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Abstract
Bai bao gioi thiéu mot phwong phdp dé danh gid nhiéu giao thoa tir tuyén xuéng cia
hé thong vé tinh quy dao thap LEO t6i mdy thu tram mat dat ciia mang VSAT thudc hé
théng vé tinh dia tinh GSO khi lam viéc trong cung bang tan va cing hudng. Phuong phap
nay tinh phan tram thoi gian xudt hién ciia vé tinh LEO trong viing nhin thdy cia antenna
tram mat dat VSAT, dwa ra mét quy trinh ddnh gid nhiéu. Phirong phdp nay ¢6 wu diém la
tiét kiém thoi gian hon phwong phdp chay may tinh trong chuwong trinh mo phong tryc tiép.
dap dung dé danh gid nhiéu tir cdc vé tinh trong hé thong vé tinh Globalstar dén cdc tram
mdt dat thuéc mang VSAT ciia VTI ¢ Viét 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, /;, 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, Ng, within a specified time percentage, % .

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, % ¢, based on
acceptable interference power spectral density, /o, 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 = P+ G(a) — Ly + G(¢p) dB(W/Hz) (1)

Where:
P : interfering LEO space station’s transmit power spectral density (dB(W/Hz))
G(a):interfering LEO space station antenna gain in the direction of the wanted VSAT earth
station (dB)
G(p):wanted VSAT earth station antenna gain in the direction of the interfering LEO space
station (dB)

L; : 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 2¢ (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.
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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 ¢, distance R and angle o.. Analysis of variations in the interference



power spectral density, /o, as a function of ¢, & and R shows that a slight increase in angle
@ leads to a sharp decrease in the interference power, /o, while small changes in distance R
and angle « leads to virtually no change. Variations in G(@), L4, that are functions of
distance R and angle ¢, are therefore insignificant.

Based on these features it is appropriate to assume that G(«) and L, 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 ¢.

The time percentage, % ¢, that LEO satellites are within the cone 2¢ is a function of the
required separation angle ¢. For the specified features of the satellite networks concerned,
every value of angle ¢ corresponds to a certain value of /o 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 = 10logx + 10log(kT) 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™ = -228.6 (dBW/K/Hz )

T : noise temperature of the wanted networks VSAT receiving station (°K).

Step 2: Using expression (1) and the earth station antenna pattern a value of angle ¢, that
corresponds to an acceptable interference power spectral density, /o, 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 % (@) that LEO satellites are within a cone with a vertex angle 2¢y, is
calculated. One of methods recommended as follows, to calculate the time percentage %
tm(@) we determine the probability by expressions (3) to (14):

where,

Lo:  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:  Areaof a circle on a spherical surface (sterad)

Pi: Probability to be inside the area if hit during the revolution (one satellite
calculation)
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Probability for a satellite to be inside the defined area (one satellite calculation)
Probability that any one of the satellites in a constellation is inside the area
Number of satellites in the constellation

r/(r+h)

Azimuth of the centre of the area (rad)

Elevation of the centre of the area (rad)

Radius of the Earth

Altitude of the satellite

Nadir angle from subsatellite point (see Fig. 4) (rad)

Geocentric angle in elevation direction corresponding to € (rad)

Geocentric angle for the highest point of the area in elevation direction (rad)
Geocentric angle for the lowest point of the area in elevation direction (rad)
Geocentric angle difference in direction perpendicular to O¢ (rad)

Width of the area in azimuthal direction (e.g. antenna beamwidth in azimuthal
direction)
The highest and lowest elevation of the area (rad) (e1, —€2 is e.g. the

antenna beamwidth in the elevation direction, €] =¢ - ¢/2; €2 =€ + ¢/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.

L = arc sin (cos g -

)

For a circular area:

For a rectangular area:

r
k=—— 3
r+h ®)
0, = —7v - (n/2 + &) = arccos(kcosey) — g (4)
B;, =1 — v — (/2 + &) = arccos(kcosey) — & (5)
ABg [ 02 — B¢l (6)
eg _ 981 2_982 (7)
Abg = 2arc tan tan (B/2) sin 6, (®)
Cos €
sin Lo + sinOg - cos Lo + cos A)
a = arccos 10
cosL (19)
A 1 1
P= i 11
277 sina cosL an
P: =NP (12)
A = Ac
i
A, = 7 AB, AGB (13)
4 =p(e1-¢22) (14)



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 % (@) does not
exceed a specified % ty, 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 VT 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 (hA=1500km, i=52°, N=48) and typical GSO VSAT satellite
parameters. Estimations are performed for wanted and interfering earth stations at latitudes
within 8° and 23°, 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, Ng, within the time

percentage, % ty, specified for the given frequency band.
The following formula was used:

Io = 10logx + 10 log(kT) dB(W/Hz) (15)
In Tables 1 the specified time percentage % f;,; (column 4) have appropriate values of Ng
(column 6), x (column 7) and an estimated threshold interference value (xNg)s (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 % t;;(@) 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 (xNg)s; 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(¢)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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