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Abstract 
        Bài báo giới thiệu một phương pháp để đánh giá nhiễu giao thoa từ tuyến xuống của 
hệ thống vệ tinh quỹ đạo thấp LEO tới máy thu trạm mặt đất của mạng VSAT thuộc hệ  
thống vệ tinh địa tĩnh GSO khi làm việc trong cùng băng tần và cùng hướng. Phương pháp 
này tính phần trăm thời gian xuất hiện của vệ tinh LEO trong vùng nhìn thấy của antenna 
trạm mặt đất VSAT, đưa ra một quy trình đánh giá nhiễu. Phương pháp này có ưu điểm là 
tiết kiệm thời gian hơn phương pháp chạy máy tính trong chương trình mô phỏng trực tiếp. 
áp dụng để đánh giá nhiễu từ các vệ tinh trong hệ thống vệ tinh Globalstar đến các trạm 
mặt đất thuộc mạng VSAT của VTI ở Việt nam. 
 

1. Introdution 
        For estimating interference from LEO MSS feeder downlinks into GSO VSAT system 
based on computer methods of simulation features high accuracy of the obtained results 
but they may require considerable runtime and may not be commonly available; 
And interference between LEO MSS feeder downlinks and GSO VSAT systems may be 
estimated using time percentage for LEO satellites staying within an area into certain 
discrimination angles from a direction to a GSO satellite in relation to the VSAT earth 
station concerned. 
        However, the time percentage for a specified value of an angle between a GSO VSAT 
satellite and a LEO satellite in relation to the earth station concerned may be defined using 
either simulations or by the analytical method described in Recommendation 
ITU-R S.1257 or by using other methods, 
       This report may be used for estimating interference from LEO MSS feeder downlink 
into GSO VSAT systems co-frequency operating in the same direction. 
The section 2 is described Analytical method for estimating interference from LEO MSS 
feeder  downlink into VSAT networks operating co-frequency and co directionally. The 
section 3 is proposed the procedure for estimating the downlink interference. The section 4 
is applied the Example of estimating interference from  LEO MSS feeder downlinks of 
Globalstar system into existing VSAT system of VTI in Vietnam  sharing the same C 
frequency bands in the same direction. 
 
 

2. A analytical method for estimating interferencefrom LEO MSS feeder downlink 
into VSAT network operating co-frequency and co directionally 

For estimating interference from LEO MSS feeder links and GSO VSAT system a criterion 
is specified according to which: 

            Interference power spectral density, I0, from feeder links of an LEO MSS network (in 
uplink from earth station and in downlink from satellite being a result of feeder link 
transmissions to and from all the satellites in a constellation) at the input of receiver of a 



GSO VSAT earth station shall not exceed a certain fraction, x, of receiver thermal noise 
power spectral density, No, within a specified time percentage, % t. 
      An example of criteria for interference from LEO MSS feeder downlinks to GSO 
VSAT receivers given in Table 1 (see column 4&8) is used in the example bellow. 
 
     The present method provides an estimation of the time percentage, % t, based on 
acceptable interference power spectral density, Io, without using simulation methods. 
For estimating interference between feeder downlinks LEO MSS networks and GSO  
VSAT system we consider the case that emissions from LEO MSS feeder- downlink space 
stations interfering into GSO VSAT receiving earth stations (see Fig. 1). We consider the 
case for the “downlink” of LEO satellite. 
We have: 

Io  =  Ps + G(α)  –  Ld  + G(ϕ)  dB(W/Hz)     (1) 
Where: 

 Ps :  interfering LEO space station’s transmit power spectral density (dB(W/Hz)) 
G(α):interfering LEO space station antenna gain in the direction of the wanted VSAT earth 
station (dB) 
G(ϕ):wanted VSAT earth station antenna gain in the direction of the interfering LEO space 
station (dB) 
Ld    : path loss from the interfering LEO satellite to the wanted VSAT earth station (dB). 
This method is based on defining a part of space limited by a circular conic surface with a 
vertex angle 2ϕ (see Figure. 1). The vertex of the cone coincides with either the interfering 
or interfered-with earth station location and the axis of the cone is always aimed at the 
GSO VSAT satellite. 
 
 

 
 
 

Figure.1 LEO MSS feeder downlink space station interfering into GSO VSAT 
receiving earth station 

 
For interference in this case the interference power spectral density into a receiver changes 
as a function of angle ϕ, distance R and angle α. Analysis of variations in the interference 
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power spectral density, Io, as a function of ϕ, α and R shows that a slight increase in angle 
ϕ leads to a sharp decrease in the interference power, Io, while small changes in distance R 
and angle α leads to virtually no change. Variations in G(α), Ld, that are functions of 
distance R and angle α, are therefore insignificant. 
Based on these features it is appropriate to assume that G(α) and Ld are constant. This 
assumption leads to an insignificant error of the interference estimates. Therefore for 
interference above cases the variations in the received interference power spectral density 
are mainly a function of the angle ϕ. 
The time percentage, % t, that LEO satellites are within the cone 2ϕ is a function of the 
required separation angle ϕ. For the specified features of the satellite networks concerned, 
every value of angle ϕ corresponds to a certain value of Io at VSAT receiver’s input. 
 

3. Procedure for estimating the downlink interference  
 

         For the purpose of estimating the uplink interference, the interfering earth station 
antenna pattern is used, while for estimating the downlink interference, the wanted earth 
station antenna gain is used. The procedure for estimating the downlink interference as 
follows 
 
Step 1:  An acceptable level of interference power spectral density for a specific VSAT 
earth station is derived from the following expression:  

Io  =  10 log x  +  10 log(k T )   dB(W/Hz)     (2) 

where: 
       x : fraction of the specific receiver noise power spectral density within a specified time 
percentage, % t, criteria of Table 1 (see column 4&7) 
 k : Boltzmann’s constant  = 1.38x10-23 = -228.6 (dBW/K/Hz ) 
 T : noise temperature of the wanted networks VSAT receiving station (0K). 
 
Step 2:  Using expression (1) and the earth station antenna pattern a value of angle ϕ, that 
corresponds to an acceptable interference power spectral density, Io, defined at Step 1, is 
calculated.  
 
Step 3:  Based on the analytical method presented in the [5] or based on other methods, a 
time percentage % tm(ϕ) that LEO satellites are within a cone with a vertex angle 2ϕm is 
calculated. One of methods recommended as follows, to calculate the time percentage % 
tm(ϕ) we determine the probability by expressions (3) to (14): 
where, 
         
 L0 : Latitude of the observation point (rad) 
 L : Latitude of the area (rad) 
 b : Length of the area in longitudinal direction (rad) 
 i : Inclination of satellite orbit (rad) 
 a : Angle between ground track and latitude line (rad) 
 A : Area on a spherical surface (sterad) 
 Ac : Area of a circle on a spherical surface (sterad) 
 Pi : Probability to be inside the area if hit during the revolution (one satellite 

calculation) 



 P : Probability for a satellite to be inside the defined area (one satellite calculation) 
 Pc : Probability that any one of the satellites in a constellation is inside the area 
 N : Number of satellites in the constellation 
 k : r / (r + h) 
 Λ : Azimuth of the centre of the area (rad) 
 ε : Elevation of the centre of the area (rad) 
 r : Radius of the Earth 
 h : Altitude of the satellite 
 γ: Nadir angle from subsatellite point (see Fig. 4) (rad) 
 θε  : Geocentric angle in elevation direction corresponding to ε (rad) 
 θε2: Geocentric angle for the highest point of the area in elevation direction (rad) 
 θε1: Geocentric angle for the lowest point of the area in elevation direction (rad) 
 ∆θβ Geocentric angle difference in direction perpendicular to θε (rad) 
 β: Width of the area in azimuthal direction (e.g. antenna beamwidth in azimuthal 

direction) 
 ε1, –ε2 : The highest and lowest elevation of the area (rad) (ε1, –ε2  is e.g. the 

antenna beamwidth in the elevation direction, ε1 = ε  - ϕ/2; ε2 = ε  + ϕ/2) 
 
Calculation expressions of probability 
The following formulae are a collection of those and given here are only those which are 
needed for the probability calculation. Explanation is given for the calculated parameters. 
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Step 4:  Time percentage values calculated at Step 3 are compared with acceptable values 
(e.g. those given in Table 1). If the calculated value of time percentage % t(ϕ)m does not 
exceed a specified % tm then the interference is acceptable (based on the criteria used). 
An example of the given algorithm’s application for estimating interference from feeder 
downlinks of an LEO MSS network into VSAT system is shown in the section 4 bellows. 
 
4. Example of estimating interference from  LEO MSS feeder downlinks into existing 
VSAT system of VTI in Vietnam while sharing the same frequency bands in the same 
direction 
 
The example deals with a case of estimating interference from LEO MSS feeder downlinks 
into a GSO VSAT system. The assumptions used are characteristics of a Globalstar LEO 
satellite network (h = 1 500 km, i = 520, N = 48) and typical GSO VSAT satellite 
parameters. Estimations are performed for wanted and interfering earth stations at latitudes 
within 80 and 230, and with the satellite located at the same longitude as the earth station. 
Estimation results for interference from the LEO MSS feeder downlinks to the GSO VSAT 
system are presented in Tables 1 for Space-to-Earth directions respectively. The estimation 
sequence is as follows: 
 
Step 1:  The first step is the estimation of the acceptable interference level expressed in 
fraction, x, of a specific receiver noise power spectral density, No, within the time 
percentage, % tm, specified for the given frequency band. 
The following formula was used:  

Io  =  10 log x  +  10 log( kT)    dB(W/Hz)     (15) 
In Tables 1 the specified time percentage % tm (column 4) have appropriate values of No 
(column 6), x (column 7) and an estimated threshold interference value (xNo)m (column 8). 
 
Step 2:  At the second step, using expressions (1) (for downlink) and the earth station 
antenna pattern, 
 
Step 3:  Based on the analytical method presented in the [5], to calculate the time 
percentage % tm(ϕ) we determine the probability by expressions (3) to (14). 
 
Step 4:  At the fourth step the calculated time percentage values were compared with 
acceptable values (those given as an example only in Table 1 - column 4). 
The estimation results presented in Table 1 - column 14 or Table 2 - column 19 show that 
the interference levels from the LEO MSS feeder link stations into the GSO VSAT stations 
would not comply with the short-term criteria (xNo)m using in this example. 
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5. Conclusion 
This report may be used for estimating interference from LEO MSS feeder downlink into 
GSO VSAT systems co-frequency operating in the same direction. In this case, we choose 
proposed method to estimate interference from Globalstar LEO MSS feeder downlink into 
GSO VSAT system of VTI co-frequency operating in the same direction. Time percentage 
values calculated at Step 3 are compared with acceptable values (e.g. those given in 
Table 1-column 4). The calculated value of time percentage % t(ϕ)m (those given in 
Table 1-column 14)does not exceed a specified % tm then the interference, which from 
Globalstar satellites into VSAT earth stations of VTI, is acceptable (based on the criteria 
used). 
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