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Multiple co-channel interferers influence on the selection
diversity system over Rayleigh fading channels

Abstract. Selection combining (SC) diversity receiver experiencing an arbitrary number of multiple, independent, equal power co-channel interferers,
in the presence of Rayleigh fading channels was analyzed. Closed form expressions are obtained for the output SIR’s probability density function (PDF)
and cumulative distribution function (CDF). In order to show the effects of the number of multiple interferers, diversity order and input SIR unbalance
to the system performances, an outage probability (OP) analysis is derived. Another important measure of the system’s performances, an average
bit error probability (ABER) is efficiently evaluated for non-coherent modulation schemes such as binary frequency-shift keying (BFSK) and binary

differentially phase-shift keying (BDPSK).

Streszczenie. Przeanalizowano wplyw interferencji miedzy wieloma niezaleznymi kanatami(w obecno$ci kanatu Rayleigha z zanikami) na wybdr na-
Jjlepszego sygnatu. Przedstawiono wyrazenie na prawdopodobienstwo parametru SIR (signal to interference ratio) oraz $rednie prawdopodobienstwo
bitu btedu (ABER).(Wptyw interferencji miedzy wieloma niezaleZnymi kanafami(w obecnosci kanatu Rayleigha z zanikami) na wybér najlep-

szego sygnatu)

Keywords: co-channel interference, correlated fading channels, probability distribution, Rayleigh fading, selection diversity combining
Stowa kluczowe: interferencja miedzy kanatami, korelacja kanatéw z zanikami.

Introduction

In cellular communication systems, usually a large num-
ber of low-power transmitters broadcast a signal in relatively
small geographic areas - cells. Commercial and military cel-
lular systems tend to conserve the available spectrum by
reusing allocated frequency channels in areas that are ge-
ographically located as close to each other as possible. Un-
fortunately, due to frequency reuse, signals from two or more
channels operating at the same frequency, but from different
locations, interfere. Amount of co-channel interference deter-
mines limitation in distance for reusing frequency channels.
In general, the power of any interfering signal diminishes with
increasing distance between interfering users. A carrier fre-
quency can be reused if the interference level is reduced suf-
ficiently by separation between the co-channel calls. In or-
der to determine the practical system implementation which
satisfies the predetermined minimum performance levels, it
is necessary to analyze how the interference as a general
distortion affects well-accepted criterions of performance of
wireless systems, such as outage probability and average bit
error probability [1]. The interference level can be measured
through the signal-to-interference power ratio (SIR). The SIR
ratio is the primary criteria used in designing frequency reuse
plans.

Multipath fading can also seriously degrade perfor-
mances of wireless communication systems. In cellular radio
systems, various techniques for reducing fading effects and
influence of co-channel interference are used. When multi-
ple receiver antennas are used space diversity is an efficient
method for amelioration system’s quality of service (QoS).
One of the least complicated space combining methods is
selection combining (SC). Other space combining techniques
like equal gain combining (EGC) and maximal ratio combin-
ing (MRC) require all or some of the amount of the chan-
nel state information of received signal, which increase its
complexity. SC receiver process only one of the diversity
branches, and is much simpler for practical realization, in
opposition to these combining techniques. In fading envi-
ronments as in cellular systems where the level of the co-
channel interference is sufficiently high as compared to the
thermal noise, SC selects the branch with the highest signal-
to-interference ratio (SIR-based selection diversity) [2]. This
type of SC in which the branch with the highest SIR is se-
lected, can be measured in real time both in base stations
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and in mobile stations using specific SIR estimators as well
as those for both analog and digital wireless systems (e.g.,
GSM, IS-54). Most of the recently the published papers as-
sume independent fading between the diversity branches and
also between the co-channel interferers. The effect of co-
channel interference on the performance metrics of wireless
communication system has been extensively analyzed [3-
5]. In [3] performance analysis of optimum combining with
multiple co-channel interferers over Rayleigh fading chan-
nels were presented. In [4] closed-form expressions for out-
age probabilities of mobile radio channels experiencing multi-
ple co-channel, independent Nakagami-m interferers are de-
rived. SIR based analysis of dual branch SC was presented
in [5], but for the case of single interferer over each channel.

System model

Assume that there are M, independent equal power
Rayleigh distributed interferers over i-th branch of the SC di-
versity system with arbitrary number of branches. The latter
assumption is a reasonable one when all interfering signals
are at approximately the same distance from the mobile sta-
tion. The independent instantaneous interfering signals are
added together to produce the resultant instantaneous inter-
fering signal at the ¢-th branch of diversity system can be
written as:

(1) I = I+ Iog + I3 + o + I
with the total probability density function given by [6] as:

M;

yi"t T exp(—g)

Q' (M; —1)!

(2) Py, (i) =

where (2, is the total interference power at the i-th branch
of the diversity system, given in the function of the average
power of each interferer €2y, as:

1

© = T
? 2

and I'(xz) denotes the Gamma function [7]. The desired
signal envelopes on the i-th diversity branch also follow the
Rayleigh fading distribution, whose probability density func-
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tion is given by:

exp(—g*)
Let \; = x;/y; be the SIR at the i-th (i = 1,2...N) diversity
branch of the SC receiver. The joint probability density func-

tion of independent random variables A, A, ...,Anx(since
branches are not correlated), can be written as:

)\N(/\l7 ~~~7>\N) = P ()\1) ..

(4) Pzx; (‘rl) =

Pxq,..., ‘pAN()‘N)

oo

/ YiDa, (YiNi) Dy, (i) dyi
0

(5) p)\i()‘i) =

After substituting (2) and (4) into (5) and some mathematical
manipulation pervious expression can be written in the form
of:

M;
<2(F(Ml+1/2))Mi> F(Mi + 1)

T(1/2)
6) pr(Ni) = M, +1
Si M;
(Ai + %) (M; ~1)!
Q(W)
with S;

branch of the select|on combiner system. Similarly, joint cu-
mulative distribution function can be written in the form of:

FrxiooanAonAdn) = Fy, (M) ... Fay(An)
Ai
(7) Fy,(N) = /pti (t;)dt;

0

After substituting (6) into (7) and some mathematical manip-
ulation pervious expression can be written in the form of:

SiM; D(M; +1/2)
Fy,(\) = | N+
M) 2 (F(Mi+1/2>>Mi I'(1/2)
I'(1/2)
S; M;
(8) ><QP—‘I 17 ; Mﬂ)\ + M
9 (F(MiJr1/2)>
T(1/2)

with o Fy (u1, ua; us; x), being the Gaussian hyper-geometric
function [7] The selection combiner chooses and outputs the
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Fig. 1. PDF of output SIR for various values of the number of multiple
interferers and diversity branches.
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branch with the largest SIR:
9) A = Aout = max (A1, Ay ooy AN)
The CDF of multibranch SIR-based SC output could be de-

rived from (7) by equating the arguments \; = Ay = ... =
AN as:
N
FA(A) = Fx,(A)... Fay (V) =[] B
i=1
N S; M, I'(M; +1/2)
F\(\) = A+ e :
" Ul 2 (.F(Mm/z))M I'(1/2)
= T(1/2)
M,
(10) X 2F1 1,2,17M1,A+ S M,
9 ( (M; +1/2)>
r'(1/2)

The probability density function at the output of the SC can
be found as:

() = _FA

N
) I o

j=1.j#i

M;
SiM;
: (2<ir~;<w) o
/3
n) = > Mi+1
) (M, — 1)!

1=1
. SiM;
(Al + 2( F(Mizrl/lz)) M;

T(1/2)

pr

N
11 PR L L(M; +1/2)
M
=1 r(M;+1/2) )M r(1/2)
e 2 (M)
(11) XoFy | 1,21 — Mj; A+ S M; —
I'(1/2)

Fig. 1 shows the PDF of output SIR for various values of the
number of multiple interferers and diversity branches.

Outage probability

Outage probability P,,; is one of the accepted perfor-
mance measure for diversity systems operating in fading en-
vironments. Pout is a measure of the system performance,
used to control the co-channel interference level, helping the
designers of wireless communications system'’s in order to
meet the QoS and grade of service (GoS) demands. In the
interference limited environment, P,,; is defined as the prob-
ability that the output SIR of the SC falls below a given outage
threshold ~;;, also known as a protection ratio [5]. Protection
ratio depends on modulation technique and expected QoS.

Y
(12)  Poust = Prl(c <7) = / p.(t)dt = Fi(t)
0

Outage probability versus normalized parameter Sy /~
for balanced and unbalanced ratio of SIR at the input of the
branches and various values of the number of multiple inter-
ferers, diversity order is shown on Fig. 2.

From Fig. 2. we can see how the outage probability
increases due to growth of interference domination when the
number of multiple independent co-channel interferers.
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Fig. 2. Outage probability versus normalized parameter Sy /~ for
balanced and unbalanced ratio of SIR at the input of the branches
and various numbers of diversity order and multiple interferers.

Average error probability

The average error probability at the SC output is derived
for non-coherent and binary signaling according to following
expressions:

oo
(13) P = [ bt exp(-gt
0

Where g denotes modulation constant, i.e., g = 1 for BDPSK
and g = 1/2 for BFSK. Substituting (11) in (13) numerically
obtained average error probability is shown on Figs. 3 and
4 for balanced and unbalanced ratio of SIR at the input of
the branches and various values of diversity order and the
number of multiple interferers [5].

A comparison of curves shows better performance
of BDPSK modulation scheme against BFSK modulation
scheme. Also is more evident how ABER increases at both
figures when the number of multiple independent co-channel
interferers increases due to growth of interference domina-
tion. ABER performance behavior improves for the constant
number of co-channel interferers as the diversity order in-
creases. If we want to achieve the same quality of the trans-
mission (for example outage probability of 10~%), we need
higher level of average input SIR for dual branch case then
for the triple branch case (for example of above 5 dB for
BDPSK and 6dB for BFSK). Input SIR unbalance at the di-
versity branches deteriorates system performances.
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Fig. 3. Average BER versus S in non-coherent BDPSK for balanced
and unbalanced ratio of SIR at the input of the branches and various
numbers of diversity order and multiple interferers.
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Fig. 4. Average BER versus S; in non-coherent BFSK for balanced
and unbalanced ratio of SIR at the input of the branches and various
numbers of diversity order and multiple interferers.

Conclusions

Performance analysis of a multibranch SIR-based SC
system operating over Rayleigh fading channels where each
channel experiences an arbitrary number of multiple, inde-
pendent, Rayleigh co-channel interferers with equal average
powers, was derived. Closed form expressions for the SIR’s
PDF and CDF at the output of the combiner are derived. Cap-
italizing on this, important performance measures like OP
and average BER, for some non-coherent modulation tech-
niques, are graphically analyzed, in order to show the effects
of the number of multiple interferers, diversity order, and input
SIR unbalance to the system performances.

REFERENCES

[1] P. Stavroulakis, “Interference analysis and reduction for wire-
less systems,” Artech House, INC, London, May 2003.

[2] W. Lee, “Mobile communications engineering,” New York, Mc-
Graw-Hill, June 2001.

[8] A. Shah, A. Haimovich, “Performance analysis of optimum
combining in wireless communications with Rayleigh fading
and cochannel interference,” in IEEE Transactions on Com-
munications vol. 46, no.4 pp.473-479, April 1998.

[4] A. Abu-Dayya, N. Beaulieu, “Outage probabilities of celu-
lar mobile radio systems with multiple Nakagami interferers,”
IEEE Transactions on Vehicular Technology, vol. 40, no. 4, pp.
757 - 768, November 1991.

[5] S. Panic, M. Stefanovic and A. Mosic, “Performance Analysis
of Selection Combining Diversity Receiver over a — p Fading
Channels in the Presence of CCI.,” in IET Communications,
vol. 3 no. 11, pp. 1769-1777, November 2009.

[6] V. Bhaskar, “Capacity evaluation for equal gain diversity
schemes over Rayleigh fading channels.,” in AEU - Interna-
tional Journal of Electronics and Communications Volume 63,
Issue 4, Pages 235-240, April 2009.

[7] I. Gradshteyn, I. Ryzhik, , “Tables of Integrals, Series, and
products, 7t" edition,” in Academic Press, New Yourk, Febru-
ary 2007.

Authors: M. Sc H. Stefanovi¢, Ph.D M. Stefanovi¢,
Faculty of Electronic Engineering, University of Ni§,
Aleksandra Medvedeva 14, 18000 NiS, Serbia, email:
stefanovic.hana@yahoo.com, M. Sc |. Petrovi¢, High school
of electrical engineering and computing vocational study,
Belgrade, Serbia, email:ivana.petrovic@viser.edu.rs, Ph.D
S. Pani¢, Ph.D P. Spalevi¢,Faculty of Natural Science and
mathematics, University of Pristina, Lole Ribara 29, 38200
Kosovska Mitrovica, Serbia, email: stefanpnc@yahoo.com

This work has been funded by the Serbian Ministry
for Science under the projects TR32023 and Il 044006.

PRZEGLAD ELEKTROTECHNICZNY (Electrical Review), ISSN 0033-2097, R. 88 NR 1a/2012




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


