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DBS Receiver Signal Strength Meters
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Signal Strength Indicators in DBS Receivers:

Consumer grade recervers used for the reception of Direct Broadceast Satellite (DBS)
stmnals cmploy somce form of stenal strength (SS) indication. The SS mdication function
1s normally accessed by the consumer via the User Interface (Ul) software associated
with the installation and alignment of the home recetving equipment. The SS indication
device in both DIRECTYV and EchoStar consumer receivers is in the form of a bar graph
meter. The meter provides a relative measure of the received signal quality. The primary
intent of this indicating function 1s to aid in the alignment of the outdoor antenna to
achieve the strongest signal possible in any particular geographic area. However,
engineers for both DIRECTV and EchoStar have come to rely on these SS indicators as a
valuable tool in assessing signal transmission quality and deleterious effects from rain or

other interfering or noise generating phenomena.

The utility of the SS indicator comes primarily from the fact that it is not a simple RF

power indicator such as a Received Signal Strength Indicator (RSSI) from a receiver’s
pre-detection IF chain or Automatic Gain Control (AGC) from either the RF tuner/IF

strip. This source of SS indication is common to home FM stereo receivers.

The SS indicator of a DBS receiver derives its information from the QPSK symbol
demodulation and tracking loop. Internal to the demodulator, an algorithm estimates the
residual noise associated with the QPSK symbols. The quantity typically reported is the
Es/No, the average energy of a symbol to the average noise power in a | Hz bandwidth.
For Gray coded QPSK, the quantities Es/No and Eb/No are mathematically related by a
factor of 2. That is Es/No = Eb/No + 3db. Both Es/No and Eb/No are measured in the
digital domain. These quantities can be likened to the signal-to-noise ratio (S/N) which is
the common qualitative quantity of measure for analog transmission systems. In both
analog and digital svstems, knowing Eb/No or S/N and channel bit-rates and noise
bandwidths, it 1s possible to determine the carrier-to-noise (C/N) of the RF carrier.
Therefore, with simple mathematical relationships. the information from the
demodulators can be used to derive Es/No, Eb/No or C/N, all very useful quantitics for
characterizing transmission quahity and imparrments to a channel.

NMinor differences are encountered between 1C manufacturers in the methods for
calculating the bii-noise rato and hence the absolute value of the unit quantity. This 1s
the reason why the same absolute value of a particular channel C/N may be reported as
SS 94 for one model of receiver and SS 85 on another receiver. All thatis difterent
hetween the recenver models s the slope ot the number of 88 counts vs. decibel curve.

Forexample. the Fepostar Madei 4000 recerver has S5 meter slope of 6-7 counts per dB3.
Fhisas twriy Dinear rom below threshold. The demodulator actuallv remains locked
below the pont ot the FEC lock o very close to the end of the range of the internal 1€
register that holds the processed Fs/No value. In the case of the Model 4000, this relates
to CN values from about 1 dB to 14 dB for the currently used channel and code rates.
Fhis range is sufticient to provide accurate antenna peaking anvwhere in the continental
UIS EIRP footprnts using small 18-inch antennas.
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The important pomt to note s that any recerver can be calibrated to provide verv accurate
C/Nor Eb/No values from the deflection of the 8S meter. Once a calibration has been
performed. the number of SS count difference observed under varying channel
conditions can be directly related 1o absolute dB values of C/N degradation from the
impairment. Stated another way, for a 1 dB degradation of C/N, one model receiver may
report a 10 SS count delta and another model 7 SS count delta. Both SS data points are
correct, accurate, and repeatable knowing the associated calibration curve. Even without
calibration. the change in the SS count reading from peak value to some lower value
indicates the channel is suffering impatrments but on a relative rather than absolute basis.

The accuracy and dependability of the data interpreted from the SS meter can provide
valuable information to engineering and satellite operations. It provides a means to
constantly monitor the condition of the satellite payload and varying regional link
conditions. The information is used for statistical data collection to verify and support
availability predictions and to evaluate the performance of system design improvements
from the uplink transmission plant to the sct-top and outdoor electronics.
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Appendix B

Link Budgets
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3 IEcho at 110: 3/4 code
_ 1Oxon Hill, MD

Transponder 16
Test7
Uplink C/N (thermal). dB

Downlink
Washington, DC

Satellite EIRP dBW
Downlink path loss df3

| Atmospheric toss dB

1" Downlink rann foss B3

} Rain temp incrense dB

;l Ground Rx Pointing loss, dB3

\ Ground GrT didi

\ Bandwidth, «ils-1i2
‘ Boltzmann's « v et oy

L
Cownlink C/N ginermal) of3

Total
Uplink C/N tthermah. 4B
Downlink C/N (thermaly, dB
Crosspol interfercnce, 48
Adjacent sat interf dB
Cil from NP

Total C/(N+1), dBB
Threshold C/(N+1), dB

L Margin dts

DU_DnoUS VIS830 4 1

Clear Sky Rain Dn | ‘;
Clear Sky w/NP Rain Dn w/NP I
24.20 24.20 24.20 24.20 o
54.0 54.0 54.0. 54.0 .
-206.1 -206.1 -206.1, 2061 ‘ |
02 -0.2 0.2 02 _ % Qutaga mindyr. L
00 0.0 412, -3.91 Availability wio NP 99,9285 376 '
0.0 0.0 3.8 38 Availability with NP 999157 422) |
05 05 -0.5' -05.  Increase in unavailability 12.3 48| |
12.7 127 127 127 ' | |
738 738 738, -73.8 L
2286 2286 2286 2286
. i i
147 147 6.7, 70 B
— |
Clear Sky Rain Dn L
Clear Sky wiNP RainDn  wINP ||
242 242 24.2! 242 |
147 14.7. 6.7| 700 |
229 229 228, 229 !
222 222 222 222 |
99.0 18.6 99.0| 18.6.
I
131 12,0 6.4, 64, ! ’
6.4 64, 6.4, 6.4 |
' ’ ! . I
67 56, 0.0, 0.0! N
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(Echo at 61.5; 3/4 code
Oxon Hill, MD

\ Clear Sky Rain Dn
Transponder 2 Clear Sky w/NP Rain Dn wiNP
Test 14 ‘
L lUplink C/N ftnerman o3 24.20 2420 24.20 24.20
Downtinr Satedte i i 535 535 535 535 |
Washington DC Downhink ;o e ) 2059 -205.9 -205.9 -2059, { |
Atmosphe - e 13 02 -0.2 -02 -0.2 s B n i
Oownhink ram ioss di3 00 0.0 -3.98 277 Availability wio NP 99.¢41¢ 205
Raintemp .icrease 48 00 00 -38, -3.2 ‘Availability with NP 998708 A79
Ground Rx Painting ioss di 05 -05 0.5 0.5, lincrease in unavailability 122.4 374
Ground G/T. dBiK 127 12,7 127 127,
Bandwidth dB-Hz 738 738 738 738!
Boltzmann's constant ¢BW 2286 2286 2286 2286
Oownlink C/N (thermal).dB 14.4 14 4: 66; 8.4i
Clear Sky Rain Dn
t |Total Clear Sky wiNP ~ RainDn w/NP .
Uplink C/N ithiermal) B 24 2 242 242 242
Downlink C/N (thermal), dB 14.4 14.4 66‘ 8'41\ N
‘Crosspol interference, 4B 22.9 229 22,9, 229 B
Adjacent sat interf . d8 300 300 30.0! 300]
Cll from NP 99.0 1.3 99.0 11.3}
Total C/(N+1). ¢B 133 92 5.4@{ 5.4) 1
Threshold C/(N+1). dB 6.4 6.4 6.4 64
| | L
L‘.»_MUL_QQ,W - 6.9 28 0.0; 0.0 |
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Oxon Hill, MD

O
Echo at61.5; 3/4 code

DU DOCS 3158501 % o

Clear Sky Rain Dn |
Transponder 16 Clear Sky wINP Rain Dn wINP L
Test 15 ‘ 1 |
Uplink C/N (thermaly, di 24 20 24.20 2420 2420 I ]
| | N
Downlink Satellite E1RP 48wV 535 535 535, 535 | |
Washington. DC Downlink path loss. 4B -205.9 -205.9 -205.9 -205.9 u
Atmospheric loss dB -0.2 -02 -0.2: -0.2: % Cutage min/yr L
Downlink rain loss, dB 00 040‘ -3‘98} —3.04;‘ 3Availability w/o NP 399.9419 305
Raintemp increase. dB 00 0.0 -3.8. -3.4i ’;Availapility with NP 99.8947 553 ]
Ground Rx Pointing loss, dB -0.5, 05 -0.5 -0.5 ilncrease in unavailability 81.2 248
Ground G/T. dB/K 127 12.7: 12.7] 127, |
Bandwidth, dB-Hz -738 738 -73.8) 738
Boltzmann's constant dBW 2286 228.6 2286 2286
Downlink C/N (thermal) dB 14.4 144 6.6, 8,0;' :
Clear Sky RainDn
Total Clear Sky wINP RainDn -~ wiNP
Uplink C/N (the:nmal), dB 242 24.2 242 242
Downlink C/N (thermal), dB 14 .4 14.4 6.6 8.0 |
Crosspol interfercnce. dB 229 229 229, 229 \
Adjacent sat mter!  dB 30.0 30.0 300 300! '
Cll from NP 99.0 12.3 99.0! 12.3 ,
Total C/(N+1; dB 133 9.8 6.4/ 6.4 {
Threshold Crto1y, uB 6.4 6.4 6.4! 6.4,
L Margin, d3 N 6.9 3.4 0.0 0.0, \
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| |Echo at 61.5: 3/4 code
| Oxon Hill, MD 1

‘ J Clear Sky ~ RainDn J‘
| |Transponder 32 Clear Sky wi/NP RainDn wINP ‘ » |
| | lTest 16 ‘ ‘ _ ‘ :
; 1 "Uplmk Ci therman o3 2420 24 20 2420 2420 [
o |
~ |Downiink Satellte it i3 53.5 535 535 535 _ , »
& Washington, DC Downlink path loss dB -205.9 -2059 -205.9. —2059; . | |
: | Atmaospheric loss. dB -02 -0.2 02 -0.2. » - % Dutage minyr
l Downlink rain loss dB ‘ 0.0 0.0 -3.98. -3.791 Availability. w/o NP ] 99.9419 305
J Rain temp increase. dB 0.0 0.0, -3.8. 3.7 Availability with NP . 99.9350 342
‘ j Ground Rx Pointing loss, dB8 -05 -0.5, -0.51; -0.5: ‘Increase in unavailabitity - 11.9 36
i Ground G/T, dB/K 12.7 127 12.7 1274
| Bandwidth. dB-tiz -73.8 -73.8 -73.8] -73.8
| ; Boltzmann's constant dBW 228.6 2286 228.6; 228 6|
| | : ‘
| | [Downlink C/N (thermal) 4B 14.4 144, 66 6.9
\
‘ Clear Sky ' . RainDn |
| |Total Clear Sky w/NP RainDn  wiNP |
% Uplink C/N rtermal di 242 242 242 242 l
| Downlink C/N (thermal), d& 14.4 14.4 66 6.9 |
Crosspol interference, dB 229 229 22.9; 229
Adjacent sat interf , dB3 30.0 30.0 30.0! 30.0|
C/l from NP 99.0 18.8 99.0! 18.8
Z Total C/(N+}j, B 13.3 122 64, . 64
l Threshold C/iN 1), dB 6.4 6.4 6.4/ 64
| | l l o
‘\ ‘ Margin, dB o 6.9. 58 00; 0.0! :
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DIRECTV at 101: 8/7 code

Oxon Hill. MD

Clear Sky Rain Dn '
Transponder 2 Clear Sky wiNP Rain Dn w/NP
Test 20
Uplink C/N thermal; dB 2770 27 70 2770 27 70
Downlink ‘ \‘ ‘
Washingten D C Satellis £1RF B 558 55.8 558 558 |
Downlink pathi sy dB -206.0 -206.0¢ -206 0 -206.0 f
tmosphienc loss, di -0.2 -0.2 0.2 -0.2 _ % Dutage min /yr 1
Downbnk ran iuss df3 0.0 00 -4.82 -4.30, -Availability w/o NP 99.9584 219
Rain temyp ncrease ot 00 00 41 -39 Availability with NP 99 9457 286
Ground Rx Poirtng loss w0 -05 -0.5 -0.5 -05 ‘Increase in unavailability 30.6 571
Groung 3T ¢hK 130 130 130 13.0 i
Bancwaor a6 1 738 738 738 738 .
Bovmmm RETREH AN 2286 2286 2286 2286 L
| | | K
Downlink CiN (tnermal) ¢B 16.9 169 80: 8.7 j (
Clear Sky Rain Dn ‘ ]
Total Clear Sky w/iNP RainDn .  w/NP ;’ »
Uplink C/N (thermal), dB 27.7 277 277 277, ; i
Downlink C/N (thermal). dB 16.9 169 8o 87
Crosspol interference. dB 229 229 229 2290
Adjacent sat interf . dB 207 20.7. 20.7 J207)
Cll from NP 99.0 16.3. 99.0| 163
| | ; |
Total C/N+1), aB3 145 123 76 76|
Required C/IN+I). dB3 76 76 76 76!
|
Margin, at} 6.9 4.7 0.0 0.0' ‘
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DIRECTV at 101: 6/7 code
Oxon Hill. MD

Transponder 18
Test 21

Uphink TN ierman o3

Downie

Wastingion 00 Satelite it

i f

: Downliik parior o3

l Atmosphern s ces 43

}' Downlink ~ar loss ¢B

] Rain teme nnrease dB

i Ground 1 vty loss i

| Groung G'T 4Bk
| Bt e e

& - Pt al

Boltznan o oo SR

Downlink C'N ithermali 4B

Total

Uphink oty ver g 0B
| Downlnk Citd (‘hermal), dB
Crosspol interfererce, dB
Adjacent sat interf  dB
C/l from NP

Total C/(N+D), ¢B
Required C/(N+I uB

—
i
|
!

Margin, b

DC_DOCS 3SYS |0y

Clear Sky Rain Dn E ||
Clear Sky wiNP Rain Dn wINP ! 1
2770 27 70 2770 2770
5582 558 558 55 8
-208 0 -206 0 -206 0 -206 0 ‘ ‘
G2 -0.2 02 0.2 , B % Lutzge mindyr
00 00 -4.82 450 Availability w/o NP ~ 9ggses 219] |
00 0.0 41 40 Availability with NP 99951 257 \
-05 05 -05 -05. Increase in unavailability 17.6 38
120 130 130 130 - |
738 738 738 738 |
2286 2286 228.6 2286 L
‘ ‘ J
169 16.9 80 8.4 ' \ "
~ [ |
Clear Sky Rain Dn
Clear Sky w/NP - RainDn wiNP
277 277 277 277
16.9 16.9 80 84
29 229 29 229,
207 207 207 20.7. ‘
99.0 18.3 99.0/ 18.3
| | | |
145 13.0. 76! 78
76 76 76| 76!
o 69 5.4 00 0.0 - i
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Oxon Hill, MD

DIRECTV at 101: 6/7 code

Clear Sky Rain Dn
' |Transponder 32 Clear Sky wiNP Rain Dn w/NP
© (Test22
L jUphine O rermany ol 27 70 27.70 2770 27.70
‘\ Downlirix
% Washingtor T ¢ Satelite B vy 558 558 558 558
; Downiver i el 2080 206 0 -206 0 2060
‘ Amosphis i 1065 4B -02 -0.2 -02 02 ‘ _ % O utage min.yr
j Downlink 1onn i o3 00 0.0 -4.82 -4.68: ‘Availability w/o NP . 99 g584 219
[ Ramtemp noioase, S8 00 0.0 41 40 Availability with NP . 999584 235
1 Ground Re Pomung oss 4B 05 05 05 05 Increase in unavailability 7.2 i)
. Ground G’ 1 K 130 130 130 130,
i { Bandwint: w3 Hz 738 738 -738 738
i Boltzmann's constant 4BV 2286 2286 2286 2286
‘ Oownlink CIN (thermal), 8 16.9 168, 80 82
“;‘ Clear Sky Rain Dn
Total Ciear Sky w/NP ~ RainDn | wiNP 1
Uplink C/N (thermal). dB 277 277 277, 217,
‘Downlink CIN (thermal), d8 169 16.9° 8.0] - 82
| Crosspol interference, dB 229 229, 22.9] 229J
Adjacent sat interf | dB 207 207 20‘7‘( 20.7|
[ Cll from NP 99.0 21.8] 99.0, 218
‘ . | ! -
Total C/(N+1) dB 145 137! 7.6l 76
l Required CIHN I B 76 76 76 76
_ ‘ | |
» . Marain, dB 6.9 6.1 0.0/ 0.0l
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ExpressVu at 91; 3/4 code'
Oxon Hiit, MD

DU DOCS 35830 | W0 )

Clear Sky Rain Dn ‘
Transponder 2 Clear Sky wiNP Rain Dn wiNP ]
Test 23 ‘\
Uplink C:N (thermal). oB 2570 2570 2570 2570 1
i
Downlirk Sateite g by 48 8 48 8 48 8 488 J
Washington. DC Downlink o wise A8 -2059 -2059 -2059 2059 R } ‘
Ameosplizne ioss di3 02 -0.2 -0.2 -0.2. . Yo Outage minyr
Downtire e fose <42 0.0 C.0 -1 1 -083 Availability wio NP 98 213% 4132
Ram ten nocase o 0.0 0.0 -18 -15. ‘Availability with NP 98 6712 5984
Ground Hs Poirtrg ioss B -0 5‘ -05 05 05 Increase in unavailability 63.0 2852
Ground G-7 didik 126 12.6 12.6 126:
Bandwior: oz -73.8 -73.8 -73.8 -73.8
Boltzmanm's napetart R 2286 2286 2286 2286
Downlink C/N {thermal) dB 96 9.6, 67, 7-3:
Clear Sky Rain Dn
Total Clear Sky wiNP RainDn  wINP
Uptins Codienmal b 257 257 257 257,
Downlink 0N ez d8 96 96 67 73 1
Crosspol nuerieene: of 229 229 229 229
Adjacent sat it dB 300 30.0 2272 222
Cltfrom NP 99.0 15.4 99.0 15.4
Total Crorlel, i 93 83 64 6.4
Threshols CiNely, a3 64 6.4 6.4 6.4
| Margin, atd o 29 19 0.0 0.0!
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\Oxon Hill. MD

Clear Sky Rain Dn
‘Transponder 16 Clear Sky wINP RainDn w/NP
iTest 24 ‘ ‘
Uphnk C/H ithermall i} 2570 25.70 25.70 25.70
Downlink Satellite £ w7 48.8 48.8 48.8 48.8
Washington OC  Downlink patti loss o8 -205.9 -205.9 -205.9 -2059 ‘
Atmosphenc loss R 02 02 0.2, 0.2 ‘ ' ‘ % Dutage min fyr
Downlink rasm loss 63 00 0.0 -1 -0.79. ‘Availability wio NP ' 99.2139 4132
Rain temp increas: dB 0.0 0.0, -1.8 -1.4 iAvailability with NP _ 98.5415 7666
Ground Rx fPonting loss dB -05 0.5 -0.5 0.5 Increase in unavailability _ 85.5 3534
| Ground G/T dBiK 12.6 126 12.6 126
O Bandwidth, ¢B-tiz -73.8 738 -738 -73.8
‘ “ Boltzinann's constint dBvy 2286 2286 2286 2286
Downlink CiN {thermal) dB 96 9.6 6.7 7.4
Clear Sky ‘ Rain Dn
Total Clear Sky w/NP RainDn ~ w/NP
Uplink CIN i 483 257 25.7 257 25.7
Downlink C/M ithenmaly dG 96 9.6 6A7: 7,4‘
Crosspolinterference, i 229 22.9 228 229
Adjacent sat mter! 8 30.0 30.0 222 222 ‘
Cit from NP 99.0 14.8 99.0. 14.8. ‘
Total C/(N+ 1. i3 93 82 6.4 6.4
Threshold C/iN+Iy. a2 6.4 6.4 6.4 6.4
Margin.d8 29 1.8 0.0 0.0 J
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iExpressVu at 81: 3/4 code

T
| |Oxon Hill, MD |
! Clear Sky Rain Dn ! |

Transponder 32 Clear Sky wINP Rain Dn w/NP | !

i Test 25 f !
| |UPlink TN itherman 2570 2570 25.70 25.70 i 3
! y |
|Dowrie o 488 a8 8 48 8 488 R
asn L 2059 2059 2059 205 9 | |

} AlLsp r 00 02 072 -02 ‘ 4 myr |

! Derantonr 10 : 00 0.0 111 105 Availability w/o NP 99 27 ara:! |
Ronr e o 00 00 18 1.8 'Availability with NP 99 13¢4 as2t|

. Sround Rt s s OB 05 05 0.5 -05 Increase in unavailability 9.4 aet] |
N Ground GiT e 126 126 126 126 L
N Bandwigth i1 738 738 738 738 ., | \‘
] Boltzmaniv's = stin: divy 2286 2286 228.6 2286 | \
\ * |
1‘ Downlink C/N {thermal) dR3 9.6 9.6 6.7 68
|
\ Clear Sky Rain Dn ‘

‘i Total Clear Sky w/NP ~ RainDn w/NP _

! Upink C/N (e g 4B 257 257 257 257
y Downhnk Citi it mal) 0B 95 96 6.7 68|
. Crosspol interference o8 229 229 229 22.9;

H Adjacent sat izt ab 300 30.0 222 222,

E \ C/l from NP 99.0 225 99.0° 22.5!

B | i i
i ’ Total C/(N+1) n 93 91 6.4 6.4, |

’ Threshold CriN+11 4B 64 6.4 6.4, 6.4 | r

} ‘ Margin, dB 29 27 0.0 0.0! iJ
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[Echo at 61.5; 3/4 code

1O xon Hill, MD
S

. }TransponderZ

|
|
|

Test 30

| Downlink

VWashingten 0OC

FCC Demo

Uplhnk C/N (thermali. dB

Satellite Eii-t

Cownlink naott e b
Atmosphenc lose dis
Downlink ram loss B2

Rain temp maorease 48
Ground Rx [Fomtng loss B
Ground G/T disik
Bandwidth. d2-11z

Boltzmann's constant dBW

Downlink C/N (thermal) dB

Total

Uplink C/N (thermal ¢8
Downlink Ciiv ithermaly dB
Crosspol inteiference, dB
Adjacent sat inter | dB

C/l from NP

Total C/(N+11 db:
Threshold C/iN+1y i3

Margin. d8

10 _[)t WS 3A85Y j\\«/f‘

Clear Sky Rain Dn
Clear Sky w/NP Rain Dn wiNP
24.20 24.20 2420 24.20 |
535 535 53.5 535 |
2059 2059 205.9 205.9° |
02 02 0.2 0.2 . » Vo Cutage mir-/yr 1 1
0.0 0.0 -3.98. 302 Availability wio NP 99.941¢ 3085)
0.0 0.0 -3.8 33 Availability with NP 998930 553 |
05 05 0.5 -0.5 Increase in unavailabilty 84.2 257 |
12.7 12.7 127 127 |
738 -73.8 -73.8 -738. :
2286 2286 2286 2286 “
. . ; [
14.4 14.4 6.6 8.0 |
Clear Sky Rain Dn K |
Clear Sky wiNP Rain Dn w/NP
24.2 242 242 242
14.4 144 6.6 8.0
22.9 22.9 22.9 229!
30.0 30.0 30.0 3000 ;
99.0 12.2 99.0 12.2! ‘
13.3 9.7 6.4 6.4 \
6.4 6.4 6.4 6.4, N
; B
69 33 00, 0.0, B
30
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* |Echo at 1107: 3/4 code

Test 31

Downhin

Oxon Hill, MD

Transponder 16

Washirgton DC

Uplink C/N (thermaly. at?

Downlink C:N ‘thermali -

Total

= P = - . LTI T :,_,li‘
Clear Sky Rain Dn S “
Clear Sky w/NP Rain Dn w/NP
FCC Demo
24.20 2420 24.20 2420 i
Satelbtx LiRE 54.0 54.0 54.0 54.0 }
Downhob ot ol 2051 -206.1, -206 1 -206.1 [
Atmiosprea e 02 02 -0.2 02 _ ) e Ouwage min oy ‘
Dot oo 00 0.0 412 -3.55  Availability w/o NP 99 G285 Pll
Ram temp -« roan 48 0.0 0.0 38 -3.6 Availability with NP 99.90C¢ 523
Ground Ry Foriing ioss. ¢f3 05 -05 05 -0.5, Increase in unavailability 39.1 -171
127 127 127 127 ‘
738 -73.8 -73.8. 738
Bolzmu Lo 2286 2286 2286 2286
alj B 147 14.7 87 7.5
Clear Sky Rain Dn
Clear Sky w/NP Rain Dn w/NP -
Uptnk Citd ithermall, ¢f 242 242 242 242!
. : - . 1
Downlink CiN (tharmal) dB 147 14.7} 6 7 7.5!
Crosspal interferonce d8 229 229 22.9; 229
Adjacent sat mert 4B 222 222 222 222 !
C/l from NP 99.0 14.4 99.0 14.4°
Fotal Ci(hote oz 131 107 64 64
Threshotd Code 1, b 54 64 6.4 64
Margin a3 67 43 0.0] 0.0; 1
L LT T 1
31




e
DIRECTV at 101; 6/7 code
Oxon Hill, MD

DE_DOCS IS | iwe ™)

l Clear Sky Rain Dn
| Transponder 2 Clear Sky w/NP Rain Dn w/NP
? Test 32 FCC Demo _ ‘
i {Uplink C/N (thermal), oB 2770 2770 2770 2770,
|
Downiink ‘ ‘ ‘ ‘ |
‘ Washington D C Satelite C1R0 40 558 55.8 55 8: 558,
| Downfink jth toss i 2060 -206.0 2060 2060
: Atmosphenc ioss 8 -02 -02 02 -02: o % Qutage min/yr
| Downlirk ran loss, 48 00 00 -4.82 -4321  Availability wio NP 99 9584 219
‘ Rain terp increase di 00 0.0, -4.1 -39 ‘Availability with NP 99 9464 282
J] Greund Rx Pomting ioss dB -05 -0.5 -05, -O.5: JIncrease in unavailability 28.9 33
| Ground G i B K 120 130 130 130
| Banuwictin ¢B-Hz 738 738 738, 738
! Boltzmann s constant 4BW 2286 2288 2286 228.6/
‘ : . =7, 29|
Downlink C/N (thermal) d8 16‘9: 16.9 B.Oj 8‘7:
Clear Sky ' Rain Dn
Total ClearSky =~ w/NP  RainDn | wiNP_ ! -
Uplink C/N (thermal), dB 277, 277! 27.7] 277, | )
Downlink CiN (thermal). dB 16,9 16.9, 80| 87l | i
Crosspol interference. 4B 229 229 22.9, 229
Adjacent sat mierf B 207 20.7. 207} 207,
Cll from NP 99.0 16.5° 99.0/ 16.5!
! !
‘ Total C/{N+1) aB 14.5 12.4, 781 76
l Requirect Cine 1 i 7 76 7.6, 76
Margin, dB 6.9 4.8 0.0; 0.0, AJJ
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IDIRECTV at 101: 6/7 code
Oxon Hill, MD

Clear Sky Rain Dn
Transponder 2 Clear Sky wiNP Rain Dn w/NP
Test 33 Mast Extension ‘ ‘
Uplink C/N (thermal), dB 2770 27.70 27.70 27.70
| |Downlink : .
i Washington D C  Satelite £i1302 <BwW 558 558 558, 558
Downlink path luss di3 -206 0 -206.0 -206.0. -206.0,
Atmosphetic loss. dB 0.2 02 02 02, ‘ o _ % Outage min fyr
Downlink rain 1055 d8 00 00 -4.82] -4.02) Availability w/o NP 99.9584 219
Rain temp iicrense B 00 0.0 -4.1 -3.8, Availability with NP 99.5368 332
Ground Rx Pointiig 10ss, dB 05 -05. 05! -0.51 ‘Increase in unavailability 51.8 112
; Ground GiT wbi K 13.0 13.0 13.0 13.0, )
| Bandwidtl <2t 738 738 738, 738
| Bolrmany s corsianidBwW 22886 2286 2286 2286
*; Oownlink CIN (thermal) B 16.9 16.9 8.0, 91; .
Clear Sky Rain Dn
| Total ClearSky ~ w/NP  RainDn |  wiNP
| Upimk Gty df 277 277 27.7 277 '
Downlink C:Mctherman. dB 16.9 16.9 8.0 9.1
Crosspol ineriersnce. b 229 229 229 2289
Adjacent sat intert | dB 207 207 20.7! 207!
Ci/l from NP 99.0 14.6 99.0. 14.6/
Total C/(N+1} dB 145 1.5 7.6 7.8
Required CriM el o 76 76 76 76
‘ Margn g8 6.9 39 0.0 0.0,
't
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T
. |DIRECTV at 101; 6/7 code

{0 xon Hill. MD

Transponder 16
Test 34

Downlink
Washington, D C

Mast Extension

Uplink C/N (thermal). dB

Satellite Il dB3wy
Downlink path loss, dB
Atmosphenc loss. dB
Downlink raim loss d8

Rain temp incieass:. dB
Ground Rx Puinting luss, B
Ground G/T. dB/K
Bandwidth df-t+:

Boltzmann's constant di3vy

Downiink C/N (thermaly dB

Total

Uplink C/N (thermaly, dB

Downlink C/N (thermal), dB
Crosspol interference, dB
Adjacent sat interf., dB

C/l from NP

Total C/(N+1j, dB
Required C/HN ) dB

Margin, dB

Clear Sky

27.70

55 8
-206.0
02

0.0

00

-0.5
13.0

.71
SR

2288

16.9

Clear Sky

27.7

16.9
229
207
99.0

6.9

Clear Sky
w/NP Rain Dn
27.70 2770
558 55.8.
-206.0, -206.0.
0.2 02,
0.0' -4.82!
0.0 -4.1
-05 -05,
13.0 13.0,
73.8 738
2286 2286
16.9 80,
Clear Sky
wiNP - RainDn
27.7 27.7!
169 80,
22,9, 22.9]
207, 20.7]
16.3; 99.0|
1 -
12.3i 78]
76 76|
47 0.0/

Rain Dn
w/NP

27.70,

55.8'
-206.0
-0.2]
-4.30,
-3.9!
0.5
13.0:
-73.8
2286

57,

Rain Dn
w/NP :
277
87,
229
207,
183

‘Availability w/o NP
‘Availability with NP
lIncrease in unavailability

% Outage min /yr.

99.9584 219} |

99.9457 286
30.6 57
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DIRECTV at 101; 6/7 code
Oxon Hill, MD

Transponder 32
Test 35 Mast Extension
Uplink C/N (thermal), dB

Downlink:

Washington, DC Sateliite EIRIY dB3vy
Downlink path loss. i
Atmospheric loss. dB
Downlink rain loss, di
Rain temp inciease. dB
Ground Rx Pointing loss, dB
Ground G/T, dB/K
Bandwidth, dB-Hz
Boltzmann's constant, dBW

Downlink C/N (thermal) dB

Total
Uplink C/N (thermal). dB
Downlink C/N (thermal), dB
Crosspol interference, dB
Adjacent sat. interf. dB
C/l from NP

Total C/(N+1), ¢l
Required C/(N+h), di3

Total EL/AN +1jo db3
Required Eb/lirlio. db

DC_DOCS3TARE L w0

Clear Sky Rain Dn 1‘
Clear Sky wiNP Rain Dn wINP
|
2770 2770 27.70. 2770 \
55.8 55.8 55.8 55.8 |
-206.0 -206.0 -206.0 -206.0,
-0.2 0.2 ~O_.2‘ -0.21 ‘ ] % ‘Qutage min /yr.
0.0 0.0 -4.82 -4.45, |Availability w/o NP 99.9584 218
00 0.0 4.1, -4.0, _Availability with NP 99.9499 263
0.5 0.5, -0.5! 0.5 Increase in unavailability 20.4 45
130 130, 130, B0
738, 738, 738, -738) | o
2286 2286 228.6] 2286 | o
. : i . t ) . _
16.9 16.9. 8.0 8.5,
Clear Sky  RainDn ||
Clear Sky w/NP ; Rain Dp“ | ”yv/NP»” 7‘1 ) !
277 27.7 277 217
169, 188 80 85 ,
229, 229 229 28
20.7 20.71 207" 207 |
sso s sl s |
‘ l N AL
145 12.8. 76 76,
7.6 76 76, 7.6
13.5 11_8f 66 66 |
6.6 6.6 6.6 66 |
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DIRECTV at 101; 6/7 code

Downlink
Los Angeles

Total

Los Angeles \l
Clear Sky Rain Dn !
Clear Sky w/NP -~ RainDn wINP \
Uplink C/N (thermal), d8 27.70 27.70° 27.70? 27‘701 (
w |
Satelite F1i0 gy 529 529 52.9. 52,9 (
Downlinn prt tos 4 2059 2059 2059 -205.9: !
Atmosphernc loss, dB -0.2 -0.2 -0.2| -02 . N o Yo Qutage min./yr |
Downlink rain loss, dB 0.0 0.0 -2.84. -1.96 ;Avai!a_bility wio NP 99.9764 124 (
Rain temp increase. dB 0.0 0.0 -3.3, 271 ‘Availability with NP . 99.9432 298] |
‘Ground Rx Painting loss. dB -0.5 -0.5 -707.5} -0.5; ‘}[ncrease in unavailability 140.8 174 !
Ground G/T. dB/K 130 13.0 13.0. 130 |
Bandwidth, dB-Hz -73.8 -73.8 -73.8) 738 )
Boltzmann's constant dBW 22861 228.6] 2_286J 22_8‘64}7
Downlink C/N (thermal),dB 14.1 141 8.0/ 9.5
| ‘
Clear Sky " RainDn |
_ Clear Sky w/NP  + RainDn ; w/NP |
Uplink C/N (thermal), dB 27.7 27.7 27.7, 27.7!
Downlink C/N (thermal), di3 141 14.1 8.0 - 9.5
Crosspol intetference, dB 229 229 229‘ 22,9
Adjacent sat interf  dB 207 207 29]! 20.7,
C/l from NP 99.0. 134 99.0/ 13.4]
Total C/(N+1), dB 12.7 10.0' 7.6 76! |
Required C/(N+i), i} 7.6 7.6, 7.6, 7.6] |
| | C ] . | |
Margin, g8 5.1 24 0.0] 0.0] P |
't
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(e e

r T —
|DIRECTV at 101; 6/7 code

‘ !Seamo
i ] Clear Sky Rain Dn ;
| Clear Sky wINP RainDn  wINP A
\‘ | | |
Uplink C/N (thermaiy di3 27.70 27.70 27.70 2770 i
| | |
‘1 Downtink, _ : , ] |
Seattle Saielite E1RP iy 522 52.2 522 522 _ |
' Downlimk path 1255, dB -205.9 -205.9 -205.9 -205 9 ‘ \ |
1 Atmesphere loss o 02 02 02, 02 _ % Outage min -yt |
% Downlink rai loss di3 0.0 0.0 241 143 Availability wio NP 999758 127,
l Ramntemp morense, 9 0.0 00 -30 -2 2: Availability with NP . 999178 432
% Ground Ry Porung loss, 4B -05 05 05 -05 Increase in unavailability 239.2 305
| Ground G/7 dBK , 130 130, 130 130
| Bandwidtt 011 738 738 738, 738
{ Bolzmant s ~stant dBW 2288 2286 2286 2286
Downlink C/N (thermal) dB 134 134 8.0i 9.8;
Clear Sky ‘ ‘ Rain Dn f‘
| |Total Clear Sky wINP Rain Dn wINP
Upiink G/l i), 0B 277 277 277 27170
Downlink CiN {thermal), dB 134 13.4 80 9.8 :
Crosspol nterference, d8 ‘ 229 29 229 229 7
Adjacent sat interf., 4B 207 207 207, 207 ]
C/l from NP 99.0 12.7° 99.0| 12.7!
Total C/(N=lj, dB | 121 9.4 7.6) 78
Required Ci(N+1). dB 76 7.6 7.6 7.8 i
L Margin, g8 45 1.8 0.0, 0.0]
37
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DIRECTV at 101; 6/7 code

} Chicago i
‘ Clear Sky Rain Dn “
t Clear Sky w/NP Rain Dn w/NP ]
i Uplink C/N (thermal) B 27 70 27.70, 27.70 27.70
i Downlink ) : L i *
‘ Chicago Satellite £1RP 4R/ 54.0 540 54.0 540,
? Downlink patn losn il 2060 -2060 -206.0 2060
Atmosphenc loss, 4B -02 0.2 02 0.2 ' % Outage runfyr !
| Downlink raim luss 48 00 00 -3561 -2.78; (Availability w/o NP 99 9320 2sg] |
4 Rain temp mcrzase B 00 00 -36 32, Availability with NP 99 8867 g98
l Ground Rx Pontirg fass di -05 05 -0.5 -0.5 ‘Increase in unavailability , 66.5 238
l Ground G/T dB/K 130 130 13.0 13.0
‘ Bandwidth. af-tz -73.8 -73.8 -73.8. -73.8,
| Bolzmann's corstant dBW 2286 2286, 2286 2286 |
| ‘ ‘ ‘ i
‘ Downfink C/N (thermal).d8 151 15.1! 8.0 9.1
‘ Clear Sky Rain On
| [Total ‘ Clear Sky wiNP RainDn -~ w/NP | ]
Uplink C/N (thermal) dB 277 27.7. 277 27.7: ‘
Downlink C/N (thermal), a8 151 15.1; 8.0 9.1
| Crosspol interference, dB 229 229! 22.9 22,9,
}‘ Adjacent sat el 08 207 207 207 207 Y
I Cll from NP 99.0 14.5 99.0 14.5,
Total CHN+1). df3 133 109 76 76
Required Ci(N+1y d 76 76 76 7.6 '
‘ . s ]
L Margin, ¢B 57 3.3] 0.0! 0.0|
38
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Denver

I {Downlink

Denver

Downlink

Total

| |DIRECTV at 101: 6/7 code

1 [Uplink C/N (thermal) dB

Satellite LI iy
Downtink path loss. dB
Atmospheric loss, dB
Downlink rain loss. dB

Rain temp increase, di
Ground Rx Pointing loss, dB
Ground G/T. dB/K
Bandwidth, di3-Hz

Boltzmann's constant d8wW

CIN (thermal),dB3

Uplink C/N (thermal). dB
Downlink C/N (thermal), dB
Crosspol interference, dB
Adjacent sat. interf., dB

C/l from NP

Total C/{N+1}. d8
Required C/(N+1). dB

Margin a8

_ JT— |

DC_DOCS IS0 1 [0y 7]

Clear Sky Rain Dn
Clear Sky wINP Rain Dn wINP
27.70 27.70 27.70: 27.70 | |
|
532 532 532 532 B
-205.9 -205.9 -205.9; 2059 . ‘
-02 0.2 -02 02 % Qutage min.fyr.
0.0 0.0 -3.04| 220 |Availability wio NP 99.9954 24
0.0 0.0, 3.4, 28 Availability with NP 99.9887 59
-0.5 -0.5, 50.5] —Q.Sﬂ }Ingr_ga“se in unavailability 144.4 35
13.0 13.0 13.0 1300 |
-73.8 -73.8, -73.8, -73.8: - i ]
2286 228.6' 228.6] 2286, | l
) ; ] |
14.4 14.4 8.0| 94 |
_ | - '
Clear Sky RainDn l
Clear Sky wINP - RainDn wiNP
277 27.7 27.7) 2t | )
14.4 144, 8.0/ 94 ]
229 220, 229 228, T
207 207, 207, o
99.0 13.7, 99.0) 137
o N
129 10.3: 78, 76 |
76 76 76 76! j
5.3 27 0.0] 00, |
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e /ﬁ ATTACHMENT A

AT 000
COONTSEARC TS

Comscarch’s Role in STA Testing and FCC Demonstration

Comscarch was an active participant in the STA Testing performed by DIRECTV and
LECHOSTAR personnel. Comscarch’s role was to observe and critique the in-progress
testing and provide an independent assessment of the validity of the procedures used.
The technical assessment also applied to the assembly and presentation of the data in this
report and the conclusions drawn from the measured data. To do this the same personnel
who actively observed the testing reviewed this report. Two of Comsearch’s most
experienced field measurement engineets were assigned to this project and were present
during the entire period of testing.

Comsearch personnel monitored all of the interference testing to insure that the tests were
1) repeatable, 2) properly calibrated, 3) the interference transmitter was set for the correct
EIRP and aligned properly, and 4) that the test met the prescribed and acceptable test
procedure. During the testing Comsearch personnel determined or verified the following
data:

1. The exact coordinates of the transmitter and the various receiver sites.

2. The line-of-sight condition of the satellite for the test.

3. The relative azimuth to the interference transmitter from the test site.

4. The interference measurement-- from initial transmitter-Off, to transmitter-On at nominal
power, and for cach transmitter incremental dB step increase up to loss of video.

5. The accurate determination of interference transmitter power output.

Based on the first hand knowledge of the interference testing by Comsearch’s field
engineers. it is our opinion that the tests were conducted in a highly professional, fair and
proper manner.  The data collected is a true representation of the interference conditions
that were created to the reception of the satellite signals by the interfering transmitter.
The report describes the testing accurately. The degradation of the satellite program
availability by the interfering signal as a percentage increase in lost availability is a fair
way o desceribe the impact of the operation of an interfering source. The conclusions
presented i this report that the satellite operations will be harmed by loss of designed

availabilite i the operation by the interference generated by the proposed terrestrial

sustem are correct and are tully supported by the measarement results.
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