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has gradually driven this separation down to 2is small
Abstract— This paper presents a study of adjacent satelliterbital separation, combined with the desire forken (low
interference (ASI) of two C-band (3400 — 4200MHDmemercial cost) antennas which take advantage of enhancetdliteat
satellites AsiaSat 2 and AsiaSat 4, which are ﬁlmeﬂﬁrized, with 2° performance p|aces an increasing burden on the
orbital separation in geostationary orbit (GEO). ri& of communications link which is in some cases domihig
measurements were performed to obtain the dowrdisk from . o . . .
adjacent satellite interference. It is a precioppastunity to

AsiaSat 4 to the receiving antenna pointing to 8ata2 satellite. ) .
Only the interference picked up by the antenna ditee was Measure the ASI among C-band satellites with 2ftairb

considered in measurements by using large receidnggnnas. Separation as two satellites, operating in sameufmacy
Comparison between the theoretical analysis andsunements is bands, co-coverage, co-polarization and owned bystme

given, Verifying the results of the StUdy theorazl'y: and Operator is very rare in the GEO arc.
experimentally.
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Total: 359 satellites
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. INTRODUCTION

HE first true geostationary communication satellite

Syncom 3, was launched 48 years ago which marked a
new epoch in aerospace [1]. Demand for satellite
communication services has seen steady growth shere
Technical advances in communications and aerospace |
technologies are making satellites more powerfuld an S ST 9 o6 WAL S0 e S ® ) G S (W 66
functionally flexible. The number of GEO satellitesreases B e
rapidly as the market of satellite services expibdeere now Fig. 1 The number of operational satellites distidldl in the GEO arc

Number of operational satellites

exists more than 300 operational geostationaryllsase(2]. In this paper, measurement results of the downhisk of
Fig. 1 shows the actual number of C- and Ku-barefatonal  the two C-band satellites, AsiaSat 2 and AsiaSatith 2°
satellites distributed in the GEO arc as of Jan@ad [3]. orbital separation are presented. Theoretical aislyased on

Frequency spectrum is rare and valuable resourg®aly 5 proposed mathematical model is given for compariand
a limited portion is allocated for satellite comrations. C- arification.

band (4/6 GHz) and Ku-band (12/14 GHz) are the most

common frequency bands used in current commercial || MATHEMATICAL MODEL AND THEORETICALANALYSIS
satellites. New and replacement GEO satellites k@aing
launched and tend to be larger and more powerfala Aesult,
interference from adjacent satellites would becom
increasingly severe if not properly controlled tte 1970’s C-
band satellites were separated by 5°, however natemnal
pressure to accommodate more geostationary saselliéage

ASI is one of the critical issues in satellite coomtation
etworks. ASI can be broken down into two partdinkpand
ownlink ASI. Both uplink and downlink ASI are trsmitted

or received via the antenna side lobes as illedrat Fig. 2.
For example, if the operation of the networks dkelite A
and B is co-frequency, co-polarization and co-cager the
antenna of receiving earth station Rx2 might rexzaiplink
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Fig. 2 Uplink and downlink ASI form an adjacentedkite network
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To determine the downlink ASI, the most direct wsyo
measure the absolute value of ASI. However, thithotkis
complex, time consuming and costly. Factors suchrasise
calibration of the downlink path for each chanrfeéquency
dependent) and elimination of the sky noise araiired to
achieve an accurate result.

Therefore, instead of measuring the absolute vafukSl;
using the sky noise as a reference to determinegdtie of
ASlpo / Ngy (at a particular frequency,) makes the
measurement easier and practical. Only common station
equipment is needed and the variations of receipiatty can
be eliminated under the following conditions: Reagj signal
strength is greater than the noise floor of spectamalyzer in
certain level (e.g. 8dB above) and noise tempezatoir
LNA/LNB is not too high (e.g. below 30K for C-band)

The power densitASp, o of the downlink ASI (in Fig. 2) is
given by [4]

A2 1
X X

4 BW

_ EIRP

AS DLO ~ A R2

x Gg(0)x (1)

where EIRP is the saturation EIRP of the satellite A
transponder; 1 is the wavelength in free spack;is the
distance from satellite A to receiving earth statiRx2 which

is location dependentGg(6) is the antenna off-axis gain of
receiving earth station Rx2 af BW is the interference noise
bandwidth.

In (1), EIRP depends on the designed and manugsttur

characteristics of the satellit€g(0) is determined by the side
lobe performance of the receiving antenna. Indaispiactice
is to envelope the antenna side lobe by (2) whesethe off-
axis angle [5].

G(9)=29-25l0g(h) 1*<B<20°
* For antenna diameteD less thanD/A =
becomes 100D degrees.

(2
100, this value

The system noise temperatufig; at the antenna flange [6]
for an earth station can be computed by

Tsys:Ta+(|I -1)x290+T,, x|, (3)

on frequency, antenna pattern and antenna eleyatimnthe
feed / waveguide loss; 290K is the assumed physical
temperature of the waveguide; afd is the equivalent noise
temperature of the receiving path (including theiseo
temperature of LNA/LNB, receiver and remaining H¥/I
receiving system). In generdl,. can be approximated to the
noise temperature of LNA/LNB which is the dominant
contribution toT, [6].

The downlink noise power densifyp o [6] can then be
calculated by

KT,

I\IDLO = sys (4)

The importance oNp g is that this represents the minimum
noise density level the earth station will receiVbe clear sky
noise power densitjg,o measured is the system noise of the
antenna and almost equals Nig. , when measuring the sky
noise with a high elevation angle (e.g. 70° or a)ov

To investigate the contribution of downlink ASI pem
density to the sky noise power density, a simpl¢heraatical
model can be defined as

_ DownlinkASI PowerDensity_ AS ;,,
SkyNoisePowerDensity N

Ratio

(5)
S0

The clear sky noiseNg, received by the antenna and
interference ASlp; picked up by the antenna side lobe
experience the same path gain/loss of the antesteiving
system as shown in Fig. 3.

Antenni Waveguid:

|

Coaxial line

Spectrumr
Analyzer

)

Fee( Nea

Fig. 3 Antenna receiving system

The power levels of sky noise and downlink intezfere
measured by the spectrum analyzer are given as

ol )ELNGEG3 DLCL+N () 6)
AS JEI]'\AIGm;LNADI‘CL+NSA(f) (7

N%@m(f )=N

DL@SA

(1)=17

wherelLy is the waveguide 10s§, na is the gain of LNALq.

is the cable lossNsa is the spectrum noise floor. Clear sky
noise always exists and is one of the dominantensirces
received by antennas. Hence (5) can be calculbteddh the
measurement.

whereT, is the antenna temperature in Kelvin, which depend
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ASp, _ AS DL@SA( fo) ~ NSKy@SA(fo)
N NSky@SA(fO)_ NSA(fO)

(8)
SKy0

which is independent of the receiving path.

I1l. MEASUREMENTCONSIDERATION

Radiation patterns of the receiving antenna consish
number of side lobe and nulls. The actual anguéarive
position is important in this measurement. The downASI

was assumed to be picked up by the antenna side lob

However, both peak level and angular position dedobes
and nulls in an antenna radiation pattern vary Viriéguency.
Hence it is possible that the downlink ASI couldrbeeived at
a null which would under-estimate the level of thewvnlink

ASI for a particular antenna that may not fully negent real
life network.

To assess the possibility of under-estimation, fivdenna
pointing positions with different azimuth and elgéga were
measured as shown in Fig. 4. If the power levelsueal at
position 1 is lower than those at position 2, &l 5, which

means the downlink ASI was picked up by a null fire t

antenna pattern, the measurement would be disceaadea
“bad measurement”. Since the antenna gain at themthe
antenna pattern is unpredictable, the result of ‘thad
measurement” is unreliable.

Position 4

Az:164.43°
El: 62.52°

4

]
Position 1 (peak

= 0N AsiaSat 2) ==

Az: 164.43°
El: 62.22°

Position Position 2

Az: 164.73°
El: 62.22°

Az:164.13°
El: 62.22

Position 5

Az: 164.43°
El: 61.92°

Fig. 4 Five antenna pointing positions with differezimuths and
elevations

corresponding channels on the adjacent satellitaSs 4
were operated in saturation mode. Thus, the eféécthe
downlink ASI to AsiaSat 2 would be the greatest.eSé
channels on AsiaSat 2 were muted so that no sexcapt for
the sky noise was picked up by the receiving arggruinting
to AsiaSat 2, i.e. no uplink ASI was received dgrithe
measurement.

® REW 100 kHz
"VBW 300 Hz
Ref -50 dbm att daE SWT 3.4 =
50
L
Position 1
Position 2
Position 3
LA WA
-100
Center 4 GHz 4 MEZ/ Span 40 MHz
® “RBW 100 kEz
VEW 300 Hz
Ref -50 dB *Att 0 dB SWT 3.4 =
S0
L
Position 1
Position 4
Position 5
Ay sttt 0 B
e J‘ AR
W e
-100

Center 4 GHz 4 MHZ/ Span 40 MHz

(b)
Fig. 5 Five antenna pointing positions: (a) Azimattanged with a
constant elevation; (b) Elevation changed with mstant azimuth

Fig. 6 shows one plot of the measurement resuttzrded in a

Fig. 5 shows measurement results of the five artengpectrum analyzer (SA). The plot consists of thliees

pointing positions in a “good measurement”, i.& townlink

ASI was not picked up by the null of the antenre $bbe. In
Fig. 5 (b), the total receiving power over the whohannel is
nearly constant even though the power levels otived

signals at those three positions show a slighttian. Hence,
it was considered as a “good measurement”.

IV. MEASUREMENTRESULTS ANDDISCUSSIONS

Five 36 MHz C-band channels with different frequenc
and linear polarizations (i.e. vertical and horizbn
polarization) on AsiaSat 2 were measured. Thesedihannels
on the target satellite AsiaSat 2 were chosen lsecdhe

demonstrating different power levels. The circlied Ipresents
the power level ofASIp gsa. TWO flat lines present the SA
noise Ns» and Ngy@sa respectively. Owing to the high
directivity characteristic of earth station antenfais nearly
constant when the antenna elevation angle is grédza 60°
in C-band [7]. To measure the power level of theaclsky
noise, the antenna should be at least pointed toigh
elevation position (e.g. 10° - 15° above the norelaVation).
At that position, contribution from other noise sms (e.g.
ASI or ground noise etc.) shall be negligible beeaaf high
directivity characteristic of earth station antesinalrhe
downlink ASI was measured by the antenna at anattev
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angle of 62.22° (normal elevation pointing to Asia al
Hong Kong) and the sky noise was measured by ttemaa a
an elevation angle of 75.0°. Then the ratio of davinASI

power density to the sky noiseéApo / Ngy) can be
calculated by (8).

RBW 100 kHz
VBW 300 Hz

Att 0 dB SWT 3.4 s

AST 154

N
I
3
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Fig. 6 Received noise and interference in a 36M-band channel

Only ASI picked up by the antenna side lobe is m®red
in the measurement, hence the receiving antenrsé weeld
be limited by its size. A simple estimation of amtapattern
envelopeis given by Recommendation I'-R BO.1213 [8].
Fig. 7 shows the envelopé different antenna size

Two antennas with a diameter of 6.3m and 4
respectively were used in the measurement to ¢ downlink
ASI power density at thparticular orbital locationAsiaSat
2), where two adjacent satellitege only with 2° orbital
separation.This is to ensure that ASI was not received
antenna main lobe.

Antenna Pattern Envelope (4 GHz, 65% efficiency)

50 ‘
45
™ 20 —1.2m
S
% 35 —a—18m
(L)
o 30 2.4m
S 25 ——3m
g
g2 ——45m
15 6.3m
10

6 5 4 -3 -2 -1 0 1 2

Off-axis angle (Degree)

Fig. 7 Antenna pattern envelopédifferent antenna siz

Table | shows the measuremensults ofthe ratio of the
downlink ASI power densityo the sky noise in which tf
downlink ASI is from adjacent satellite AsiaSi to the victim
satellite AsiaSat 2.

The ratios of the downlink ASI power den: to the sky

1341

noise calculated by theroposecmathematical model are also
given in Table | as aeference.ln the computation, some
assumptionswere made: the ntenna noise temperature is
45K; the ked / waveguide loss is 0.3 ( the LNA / LNB
noise temperature is 25Khe offaxis angled used in the
mathematical model is 2.3° instead of It is because the 2°
orbital separation in geocentric coordinates equals to @&f.
angular separation in topocentric coordin in Hong Kong.

TABLE |
DOWNLINK ASITO SKY NOISERATIO

Downlink Receiving Antenn Computation by
Channel Polarization 6.3 4.5m mathematical model
1 vertical 1.adB -2.8dB 0.7dB
2 vertica 1.0dB -4.2dB 0.1dB
3 vertical 4.44B -1.4dB 2.2dB
4 horizontal 2.4B -1.0dB 0.7dB
5 horizonta 4.2 dBE -1.2dB 0.2dB

As can be seerrdm the results, the powdensity of the
downlink ASI received bythe 6.3m antenna is about 5dB
higher than that received biye 4.5m antenna in average. This
phenomenon can be explainec Fig .8 and 9, which are the
radiation patterns of the éBantenn (for both vertical and
horizontal polarization) antthe 4.5m antenna, respectively.

Only sky noise from therbital location of AsiaSat was
received by the antenna main lobe as the correspyp
channels on AsiaS&twere muted All the downlink ASI was
received by the antenrsade lob. It is seen from Fig. 8 that
the measured radiation pattern of the 6.3m an exceeds
the envelope of the antensae lobi described in (2) at 2.3°,
especially forhorizontal polarization as shown in Fi8 (b),
which is almost 3 to 4 dBigher than theenvelope (i.e. delta
is about -3 to -4 dB)For the 4.5m antenna, the side lobe
performance isabout 1 to 2 d lower than the envelope (i.e.
delta is about +1 to +2 dBorrecting these deltas to the side
lobe valuesthe interferencs received by both antennas are
consistentvith the predicted rat.
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This measurement did not take into account antenna
variation, antenna installation (mis-pointing) aqdality of
antennas.

Applied Curve: *I‘I’US&H .
Relahe Power (B}
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Fig. 8 The radiation pattern of the 6.3m antenapvértical
polarization; (b) horizontal polarization
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Fig. 9 The radiation pattern of the 4.5m antenna

V.CONCLUSION

Downlink ASI of two C-band satellites with 2° geotec
orbital separation was studied theoretically and
experimentally. Two antennas of different sizesevesed to
investigate the effect of downlink ASI to the raeeinoise
level of an earth station.

For receiving antennas whose side lobe profilenisemped
by the formula described in (2) and operated unither
condition that the antenna main lobe is narrowemthhe
orbital separation between satellites (i.e. 2°his paper), the
received downlink ASI from adjacent satellites wilie
independent of the antenna size. It can be furtfeetuced
from (1) and the included antenna patterns thahesation
receiving noise level will be significantly affecteby
downlink ASI if downlink ASI is received by antenmaain
lobe.
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