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Implementation of MIMO-OFDM technique in Wireless Communications Systems is conducted in coherent channel condition. 

In fact, it is difficult to acquire an ideal coherent channel. In order to obtain channel condition, a channel estimation technique is 
applied. In multicarrier system, channel response experienced by each subcarrier can be different. In order to guarantee the same 
S/N ratio on each subcarrier, so a channel estimation scheme is needed in each subcarrier. Yet, this scheme adds system complexity. 
In this paper the research is focused on the influence of channel estimation scheme application to the system complexity and 
performance in MIMO-OFDM over wireless communication systems. Particularly, trade-off between performance and system 
complexity is considered. The research is adapted in selective fading channel condition. In the future wireless communication 
systems, communication system is not only expected to serve a very high data rate, but also to serve a high mobility user. 
Consequently, this channel estimation effect will be observed in high as well as low velocity of user.   
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1. Introduction 

In the next generation of wireless communication system, 
one of high data rate systems is the application of MIMO 
OFDM system. It is assumed that the communication system is 
implemented with coherent channel transmission scheme. In 
order to support transmission scheme, several channel 
estimation methods have been developed that are employed in 
MIMO system and MIMO OFDM system as well. Previous 
researches are focused on the investigation of multipath 
channel influence on system performance.  

While for selective channel condition, multicarrier scheme 
such as OFDM system could be used. In these systems, 
channel estimations method is applied in each subcarrier, i.e. 
in each MIMO OFDM system antenna. This is performed in 
order to guarantee similar signal quality in each subcarrier, in 
each MIMO’s antenna, i.e. in (1),(3),(8). From previous 
researches result, this method is good enough to overcome the 
effects of multipath channel. The limitation of this method is 
apparent when operated in rapidly changing environment due 
to high data rate transmission.  

It is well known that in the future, wireless communication 
system is implemented in high speed mobility. The objective 
of our research is to observe whether the channel estimation 
method could accommodate the highly fluctuate channel. 
Furthermore, it is also aimed to investigate the increase in 
system complexity, the guaranties of this method to system 
performance and subcarrier performance. The outcome of this 

research is expected to provide recommendation on the future 
system developments.                       

Our research model is based on (8), which that paper is 
focused in performance evaluation due to mutipath. However, 
in our research we emphasize in performance evaluation due 
to motion and increase of its complexity. 

The paper is organized as follows. In Section 2, we review 
multicarrier wireless system model for high data rate 
transmission scheme. Next, in Section 3 we talk about the 
channel estimation schemes on MIMO OFDM system. Then, 
in Section 4 we explore the evaluated performance of channel 
estimation schemes in MIMO OFDM wireless communication 
system. Finally our main conclusions are summarized in 
Sections 5.  
  
2. Multicarrier Wireless System Model 

The direction of the future wireless communication system 
is shifted from private access to public access. Hence, the 
support of high data rate transmission scheme is necessary. 
Consequently, the system could obtain wide bandwidth yet be 
prone to selective fading.  On the other hand, wide bandwidth 
necessity is also limited by transmission bandwidth, i.e. 
unlimited and non renewable natural resource. The 
combination between multicarrier scheme and MIMO system 
is one of solutions to overcome those problems.  
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Fig. 1.  Multi carrier scheme in MIMO wireless communication system 

        
Multicarrier techniques can combat frequency selective 

fading, because of the robustness against this fading is very 
attractive for high speed data rate. There are many kind of 
multicarrier techniques, which are developed for fourth 
generation (4G). Those are OFDM scheme; coded OFDM 
scheme to gain frequency diversity effect; and combination of 
OFDM and CDMA which has synergistic effects of robustness 
against frequency selective fading and high scalability in 
possible data rate (6). In this paper, we emphasize 
OFDM-based techniques in MIMO wireless communication 
system.  

 
3. Channel Estimation Schemes on MIMO OFDM 
System  
 In fixed or low speeds wireless communication systems, 
transmission system with coherent channel scheme is applied; 
in which channel acknowledgment is performed by a channel 
estimation method. In MIMO OFDM system, to guarantee 
similar performance in each subcarrier, channel estimation 
scheme is implemented in each subcarrier of MIMO’s 
antenna. 
 In contrary, high speed wireless system, it might be 
difficult or costly to estimate the channel accurately in 
high-mobility situations. Channel estimation over fast fading 
environment requires more training symbols and complex 
computing power. While, the perfect estimates of channel 
conditions assumption is acceptable if the channel changes 
slowly compared with the symbol rate, because the 
transmitters can send training symbols which allow the 
receiver to estimate the channel accurately(2),(5). 
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Fig. 2.  Transmission schemes diagram in wireless 

communication systems 

 In this paper, we present channel estimation model, 
which is based on preamble symbol channel estimation 
method.  This method extends by employing the 
scattered pilot preamble symbol conjunction with 
interpolation method, i.e. discrete cosine transform 
channel estimation (8).  We consider applying this 
channel estimation in two schemes, i.e. in interpolation 
based and non interpolation based. 
  
4. Simulation Results and Discussion 

The objective of channel estimation scheme in MIMO 
OFDM wireless system is to keep system performance and 
guarantee signal performance in each subcarrier, particularly 
in selective channel condition. Nonetheless, the application of 
these schemes will raise overall system complexity. Besides, 
another limitation of this scheme is its difficulty to acquire 
good result is rapidly changing channel.   

In this paper, research result pertinent to those problems 
will be presented as follows. In the first part, the research is 
conducted to observe how the channel estimation application, 
especially with interpolation estimation scheme, could 
influence in the various speeds multi carrier system. The 
implication of these schemes that is taken into account 
includes performances and simulation time. Simulation time is 
assumed to represent system complexity in estimating channel 
condition. In this case, it is affected by number of transmitted 
bits to obtain channel condition, so that better performance is 
acquired.  
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Fig. 3  The BER performance of channel estimation scheme in 

MIMO OFDM wireless system with interpolation scheme 
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In Fig.3, it is apparent that with a few number of pilot bits, 
signal performance of low speed user is good enough. In 
contrast, at high speed condition (120 km/hour and 300 
km/hour) and for similar Eb/No, if the number of pilot bits is 
fixed, then the performance will be poorer. In the other words, 
the number of pilot bits is not sufficient to anticipate the 
rapidly changing of channel condition.  

In the second part, the observation is performed on the 
variation of this channel estimation scheme to system 
performance and simulation time, in high speed condition 
(300 km/hour). As comparison, system performance with this 
scheme is confronted to other system, such MIMO OFDM 
system with Valenti estimation method in which channel 
estimation is applied at each MIMO antenna arm. Besides this 
system is also compared with MIMO system with another 
multi carrier scheme, such as a non coherent channel scheme 
i.e. multilevel DUSTF coding scheme (5). Hence, the 
improvement of performance could be observed in accordance 
with its complexity.   
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Fig. 4.  The BER performance comparison of 

four transmission schemes 
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Fig. 5.  The impact of variation number of pilot bits 

in high speed conditions 
 

 Fig. 4 shows the comparison among the MIMO systems 
performance, i.e. MIMO OFDM system with channel 
estimation: with interpolation scheme and without 
interpolation scheme (perfect estimation); MIMO OFDM 

system with Valenti estimation method (7); and MIMO system 
with multilevel DUSTF coding scheme (5). The figure shows 
that in similar channel condition, i.e. selective channel, and in 
high speed condition (300 km/hour), then MIMO OFDM 
system without interpolation estimation method has better 
performance than the system that is applied with interpolation 
estimation scheme.  
 Furthermore, although the estimation method is simpler, 
i.e. a single carrier estimation method of MIMO system, 
Valenti method, the performance is excellent, but this system 
does not accommodate equal performance guaranty in each 
sub carrier, as shown in Fig. 4 and Fig. 5.   
 To overcome the rapidly changing of channel condition, 
the number of pilot bits should be in accordance with channel 
condition; at least it changes with respect to channel variation 
or user velocity, as shown in Fig. 5.  
 Then, MIMO system with multilevel DUSTF coding 
scheme in high speed condition, which is applied as non 
coherent channel transmission scheme, shows superior 
performance than the others, as shown in Fig. 4. 
  
Table 1. The comparison among the mean simulations 
processing time in MIMO OFDM systems  

 
 Next, we will observe the comparison of simulation 
processing time that is need to evaluate the system 
performance. In this analysis, transmission delay is assumed 
uniform and small, so that the noticeable parameter to estimate 
model complexity is simulation processing time. It is assumed 
that transmission parameters are equal and also equal 
computer system. Research results data can be seen in Table 1.     
 It is apparent that processing time of channel estimation 
scheme in MIMO OFDM wireless system is in accordance 
with the number of pilot bits required to estimate channel 
condition, where the optimum number of pilot bits depends on 
channel condition. Moreover, it depends on estimation 
method application scheme as well. In addition, non coherent 
channel scheme, i.e. multilevel DUSTF coding scheme, needs 
nearly similar simulation time than non interpolation 
estimation scheme. Due to this system applies differential 
schemes, i.e. frequencies function. However, in high velocity 
condition, as shown in Fig. 4, achievable performance is more 
excellent compared with the other estimation methods.  
   
5. Conclusion 

From the research result that has been conducted, it seems 
that generally the number of certain pilot bits could merely 

Transmission scheme  Velocity 
(km/hr) Pilot bits Processing time 

(sec/block data) 

Interpolation estimation based 300 perfect 3.797 

    non perfect 3.22748 
Non interpolation estimation 
based 300 perfect 2.30174 

    non perfect 1.38836 

Valenti method 300 perfect 2.62534 

    non perfect 1.6965 

Multilevel DUSTF coding 300    1.609 

(non coherent channel scheme)       
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give excellent channel response at particular condition, with 
also particular user velocity. To conserve stable system 
performance, the number of pilot bits should be applied 
adaptively, according to channel condition as a consequence 
of user velocity variation.  

Estimation method application scheme could also affect 
system performance, mainly at high speed. Furthermore, from 
research result, it is concluded that in high speed user, the 
application of estimation bits at OFDM subcarriers without 
interpolation estimation scheme, in each MIMO antenna arm, 
provides nearly similar performance than the application of 
estimation method for single carrier, i.e. Valenti method.  
 Next, we presume simulation time is proportional to 
system complexity in estimating channel condition. From 
research, it is obtained that fast channel change due to high 
speed user mobility requires, at least, the same number of bits 
as information bits.  Even though signal performance achieved 
is only the same as that of low speed user mobility. This is 
because the channel changes rapidly compared with the 
system rate. In other words, it is costly to estimate the channel 
accurately in high-mobility situations. On the other hand, the 
MIMO OFDM system with a coherent channel scheme, i.e. 
multilevel DUSTF coding scheme, achieves more excellent 
performance compared with the other estimation methods and 
also needs fewer simulations processing time.  

Based on this research result, we propose to develop a non 
coherent channel transmission scheme in high data rate 
wireless communication system that can accommodate high 
speed user mobility and various bandwidth usage, QoS or 
channel response for every user. The system can be the 
novelty of this proposal has been submitted in (4).  
 
References 
(1) H. Won and G. Im: IEICE Trans. Commun., Vol. E88-B, No. 5, 

pp.2093-2101 (Pub. 2005) 
(2) M Patzold, “Mobile fading Channels”, John Wiley & Sons, England, 

2002 
(3) R. Funada, H. Harada, Y. Kamio, and S Shinoda: IEICE Trans. 

Commun., Vol. E88-B, No. 1, pp.282-291 (Pub. 2005) 
(4) R. P. Astuti, A.B. Suksmono , Sugihartono, A. Kurniawan, ”A Novel 

MC-CDMA Multilevel Coding Scheme on High Data Rate 
MIMO-Wireless Communication Systems”  in press.  

(5) R. P. Astuti, A.B. Suksmono , Sugihartono, A. Kurniawan,”The 
Simulated Performance of Multilevel DUSTF Encoding for MIMO 
Wireless Communications”  in press.  

(6) S. Hara and R. Prasad, “Multicarrier Techniques for 4G Mobile 
Communications”, Boston, London, Artech House, 2003 

(7) M.C. Valenti and D.A. Baker, “The Impact of Channel Estimation 
Errors on Space-Time Block Codes”, Wireless Communications 
Research, Lab West Virginia University, 2004. 

(8) Y. Teng, K Naito, and H. Kobayashi: IEICE Trans. Commun., Vol. 
E88-B, No. 9, pp.3806-3810 (Pub. 2005) 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Proceedings of the International Conference on
Electrical Engineering and Informatics
Institut Teknologi Bandung, Indonesia, June 17-19, 2007

H-13

ISBN  978-979-16338-0-2 171



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


