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Abstract # In this paper, signal detection methods for
spectrum sensing in IEEE 802.22 wireless RAN systsmare
discussed. As most of the manmade signals can bedted as
cyclostationary random process, the spectral corration
function is effective for detecting of these signal In WRAN
systems, due to the specific detection environmentthe
computational complexity of the spectral correlatim based
method is significantly reduced. Peak detection ithe high SNR
environment together with contour figure based unige patterns
search method in the low SNR environment are propesl for the
primary user signal detection.{
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1. Introduction

{

Nowadays, as the technology development, our ldnite
spectral resources has been used sufficiently,cedlyethe
frequencies below 3GHz. But not all of them areduse
efficiently. In fact, a certain number of frequerognds are
underutilized in spectacularly times and locationsis point
of view is supported by recent studies of the FQE&deral
Communication Commission) Spectrum Policy Task €&orc
who reported vast temporal and geographic variatiarthe
usage of allocated spectrum with utilization raggiom 15%
to 85% [1]. In order to overcome this kind of pretnis, the
IEEE is planning to establish an international déad, called
IEEE 802.22 Wireless RAN to utilize the idle spattrands
of TV user, which is between 54MHz and 862 MHz.

One of the new features of WRAN systems is the
implementation of CR (cognitive radio) techniqueheT
fundamental of CR is spectrum sensing, whose fands to
detect the current spectrum environment and totfiecempty
frequency bands. The frequency band here is defasethe
band of TV signal whose bandwidth is 6MHz for ATBTV
system. In the operating band of WRAN systems,ethier
another kind of primary user, which is wireless mphone
user with 200 KHz signal bandwidth. In order toei¢tthese
two signals, we propose to use the spectral caivaldased
detection method in this paper. Compared with the
conventional energy measurement methods, the pedpos
method has a better performance in AWGN channel,
especially in the low SNR environment.

In the second part, the characteristic of the prymeser
signals are described, then the detection metheddiscussed
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and the proposed method is described in detdildrhird part.
Some simulation results are shown in the fourth. grlast,
some conclusions are drawn.

2. Primary Signal Characteristics

In the WRAN systems, the primary user signals ar¥ [in

our case ATSC) signal and wireless microphone &igna
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Figure 1. Spectrum of ATSC DTV signal
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Figure 2. Spectrum of Wireless Microphone signal (M modulated)



The spectrum of the ATSC DTV signal is shown as iR (t+ /2, t-/2), which is a function of two independent
Figure 1. The bandwidth is 6MHz. It is an 8-vsb miated variables, t and, is periodic in t with period T for each value
signal with pilot located at 2.6912MHz in the 6MHzof . Itis assumed that the Fourier series representtr this

bandwidth. periodic function converges, so thagtd¢an be expressed as
The spectrum of the AM modulated Wireless Microphon

signal is shown in Figure 2. The bandwidth is 20@KH t t ‘

according to the FCC Part 74 regulation. Compatarthe TV R, t+=t-= = Ri(t)e/*dt (3)

signal bandwidth, it is a narrowband signal. 2 2 a

These two types of signal compose the primary sigeials
in our discussion. Both of them exhibit peak valirshe for which {Ri} are the Fourier coefficients,
6MHz bandwidth. This property will be used in owtekction
procedure as discussed in the following parts.
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3. Signal Detection Method T -z2 2 2
1). Radiometry Based Peak Detection {Rj ([)} is referred to as the cyclic autocorrelation (CA)

The conventional methods for signal detection whach
usually based on energy measurement and are m:ferras
radiometry were first proposed by Urkowitz in 19¢7.
Based on the property of exhibited peak valuebsénprimary
user signals, a straightforward method is measuhegnergy
around the peak area in the received signal spactfihis
procedure is shown in Figure 3.

function, and is called the cycle frequency parameter. For
=0, CA is the conventional autocorrelation functidrhe

conventional power spectral density function idrkd by the

Fourier transform of the autocorrelation functitm.contrast

with that, the Fourier transform of the CA functisndefined

as the cyclic spectral density (CSD) function:
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Thrlhold It was proved in [3] that the cyclic spectral dépndunction
(Predeermined) could be measured by the normalized correlatiowden two
Figure 3. Radiometry Based Peak Detection spectral components of x(t) at frequencies {2} and (f- /2)

over an interval of lengttii t.
The spectrum of the received signals is calculdigd
passing them through the FFT device. Then seardhdmeak 4f)
values in the spectrum. After locating the peakitfms a $ p}
window is used to select the peak energy measuteraege.

At last the detection decision is made by compattiegenergy . L .
in the window to a predetermined threshold. Sinbe t This function is also called the spectral correlafunction. In

radiometric approaches simply measure the rec&nedyy in éG)f_thedsbpgctral of x(t) over the time intervallf2,t+T/2] is

selected frequency and time interval, they are lenarealize efined by

the changing background noise and interferencé.|&lo, in 14 T/2

the low SNR environment, the peaks will drown ie tioise; X, (t,v) = x(u)e‘ i2ouqy
.. epp . T ’

therefore it is difficult to detect the peak valireshe spectrum. t-T7/2

In this paper, we propose to use the spectral letioe

property of primary user signals. This proposedhwétis The ideal measurement of the SCF for the receiiggahbx(t)

121

" i X[t f +a/2)- \/%T_Xr(t f-a/2dt (6)

()

detailed in the following part. is given by:
2). Spectral Correlation of Cyclostationary Signals Sf (f ) =lim lim Sf (f ) @)
In the cyclostationary signal processing theorg,dignal of Te¥xDey <\ /D

interest is modeled as a cyclostationary randontqs® in

stead of a stationary random process as in themsric The spectral correlation characteristic of the agtdtionary
methods. It is defined that a process, say X(thaisl to be signals gives us a richer domain signal detectiethod. We
cyclostationary in the wide sense if its mean anchn accomplish the detection task by searchingutiique

autocorrelation are periodic with some period, 54$]: cyclic frequency of different modulated signals. sé)l
information such as the carrier frequency, chig @uld be
m (t+T)=m,(t) (1) calculated according to the unique cyclic frequescAnother

¢ ¢ ¢ ¢ motivation of implementing the spectral correlatifmction
R+T+—,t+T- )=R (t+—=,t- o) (2) for signal detection lies on its robustness to candhoise and
2 2 2 2 interference. Spectral correlation of the noisgnisjue large at



cyclic frequency equals to zero comparing to thabtaer
cyclic frequencies.

The spectral correlation functions of the primargewu
signals are shown in Figure 4 and Figure 5 respalgti
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Figure 4. Spectral Correlation of Wireless Microphae signal (AM
modulated)

Spectral Correlation of ATSC DTV signal
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Figure 5. Spectral Correlation of ATSC DTV signal

Peak value can be seen in both the zero cycliaéecy and
unigue cyclic frequencies. The peaks in zero cyfchquency
can be used in the radiometry based detection hél@eaks
in unique cyclic frequencies can be used in oumppsed
detection method.

3). Spectral Correlation Based Detection

Although spectral correlation based methods exImitzihy
advantages, the computational complexity is a éwmditk for
its implementation. As all the frequencies showdsbarched
in order to generate the spectral correlation fongtthe
calculation complexity is huge compared to the oawtry
based methods.

In our proposed detection procedure for WRAN system
the minimum detection bandwidth equals to the Tdrotel
bandwidth which is 6MHz. The carrier frequency mmh@tion

possible carrier frequency range for the wirelegsaphone
signals is also known if the detected frequencydbsaiselected.
Therefore, the calculation of the spectral corfetafunction
in the selected band can be reduced significahtigakes the
implementing of the spectral correlation based atite
method meaningful.

The proposed method is described as shown in figure
There are three stages in this method. First trectsgd
correlation function of the received signal is gated by
searching the whole detected bandwidth. After tiratunique
cyclic frequencies are searched in the second .sBaged on
the searching results, a detection decision is nradee last
stage.
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Figure 6. Primary user signal detection procedure
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A). SCF generation
The spectral correlation function is calculateddobsn (6)
following the procedure as shown in figure 7. Wegphboth of
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Figure 7. Spectral Correlation Function Generation

the two frequency translates u(t) and v(t) of #nerved signal
r(t) through the same set of bandpass filters waiémter
frequency f and bandwidth B [5]. As the detecticand is
selected, the computational complexity is not agdaas that
of searching the whole frequency range.

B). Unique cyclic frequency searching

The generated spectral correlation functionhef teceived
signal is used to search for the unique cyclicdergies. The
method is to detect the peak values in the frequexclic
frequency plane. The primary signals SCF as showviigiure
4 and figure 5 exhibit peaks at the unique cyckgéiency and
zero cyclic frequency.

C). Detection decision

The detection decision is based on the searchsgtseof
unigue cyclic frequency searching stage. As we have
explained, the noise does not exhibit cyclostatitya
Therefore, if no unique cyclic frequencies are fbuhmeans
that there is no signal in the detected band. @ilser the
band is used by the primary users.

4. Simulation Results

In order to evaluate the performance of the progose

for the ATSC DTV signal is known in the detectondathe gspectral correlation based detection method, sitioais were



carried out in AWGN environment.

The spectral correlation function of both ATSC DB&wd
wireless microphone signals are shown with diffeneoise
levels.

which describes the visibility of the cyclostatioyasignals
among noise is used for searching the unique pattef
different primary user signals. The contour figure

Figure 12 shows the contour figure of the AM modkda

When E/Ngequals to -5dB, as shown in figure 8 and figursignal in the noise free environment. Four cleantpof the

9, the peak values of the primary user signalsiique cyclic
frequencies can obviously be seen. And at cyckgudency
equals to zero, the peaks in power spectral decaityalso be
detected by the radiometry based method.

Figure 8. Spectral Correlation of AM signal with E,/No=-5dB

Figure 9. Spectral Correlation of ATSC DTV signal wth E,/No=-5dB

signal are seen. The unique pattern is the intéosepoint
which denotes the unique cyclic frequency of the AM
modulated signal.

Figure 10. Spectral Correlation of AM signal with B,/No=-10 dB

Figure 11. Spectral Correlation of ATSC DTV signalith Ep/No=-10dB

The dark line is caused by the cross-spectral lzdiva

In the lower B/N levels, take -10dB for example, the peakgffect. The intersection points of these dark lidesote the

in the spectral correlation whelmed by the noidéh@dugh the
spectral correlation of the noise is zero when tyelic
frequency does not equal to zero, the peaks arbneldeby the
noise due to the cross-spectral correlation betwleesignals
and noise. Therefore, the spectral correlation daseak
detection is used for the low noise level environtme

For the high noise level environment, the noiseusbb
advantage of spectral correlation detection metfuydthe

unique cyclic frequency which distinguished the AM
modulated signal from the noise. The back groumdsiare
caused by the noise. As the noise level increasihg,
background areas get darker and the visibilityhefltnes and
intersection points decreases. The consequencehas t
difficulties for detection increasing. This poirftvaew can be
proved by the figures from 13 to 15. Whay, is around -20
dB, as shown in figure 15, the dark line and thersection

cyclostationary signal vanishes due to the effedt @oints can also be seen but with some difficulties.

cross-spectral correlation between the signals revige. In
order to maintain the noise robust advantage ofldtection
method, the contour figure of the spectral cori@fafunction



Figure 12. Contour figure of AM signal noise free

Figure 13. Contour figure of AM signal with Ep/Ng=-10dB

Figure 14. Contour figure of AM signal with Ep/Ng=-15dB

Figure 15. Contour figure of AM signal with Ey/Nq=-20dB

For ATSC DTV signals, the contour figure is diffetérom
that of AM modulated signals. The unique pattera iwhite
foursquare band which denotes the roll-off areathe
spectrum of the ATSC DTV signal. Figure 16 shovesitltea

Figure 16. Contour figure of ATSC DTV signal noisdree

Figure 17. Contour figure of ATSC DTV signal with 5,/No=0dB



contour figure of the spectral correlation functaftihe ATSC
DTV signals, the white foursquare band is visiBle the noise
level increasing, the noise effect increases, fhezehe white
foursquare band gets darker and more likely td#wkground. {
It makes the visibility of the white foursquare daworse.
This point of view is supported by the figures laswen below.

Figure 18. Contour figure of ATSC DTV signal with E,/No=-5dB

Figure 19. Contour figure of ATSC DTV signal with B/Ny=-10dB
{

We find that the signal component in the uniquelicyc
frequencies is easier to be detected by the prdpsgectral
correlation based peak detection in low noise leien the
noise level increasing, a contour figure based otktis
proposed to detect the unique patterns of the pyimaer
signals. For AM modulated signal the pattern is the
intersection point which denotes the unique cyttkguency
while for ATSC DTV signal it is a white foursqualband
which denotes the roll-off area of the signal.

{
5. Conclusions

Since spectrum sensing is the most important proeeof
the cognitive radio technique, we proposed a salectr
correlation based peak detection method to cheakhvwen the
primary user signal exists in the higkl, noise environment.

In the low E/Ny noise environment, a better performance can
be got with the help of contour figure of the spaict
correlation function by searching the unique pater
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