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Abstract 

This paper evaluates the performance of OFDM-BPSK and -QPSK system in α-µ distribution. A fading 
model which is based on the non-linearity present in the propagation medium is utilized here for generation 
of α-µ variants. Different combinations of α and µ provides various fading distributions, one of which is 
Weibull fading. Investigations of channel estimation schemes gave an idea of further reducing the BER as to 
improve the performance of OFDM based systems. In flat fading environment, channel estimation is done 
using phase estimation of the transmitted signal with the help of trained symbols. Final results show the im-
provement in BER. However, the amount of results improved depends upon the amount of trained symbols. 
The more trained symbols will result into more improved BER. 

Keywords: OFDM, Fading Distribution, Weibull Fading, Nakagami Fading, Channel Estimation, Training 
Symbols 

1. Introduction 
 
In recent years, OFDM have been studied very widely 
and deeply in wireless communication systems because 
of bandwidth efficiency and its robustness to channel 
fading and Inter Symbol Interference (ISI). OFDM sys-
tem is capable of mitigating a frequency selective chan-
nel to a set of parallel fading channels, which need rela-
tively simple processes for channel equalization. 

There exists a large number of distribution schemes to 
describe the statistics of mobile radio signal. A key as-
sumption in the theoretical explanation of the Rayleigh, 
Rician, Nakagami and Weibull distribution was that the 
statistics of the channel do not change over the small 
(local) area under consideration. However, to describe 
the long-term signal variations lognormal distribution is 
being used [1]. These distributions are helpful in precise 
designing of wireless systems to make the systems more 
robust to noise. 

Rayleigh and Rician fading channels have already 
been studied and employed in OFDM systems in fre-
quency selective and flat fading environment. Nakagami- 
m distribution is another useful and important model to 
characterize the fading model. A threshold value of m is 
calculated for both frequency and flat fading environ-
ment in [2]. There exist many other fading models in 
literature, which have been proposed for better fitting of 

data while aiming at non-linearity of channel. So our 
motivation behind this paper to explore the non-linear 
fading environment. One of the interesting models that 
we could find in literature is α μ  distribution [3], 

which provides the generalized model for fading distri-
bution. Depending upon the value of α  and μ , this 

model can be utilized for the generation of Nakagami-m 
and Weibull variants. However, it also treats One-Sided 
Gaussian, Rayleigh and Negative Exponential distribu-
tions as its special cases. The generalized fading model 
using three parameter generalized gamma distribution 
describing all forms of multipath fading and shadowing 
in wireless systems is analyzed in [4]. 

This paper is organized as follows: In Section 2, 
OFDM system model is discussed. Section 3, describes 
the generalized model of α μ  distribution. Flat fading 

channel model to use in OFDM systems is described in 
Section 4. In Section 5, channel estimation technique is 
discussed. The analysis of OFDM system without esti-
mation has been done in Section 6, while results with 
estimation have been presented in Section 7. Finally Sec-
tion 8 concludes the paper. 
 
2. OFDM Model 
 
A Complex base band OFDM signal with N sub-carriers, 
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is expressed as 
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For each OFDM symbol, the modulated data se-
quences are denoted by . Here, 

 denote the sub-carriers spacing and is set to 
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0f 1 T , the condition of orthogonality. After IFFT, the 

time-domain OFDM signal can be expressed as: 
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After IFFT, the modulated signal is up-converted to 
carrier frequency  and then the following signal is 

produced and transmitted through channel: 
Cf

0

1
2 ( )

0

( ) Re






 
 
 C

N
j πk f f t

i
k

x t D e


0  t T       (3) 

( )x t represents the final OFDM signal in which sub-car-

riers shall undergo a flat fading channel. 
 
3. The μα  Distribution 
 
The α μ  distribution is a general fading distribution 

that can be used to represent various fading model. This 
distribution deals with non-linearity of propagation me-
dium [5]. Fading signal with envelope , an arbitrary 
constant parameter  and a root mean value 
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Weibull and Nakagami-m distribution can be easily 
derived from α μ  distribution as its special cases. 

By setting , Equation (4) shall reduce to Weibull 

probability distribution function as: 

1μ
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where  . ˆ αβ r

Here, by varying the value of  different curves of 
pdf can be plotted. 

α

From Weibull distribution by setting , the Ray- 
leigh distribution can be obtained as: 
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Now, if we put 1α  in Weibull distribution, it shall 
reduce to Negative exponential distribution represented 
as: 

( ) exp( ) p r δ δ r                    (7) 

where 1ˆδ r  
So by keeping the value of  and varying the 

value of  it has generated Rayleigh and Negative ex-
ponential distribution. Whereas if we keep 

1μ
α

2α  and 
vary the value of μ , we shall be able to represent this 

α μ  distribution as Nakagami-m distribution 

In such a case 
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By setting 1/ 2μ , one-sided Gaussian distribution 

can be obtained as: 
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However, for α μ  distribution the envelope r can 

be written as: 
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where, ix  and are in-phase and quadrature elements 

of multipath components represented by symbol . 
iy  

i
It was interesting to find that  in Equation (10) 

shall reduce to the envelope equation of Rayleigh fading 
distribution [6] described as: 
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Same concept has been shown in Equations (5) and (6) 
that by putting 2α , Weibull distribution converts to 
Rayleigh distribution, hence introducing the non-linear-
ity into propagation medium. However, at different val-
ues of  different fades can be generated. α

 
4. Channel Model 
 
In this paper, the sub-channel spacing is equal to inverse 
of time period, so that the produced parallel fading sub- 
channels have flat fading characteristics. 

Here α μ  distribution has been utilized for genera-

tion of Weibull distribution by setting  and vary-

ing the value of . 

1μ
α

2γ
                    (6) 
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In flat fading environment, the base-band signal at the 
input of receiver  is as described as follows: ( )y t

( ) ( )* ( ) ( ) y t x t r t n t             (12) 

where, ( )x t  denotes the base-band transmitted signal,  

is the Weibull distributed channel envelope and  is 

the additive white Gaussian noise with zero mean. 

( )r t

( )n t

 
5. Channel Estimation 
 
Channel estimation in frequency selective has different 
approach then compared with flat fading environment. A 
comparative study using Minimum Mean Squared Error 
(MMSE) and Least square (LS) estimator in frequency 
selective fading environment has been presented in [7]. 
The channel estimation based on comb type pilot ar-
rangement is studied using different algorithms by bahai 
et al. [8]. A novel channel estimation scheme for OF-
DMA uplink packet transmissions over doubly selective 
channels was suggested in [9]. The proposed method uses 
irregular sampling techniques in order to allow flexible 
resource allocation and pilot arrangement. In flat fading 
environment, estimation of the channel using trained 
sequence of data has been studied and implemented in 
[10]. He presented the channel estimation in flat fading 
environment using some trained data. Channel phase was 
estimated during each coherence time. Then pilot data of 
some required percentage of data length (referred as 
training percentage in simulation) is inserted into the 
source data. It is used to estimate the random phase shift 
of the fading channel and train the decision to adjust the 
received signal with phase recover. The results obtained 
showed the great variation in BER for with and without 
estimation curves. It is clear from literature reviewed that 
phase estimation using training symbol can be imple-
mented in flat fading environment to improve the per-
formance of system. 

In this paper, we have implemented the above de-
scribed phase estimation technique in flat fading for 
Weibull fading distribution on OFDM system. 
 
6. Results without Estimation 
 
OFDM-BPSK and -QPSK signal is simulated in MAT-
LAB environment by choosing total number of sub-car-
riers 400, IFFT length 1024 by using guard interval of 
length 256. 

The results presented in Figures 1 and 2 are simulated 
by varying the value of  and keeping  Here, 

the BER values have been obtained for varying  over 
a range of 1 to 7, however, improvement in BER was not 
significant for higher values of , So range has been 

kept from 1 to 7, both for OFDM-BPSK and -QPSK 
system. 

α 1.μ
α

α

From the simulations, it has been verified that the re-
sults for  2α   are same that are obtained by using 
Rayleigh fading distribution. 

It has been observed that if we plot BER curves by 
changing the value of μ  there is no change in these 

curves. This is because of fact that in the envelope Equa-
tion 10, the variable parameter is  which varies the 
fading variants and 

α
μ  has no role to change this fading 

envelope and hence no change in BER values. 
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Figure 1. BER vs. SNR for OFDM-BPSK system. 
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Figure 2. BER vs. SNR for OFDM-QPSK system. 
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To explore the other side of α μ , by keeping the 

value of  fixed and varying the value of α μ , we are 

able to have BER curves for other distributions. In Fig-
ure 3, Negative exponential distribution has been plotted 
as special case where  and 1α μ  can vary. Here, it 

has been plotted for fixed value of 1. Rayleigh distribu-
tion is having  and 2α μ  can vary. Here, it has been 

plotted with .One sided distribution has been plot-

ted with  and . 

1μ
2α 1/ 2μ

BER varies in the range of 10-1 to 10-5 for OFDM- 
BPSK and -QPSK for SNR of 0 to 25 dB. In case of 
OFDM-BPSK the BER value of 10-5 is obtained at SNR 
of 10dB. However, for -QPSK case the BER of 10-5 is 
obtained at SNR of 20 dB. 

Comparison between Negative exponential value, Ray- 
leigh and one sided distribution results clearly reveals the 
fact that in α μ  distribution the variation in value of 

 can change the value of BER, however by changing 
the value of 
α

μ , there is no impact upon the BER. Re-

sults obtained without estimation technique has been 
presented in [11]. 
 
7. Results with Estimation 
 
Trained symbols are added to source signal as discussed 
in Section 5. The percentage of such symbol may be 
varied depending upon the system response to the trained 
sequence. We have analyzed the results for various per-
centage values of trained sequence. We have plotted new 
graphs with value of  and varying value of train-
ing sequence over the range from 10% to 50%. Results 

7α
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Figure 3. BER vs. SNR for negative, rayleigh and exponen- 
tial distributions. 

for OFDM-BPSK and -QPSK have plotted in Figures 4 
and 5 respectively. 

In depth analysis of these graphs shows that BER de-
creases, if the training percentage is increased. In Figure 
5, if we evaluate the reading obtained at SNR = 10 db, 
BER has decreased from 0.0208 to 0.001 for training 
percentage of 10 to 50. This means, for the same value of 
SNR and , different training percentage has resulted 
into different values of BER. More trained sequence will 
results into lesser errors. The same has been depicted 
from Figure 4. 

α
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Figure 4. BER vs. SNR for OFDM-BPSK with channel esti- 
mation. 
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Figure 5. BER vs. SNR for OFDM-QPSK with channel 
estimation. 
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8. Conclusions 
 
This paper, presents performance analysis of OFDM 
system with generalized fading model of α μ  distri-

bution with and without estimation. The non-linearity 
added in propagation medium has been clearly shown in 
simulated results, since the BER has significantly re-
duced by varying  from 1 to 7. However, higher val-
ues of  can be used for further reductions in BER. It is 
clear from the simulations that the result shows signifi-
cant improvement by applying the phase estimation us-
ing trained symbols. 

α
α

 

9. References 
 
[1] H. Hashemi, “The Indoor Radio Propagation,” pro- 

ceedings of IEEE, Vol. 81, No. 7, July 1993, pp. 943-968. 

[2] D. Zheng, J. L. Cheng and N. C. Beaulieu, “Accurate 
Error Rate Performance Analysis of OFDM on Frequency 
Selective Nakagami-m Fadiing Channels,” IEEE Tran- 
saction on Communications, Vol. 54, No. 2, February 
2006, pp. 319-328. 

[3] Miechel Daoud Yacoub, “The α-µ Distribution: A 
General Fading Distribution,” 2002, pp. 629-633. 

[4] J. Malhotra, A. K. Sharma and R. S. Kaler, “On the 
Performance Analysis of Wireless Receiver Using Gene- 
Ralized-Gamma Fading Model,” Annals of Telecom- 
munication Annals Des Telecommunications, Interna- 
tional Journal, Springer, Vol. 64, No. 1-2, November 

2008, pp. 147-153. 

[5] M. D. Yacoub, “The α-µ Distribution: A Physical Fading 
Model for the Stacy Distribution,” IEEE Transactions on 
Vehicular Technology, Vol. 56, No. 1, Janurary 2007, pp 
27-34. 

[6] G. S. Prabhu and P. M. Shankar, “Simulation of Flat 
Fading Using MATLAB for Classroom Instruction,” 
IEEE Transaction on Education, Vol. 45, No. 1, February 
2002, pp. 19-25. 

[7] J.-J. van de Beek, O. Edfors, M. Sandell, S. K. Wilson 
and P. O. B. Rjesson, “On Channel Estimation in OFDM 
Systems,” Proceedings of Vehicular Technology Confer- 
ence (VTC Ô95), Chicago, USA, Vol. 2, September 1995, 
pp. 815-819. 

[8] S. Coleri, M. Ergen, A. Puri and A. Bahai, “A Study of 
Channel Estimation in OFDM Systems,” IEEE VTC, 
Vancouver, Canada, September 2002. 

[9] P. Fertl and G. Matz, “Multi-User Channel Estimation in 
OFDMA Uplink Systems Based on Irregular Sampling 
and Reduced Pilot Overhead,” IEEE ICASSP, Vol. 3, 
2007. 

[10] Z. F. Chen, “Performance Analysis of Channel Esti- 
mation and Adaptive Equalization in Slow Fading Chan- 
nel,” University of Florida. http://users.ecel.ufl.edu/~zhi- 
feng 

[11] N. Sood, A. K. Sharma and M. uddin, “BER Performance 
of OFDM-BPSK and -QPSK over Generalized Alpha-Mu 
Fading Distribution,” IEEE International Advance Com-
puting Conference (IACC-2009), Patiala, India, 6-7 
March 2009, pp. 1197-1199. 

 

 

 



<<
  /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 <>
    /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.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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 [595.276 807.874]
>> setpagedevice


