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1 Introduction
It has been recognized that many random time series encountered in the field of signal processing are more appropriately modeled as cyclostationary, rather than stationary, duo to the underlying periodicities in these signals [1]. Another reason to use cyclostationary signal model is that random signals such as white Gaussian noise are not cyclostationary. Thus, cyclostationarity provides us a way to separate desired signals from noise.
2 Cyclostationary Feature of ATSC DTV Signals
According to [2], DTV data are VSB modulated.  Before VSB modulation, a constant of 1.25 is added to the 8-level pulse amplitude modulated signal (8-PAM). Therefore, there is a strong pilot tone on the power spectrum density (PSD) of the ATSC DTV signal. Let s(t) be this pilot tone signal which is a sinusoidal signal in the time domain and further assume that this strong pilot tone is located at frequency f0 , i.e.,
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where P and θ are the power and  the initial phase of the sinusoidal function respectively. The function h(t) is the channel impulse response and 
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 is the convolution operator. The received signal must contain the signal 

x(t) = s(t)e-j2πνt + w(t) 
(2)

where w(t) is the additive white Gaussian noise (AWGN) and ν is the amount of frequency offset in the unit of Hz. We will assume that w(t) is zero-mean with autocorrelation function Rw(τ) = E[w(t)w*(t-τ)] = σ2δ(τ). The cyclic spectrum of the received signal must contain the cyclic spectrum of x(t) which is given by
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where H(f) is the frequency response of the channel. The parameter α is the cyclic frequency. From (3), ideally, the noise does not contribute to the cyclic spectrum of x(t) when cyclic frequencies α = ±(2f0+ν). Thus, performing spectrum sensing by detecting the peaks on the cyclic spectrum of the signal should be better than that of using PSD.
3 Initial Processing of Received Signal

The RF ATSC DTV signal for a given DTV channel is first filtered and down-converted to a given intermediate frequency (IF). The IF signals are usually sampled at a rate that is multiple times of the symbol rate. The samples can be expressed as   


y[n] = x[n] + w[n]
(1)

where x[n] are samples of the transmitted DTV signal. The noise w[n] is assumed to be zero-mean with variance σ2. Then, y[n] is used to perform cyclostationarity based sensing algorithms.

4 Test Statistic Using Cyclic Spectrum
First, we use a proper narrow band-pass filter to filter y[n] and obtain a small frequency bands which contains the pilot tone. Then, y[n] is down-converted to have lower central frequency. Note that we will perform down-conversion for multiple times. Let zl[n] denote the down-converted signal which has a central frequency fIF+lfΔ. Note that fΔ is chosen to be small, which depends on the sample rate and FFT size used in computation of the cyclic spectrum. We will decimate zl[n] by a proper decimation ratio D to obtain zlD[n] which has a lower sampling rate. Finally, we compute the cyclic spectrum by
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where
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Note that in Eq. (2), we use a spectral smoothing method by averaging 2L+1 times to obtain cyclic spectrum. In Eq. (3), N is the number of time samples used to compute short-term Fourier transform. The parameter Δt is the length of data segment which equals to (N-1)Ts where Ts is the time-sampling increment of the signal zlD[n]. Finally, we use
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as our decision statistic.  The range of α depends on  fIF and frequency offset.
5 Simulation Results
The performances of the cyclostationarity based algorithm were demonstrated using computer simulations according to the spectrum sensing simulation model [3]. The band-pass filter used to filter the pilot tone has a bandwidth of 40 KHz and fIF is 17 KHz. The decimation factor is 200 and the decimation filter is a ±50 KHz low-pass filter. The size of FFT is 2048. The parameter L in Eq. (2) is 2 and fΔ is set to be half of the carrier spacing divided by 2L+1. We set the false alarm rate equalling to 0.1. The 12 reference Capture Data files are simulated. The required SNR for 0.1 of misdetection rate are given in Table 1, 2, and 3 for the best, worst and average case of the 12 reference Capture Data files. The parameter Δ in the tables is the amount of the noise uncertainty.
	Sensing Time/Sequence
	Δ=0 dB
	Δ=0.5 dB
	Δ=1 dB

	
	Required SNR (dB)

	19.03 ms
	-31
	-30.5
	-30


Table 1: Required SNR for the cyclostationary feature detector (Best case).
	Sensing Time/Sequence
	Δ=0 dB
	Δ=0.5 dB
	Δ=1 dB

	
	Required SNR (dB)

	19.03 ms
	-21
	-20.5
	-20


Table 2: Required SNR for the cyclostationary feature detector (Worse case).
	Sensing Time/Sequence
	Δ=0 dB
	Δ=0.5 dB
	Δ=1 dB

	
	Required SNR (dB)

	19.03 ms
	-25
	-24.5
	-24


Table 3: Required SNR for the cyclostationary feature detector (Average).
.
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Abstract


This document contains the text on the cyclostationary feature detector for the informative Annex on sensing techniques.
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