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Abstract

The interference between closely placed co-coverage satellites was analyzed. In general, a satellite network may use different

orthogonal polarizations and frequencies to increase the throughput of a satellite. However, when orthogonal linear polarization

(horizontal polarization and vertical polarization) or orthogonal circular polarization (left-handed circular polarization and right-

handed circular polarization) is used, the signal from one polarization sense to another may be coupled, resulting in cross-

polarization interference. This signal-coupling arises due to the finite value of the cross-polarization discrimination of the earth

station. In this study, field equations were used to analyze the interference between adjacent satellites using co-frequency. The

level of interference was compared to that when two adjacent satellites used the same polarization. The simulation results show

that the interference mainly depends on the off-axis co-polar pattern and the cross-polar pattern of the earth station antenna.

Index Terms: Adjacent satellite interference, Cross polar discrimination, Dual polarization, Depolarization

I. INTRODUCTION

The demand for satellite services has been steadily

increasing. The number of GEO satellites has increased rap-

idly with the flourishing satellite service market. Currently,

there are more than 550 geostationary satellites [1]. To

accommodate more geostationary satellites, the orbital sepa-

ration must be reduced to a maximum of 0.5o. Owing to this

small orbital separation, the burden on communication links

may, in some cases, be dominated by adjacent satellite inter-

ference. As a result, interference from adjacent satellites will

become increasingly severe if the adjacent satellites are not

properly controlled. The use of dual orthogonal polarization

can effectively double satellite capacity. Polarization is a

property applied to transverse waves; it specifies the geomet-

ric orientation of the propagated wave.

This capacity increase is sensitive to system imperfections,

such as a poor antenna axis ratio. These imperfections atten-

uate and/or phase-shift the received signal, resulting in depo-

larization. If a satellite antenna cross-polar determination

(XPD) of approximately 30 dB is used, the effect of the

antenna off-axis cross-polarization gain of the earth station

will be more dominating [2-4]. The cross-polarization inter-

ference between two adjacent satellite networks is essentially

independent of a linear polarization operation or circular

polarization. Regarding the use of different polarization

types in adjacent satellite networks, another situation can

arise.

As shown in Fig. 1, if the interfering satellite network uses

both directions of polarization and the desired satellite net-

work uses another type of polarization, the interference due

to the combined effect must be calculated. However, when
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orthogonal linear polarization (horizontal polarization and

vertical polarization) or orthogonal circular polarization

(left-hand circularly polarized sense and right-hand circu-

larly polarized sense) is used, the signal from one polariza-

tion sense to another may be coupled, resulting in cross-

polarization interference. This signal-coupling arises due to

the finite value of the cross-polarization discrimination of

the earth station. The circular polarization is a polarization

state in which, at each point, the electromagnetic field of the

wave has a constant magnitude and rotates at a constant rate

in a plane perpendicular to the direction of the wave. Linear

polarization of electromagnetic radiation confines the elec-

tric field vector to a given plane along the propagation direc-

tion.

In this study, the electromagnetic field equations used to

evaluate the coupling from a circularly polarized signal to a

linearly polarized signal were derived.

II. FIELD EQUATIONS TO EVALUATE INTERFER-

ENCE

Electromagnetic field equations used to evaluate the cou-

pling from a circularly polarized signal to a linearly polar-

ized signal were derived.

The case where a satellite with circular polarization illumi-

nates an earth station with linear polarization is considered.

Any sense of polarization can be decomposed into two

orthogonal polarizations. At the receiving antenna of the

earth station, the incident field is [5].

(1)

(2)

where ER is the incident electric field vector for a right-hand

circularly polarized (RHCP) signal, EL is the incident elec-

tric field vector for a left-hand circularly polarized (LHCP)

signal, e is the amplitude of a field with co-polarization., eX
is the amplitude of a field with cross-polarization, φ is the

horizontal unit vector at the receiving antenna of an earth

station, θ is the vertical unit vector at the receiving antenna

of an earth station, δR is the unknown RHCP phase differ-

ence between a cross-polarization field and a co-polarization

field, and δL is the unknown LHCP phase difference between

a cross-polarization field and a co-polarization field.

The signal dependence on time is expressed by ejωt. It may

be assumed that the signals with different polarizations are

not correlated to each other.

Each port in the earth-station receiving antenna with linear

polarization may be represented as an effective length [4]:

(3)

(4)

where G is the receiving antenna gain with co-polarization,

Gx is the receiving antenna gain with cross-polarization, and

d is an unknown phase difference between the cross-polar-

ization signal voltage and co-polarization signal voltage

received at the port of a linearly polarized antenna. The sub-

script h indicates a horizontally polarized (HP) signal. The

subscript v indicates a vertically polarized (VP) signal.

The open-circuit voltage Voc in the received antenna port

may be defined as Voc = E· l, where l is the effective length

vector, and E is the incident electric field vector [3].

In fact, G, Gx, and d usually differ for the two ports of the

receiving antenna, that is, the HP port and the VP port. The

interference of the receiving antenna port was analyzed. For

the two incident electric fields in (1) and (2), i.e., the RHCP

and LHCP signals, the received voltages in the HP (h) and

VP (v) receive ports are

(5)

(6)

(7)

(8)

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Downlink ASI from adjacent satellite network.
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where vRh(v) is the voltage received horizontally (vertically)

at the earth station from the satellite RHCP signal, and vLh(v)
is the voltage received horizontally (vertically) at the earth

station from the satellite LHCP signal.

The received signal power in the HP port depends on the

sum of the squares of the voltage magnitudes.

(9)

The product of the cross-polarization of both antennas will

be the smallest when considering the actual cross-polariza-

tion performance. Thus, some terms by the squares of the

voltage magnitudes are extremely small to the extent that

they can be ignored. The power in the horizontal polarization

receiving port depends on (9).

Similarly, the power of the port receiving the vertical

polarization is proportional to

(10)

III. DOWNLINK ANALYSIS

This analysis is based on processing the electric field at

the output port of the antenna receiving the dual polariza-

tions, representing the incident electric signal in terms of

dual orthogonal polarization components. It is assumed that

the magnitudes of the dual orthogonally polarized interfering

signals are the same. The analysis considers the relative

effect of different polarization senses on adjacent satellites

compared to when two satellites use the same polarization

senses. The reference situation is when all adjacent satellites

use linear polarization for comparison. The satellite down-

link, in which a satellite with circular polarization interferes

with an earth station with linear polarization, is analyzed as

follows.

To analyze the effect of a satellite with circular polariza-

tion on an earth station with linear polarization, the follow-

ing conditions are assumed.

1) For each polarization, the electric signal amplitude is

assumed to be the same, that is, eR = eL = e. A difference in

the co-polarization levels of the satellite may be undesirable

as it may create interference. The cross-polarization interfer-

ence (XPI) cancelation of the earth station occurs if the dual

polarization signals are transmitted from a single satellite or

co-located satellites. Otherwise, this would be a significant

downlink contribution for d = ±90 °.

2) The cross-polarization component of a satellite may be

defined by cross-polar discrimination (XPD), i.e., eRX = eLX

= e/ . XPD is the difference between the co-polariza-

tion gain and the cross-polarization gain of an antenna. It is

unrealistic to assume that cross-polarization peaks occur at

the same location and same frequency for the two circular

polarization orientations of the satellite. With a satellite

antenna XPD of approximately 30 dB, the antenna off-axis

cross-polarization gain of an earth station dominates the

cross-polarization effect [6].

3) G and Gx denote the co-polarization and cross-polar-

ization gains of an earth station antenna, respectively. Typi-

cally, the value of Gx will be in the range of 19 – 25 log(q)

and that of G will be 10 dB higher than Gx [7].

Typically, the satellite XPD is approximately 27 – 30 dB

and, the XPD of an earth station near the main beam can be

assumed to be 10 dB. It will decrease as the beam moves

away from the main beam. Therefore, the cross-polarization

of the earth station contributes more to the total adjacent sat-

ellite interference (ASI) than to the satellite cross-polariza-

tion.

Substituting these assumptions with (9) and (10) gives an

expression for the received power at the two ports of the

antenna of the earth station as a function of the phase differ-

ences δR, δL, and δ. These phase differences can signifi-

cantly affect the interference. The interference for the phase

difference is limited, as follows:

(11)

In the worst case, the upper sign “+” is applied and, in the

best case, the lower sign “-” is applied. The mean interfer-

ence is the sum of the first and third terms on the right-hand

side of Equation (11). For the HP port, the worst-case inter-

ference occurs near δR ≈ 0o ≈ δL, and the best case interfer-

ence occurs near δR ≈ 180o ≈ δL. For the VP port, it is the

opposite; i.e., the worst-case interference occurs near δR ≈

180o ≈ δL, and the best case interference occurs near δR ≈ 0o

≈ δL. The reason is that in the worst case, e and eX are added

but, in the best case, e and eX are subtracted. Equation (11)

shows that, on average, there is no degradation compared to

a linearly polarized system and if one polarization at the

receiving port is degraded, the performance at the other port

is better than the average case.

 

 

XPD
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IV. RESULTS AND DISCUSSION

A CP system interfering with an LP system was simulated.

The worst-case downlink interference comparing an adjacent

CP system interfered by an LP system with another LP sys-

tem interfered by an LP system is shown as a function of the

antenna XPD in satellite for various off-axis cross polariza-

tions of the earth station in Fig. 2.

If the satellite antenna XPD is approximately 30 dB, regard-

less of the operating mode of the LP or CP, the interference of

cross-polarization from two adjacent satellite networks essen-

tially depends on the antenna off-axis cross-polar gain of the

earth station. For a low level of satellite cross-polarization, the

worst-case downlink interference is negligible.

For a perfect cross-polarization alignment, the power

received by an LP earth station from a dual LP satellite is

proportional to

(12)

The division of (9) by (10) is shown in Fig. 2. The result

— i.e., interference — can be written as

Interference

(13)

where Gx/G is the ratio of the cross-polar gain to the co-

polarization gain of an earth station antenna. Gx/G was cal-

culated using only the relative values of G and Gx.

If the cross-polarization peak coincides with the co-polar-

ization peak for both polarization senses of the earth station,

downlink interference will occur in the worst case. In other

words, the co-polarization interference and cross-polarization

interference will be totaled in-phase at the polarization port of

the satellite antenna. Moreover, the average interference of an

LP system by a CP system is equal to the interference of an

LP system by an LP system. The antenna may physically con-

strain the phase relationship between the cross-polarization

and co-polarization of the earth station; i.e., the cross-polariza-

tion produced at the reflector edge is generally in quadrature

to the co-polarization. Because the cross-polarization by dif-

fraction at the reflector edge usually provides a peak at the co-

polarization nulls, the cross-polarization peaks barely occur at

the location of the cavity polarization peak.

V. CONCLUSIONS

If the magnitude of the interfering signal is equal to the

magnitude of the interfering signal orthogonal to it, the dif-

ference between the worst-case downlink interference from

the adjacent CP system to the LP system and the interference

from the adjacent LP system to the LP system can be

neglected. The interference due to cross-polarization of the

earth station antenna is canceled out at the earth station

antenna polarization port.
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Fig. 2. Worst-case downlink interference levels of an LP system by an

adjacent CP system.
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