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3.5 Link Design with and without frequency reuse 

 Intra –orbital links :connect consecutive satellites on the same 

orbits 

 Inter –orbital links :connect two satellites on the different orbits 

 

 

 

Design of the Satellite System 
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Atmospheric Layers 

A signal traveling between an earth station and a satellite must pass through the 

earth’s atmosphere, including the ionosphere, as shown  

   Atmospheric Losses 

 Losses occur in the earth’s atmosphere as a result of energy 

absorption by the atmospheric gases. 

• The weather-related losses are referred to as atmospheric 

attenuation and  the  absorption losses by  gases are  known as 

absorption. Atmospheric scintillation:  

• This is a fading phenomenon, the fading period being several 

tens of seconds. 

• It is caused by differences in the atmospheric refractive 
index, which in turn results in focusing and defocusing of 
the radio waves, which follow different ray paths through 
the atmosphere. 

 Fade margin in the link power-budget calculations are 

used for Atmospheric Scintillation. 
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3.6 Ionospheric Effects 

• Radio  waves traveling between satellites and earth stations 

must pass through the ionosphere. 

• The ionosphere is the upper region of the earth’s atmosphere, 
which has been ionized, mainly by solar radiation. 

• The free electrons in the ionosphere are not uniformly 

distributed but form in layers, which effect the signal. 
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Ionospheric Layers 
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3.7 Rain  Induced Attenuation 

• Rain attenuation is a function of rain rate. The rain rate is 
measured in millimeters per hour. The total attenuation is given 
as A=αL dB 

• α-Specfic attenuation 

• L- Effective path length of the signal through the rain 

• The geometric, or slant, path length is shown as LS. This depends 

on the antenna angle of elevation and the rain height hR, which 

is the height at which freezing occurs. 
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• The effective path length is given in terms of the slant length by 

L = LSrp 

• where rp is a reduction factor which is a function of the 

percentage time p and LG, the horizontal projection of LS. LG = LS 

cos El 

• With all these factors together into one equation, the rain 

attenuation in decibels is given by,

  
Link budget calculations 

Equivalent Isotropic Radiated Power: 

• A key parameter in link budget calculations is the equivalent 

isotropic radiated power (EIRP).  

• An isotropic radiator with an input power equal to GPS would 

produce the same flux density. Hence this product is referred to 

as the equivalent isotropic radiated power. 
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• EIRP = GPS, 

G= Gain and PS = Power Supplied. 

Free Space Loss 

• In the loss calculations, the power loss resulting from the 

spreading of the signal in space must be determined. 

• The power flux density at the receiving antenna is given as 
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3.8 Interferance 

 

 With many telecommunications services using radio 

transmissions, interference between services can arise in a 

number of ways. 

 
 

Fig (a) 
Possible interference modes between satellite circuits and a terrestrial station 
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Fig. (a) are classified by the International Telecommunications Union (ITU, 

1985) as follows: A1: terrestrial station transmissions, possibly causing 

interference to reception by an earth station A2: earth station transmissions, 

possibly causing interference to reception by a terrestrial station B1: space 

station transmission of one space system, possibly causing interference to 

reception by an earth station of another space system B2: earth station 

transmissions of one space system, possibly causing interference to reception 

by a space station of another space system C1: space station transmission, 

possibly causing interference to reception by a terrestrial station C2: terrestrial 

station transmission, possibly causing interference to reception by a space 

station E: space station transmission of one space system, possibly causing 

interference to reception by a space station of another space system F: earth 

station transmission of one space system, possibly causing interference to 

reception by an earth station of another space system 
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Combined [C/I] due to interference on both uplink and 

downlink 
   Interference may be considered as a form of noise, and assuming that the 

interference sources are statistically independent, the interference powers may 

be added directly to give the total interference at receiver B. The uplink and the 

downlink ratios are combined in exactly the same manner described for noise, 

resulting in Here, power ratios must be used, not decibels, and the subscript 

“ant” denotes the combined ratio at the output of station B receiving antenna 
 

3.9 Link Design With and without Frequency Reuse 

 
 

 

 

 

 

• Frequency reuse is employed to reduce the crosspolarization 
caused by ionosphere, ice crystals in the upper atmosphere and  

 

• rain, when the wave being transmitted from satellite to earth 
station. 
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• Frequency reuse achieved with spot-beam antennas, and these 
may be combined with polarization reuse to provide an effective 
bandwidth. 

• The bandwidth allocated for C band service is 500 MHz, and this 

is divided into sub bands, one for each transponder. A typical 
transponder bandwidth is 36 MHz, and allowing for a 4-MHz 

guard band between transponders, 12 such transponders can be 

• accommodated in the 500-MHz bandwidth. this number can be 
doubled. Polarization isolation refers to the fact that carriers, 
which may be on the same frequency but with opposite senses 
of polarization, can be isolated from one another by receiving 

• With antennas linear match polarized carriers can be separated 
in this way, and with circular polarization, left-hand circular and 
right-hand circular polarizations can be separated. Because the 
carriers with opposite senses of polarization may overlap in 
frequency, this technique is referred to as frequency reuse 
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