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Abstract— In this paper, the equalization for frequency 

slope of path loss in Multi-Band(MB) OFDM UWB is 

proposed. The path loss of a signal is proportionate to the 

square of the signal’s frequency. So, the received signal 

amplitudes of OFDM subcarrier can be different up to 

3dB when MB-OFDM occupies bandwidth over 1.5GHz. 

The differences of subcarrier-amplitudes make an 

effective of 0.3 bit reduction of soft decision bits of viterbi 

decoder, and when the effective of 0.3 bit reduction can 

cause 0.5dB SNR degradation. This paper proposes two 

modem architectures which compensate for the degraded 

subcarrier by multiplying the reciprocal of degraded 

values in analog or digital domain. It is shown that, for 

the proposed architecture applied to MB-OFDM UWB, 

the performance improvements up to 0.5dB can be 

obtained over the conventional uncompensated receiver 

architecture. 

 

Index Terms— Equalizer, Path loss, UWB, Viterbi 

Decoder 

 

 
I. INTRODUCTION 

 

The UWB suffers heavy band degradation, because the 

path loss of a signal power is proportionate to the square 

of the signal’s frequency as in (1). 

 

 

 

   

     (1) 

 

 

   

 

In (1), d is a distance of between transmit and receive 

antenna, λ is wavelength of used signal, c is the speed of 

light, and f is the frequency of the signal. 

So, there can be existing slightly degraded and heavily 

diminished frequency parts. Because OFDM system 

carries information on frequency subcarrier, frequency 

degradation means reduced input signal level of viterbi 

decoder. When a viterbi decoder received highly defected 

subcarrier as an input, the decoder can’t use any 

information in MSB part of soft decision bits of subcarrier. 

This makes the viterbi decoder’s gain reduced and the 

reduced decoder’s gain increases bit error probability of 

the system. 

 

 

Fig. 1. Band degradation according to the path loss 

 

Fig. 1 shows band frequency response according to the 

path loss on mandatory channel of MB-OFDM UWB, 

3.168~4.762GHz as in [2]. 

This paper proposes an analog and a digital 

compensators to reduce the effect of soft decision bit 

reduction.  

 

 
II. PROPOSED COMPENSATOR 

 

A. Band Degradation Effects 

 

Received signals, suffered for band degradation as in 

fig. 1, have smaller average signal level than that of 

original one. In (2) and (3), the average subcarrier signal 

level normalized by the best one is described. X(w) is 

received signal level, and P(w) is received signal power 

level. And, fmin, fmax are minimum and maximum 

frequency in band, respectively. 
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In case of MB-OFDM UWB mandatory channel, the 

average signal power and the voltage level are reduced to 

67% and 81%, respectively. If N-bit soft decision is used, 

the average used bits in soft decision can be described as 

(4). 

 

     (4) 

 

When 3bit soft decision is used in a viterbi decoder, the 

effective soft decision bits are reduced to 2.7 bits, so that 

the reduction of effective soft decision bits can make 

0.5~1dB performance degradation. 

 

B. Analog Equalizer 

Path loss is a function of the frequency and the distance 

as in (1). Because the degradation according to the 

distance is adapted to all bands of frequencies, signals can 

be controlled through automatic gain control (AGC). 

Additionally, f is the frequency of bands that we have 

already known.  

If the received signal is equalized with a filter whose 

frequency response is proportionate to f, each frequency 

component of received signal can be even. Because three 

subbands hop frequency periodically and the hopped 

frequency signals are demodulated in receiver, RF 

equalizer is added to between LNA, which outputs all 

bands of frequencies, and Demodulator, which down 

converts   RF signal into baseband signal.  Because the 

input signals of equalizer contain AWGN as well as 

original signals, the equalizing of all bands can not get 

SNR improvement. But we can make the input signal 

levels of viterbi decoder even by compensation, and the 

even input level can minimize the bits loss of effective 

soft decision. Fig. 2 describes a structure of the MB-

OFDM UWB modem containing an analog equalizer. 
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f tπ

sin(2 )
c
ftπ

 Fig. 2. UWB block diagram with Analog Equalizer 

 

 

C. Digital Compensator 

The effects of band degradation can also be 

compensated in baseband. Because FFT module exists 

already in baseband of OFDM system, compensation can 

be made by multiplying path loss to frequency domain 

signals after FFT operation. There is not only AWGN but 

also quantization noise in digital compensator input, so 

that the amplified quantization noise makes system 

performance worse than that of analog one. But 

quantization noise can be ignored when SNR is 

moderately small. In case of (B+1) bit resolution analog-

to-digital converter, the quantization noise of NSR is as in 

(5)[3]. 

       

6.02 10.8 20log( ) m

x

X
NSR B

σ

= − − +

     (5) 

 

In (5), X
m
 is the full-scale amplitude of ADC and σ

x
 is 

the root mean square(RMS) value of the signal amplitude. 

In case of 0 dBw signal power and 5bit ADC, noise power 

is less than -24dBw. Fig.3 shows modem architecture 

with digital compensator. 

 

Fig. 3. UWB Modem Block Diagram with Digital 

Compensator 

 

 

 

III. SIMULATION RESULTS 

 

Proposed architecture is applied to MB-OFDM UWB 

which has been proposed as a standard of IEEE 802.15.3a 

[4]. Simulation is performed in 480 Mbps mode using 3bit 

soft decision viterbi decoder. Simulation environments 

and assumptions are listed in table I. 
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TABLE I  

SIMULATION ENVIRONMENTS AND 

ASSUMPTIONS 

Environments 

System version v.0891 

ADC bits 5 

ADC Dynamic range 7dB 

Data rate 480Mbps 

Channel decoder Viterbi 3bit soft decision 

Packet length 1024byte 

Simulated packets 200 

Assumption 

Path Loss ∝f2 

Synch. & Channel Eq. Perfect 

multipath X 

 

 

 

Fig. 4. BER performance of compensator 

 

Fig. 4. shows bit error rate (BER) curve of simulation 

results. And as a result, analog and digital compensator 

can improve performance about 0.5~1dB.  

 

 

IV. CONCLUSIONS 

 

This paper proposed a channel compensator which 

can maximize viterbi decoder gain by the compensation 

of degraded subcarrier. As the simulation results, the 

proposed analog compensator can make 0.5~1dB SNR 

improvements at 10-3 BER. Digital compensator can be 

used when the quantization noise is much smaller than 

AWGN. 5bit ADC is sufficient for 480Mbps mode of 

MB-OFDM. The SNR gain can be used to extend 

communication distance or to improve BER 

performance. 

 

 

 

REFERENCES 

 
[1] T.S.Rappaport, Wireless Communications, Upper Saddle 

River, NJ:Prentice Hall, 2002 

[2] A.Batra, J.Balakrishman, A.Dabakand et al., “Multi-band 

OFDM Physical Layer Proposal for IEEE 802.15 Task 

Group 3a”, IEEE P802.15-03/268r3, March 2004. 

[3] A.V.Oppenheim, R.W.Schafer, Discrete-Time Signal 

Processing , Eaglewood Cliffs, NJ: Prentice Hall, 1989.  

[4] J.R.Foerster, et al. "Channel Modeling Subcommitee 

Report Final," IEEE P802.1.5-02/490r1-SG3a, Feb. 2003. 
[5] http://www.ieee802.org/15/pub/TG3a 
 

 
Sang-Hun Yoon received the Ph. Degree 

from Hanyang University in 2008, and is 

currently work for Electronics and 

Telecommunications Research Institute in 

Daejeon, Korea, as a senior member of 

engineering staff since 2009. His research 

areas include ASIC design, Digital Signal 

Processing, Wireless Communication System 

Design, and Image Processing. 

 

 
Jun-Mo Jung received the Ph. Degree from 

Hanyang University in 2004, and is currently a 

professor at Dept. of Electronic Engineering at 

Kunsan National University, worked as a 

visiting Professor at Queensland Micro -

technology Facility at Griffith University in 

Australia in 2009~2010. His research areas 

include ASIC design, Digital Signal Processing 

and NoC test. 

 



<<
  /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
    /AmeriGarmnd-BT
    /AmeriGarmnd-BTBold
    /AmeriGarmnd-BTBoldItalic
    /AmeriGarmnd-BTItalic
    /Baskerville-BT
    /BernhardFashion-BT
    /Blippo-BlkBT
    /Bodoni-BdBT
    /Bodoni-BdBTItalic
    /Bodoni-BkBT
    /Bodoni-BkBTItalic
    /BroadwayEngraved-BT
    /BrushScript-BT
    /CentSchbook-BT
    /CentSchbook-BTBold
    /CentSchbook-BTBoldItalic
    /CentSchbook-BTItalic
    /CommercialScript-BT
    /Cooper-BlkBT
    /Cooper-BlkBTItalic
    /Courier10-BTBold
    /Courier10-BTBoldItalic
    /DomCasual-BT
    /Freehand591-BT
    /FuturaBlack-BT
    /FZWBFW--GB1-0
    /FZXKJW--GB1-0
    /GoudyOlSt-BT
    /GoudyOlSt-BTBold
    /GoudyOlSt-BTBoldItalic
    /GoudyOlSt-BTItalic
    /H_CIRNUM
    /H_EQSYM1
    /H_EQSYM2
    /H_HEBREW
    /H_KEYBD
    /H_MULTI1
    /H_MULTI2
    /H_PROSYM
    /HighlightLetPlain
    /Hobo-BT
    /JohnHandyLetPlain
    /LaBambaLetPlain
    /Liberty-BT
    /MBatang
    /MDotum
    /MekanikLetPlain
    /MGungHeulim
    /MGungJeong
    /MJemokBatang
    /MJemokGothic
    /MSugiHeulim
    /MSugiJeong
    /MurrayHill-BdBT
    /Newtext-BkBT
    /OCR-A-BT
    /OCR-B-10-BT
    /OdessaLetPlain
    /OrangeLetPlain
    /Orator10-BT
    /ParkAvenue-BT
    /PumpDemiBoldLetPlain
    /QuixleyLetPlain
    /RuachLetPlain
    /SandSm
    /SandTm
    /ScruffLetPlain
    /Swis721-BT
    /Swis721-BTItalic
    /TirantiSolidLetPlain
    /UniversityRomanLetPlain
    /VictorianLetPlain
    /WestwoodLetPlain
  ]
  /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 <>
    /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.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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 [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


