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Abstract. This paper analyzes system performance of triple-branch selection
combining (SC) diversity operating over correlated Weibull fading channels based on
desired signal algorithm. Average output signal-to-interference ratio (SIR) is used as
system performance measure. Numerical results are graphically presented to show the
influence of fading severity, correlation coefficient and average input SIR on the
diversity receiver performance. The results are also compared to the results obtained
using SIR based algorithm.
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1. INTRODUCTION

Fading and co-channel interference (CCI) pose limitation to wireless communication
system performance. Fading is the result of multipath propagation and CCI is the result of
frequency reuse. Depending on the propagation environment, many fading models can be
used to describe the fading envelope. The most frequently used are Rayleigh, Rician, Na-
kagami-m and Weibull model. Although less used comparing to other models, Weibull
distribution is simple and flexible and it shows good results in urban area when Rayleigh
distribution is not adequate [1].
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Diversity techniques are a powerful tool for mitigating the destructive impact of fad-
ing and CCI. They are based on simultaneous reception of the same radio signal over two
or more paths to increase the overall signal-to-noise ratio (SNR) [2]. The diversity paths
can be based on space, frequency and/or time diversity and diversity techniques require
some redundancy in time, frequency or spatial domain. Space diversity combines input
signals from multiple receive antennas [3] and it is power and bandwidth efficient com-
pared to other diversity techniques. It also represents the most common form of diversity
[4]. There are several principal types of space diversity combining techniques which es-
sentially depend on the complexity restrictions put on the communication system and the
amount of channel state information (CSI) available at the receiver [5].

The most popular are maximal-ratio combining (MRC), equal-gain combining (EGC)
and selection combining (SC). SC diversity is the least complicated for practical realiza-
tion. In interference-limited environment, SC receiver can employ one of the combining
algorithms: the desired signal algorithm, the total signal algorithm and the signal-to-inter-
ference ratio (SIR) algorithm. In the desired signal algorithm, the SC combiner selects the
branch with the largest desired signal power. This requires the desired signal and inter-
fering signals to be identified and separated, and may be difficult to implement in practice
[6]. The total signal algorithm selects the diversity branch with highest total power (de-
sired signal and interference), which is easiest to realise in practise. The SIR algorithm
selects the branch with highest SIR. This algorithm usually provides the best performance
of interference-limited systems [7].

In papers [8]-[11], the SC diversity system exposed to CCI and Weibull fading was
considered. The case of SC diversity system when diversity branches are placed suffi-
ciently apart, thus having no correlation, was considered in [8]. However, in practice, due
to insufficient spacing between antennas when diversity is applied on small terminals,
correlation between diversity branches exists. Studies investigating performance of dual-
branch, triple-branch and L-branch SC diversity operating over correlated Weibull fading
channels applying SIR based algorithm were reported in [9], [10] and [11], respectively.
Average bit error probability (ABEP) of triple-branch SC diversity system applying de-
sired signal algorithm was calculated in [12]. This paper is an extension of our efforts
presented in paper [12]. Numerically evaluated results for the average SIR at the output of
considered system are presented to show the effect of the average input SIR, fading se-
verity and correlation coefficient on the systems performance. In addition, the desired
signal algorithm and SIR algorithm are compared using previously published results in
[10].

2. SYSTEM AND CHANNEL MODEL

We consider triple-branch SC diversity operating in Weibull fading environment.
Both desired signal and CCI envelopes follow correlated Weibull distribution with joint
probability density functions (PDFs) [1, eq. (23) for L=3]:
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In these equations, p represents correlation coefficient and S represents Weibull fading
parameter ($>0) which indicates fading severity (for the special case of f =2, Weibull

distribution becomes Rayleigh). Q, =x” and Q_ = y” represent the average powers of

desired and interference signal at i-th branch (i = 1,_3) , respectively.

Joint PDF of envelopes of desired signal and CCI at the output of triple-branch SC
receiver based on desired signal algorithm can be calculated using the following equation:

Prixx, (x5 x, x4 )Pylyzy3 (V1> ¥, y3)dx,dy,dx;dy, (3)

The PDF of instantaneous SIR at the output of triple-branch SC diversity system,
z=x/y, can be calculated as:

P, ()= [ 1, (20, ). @

After some mathematical transformations, using [13] the PDF of instantaneous SIR at
the output of triple-branch SC diversity system can be written as [12, eq. (6)]:
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3. AVERAGE OUTPUT SIR

Without loss of generality, this section analyzes the behaviour of balanced triple-branch SC
diversity system (S=Q,,/Q,=Q,,/Q,=Q,,/Q,) operating over correlated Weibull
fading channels in the presence of CCI for two different decision algorithms: desired signal
algorithm and SIR algorithm. The average output SIR is one of the accepted and most impor-
tant performance measures for diversity systems operating in fading environment. It can be
evaluated as:

z.=[zp. (2)d (©)
0

Fig. 1 shows the numerically obtained results for the average output SIR as a function of
p for different fading severity when the system applies desired signal algorithm as well as
SIR based algorithm. The figure shows that the average output SIR decreases as Weibull
fading parameter increases. Average output SIR degrades rapidly for higher values of p i.e.
for smaller spatial separation between receiving antennas in terminals when deep fades in
branches occur simultaneously resulting in low improvement degree of considered space
diversity. The degradation is more significant for lower values of fading parameter. Fig. 2
demonstrates average output SIR for different values of S. It is clear that for higher values of
S the system performance becomes better. Comparing two algorithms, it is evident from both
figures that SIR based algorithm shows better performance.
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Fig. 2. The influence of average input SIR on average output SIR

5. CONCLUSIONS

In this paper, the performance of triple-branch SC receiver operating over correlated
Weibull fading channels in the presence of Weibull distributed CCI for the case when
desired signal decision algorithm is applied was studied. Using the expression for the
PDF of the instantaneous SIR at the SC combiner output, average output SIR was evalu-
ated. The results were compared to the results obtained using SIR based algorithm show-
ing that the overall system performance is better in the case of SIR based algorithm.
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SREDNJA VREDNOST ODNOSA SIGNAL-INTERFERENCIJA NA

IZ1LAZU SISTEMA SA TRI GRANE I SELEKTIVNIM
KOMBINOVANJEM KOJE JE ZASNOVANO NA KORISNOM

SIGNAL U KORELISANOM VEJBULOVOM FEDING OKRUZENJU

Nikola Sekulovié, Aleksandra Golubovic,
Caslav Stefanovié¢, Mihajlo Stefanovié¢

U ovom radu analizirane su performanse diverziti sistema sa tri korelisane grane i selektivnim

kombinovanjem (SC) koriste¢i odlucivanje zasnovano na korisnom signalu u Vejbulovom feding
okruzenju. Srednja vrednost odnosa signal-interferencija (SIR) na izlazu sistema je koriséena kao
pokazatelj performansi sistema. Numericki rezultati su prikazani graficki kako bi se pokazao uticaj
oStrine fedinga, korelacije i odnosa srednjih snaga signala i interferencije na ulazu sistema.
Rezultati su takode uporedeni sa rezultatima koji su dobijenu za slucaj SIR algoritma.

Kljucne reci: srednja vrednost SIR-a na izlazu, medukanalna interferencija, korelisani Vejbulovi

feding kanali, algoritam zasnovan na korisnom signalu, selektivni diverziti




<<
  /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


