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Communication Transmission Systems Course 
 

1.1 Introduction:  
 A Communication Satellite can be looked upon as a large 

microwave repeater 

 It contains several transponders which listens to some portion 

of spectrum, amplifies the incoming signal and broadcasts it 

in another frequency to avoid interference with incoming 

signals. 

 Satellites can relay signals over a long distance 

 Geostationary Satellites 

o Remain above the equator at a height of about 22300 miles 

(geosynchronous orbits) 

o Travel around the earth in exactly the same time, the earth takes to 

rotate 

 Basics of Satellite 

o Frequencies for Microwave Satellite Communications:  

 It can be determined by: 

 The absorption of the atmosphere as a function of 

frequency:  

o Different types of atmospheric losses can disturb 

radio wave transmission in satellite systems: 

 Atmospheric absorption: 

 Energy absorption by 

atmospheric gases, which varies 

with the frequency of the radio 

waves. 

 Two absorption peaks are 

observed (for 90º elevation 

angle): 

- 22.3 GHz from resonance 

absorption in water 

vapour (H2O) 

- 60 GHz from resonance 

absorption in oxygen (O2) 

 For other elevation angles: 

[𝐴𝐴] = [𝐴𝐴]90𝑜 × 𝑐𝑠𝑒𝑐(𝜃) 
 

 Atmospheric attenuation: 

 Rain is the main cause of 

atmospheric attenuation (hail, ice 

and snow have little effect on 

attenuation because of their low 

water content). 

 Total attenuation from rain can 

be determined by: 

𝐴𝑑𝐵 = 𝛼 × 𝐿 
where  

Why Satellites remain in Orbits 
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𝛼 [dB/km]: The specific attenuation,  

𝐿 [km]: The effective path length of the signal 

through the rain; note that this differs from the 

geometric path length due to fluctuations in the 

rain density. 
 

 Traveling ionospheric disturbances: 

 Traveling ionospheric 

disturbances are clouds of 

electrons in the ionosphere that 

provoke radio signal fluctuations 

which can only be determined on 

a statistical basis. 

 The disturbances of major 

concern are: 

- Scintillation; 

- Polarisation rotation. 

 Scintillations are variations in the 

amplitude, phase, polarisation, or 

angle of arrival of radio waves, 

caused by irregularities in the 

ionosphere which change over 

time.  

 The main effect of scintillations 

is fading of the signal. 

 

 The antenna size needed to produce a beam with the 

required angular speed 

o The basic relationship between wavelength and 

antenna size is  

𝜃𝑟𝑎𝑑𝑖𝑎𝑛 =
𝜆

𝐷
 

𝐷: The maximum dimension across the antenna aperture   

𝜆: Wavelength 

𝜃: Angular range of the main beam between the 3dB points 

 

o At low frequencies the wavelength is large, 

implying a large antenna size for the given 

beamwidth. But the attenuation of the 

atmosphere increases. 

 Atmospheric attenuation is not a problem 

for satellite-to-satellite communications, 

so they involve mm-wave frequencies 

and very small antennas. 

 

 International agreements/regulations. 

o The use of different frequency bands for 

different applications has been agreed through 

various international agencies. 

o Service Types: 

 Fixed Service Satellites (FSS) 
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 Example:  Point to Point 

Communication 

 Broadcast Service Satellites (BSS) 

 Example:  Satellite 

Television/Radio 

 Also called Direct Broadcast 

Service (DBS). 

 Mobile Service Satellites (MSS) 

 Example:  Satellite Phones 

o  Different kinds of satellites use different 

frequency bands. 
 L–Band: 1 to 2 GHz, used by MSS 

 S-Band: 2 to 4 GHz, used by MSS, NASA, 

deep space research 

 C-Band: 4 to 8 GHz, used by FSS 

 X-Band: 8 to 12.5 GHz, used by FSS and in 

terrestrial imaging, ex: military and 

meteorological satellites 

 Ku-Band: 12.5 to 18 GHz: used by FSS and 

BSS (DBS) 

 K-Band: 18 to 26.5 GHz: used by FSS and 

BSS 

 Ka-Band:  26.5 to 40 GHz: used by FSS 
o Frequency bands are allocated to different 

services at World Radio-communication 

Conferences (WRCs).  

o Bands have traditionally been divided into 

“commercial" and "government/military" bands, 

although this is not reflected in the Radio 

Regulations and is becoming less clear-cut as 

"commercial" operators move to utilize 

"government" bands. 

 

o Advantages of Satellite Communications: 

 Can reach over large geographical area 

 Flexible (if transparent transponders) 

 Transponders are microwave repeaters carried by 

communications satellites.  

 Transparent transponders can handle any signal whose 

format can fit in the transponder bandwidth. No signal 

processing occurs other than that of heterodyning 

(frequency changing) the uplink frequency bands to 

those of the downlinks. Such a satellite communications 

system is referred to as a bent-pipe system. 

Connectivity among earth stations is reduced when 

multiple narrow beams are used. Hence, the evolution 

proceeded from the transparent transponder to 

transponders that can perform signal switching and 

format processing. 

 Easy to install new circuits  

 Circuit costs independent of distance  
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 Broadcast possibilities  

 Temporary applications (restoration)  

 Mobile applications (especially "fill-in) " 

 Terrestrial network "by-pass " 

 Provision of service to remote or underdeveloped areas  

 User has control over own network  

 1-for-N multipoint standby possibilities 

 Higher Bandwidths are available for use. 

 

o Disadvantages of Satellite Communications: 

 Large up front capital costs (space segment and launch) 

 Terrestrial break even distance expanding (now approx. size of 

Europe) 

 Breakeven Distance: As the cost of Satellite Circuit is 

independent of distance on the Earth between the two 

ends, whilst the cost of a terrestrial circuit is 

approximately directly proportional to that distance, the 

concept of a "breakeven" distance where the costs are 

equal has been used to determine where services should 

be routed via satellite.  

 This breakeven distance varies according to the size of 

the route, growth rate, and any special networking 

requirements. 

 Interference and propagation delay  

 Congestion of frequencies and orbits 

 

 Satellite System Elements: 

 
 

o Space Segment: 

 Satellite Launching Phase 

 Transfer Orbit Phase 

 Deployment 

 Operation 

 TT&C - Tracking Telemetry and Command Station 
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 SSC - Satellite Control Center, a.k.a.: 

o OCC - Operations Control Center 

o SCF - Satellite Control Facility 

 Retirement Phase 

o Ground Segment: 

 Collection of facilities, Users and Applications 

 

 

 

 

o Satellite Uplink and Downlink: 

 Downlink: The link from a satellite down to one or more 

ground stations or receivers 

 Uplink: The link from a ground station up to a satellite. 

 Some companies sell uplink and downlink services to  

 Television stations, corporations, and to other 

telecommunication carriers.  

 A company can specialize in providing uplinks, 

downlinks, or both. 

 

 

 Satellite Signals: 

o Used to transmit signals and data over long distances: 

 Weather forecasting 

 Television broadcasting 

 Internet communication 

 Global Positioning Systems 

 

o Satellite Transmission Bands: 

 The C band is the most frequently used.  

 The Ka and Ku bands are reserved exclusively for satellite 

communication but are subject to rain attenuation 

 

Frequency Band Downlink Uplink ISSUES 

C 3,700-4,200 MHz 5,925-6,425 MHz 
Interference with ground 

links. 

Ku 11.7-12.2 GHz 14.0-14.5 GHz Attenuation due to rain 

Ka 17.7-21.2 GHz 27.5-31.0 GHz High Equipment cost 

 

o Types of Satellite Orbits: 

 Based on the inclination, 𝑖, over the equ atorial plane: 

 Equatorial Orbits above Earth’s equator (𝑖 = 0°) 
 Polar Orbits pass over both poles (𝑖 = 90°) 
 Other orbits called inclined orbits (0° < 𝑖 < 90°) 



Part V: Satellite Communications 

Page 6 of 18                                                                                                               Dr. Omar R. Daoud 

 

 

 Based on Eccentricity 

 Circular with center at the earth’s center 

 Elliptical with one foci at earth’s center  

 

o Types of Satellite based Networks: 

 Based on the Satellite Altitude 

 GEO – Geostationary Orbits 

o 3 Satellites can cover the earth (120° apart) 

o Satellite appears to be stationary over any point 

on equator: 

 Earth Rotates at same speed as Satellite 

 Radius of Orbit r = Orbital Height + 

Radius of Earth (Avg. Radius of Earth = 

6378.14 Km) 

o 36000 Km = 22300 Miles, equatorial, High 

latency  

o includes commercial  

o military communications satellites 

o satellites providing early warning of ballistic 

missile launch 

o Advantages: 

 A GEO satellite’s distance from earth 

gives it a large coverage area, almost a 

fourth of the earth’s surface. 

 GEO satellites have a 24 hour view of a 

particular area. 

 These factors make it ideal for satellite 

broadcast and other multipoint 

applications. 

o Disadvantages: 

 A GEO satellite’s distance also cause it 

to have both a comparatively weak signal 

and a time delay in the signal, which is 

bad for point to point communication. 

 GEO satellites, centered above the 

equator, have difficulty broadcasting 

signals to near polar regions 

 

 MEO – Medium Earth Orbits 

o High bandwidth, High power, High latency  

o from 5000 to 15000 km,  

o They include navigation satellites (GPS, Galileo, 

Glonass). 

o Advantages: 

 A MEO satellite’s longer duration of 

visibility and wider footprint means 

fewer satellites are needed in a MEO 

network than a LEO network. 

o Disadvantages: 
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 A MEO satellite’s distance gives it a 

longer time delay and weaker signal than 

a LEO satellite, though not as bad as a 

GEO satellite.  

 LEO –  Low Earth Orbits 

o Low power, Low latency, More Satellites, Small 

Footprint 

o From 500 to 1000 km above Earth,  

o They include military intelligence satellites, 

weather satellites. 

o Advantages: 

 A LEO satellite’s proximity to earth 

compared to a GEO satellite gives it a 

better signal strength and less of a time 

delay, which makes it better for point to 

point communication. 

 A LEO satellite’s smaller area of 

coverage is less of a waste of bandwidth. 

o Disadvantages: 

 A network of LEO satellites is needed, 

which can be costly 

 LEO satellites have to compensate for 

Doppler shifts cause by their relative 

movement. 

 Atmospheric drag affects LEO satellites, 

causing gradual orbital deterioration. 

 VSAT 

o Very Small Aperture Satellites 

 Private WANs 

 

 Factors in satellite communication: 

o Elevation Angle:  The angle of the horizontal of the earth surface to 

the center line of the satellite transmission beam. 

 This affects the satellites coverage area.  Ideally, you want a 

elevation angle of 0 degrees, so the transmission beam reaches 

the horizon visible to the satellite in all directions. 

 However, because of environmental factors like objects 

blocking the transmission, atmospheric attenuation, and the 

earth electrical background noise, there is a minimum elevation 

angle of earth stations. 

o Coverage Angle:  A measure of the portion of the earth surface visible 

to a satellite taking the minimum elevation angle into account. 

𝑅

𝑅 + ℎ
=
sin(

𝜋
2 − 𝛽 − 𝜃)

sin(
𝜋
2 + 𝜃)

=
cos(𝛽 + 𝜃)

cos(𝜃)
 

𝑅: Earth’s radius (6370 km) 

ℎ: Satellite orbit height 

𝛽: Coverage angle 

𝜃: Minimum elevation angle 
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o Antenna Beamwidth:   

 It is correspond to the area of the earth to be illuminated  

 It must be able to select a particular geostationary satellite (the 

satellite spacing in the crowded geostationary orbit is about 2
o
) 

 

𝐺 = 𝜂 (
𝜋𝐷

𝜆
)
2

 

 

𝜃3𝑑𝐵 = 70 (
𝜆

𝐷
) 

𝐺: Antenna Gain 

𝜃3𝑑𝐵: Antenna 3dB Beamwidth 

𝜂: Antenna Efficiency (typically 0.6-to-0.7) 

𝐷: Antenna Diameter 

 

o Antenna Temperature:   

 It is referred to the temperature that is associated with the noise 

at the terminals of an antenna. 

 The Sky temperature effect is shown in the Figure below 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

o Effect of rain:   

 The presence of rainfall has a dramatic influence on the link 

quality, due to absorption and reflection. 

 Indeed, rain scatter for instance, however useful it may be for 

terrestrial links, suggests that a lot of signal doesn't arrive 

outside the atmosphere. 

 The absorption is dependent on the rainfall intensity and on the 

path length. 

 Because of the high absorption, rain acts as a rather strong 

noise source. 

 Figure below shows the specific attenuation due to rainfall and 

the effective path length. 
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𝑇𝑟𝑎𝑖𝑛 = 𝑇𝑚 (1 −
1

𝐴𝑟𝑎𝑖𝑛
) 

𝑇𝑟𝑎𝑖𝑛: Noise temperature due to rain (the Sky temperature is 

augmented in it). 

𝑇𝑚: The effective temperature of the rain (260K
o
) 

𝐴𝑟𝑎𝑖𝑛: The rainfall attenuation. 

 

𝑇𝑎𝑖 = 𝑇𝑜(𝐹 − 1) 
𝑇𝑎𝑖: Effective noise temperature 

𝐹: Noise figure =
𝑆𝑁𝑅𝑖𝑛

𝑆𝑁𝑅𝑜𝑢𝑡
 

𝑇𝑜: Reference noise temperature (the environment temperature) 

290𝐾𝑜(to generate reference noise power) 
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1.2 Link Budget:  
 Link power budget calculations generally relate two quantities,  

o The  transmission power and  

o The receiver power.  

 In addition to the additional losses and noise factor which is incorporated with 

the transmitted and the received signals.  

o Losses can be of various types 

o The system noise parameters. Various components of the system add 

to the noise in the signal that has to be transmitted.  

 Transmission Losses and Link Budget 

o Free- Space Transmission Losses (FSL) =
𝜆2

4𝜋𝑑
 

o Feeder Losses (RFL) 

o Antenna Misalignment Losses (AML) 

o Fixed Atmospheric (AA) and  

o Ionosphere losses (PL) 
 

Therefore, the Link - Power Budget Equation: 
 

Losses = [FSL] + [RFL] + [AML] + [AA] + [PL] 

o The received power (PR) 
 

PR = [EIRP] + [GR] – [Losses] 
 

 The system effective/noise temperature: 

o two noise sources have been identified:  

 The antenna noise, being a weighted average of external noise 

sources, both natural and man-made,  

 The noise introduced by transmission lines and the 

preamplifier.  

o The system effective noise temperature is equal to 

𝑇𝑠 = 𝑇𝑎 + 𝑇𝑟𝑒𝑐 
𝑇𝑎: The antenna temperature 

𝑇𝑟𝑒𝑐: The receiver effective input noise temperature 
𝐺

𝑇𝑒
= 𝐺 − 10log(𝑇𝑠) 

𝑇𝑒: Equivalent noise temperature 
 

o The tradeoff between gain and antenna noise is best reflected in the 

figure of merit (FoM) as 

𝐹𝑜𝑀 =
𝐺

𝑇𝑠
 

o The basic quality of a link is expressed in terms of its carrier to noise 

ratio (
𝐶

𝑁
)𝑐𝑎𝑟𝑟𝑖𝑒𝑟𝑡𝑜𝑛𝑜𝑖𝑠𝑒𝑑𝑒𝑛𝑠𝑖𝑡𝑦𝑟𝑎𝑡𝑖𝑜(

𝐶

𝑁𝑜
) 

𝐶: Unmodulated carrier power 

𝑁𝑜: The noise power density =𝑘𝑇𝑒 

𝑁: The noise power =𝑘𝑇𝑒𝐵 

 Antenna noise (𝑇𝐴) 

 Antenna receiver connection (𝑇𝐶) 

o Cables 

o Waveguides 
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 Antenna receiver noise (𝑇𝑅) 

o RF 

o Mixers 

o IF stages 

𝑘: Boltzmann’s constant (1.38 × 10−23𝐽𝐾−1) 

𝐵: System Bandwidth 

𝑇𝑒: Equivalent noise temperature 

 

 Uplink Model: 

 
 

 

 Transponder: 

 
 

 Downlink Model: 
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 Free-Space Path Loss: 

 

o Friis Model: 

 The received power (𝑃𝑅) 

 

𝑃𝑅 = 𝑃𝑇𝐺𝑇𝐺𝑅 (
𝜆

4𝜋𝑅
)
2

= 𝑃𝑇𝐺𝑇𝐺𝑅 (
𝜆

4𝜋𝑅
)
2

×
1

𝐿
=
𝑃𝑇𝐺𝑇
4𝜋𝑅2

𝐴𝑒𝑓𝑓 

𝑃𝑅𝑑𝐵𝑊 = 𝐸𝐼𝑅𝑃𝑑𝐵𝑊 + 𝐺𝑅𝑑𝐵 − 20log(
4𝜋𝑅

𝜆
) 

 

𝑃𝑇: Transmit Power 

𝐺𝑇: Transmit Antenna Gain 

𝐺𝑅: Receive Antenna Gain 

𝐴𝑒𝑓𝑓: Effective area = 
𝜆2𝐺

4𝜋
 

𝐸𝐼𝑅𝑃: Effective isotropic radiation power = 𝑃𝑇𝐺𝑇 

𝐿: Additional loss factor (typically 5dB) according to: 

- Antenna efficiency 

- Atmospheric absorption 

- Polarization mismatches 

- Antenna misalignments 

 

 Link Attenuation (𝛼𝑑𝐵):  

 

𝛼𝑑𝐵 = 20 log (
4𝜋𝑅

𝜆
) − 𝐺𝑅𝑑𝐵 − 𝐺𝑇𝑑𝐵 

Where  

20 log (
4𝜋𝑅

𝜆
): The free space loss due to the spreading of the radiation. 

 

 

 

 

 Uplink Equation:  
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𝐶

𝑁𝑜
= 10 log(𝑃𝑇𝐺𝑇)𝐸𝑎𝑟𝑡ℎ𝑆𝑡. + 20 log (

4𝜋𝑅

𝜆
) + 10 log (

𝐺

𝑇𝑒
)
𝑆𝑎𝑡.

− 10 log(𝐿𝑢)𝑎𝑡𝑚𝑜𝑠𝑝ℎ𝑒𝑟𝑒𝑙𝑜𝑠𝑠 − 10 log 𝑘 

 

 

 

 Downlink Equation: 

 
𝐶

𝑁𝑜
= 10 log(𝑃𝑇𝐺𝑇)𝑆𝑎𝑡 + 20 log (

4𝜋𝑅

𝜆
) + 10 log (

𝐺

𝑇𝑒
)
𝑒𝑎𝑟𝑡ℎ𝑠𝑡.

− 10 log(𝐿𝑑)𝑎𝑡𝑚𝑜𝑠𝑝ℎ𝑒𝑟𝑒𝑙𝑜𝑠𝑠 − 10 log 𝑘 

 

 

 Example1:  

Calculate the power that must be transmitted from a geostationary satellite to 

give a power of -11dB (2.5 × 10−21𝑊) at a receiver on the earthy. Assume 

that the operating frequency is 10GHz, the altitude is 36000km, the receive 

antenna gain is 40dB, the transmit antenna gain is 30 dB and the additional 

losses is 5dB. 

 

Solution: 

 

𝑃𝑅𝑑𝐵𝑊 = 𝑃𝑇𝑑𝐵𝑊 + 𝐺𝑅𝑑𝐵 + 𝐺𝑇𝑑𝐵 − 𝐿𝑑𝐵 − 20log(
4𝜋𝑅

𝜆
) 

−116𝑑𝐵𝑊 = 𝑃𝑇𝑑𝐵𝑊 + 30 + 40 − 5 − 203 

𝑃𝑇𝑑𝐵𝑊 = 22𝑑𝐵𝑊 = 159𝑊 

Then  

𝐸𝐼𝑅𝑃 = 𝑃𝑇𝑑𝐵𝑊 + 𝐺𝑇𝑑𝐵 = 22𝑑𝐵𝑊 + 30𝑑𝐵 = 52𝑑𝐵𝑊 

 

 Example2:  

A realistic link budget will now be evaluated for a satellite downlink at 

24GHz, such as the Amsat Oscar-40 K-band downlink. Let: 

 The transmitter power is 30 dBm 

 The transmit antenna gain is 23 dBi (i- stands for the 

comparison with isotropic antenna) 

 Rain rate is 5mm/h 

 The satellite  

 altitude is 60000 

km, 

 elevation is 45
o
, 

which leads to 

5km effective 

path (from 

figure) 

 free space losses (FSL) 

is -215dB (calculated 

from the formula) 

 A parabolic received 

antenna is used with: 

 45cm diameter 

(0.16m
2
 area) 
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 Efficiency of 50% 

 3kHz bandwidth 

 Noise Figure of 3dBm. 

 

Solution: 

 

- From the given chart: 

The atmospheric attenuation at 24GHz is about 0.5dB (humid conditions)  

- The attenuation at 5mm/h and 24GHz is about 1 dB/km 

- From the antenna elevation and the effective path, the total attenuation is 

5dB. 

- The increment in antenna noise temperature due to rain is: 

 

𝑇𝑟𝑎𝑖𝑛 = 𝑇𝑚 (1 −
1

𝐴𝑟𝑎𝑖𝑛
) 

𝑇𝑟𝑎𝑖𝑛 = 260𝐾𝑜 (1 −
1

5𝑑𝐵
) = 178𝐾𝑜 

 

- The receive antenna gain is  

𝐺 = 𝜂 (
𝜋𝐷

𝜆
)
2

= 1.3 × 104 = 41𝑑𝐵 

- The sky temperature (from figure) is about 30𝐾𝑜 

- The system noise temperature 

𝑇𝑠 = 290 + (178 + 30) = 498𝐾𝑜 
 

 

 

 Example3:  

For an equivalent noise bandwidth of 10MHz and a total noise power of 

0.0276 pW, determine the noise density (𝑁𝑜) and the equivalent noise 

temperature (𝑇𝑒).  

 

Solution: 

 

𝑁𝑜 =
𝑁

𝐵
=
0.0276 × 10−12

10 × 106
= 2.76 × 10−23𝑊/𝐻𝑧 
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𝑇𝑒 =
𝑁𝑜

𝐾
=
2.76 × 10−23𝑊/𝐻𝑧

1.38 × 10−23𝐽/𝐾
= 200𝐾𝑜/𝑐𝑦𝑐𝑙𝑒 

 

Note: 
𝑊

𝐻𝑧
=

𝐽𝑜𝑢𝑙𝑒/𝑠𝑒𝑐

𝐶𝑦𝑐𝑙𝑒/𝑠𝑒𝑐
=

𝐽𝑜𝑢𝑙𝑒

𝑐𝑦𝑐𝑙𝑒
 

 

 

 Example4:  

For a total transmit power of 1000W, determine the energy per bit (𝐸𝑏) for a 

transmission rate of 50Mbps. 

  

Solution: 

𝑇𝑏 =
1

𝑓𝑏
=

1

50000000𝑏𝑝𝑠
= 0.02𝜇𝑠 

𝑃𝑇 = (1000𝑊)1000
𝐽

𝑠
 

𝐸𝑏 = (1000
𝑗

𝑠
) × (

0.2𝜇𝑠

𝑏𝑖𝑡
) = 20𝜇𝐽 = −47𝑑𝐵𝐽 = −47𝑑𝐵

𝑊

𝑏𝑝𝑠
 

 

 Example5:  

Complete the link budget for a satellite system with the following parameters: 
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Solution: 

 

o Uplink Budget: 

 EIRP at the earth station: 

𝐸𝐼𝑅𝑃 = 𝑃𝑇 + 𝐺𝑇 − 𝐿𝑏𝑜 − 𝐿𝑏𝑓 

𝐸𝐼𝑅𝑃 = 33𝑑𝐵𝑊 + 64𝑑𝐵 − 3𝑑𝐵 − 4𝑑𝐵 = 90𝑑𝐵𝑊 
 



Part V: Satellite Communications 

Page 17 of 18                                                                                                               Dr. Omar R. Daoud 

 

 Carrier Power density at the satellite: 

𝐶′ = 𝐸𝐼𝑅𝑃𝑒𝑎𝑟𝑡ℎ𝑠𝑡. − 𝐿𝑝 − 𝐿𝑢 

𝐶′ = 90𝑑𝐵𝑊 − 206.5𝑑𝐵 − 0.6𝑑𝐵 = −117.1𝑑𝐵𝑊 
 

 Carrier to noise power ratio at the satel1lite: 
𝐶

𝑁𝑜
=

𝐶

𝑘𝑇𝑒
=

𝐶

𝑇𝑒
×
1

𝑘
= 𝐶′ ×

𝐺

𝑇𝑒
×
1

𝑘
 

(
𝐶

𝑁𝑜
)𝑑𝐵 = 𝐶′ +

𝐺

𝑇𝑒
− 10 log(1.38 × 10−23) = 106.2𝑑𝐵 

 

 The energy per bit to noise density ratio:  

 

𝐶

𝑁
=
𝐸𝑏
𝑁𝑜

−
𝐵

𝑓𝑏
= 25.4 − 10 log (

40 × 106

120 × 106
) = 30.2𝑑𝐵 

 

 

o Downlink Budget: 

 EIRP at the satellite transponder: 

𝐸𝐼𝑅𝑃 = 𝑃𝑇 + 𝐺𝑇 − 𝐿𝑏𝑜 − 𝐿𝑏𝑓 

𝐸𝐼𝑅𝑃 = 10𝑑𝐵𝑊 + 30.8𝑑𝐵 − 0.1𝑑𝐵 − 0.5𝑑𝐵 = 40.2𝑑𝐵𝑊 
 

 Carrier Power density at the satellite: 

𝐶′ = 𝐸𝐼𝑅𝑃𝑒𝑎𝑟𝑡ℎ𝑠𝑡. − 𝐿𝑝 − 𝐿𝑢 

𝐶′ = 40.2𝑑𝐵𝑊 − 205.6𝑑𝐵 − 0.4𝑑𝐵 = −165.8𝑑𝐵𝑊 
 

 Carrier to noise power ratio at the satel1lite: 
𝐶

𝑁𝑜
=

𝐶

𝑘𝑇𝑒
=

𝐶

𝑇𝑒
×
1

𝑘
= 𝐶′ ×

𝐺

𝑇𝑒
×
1

𝑘
 

(
𝐶

𝑁𝑜
)𝑑𝐵 = 𝐶′ +

𝐺

𝑇𝑒
− 10 log(1.38 × 10−23) = 100.5𝑑𝐵 

 

 The energy per bit to noise density ratio:  

 
𝐸𝑏
𝑁𝑜

=
𝐶

𝑁𝑜
− 10 log(𝑓𝑏) = 19.7𝑑𝐵 

𝐶

𝑁
=
𝐸𝑏
𝑁𝑜

−
𝐵

𝑓𝑏
= 19.7 − 10 log (

40 × 106

120 × 106
) = 24.5𝑑𝐵 

 

o The overall energy of bit-to noise density ratio is: 

 

(
𝐸𝑏
𝑁𝑜
)𝑜𝑣𝑒𝑟𝑎𝑙𝑙 =

(
𝐸𝑏
𝑁𝑜
)𝑈𝐿 × (

𝐸𝑏
𝑁𝑜
)𝐷𝐿

(
𝐸𝑏
𝑁𝑜
)𝑈𝐿 + (

𝐸𝑏
𝑁𝑜
)𝐷𝐿

=
(346.7) × (93.3)

(346.7) + (93.3)
= 73.5 = 18.7𝑑𝐵 
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