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10. ENGINEERING CERTIFICATION

I hereby certify that I am the technically qualified person responsible for

preparation of the engineering information contained in this application, that

I am familiar with Part 25 of the Commission's Rules, that I have either

prepared or reviewed the engineering information submitted in this

application, and that it is complete and accurate to the best of my knowledge

and belief.

-

-

By:

Daniel P. Sullivan, Ph.D.

Vice President, Engineering

Hughes Communications, Inc.

_____Sm~_22.., 1997
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11. WAIVER AND CERTIFICAnONS

In accordance with Section 304 of the Communications Act of 1934, as

amended, 47 U.S.C. 304, HO hereby waives any claim to the use of any

particular frequency or of the electromagnetic spectrum as against the

regulatory power of the United States because of the previous use of the same,

whether by license or otherwise.

HO certifies that neither the Applicant nor any of its shareholders, nor

any of its officers or directors, nor any party to this application is subject to a

denial of Federal benefits pursuant to authority granted in'Section 5301 of the

Anti-Drug Abuse Act of 1988, 21 U.S.c. § 862.

The undersigned certifies individually and for HO that all of the

statements made in this Application are true, complete, and accurate to the

best of his information, belief and knowledge, and are made in good faith.

Respectfully submitted,

Hughes Communications, Inc.

By:

President

_____~¥~_~~_, 1997
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12. CONCLUSION

For the reasons set forth in this Application, HO respectfully request~

that the Commission promptly grants this application to enable HeI to bring

to the public the significant benefits described above at the earliest possible

time.

Respectfully submitted,

Hughes Communications, Inc.

-r-
i

......

By:

President

_____~~t~_~~, 1997

83



This page is intentionally blank.

84

,./

-"

"-

-
-





-

'-

-

-

-
-

-
-

APPENDIX A: TRANSMISSION CHARACTERISTICS

ExpresswayTM link budget information is provided in Tables A-1a through A­

S. The RF communication links include the following: V-band, Ku-band area

coverage, Ku-band 60 coverage, satellite telemetry, and satellite command. A user

terminal uses a 2.5 meter antenna. The Satellite Control Facilities (SCF) use 7­

meter antennas for telemetry and command.

In all cases, link budget calculations place a desired terminal at the satellite

antenna beam edge. Rain attenuation effects are estimated based on the Crane

Global rain model as described in the NASA Reference publication 1082(04) 1989,

Propagation Effects Handbook for Satellite Systems Design. Atmospheric

attenuation is estimated based on the ITU's Recommendation 676-2. Cloud

attenuation is estimated based on the lTV's Recommendation 840-1 for an average

cloud thickness of 2 km. The representative link budgets show calculations for a

satellite placed at an orbital position of 101 0 W. The elevation angle to the

satellite was determined for each of the cities shown. All cases show a positive

margin at the indicated average link availability values.

Tables A-la and A-lb contain the representative wideband data service links

operating at V-band. Table A-la shows a New York uplink to Boston downlink.

Table A-lb shows a Los Angeles uplink to a New York downlink. In both cases, a

user terminal uses a 2.5 meter antenna and a 30 W HPA. This results in uplink

EIRPs of 71.3 dBW and 73.8 dBW in clear and rain conditions, respectively. The

satellite minimum EIRP per each 155 Mbps carrier is 56 dBW. The link margin of
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0.0 dB for clear-sky uplink and rainy downlink conditions indicates that the

specified link availabilty objective can be met; the same is true for all link budgets

presented in this Appendix.

Tables A-2a and A-2b contain link budgets for the Ku-band data service for the

northern hemisphere using lOx 30 elliptical beams. A New York uplink to

Boston downlink is shown in Table A-2a as a representative case of higher link

performance for a low rain rate region. A Miami uplink to Boston downlink is

shown in Table A-2b as a representative case of a link in a challenging rain area.

The satellite minimum EIRP is 47.0 dBW for a single 155 Mbps carrier. An

uplink terminal uses a 2.5 meter antenna with a 100 W HPA. This corresponds to

an EIRP of 67.5 dBW for the clear sky condition and 68.5 dBW for the rain

condition. The resulting link average availability depends on the location of

interest (typically better than 99.70%).

Tables A-3a through A-3d contain link budgets for the Ku band data service

for a 60 hemispherical beam from a 1010 W orbital position. Tables A-3a and A-3b

show Boston to Bogota, Colombia links as representative cases in a challenging

rain area. Tables A-3c and A-3d show Los Angeles to Bogota links for higher

performance in a low rain rate region. For the 6° hemispherical beam, the satellite

minimum EIRP is 45.3 dBW. An uplink terminal uses a 2.5 meter antenna with a

200 W HPA. This corresponds to an EIRP of 69.5 dBW for the clear sky condition

and 71.5 dBW for the rain condition.

Tables A-4 and A-5 contain the information regarding the satellite telemetry

and command links. Dry geographical regions are selected along with favorable

86

-
-

-
-

-
-
-
-
-
-
-

-



-
-

-

-
-

-
-

-

elevation angles for satellite operational control facilities to provide high

reliability TT&C links.
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Table A-la V-Band - New York UIL to Boston DIL

-
-

-

deg
km

GHz
%

Mbps
W

dBW
dB

dB
dBi

dBW
dBW
dB
dB
dB
dB
dBi
'K

dBK
dBIK

dBW/K·Hz
dBHz

dB

.8
97.0
93.9
91.7
97.2
110.6
11.11

clelr
rain

98.00

5&.0
216.4

3.3
2.6
0.5

581.8
27.6
211.9

·22'.6
13.0
8.7

Hz
dBIHz
dBlHz
dBlHz
dBIHz
dBIHz
dBIHz
dBIHz

~j~qr,(~?1J1:~~WIttI%~;t;!rt11fjj
dB

0.5

56.0
216.4
3.1

.ar
nk u

155
100
20.0

2
10
1

49.0
66.0

58.0
468.4
26.7

oston
32.5
0.0
41.0

ermllll Locat on:
Site Elevation Angle
Site AIIitude (ASL)
Frequency
Link AVlllability
Unit DatI RIte
Sateilit. TWTA RIling
sat. TransmR Power
sat. HPA Backolf
_ Of AmpIIlied Carriers
ransmitler Total losses
Sal Min. Ant Gain

TclII E1RP of OIl
Operating EIRP/carrler
Space Loss
Aim. (GIS + C1oud) Attenuation
Rain Attenuation
User Ant Pointing Losses
Recvr. Antenna Gain
Sys18ln NoIse Temp
System NoIse Temp
StlUon GIT
Boltzmann's COnstant
NoiBeBW
CIN (Th_1

Un tl

deg
km

GHz
%

Mbps
W

dBW
dB

dB
m

dB;
dBW
dB
dB
dB
dB
dB;
'K

dBK
dBlK

dBWlK·Hz
dBHz
dB

In

o

97.2
91.7

11.9

98.60

73.8
217.8

5.4
5.2
0.50.5

elr

49.0
649.2
28.1

71.3
217.8

5.1

97.2
95.4

88.9

6.5
174
82.4

14.2

New crk I
35.4
0.0 I
48.7 I

155
30.0
14.8

3
1

0.5
2.50
59.5

A n u

ota
UJLCI(Jo)
Thermll UIL CI(NO)

Total OIL en
DJLCI(lo)
Thermal OIL Cl(No)
Required EIlINo
EIlecIive Data Rate
Data Rate (dB)
R ulred CI No+lo)

Term nil LOCI on:
Site Elevation Angle

I
SiIe Altitude (ASL)
Frequency
Unk Availability
A/lPliCalion Data Rale
Station Trlnsmltter Power
Transmitter Pwr (dBW)
Uplink Power Back-olf
_ 01 Amplified camers
Station Transmitter Losses
Station Antenna Diameter
Station Peak Antenna Gain
Operating EIRP per Clrrler
Space Loss
Atm. (Gas .. Cloud) Att.
Rain Attllfluatlon
Pointing and Pol. Loss
$at. Antenna GaIn
System Noise Tamp
System Noise Tamp
SItelllte GIT
Boltzmann's Constant
NolseBW
CIN (Thermal)

Table A-lb V-Band - Los Angeles UIL to New York DIL

...
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nta

deg
km

GHz
%

Mbps
W

dBW
dB

dB
dBI

dBW
dBW
dB
dB
dB
dB
dBI
'K

dBK
dBlK

dBW/K·Hz
dBHz

dB

In

98.30

56.0
216.3

3.0
3.2
0.5

56.0
216.3
2.9

0.5
58.0
459.3
26.6

155
100
20.0

2
10
1

49.0
66.0

97.0 97.0 dBIHz
94.6 92.3 dSlHz
95.8 95.8 dBIHz
97.2 97.2 dBIHz
93.4 93.4 dBIHz
91.0 89.8 dBIHz
88.9 88.9 88.9 dBIHz

••IjIl.Blo~.~.~~6'j~:'\;)j;;~•••

_na on:
Site EIevIllon Angle
SRe AI1ltUde (ASL)
Frequency
IJnk AVlIlIabllity
Link DatI RIte
satellite TWTA Rating
sat. TransmR Power
sat. HPA Backoff
" 01 Ampl\hlCl t;arners
Tl'lIIl8IIll\Ier TotaIlCleses
SIt MIn. AnI. Gain

Tolal E1RP 01 OIL
Operallng E1RP/cIrrier
Space Loss
AIIl\. (Gas +Clouc1) Attenuation
RlIn Attenuation
User Ant PoInting Loeses
Recvr. Antenna Gain
System Noise Temp
Syatem Nollie Temp
StatIon GIT
BoltzmaM's Constant
Nol8eBW
CIN

nta

deg
km
GHz
%

Mbps
W

dBW
dB

dB
m

dBi
dBW
dB
dB
dB
dB
dBi
'K

dBK
dBIK

dBW/K·Hz
dBHz
dB

an

o

88.9

97.2
91.3

99.70

73.8
217.6

3.9
6.6
0.5

97.2
95.'

".9

71.3
217.6

3.8

0.5

••r
o

6.5
174
82.4

49.0
649.2
28.1

14.2

oa III a
46.5
0.1
48.7

155
30.0
14,8

3
1

0.5
2.50
59.5

UJLCI(lo)
Thermal UJL CI(No)

Total OIL en
OILC/(Io)
Thermal OIL CI(No)
Required EIlINo
Ellectlve Data Rate
Data Rate (dB)
Required CI(No+lo)

erm na ocat on:
Sile ElllYatlon Angle
SRe ARItucle (ASL)
Frequency
Unk AValllbillly
Appllcatlon Data Rale
Station Trallllllilter Power
Transmitter Pwr (dBW)
UpHnk Power Back-oll
II 0I111llplllllCl earners
Station Transmitter Loases
Station Antenna Diameter
Station Peak Antenna Gain
Operating EIRP per carrier
Space Loss
Atm. (Gas +Cloud) Att.
Rain AttenuatIOn
PoInting and POl. Loss
SIt. Antenna GaIn
System Noise Temp
System Noise Temp
SItelllte GIT
Boltzmann's Constant
NoIseBW
CIN
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Table A-2a Ku-Band - New York UIL to Boston DIL

an n ts r an nte

• oca on: 0 0 on
Site Elevation Angle 35.4 deg Site Elevalion Angle 32.5 deg
Site Altitude (ASL) 0.0 Ian Site Altitude (ASL) 0.0 Ian
Frequency 13.0 GHz Frequency 11.0 GHz- Unk AvaiJability 99.90 % Unk Availability 99.70 %
Application Data Rale 155 Mbps LInk Data RIa 155 Mbps
Stellon Transmitter Power 100.0 W sateillta TWTA Aatlng 25 W
Trenamiller Pwr (dBW) 20.0 dBW Sat. TIlUlIlTl~ Power 14.0 dBW
Uplink Power SacI<-otf 1 0 dB Sal. HPA IlIc:kdf 0 dB
• of Amplilled Carriers 1 • 01 AmpIlfied CarrIers 1

'-' Station TfllIlSlTlltler Losses 0.3 dB Transmitler T011I losses 0.5 dB
Stetlon Antenna DIameter 2.50 m Sat Min. Ant. Gain 33.5 dBi
St8Iion Peak Antenna Gain 48.8 dB; ToIII EIAP of OIL 47.0 dBW
Ol*ellng ElRP per carrier 67.5 68.5 deW Operating EIAP/carriar 47.0 47.0 dBW
SpeceLoss 206.3 206.3 dB Space Loss 205.0 205.0 dB- AIm. (Gas + Cloud) All. 0.3 0.4 dB AIm. (Gas +Cloud) Atlenuation 0.3 0.3 dB
Aaln AttanUlltion 3.6 dB Allin Attenu8tlon 1.0 dB
PoinIklg and Pol. Loss 0.4 0.4 dB U8er AnI. Pointing Losses 0.4 0.4 dB
Sal. Antenna Gain 33.5 dBI Recvr. Antenna Gain 47.3 dBl
Sya\llm Noise Temp 365.1 'K System Noise Temp 94.5 'K
SystIIm Noise Temp 25.6 dBK Syatem Noise Temp 19.8 dBK- satellite GIT dBIK Stillion GIT dBIK
BolIzmInn's Constant dBWIK-Hz lloItzmInn's Constant dBW/K·Hz
NoiIefIW dBHz NolIefIW dBHz
CJN (Thermal) dB CJN dB

- UlLCI(Io) 97.1 97.1 97.1
'"'-' UIL CI(NO) 93.7 12.1 83.7

TOlIII OIL en 10.1 97.2 97.2 94.2
OILCI(Io) 83.1 83.1 93.1 93.1 93.1
T........ OIL CI(No) 87.2 84.2 81.7 81.7 80.6
Aequired EbINo 6.5 81.6 ".1 88.8
Ehclhoa o.tII Rate 174 ".1 8'.1 ".9
Da1a~(dB) 82.4
Aequlred C/(No+lo) 88.8 ".8- Table A-2b Ku-Band - Miami UIL to Boston DIL
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I r r In
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• AIlilude (ASL)
FI8QUSflCY
Unk AvaIIablllty
LJnlc Deta Rate
SatalIIte TWTA Rating
Sat. Transmit Power
Sal. tlPA Backoff
• of Atnpllttad CarrIersTransmltIer ToIIIlosses

Sat "n. Ant. Gain
Tolal SAP of OIL
Operating EIRP/carriar
Space Loss
AIm. (Gas +Cloud) Attanuation
RaIn ""'_tlon
u- Ant. PoinIing Losses
Racvr. Anlanna Gain
Systam NoIae Temp
SyaIam Noise Temp
StlItIon GIT
IIcIltzmam's Constant
NoI8efIW......,

n ta

deg
km

GHz
%

Mbps
W

dBW
dB

dB
m

dBl
deW
dB
dB
dB
dB
dB;
'K

dBK
dBIK

dBWlK-Hz
dBHz

dB

an
Loca on: Maml

Site EIevaIlOl1 Angle 52.0
Site Altitude (ASl) 0.0
Frequency 13.0
Unk Availability 99.70
ApoIIcaIion Data Rate 155
SlatIon Tranamltter Power 100.0
TlIIIlIlllitIer Pwr (dBW) 20.0
Uplink Power SacI<-oll 1 0
• 01 Amplified C&rriaIs 1
St8Iion Tranamillar Losses 0.3
SlatIon Antenna D1am8ter 2.50
St8Iion Peak Antenna Olin 48.8
Ol*ellng EIAP per carrier 67.5 68.5
Space Loss 201.1 206.1
AIm. (Gas + Cloud) All. 0.3 0.3
Allin AttenUlltion 3.8
PainIng and Pol. Loss 0.4 0.4
Sat. Antenna Gain 33.5
Systam NoiSll Temp 365.1
SYIlem Noise Temp 25.6
satellite GIT
EIoIIzmann's Constent
Nolle fIW
CIN rmlll

UlLCI(lo)
Thannal UIL C/(No)

Total OIL en 10.1
DlLCI(lo) 13.1 13.1
TIlennaI OIL C/(No) 87.2 84.2
Flaqulred EbINo 6.5
EIIecliva Da1a Rate 174
Da1a RaIe (dB) 82.4
Required CI(No+lo) ".8 ".8
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deg
kin

GHz
"10

Mbps
W

dBW
dB

dB
dBI

deW
dBW
dB
dB
dB
dB
dBI
'K

dBK
dBIK

dBWIl<·Hz
dBHz

dB
rain
raIn

an

45.3
204.5

0.2
2.3
0.4

99.65

45.3
204.5

0.2

0.4

.ar

47.3
89.6
19.5

100
100
20.0
o
1

0.5
25.8
45.3

z
dBIHz
dBlHz
dBlHz
dBlHz
dBIHz
dBIHz

87.0 87.0 dBIHz
tfl~."\ .~)1MI",f:iltllF il~llf)cli!'l!lflDil[11ffiR

1.6 0.5 0.0 dB

Site Elevation Angle
Sita Altltude (ASL)
Frequency
Link Availability
Unk Data RMe
.....1"- TWTA Rating
Sal. Transmit Power
SaL HPA Backoll
II of Ampl/lilld carrters
T_ilter Total losses
sat MIn. Ant. Gain

Total BRP 01 OIL
Opeqtlng EIRP/C8rrler
Space Loss
AIm. (Gas +Cloud) Attenuation
Rain Attenuation
U.,Ant Pointing Losses
Recvr. Antenna Galn
System Noise Temp
SyNm Nolle Temp
Itdon GIT
BolIzmann'. Constant
NoIIaBW
CIN

deg
km

GHz
"10

MbPs
W

deW
dB

dB
m

dBi
dBW
dB
dB
dB
dB
dBi
'K

dBK
dBIK

dBWIK-Hz
dBHz

dB

n ta

87.0

92.7
90.6

o

an

99.95

68.5
206.4

0.4
5.8
0.4

87.0

92.7
96.3

0.4

66.5
206.4

0.4

6.5
112

80.5

11.6

33.5
365.1
25.6

100
100.0
20.0

2
1

0.3
2.50
48.8

Table A-3a Ku-Band 6· - Boston UIL to Bogota DIL

UILCI(lo)
Thermal UII. CI(No)

Tot8I DIL CII
DlLCI(lo)
Thermal DIL Cl(No)
Required EblNo
EtfecIiYe Data Rate
Data Rate (dB)
Required CI(NO+lo)

e na OCII on:
SIte Elevation Angle
S~e A1t~ude (ASL)
Frequency
Unk Avallab~ity

Application Data Rate
Station Trensmltter Power
Transmitter Pwr (deW)
Uplink Power Back·oIl
1/ of Amp'"ied Carriers
Station Transmiller Losses
Station Antenna Diameter
Station Peak Antenna Gain
Operating EIRP per carrler
Space Loss
AIm. (Gas + Cloud) At1.
RaIn Attenuation
PoInting and Pol Loss
sat. Antenna Gain
System Noise Temp
System Noise Temp
satell"- G/T
Boltzmann's Constant
Nolle fSW
CIN ermal)

Table A-3b Ku-Band 6· - Bogota UIL to Boston DIL

• L on:
SIte EJevaljon Ang/e
SIte AltItude (ASL)
FISQlIenCY
Unk AVliIltliIity
A!JIlIica1iOn Data Rata
Statlon Transmitter Po_
Tf8flSlllIttar Pwr (dBW)
Uplink Power Back-olf
II of Amplified Caniels
Station Transmitter Losses
Statlon AnMnna DIlI......r
Station Peak Antenna Galn

Ung EIRP per carrler
SC*e Loss
AIm. (Gas +Cloud) All.
Rain Attenuation
Polnttng and Pol. Loss
sat. Anlenna Gain
SylIlem Noise Temp
SylIlem Noise Temp
SatfIIIIt. G/T
Bobmann'S Constant
NollIeBW
CIN

°lota
58.2
0.0

13.0

100
200.0
23.0

2
1

0.3
2.50
48.8

26.2
365.1
25.6

11.6

6.5
112
80.5

.ar

89.5
206.0

0.3

0.4

92.7
87.2

87.0

an

99.60

o

71.5
206.0

0.3
3.1
0.4

112.7
93.8

87.0

Unlta

deg
km

GHz
"10

Mbp$
W

dBW
dB

dB
m
dBI

dBW
dB
dB
dB
dB
dBi
'K

dBK
dBIK

dBWIK-Hz 11fSa~~
dBHz
dB

100
25

14.0
o
1

0.5
33.5
47.0

47.3
94.5
19.8

.ar

47.0
205.0

0.3

0.4

an

99.75

47.0
205.0
0.3
1.2
0.4

nte
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"10
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W

dBW
dB

dB
dBi
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dB
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dB
dB
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'K

dBK
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dBWll<-Hz
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....
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Table A-3c Ku-Band 6° - Los Angeles UIL to Bogota DIL
MAllY nk IIlI, a n a u, an n a

arm n: oa og~

SitlI Elevellon Angle 46.5 deg Sile EleYllIlon Angle 58.2 deg
SitlI AItilude (ASL) 0.1 lcm Slta Altitude (ASL) 0.0 lcm
Frequency 13.0 GHz Frequency 11.0 GHz
Link Avllilablllly 99.97 % link Avallebliity 99.30 %
ApplIcllIlon Data Rate 155 Mbps Unk Data Rllte 155 Mbps
Stlltlon Trllnamltta, Power 100.0 W .....11te TWTA Rating 100 W- Trensmille, Pwr (dBW) 20.0 t!J8W Set. Trensmit Power 20.0 dBW
Uplink Power Back-off 1 0 dB Set. HPA Ileckoff 0 dB
# 01 Amplified Carriers 1 # 01 Arr1l1lfiec:t C8rriers 1
Station Transmitter Losses 0.3 dB Trensmllter Tolallosses 0.5 dB
Station AntenlUl Diameter 2.50 m sat Min. Ant. Galn 25.8 dBi
Station Peek Antenna Gain 41.8 dBI Total EIRP 01 OIL 45.3 deW
Operlltlng EIRP per carrier 67.5 11.5 dBW Operating EIRP/carrier 45.3 45.3 deW
Space Loss 206.2 206.2 dB SI*8 Loss 204.5 204.5 dB
Atm. (Gas + Cloud) Alt. 0.2 0.3 dB AlIll. (Gu + CIcucI) Attenuation 0.2 0.2 dB
Rain Attenuation 3.0 dB Rain Attenuation 1.3 dB
Pointing and Pol. Loss 0.4 0.4 dB UMr Ant. PolnIIng Losses 0.4 0.4 dB
sal Antenna Gain 33.5 dBI Recvr. AnlInna GaIn 47.3 dBi- Syltem Noise Temp 365.1 'K Syatem Noise Temp 89.6 151.4 'K
Syatem NOlae Temp 25.6 dBK Syatem NoIaeTemp 19.5 21.8 dBK
satellite .Q/T c:&t< GIF 27.5 25.2 dBIK
BoItzmann's Constant dBWIK-Hz Bollzrnann'S Constant ·228.6 -228.6 dBWIK-Hz
NoIaeBW dBHz NoIseBW 83.0 83.0 clBHz
CIN nnal dB 13.2 '.7 dB

cl••r ,.In cl.ar
claar clu, ,aln
96.6 94.6 96.6 dBlHz
97.1 97.1 97.1 dBlHz
U.9 '2.7 13.9 dBIHz

11.6 96.3 96.3 92.7 dBlHz- 94.1 94.6 94.6 94.6 dBlHz
92.7 92.3 12.3 90.5 dBlHz

6.5 90.0 19.5 .... dBlHz
174 Ilequlred CINo (dIllHz) ".9 .... .... dBlHz
82.4 ~6g;:~.:~:r~~~~gH 1lj1&!~1;llliI!ll », h41 ~W\1JbR~ lif1i1w11lWid

8 1.1 :1 0.0 B

Table A-3d Ku-Band 6° - Bogota UIL to Los Angeles DIL

an an n I
on: on:

Site EIevaIion Angle deg Site EIeYaIion Angle 46.5 deg
S~e Altitude (ASL) km Site AIIiUIe (ASL) 0.1 km- Frequency GHz Frequency 11.0 GHz
Unk Availability 99.55 % UnkAvailabi/iIy 99.95 %
Application Data Rate 100 Mbps Unk DIta Rate 100 Mbps
Stltlon Trlnlmltl8r Power 200.0 W 8alIIIlta TWTA Rltlng 25 W
Transmiller Pwr (cSW) 23.0 dBW SaL TI'IIlIIrit Power 14.0 rR,W
Uplink Pow« ElaeIt-off 1 0 dB SaL HPABackotf 0 dB
II 01 Ampliliecl Carriers 1 II 01~ C8nielS 1
Station Transmiller Losses 0.3 dB Transmiller TOlaIIoeses 0.5 dB
SlIlion Antenna Dlamater 2.50 m Sal Min./W. Gain 33.5 dBi
Station Peak Antenna Gain 48.• dBi Total ElRP 01 OIL 47.0 rsN
Operating EIRP per carrier 70.5 71.5 dBW Operating EIRP/carrier 47.0 47.0 dBW- Space Loss 206.0 206.0 dB Space Loss 204.7 204.7 dB
AIm. (Gas + Cloud) AIt. 0.3 0.3 dB Ntn. (Gas + Cloud) Attenuation 0.2 0.2 dB
RaIn Attenuation 2.8 dB RaIn Attenuation 1.4 dB
Pointing and Pol. Loss 0.4 0.4 dB user AnI. Pointing Losses 0.4 0.4 dB
Sal Antenna Gain 26.2 dBi Recvr. Antenna Gain 47.3 dBi- Sysllm Noise Temp 365.1 'K Sys1Im Noise Temp 89.1 155.0 'K
Sysllm NoIse Temp 25.' dBK Syllim Noise Temp 19.5 21.9 dBK
8alllllte GIT dSIK SlItIon GIT 27.5 25.1 dSIK
BoIlzmann's Constant dBWIK-Hz BoIIzmann's Constant ·228.6 -221.6 dBWlK-Hz
NoIaeBW dBHz NoiseBW 81.1 81.1 dBHz
CIN hennal dB CIN 1'.7 12.9 dB- cllar rain cll.r

cl••r cllar rain
T UIl dB 92.5 90.7 92.
UlLCI(io) 95.2 15.2 dB/Hz 95.2 95.2 95.2 dBIHz
Thermal UIL C/(No) 92.5 10.7 dBIHz 90.6 89.4 90.6 dBlHi:

Tolli OIL en 10.7 dB 97.8 97.8 94.0 dElIHi
OILCI(lo) 91.8 91.8 dBlHz 91.8 91.8 91.8 dBlHz
Thermal DIL C/(No) 97.• 94.0 dBlHz 90.8 10•• 81.8 dBIHz
FIequired EblNo 6.5 dB 87.7 87.0 87.2 dBIHz
E1fec:tiYe Data Rate 112 Mbps 87.0 87.0 dBlHz
Data Rate (rR,) 80.5 dB (bps)- Required C/(NO+IO) 87.0 87.0 dBIHz
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Table A-4. Ku-Band Telemetry Link
.·parameter .... ·Spot< •.• > Bic:ol1.e Comments

..... Antenna Pip~(

Minimum EIRP, dBW 8.0 0.0 Estimate
Path loss, dB/mA 2 -162.5 -162.5 40· elevation

Atmospheric absorption, dB -0.5 -0.5 Estimate; clear sky
Isotropic areas, dB-mA2 42.6 42.6 @11450 MHz
Ground station G/T, dB/K 34.9 34.9 7mantenna
Polarization mismatch, dB 0.0 0.0

Boltzmann's constant, dBW IK-Hz -228.6 -228.6
Downlink C/No @TM receiver, dB-Hz 65.9 57.9
Minimum C/No @ TM receiver, dB-Hz 53 53 For 4 Kb I s stream
Clear weather C/No margin, dB 12.9 4.9 1.1 dB rain fade for

99.95% availability
SINo for ranging:

Receiver baseband SINo, dB-Hz 60.7 52.7
Carrier recovery:

TM receiver loop bandwidth, dB-Hz 40.0 40.0 10 kHz PM demod PLL
Mar~,dB 16.7 8.7 BW

Subcarrier recovery:
TM receiver IF bandwidth, dB-Hz 57.0 57.0 500 kHz BW
Margin,dB 18.7 10.7

BER

Minimum Eb/No for 10e--6 BER dB 10.5 10.5 P.E. for coherent PSK =

Margin, dB 11.6 3.6 0.5* erfc (sqrt(Eb/No»
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On-StatIon Pipe Antenna

Table A-5. Ku-Band Command Links
OS' PI Arrn- tation anar ay

Contribution I Value Comment

Max Ground station EIRP, dBW 83.9 7mantenna
Path loss, dB-ml\2 -162.5 400 elevation
Clear sky loss, dB -0.5

Isotropic area, dB-ml\2 43.6 12750 MHz
Pointing error, dB -0.1

BTA gain (sum path), dB 35.0 USnBS
Polarization loss, dB -0.1
Path Loss to CR, dB -16.3 Ku band; includes SSMA

Power at TCR input, dBW -104.2
CR command threshold, dBW -135.0 unit spec

Command margin, dB 30.8
Command margin with rain fade, dB 28.5 99.95% availability. .

-
-

-

Contribution .... ··Villue ....
COlllJnent

Max Ground station EIRP, dBW 83.9 7mantenna
Path loss, dB-ml\2 -162.5 400 elevation
Clear sky loss, dB -0.5

Isotropic area, dB-ml\2 43.9 13250 MHz
Pointing error, dB -0.1

Pipe antenna gain (sum path), dB 4.( on-axis (Ku band)
Polarization loss, dB -0.1
Path Loss to CR, dB -6.3

Power at TCR input, dBW -125.5
CR command threshold, dBW -135.0 unit spec

Command margin, dB 9.:
Command margin with rain fade, dB 6.~ 99.95% availability

-

-
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APPENDIX B: INTERFERENCE ANALYSIS

This appendix. presents interference parameters, analyses, and results for

scenarios involving ExpresswayTM and hypothetical GSa FSS systems.
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LINK PARAMETER
on

A ell analysis was performed to determine whether ExpresswayTM could

share spectrum with a hypothetical GOO PSS system operating at V-band, referred

to here as System-X. System-X has earth station and space station characteristics

identical to those of ExpresswayTM except that its earth station antenna gain pattern
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is modeled on the reference antenna radiation pattern of Appendix 29, Annex III

of the international Radio Regulations. In the interference scenario, an

ExpresswayTM satellite and a System-X satellite are spaced 2° apart on the

geostationary arc. The earth stations for both systems are considered to be co­

located. The interference calculations for this scenario, appearing below in Table

B-5 indicate that 2° sharing is feasible under these conditions.
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