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Abstract: This paper presents the method of measuring the
feedback channel, which is devel oped between the transmit
and receive antennas of a wireless repeater by receiving the
transmit singal from its tranmit antenna a the receive
antenna of the identical repeater, and experiment results
otained by anlyzing the measurements. This experiment
uses 2GHz W-CDMA signal and is carried out near a
highway. The high-speed mobiles on highways cause
feedback signals with high Doppler frequencies and large
energy. In order to characterize the feedback channel, the
power delay profile and the scattering function are
estimated to identify the delay spread, the Doppler spread,
the number of fingers, and the attenuation with delay. Since
the feedback channel is constructed between the fixed TX
and RX antennas, which is dependent upon the multipaths
developed due to moving or fixed objects around the
antennas, the channel has different properties comparing to
the conventiona channel between the base station and the
mobile station. Therefore, the results presented in the paper
will provide guidelines for designing and evaluating the
wireless repeater systems.

2. Measurement Setup

Recently, the wireless communications have been

devel oped with high-speed and large-capacity transmissions.

For this reason, the cell sizes become smaller and many
repeaters are required to improve service quality. A co-
channel repeater is very efficient solution to this problem.
Comparing to the existing repeater using optical cables, the
co-channel repeater cost less expensive in maintenance and
itsinstallation and maintenanceis easy.

The co-channel repeater usually has feedback channels,
through which the transmitted signal from the transmit
antenna is received at its receive antenna. The feedback
channels consist of the direct path between the transmitter
(TX) and receiver (RX) antennas and multi-paths due to
surrounding various objects. The signal from this feedback
channel operates as interference to degrade the performance
of the co-channel repeater. In general, the co-channel

repeater uses the finite impulse response (FIR) filter to
remove or mitigate the feedback interference from the TX
antenna to the RX antenna and employs a channel
estimation technique. For the purpose of designing a
interference canceller and furthermore constructing
efficient communication system, we need to measure and
analyze the propagation properties of the feedback channels
including the number of the multi-paths, attenuation
according to the delays, Doppler shift, delay spread and so
on. The existing researches on mobile channels mainly
focused on the channels between a base station and a user
equipment while the study on the feedback channels is
scarce.

The sounding measurements were carried out at a side
of the highway at Namhae, Kyoungnam, Korea, where fast
frequency-selective fading due to high-speed vehicles has
been observed, because co-channel repeaters
malfunctioned due to high interference and fast frequency
selective fading. Therefore, the purpose of this paper is to
characterize the feedback interference channel that is built
up between the TX and RX antennas of the co-channel
repeater.

This paper is organized as follows. Section 2 describes
the measurement setups and approaches for probing
feedback channels. Section 3 provides the channel analysis
results from the measurement data. Finaly, section 4
concludes this paper.

2. Measurement Setup

The channel considered in this paper represents the
multipath, through which the signal generated by a signa
generator is transmited from the TX antenna and received
by the RX antenna. In order to measure the feedback
channel, we use a W-CDMA signal generator to generate a
W-CDMA signal, which has 2 GHz carrier frequency, 3.84
Mcps chip rate, 5 MHz bandwidth, and 10 ms period for
repeatition. Since this period is longer than the maximum
delay spread of the feedback channel, it isimmaterial to the
sounding experiment [1]-[4].
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Figure 1. A schematic representation of the measurements setup.

2. 1 Measurement Equipment

In this measurement experiment, we employ signal
generators, a transmit amplifier, transmit and receive
antennas, a receive amplifier, filters, down converters,
analog-to-digital (A/D) converters, and storage systems.
The signa generator is E4438C ESG from Agilent
Technologies, and the data storage system is based on PXI-
1044 of Nationa Instrument with real-time embedded
controllers and a digitizer of 2 channels, 14 bits, and 100
MHz sampling frequency. The sampled data are saved in a
hard disk drivein real time. The transmit amplifier operates
on 2 GHz band with 5W maximum power. The receive
amplifier is alow noise amplifier (LNA) operating 2 GHz
band. Surface acoustic wave (SAW) filters are utilized as
filters. An array antenna for base stations is used as a
transmit antenna while the directional parabola antenna is
used as a receive antenna.

2. 2 Measurement M ethod

The sounding measurements were carried out at a side of
the highway at Namhae, Kyoungnam, Korea, where severa
one- or two-story houses and warehouses are scattered and
no multistory building is located. The antenna is installed
ten meter high and main scatters are the adjacent buildings
and the automobiles on the highway. Fast frequency-
selective fading has been observed near the highway due to
high-speed  vehicles;, and  co-channe repeaters
malfunctioned due to high interference and fast frequency
selective fading. For these reasons, we select this area
Figure 1 shows the schematic block diagram of the
measurement setup. In order to measure the feedback
channels, the signal generator produces a W-CDMA signa
of 2 GHz center frequency. The W-CDMA signal is divided

into two; one goes to a down-converter while the other is
input into the transmit amplifier. The output signa from the
transmit amplifier is radiated through the transmit antenna.
The radiated signal travels through multi-path and arrives at
the receive antenna. The received signal is amplified by the
LNA, processed by SAW filter, and saved in the storage
system. The down-converters change the 2GHz signals
from the signal generator and from the receive antenna,
respectively, into the IF signals of 3.125MHz center
frequency. The two-channel digitizer samples the two
signads from the down-converters with the sampling
frequency of 12.5 MHz and 14 bits[5].

3. Analysis of Measurements

In order to model the feedback channel, we use the tapped
delay line (TDL) model, which can be implemented in a
FIR filter and its coefficients are equivalent to the power
delay profile [6]. Since the sampling rate is 12.5 MHz, one
tap of the TDL corresponds to 0.08 ps. The number of taps
in the TDL model should be greater than the maximum
delay spread of the multipath. According to the experiment
results, the maximum delay spread is less than 10 ps. Thus,
we used 125 taps (equivalent to 10 ps) in the TDL model.
In order to obtain the power delay profile of the channel,
the IF received signals are trandated into the baseband ones,
which are utilized for the least square (LS) agorithm to
estimate filter coefficients. The filter coefficients are low-
pass filtered with pass band of 2.5MHz. The LS agorithm
is one kind of block algorithms, which minimizes error for
agiven interval. In this study, we choose 12500 samples (1
msec) as a block size for the LS agorithm. The LS
algorithmisasfollows[7].

W=0"z (1)

Where W represents a M x1 vector consisting of the M
TDL filter coefficients while @ is the correlation matrix of
the transmit data u(j), which is defined by

u(i)=[u(i),u(i-1),...,ui-M+1)]' @
®= ufi)u (i) )

The vector z is across-correlation vector between transmit
data w() and receive data r (i) ,

z=[z(0),z(—1),...,z(—M +1)]T (4)
2(—K)= 2 u(i-k)r (i), 0sksM-1 ()
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Figure 2. Delay profile with respect to time and delay.

FPower Delay Profile

MNorrnalized Power Density (dB)

a5k

-50

Delay (us)

Figure 3. Power delay profile average.

After estimating the power delay profile using this scheme,
we can find the scattering function Y, v), which consists
of two variables, delay © and Doppler frequency v,
assuming that the channel is wide-sense stationary
uncorrelated scattering (WSSUS) random process [8].

The feedback channel is investigated when the highway
traffic is smoothly flowing. Figure 2 presents a mesh plot of
the normaized power delay profiles of 1 msec period,
whose time length is 1 second. The figure provides the
delay range up to 10 ps and we can observe the high fingers
that are located from O to 4 ps. The wide fluctuation of the
coefficient's energy during 1 second indicates the strong
influence of the Doppler effect. The first finger is highest
while the remaining become smaller according to delays.
The fluctuation of the finger magnitude is serious, but the
delays of the fingers seem to be constant.

Figure 3 shows the average power delay profile over
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Figure 4. Mesh diagram of the scattering function.
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Figure 5. Contour diagram of the scattering function.

one second. According to the figure, the effective delay
spread is up to 5.5 ps and the first path appears around 1.7
us, which gives the difference of 3.8 ps. This implies that
the last finger is far 570 m away from the first finger. The
power of the feedback signal is decreasing in log scale with
delay.

Figure 4 displays the scattering function obtained from
the feedback channel’s delay power profiles. The scattering
function is generated by FFT of the 1000 delay profiles of 1
second. Its resolution is 1 Hz with a Doppler spread of
+500 Hz to -500 Hz and its delay spread is up to 10 ps.
Figure 5 is the contour plot of the mesh plot of Figure 4
with -40 dB contour of delay and Doppler frequency. The
peak is 60 dB above the noise level and located at 0 Hz and
1.7 ps. The Doppler frequency widely spreads from +450
Hz to -450 Hz. The components at +300Hz and -300Hz
have large energy that is less than the peak by 20 dB and
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exist from 1.7 to 3 pusin the delay domain. The components
consist of 7 fingers.

4. Conclusion

In this paper, we characterized its properties of the
feedback channel based on the sounding measurements.
The TDL model was identified by applying the LS
agorithm to the digitized transmitted and received samples.
The power delay profile and the scattering function are
estimated from the measurements to investigate the
feedback channel. The analysis results indicate that the
feedback channel suffer high Doppler frequency and it is
decreasing in log scale with delay.

Through this analysis, we will provide the statistical
channel model, which enables us to verify the system
performance and to predict the performance using computer
simulation.

References

[1] Y. P. Zhang, “Indoor Radiated-Mode Leaky Feeder
Propagation at 2.0GHz,” |IEEE Trans. Veh. Technol., vol.
50, no. 2, pp. 536-545, Mar. 2001.

[2] P. C. Fannin and A. Molina, “Analysis of mobile radio

channel sounding measurements in inner city Dublin at

1.808GHz,” IEE Proc. Commun., vol. 143, no. 5, pp. 311-

316, Oct. 1996.

[3] R. J. C. Bultitude, T. C. W. Schenk, N. A. A. Op den
Kamp and N. Adnani, “A Propagation-Measurement-
Based Evaluation of Channel Characteristics and Models
Pertinent to the Expansion of Mobile Radio Systems to
Frequencies Beyond 2 GHz,” |EEE Trans. Veh. Technal.,
vol. 56, no. 2, pp. 382-388, Mar. 2007.

[4] J. Austin, W. P. A. Ditmar, W. K. Lam, E. Vilar and K.
W. Wan, “A Spread Spectrum Communications Channel
Sounder,” |EEE Trans. Commun., vol. 45, no. 7, pp. 840-
847, July 1997.

[5] X. Zhao, J. Kivinen, P. Vainikainen and K. Skog,
"Propagation Characteristics for Wideband Outdoor
Mobile Communications at 5.3 GHz," |IEEE J. Select.
Areas Commun., vol. 20, no. 3, pp. 507-514, Apr. 2002.

[6] J. K. Cavers, Mobile Channel Characteristics, chap. 5,
Kluwer Academic Publishers, 2002.

[7] S. Haykin, Adaptive Filter Theory, 4th ed., chap. 8,
Prentice Hall, 2002.

[8] J. G. Proakis, Digital Communications, 4th ed., chap. 14,
McGraw-Hill, 2000.

[9] A. A. M. Saleh and R. A. Vaenzuda, “A Statistica
Model for indoor Multipath Propagation,” |IEEE J. Select.
Areas Commun., vol. SAC-5, no. 2, pp. 128-137, Feb.
1987.

1392




<<
  /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


