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Abstract: We propose a new receiver structure for chirp
spread spectrum (CSS) based on the characteristics of the
CSS signals which are alternatively transmitted in low and
high band in order to improve detection performance. The
conventional channel filter performs the filtering of entire
signal bandwidth in a passband, but there happens a
problem that excessive noise in neighboring sub-band is
added while one of signals in two sub-bands is received.
The dual-band filtering method proposed in this letter is
based on two filters which are designed to be matched well
with alternatively received CSS signals and excludes the
undesired noise. Simulation result shows that the proposed
method has better bit error rate (BER) performance about
1.6dB than the conventional one.

1. Introduction

IEEE 802.15 low rate alternative PHY Task Group (TG 4a)
for Wireless Personal Area Networks (WPANS)
standardizes a new technique whose objective is in
providing low rate communications, high precision
ranging/location capability (1 meter accuracy and better),
ultra low power, low cost, and etc. Therefore, a new
proposal which consists of Ultra Wide Band -Impulse
Radio (UWB-IR) operating in unlicensed UWB spectrum
and Chirp Spread Spectrum (CSS) operating in unlicensed
2.4 GHz spectrum was adopted as a new standard technique
by the committee of the IEEE 802.15 TG 4a in [1]. The
CSS based on ISM band uses chirp signals categorized as
spread spectrum signals and can afford to get a high
precision ranging because of the good correlation properties
of chirp signals. It uses bi-orthogonal codes for channel
coding and has low hardware complexity by using
differential encoding. Also, Simultaneously Operating
Piconet (SOP) for multiple users is proposed by using
different combination of sub-chirps in the CSS systems as
in[1].

This letter shows a novel receiver structure using dual-band
filtering method in order to improve the detection
performance based on the characteristics of the CSS signals
which are alternatively generated from low and high bands
in time domain. Because the conventional channel filtering
makes the entire signal bandwidth pass through, there is a
problem that excessive noise in neighboring sub-band is
included in the filter while one of two sub-bands is received
in the system. Accordingly, if we apply the dual-band
filtering method to the system of th CSS, we can reduce the
excessive noise.

In this letter, section II describes overview of the CSS.
Section III shows the proposed contents and section IV

describes the simulation results. In section V, this letter
comes to a conclusion.

2. Overview of the CSS

The CSS systems can be divided by three essential parts.
One part is a bi-orthogonal coding block which uses 8-ary
bi-orthogonal codes in I1Mbps mode and 64-ary bi-
orthogonal codes at 250Kbps mode in order to obtain the
block coding gain and to be robust to communication
channel. Another part is a differential coding block. The
CSS systems carry information to the difference of phases
between successive symbols. Differential coding systems
can be implemented in a less complexity than coherent
encoding systems because of the channel estimator. The
third part is a chirp spreading block. The CSS systems use
chirp signals which are categorized as a spread spectrum
signal as in [2]. The CSS systems modulate transmit data by
using a phase shift keying (PSK) and spread the data by
using chirp signals in order to obtain the spreading gain.
The CSS systems support 4 SOPs by using the combination
of sub-chirp signals. The sub-chirp signals are designed by
the up-sweeping frequency signals and the down-sweeping
frequency signals in two sub bands (high and low),
respectively. 4 sub-chirps are assigned in the different
positions in each piconet and those different combinations
of the sub-chirp signals minimize the interferences among
the 4 SOPs. In each piconet, 4 sub-chirps construct a full-
chirp and guard times are also different. Fig. 1 shows the 4
SOPs in the CSS systems.
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Fig 1. 4 SOPs in the CSS

3. Camera Ready Manuscript

Let us assume that the received signal #(z) consists of the
signal s(?) and additive white Gaussian noise (AWGN) n(?)

which has zero-mean and power spectral density @ (f) =
1

2 Ny [W/Hz]. Suppose that the signal r(?) passes through a

filter with impulse response A(z), 0<?<T  and the output
of the filter is sampled at time ¢ = 7. The filter response to
the signal and noise components can be described by (1).

y(1)= [ r(c)h(t-7)dz
= LTS(T)h(l—T)dT+LTn T)h

At the sampling instant ¢ = 7, the signal and noise
components are expressed by (2).

y(T)= LTF(T)h(T—T)dT
Ls a’r+L T—r)dr

where y,(7) represents the signal component and y,(7)
represents the noise component. Then, SNR of the filter
output is defined by (3) as [2].

v (T)

E[y(T)]

SNR =
3)

Let us evaluate the denominator E/y,’(T)].

|n(T =) (T ~1)dtdz

2(1)]= [ [ E[n(r)n(0)
:%NO [ [6(—om(r

_1 T2
_ENOLh (T—7)dr

—T)h(T—t)dtdr

“4)

In (4), we need to concentrate our attention on that the
noise variance depends on not only the power spectral
density of the noise but also the energy in the impulse
response /(?). Because the power spectral density of the
noise is fixed, our goal is to reduce the energy in the
impulse response A(2).

The CSS signals consist of low- and high-band signals. If
input signal is a high-band signal, high-band filter is
designed to be operated, and if input signal is a low-band
signal, low-band filter is also designed to be executed.

Fig. 2 shows noise power and bandwidth of the filter in
both of the conventional channel filtering method and the
dual-band filtering method. The dual-band filtering method
has a smaller noise power and bandwidth in the filter than
the conventional channel filtering method, because the low-
and high-band filter alternatively applied to the received
signals at high- and low-bands.
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Fig 2. Conventional channel filtering method and
proposed filtering method

If we evaluate the noise power of the filters, the SNR
improvement can be calculated by (5).

N01se power,

conventional filter

SNR improvement [dB] = 10x log,
NO] se powerdual-band filter (5)
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Fig. 3. Receiver block diagram of the proposed dual-band filtering method

The noise power in the filter is nearly proportional to
bandwidth of the filter. Let us approximately evaluate the
SNR improvement of the proposed method by using the
bandwidth of the filter. Suppose that we design the
bandwidth of the filter as same as the bandwidth of the
signal. The bandwidth of the sub-chirp signals is 7 MHz,
and sub-chirp signals of high- and low-band overlap with
0.7 MHz as in [1]. Substituting those numbers for (5), we
can calculate the SNR improvement of the proposed
method at about 2.78 dB.

Fig. 3 shows a block diagram of the proposed receiver
using dual-band filtering. If initial synchronization of the
system is reasonably detected by one, the CSS receiver can
alternatively apply the proposed dual-band filter to the
received signals. Then, the receiver differentially decodes
the filtered outputs and despreads signal energy. The signal
energy is tossed to the bi-orthogonal decoder to obtain
block coding gain.

4. Simulation Results

Before we show the simulation results, we need to consider
synchronization of the receiver system. In this letter, we
assume that the synchronization is perfect.

The BER and PER simulations of the proposed and the
conventional channel filtering method was performed by
using the Kiser-window filter in [2] which has 23 taps and
11 taps, respectively. This means that the hardware
complexity of the proposed method was similar to that of
the conventional method and we only compare the BER and
PER performances of the proposed method with that of
conventional method. Though an additional control logic
that decides which one of the channel filters between high-
and low-filter is used is necessary to the proposed method,
it is very simple. On the other hand, power consumption of
the proposed method is slightly batter than that of the
conventional method. Because the proposed method uses
11-tap filter for the received signal while the conventional
method uses 23-tap filter in every time.

Fig. 4 shows the simulation results of BER performance
of the proposed filtering method as compared with the
conventional methods. The simulations are performed in
AWGN channel. The performance of the proposed
filtering method is better by about 1.6 dB at BER = 10~
than that of the conventional method.
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Fig. 4. BER performances of the proposed and
conventional filtering method

Because the CSS systems are based on packet
communication, we show PER performance of the
proposed structure. The simulation results of PER
performances are described in Fig. 5. The simulations
are performed by using 10000 packets whose data length
is 100 bytes on AWGN channel. The proposed dual-band
filtering method improves the PER performance about
1.6 dB at PER = 10” in the same way of BER
performance.

The improvements on BER and PER of the proposed
method are less than that of discussed in pervious section,
because the Kiser-window filter used in the simulations
also impairs the transmitted signals while removes
additional noise. It is necessary to find filters which fit
the transmitted signals and maximally remove the
additional noise.

In fact, if a matched filter is used to the CSS system,
the best BER and PER performances are obtained.
However, the hardware complexity of the matched filter
is much lager than that of the proposed filter. The trade-
off between the error performances and hardware
complexity arise, however, hardware complexity and
power consumption is much important factor than the
error performances in application of the IEEE 802.15.4a.
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Fig. 5. PER performances of the proposed and
conventional filtering method

5. Conclusion

A novel receiver structure using dual-band filtering for CSS
was proposed. The proposed structure improved the BER
and PER performances of CSS receiver, having the almost
same hardware complexity in comparison with
conventional one. We expect that the proposed receiver
structure can be applied to the CSS systems.

5. Ackknowlegement

"This research was supported by the MKE(Ministry of
Knowledge Economy), Korea, under the ITRC(Information
Technology Research Center) support program supervised
by the IITA(Institute of Information Technology
Assessment)" (IITA-2008-C1090-0801-0019)

References

[1]1IEEE P802.15.4a™/D7, January 2007.

[2]S. E. El-Khamy and S. E. shaaban, “Matched Chirp
Modulation-Detection and Performance in Dispersive
Communication Channels,” IEEE Trans. Comm., Vol. 36, pp.
506-509, Apr. 1988

[3]Sanjit K. Mitra, Digtal Signal Processing: A Computer-Based
Approach, 2e with DSP Laboratory using MATLAB,

McGraw-Hill, Boston, 2001.

1732




<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /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 true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /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 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /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.)
    /JPN <>
  >>
  /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


