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1 ATSC Signature Sequence Correlation Sensing Technique
The ATSC signal contains several pseudo random (PN) sequences [1].  The ATSC signal consists of 313 segments.  One of these segments is called the Data Field Sync which contains there PN sequences.  This sensing technique involves converting the received signal to baseband and correlating the signal with a signature sequence based on these PN sequences.  The output of the correlator is then processed to obtain a test statistic that is then compared to a threshold.  Section 1.1 explains the construction of the ATSC signature sequence.  Section 1.2 described the processing of the received signal, which consists of converting the IF signal to baseband and then correlating with the ATSC signature sequence.  Section 1.3 describes the construction of the test statistic when the sensing time is sufficient to guarantee observation of at least one ATSC Data Field Sync.  Section 1.4 describes the construction of the test statistic when the sensing time is sufficient to guarantee observation of at least two ATSC Data Field Syncs.
1.1 ATSC Signature Sequence


Fig. 1 ATSC DTV signal data segment.
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Fig. 2 ATSC DTV signal field sync segment.
According to [1], DTV data are modulated using 8-Vestigial Sideband (8-VSB). Besides the eight-level digital data stream, a two-level (binary) four-symbol data Segment Sync is inserted at the beginning of each data segment. As shown in Fig. 1, a complete segment consists of 832 symbols: four symbols of 1001 pattern for data segment sync (Segment Sync), and 828 data symbols. Multiple data segments (313 segments) comprise a data field. The first data segment in a data field is called the data field sync segment (Field Sync). The structure of the data field sync segment is shown in Fig. 2. Therefore, a Field Sync occurs regularly every 24.2 ms. Hence, it is intuitive to implement a correlation detector to perform spectrum sensing using the Field Sync. 
1.2 Processing of Received Signal

The RF ATSC DTV signal for a given DTV channel is first filtered and down-converted to complex base-band signals. The base-band signals are usually sampled at twice the symbol rate, i.e., 21.524476 MHz. The model of the DTV complex base-band samples is given 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 signature sequence based sensing algorithms.
1.3 Test Statistic using a Single ATSC Data Field
1.3.1 Field-Sync Based Sensing Technique
1.3.1.1  Binary Sequence Approach

Let q[n] denotes the 832 symbols of the Field Sync segment shown in the Fig. 2. Because the second PN63 sequence was flipped every other Field Sync segment and the last 128 symbols are unknown, we will simply zero these two parts in q[n]. Furthermore, q[n] will be zero padded to form p[n] because y[n] has a sampling rate of 21.524476 MHz which is double of the symbol rate in the transmitter. For the convenience of statistic analysis, we will normalize p[n] so that  
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where L = 1664 is the length of p[n]. Finally, the test statistic TFS is defined as 
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where WFS = 520892 is the number of samples of  y[n] in 24.2 ms.
1.3.1.2  Complex Sequence Approach
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Fig. 3 Generation of the complex sequence

In the previous section, we use a binary pilot sequence p[n] and correlate it with the received signal. However, the received pilot sequence is of course not binary. Thus, we should use a sequence that, of our knowledge best matches the received pilot sequence. The transmitted signal is a Vestigial Sideband (VSB) modulated signal. Therefore, instead of simply 2X upsampling q[n] to form the pilot sequence p[n], we shall add a low-pass interpolation filter and a VSB modulator so that the sequence s[n] shown in Fig. 3 best matches the transmitted Field Sync sequence. It is shown through simulations, that with this modification, the detection performance can be improved by 1.5 to 2.5 dB in terms of SNR.
1.3.1.3  Threshold Calculation

For hypothesis H0,  y[n] = w[n]. After some calculations, we have
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where 
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 is the cumulative density function of TFS when the hypothesis is H0. Then, for a desired false alarm rate PFA, the corresponding threshold γFS is given by
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(5)
1.3.1.4  Simulation Results

The performances of the Field-Sync based algorithm with both binary and complex pilot sequences were demonstrated using computer simulations according to the spectrum sensing simulation model [2]. We set the false alarm rate equalling to 0.1 and use Eq. (5) to calculate corresponding threshold. 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)

	24.2 ms/Binary
	-12
	-11.5
	-11

	24.2 ms/Complex
	-14.5
	-14
	-13.5


Table 1: Required SNR for the Field-Sync based detector (Best case).
	Sensing Time/Sequence
	Δ=0 dB
	Δ=0.5 dB
	Δ=1 dB

	
	Required SNR (dB)

	24.2 ms/Binary
	-6
	-5.5
	-5

	24.2 ms/Complex
	-6.5
	-6
	-5.5


Table 2: Required SNR for the Field-Sync based detector (Worse case).
	Sensing Time/Sequence
	Δ=0 dB
	Δ=0.5 dB
	Δ=1 dB

	
	Required SNR (dB)

	24.2 ms/Binary
	-8.5
	-8
	-7.5

	24.2 ms/Complex
	-10
	-9.5
	-9


Table 3: Required SNR for the Field-Sync based detector (Average).
1.3.2 Segment-Sync Based Sensing Technique
1.3.2.1  Segment-Sync Autocorrelation Detector (SSAD)
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Fig. 4 Segment-Sync autocorrelation detector
When we utilize the Field Sync segment as shown in Fig. 2 to perform spectrum sensing, a problem arises that the Field Sync segment is very sparse in the transmission of the ATSC DTV signal. There is only one Field Sync segment every 24.2 ms so that we have to observe a long window which is 520892 samples and do this number of correlations and amplitude comparisons. Therefore, the complexity is high for the correlation detector. Furthermore, the effects of multi-path fading channel and frequency offset will severely destroy the detection ability of the correlation detection method. As a result, instead of utilizing Field Sync segment, we make use of the data Segment Sync as shown in Fig. 1 to perform spectrum sensing. As shown in Fig. 1, there is a data Segment Sync consisting of 4 symbols as a head of every ATSC DTV signal data segment. Because the time difference between two consecutive data Segment Sync is only 0.077 ms (828 symbols) which is very short, we can assume that they encounter the same channel effects including frequency offset, timing offset, and multi-path fading effect. Thus, we use autocorrelation of the two consecutive data Segment Sync as our basic approach to eliminate channel effects. Furthermore, using data Segment Sync to perform spectrum sensing has the advantage that we only need to observe a window length which is WSS = 1664 samples for which is much shorter observation time compared to that of using Field Sync. Fig. 4 shows the block diagram of the Segment-Sync autocorrelation detector (SSAD). Define the test statistic TSSAD as
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(6)
Where L = 1664 samples, which is the length of one ATSC DTV data segment under 2x sampling rate and ND is the number of collected Segment Sync.
1.3.2.2  Threshold Calculation

After the construction of the Segment Sync autocorrelation detection, we have to know the threshold for a specific PFA. For hypothesis H0 we have y[n] = w[n], define
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(7)
When ND is large, according to the Central Limit Theorem, Ti will approach complex Gaussian distribution.
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Therefore,
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According to Eq. (6), the statistics TSSAD is the maximum of Ti over an observation window length WSS. Because Ti’s are identical but not independent distributed, it is hard to find the exact distribution of the statistics TSSAD. However, we can assume Ti’s are independent to get a distribution and then use this distribution to compute a reference threshold. By doing this, we obtain
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Where the right part except μ in (10) is the threshold obtained by assuming Ti’s are independent and the value of μ is a heuristic adjusting factor added artificially to account for the approximation mentioned above.
1.3.2.3  Maximum Combining Segment Sync Autocorrelation Detector (MCSSAD)
When we accumulate a large number of data Segment Sync elements, i.e., when the sensing time is long, timing drift effects will restrict the improvement of the performance that comes from a longer sensing time. In order to alleviate the timing drift effect, we can slice the total sensing time into several time slots and then apply a SSAD detector to each time slot. Then, finally, we use the average of the maximum absolute value of autocorrelation of each time slot as our detection statistic. We call this detector the Maximum Combining Segment Sync Autocorrelation Detector (MCSSAD). The threshold is still determined by Eq. (10) by adjusting the value of μ.
1.3.2.4  Simulation Results

Again, the performances of the Segment-Sync based algorithms are demonstrated by computer simulations according to the spectrum sensing simulation model [1]. The false alarm rate is set to 0.1 and for misdetection rate equalling 0.1, the required SNR are given in Table 4. Note that the Segment-Sync based algorithms have an advantage that the detection performances for different capture data files are approximately the same and Table 4 shows the average performance.

	Sensing Time/Method
	Δ=0dB
	Δ=0.5dB
	Δ=1dB

	
	Required SNR (dB)

	4.06 ms/SSAD
	-7
	-6.5
	-6

	9.25 ms/MCSSAD
	-8
	-7.5
	-7

	92.5 ms/MCSSAD
	-13
	-12.5
	-12


Table 4: Required SNR for the Segment-Sync based detector.
1.4 Test Statistic using Multiple ATSC Data Fields
If it is possible to use a sensing duration of 48.4 ms (the duration of two ATSC data frames) or longer, then it is possible to obtain better performance than with a sensing time of 24.2 ms (the duration of a single ATSC data frame).  The method of constructing the test statistic for this longer observation time is described in this sub-clause.  Let the correlator output be denoted
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samples. Fig. 5 illustrates the steps used to construct the test statistic T.


[image: image16.emf]Correlator

Baseband

Signal

|x(n)|

Select the N largest 

Peaks

Combine Peaks 

whose index value is 

within a small 

window into Final 

Peak List

T

x(n)

Serial to 

Parallel 

Converter

L=260416

L

Save in Composite 

Peak List

N

Max


Fig. 5: Block Diagram
 The first step in constructing the test statistic is to take the absolute value of the correlator output. The next step is a serial to parallel converter that selects L samples.  The value of L is selected to span an entire ATSC data frame.  The next step is to select the N largest peaks.  A peak is represented as the index of the sample and the magnitude of the sample.  This process is repeated for multiple ATSC data fields.  Fig. 6 illustrates the N (three in this illustration) largest peaks from each ATSC data field. 
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Fig. 6: N Largest Peaks from each ATSC Data Field
After multiple ATSC data fields have been processed the N largest peaks from each ATSC data field are combing into a composite peak list.  The composite peak list is illustrated in Fig. 7.
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Fig. 7: Composite Peak List

The next step is to combing peaks in the composite peak list that are within a few samples.  The number of samples should be selected to be large enough to combing peaks due to correlations with the actual ATSC Signature Sequence, but not much larger.  The window allows for jitter in the position of the true peak due to timing offsets and small Doppler effects.  The combining of peaks in the composite peak list to form the final peak list is illustrated in Fig 8.
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Fig 8: Peak Combining

Once the final peak list has been generated the test statistic T is just the magnitude of the largest peak.  The test statistic T is compared to a threshold
[image: image20.wmf]g

. The value of the threshold is selected to meet the false alarm rate requirement. The performance of this methods compared to the method described in Section 1.3 is that the required SNR is lower.
	Number of ATSC Data Fields
	Sensing Time (ms)
	Required SNR(dB)

	1
	24.2
	-10

	4
	96.8
	-12

	16
	387.2
	-14


Table 5: Required SNR versus Sensing Time
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This document contains the text on the ATSC Signature Sequence Correlation Sensing Technique for the informative Annex on sensing techniques.
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