (ACS) for the synchronous orbit mission features flight-proven control
algorithms successful in many previous SS/L programs and bi-propellant thrusters used for North-South
Stationkeeping (NSSK) and East-West maneuvers. For high reliability, all key components are fully
redundant and cross-strapped.

During each mission mode phase, the ACS uses unique combinations of Sun, Earth, and inertial (gyro)
sensors to provide attitude information to the Attitude Control Processor. Using flight-proven
algorithms, the control processor acts upon the sensor inputs and generates commands to one or more of
the various spacecraft torque actuators to maintain the spacecraft's desired attitude.

The control system hardware for Estrela do Sul has been used in many SS/L satellites, including the
Intelsat-IX, Intelsat-VII, INSAT, Arabsat, Superbird, and N-Star satellites.

6. POWER FLUX DENSITIES

Through a combination of spacecraft design and, where necessary, operational constraints (backed-off
operation of the transponders and sufficient dispersal of the energy), Skynet do Brasil will ensure that
carth station and space station emission levels comply with the restrictions and recommendations set
forth by ANATEL and the ITU.

The ITU’S Radio Regulations, in Article 21, specify power flux density (PFD) limits for geostationary
space stations operating in the Fixed Satellite Service in the 11.450-11.700 GHz band. At the World
Radio Conference (Istanbul, 2000), the ITU adopted Resolution 77 that established PFD thresholds for
geostationary space stations operating in the Fixed Satellite Service in the 11.700-12.200 GHz band.
Skynet do Brasil will operate all of the spacecraft beams in a manner to ensure compliance with these
PFD limits and thresholds.

The cases of FM TV traffic, which would present the worst-case PFD levels for all of the beams, and
wideband digital traffic are considered and presented for standard and extended Ku-band in Tables 6-1
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and 6-2, respectively. Skynet do Brasil anticipates that the spacecraft will carry primarily digital traffic
and the tables show that the maximum expected PFD levels for such traffic are below the existing and
provisional limits under consideration by the ITU. The tables also indicate for FM TV signals,
transponder output backoff can be employed to ensure compliance with the ITU regulations.

It is important to note:
1. NAOR beam downlinks occupy only the 11.450-11.700 GHz range
2. No FM TV traffic will be transmitted in the NAOR beam
3. NAFTA beam downlinks occupy only the 11.700-12.200 GHz range

Table 6-1. Maximum Downlink Power Flux Densities (PFD) for Standard Ku-band

FM TV
Brasil | Mercosul | Andean | NAFTA NAOR
Beam Beam | Beam Beam Beam
Carriers per Transponder 1 1 1 1
Maximum EIRP (dBW) 53 49 50 47
OBO (dB) 2 2 2 3
EIRP / Carrier (dBW) 51 47 48 44
Spreading factor(dB) -162.7 -162.7 -162.7 -162.7
Energy Dispersal (dB/Hz) -63.0 -63.0 -63.0 -63.0 N/A
Conversion to 4 kHz (dB) +36 +36 +36 +36
Max PFD (dBW/m’/4 kHz) | -138.7 -142.7 -141.7 -145.7
Minimum Elev Angle (°) >25 =20 >25 ~10
(Cd%‘{;s}fg}j‘i‘fg{f') Limit | 1390 | -1405 | -138.0 | -1455
Margin (dB) 0.7 2.2 3.7 0.2
Wideband Digital
Brasil | Mercosul | Andean | NAFTA NAOR
Beam Beam Beam Beam Beam
Carriers per Transponder 1 1 1 1
Maximum EIRP"* (dBW) 53 49 50 47
OBO (dB) 0 0 0 0
EIRP / Carrier’ (dBW) 53 49 50 47
Spreading factor(dB) -162.7 -162.7 -162.7 -162.7
Energy Dispersal (dB) -74.3 -74.3 -74.3 -74.3 N/A
Conversion to 4 kHz (dB) +36 +36 +36 +36
Max PFD (dBW/m*/4 kHz) | -148.0 -152.0 -151.0 -154.0
Minimum Elev Angle (°) >25 ~20 >25 ~10
gi"B"{;S};:’J/‘j‘]‘:}gI;FD Limit | 200 | _1405 | -1380 | -1455
Margin (dB) 10.0 11.5 13.0 8.5

" For FM TV traffic, the TWTAs for all of the beams will be operated at 2 to 3 dB OBO.
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Table 6-2. Maximum Downlink Power Flux Densities (PFD) for Extended Ku-band

FMTV

Brasil | Mercosul | Andean | NAFTA NAOR

Beam Beam Beam Beam Beam
Carriers per Transponder 1 1 1
Maximum EIRP (dBW) 51.9 49 50
OBO (dB) 3 3 3
EIRP / Carrier' (dBW) 48.9 46 47
Spreading factor(dB) -162.7 -162.7 -162.7
Energy Dispersal (dB/Hz) -63.0 -63.0 -63.0 N/A N/A
Conversion to 4 kHz (dB) +36 +36 +36
Max PFD (dBW/m’/4 kHz) | -140.8 -143.7 -142.7
Minimum Elev Angle (°) >25 ~20 >25
gi%r@slﬁfz‘/‘j‘l’zﬁ;m Limit ' 1400 | -1425 | -140.0
Margin (dB) 0.8 1.2 2.7

Wideband Digital

Brasil | Mercosul | Andean | NAFTA NAOR

Beam Beam Beam Beam Beam
Carriers per Transponder 1 1 i 1
Maximum EIRP " (dBW) 53 49 50 49
OBO (dB) 0 0 0 0
EIRP / Carrier’ (dBW) 53 49 50 49
Spreading factor(dB) -162.7 -162.7 -162.7 -162.7
Energy Dispersal (dB) -74.3 -74.3 -74.3 N/A -73.0
Conversion to 4 kHz (dB) +36 +36 +36 +36
Max PFD (dBW/m’/4 kHz) | -148.0 -152.0 -151.0 -150.7
Minimum Elev Angle (°) >25 =20 >25 5
8%“@?;&‘}2‘?52” Limit 1 400 | -1425 -140.0 -150.0
Margin (dB) 8.0 9.5 11.0 0.7

TFor FM TV traffic, the TWTAs for all of the beams will be operated at 2 to 3 dB OBO.

1-08-00

A-69



APPENDIX-A

7. TELEMETRY, TRACKING, AND CONTROL (TT&C) SUBSYSTEM

The Telemetry, Tracking, and Control (TT&C) subsystem provides positive margins for command and
telemetry in all mission modes. All components have extensive heritage in SS/L flight programs. The
Omni antennas are lightweight, open-ended waveguide types that are fix-mounted and require no
deployment. A global coverage horn-antenna is used for on-station transmission of the spacecraft
telemetry. The subsystem takes advantage of the redundant TWTAs in the communications payload by
using the spares and switching network.

The principal functions of the TT&C subsystem are:

a. Reception, amplification, and demodulation of microwave command signals to a bit stream for
subsequent command interpretation and processing

b. Modulation and transmission of all telemetry data, providing spacecraft status

The TT&C subsystem consists of the following hardware elements:

a. Two dual-frequency command receivers, operating on both the 14.497- and 14.499-GHz uplink
carriers. The command receivers are cross-strapped to the redundant command decoders

b. Two telemetry transmitters, each operating at 12.1975 and 12.199 GHz. The transmitters are
cross-strapped with the redundant telemetry encoders

c. One global horn antenna for telemetry transmission

d. Two command antennas, consisting of wide beam linear antenna elements on the earth (+Z) axis,
and medium beam linear antenna elements on the anti-earth (-Z) axis

e. Two telemetry antennas, with each antenna consisting of wide beam linear antenna elements on
the earth (+Z) axis, and medium beam linear antenna elements on the anti-earth (-Z) axis

f.  Minor microwave components including filters, diplexers, switches, power splitters, isolators,
and cables

All digital functions following bit detection, such as command processing and telemetry formatting, are
implemented in the Data Handling Subsystem.

The TT&C subsystem is configured to meet the unique requirements of pre-launch, transfer orbit, and
on-station synchronous orbit operations. The transfer-orbit antennas provide continuous command and
telemetry access. When on-station, the primary path for commanding is the omni antenna system and
for telemetry is the global horn antenna, with the omni-antennas available for back-up.

An on-station contingency mode (autonomous or commandable) is available to provide continuous
antenna coverage. The Data Handling Subsystem automatically detects contingency situations and turns
on the telemetry TWTAs and switches the telemetry path to the Omni antennas. Command capability is
always available via the Omni antennas.

A functional block diagram of the TT&C subsystem is shown in Figure 11-1. Although omitted from

the figure for clarity, each command receiver has two ranging outputs for cross strapping to both
telemetry transmitters.
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8. PHYSICAL CHARACTERISTICS OF THE SPACECRAFT

The structure subsystem is derived from SS/L's heritage FS1300 spacecraft that started with Intelsat-
VIIA and has continued with design modifications and enhancements for growing payload
requirements. This structure is closest in similarity to the structure being qualified for Intelsat-IX, which
is an extended version of SS/L's heritage FS1300. This is a low risk approach because:

a. Heritage structural designs and proven concepts are for almost all of the primary structure.

b. New structure, if required, will be based on heritage concepts and will be qualified for the
spacecraft

c. Heritage materials, including composites, are used.

d. Existing manufacturing procedures and processes are used

e. Existing ground handling equipment is used

Three-dimensional analyses are performed with state-of-the-art software to provide the spacecraft
component layout details. The use of this powerful tool permits the identification and resolution of
design and layout issues well before satellite assembly begins. In addition, the resultant 3-D models are
used for numerical control machining of parts and as a virtual mock-up for other subsystems to use in
their designs.

Sophisticated software packages are also used to model the structure, and extensive testing is performed
to derive a mass-efficient structure which meets all strength and stiffness requirements

Tables 8-1 and 8-2 contain the mass and power budgets for the proposed spacecraft. A drawing for the
satellite is provided in Figure 8-1.

The Satellite will be loaded with sufficient fuel to obtain a 15-year lifetime. The various subsystems of
the bus and payload systems include sufficient redundancy to provide a probability of mission success
for each individual beam of at least 0.75 at 15 years. Mission success is defined as no failed
transponders in a given beam.

Table 8-1. Estrela do Sul Mass Budget

Component Mass (kg)
Payload 400
Bus 1400
Subtotal 1800
Margin (5%) 90
Total Dry Mass 1890
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Table 8-2. Estrela do Sul Power Budget

Subsystem Autumnal Equinox (W) | Summer Solstice (W) Eclipse (W)
Payload 7600 7600 7600
Bus 2360 1280 1750
Total 9960 8880 9350
Solar Array EOL 10450 9650 N/A
Capability
Batt Cap (80% DOD, N/A N/A 9660
cell Failed)

Failed String and 280 500 N/A
Shadowing

Power Margin w/ Failed 210 270 310
Circuit / 80% Batt DOD
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PART 1.

FINANCIAL INFORMATION
LORAL SPACE & COMMUNICATIONS L'ID.
CONDENSED CONSOLIDATED BALANCE SHEETS
(In thousands, except share data)

June 30, December 31,
2002 2001
(Unaudited) (Note)
ASSETS

Current assets:
Cash and cash eqUIVAIENTS..........ccovieiiiiiic e $ 107680 $ 159,949
Accounts 1eceivable, NEL.. ...t 40,363 39,299
CONTACES-IMI-PTOCESS -..evenvierreieieeameinerecte s e sse sttt n e 187,051 178,599
TEEVETIOTEES. .o oot oot eeeaeeeeenaaaassnnsssaaeea e s ansmrasnenneaeseeeaanaaasasaneesaas 106,660 98,179
OhET CUITENE ASSEES .ooevvereie e eeiieiireeeeeeriaaesesaneseseeeeaeereneeninn s esaraassrrrabasasasnasans 75,429 93.667
TOLA] CUITEIL ASSEES -..veveeee oo eeeeei e e eeeeeeeeeseaereer et ees s netrnersaseeaaeaaeeneesansnssnnes 517,183 569,693
Property, plant and equipment, REt ... 1,983,602 1,977,356
Cost in excess of net assets acquired, M.t — 891,719
Long-term receivables ... 192,574 190,306
Investments in and advances to affiliates ... 182,881 189,119
DIEPOSIES ... ceeteccece et et e sk 105,290 155,490
Deferred 1aX ASSCLS. ... oo ettt oot eeeeeariree e e e e e e e e ee s e aaa e e 301,363 297,528
OIIET ASSEES .- eeee et aereeseeaaaesesansbssstneeeasan saanrra e e e e e e eaneeseesaaannes 104,880 119.494

$ 3387773 $ 4,390,705

LIABILITIES AND SHAREHOLDERS' EQUITY
Current liabilities:

Current portion of long-term debt.............oooiiiiii $ 165931 § 136,616
ACCOUNLS PAYADIE. ..o\ttt 113,718 144,841
Accrued employMENt COSIS ..ot 38,218 39,232
CUSIOMNET AAVANCES ..ottt ee s e e e e e e e re e e e e e e s e e rasaeeneeanne s e essenan e sans 138,050 148,990
Accrued interest and preferred dividends................ 43,073 31,170
Income taxes payable........oooiiiiiii 35,056 34,516
Other current HabilIES .....oooviiieiieeee e 51,499 46,960
Total current HabilitIes ....oovoee et e 585,545 582,325
Pension and other postretirement abillies ... 60,015 55,590
Long-term Habilities ........c.ocooiiiiiii s 137,090 156,716
Long-termdebt. ... 2,164,181 2,226,525
MIDOFIEY AIIETEST. ..ot ee et er s 15,917 18,681
Convertible redeemable preferred stock:
6% Series C ($133,797 redemption value), $.01 parvalue .......................... 131,996 —
6% Series D (857,061 redemption value), $.01 parvalue ..o 55378 e
Commitments and contingencies (Notes 7, 8 and 9)
Shareholders’ equity:

6% Series C convertible redeemable preferred stock

($270,412 and $491,994 redemption value), $.01 par

VAU - oo eee et et ee e ea e e e e e et e et e e ae e st ehe e e e e et ean et e reeaaa e ate s bt e arn e e 266,772 485,371
6% Series D convertible redeemable preferred stock

($112,523 and $305,539 redemption value), $.01 par

VA e e 109,205 296,529
Common stock, $.01 par value ... 3,711 3,368
Paid-in CAPHAL ... 3,035,219 2,771,964
TTEASULY STOCK ..ottt (3,360) (3,360)
Unearned COMPENSATION........ciiiiiiiiiir it 4) (81
Retained defICit ...t (3,195,504) (2,223,710)
Accumulated other comprehensive INCOME...........iii 21,612 20,787

Total shareholders' €qUILY ......ocoooiiiiii i 237,651 1,350,868

$ 3387773 § 4390705

Note: The December 31, 2001 balance sheet has been derived from the audited consolidated financial statements at that date,

See notes to condensed consolidated financial statements.



LORAL SPACE & COMMUNICATIONS LTD.

CONDENSED CONSOLIDATED STATEMENTS OF OPERATIONS
(In thousands, except per share amounts)

(Unaudited)
Three Months Ended Six Months Ended
June 30, June 30,
2002 2001 2002 2001

Revenues from satellite sales............oooooiiieeiceeieennns $ 214579 $ 160,164 $ 413,050 § 307,986
Revenues from satellite services ..........ccooieeiinnnns 101,781 114,698 211.486 228,011

Total revenues...............eeeee e 316,360 274,862 624,536 535,997
Cost of satellite sales...............ccoooiiiicii 193,857 139,125 380,285 265,729
Cost of satellite Services .........cocoociiiviiiieieerieeeeeeeeeen, 62,422 73,189 128,718 149,144
Selling, general and administrative expenses.............. 42.373 55,740 83,120 110,390
Operating INCOME..............ooviieeerieeeiee e eaaee e 17,708 6,808 32,413 10,734
Interest and investment iNCOME..............cevvervevrneceeenne 4,452 6,660 9,861 14,328
INterest EXPENSE.....oooiviivirieeieeaie e e e (18.385) (46,75D (36,95%) (96,444)
Income (loss) before income taxes, equity in net

loss of affiliates, minority interest and

cumulative effect of change in accounting

PrNCIPIC. ...ooiiiiiiiiii e 3,775 (33,283) 5319 (71,382)
Income tax (expense) benefit............ocoocviiiiiicls (7.724) 25 (13,252) 1,950
Loss before equity in net loss of affiliates,

minority interest and cumulative effect of

change in accounting principle............cccoiiiinnne (3,949) (33,258) (7,933) (69,432)
Equity in net losses of affiliates, net of

TAXES 1. eeeierieieie ettt et e eane sttt (12,644) (20,707) (28,594) (43,061)
Minority interest, net of taxes ...................cooe. nanan (68) (7132) 6 529
Loss before cumulative effect of change in

accounting principle ... (16,661) (54,697) (36,521) (111,964)
Cumulative effect of change in accounting

principle, net of taxes (Notes 3and 6) ...................... — — (876,500) (1,741
NEt10SS e (16,661) (54,697) (913,021) (113,705)
Preferred dividends ... (46.810) (40.694) (58.773) (56.817)
Net loss applicable to common shareholders............. $ (63471 $ (95391 § (971.794) 3 (170,522)
Basic and diluted loss per share:
Before cumulative effect of change in accounting

PrNCIPIE. ..o $ 0.18) $ (0.29) $ 0.27) $ (0.54)
Cumulative effect of change in accounting

PHNCIPIE ..o e p— — (2.33) (0.01)
Loss per Share ..o $§ (18 $§ (029 § (2.80) $ (0.55)
Weighted average shares outstanding:

Basicand diluted..............coooiiiin 358,166 326,859 347,609 312,758

See notes to condensed consolidated financial statements.



