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Link Budget Analysis

 What is a Link Budget Analysis?

« Alink budget Analysis is a mathematical calculation that takes into account of all of the
gains and losses from the transmitter, through the medium (free space, cable, waveguide,
fiber, etc.) to the receiver in a telecommunication system.

* What is a Link Availability?

 Link availability is the percentage of time over a year that the communications link will be

operational.
Availability 99.96% | 99.90% | 99.60% | 99.00%
Number of hours in outage per year 3.5 8.8 35 87.6
Number of days in outage per year 1/6 1/3 11/2




Link Budget Analysis
 Uplink in %
* Downlink in %
* End to End Link = 100-[(100-Au)+(100-Ad)]
« Example: 99.75 % uplink, 99.75 % downlink
« =100 — [(100-99.75)+(100-99.75)]
* = 100- (.25)+(.25)
* End to End Link = 99.50 %
 Uplink and Downlink rain attenuation must also be added

* Minor impact on C-Band

« Major impact on Ku-Band

« Caution:

* Do not use a large difference in uplink and downlink availability to meet End to End availability

requirements |
@ NTELSAT




Rain Climatic Zones

A

CCIR Rain-climatic Zones

Little to No Rain

Rain Almost
Everyday

3 INTELSAT



Rain Climatic Zones

* 14 GHz Rain Attenuation vs. Availability for ITU rain Zones

14 GHz Rain Attenuation by Zone

AV(av.yr.) A B c D E F G H J K L M N P
99.999 415 | 6.56 | 8.42 | 1093 | 12.83 | 16.62 | 17.88 | 1913 | 2098 | 25.23 | 3524 | 36.75 | 49.19 | 50.47
99.995 249 | 3.93 | 504 | 6.55 7.69 9.96 10.71 | 11.46 | 12.58 | 15.12 | 21.12 | 22.02 | 29.48 | 30.25
99.990 194 | 3.06 | 3.93 | 5.10 5.99 7.76 8.34 8.92 9.79 | 11.77 | 16.44 | 17.15 | 22.96 | 23.55
99.950 1.01 | 1.60 | 2.05 | 2.66 3.12 4.05 4.35 4.66 5.11 6.14 8.58 8.95 | 11.98 [ 12.20
99.900 074 | 117 | 150 | 1.95 2.29 2.97 3.19 3.42 3.75 4.51 6.30 6.56 8.79 9.02
99.700 044 | 0.69 | 0.89 | 1.15 1.35 1.75 1.88 2.02 2.21 2.66 3.71 3.87 5.18 5.32
99.500 034 | 0.53 | 0.68 | 0.89 1.04 1.35 1.45 1.55 1.70 2.05 2.86 2.98 3.99 4.10
99.000 023 | 0.37 | 0.47 | 0.61 0.72 0.93 1.00 1.07 1.18 1.42 1.98 2.06 2.76 2.83
98.000 016 | 0.25 | 0.32 | 0.42 0.49 0.63 0.68 0.73 0.80 0.96 1.34 1.40 1.87 1.92
97.000 013 | 0.20 | 0.25 | 0.33 0.39 0.50 0.54 0.58 0.63 0.76 1.06 1.11 1.48 1.52
96.000 011 | 017 | 0.21 | 0.28 0.33 0.42 0.45 0.49 0.53 0.64 0.89 0.93 1.25 1.28
95.000 0.09 | 015 | 0.19 | 0.24 0.28 0.37 0.40 0.42 0.47 0.56 0.78 0.82 1.09 1.12




Rain Climatic Zones

» 12 GHz Rain Attenuation vs. Availability for ITU rain Zones

12 GHz Rain Attenuation by Zone
AV@av.yr.) | A B c D E F G H J K L M N P
99.999 2.86 | 461 | 598 | 7.85| 9.28 | 12417 | 1313 | 1409 | 1553 | 1884 | 26.77 | 27.99 | 38.22 | 39.32
99.995 171 | 276 | 358 | 471 | 556 | 720 | 787 | 845| 931 | 1120 | 16.05 | 1677 | 2291 | 23.57
99.990 133 | 245 | 279 | 366 | 433 | 568 | 613 | 658| 725 879 | 1249 | 13.06 | 17.84 | 1835
99.950 070 | 112 | 146 | 191 | 226 | 296 | 320 | 343| 378 | 450 | 652 | 682 931 o958
99.900 051 | 082 | 107 | 140 | 166 | 217 | 235| 252| 277 | 337| 478| 500 683 7.02
99.700 030 | 040 | 063 | 083 098 | 128 | 138 | 148| 164 | 199 | 282 | 295| 403 414
99.500 023 | 037 | 049 | 064 | 075| o090 | 1.07| 114| 126 153| 217 | 227 | 310 3.19
99.000 016 | 026 | 034 | 044 | 052 | o068 | 074 | o079 | o087 | 106 150 | 157 | 214 221
98.000 011 | 018 | 023 | 030 | 035| o046 | o050 | 054| o059 | 072| 102| 107 | 146 1.50
97.000 009 | 014 | 018 | 024 | 028 | 037 | o040| 042| 047 | 057 | o081 | o084 115| 118
96.000 007 | 012 | 015 | 020 | 024 | 031 | 033| 036| 039 | o048| o068 | o071 097 | 1.00
95.000 006 | 010 | 013 | 017 | 021 | 027 | 020| 031 | 034| 042| 050 | 062 | 085| 087 T




Rain Climatic Zones

* 6 GHz Rain Attenuation vs. Availability for ITU rain Zones

6 GHz Rain Attenuation by Zone

AV(av.yr.) A B c D E F G H J K L M N P
99.999 0.31 0.51 0.67 | 0.89 1.08 | 1.42 1.54 166 | 184 | 225 | 328 | 344 | 484 | 5.00
99.995 018 | 030 | 040 | 053 | o064 | 085 092 | 099 | 1.10 1.35 197 | 208 | 290 | 2.99
99.990 0.14 | 024 | 0.31 042 | o050 | o066 | 072 | 077 | 0.6 1.05 1.53 | 1.81 226 | 2.33
99.950 007 | 012 | 018 | 022 | 026 | 034 | 037 | 040 | 045 | 055 | 080 | 0.84 1.18 1.22
99.900 0o5| oo0o9| 012 | 018 | 019 | 025 | 027 | 030 | 033 | 040 | 059 | 062 | 086 | 0.89
99.700 003 | 005 | 007 | 009 | 0.11 015 | 016 | 017 | 019 | 024 | 035 | 036 | 0.51 0.53
99.500 002 | 004 | 005]| 007 | 009 | 0.11 012 | 013 | 015 | o018 | 027 | o028 | 039 | 041
99.000 002 | 003| 004 | 005| o008 | 008| 009 | 009 | 010 | 013 | 0.18 | 019 | 027 | 0.28
98.000 0.01 002 | 003| 003| 004 | 005| 006 | 006 | 007 | 009 | 013 | 013 | 0.18 | 0.19
97.000 0.01 002 | 002| 003| 003| 004| 005| 005| 006 | 007 | 010 | 010 | 0.15 | 0.15
96.000 0.01 0.01 002 | 002| 003 | 004| 004 | 004 | 005)| 006 | 008 | 009 | 012 | 0.13
95.000 0.01 0.01 0.01 002 | 002| 003| 003 | 004 | 004 | 005 ]| 007 | 008 | 0.11 0.11




Rain Climatic Zones

* 4 GHz Rain Attenuation vs. Availability for ITU rain Zones

4 GHz Rain Attenuation by Zone
AV(av.yr.) A B c D E F G H J K L M N P
99.999 oog| 012 | 015 | o019 | o022 o020| 031 | 033 | 036 | o042 | 057 | o0s0| 077 | 079
99.995 005 | o007 | o009 | 012 | 013 | 017 | o018| 020 | 021 | 025 034 | o036 | o046 | 047
99.990 004 | o0os| o007 | o009 | o010 013 | 014 | 015 | 017 | o020 027 | o028 | o038 | 037
99.950 002 | 003| 004 | 005 005 007| 007 o008 | o009 | o010 014 | o015 | o019 | o0.19
99.900 001 | 002| o003 003 | 004 | 005| 005| 006 | 006 | o008 | o010 o011 | o014 | 0.14
99.700 001 | o0o01| o002| o002 o002 003| 003| 003 | 004 | 004 | 006 | o006 | o008 | o0.08
99.500 0.01 | o001 | o001 | o002 o002 002| 002 003| 003| 003 | 005| o005]| o008 | 0.08
99.000 0.0co | o001 | o0o01| o001 | o001 | 002| 002 002 002 002 003| 003]| 004 ]| 0.04
98.000 000 | ococo| o0o01| o001 | o001 | o0o01| o001 001| 001| 002 002| 002]| 003]| 003
97.000 000 | o000 | o0o0o| o001 | o001 o0o01| o001 001 | 001 | 001 002| 002]| 002]| 0.2
96.000 000 | o000 | o000 | o000 | o001 o001| o001 001 | 001| 001 001| 002]| o002]| 0.02
95.000 0.00 | 000 | o000 | 000 | o000 001| 001 001 | 001 | 001 001 | 001 ]| 002]| 0.02




Basic Satellite Link Model
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Coupling Loss

* Uplink
* The total loss between HPA output and the antenna
- Waveguide components
* OMT
* Feed

* Filter truncation

 Downlink

* The total loss between antenna and LNA/LNB input
* Feed
- OMT

- Waveguide components




Antenna Mispointing Loss

» Allows for the pointing loss between the ground station antenna and the
satellite antenna

* It is unlikely that the antenna will be targeted exactly due to initial installation errors
« Antenna stability due to wind
« Station keeping accuracy of the satellite

* A typical allowance for mispointing is 0.5 dB

* A large antenna without tracking may require more due to the narrow beamwidth




LNA / LNB Noise Temperature

« C-Band are normally quoted as Noise Temperature in [JKelvin

- Ku-Band are normally quoted as Noise Figure in dB

* Noise Figure to Noise Temperature

* Noise temperature (T) = 290 * (10*(Noise Figure/10)-1)

Example: Noise Figure = 1.0 dB
Noise Temp = 290 * (107(1.0/10)-1 = 75°K

* The higher the frequency the more difficult and expensive it is to achieve low noise figures

* The LNA/LNB Is one of the most critical components of an antenna system
receive system
* Major factor in determining the systems figure of merit (G/T)

* Frequency stability of LNB critical depending on type of service

* Low data rate carriers ’ INTELSAT.
e
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Antenna Noise Temperature -

* Factors that contribute to
antenna noise



Antenna Noise Temperature

* The total noise temperature of the antenna , (Tant = Tsky+Tgnd) depends
mainly on the following factors:

» Sky Noise (Tsky)

* The sky noise consists of two main components, atmospheric and the background radiation
(2.7K)

* The upper atmosphere is an absorbing medium

« SKy noise increases with elevation due to the increasing path through the atmosphere
« Ground Noise (Tgnd)
« The dominant contribution to antenna noise is ground noise pick up through side lobes

* Noise temperature increases as the elevation angle decreases since lower elevation
settings, will pick up more ground noise due to side lobes intercepting the ground

A deep dish picks up less ground noise at lower elevations compared to shallow ones

* Since antenna noise temperature has so many variable factors, an estimate is
perhaps the best we can hope for J INTELSAT




Antenna Noise Temperature
* Typical 3.6m antenna — Offset

Elevation angle (deq) Noise temp (C band) Noise temp (Ku band) (K

40 14 20

 Typical 6m antenna

Elevation angle (deq) Noise temp (C band) Noise temp (Ku band) (K




Antenna Noise Temperature
* Typical 10m C-Band antenna

Elevation angle (deqQ) Noise temp (C band)
5 46
10 35
15 29
20 24
30 17
40 14

* To the above you need to add extra according to the complexity of the feed:

2 port rx only, add 4.5

« 2 port rx and tx, add 4.5

« 3port2rxand 1 tx, add 4.5
* 4 port 2 rx and 2 tx, add 9.9




Antenna Gain

Aw A w2d?
N2 CA T Tha Ga

G'_

where:

A 15 the area of the antenna aperture, that i1s, the mouth of the parabolic

reflector
1 15 the diameter of the parabolic reflector, if it is circular

A Is the wavelength of the radio waves.
€ 4 15 a dimensionless parameter between 0 and 1 called the aperfure

efficiency. The aperture efficiency of typical parabolic antennas i1s 0.55

to 0.70.

a INTELSAT
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Adjacent Channel Interference C/ACI

- Unwanted electrical interference from signals that are immediately adjacent in
frequency to the desired signal

* Due to imperfections in the transmission channel and/or equipment

 This parameter specifies the expected interference level with respect to the
wanted carrier

* Typical values, irrespective of whether the uplink or downlink co-channel C/ASI
IS of interest, are in the range 24 to 30 dB




Adjacent Satellite Interference (C/gS}))

- The level of ASl is a function of severa/iil

* Orbital separation between
the desired and the
Interfering satellites

* Antenna side lobe
performance of the interfering
uplink earth station

* Antenna side lobe
performance of the receiving
earth station

* Typically in the range of 18 to
30 dB Sidelobes
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Cross Polarization Interference C/XPI

* A value for the carrier to cross polarization interference noise ratio C/XPI in dB
 Specifies the expected interference level with respect to the wanted carrier

* Typical values, irrespective of whether the uplink or downlink C/XPI is of
Interest, are in the range 24 to 34 dB

Total Cross-Pol Isolation

Total XPIl =-20log[10(Sxp/20)+10(Exp/20)]

Satellite X-Pol = 40 dB
Antenna X-Pol = 35 dB
Total X-Pol Isolation = 31.1dB




Cross Polarization Interference C/XPI

* Frequency re-use by dual polarization doubles the available frequency
spectrum at each orbital location using orthogonal signals (V-H)

* Since orthogonal polarization is not perfect in actual implementation

* There is some coupling between the orthogonal signals generated by the
transmitting antenna and at the receiving antenna

« These couplings can create signal degradation

* |n addition, the transmitted wave and the orientation of the receiving antenna
polarizer also affect the polarization angle and hence, introduce degradation to
the receiving antenna polarization performance

* The rotation of the antenna polarizer angle with respect to the satellite
downlink wave'’s tilt angle effects the receiving antenna polarization
Isolation performance. P NreLsar



HPA Intermodulation (C/IM) I
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Satellite Information
- Satellite Longitude

* Orbital position
- Satellite receive G/T
 Value to the specific location of the uplink earth station
* Obtained from satellite operators or G/T contour maps
- Satellite saturation flux density SFD
* The power needed to saturate the satellite's transponder
- Satellite gain setting
« Most satellites have a gain step attenuator, which affects all carriers in the transponder

« May, or may not, be include in the SFD specification

- Satellite EIRP (saturation)

* Transponder's effective isotropic radiated power (EIRP) at saturation in the specific direction of
the receive earth receive station Value to the specific location of the uplink earth station

« Obtained from satellite operators or G/T contour maps ’ INTELSAT
B
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Satellite Information

* Transponder bandwidth
« Satellites full transponder bandwidth
» Transponder input back-off (IBO)
* Input back off, or operating point, relative to saturation to reduce intermodulation interference
* Transponder output back-off (OBO)
 Related, in a non linear fashion, to the input back-off
* Transponder intermodulation interference C/IM

« Specifies the carrier-to-intermodulation noise ratio in dB

» Depends on such factors as center frequency and the exact number, type and positions of other carriers
sharing the transponder

* Increasing the input back-off also reduces the effect of this interference.

* There is little C/IM effect if only one carrier is present in the transponder

g INTELSAT




S
Carrier Information

* Required Overall Eb/No for desired BER
BER PERFORMANCE (Ex/No, dB)

° DependS on. Viterbi Viterbi & Reed-Solomon 56 kbps, Sequential
BER 12 34 118 BER 12 34 7/8 BER 12 34 718
* Modulation Type 107 38 49 61 10¢ 41 56 67 104 46 55
104 46 57 69 107 42 b8 69 104 41 51 61
 FEC Rate 109 03 64 76 104 44 60 71 10° 45 55 66
10% 60 72 83 100 50 63 15 105 50 59 73
* Coding 10-7 66 79 89 107 54 64 78
108 12 85 96 104 58 68 84
1544 kbps Sequential 1544 kbps, Sequential & RS 8PSK with/without RS
BER 112 34 17/8 BER 12 34 1718 BER 2/3wlo RS 2/3 with RS
107 48 52 60 10% 41 56 ofF 10% 8.7 6.1
10+ 92 57 o4 107 472 58 69 107 95 6.4
10° 96 61 69 104 44 60 71 108 10.2 b.b
10 29 65 74 100 50 63 75 104 11 6.9
107 63 /0 79 100 118 12
100 67 74 84 Viterbi, OQPSK
Turbo Product Codec BER 12 34 118
QPSK BPSK 8PSK 1073 41 52 64
BER 3/4 21144 5116 314 104 49 60 72
10+ 39 28 - 1.0 109 b6 67 79
107 41 3.1 - 1.3 104 6d 75 86
10¢ 43 3.3 - 16 107 69 82 92

100 48 37 40 80 108 75 88 99 3INTELSA‘[
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Satellite Information

 Information rate

« User information rate of the data in Mbps

* Overhead (% information rate)

« Amount of "overhead" added to the information data rate to account for miscellaneous
signaling requirements

* l.e. Reed Solomon
* Modulation
« Type of modulation
- BPSK, QPSK, 8PSK, 16QAM, etc.
* Forward error correction (FEC) code rate

* Code rate used with forward error correction
* 0.5, 0.667, 0.75, .875, etc.
T




Satellite Information

* Roll off factor

* The occupied bandwidth of a carrier is normally taken to be 1.1 times the symbol rate, thus
the roll off factor is 1.1

« System margin

« Accounts for uncertainty in the various input parameters and to allow for difficult to quantify
nonlinear effects such as AM-PM conversion and perhaps terrestrial interference

* Bit error rate (BER)
* The BER of the link

« 10-7 was typical of legacy systems
« 10-9 is desirable for IP links




Gains and Losses of a satellite link
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Essential Information

« Satellite receive G/T

* Site latitude and Site longitude « Satellite saturation flux density SFD

* Frequency - Satellite gain setting

* Polarization - Satellite EIRP (saturation)

* Rain-climatic zone - Transponder bandwidth

* Antenna aperture - Transponder input back-off (IBO)

* Antenna efficiency (or gain) - Transponder output back-off (OBO)

* Coupling Loss - Transponder intermodulation Interference C/IM

* Antenna mispointing loss - Required Overall Eb/No

* LNB noise temperature  Information rate

* Antenna ground noise temperature « Overhead (% information rate)

« Adjacent channel interference C/ACI . Modulation

 Adjacent satellite Interference C/ASI - Forward error correction (FEC) code rate

 Cross polarization interference C/XPI - Roll off factor

« HPA intermodulation interference C/I « System margin

* Bit Error Rate (BER)
B

« Satellite Orbital Location

Q INTELSAT




S
Link Budget Parameters

* The majority of link budget parameters are out of your control
* Those that you may control
* Antenna size
* Transmit
* Receive
* LNA /LNB

* Noise Temperature

» Carrier

* Modulation type
* FEC rate
« Coding




Symbol Rate and Bandwidth Calculations

Bandwidth Calculation

Symbol Rate = Information Rate/(Modulation * FEC Rate)
Information Rate =| 1544 |kbps
Modulation Type = 2 1=BPSK, 2 =@QP5K, 3 =8P5K, 4 = 16(JAM
FEC Rate=| 0.75 |5, 75, 875 etc
Symbol Rate = | 10293 |kHz
Occupied Bandwidth=| 11323 |kHz
Symbol Rate = Information Rate/(Modulation * FEC Rate * Coding)
Information Rate =| 1544 |kbps

Modulation Type = 2 1=BPSK, 2 = QPSK, 3 - 8PSK, 4 - 16QQAM
FEC Rate=| 0.75 |5, .75, 875, etfc
Inner = 188
Cuter = 204
Reed Solomon 0.92 |Overhead

Symbol Rate = | 11169 |kHz

Occupied Bandwidth =| 1229 |kHz
B T —m,e,em i 0. .




Link Budget Parameters

- Carrier — (modulation, FEC, coding)

- Satellite bandwidth required

- Balanced power and bandwidth operation

* 1.e. 10% transponder power, 10% transponder bandwidth
* HPA power requirement

* Ensure proper backoff to prevent intermodulation and spectral regrowth




Link Budget

= " INTELSAT
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Link Budget

* Where to start
- TX antenna gain (Size and efficiency)
« RX antenna gain (Size and efficiency)
* LNA noise temperature
* Modulation Type
- FEC Rate
» Coding
* Required Eb/No for desired availability
 Uplink rain margin

* Downlink rain margin

* Run calculation




Link Budget

* Verify bandwidth % vs. power % of transponder

- Bandwidth greater than power
« Smaller receive antenna
 Higher order modulation
* Higher FEC rate

» Power greater than bandwidth
 Larger receive antenna
» Lower order modulation

* Lower FEC rate

« Change Eb/No requirements

* Repeat calculations




Link Budget Example

* Determine Satellite BW and Amplifier Size for Link
* 4 X E1 Voice Service - Interconnect
» Kigali to Germany
» Kigali Optional 2.4m or 9m

* Germany Fuschsstad 13m

* Modems: CDM625 with option of Carrier Cancellation technology




Select Satellite....
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Select Beams

C-band Hemi Beams Intelsat 10-02 at 359° E

gy //—--‘T_,_;_  ——— X : —— e~
22 W el

42.5 dBW

39.1 dBW

C-band Hemi Beams

41.1 dBW

C-band Zone Beams

43.1 dBW
41.1 dBW 41.1 dBW b ,‘A.. Ku-band Spot 1

Ku-band Spot 2

39.1 dBW
4117 dBW 371 /d

Ku-band Spot 3/3X
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Set up Satellite and Transponders

# | Lease Transmission Plan
Spacecraft Parameters Total Transponder Beam Edge Parameters
Lease Name |Kigali FUS| Intelzat 15-1002 22122
SY0-L Humber |1 B andwndth F2.0 HMH=z
S atellite Flight I 1002 I ;I Folarization Circular/Circular
; ) Center Freq.
Satellite Location [Deg. E] | 355_[“]' ;I (UpsDown) 60500 f 3. 8250 GH=
Deqg. W) 1.00 G/T -6.5 dBAK
Operating Mode I Normal ;I UsL Meas. Improve. Factor: .0 de
3 EIRP 370 dews
Uplink Beam | EHA ;I
) iI DL Meas. Improve. Factor: .2 dB
Downlink Beam . | EHA I ;I Oper. Mode: MultiCarrier Txpdr Leasze
Transzponder Freq. Slot | 3-4 ;I IBEO 6.5 dE
Amplifier Power Level | Mormal ;I OBO -4.0 dE
Amplifier Power [watts]) | 55-2| ;I Avwailable Beam Edge | ease Besource
YSAT Optimized Transponder — B andwidth FHz
SFD Beam Edge = Opa I 79.0 Ill Operating FD dBh
[dBE* 2] EIRP dBws
Lease BW & 5T Calculated
[rHz] " User Specified Mumber of Active Carriers: ]
View Summary of Links___ | Accept Mo Link Budget Analy=ziz perfformed

=




I e
Define Carrier

r T ————— 7
Digital Carrier Definition
——— i ——— -
Select From Availlable Products & Modems. .. I
Carrier Type i” DIGITAL ;E Information Rate | a1 ggl ;I khitz =
Performance [BEHR] Alloc. BWw a= 025 = mH=z
FEC Code Rate 374 | Fa00 ;I Moize BWwW I HMH=
R-5 Code RBate n= I N/ A I ,_,I k= I MAA Spreading Factor: I 1 |
Overhead I 0 I - Ig — kbits =
. Min Uplink Rain Margin: I | dE i
M odulation | 2-PSE ;I F
y Min Dnlink D d. M in: I db |
Eb/Mo Threshold | rig=s P in Dnlin eqra argin
'j T otal Availability g9 gg = X
C/M Threshold - dE
U/sL Carrier Center Freq. | 6014.00000 MHz Transmit ES Code s | | =l MewES |8
CarfLink I 1 Act Fact | 100 o Receive ES Code “:” Ill MewES |
b
Linl:
E | % 1 M 1 I= - User Specified
Return | Accept |  Copy Cancel | ‘| L] ™ -LST Caleulated

INTELSAT




Look Up Modem Specifications

TURBO PRODUCT CODEC
BER

Rate 3/4 QPSK

Rate 3/4 8PSHEMA-0AM

Rate 3/4 16-C0AM

BER (with two adjacent
camiers, each 7 dB higher than
the desired carrier)

TURBO PRODUCT CODEC
BER

Rate 7/8 QPSK

Rate 7/8 8P5K/A8-0AM

Rate 7/8 16-0QAM

BER (with two adjacent
carriers, each 7 dB higher than
the desired carrier)

Rate 3/4 (Q, OQ)
Guarante=sd EbiMNaoc
(typical valus in parentheses)

Rate ¥4 (8PSK, 8-0AM)
Guarantesd EbMo:

[typical valus in parentheses)

Rate 3/4 (16-0QAM)
Guarante=sd EbiMoc
itypical walue m parentheses)

For:
BER=10= 3.8dB (3.4dB) 64 dB (6.0 dB) f8dB (74dB)
BER=10~ 4. 1dB (3.7dB) 6.7 dB (6.3 dB) 8.1dB (7.7 dB)
BER=10= 4 4d4E (4.0dB) 7.1dB (6.7 dB) 35 dB (8.2 dB)
Rate 778 (Q, OQ) Rate 7/8 (BPSK, B-0AM) Rate 7/8 (16-0AM)
Guarantesd Eb/Mo: Guaranteed Eb/Mo: Guaranteed Eb/Mo:
(typical value in parentheses) [typical value in parentheses) (typical value n parentheses)
For:
BER=10= 43dB (4.0 dB) T0dB (6.7 dB) 8.1dB (7.7 dB)
BER=10= 415dB (4.2 dB) 72dB (6.8 dB) 84 dB (8.1dB)

e T o R e e LTt S

- s L ] e

-~ = o A E T R S E

* INTELSAT
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Define Earth Sations

-

i - I -
Earth Staticon Definiticn T —— r ——
Primary Input
= ES Code [KiG240 I~ ES Mame
I= Band |C-Band [~ [T City [nearest]
I= Diameter |—24 rmeters M Country E
I Intelzat Standard I Mominal Pat Adw [Tr] 62 dB
| G/T=|Calculate |~ | 19.5 dB/K I Mominal Pat Adv [Rx] 4.9 4B

*GAT at 4 GHz ar 11 GHz

- Longitude . I 302425 Deg E 30 Deq 14 Min 33 Sec

Latitude I 1. 9527 Deg H -1 Deg 57 Min 10 Sec

.

Other Input

I= Tracking |Hune ILI I LHA Temperature 30.0 g |
fI| T Elevation Angle 53.5 Deg I Feed Losses .2 4B

I Azimuth Angle 27322 Deg T vSWR LNA 2.0

I Polarization Sense Circular I” Sidelobe Constant 32.0 dBi

I Ant. Efficiency [Tr] .65 I Peak Ant. Gain [Tr] 41 8 dBEi

I Ant. Efficiency [Rx] -B5 I Peak Ant. Gain [Bx] 7.8 dBi
| |

I ESIS5 Database I= - Uszer 5pecified I -LST Calculated |

Frequencies Azsumed: E.0500 / 3.2250 % %

Current S atellite Location: 359.00 °E =l

Heturn I Accept and Save to LST plan I Copy ES I Cancel I WWrite into Local ES DB I

INTELSAT




Run Anlysis — 2.4m

i . T m—
23 Anal — — S
nakhysis . — - ﬂ

Link Analysis Description: Carriers: Azzigned: 2 Active: 2 Links: Humber: 2 Active: 2
Link 1 Link 2

M odulation uPSK EPSK
Information Hate 8192.0 2192.0 kbitsss
FEC Code Rate 8750 8750
R-5 Code Hate M/A MN/A
Clear Sky Eb/MNo Available E 0O 5 4 dB
Humber of Azszigned Carriers 1 1
Transmit ES Code KIG240 FUS5930
Tranzsmit ES Size 2.4 9.3 m
Receive ES Code FUS930 KiG240
Receive ES Size 9.3 2.4 "
Receive ES GS/T 31.8 195 dB FK
Coordination Limit Check Passed FPassed

(o] | ]
Total Lease Resource Usaqge:
LST calculated [MultiCarner Txpdr Lease]) T otal BW allocated 63195 MH=
MuluCamer Txpdr Lease Total B [Fower Equival.] 6. 4660 MH=z
Total EIRF utilized 225 dbBw Total BW utilized 6. 4660 MH=z
Total EIRP available 22 6 dBw Total BW awvailable 6.5000 MH=z
M argin [availlable - utilized] .0 dB Margin [avail. - utihiz]) 0340 MWH=

Carner levels comply with coordination agreements._

R eturn Report Coordination Compliance Details.___ |

INTELSAT




Determine BUC Size

Determine Bandwidth

[ HPA Sizing Calculator 4 - |
1 o 1 1 KIG240
Total E/S UL EIRP through HPA 54 7  dBw Total BWw allocated 63195 MH=
'l Peak antenna gain 41.8 dBi -
Total BW [Power Equival.] 6. 4660 MH=z
/| Losses from HPA to antenna feed I 0z dB [l
R equired power at HPA output port 12.2 dBr Total BWwW utihzed 6. 4660 MH=
HFA output back-off dB -
[ 30 Total BW available 6.5000 MH=z
| Saturated HPA output power 1.2 dBf
Required HPA size 41.4 W atks
I |
Quit I %l




Run Analysis for Kigali 9.3m

9 CCT Network Definition # e | ) |

CCT Metwork, [D: [|'I Center Freguency [MHz]: I E074.0000
Murnber of Mebmorks to Conzider: I 1 Frequency Separation [MHz]: I Rujuju]
: Cancellation (AT U/ RBain | DAL Bain
. Info Rate kA adulation R oll-0hFf . Aieailability - -
Dir | TeESA | A= ESA (kbps] Foderm b odel % Coding Factor Gal[rl'njgaﬁ T= (% ] h-;ljlrzﬁm h-;lglrzﬁm
Out | FOS320 EIS3I=0 213z CDM-BE25 8FSK: 2/1 FEC: .40 dB Eb/Mo -Z25 e .0 99 _8&
Ih |EIZS20 FUS330 2132 CDM-BE25 8PSk 2/1 FEC: .40 dB Eb/Mo W25 Ze .0 S99 .98

<Footer:
MHew Link, I Remowve Link Duplicate Link FManage Link's Candidate ModCods. . D etermine Optimal Configuation. .. |
CCT Owerview... I Soccept Cancel |

a INTELSAT
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Determine BUC Size

- Determine Bandwidth

L W — — — -
[ HPA Sizing Calculator ‘ - |t |
1 a | KIG920 | Total BWwW allocated 4. 5511 MH=
Total E#S UL EIRP through HPA 56.3  dBwW Total B\ [Power Equival.) 4.5242 MH:z
B Feak antenna gain 53 9 dEi Total B'W utilized 4. 5511 MH=
i Lozzes from HPA to antenna feed IT dB i Total BWw awvailable 4. 6000 MH=z
Hequired power at HPA output port 2 7 dBwf
HPA output back-off I 30 dB
[ Saturated HPA output power 5 7 dBw,
Required HPA size 3.7 Wkt
I |
Q ik I %l

INTELSAT




Introduction to LST5

* LST5 — Lease Transmission Plan Program, Version 5
« Official link budget tool for planned services on Intelsat satellites

 Utilizes Intelsat satellite technical parameters and corresponding lease transponder characteristics (based on
IESS-410)

* Assists Intelsat customers in generating preliminary link budget analysis and transmission plans
* Free to download from My Intelsat by Intelsat customers
 Also available to accredited vendors and technical consultants (subject to review and approval by Intelsat)

* Regular updates of associated satellite data also posted on Mylntelsat




Key Input Data — Rain margins

 Total Link Availablility - Performance

— Up link and down link margins to compensate for attenuation due to rain

Attenuation Calculated for Average Year, Frequency: 600 GHz

«Satellite

Antenna Location

*Frequency

Application

g

-
i

Satellite Langitude [deqg]| Flic=
342
I (302] Satelite table| B2

I o

[ I R

0.5t01 dE
[ EERECEE
[ ER
I 2w2s5de

=~ [N 25taEdE
. Ita 35 dB
N -4 aE
| YRR
[ R
N 51055 dE

Availability

99.96%

99.90% | 99.60%

99.00%

Number of hours in outage per year

3.5

8.8 35

87.6

Number of days in outage per year

1/6

1/3 11/2

31/4




* Questions

* Thank you




The LST Software Tool

&P 'NTELSAT L

Lease Transmission Plan Program, Version 5

w 1.9.0

Communications Systems Engineering

Intelzat

Copyright: Intelsat {c) 2002

Start

Latest version: v 1.9.0




I e
Introduction

* Why is it important for customers to use LST5?

* Not only an LBA calculation tool
 Local E/S database
« CCT tool
* Modem database

 Location reports

* HPA calculations




S
Example 1

* Point to Point link between Fuchsstadt and Yaoundé,
Cameroon

* 5 Mbps/s full duplex

* 1.8 m antenna in Yaoundé
*|1S-10 @ 47.5°E
* Transponder EF16K

« Comtech cdm625A used at the remote site




S
Step 1: Entering Satellite Parameters

[ L= [ ]
- L5TS Intelsat Lease Transmission Plan Program E=NCIN

File | Prepare Manage Links Teoels WView Help

Mew

Open Duplex
Close

Analyze HPL | Pat Adw

Save

Save As

..901 6868 - OPTE LBA.LPS
..901 6868 - OPTA LBA.LPS
oo HILL - 15902 - CMC.LPS

..LEMOR - 15902 - CMC.LPS

Customer Identification
Send File to Intelsat
Exit Ctrl+ X

Refer to the What"s Hew section in the LSTS Help Contents for a description of new features in each version.
Intelzat should be consulted to ascertain applicability. if values other than the default beam-edge values are used.

[v182
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Key Input Data — Orbital slot

(0]
Hitversum _ §

)
London f‘?ﬁ? 4

N Paris ® 0 _0
Napa QX ponve . é’.“w York [0)
Fillmore { A @ McLean; VA Beiling @

Mountainside ¥

. % @, Avanta Kumsan
TO/FROM Riverside . £

ASIA-PACIFIC Los Angelés
;. Dubal ?\u w Delhi $ TO/FROM CALIFORNIA

"Miami

Paumalu
Mumbal

9

Chennal

o
VP X singapore

asoss-tosi (%
aszss - 0651 Q
35585 50651 (O

30205 = £+51 8 1065 Q

)
v
v
)

SOOCTOG |

¢!

= =
o
o
S

o
=3
m

Johannesburg

30£08 = 5251 O
3,018 = Hl-s| O
3use - vi-si O

30415 = 651 B 11-S1 O

3.5'89 = 02-SI

M

9L = 915 Q
3,208 = 125 Q

3,508 — 110 ¥ 5085 O

QP

¥ sydney

M:S6 — 05-51 8 59 O
3,58 - Z-HB SIS

3.55 - 20251 98251 ()

3,99 = LT-9 9 92-51 'LI-SI o
3,21 = §-105007 § 22-S

Rio de Janeiro

Mol = MI-SI / 3,658 — Z0-01-

Intelsat —=m BT Fiber & Point @ Sales Office Q@ inteisat Point () Pccw Point [ Teleport % Partner Teleport
Fiber @ o Presence of Presence of Presence




Key Input Data — Beams/Transponder/SFD Selection

(Deg. W] 31250 GAT
UsL Meas. Improve. F

CIi1 O

=l g

Fu—-Band

Fu—-Bamnd

EMEEW EMEEW Eu—Band
ES5TEH ES5TEH Fu—Band
=CH =CH
=W =W

C—Band Elokal H
C—Band lockal W

Asia W
EuropesAfrica H
EuropesAfrica
Europe/;Middle East
Stans/Europe H

-l

YoAaTl Opimized Transponder

I B andwidth

U/L & D/L central frequencies, SFD

Listed by band/region/polarization

= E T DL Meas. ITmprove. F4
- ar
-

Fu 14_Z700 12 _5220
Eu 14.3100 1z2.5&820

EF13E/EF13EK —84_0

EFl14E/EF14E —80.0 [

EF15E/EF15K a e
]

: EFl1&E/EF1cE
12 _&820

EF17ESEF17E
Fu 12 .7TZZ0 EF18E/EF18EK
= i T [ o | ‘Eﬂ-l-l-ll""'l
[dB* 2]
Il I el ol el PR [ S | EIRF

WSAT Optimized Transponder

O |

S5FD Beam Edge
[dBE** A2

Lease B'WwW
tMHz1

= oMa |

f* L5T Calculated
= Uszer Specified

Yiew Summary of Links___ |

-80.0 |;|

rZ mow

Accept

SFD can be modified

(any changes to be approved by Intelsat!)

3 INTELSAT
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Step 1: Entering Satellite Parameters

-
H LSTS Intelsat Lease Transmission Plan Program

File Prepare

Manage Links Tools WView Help

=

Sawe

Carrier

ES

Interf

'l Lease Transmission Plan

Spacecraft Parameters

H
Copy | Duplex| Analyze| HPS | Pat fdw

Leaze Mame
5v0-L Humber
Satellite Flight

ILST—pIan
|1
I 4210 I vI

Satellite Location [Deqg. E] 47 50| -
(Deg. W] 212.50
Operating Mode | Hormal
Uplink Beam | EAFKW
Downlink Beam _?I IW

Transponder Freq. Slot

[16
[Normal

I 1l]l].l]| vI

YWS5AT Optimized Transponder

Amplifier Power Level

LelLe]LelLel

Amplifier Power [watts]

.

SFD Beam Edge

= OmMa | -su_u| vl

[dBf /2]
Leasze Bw r'r‘: LST Calcu!e_.ted
[kHz] Uszer 5pecified

Yiew Summary of Links. __ | Accept

Total Transponder Beam Edge Parameters —
1S-10

Intelzat

B andwidth
Polarization
Center Freq.

36.0 MH=z
Linear/Linear

14.3900 F 126420 GH=

Up/Down)

G/T -5.0 dBE/k
UsL Meas. Improve. Factor: .o de
EIRFP 41.0 dBws
DfL Meas. Improve. Factor: .o de
Oper. Mode: MultiCarmier Txpdr Leasze

1BO -6.0 dE
oo -3.5 dB

Available Beam Edge | ease Hesource
B andwidth 6.5 MHz
Operating FD -93. 4 dEwi/m2
EIRP 30.1 dBw

MHumber of Active Carriers: 2

I Link Budget Asnalyziz Successful

=

[«182

Hefer to the What's Mew section in the L5TS Help Contents for a description of new features in each version.
Intelsat should be consulted to ascertain applicability_ if values other than the default beam-edge walues are used.

o

a INTELSAT.

5
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Step 2: Defining Earth Stations Parameters

H LSTS Intelsat Lease Transmission Plan Program

):

File | Prepare | Manage Links Tools View Help

E Customer Information i
San Lease Transmission Plan iplex | Analyze| HPA | Pat fdw

Carrier Definition N
ion Plan
Earth Station Selection

Interference Levels and Losses lameters
Bearn Pointing
Annotation
Manage User ModCeds
on [Deqg. E)
(Deqg. W)

Operating Mode

Uplink Beam

Downlink Beam _?I
Transponder Freq. Slot
Amplifier Power Level
Amplifier Power [watts]

YSAT Optimized Transponder

ILST-pIan

4210

4750 -
31250

[Normal |
[EAFKY

EAFKH
[16 ]
[Normal |
[ o000

il

luu

LI

Lease Bw ﬁ LST ':a|cu!e_|ted
FHz1 Uszer Specified

Yiew Summary of Links___

SFD Beam Edge ) I —Bl]_l]l vI
[dB A2 Lok

| Accept

Total Transponder Beam Edge Parameters —

Center Freq.
[UpsDown)

G/T
U/L Meas. Improve. Factor:
EIRP

D/L Meas. Improve. Factor:

1IBO
OBO

Intelzat 15-10
B andwidth 360 MH=z
Polarization Linear/Linear

143900 F 12 6420 GH=z

Oper. Mode: MultiCarrier Txpdr Leaze

-5.0 dBfK
.0 dB
41.0 4B
.0 de

-6.0 dBE
-3.5 dB

Available Beam Edge L ease HBezource

B andwidth 6.5 MMH=
Operating FD -93. 4 dBWSm2
EIRF 30,1 dBw
Mumber of Active Carriers: 2

| Mo Link Budget Analpziz Performed

=

Hefer to the What's Hew section in the L5TS Help Contents for a descrption of new features in each version.

Intelsat should be consulted to ascertain applicability, if values other than the default beam-edge wvalues are used.

v 1.82

r




S
Key Input Data - Earth Stations Parameters

* You know better your E/S Parameters
* Locations

 Antenna Size
e G/T*
 TX/Rx Gain*

*These figures can be estimated from the antenna size.

* Intelsat provides the information concerning IntelsatOne network

 Intelsat Satellite Guide

* Intelsat App




Step 2: Defining Earth Stations Parameters

i -
Bl L5575 Intelzat Lease Transmission Plan Program

= | =] ==

|ﬁ

File Prepare Manage Links

Tools Wiew Help

I | = N,

-

Earth Stags

] i e

Sawe Carrier

ES Sol
i LST

Search

Soul
Flary

Earth Station Definition

Primary Input

= ES Code

I= Band

I= Diameter

ES Mame
City [nearest]

IYAD-1 M8
IK—B and I -~ I
I 1.8 meters

Countiy

I B e

ILuanda

I.A.ngula I : I

ANCes

P& D

I Intelzat Standard Hominal Pat Adv [Tr]) 56 dB
G/T=|Calculate [~ ] 22.8 dB/K Mominal Pat Adv [Rx) 4.5 o
*GAT at 4 GHz or 11 GH=
Longitude IW Deg. E 13 Deqg 12 Min 0 Sec

) Latitude . IW Deg. M = -8 Deg 54 Min 0 Sec

Other Input

I= Tracking IWE I~ LHA Temperature 65 0 i

T Elewvation Angle 49.0 [Deg T Feed Losses .3 dB

I~ Azimuth Angle F7.2 Deqg I~ vSwWR LHA 2.2

I Polarization Senze Linear ™ Sidelobe Constant 32.0 dBei

I Ant. Efficiency [Tr] .65 I~ Peak Ant. Gain [Tr] 46_8 dBEi

I Ant. Efficiency [Rx) .65 I Peak Ant. Gain [Rx] 45 F dBEi

™ ESIS Database

7

- Uzer Specified

Frequencies & ssumed: 14.3900 / 12.5420 EJ %
Current Satellite Location: 47 50 ‘E

Return

Accept and Save to LST plan I Copy ES I Cancel I “Wirike into Local ES DE I

™ -LST Calculated

b

[«+182

Refer to the What's Hew section in the LS5TS Help Contents for a description of new features in each version.
Intelzat should be consulted to ascertain applicability. if values other than the default beam-edge values are used.

i INTELSAT




Step 2: Defining Earth Stations Parameters

- LSTS Intelsat Lease Transmission Plan Program

|-|

File Prepare Manage Links Tools WView Help
E » 1 1 = = | | 1
. Earth Stajio=Salackd u -
Fme || s Earth Station Definition

Primary |nput
[= ES Code
= Band

= Diameter

ES Soi
|f=' LST

Search

™ Intelsat Standard

Longitude

Latitude

G/T=[Calculate [~ ]

*GAT at 4 GHz or 11 GH

4|. ES: FUC-9M0 will be written to Local ES DB:

ES MHame
City [nearest]

IFU[Z-EIMI]
IK—B and I - I

g aononn

I 9.0 meters Country E
Mominal Pat Adw [Tr] 1.6 4B
37.3 dB/K Hominal Pat Adv [Bx] 9 dB

Local ES Database

Other Input
[= Tracking

I Elevation Angle
I~ Azimuth Angle

I Polarization Sense
I~ Ant. Efficiency [Tr]
I~ Ant. Efficiency [Rx]

C:\Program Files 86N\ MTELSATA\LSTS Desk\ LocalES.mdb.

YES - Continue:
MO - Select ancther ES DB.

e ]

T ————

I ESIS Database
Frequencies Sssumed:

Current Satellite Location:

Return I Accept

I= - Uszser Specified ™ -LST Calculated

E =

Copy ES I

14.3300 4 12,6420
47 50 °E

and Save to LST plan I Cancel I | “wirite into Local ES DB I

b

Intelzat should be consulted to ascertain applicability_

[w+1.82

Hefer to the What's Hew section in the L5T5 Help Contents for a descrniption of new features in each wersion.

if waluesz other than the default beam-edge walues are uzed.

5 INTELSAT




Step 3: Defining Carrier Parameters

e —
El Ls75 Intelsat Lease Trcmssts'E Flan Program Elﬂu

File IPlepale] Manage Links Teools View Help

H Custormer Information i
Saw Lease Transmissicn Plan bplex | Analyze| HPA |Pat.fudw
Carrier Drefinition N
ion Plan
Earth 5tation Selection
rameters Total Transponder Beam Edge Parameters
Interference Levels and Losses
. ILST'Plﬂn Intelsat 1510
Beam Pointing N
) |1 B andwidth 36.0 MH=z
;nnotatlzn e |7421U j"’ Eola:liza;:tion Linear/Linear
anage User ModCods enter Freq.
on [Deqg. E] 47.50 j [Up/Down] 14.3900 F 12 6420 GH=z
[Deg. W] 31250 GfT -5.0 dBSE
Operating Mode Imj U/L Meas. Improve. Factor: .0 de
Uslink B .j EIRFP 41.0 dB
in| eam I -
P i ll EAFKV DfL Meas. Improve. Factor: .0 de
Downlink Beam - I EAFKH j Oper. Mode: MultiCarrier Txpdr Lease
Transponder Freq. Slot I 16 vI 1BO 6.0 4B
Amplifier Power Level I Mormal vI OBOD -3.5 dBE
Amplifier Fower [watts]) I 100.0 I "'I Available Beam Edge | ease Resource
WSAT Optimized Transponder — B andwidth 6.5 MH=z
SFD Beam Edge = Oma IWE Operating FD -93.4 dBWw Sm2
[EER SR EIRP 3001 dEw
{* L5T Calculated
Lease Bw - - -
MH=z1 " User Specified Mumber of Active Carriers: 2
View Summary of Links... I Accept I Mo Link Budget Analysiz Performed

Hefer to the What's Hew section in the LS5TS Help Contents For a descnption of new features in each version.
Intelzat should be conzulted to ascertain applicability, if wvalues other than the default beam-edge walues are used.

w182 &




Link Budget Analysis Gu

iDX Release 3.1

April 15,2013

stem

modulator Hardware

nsponder

Carrier input mode
Inforate

Info rate
Ba L

Frame length

linimum baudrate
pimum baudrate

Key Input Data — Modem specs

CDM-625A Advanced Satellite Modem

Satellite Modems

Newtec S2/S2 Extensions Modcod Calculator

Input data
DVE-S52

MDME100 Broadcast satellite modem
Multi carrier
[MHZ) 72
Inforate
[Mbp 13
BPSK 314
oz
MNormal frames
Pilots on
MPE

Output data FER 1E-7

[bps/baud]
[bps/HzZ]
[ms]

[Mbaud]
[MBbaud]

Click to get our free White Paper on §2 Extensions

— B = Mobile Network Operators
= Telecom Operators

Mot applicable = Satellite Service Providers
Correctinput = Govermnment & Military

= Enterprise

= Mobile Backhaul

= G.703 Trunking

= IP Trunking

+ Offshore & Maritime Communications
* Enterprise

= Communications on-the-Move

= Satellite News Gathering

EE 1588wv2 Precision Time Protocol

pb Mux to multiplex IP/Ethemet traffic with seral or G.703
pffic

fop & insert for T1/E1

nhanced D&I++ for single T1/E1 & quad E1

jJanagement: 10/100Base-T Ethemet with SNMP, Distant
nd SNMP Proxy, HTTP, Telnet and EIA-232/EIA-485
IDIUS Client

lrrier ID using MetaCarrier™ Technology

mbedded Distant-end Monitor and Control (EDMAC)
ptomatic Uplink Power Control (AUPC)

pgineenng Service Channel (ESC/ESC++)

Overhead

framing overhead

andard high-stability intermal reference (£ 6 x 10'“:

ltap Adaptive Equalizer

|Band TX: 10 MHz reference for BUC, FSK communications
pd optional BUC power supply

|Band RX: 10 MHz reference and LMB power supply

tBand: Advanced FSK for LFOD M&C

1 and 1:10 redundancy switches available

ulation overhead

Rate Information

bckwards compatible with CDM-625
hvironmentally Resistant version (CDMER-625A) available

[Mbps] 12.269
[bpsiHz] 1.727
Mbps]  13.000
[bpsiHz] 1.815
Mbps]  13.433
[bps/Hz] 1.875

chnology, allows transmit and receive camiers of a duplex
pr is complementary to all advances in modem technology,

+FiDIRECT

including advanced FEC and modulaton technigues. As these technologies approach theoretical limits of power and bandwidth
efficiencies, DoubleTalk Carrier-in-Carrier utilizing advanced signal processing technigues provides a new dimension in bandwidth
efficiency.

EF DATA SmmwanN. omtechefdata.com

INTELS

AT




«Satellite

Antenna Location

*Frequency

Application

Key Input Data — Rain margins

 Total Link Availablility - Performance

i

Satellite Langitude [deqg]| Flic=
342
I (302] Satelite table| B2

I o

[ I R

05 tal dE
I o 15ae
[ BRI

2to 2.5 dB

PN 25t 3 dE

Ita 35 dB
N -4 aE
| YRR
[ R
N 51055 dE

— Up link and down link margins to compensate for attenuation due to rain

Attenuation Calculated for Average Year, Frequency: 600 GHz

Availability

99.96 %

99.90%

99.60%

99.00%

Number of hours in outage per year

3.5

8.8 35

87.6

Number of days in outage per year

1/6

1/3 11/2

3 1/4
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Step 3: Defining Carrier Parameters

L
fm

Digital Carrier Definition 1
Select From Awvailable Products & Modems. .. I
Carrier Type i” Leasea I TI Information Hate EDDD'DILI kit z/s L
Performance [BER]) I 10-7 ,.,,I Alloc. Bw' a= I 0% 27259 [= MH=z
FEC Code Rate I 6420 ,_,I MHoize Bw 2.5361 [ MH=z
R-5 Code Bate n= Iﬁ E k= MN/A Spreading Factor: I 1
Overhead |__u E = I .DD00 kbitsds
. Min Uplink Rain Margin: I di
M odulation | B0AM - I "
Min Dnlink Degrad. Margin: I db
Eb/Mo Threshold | 4.6 .,.I de
T otal Awvailability qq /OO0 + F W
C/N Threszhold — F.4 de
U/L Carmrier Center Freq. |14372.0000C hAHz Transmit ES Code t2* [vaD-1M8 [ ~| _EditES |
Car/Link [ 71 Act Fact I 100 = Receive ES Code *++ [FUC-9M0 | ~| EditES |
Lirk:
E ‘ % 1 I 1 2 I= - User Specified
Heturn I Accept I Copy Cancel 4| [ ] I - LST Calculated

* INTELSAT



Step 4: Analyze Link Budget

* Initial link budget evaluation
« Optimum use of available capacity — Balanced BW/PEB consumption

* Feasible results
* Equipment (HPA size, antenna size)

« Coordination compliance

* Final link budget preparation




Step 4: Analyze Link Budget

T I

g ]

Link Analysis Description: Carriers: Assigned: 2 Active: 2 Links: Humber: 2 Achive:
Link 1 Link 2
M odulation QPSK gnAM
Information Rate s000. 0 sO000.0
FEC Code Rate _7FOE0 6420
R-5 Code Rate MAA MAA
I Clear Sky EbfMo Available 7.2 7.9
Number of Assigned Carmriers 1 1
Tranzmit ES Code FUC-9W0 YAD-1MEB
4| Transmit ES Size 9.0 1.8
Receive ES Code YAO-1M8 FUC-9MD
1 Receive ES Size 1.8 9.0
L Receive ES GAT 228 3IF 3
| Coordination Limit Check Passed Passed
<] ~
Total Lease Resource Usage:
L5T calculated [MultiCarrier Txpdr Lease] Total B allocated 64440
MultiCarrier Txpdr Lease Total BW [Fower Equival.) 6. 2337
Total EIRP utihzed 299 dBw Total BW utihized 6.4440
Total EIRP awailable 301 dBwW Total BWwW awailable 65000
Margin [available - utiized] .2 dB Margin [availl. - utihz_] 0560

Carmer levels comply with coordination agreements.

Report

2

kbitsss

dB

MH=
MH=z
MH=z
MH=
MH=z

Coordination Comphance Details. ..

Make sure that
Total BW allocated
and Total BW
(Power Equival.)
are balanced.

Otherwise, iterate
the modcods.




Step 4: Analyze Link Budget

File Prepare ManageLinks Teoeols View Help

=

Save Carrier ES Interf Copy | Duplex| Analyze|] HPA |Pat.fdw
=7 e rien

FHPASizin-g;Calculatqr_‘ ——— e WG losses
- ZIRN I YAD-1M8 « Output back-off (for single carrier

Total EAS UL EIRFP through HPA 591

Poak antenna gain 68 b transmission, depends on the
Losses from HPA to antenna feed IT mOdUIatlon)

Required power at HPA output port 12.8

"
i HPA output back-off I o5

Saturated HPA output power 15 3
Hequired HPA zize

G uit I : o

EIRP/Power density compliance!

a INTELSAT




S
Output: Link Budget Report

. — — — —
“g INTELSAT Lease Transmission Plan Program (LST) - Lease Transmission Plan Program (LST)
Closer. by far Lease SqumasryZI;Ifsormatmn INTE LgAtb Carrier and ES Information
une 8, oser, by far June 8, 2015
I [ 1 SVO-L Number RS |
|Carrier Information Link1]l Link2
1510 at 47.50 °E Tr. Beam Number : EF16K/EF16K Carrier Type Lease Lease
Performance 10-7F 10-F BER
LST-plan Slot : "6 Modulation 20AM QPSK
EbvNo Threshold r a5 " 3.4 dB
Tr. Cen. Freq. (GHz|: 14.3900 7 12.6420 Ci/M Threshold . I 7.4 r r:] _ _ ) _ 48
N i L Lease Transmission Plan Program (LST)
ote . INTELSAT Per Carrier Link Budget Information
- Claser, by far June 8, 2015
Beam Uplnk (Geog.) T EAFKW |Beam Downink (Geog):  EAFKHA[Tr BYW (MAZ) LX) [Per Carrier UL & DL eirp (Clr-Sky) Link 1 _I, Link 2
Beam Uplink (Fhys.} . EAFKW |Beam Downlink (Phys.) :  EAFKH|Tr BW; (MHz; ESS-410) T 30 Transmit ES elevation angle L 48.0 226 deg.
Tr. SFD (dBW/ImZ ; BP) TBD |Tr. IBO (dB) . 7 6.0 |Lease BV usage (MHz) r 6.5 Uplink EIRF per carrier L se 858 dBwY
Tr. SFD (dBW/m2 ; BE) : " -80.0 *|Tr. 0BO (dB) " _3.5 |Lease OFD (dBW/mZ ; BE): © 934 Pathloss at uplink frequency L 2071 2078 4B
Tr. GIT (dB/K ; BE) .7 =0 |[Tr. ERP (dBVW ; BE)} " 41.0 |Lease EIRP (dBWY ; BE) - 30.1 ‘Gain of 1 m2 antenna 44.6 44.6 dBi
Tr. GIT (dB/K ; BP) - " 23 |[Tr ERP@BW ; BF) ;" a4 Per carrier FD @SC I 1034 ” -97.3 dBWIm2
Link Analysis Description: SC pattern advantage @ES : 5.6 : 16 dB
MultiCarrier Txpdr Lease Link 1 Link 2 Per carrier BE FD arriving @@ SC o 978 85T e e ' e dBWm2
Number of links: P! Lease Transmission Plan Program (LST)
Medulation BOAM QPSK INTELSAT. P ) B N i,
Information Rate F <000.0 " coo0.0 Kbitis - er Carrier Link Summary & Margin Information
- - Closer, by far
FEC Code Rate 6420 7060 June g, 2015
R-5 Code Rate L nia NiA
Clear Sky Eb/No Available L, e 72 4B Per Carrier Link Summary Link1] Link2
Number. of Assigned Carriers 1 1 Carrier type Digital Digital
Transmit ES Code YAO-1M8 FUC-SMO ! _ b -
Transmit ES Size 18 r a0 m Per carrier uplink EIRP L 59.1 . 65.8 dBww
Receive ES Code FUC-9MO W AO-1ME Per carrier dnlink EIRP L 257 . 27r.e dBwW
Receive ES Size 9.0 r 1.8 m Per carrier total C/N threshold required T.4 4.9 dB8
Receive ES GIT 7.3 L 7.8 dBIK Per carrier total C/N clear sky F 107" aF dB8
Mumber of active carriers I 1.0 7 1.0
Total Leased Resource Usage: Total Lease Resource Usage
LST calculated Total BW allecated ¥ 6.4440 MHz Per carrier BE FD arriving @ SC T -95.7 dBVIm2
(MultiCarrier Txpdr Lease) Total BW PEB " 6.2337 MHz Total FD @ SC per carrier type I v -85.7 dBVVImZ2
Total EIRP utilized T 2009  dBW Total BW utilized 7 54440 MHz Grand total FD arriving @ SC r -93.6 dBVIm2
Total EIRF available " o301 dBWw Toetal BV awvailable " 55000 MHz Grand total FD (BE) available o 93.4 dBWWImMZ
Margin (awvailable-utilized} " 2 dB Margin (awvailable-utilized) " 0550 MH=z Margin () o 7 dB
Notes: Per carrier BE EIRP L 257 : 278 dBwvv
Total BE EIRP per carrier type 25T 278 dBww
Grand total EIRP utilized I 29.9 dBw
Grand total EIRP available I 30.1 dBw
Margin [*) r 2 dB
-
Communications Systems Engineering Data Source: [ESS 410, Rev. 8b, May 2001 w:l.8.2 L
File: Sawved: File not saved yet. Pg.1 I N T E L S AT




Step 5: Verification by Intelsat

* For record-keeping:
* Track link budget changes

« SSOG update:

* We need a new transmission plan for EVERY change you want to implement

 Please share both the Link Budget Report AND the .Ip5 saved file to speed up the process




Example 2

* Point to Point link between Fuchsstadt and Yaoundé,
Cameroon

* 5Mbps/s full duplex

* 1.8 m antenna in Yaoundé
*1S-10 @ 47.5°E

* Transponder EF16K

« Comtech cdm625A used at remote

« Same assumptions, but this time assuming CCT operation.




CCT analysis

 Steps 1,2 are exactly the same.

« CCT is not compatible with cross strap — both E/Ss must transmit and receive on the same
beam!

-
e Ste p 3 E LSTS Intelsat Lease Transmission Plan Program

BT s
File Prepare [N‘Ianage Linl:s] Tools View Help
E Add Digital Carrier
Sawe Carr Add CCT Netwerk Analyze| HPA | Pat 2w
C
opy ﬁg«
Delete Link...
; ; ters | Total Transponder Beam Edae Parameters  —
P ST £ (s 153 Total Transponder Beam Edge Parameters
LST-plan Intelsat 15-10
S¥0-L Humber |1 B andwidth 36.0 MHz
5 atellite Flight I 4210 | j Folarization Linear/Linear
Center Freq.
S atellite Location [Deg. E] I 47 50 vl [Up/Down] 14.3900 7 12.6420 GHz
[Deg. W] 312.50 GfT 5.0 dBSK
Operating Mode I Hormal - U/L Meas. Improve. Factor: .0 de
Ut © — EIRF 41.0 dBws
in eam I -
i B iI EAFKY = D/L Meas. Improve. Factor: .0 dB
Downlink Beam = I EAFKH j Oper. Mode: MultiCarrier Txpdr Lease
Transponder Freq. Slot | 16 - IBEO 6.0 dE
Amplifier Power Level | Mormal - oBO -3.5 dB
Amplifier Power (watts) I 100.0 VI Available Beam Edge Lease Resource
Y5AT Optimized Transponder — B andwidth 6.5 MHz
SFD Beam Edge = OMa IWE Operating FD -93. 4 dBWwWSmZ2
TRz EIRP 3001 dEws
 LST Calculated
Lease BW - -
IMHz1 = User Specified Mumber of Active Carriers: 4
Wiew Summary of Links.__ I Accept | Link Budget Analysis Successful

=]

Refer to the What's New section in the LSTS Help Contents for a description of new features in each wversion.
Intelzat should be consulted to ascertain applicability, if values other than the default beam-edge values are used.

v 1.82

INTELSAT




CCT analysis

— —
5 T ek e R e
CCT Metwark, D r|1 Center Frequency [MHz]: I 143720020

MHurmber of Hebwaorks to Conzider: I 1 Freguency Separation [MHz): I .aon

. Cancellation T
kM odulation R oll-Cff G ain at Tx A ailabiliby

& Coding Factar (dE] [Z wr]

Info Fate

Crir Tuw ESA F=x ESa [kbps]

MMaoderm kaodel

FUC—SMO | YAO—1MS 5000 COM-B254 QOPSk: . B110FEC:1.90 dB EbAMo .05 Zs.0 93 .50
YERO—1MS | FUC—3MO 5000 | COM-B254 OPSK: . B110FEC:1.90 dB Eb/Mo a5 Zs.0 99 .50

<Footer:

MHew Link | Rermowe Link Duplicate Link Manage Link's Candidate ModCods. .. Deterrmine Ophimal Configuation. .. I

CCT Owerview. .. | Aoccept |

N D

« TX ESA, Rx ESA, Info Rate, Modem model, Roll-off Factor and Availability/Rain Margins must be
defined.

 LST5 determines the optimal configuration from the set of available modcods (Determine Optimal
Configuration...). a INTELSAT




CCT analysis

BT 00 s n )
Link Analysis Description: Carriers: Aszzigned: 2 Active: 2 Links: MHumber: 2 Active: 2
Link 1 Link 2
Information Hate 0000 0000 kbitsss
FEC Code Hate B110 B110
H-5 Code Hate MH/A MH/A
!l Clear Sky Eb/MNo Available 50 5.1 dB N
Number of Azsigned Carriers 1 1
Tranzmit ES Code FUC-9M0 YAD-1HMB n
Transmit ES Size 9.0 1.8 m
Receive ES Code YAO-1HME8 FUC-9HD
Receive ES Size 1.8 9.0 m |
g . dB /K
Receive ES G/T 22 8 373 | |
Coordination Limit Check Passzsed Passed
< ]
Total Lease Hesource Usage:
i LST calculated [MultiCarrier Txpdr Lease] Total B'w allocated 4 2962 MH=z
MultiCarmer Txpdr Lease Total Bw [Power Equival.) 2.9689 MH=z ||
|| Total EIRP utilized 279 dBw Total BW utilized 4 2962 MH=
Total EIRP available 28.3 dBw Total Bw awvailable 43000 MH=z
M argin [available - utilized] .2 dB Margin [avail. - utihz_] .0038 MHz |F
i Camer levels comply with coordination agreements.
4
| Return I Report Coordination Comphance Details_ .. I
E _din - . . e

3 INTELSAT




CCT analysis

* Verifications on steps 4,5 must be carried out as described for non-CCT
links.

* Quick overview of the results

a) Non CCT network
*  6.5MHz
«  34W HPA required at the remote

b) CCT network
4.3MHz
- 17.8W HPA required at the remote




S
Additional functionalities: Location Performance Report

 Available in Tools > Location Performance Report

- Easy understanding of the worst case location within a country in terms of G/T,
EIRP and elevation angle.

i EI_ B
Perfo Report BN
5. Performance Repo — . - - pr— - -
CErie IC — ;I i Al Tranzponder Performance & Gain Gnd D ata:
Citie= i+ Representative 7 Measzured
ProvincesState: I ;I
City [Lat. Lon): | ~] AddCity |
Location Latitude Longitude Sat. GAT SFD~ GAT Delta | Satr. EIRP | EIRP Delta Elewation —
["M] ["E] [dB k] [dB™ /] [dE] [dB™] [dB] Angle [7]
Cameroon. abong Mbang 3.93 1317 1.0 -36.0 1.3 45.3 1.1 439
Cameroon, Afade 12.23 1463 -9 -841 3.2 44 4 2.0 495
Cameroon, Akok 277 10,30 1.6 -86.6 i 471 .3 46.83 N |
Cameroon, Akom 262 1007 1.6 -86.6 ¥ 47.0 4 46.5
Cameroon, Akonolinga a.7a 12.25 1.4 064 R=| 46,7 e 4819
Cameroon, Akouaya £.50 967 21 871 2 471 3 455 I
Cameroon, Akwaya E.50 9E67 2.1 -27 1 2 471 .3 45 6
Cameroon, Ambarm 2.38 11.28 1.4 05 4 R=| 47.0 ! 47.9
n Cameroan, Spos 3.90 1252 1.3 -a6. 3 1.0 46 B a 497 - M
| | = = = ' e = iF
B
Paszte I Delete Bows I Clear All I Grid of Points. .. I Generate Repaort. .. I Cloze

L =

|
a INTELSAT




Impairments on LSTS5

-~
H LSTS Intelsat Lease Transmission Plan Program

File | Prepare | Manage Links Teools View Help
E Customer Information
Saw Lease Transmission Plan iplex | Analyze| HPA | Pat Ak
I Carrier Definition
Earth Station Selection
Interference Levels and Losses
| Beam Pointing
sl
Annotation
| Manage User ModCods
l
i 1
[
il
]
]
N

Refer to the What's Hew section in the L5TSH Help Contents for a description of nes
Intelsat should be consulted to ascertain apphicability. if values other than the defa

{

Interference Levels, Losses and Constraints - — -

— Interference Levels

HPA IM Interference wia:
HF&4 M eir.p. at BE at 10 Deg. Elevation Angle, or dEwsAdlH 2z v

HF& Margin  [in dB] Use [ dB

Satellite Beam Edge TWTA IM MAs T dBw A4k H 2 I~
18.9

— C/l Co-Channel Interference
Total [Surn): M

Satellite Recerve Antenna Copol Spatial lsolation:

Satellite Tranzmit &Antenna Copaol Spatial lsalation:
Satellite Receive Antenna Crogzpol lzolation:
Satellite Tranzmit Antenna Crozzpol lzolation: 21.9 dB

Interfering E arth Station(=] Transmit Polarization Discrimination: I:l dB

Receive E arth Station Polarization Discrimination:

Folarization Discrimination for C-Band Circular Antennas <= 2. 4m: 17.7 dE

i |nclude 251 as Losses

7 Include &51 az Maise Denszity [dBW AHz):
Polar. Advantage [dB]: | | | | | | | |

— Lo

Terrestrial and Other Losses: = Usze [ I:I dB

Uplink Mis-pointing and HPA Instability Losses: I:l dB | |

Downlink Mis-pointing Loss: I:l dB

Aszzumed Angle for OFff-axis Emission Constraint

Degrees I

PFD & the E arth's Surface Additional Inputs

Azsumed angle of arrival: Degrees 5C downlink pattern advantage toward angle of arrival: dB
Return Accept I | Cancel I
P E_l % [ - Spmotaer Sadaets Ldnat
Ls ]

I-Numher of Link Budget Columns

INTELSAT




MyIntelsat Overview

=0 INTELSAT

Envision. Connect. Transform.
79



My Intelsat INRN/
Y Intelsat

Work Smarter

* Mylntelsat is the Intelsat Customer Portal for:
» Service information
» OU capacity, booking information and reports
* Antennas management
» Transmission plans management
 Calculators
« Satellite information

« Contacts management

* Resources




Sign-on

INTELSAT
Myintelsat

© Intelsat 2016. All Rights Reserved.

Request Access

Break fromm Convention
with Intelsat EpicN©

Intelsat 29e was successfully
launched 27 January 2016

Log in to learn more

-

Intelsat EPICNG

Our new high-performance satellite platform with an innovative
combination of C-, Ku- and Ka-bands, wide beams, spot beams, and
frequency reuse technology to provide a host of customer benefits.

Login in to learn more.




E MyIntelsat Components

—
©
=
S
|_

\y‘:

b
7,

W | &

Dashboard

Newest Full-time Services | Open Service Tickets | Recent Invoices | OU Pending Charges | My Contacts

Services
Full-Time Services | Service Tickets | Invoices | Contract Terms and Conditions

Occasional Use (OU) Services
Active OU Video Capacity | Booking Information | Major OU Video Routes | Routing Log | Pending Charges

Antenna Registration Manager (ARM)

Antenna Manager | Bulk Update | Add New Antenna | Antenna Templates

RF Manager

Active RF Capacity | Transmission Plans | Carrier Templates

Tools
Sun Interference Calculator | Lease Transmission Plan (LST5) | Azimuth/Elevation Calculator | G/T Calculator

Fleet
Detailed Coverage Maps | Payload Configuration Notes (PRM)

Contacts
Technical Contacts | My Contacts | Account Team

Resources
Training & Documentation | Satellite Data | IntelsatOne | Security




E Dashboard

* Newest full-time services

* Newest open service tickets
* Recent invoices

* Contacts

Quick links to popular pages

= Sun Interference

= Download LST5

= Coverage Maps

= Payload Configuration

= Training & Documentation

Report Service Issue

SO

Bl service Tickets

. Seart

Conmectivity .

16 Sep

2005

G.28E2371.0°E 09 sep

KWB1/MHETE 2005

G-28E2717 0°E 19 Sep

KVETA/KHE 14 2005
15.903@325 5°E 11711 ==
0

15-302@ E 1245 a1 Jun

= 2006

Ticket 1D Fervices Dpen Date Ftetus Currenmt Impact

120007 2047 17 Jul 2012 Clpen No Impact
TT:130319-029 129 Mar 2013 Op=n Mo Impact
TT130725.003 25 Jul 2013 Op=n Mo Impact
E Recent Invoices wing 1 3 of 422 ent See More

Inweice Number Inveice Perisd Inveice Type

0 "_ M1Z 2015 RMcmithhy Comowrrent Invoice
L 7] Ty M1Z 2015 Rdonthiby Conourrent Invoice
7] ™ M11 2015 Manchly A
El OU Pending Charges

<

owr company does not currently have any pending

B ny Contacts

cha

EES.

M are Tizle

Email Phanelal
ANe-TECNSEMETIZON COMm P (207 364

april hoffman@werizon.com  p: +1 9159-377-7285

MNews

Welcomee Lo the Mew Myintelsat

Learm mior < cnhancoments (o this site

ellme platform with
T, Ku and Ka




Services Page

INTELSAT
Byl ropad s

u B Full-Time Services

2]
E SO Sandos Label e Ty Staet Date Eiwd Duata
B Full-Time Services I o )
I Showing 10 of 29 entries 2
BV s Service Label Connecthity Start Date End Date ! s
s per e 75
oets 0
Sendces :::‘ Srane Ll “"hw Type Soune Canegory Subcategory
B service Tickets Showing 5 of 5 m
15t 10 records
Opean Cuir
Ticket 1y - Services Status . - Source Category Subcategory
Crate Irrypd
with links to see :
more
2]
T e Type “m-gr\-
= ' ' o
) <
B Invoices howin F 42; m °
<
o
<
Number -~ Periocd Date Type E_:;'Eﬁy g
o
L7 4 °




Full-Time

Services
'NTE';E'“'TJ == Services
® SearCh for a” typ eS Of fU I I = B Search Full-Time Services  scarchscope »
time services In one A cerrace [ , "
Screen ~ Service Order | all all

= Contact Number

4 A . SEerdics ACTIvan i
H E Seanch Reset
= Service Order = }mn.m _— L) é’"‘ SvoTor semes ) L=
™ SerV|Ce Type =) B) Full-Time Services _
(list is based on customer’s e e L
po rthI IO) SR S Labeel Connecthvity Start Date End Date

= Orbital Location

= Status

= Start Date / End Date
range

* Drilldown to Service
Details

* Download list of services




Lease Detalls

* Contract details
* All Service Tickets

« Transmission Plan
* Download OLM

All
full-time service details In
one screen

-~
]
[
(=]
w’
-

INTELSAT
Myilnteisatl

== Services

Metwork Services On-MNet Capacity |

General information

Sendoa Specfication

Contract Informaton

COnEracts status  FLULLY EXECUTED
B SV ellit rt
Sub Product  Network Services e D
On-Met Capacity
ansporsder Momth
Salution Corporate
Application Nebworks [(WSAT) B fu [MAL
Telef .
Semvice Label:
Forward Dar. Product | Capacity | S/C | Beam | Xpdr
eLurm ¢
Service Tickets
Thcket 1D -~ Current Service Impact Open Date (GMT) Suihy Status Type Source
¥ a2 10
I Download OLM
Transmission Plan
Serdoe s UpLInk Centar nfo Rate Allocatad B — EI“L - TH - ESA Calc. DnLink fo¢ - ESA E"':N ™
Type o RS Erey (MHz) (Kbps) M) e - EIRF@R/P - |d03r =l
BSM
BSM
B5l
BSk
Page 1 =) 2ms par Page ]




Service Tickets il

Bl Search Service TiCkets  ceucn scooe status open

- Search for tickets by: o : T D oot [35] ds

0G0

= SVO

x

Bl service Tickets

2 Sarvice Tickets found. E '1'

= Ticket ID, Type, Category or
Source

D

Ticket ID ~ Services Open seatus Current Type Source  Camegory Subcategory
= Status

* Drill down to ticket details
= Request update —
= Download impacted services e D Moo

Sub STatus  bn Progress Troutle  Unknown Source
Location

Request Update
from Operations

Current Impact  Degraded

Unresohed
Max Impact  Degraded
nierference  Co-PolzUnauthorized
Type Carrier

Unknown

Download

Unresched impacted semnices

z Unlkonown

1 Impacted Service found, Q

Sarvice Ralatad SvO Currant Impact Max Impact Total Duration

Degraded Degraded CrEsing




ARM

Antenna Registration Manager
(ARM)

- Self-serve antenna registration
- Location validation on maps
 Clone antennas

 Correct existing records
= Including location adjustments

= Bulk status changes

* Ability to designate public antennas
(Intelsat teleport antennas are public)

« Export antennas - sun interference
calculation

-
r—

INTELSAT

Ay intelzat

Map

X Antenna Manager

Mep
i
e Gatte T
HORTA
HaTOl DAEOTA
0 M HMEADTA
snUTH WSO T
G REACH Loy W
- -
T 1o o
MoIE
United Stales IHD
Bon Francisos IRAD KAMZASE L
iy KE
FORMIA b s
alea Wegas 1L e O ERNKE
o AREANGA S
X
,,,,,,,,,,
— TERAS
cons SR
Sy Vgusian
T M
=4
= . -
) [ee
__ Mexico
Google
Search ANTeNNAas search Scope: Glo Geployed Orbital Locatic ceount
Bulk Update
Antennas
Showing 8 of 8 Antennas fouwnd
Code Ham Status Ddamecer GIT nd Lat. * . Cioumery ublic
[ IHRK]
L AITED:
T JACK F81.3451 UMNITED
""" IACKS! 31 ™ITED
ED
JITED
L e L 20 MITED
USTITTKZ 23 \ITED
] 130 \ITED

Accoms



ARM Search

* Integrated search and bulk
update

« Search your registered
antennas plus “public”
antennas registered by other
customers

—

V'Y
o’

=&

'NTE‘:}S“T X Antenna Manager

Map

Search ANtennas search Scope: My Fu

Search Scope My Public Ancemnas

Registered Code
Antenna Mame

Coumntry

Bulk Update

Bulk Actions: Flease select

Antennas

Showing 10 of 132 Antennas found

Coade Name
. o
R 12 CRK 12
CR5-0451 AE, 148,48 E5
DEH ALA 4
15 EMT GR
ROICAN

Intelsat Corporaton | 103308 | 532

nnas | Antenna Status; Actve

tegisierad Orbital Locatior

o e 0

Account
Mama




Antenna Detall

* Register new and manage
existing antennas

 Place antennas directly on
map

* Ability to set an orbital
location at registration time

'« x> s

T

X Antenna Manager

Account Mame
Mame *

Frequency Band ~
Shape *

Effective Dlameter [m] *
Marninal G/T [dBK]
Paolarization Type
Portabiliy *

Status

Orbital Location:
Per S50 Records
Regrstered

Wisible to other Intelsat Customers

ast modified: Sar, 35 Mar 3016 2137 45 GMT By bral

DAY (G-16)

Aome Armericas | 123900 | 21%

Latitudsa *
Longitudse *

Mearest City

AL Decimal
Moo EE] as o
W - a4 = n
COMNYERS
™ WES ;
5 Wl
Fiap e ks L Hi
e CHY GINI
Mssbille
TEMMHESSEE TH
& CAROLIMNG
Charlctte
’-"g SOUTH
RIS SIPP S CAROL IMA
& BAR
AELEANS GEDRGIA -
"
[
] dackennvile +
Db -
h Dol e e
(ERERS gy g i oy p——
Lo 37.3 & -E73E6




u RF Manager

Designed to help customers independently manage their space segment
services

Features:
 Active RF capacity by transponder
 Current transmission plan
- Graphical depiction of carrier frequency and power
» Confidence depiction of lease spectrum (when available)

 Quick updates of transmission plan

* Integrated LST5-style link analysis with validation
« Submission for SSOG




u Dashboard

* Recent transmission plans

« Contracted capacity
= Service
= Total BW
= Available BW
= Total power
= Available power

= Beam up

= Beam down

->

INTELSAT

B RFM Dashboard

@» RF Transmission Plans Snowang 1102 of 2entries  Sem Al (2}

Name Satellite Transponder Updated Status

#= Active RF Capacity

Service My Total BW My Avail. BW My Total My Avail. Beam Up Beam Down
~ PaHz) Mz Powser [dBW] Power [dBW]




= Capacity Detall

B} satellite Data

= Satellite Name Intelsat 14 = Beams (Up/ Down) UEFKH 7 UEFKV = Service Order(s) S
= Orbital Location 321500"E Balarizanion (Up / Horizontal / Vertical = My Bandwidth

- Satellite Data O o— " oy o -

= SFD @ Beam Peak -94 00 dBW/m?*

= Saturated EIRP @ 54 30 dBW
° S F D Beam Peak
= G/T @ Beam Peak 9.30 dB/K

® EI RP Bl satellite / Beam Map

* GIT

* Service order

Elevation Angle:
None

= 0% 5% 10°
0°, 5%, 10°,20°

+

Beam Contour{s):

» Contracted power / |
BW ll.‘:'":"“.,_ ,'I %, Satellice
© 1 henns
S == e ° Rx Antennals)
- Coverage map © v

* Antenna locations Screen layout subject to change
when carrier is
selected

* INTELSAT
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apacity Detall

- Satellite Data
SFD

EIRP

G/IT

Service order

Contracted power / BW
- Capacity Loading
« Utilization

* Frequency range

e Spectrum

=
@ |
| x|
| |
B
B

INTELSAT
Arintelsat | 24k RF Manager

Active RF Capacir}f Select a Search Criterion
Satellite Data
Savellite Name Intelsat 14 Beams (Lp / Down) EAFCY S EAFCH Service Drder(s)
Dirbital Locatian 315.00 “E Polarization (Up # wWertical £ Horizomnital hly Barmdwidth 5.40 MHz
Diwm) Ny Pawer 3,46 dEW
Transponder
SFD & Beam Peak -59.00 dBEvm?
Saturated EIRF & 46,20 dBEV
Heam Peak
G/T @ Beam Peak A4.40 dBEMK
Satellite s Beam Map
My Capacity Loading
(5.365.40 MHzZ) (31.23/33.46 dEW) . e
Bandwidth used rover used [[IEEE BU'_”r o
= Pealk Edpe cpes iz rorsared eference vekos]
Bandwidth Change :
. Visual rable T
EE above
FEBE =q L
PE2 T -
(1 ]
Carrier Stamus filter: | ]| Plannes Qperavona To Be Deacivared




= Active Transmission Plan

Leased Frequencies And Capacity

L Cap a.C I ty L O a.d I n g S 9 (249027 45 MHz) T4 b (47.84/49.12 dEW) i Fraquancy Range (MHz)

Bandwrctn used [ HENENENEN  rorer ws-« HNNRNRNENEN Downlink

= Peak O Edge Eoge s monhored reference vaiuel

= Utilization

= Frequency range e = .--” -

I P::::gn:: | . : r.|ll II| . II'_'I'| o .
* View SSOG _.;c,“ﬂ"fﬂ!j“,""'* 1y Wﬂ MRS L S—
* Download OLM i @

* Spectrum

11 510

Specorum as of 9-Jun-2015 15:44:43

Screen layout subject to change

* INTELSAT
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update Your Transmission Plans

"9 INTELSAT

@) RF Transmission Plans Select 2 Search Criteria B3 crervaie o

* Create, move, delete carriers

Intelsat 14 L - Demo 1 Mew Dates: 1-Jun-2015 - 30-Jun-2015 m
* Run link analysis e s DR oo B SR Sltilals]s
= Paak O BAEE Expe o = oo meres refererce v )
* Validate plan e e s i
« Submit for SSOG .,.M J\J \ ﬂﬂ f ,|.|!. .-,ﬂ”f el '.-l.ﬂﬂlﬂ\ |
(| i

SelecT Transmlssion plam 1o compars =

Screen layout subject to change

* INTELSAT




=dit Carriers

* Direct link to ARM

* Ability to save and reuse
modem and link parameters

* Ability to label carriers

% Edit Carrier x
Carrier ID:19144664
Carrier Label | make CCT =
Center Frequency = ‘&  Uplink [MHz] = Downlink [MHZ] 1 0 Click to find the next available frequency & €
B Earth Station Antennas
Transmit (Tx) & select ) Create New Receive (Rx) € select € Create New
Code Sire Galm Locariomn For Analysis Ciomrle Size GIT Loscarhom For Analysis
B A E 3I8m 5320dBi 57 [ ] 365 5 1m 1610 dB/K
Bl Modem and Link Parameters
Load from Template | Select template. Sawve as Template
Data Rate / Bandwidth
= Info Rate [Mbps] = 1.5690 Data Rate [Mops] 1.5690 Symbol Rate [Msps] 1.4746 Allocated BW [MHz] 1.7663 -
=

Screen layout subject to change

* INTELSAT
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=nk Analysis

* Resource usage
* Link parameters
* Results like LST5

E Run Analysis

Edit Impairments

Beam Uplink (Geog.}
Beam Uplink (Phys.)
Tr. SFD [dBW/m? ; BE]
Tr. SFD [dBW/m™ ; BF]
Tr. GsT [dBsK ; BE]

Tr. G/T [dBsK ; BP]

Resource Usage:

(MultiCarrier Txpdr Lease)
Total EIRP utilized
Total EIRP avallable

Margin (available-urtilized)

-84.5

-94.0

03

9.4

40.4 dBW
41.1 dBEW
0.7 dB

Beam Downlink (Geog.) JE

Beam Downlink (Priys.)

Tr. IBO [dBE] -6.1

Tr. OBO [dE] -4.0

Tr. EIRFP [dBW ; BE] 46.0

Tr. EIRP [dBW ; BF] 543
Total BW allocated 241043 MHz
Total BW PEB 23 3909 MHz
Total BW utilized 24 1043 MHz
Total BW available 27.4500 MHz

Margin (available-utlized) 33457 MHz

"~
Tr BW [MHz] 36.0
Lease BW usage [MHz] 241
Lease OFD [dBW/m?; BE] 925
Lease EIRP [dBW ; BE] 40.4
b

Screen layout subject to change

a INTELSAT




=equest SSOG

X Submit for SSOG

« Send transmission plan to Satellite S P Created Last Updated Last Updated
Intelsat
;";El&at UFBK/UF8K . - 9.Jun-2015

« Email confirmation

Mame = Demo 1

* Progress alerts

Requested SSOG Date * 08/10/2015

owner * e

Motes (up to 4000 characters)

My first REM SSOG request! ~

Screen layout subject to change

* INTELSAT




alculation Tools

« Downloadable Tools

= Lease Transmission Plan
Program (LSTS)

= AZELPC utility — Azimuth and
elevation calculator

= EZ G/T Calculator — Calculate an
earth station’s receive G/T

* Quick link to Sun Interference
Calculator

C

| ]

D00

HELIE

INTELSAT ¥ Tools

Myintalsat

Lease Transmission Plan Program (L5T5)
AZELPC Utility

EZ G/T Calculator

REPORT SERVICE ISSUE -,




EALsTs

* PC-based Windows program
that can be used by customers
to determine transponder lease
requirements

* Incorporates Intelsat satellite
performance data to generate
transmission plans and to
determine optimum HPA and
earth station size requirements.

~  LSTS5 Intelsat Lease Transmission Plan Program

Fle FPrepare

ket

.
Spaceciait Paameters
Lease Name IL—S‘IT
SVO-L Number T
Satellite Flight [7o03 j=]
Sotellite Location (Deg. E) [ 8515 ~|
(Deg. W) 274.85
Operating Mode [Nomal | ~1
Uplenk Beam
Downlink Beam il l—%
Transponder Freq. Slot — 1=
Amplifiee Power Level 1=
Amplifier Power [watts) I T=]
¢ A { 4 2 T g =

SFD Beam Edge I~ OMA = I
{dBW/m2| s

Lease BW (: LST Calculated

Mz}

@ Intelsat. —===
o u =

Inipleing connectiane

Intelsat

B andwsdth MHz
Polarization

G/T d8/K
U/L Meas. Improve. Factor: B
EIRP a8
D/L Meas. Improve. Factos: dB
Opes. Mode:

1BO d8
0OBO d8

Availoble Beam Edge Lease Besowce

B andwdth

Operating FD

EIRP

Number of Active Camsers:

v1.1.6

Puleluﬂ should be conzulted, to azcertaan apphcabdity. o values other than the defaull beam-edge valuecs e used.

* INTELSAT




AZELPC Utility

» Converts geodetic longitude and
latitude coordinates of an earth
station to satellite azimuth and
elevation coordinates given a geo-
stationary satellite location and vice
versa

= Calculations for earth station azimuth
and elevation angles
do not incorporate longitude
and latitude oscillation data
(ephemeris parameters)

& AZELPC - Intelsat

5C Longitude: |

- S |
hdap

ES Longitude: |

N I=ES

0.0 deg
60000 piH=
40000 p4H=

S5C Inchination: I

Freqguency UFL: I

Freqguency DAL: I

Ln ]

deq E I vI
ES Lautude: I } = ’ - T

deg M Locations
@@ Intelsat.

imgpiring connactions
ES Azimuth Angle deg ES Elewvation Angle deg
Hange krn ES Refracted El. Ang. deqg
ES RBadius Ly Madir Angle deg
Pathloss USL dE Pathloss DAL de
SC Azimuth Angle: deg SC Elevation Angle: deqg
About I Werszion 3.2 [January, 2002].

[T Calculate ES Lat/Lon

Communications Systems E nginesring

;. INTELSAT




= G/T Measurements Calculator

Measures the ratio of receive gain of the earth station antenna to the total noise
temperature of the earth station

Antenna Code

Antenna Standard
Antenna D iameter

Band

FPolarity

Antenna Longitude
Antenna Latitude
Asntenna abaove Sea Level
Arberna Azirmuth

Antenna Ekev ation

Satellite

Beacon Frequency

O stance to Satellite

DA Path Loss

D /L EIRF at Beam Center

O/ aspect Comrection

Measured Carrier Level
Resolition Bw (FBW )
REBWY Correction Factor

Measured Mose Floor Level

C/m

|

'|D
|* [o

" | East ;l
" | Morth ;l

I

D egrees

dBe
dBw

]
|
—
—
e
—

| |[em -]

dB/MHz

|

Satellite

Galaxy 10R
Galaxy 11
Galamxy 12
Galaxy 13/Morizons 1
Galaxy 14
Galaxy 15
Galaxy 16
Galamwy 17
Galaxy 23 Intelsat 1002 c
Galaxy 25 Intelsat 1002 C LHCP 0.5 2050 4.2
Galawy 26 Intelsat 1002 = RHCP 0.5 3050 4.2
cal o Intelsat 1002 Ku RHCP 0.9 11192 0.4
SU=EET Intelsat 1002 Ku H 0.9 11198 .4
Galaxy 28 Intelsat 1002 Ku v 0.9 11198 (=
Galawy 3C
cal ar Intelsat 701 = N 0.5 3050 11.8
Bt Intelsat 701 c LHCP 0.5 3950 5.8
Galaxy 9 Intelsat 701 c RHCFP 0.5 3950 8.8
Intelsat 10 Intelsat 701 KL RHCF 0.9 11192 12.2
Intelsat 701 Ku H 0.2 11198 2.3
Intelsat 1002 Intelsat 701 Ku W 0.9 11108 0.3
Intelsat 12
Intelsat 1R Intelsat 702 [ FAinimLm imLm
Intelsat 702 =
Intelsat 2 Intelsat 702 c
Intelsat 3R Intelsat 702 K
Intelsat 4 Intelsat 702 KL
Intelsat 702 Ku
Intelsat 601
Intelsat 704 C
Intelsat 704 c
Intelsat 704 C
Intelsat 704 KL
Intelsat 704 Ku
Intelsat 704 Ku




un Interference Calculator

* Predict possible Sun -
Interference for your =
earth station(s) E

 Long-range planning and £l
near-term projected outage
calculation for services on
Intelsat satellites

 Batch or single input options

=8 INTELSAT |

Mylntelsat

IFiNg © il y frowmn 5u as
sun ce BB e i De
f o sel 1 he Il R d Er pe, The
lculatio | Detalls i Ce C arhods
e e oo 1arg, i Ple
U=e the batch process to submit multiple satellives and/or locatiol
Satellit
Analysis Type
Frequency Band seler
Season fat 201
= Lo re made Lo their ming in the Northern Hemisphene

3 Tools

Corporateon | 103308




T © © ©

S F ® NS
yintelsa

- leet

1.

Payload Configuration Notes

B conNus

G-12@129°W_ [231°E] G-12@129°W_[231°E] G-13_H-1@127°W_[2337E]

Updated 2015-12-29 Updated 2015-03-16 Updated 2016-03-22 Updated 2014-12-17

G-14@125°W_[235°E]

G-15@133°W_[227°E] G-16@99°W_[261°E] G-17@91°W_[269°E] G-18@123°W_[237°E]

Updated 2015-12-14 Updated 2016-03-08 Updated 2016-03-08 Updated 2016-03-08

Coverage maps
PRMs

G-19@97°W_[263°E] G-23@121°W_[239°E] G-25@93.1°W_[266.9°E] G-28@89°W_[271°E]

Updated 2015-12-14 Updated 2016-01-11 Updated 2016-03-08 Updated 2015-11-09

G-3C@95.05°W_[264.95°E]
Updated 2015-04-14

E I0R & POR

Updated 2016-03-22
IS-1R@310°E_[50°W]
Updated 2016-03-22
Updated 2015-09-14

Updated 2016-03-22

Updated 2016-03-08

Red dates: updated within the last month

Updated 2015-11-05

Updated 2015-02-21

Updated 2015-11-09

Updated 2015-06-15

Updated 2014-11-24

15-902@62°E
Updated 2016-01-11

Dad doseoc: oo

Updated 2014-10-29

15-904@60°E
Updated 2015-06-01

.

Updated 2013-06-27

15-906@64°E
Updated 2015-10-26

I1S-16@79°W_[281°E]

Updated 2016-03-08

3,
Red dates: updated within the last month
Exp—— EovarageNiaps T B AOR
G-11@304.4°E I5-10-02@359°E IS-11@317°E 15-14@315°E
Updated 2015-11-20 T Updated 2015-03-02 T
IS-TR@310°E IS-TW@1°W I15-21@302°E
Updated 2014-05-02 Updated 2011-08-22
1S-23@307°E I5-25@328. 5°E 15-34@ 304 5°E IS-701@330.5°E
Updated 2014-12-15 Updated 2015-12-14
I15-805@304.5°E I15-901@342°E I15-903@325.5°E 15-905@335 5°E
Updated 2015-12-29 Updated 2016-03-08
I5-907@&332.5°E IS-9@316.9°E
Updated 2016-03-08
o inalsatriber  © 3 .’ . y
G-26@50°E G-27@45.1°E H-2@275.15°W_[84.85°E] 15-10@47 5°E
Updated 2014-05-02 Updated 2013-06-27 Updated 2015-10-05 Updated 2015-09-14
15-12@45°E I15-15@85.15°E I15-16@76.2°W_[283.8°E]
Updated 2016-03-08 Updated 2014-12-01 Updarted 2015-11-09 Updated 2015-12-29
I15-17@66°E 15-18@180°E 15-19@166°E I15-20@68.5°E
Updated 2016-03-08 Updated 2015-11-20 Updated 2016-03-08 Updated 2016-03-08
I15-22@72 1°E I15-28@32 8°E I15-28@33°E I5-5@157°E
Updated 2016-01-11 Updated 2015-10-20 Updated 2014-05-14 Updated 2015-10-26
I15-702@33°E I15-706@157°E I5-7@68.65°E I5-8@169°E




INEELSOS. ’ &> Coverage Maps

Intelsat 903 at 325.5° E

Status: Station Kept

A . - [Zelolaalghiiel Detailed footprints
- Footprints

C-band

C-band Hemi Beam

C-band Zone Beam

¥ Mountainside Teleport: 16.4m
¥ Fuchsstadt Teleport: 16.4m

Ku-band
Ku-band Spot 1 Beam
Ku-band Spot 2 Beam

Intelsat Fiber © 3rd party Fiber @ Points Of Ops Centers % Intelsat In-Orbit Future
and POP and POP Presence ~  Teleport Satellite Satellite

106



E =lontacts

* Technical Support
My Contacts

* View the contacts Intelsat has
on record for your account

« Edit your own record

* Request updates

* My Account Team

Visible only to users with Full access

» Sales Director

 CSE

INTELSAT
Myintelsat ‘ A Contacts

[ Technical Support

Acme Western | 125319 he

©e e

24 x 7 Operations Center

RF Operations Center (ROC)

Managed Service Operations Center (MSOC)

Occasional Use Service Center (OSC)

Description

Supports rapid carrier access of satellite news
gathering (SNG), occasional use (OU) and initial
commissioning of fulltime (FT) services.

Provides initial fault detection, escalation and
resolution; carrier measurement and monitoring;
satellite transitions and payload configurations.

Supports IntelsatOne®, broadband and full-time
managed video and network services. Includes real-
time video and network monitoring and alarming,
circuit optimization and technical support. Intelsat
Managed Services use Intelsat-owned or contracted
terrestrial or ground station equipment.

Supports end-to-end video solutions and video
monitoring for QU customers.

Contact to

Activate an OU service on a satellite {carrier
access)

Report or receive status on a service issue
Activate or change a new or existing service
(550G)

Activate or change full-time Intelsat Managed
Service

Repeort an issue with a full-time Intelsat
managed service

Booking inquiries
Get immediate assistance for a service on air

Contact Information

1 404-381-2600

=1 800-321-3959 (US toll free only)
rocops@intelsat.com

(wech)

+1404-381-2828

+1 866-412-4867 (US toll free only)
msoc@intelsat.com

(wcf)

+1 404-381-2340
~1 888-442-4887 (US toll free only)
bookings@intelsat.com

(vch)
= My Contacts
Search by Name or Email Address EE=3 Reset n
Name Email Phone(s) Role(s) Myintelsat
ACME NOC noc@acme.com p: 001-302-555-1212

B My Account Team

24x7; Operations nocacm | Base

Role

No data available in table

Email

Office

Mobile




I=Tesources

* Training & Documentation @D INTELSAT | & Resources

L
* Overview B Training & Documentation
sl = pyinited

I ESS = Intelsat Earth Station Standards. (IESS)
E *  satellite Sysrem Operation Guide {550G)

= Lease Transmission Plan Program (L5TS) Traiming

SSOG - b

L.

[ ]
o
f

B satellite Data

LST5 training

= Ephemens Data

a
(o
OLM user guide ER o

her Activily

» Satellite Data B intelsatone

Links to intelsat.com T e e

rome IF Addressing Policy and Request Form

* Ephemeris data B security

®  Security Audi

« Keplerian data

* IntelsatOne reference

documents

 Security audit report




@D 'NTELSAT

Myintelsat

User Name &

Password *

Need access?

Reset or Change Password I Request Access I

https://my.intelsat.com/Accounts/AccessRequest

a INTELSAT
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https://my.intelsat.com/Accounts/AccessRequest

S
Access Request Form

Mylntelsat Access Request

If you are not an Intelsat customer and you are looking for fleer information or sacellive tools, you may find what you are looking for in the Tools & Resources section
of intelsat.com.

* Include account number for faster
Mate:

p roceSSI ng * I you encer an email account provided by a webmail senvice (gmail, yahoo, outlook], your application will be delayed or disqualified.

= If your employer is an Intelsat customer, providing your customer number will expedite your application

» Most requests processed same day Salutation [ e . R

|
First Mame (Given Name) * Eirst Mame City * City |
Last Name (Surname) * ast Name State/Province % State/Provinoe |
Job Title/Duties * | 4 e Country * | sefecta Country v |
Company ™ | company Zip/Pastal Code * | 5ip postal Code |

Website * URL Why do you need access to

Mylntelsat? *
fElease include on wioh

Is your company an existing select ane -
customer? Inrelsar sarellives youw have
servicel

Customer Number ( .~ cramer Mumber

Select IGC only if you are working with Intelsat General
(Military/Government)

Employer-provided Email * Email

Phane * Phone

& Submit Request

Relurn o Login

Problem? Contact mylnl:el salaccounts@intelsatcom

* INTELSAT

1




MyIntelsat Access Levels

There are 5 different levels of a MylIntelsat account. Based on the account level, access to different
features can be set up for various individuals in a company. Each level's capabilities are summarized
below:

Prospect Base Technical Financial Full

Services

— Full-time Services / Service Tickets X X

x

— Full-time Services / Invoices X

OU Corner
— Active Capacity, Route Maps X X X X

— Booking Information X

Antenna Registration (ARM) Read only

RF Manager

Tools
Fleet

Contacts

X [ X[ X[ X

X[ X [X[X[X]|X
X [ X[ X[ X

X[ X[X[X[X[X[X]X

Resources X




