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scenario. Sectionlll describes the numerical computation

Abstract—This paper addresses the analysis of the interferepggcedure of the statistics of the total interfeeproduced by

between complementary ground component (CGC) haters
and mobile earth station (MES). In the frequencgrisiy

scenario between CGC base station and MES, thdergace
from the adjacent beams must be considered. Irptpsr, we
estimated the interference to MES of an integratattllite

system and the result is presented as the caoriaterference
ratio(C/I) with respect to the number of CGC base statidhen
adjacent beam and the ratio of satellite beam cesdéus to the

total beam radiusR/R). By using these results, we can

determine the minimum separation distance betileeCGC
base stations of adjacent beam and MES for conilitgtif his
result can be applied to the CGC base station aftagrated
satellite system for the effective frequency st@rin
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I. INTRODUCTION

As the number usable satellite systems in spacedses,
the frequency co-existences between the satellgem
and other radio service is being increased rapidlhe time
and space domain. To meet demands from variougresifor
frequency efficiency, various frequency reuse saheof
integrated satellite system are being developed.tHa
integrated satellite system, it is essential tseefrequencies
between the satellite and CGC base station underatie
interference levels because satellite bandwidtlim#ted in
resources. The proposed system is capable of dimpor
frequency efficiency. Performance on the proposatellge
reuse pattern in the CGC base station of an integrsatellite
system is analyzed in term of interference levellig¢ paper
aims at analyzing co-frequency interference forgnated
satellite system. In this paper, the methods toigati
co-frequency interference will be presented andudised.
Sectionll is the detailed description of the multi-beam litge
system frequency reuse pattern and simplified fetence
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CGC base station. The results of computation irti@edV.
This result can be used to define the minimum sejoar
distance for protection of MES from the total ifiéeence by

the adjacent beam CGC base stations. Conclusioes ar

summarized in Sectiolv .

Il. INTERFERENCEMODEL

In this section we describe the frequency reustepaand
interference scenarios which are used to analyzerim of
interference level.

A.Frequency reuse pattern
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Fig. 1 Multi-beam satellite system frequency repatern
((-)=reuse factor 7 and]freuse factor3)

We introduce a frequency reuse scenario of intedrat
satellite system with reuse factor 7 and 3 in figMulti-beam
satellite communicates with MES using frequencyrfifd to f7
(reuse factor 7) and from f1 to f3 (reuse factorir8)each
satellite beam. Each beam is sectioned into seagipns and
all the available reuse frequencies are dividegédoh beam.
CGC base station uses the frequency which is fataded for
MES. Frequency group in satellite cell means thesed
frequency in CGC base station of multi-beam satetlystem.
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It is noted that the CGC base station can reusellitat
resources when only one of the seven frequenciakoisated
for the MES. When the MES is in area of beam &,@GC

base station deployed at the center of beam 1 easerthe
satellite resources of the frequency from f2 towiith no

intra-beam interference and negligible co-cell iifgieence to
the MES. The CGC base station operated at theafdygam 1
can induce the interference to the MES becauseadj®deam.
The CGC base station deployed at the center of baam
reuses frequency except the allocated frequendpéoMES in
the targeted beam edge, while the CGC base stitihre edge

not use frequency fl. Additionally, we can ignoree t
interference from D, E, F regions to MES becaussdtregions
are far from beaml. The calculation of exact positdf the

CGC base station is important because the calclpetsition is

used for calculation of distance from victim MESdaih can

affects the results seriously.

I1l. CALCULATION MODEL

We assume some parameters for integrated satjitem
as shownin Tabld . And, we assume satellite bedimaclius
as 2000km and 1000 CGC base stations in eachitgatelll of

of each beam reuses the frequency except the feguehe integrated MSS system. The CGC base statmnisidered

allocated for the MES in the targeted and adjabeat edges.

B. Simplified interference scenario
The CGC base station transmissions have the paldoti

cause interference to MES operating f1 in the aufjac

geographical region. In the figure 2, beam 6 igigred into
seven regions from A to F. The regions are definearder to
calculate interference to MES in beam 1. The irattagt
satellite system consists of one thousand of ran@@&@ base
stations and one victim MES within one satellitafe The f1
frequency is shared with CGC base station and farence
signal from CGC base station is received by MES.
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Fig. 2 Simplified Interference scenario (Betweearhel and beam 6)

B region is not affected by the interference beedtisioes
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as random distribution in per unit. A basic criveri for
frequency sharing is also defined Tallle We use the antenna
radiation pattern in Recommendation F.699 for CGa3eb
station’s antenna [3].

TABLE |
Relevant symbols and parameters for interferenicelegion

Parameters Symbol value
e.i.r.pof satellite €.i.l Poarerue | 37 dBw
e.i.r.p of CGC e.i.lr.Peac 25 dBw
Frequency f 2GHz
MES antenna gain for wanted car Gues 2 dB
MES antenna gain for interferer G Mmes 2 dB
Bandwidth of the satellite ME Bues 40 kHz
Bandwidth of the CGC Bcac 5 MHz
C/I protection requireme Cllreq 20dE

1625

From the figure 2, we can see that the interferdrma the
adjacent beams is mainly contributed from the CGLSeb
station in the A, C and G region of beam 6. Prdiigifor CGC
base station to be located in A, C and G usinguiaqy f1 is
expressed by (1), where R1 is satellite beam ceadéus and R
is total satellite beam radius.

1 R?
fAzfcz—(l__l)
P=J 6\ R

2
| fomgm

IR

The simulation results show the to@ll from all CGC base
station at MES. We can calculate the to@l (carrier to
interference ratio) from the CGC base station &NHES using
(2). TheCl/l is defined as the rate of total power within the
digital carrier and the total interference powericlhare
produced by all the transmit CGC base station. #doaiterion
for frequency sharing is also defined in Talile

)

C/li= e.ir.psrewme — €.1.1Rec — bw* Li_coc+ Gues— G_mes
-10log(BuedBcac) [dB] (2

Where, k is the number of transmit CGC base stakig is
the path loss between the wanted satellite and/éimed MES
in dB andL, cccis the path loss between the CGC base station
and the wanted MES in dB. The path loss is a fonctif the
distance. In order to perform computation using, @)
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location information of the CGC base stations isdes as well
as a worst-case assumption on the maximum numbeGeat
base stations operating at the same time in the. MIES CGC
base station carrier bandwidth is larger than tHeSMarrier
bandwidth so we have to consider
(10log(Bvies/Bcad))-

To determine the minimum separation distance, we ha
calculate the required lods cgc from Clleq using (3). The
minimum separation distance is calculated using (4)

Li_cec 2 (Cl)req— €.0.1 Paarermet €.0.1.Pcoc+ Lw— Guest Gi_mes
+10log (Bues/Bcec) [dB] (3

L_ce= 32.44 +20log(fan,)+20log(d) [dB] (4)

It is possible to determine the minimum requirestatice
between the CGC base station and the MES. Wheeyrih of
frequency is MHz and minimum distance is km.

IV. RESULTS OF STUDIES

In this section, co-frequency
multi-beam satellite and CGC base station is evatudigure

interference between

multiple number of CGC base stations. The separalistance
is much longer when the R1 is bigger for every smra When
R1/R is 0.5, the minimum separation distance iziatha30km
(reuse factor 3 and MES in center region), 1190iaude factor

bandwidth fact@® and MES in edge region), 620km (reuse factord/MBES in

center region) and 580km (reuse factor 7 and ME®&dge
region) respectively.
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3 showsC/I at the MES in various R1/R based on the reuse Fig. 4 Minimum separation distance between multp@C base
factor with 3 and 7 and MES region under free spacationsto MES

propagation condition. MES region means that thgiore
where the MES is located. The MES were distribusediomly
into MES region. From the figure 3, we can see tthatcase of
reuse factor with 7 and MES in center region hateb€/Il. The
results in case of reuse factor 7 shows betteppaence than
those of reuse factor 3 in term of both MES in edggon and
center region. The results indicate tiedt in the edge region

decreases more rapidly than center region.
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Fig. 3 Simulation result of C/I at the MES

We can calculate the minimum separation distanagder
for the interference not to exceed the acceptablell To
determine the minimum separation distance, we deéguired

lossL,_cec which meet<L/l.4 for each case of reuse factor 7
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and 3. Whert/lqis 20dB, the separation distance is calculated _. ’ RIR

along R1/R. Figure 4 shows minimum separation dista
between all the transmit CGC base stations and MBS
according to the R1/R. The calculated minimum ssjiar
distances were determined to protect MES receifrera a
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Fig. 6 Simulated Interference level with regiorbeam 6

Figure 5 shows the number of CGC base station dowpto

R1/R for the three regions in beam 6. Figure 6 show
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calculation results of aggregated interference ll@teeach
region in beam 6. The number of CGC base stati@wgays

subject to variation according to R1/R at eachaediecause

the CGC base station is uniformly distributed peit area. In

figure 5 and 6, the Interference level at eachoreds subject to

the number of CGC base station. Aggregation inteniee level
from beam 6 to MES in beam 1 is not much variedRarR. If
the number of CGC base stations demand is inciaaseme
region, the system performance is tenable by thabea of

CGC base station in other region. Figure 7 shoesébults of
the probability distribution obtained from reusetta 7 and 3.

V.CONCLUSION

In this paper, we concentrated in the evaluationthef
interference and the required separation distaatveden multi
CGC base station and a victim MES. We estimated the
interference to MES of an integrated satellite esystand the
result is presented as the carrier to interfereatie(C/1) with
various parameters such as the number of CGC haisensin
the adjacent beam and the ratio of satellite besntec radius to
the total beam radiuf{/R). The minimum separation distance
between CGC base station and the MES is calcukteach
R1/R. The calculated minimum separation distancesew

The results are expressed in terms of the cumelatiyetermined to protect MES receivers from a multipleber of

distribution function (CDF). In figure 7, the maxim
interference level calculated for reuse factor 7
-151(dBW/MHz) and -150 (dBW/MHz) for reuse factor
These results can be applied to the system designpwoper
communication performance taking into account thase
factor and number of CGC base station.
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Fig. 7 cumulative distribution of received intedace
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CGC base stations. The results could be used &mpig an
Ithtegrated satellite system deployment under tblera
3interference.
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