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Abstract - In wireless communication the efforts are made to 
increase the rate of transmission and also to make the 
possibility to get different types of multimedia accommodated 
without any interruption. The techniques currently in use for 
sensing of spectrum are Energy identification, Matched filter, 
Waveform identification, Cyclo-stationary identification, 
Feature identification. This paper augments a technique for 
recognizing spectrum of interleaved single-carrier frequency-
division multiple access (SC-FDMA) frameworks. A signal 
detection framework is built based on a metric, which extracts 
features of cyclo-stationary for interleaved SC-FDMA signals. 
Two hypotheses indicating absence and presence of primary 
users are used to inform the availability of spectrum for 
secondary users. These are represented as H0 & H1. The 
Neyman-Pearson test is used to examine the two hypotheses. 
This test uses Gaussian approximation for the built metric, to 
obtain the parameters of the derived metric distributions for 
both the hypotheses. The validation of Gaussian 
approximation accuracy is done by comparing simulated and 
theoretical metric histograms. The performance of proposed 
method is depicted for both multipath Rayleigh channel and 
additive white Gaussian noise channel. The number of users, 
presence of the pilot signals, the metric window length and the 
block length effects are investigated for detection. The 
proposed scheme of detection is proved to outperform the 
other existing systems like, technique dependent upon 
autocorrelation of cyclic prefix (CP) and energy detection by 
comparing and evaluating their performances. The complexity 
of proposed method is lesser than energy detection method 
and is little more than that of CP detection method, while 
maintaining almost the same performance of detection as 
those methods at low SNR. 
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I.INTRODUCTION  
 
In wireless communication the efforts are made to increase 
the rate of transmission and also to make the possibility to 
get different types of multimedia accommodated without 
any interruption. The spectrum available however makes the 
Secondary data-rate clients concurrent transmission difficult 
because of its own limitations. The only best possible 
solution to overcome this scarcity of available spectrum is to 
use cognitive radio (CR).  This method uses the same 
spectrum to transmit signals for both Auxiliary users (SUs) 
or unlicensed clients & elementary users (PUs) or authorized 
clients whenever the desired band of frequency is available 

or vacant. To recognize the vicinity of Pus and to determine 
the availability of spectrum holes, which are needed for 
transmission, the spectrum sensing is very much necessary. 
The number of users, presence of the pilot signals, the metric 
window length and the block length effects are investigated 
on the execution about detection. The proposed scheme of 
detection is proved to outperform the other existing systems 
like, technique dependent upon autocorrelation of cyclic 
prefix (CP) and energy detection by comparing and 
evaluating their performances. At the lower Indicator-to-
commotion degree (SNR), almost the same performance of 
detection as the methods above is obtained, but the 
complexity of the method proposed is lesser than that of the 
energy detection method and is little more to that of CP 
detection method. 
 
 The rest of the paper is organized as follows. In section II 
literature survey is presented. In section III, introduces the 
detection scheme for interleaved SC-FDMA. In section IV, 
simulation results are presented, and section V, concludes 
this paper. 
 
II. LITERATURE SURVEY 
 
Cognitive radio networks cooperation communications [1] 
has proposed the technology that is emerging to deal with 
the radio spectrum scarcity and the stringent requirement in 
the cognitive radio technology. In the design of wireless 
system, the paradigm shift is represented by this 
transforming and revolutionary technology, because this 
offers the distribution terminals, dynamic spectrum sharing, 
self-adaption, or radio units the capacity of radio sensing for 
those alarmed and effective use of the radio range. The 
communication technology paradigm provides with another 
new technology called cooperative communications and 
networking which provides with a way to realize a new form 
for fading channels i.e., space differing qualities will battle 
those channel’s impeding impacts by providing them with 
distributed terminals so that the networks collaborates with 
signal processing or distributed transmission. Utilization of 
these innovations with range sharing and furthermore range 
sensing is exploited here. At the specific geographic location 
and at a particular time identifying the primary (licensed) 
user’s presence over the spectrum’s wide range is the 
challenge for Cognitive radio frameworks. Those unwavering 
quality from claiming identifying elementary clients is 
enhanced by considering the applications of agreeable range 
sensing clinched alongside cognitive radio frameworks. The 
robust cooperative sensing techniques of spectrum and the 
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description to spectrum sensing for cognitive radios for a 
specified framework can be described by employing 
cognitive radios. In wireless relay network spectrum 
sharing’s cooperative communications are investigated. The 
coding technique of cognitive space-time-frequency can be 
presented to show the maximum opportunities for spectrum. 
This technique adapts itself to the dynamic spectrum 
environment by adjusting the structure of code. 
 
Cyclo-stationarity, energy and matched-filter based 
performance comparison [2] deals with the comparison of 
cyclo-stationary based detection, a thorough performance 
examination for vitality energy detection, matched-filter 
detection is presented in this paper. These are the three 
prevalent decisions for range sensing toward cognitive 
radios. For possible detectors, valid expression for 
probability detection and fake alarm are formulated. Two 
structures which display cyclo-stationarity are put forth for 
detection based on cyclo-stationary: the Magnitude Squared 
Coherence (MSC) detector and Spectral Correlation Density 
(SCD). The advantageous play is tendered by the MSC 
detectors compared to detectors that are existing and 802.22 
RF capture database helps in evidencing it. The cyclo-
stationary spectrum posses a noise rejection quality and the 
decision statistic depend on this property of spectrum which 
makes the cyclo-stationarity based detectors inconsiderate 
to query in the noise deviation. The optical comparison of 
the performance is shown among simulation results and 
theoretical values by plotting receiver operating 
characteristics. 
 
Constant amplitude zero autocorrelation sequence and 
constant false alarm rate methods based identification of an 
LTE sign [3] deals to attain goal of cognitive radio (CR) and 
to locate the grade client (PU) signal, range sensing is the 
basic need. The adequate application of the spectrum is 
witnessed by this. The identification in light of fragmentary 
Fourier change (FrFT), cyclic prefix detection, vitality 
identification also the cyclo-stationary detection is the 
different signal detection methodologies. In this paper an 
innovative way for identification from claiming long haul 
advancement (LTE) signals is put forward. The better 
periodic correlation quality of such signals is made them 
utilize Constant Amplitude Zero Autocorrelation (CAZAC) 
sequence, concerning illustration a poly phase code for the 
location of the LTE signal. A detection threshold is found by 
the steady false caution rate which decreases effect of noise 
power. To make the performance feasible the simulation 
effects of the method proposed is compared for the 
individuals of other three methods.  
 
Cognitive radios OFDM decentralized sequential detection 
based on auto-correlation [4] the comparatively simple and 
effective sensing method of spectrum for primary user signal 
in light of Orthogonal Frequency Division Multiplexing 
(OFDM) using co-efficient of their auto-correlation is 
proposed in this paper. In the low signal-to-noise ratio (SNR) 

area, maximum possible evaluation of auto-correlation 
coefficient is the log likelihood ratio test (LLRT). This is 
shown in the paper proposed. For both the additive white 
Gaussian noise (AWGN) & multipath channels the local 
detector performance is analyzed with the help of theoretical 
analysis. Simulation is used to validate the results obtained. 
By simulation the local detector performance is studied in 
the face of shadowing. A same primary user is detected by 
the number of secondary user cooperation under a proposed 
scheme known as Sequential Detector (SD). The facility of 
using simpler local detector and the diversity gains are 
provided by cooperation of users. The quantity of data 
required in the underutilized spectrum for identification is 
reduced along with the delay in Sequential Detection. The 
fusion center (FC) is the place where the decision statistics 
from all the individual detectors combine. The execution of 
the suggested plan will be validated with simulations & 
analyzed through theory. For the same missed detection 
probabilities and false alarm the comparison test among 
Neyman-Pearson and SD scheme is also conducted and is 
known as fixed sample size (FSS) test. 
 
III.DETECTION SCHEME 
 
Depending on the quasi-periodicity of interleaved SC-FDMA 
signals, a metric is defined to identify, if the subcarrier 
specifically provided to PU are free for the SU signals 
transmission. Both theories H0 and H1 metric can be 
determined by taking help of Neyman-pearson test. PU 
signals absence and presence is indicated by these two 
hypotheses. Scenario of one active user metric is explained 
first for the purpose of simplicity, and later the scenario for 
multiuser is described with proper preprocessing technique. 
The hypotheses are mentioned below for the scenario of 
single user, when the vth user is active:  
 
Hypothesis one:H0 : rm = zm : PU absence 
Hypothesis two:H1 : rm = bv

m + zm : PU Presence 
 
For m=0….(MN-1), where zm represents the AWGN with 
mean σ2. bv

m
  is transmitted information of the vth client of 

an interleaved SC-FDMA framework.  
 
The spectrum which has to be sensed belongs to the 
interested user, which is represented by the parameter v. 
The complexity and accuracy of the detection process and 
sensing time trade off is given by the window’s length. The 
PU (vth user) presence is tested by filtering out the specified 
subcarriers of other users, because this make sure that the 
user of interest is only associated with the time-domain 
signals periodicity. Frequency-domain zero-padding or 
traditional filtering are the two ways to perform this test. 
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Depending on the quasi-periodicity of interleaved SC-FDMA 
signals, a metric is defined to identify, if the subcarrier 
specifically provided to PU are free for the SU signals 
transmission. 
 
To make a less complex multiple-access, low peak-to-
average-power proportion (PAPR) and better executable 
system the SC-FDMA is used which is the transmission of 
blocks that effectively displays Fast Fourier transform (FFT). 
Both theories H0 and H1 metric can be determined by taking 
help of Neyman-pearson test. PU signals absence and 
presence is indicated by these two hypotheses. 
 
The spectrum which has to be sensed belongs to the 
interested user, represented by the parameter v. 
 
The PU (vth user) presence is tested by filtering out the 
specified subcarriers of other users, because this make sure 
that the user of interest is only associated with the time-
domain signals periodicity. 
 
The absence and presence of the primary user signals helps 
secondary user signals to transmit without any collision. 
 
 IV.RESULTS & PERFORMANCE EVALUATION 
 

 
 

Figure 1. Generated Signal 
 

Figure 1 shows the generated signal for multi users followed 
by figure 2 which depicts the transmitted signal. 
 

 
 

Figure 2. Transmitted Signal 
 

The performance of proposed method is elucidated by a 
receiver operating characteristic (ROC) methodology. The 
likelihood of accepting false caution versus the actual 
detection is demonstrated by ROC curves to both AWGN & 
multipath Rayleigh channels in Figure 3 with the SNR −21 
dB. 
 

 
 

Figure 3. ROC Plot for SNR = -21db 
 

 The performance evaluation of all the possible methods is 
shown in figure 4. This figure shows that proposed method is 
lot better compared to lower SNR of 13dB to get the 
detection probability of 0.9. Between span period of one 
fourth and one eighth of CP the detection lies between 8 and 
11 dB, respectively. With the increase of M, N or the span 
period in proposed method, the performance improves 
drastically which is appreciable. With increase in detection 
window length the detection probability increases in all the 
methods declared. 
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Figure 4. Performance Comparison 
 

TABLE 1. Comparison of Performance of Different 
Methods 

 
 
 

SNR 
(dB) 

PROBABILITY DETECTION 
CP 

detection 
Lcp 

1/4frame 

CP 
detection 

Lcp 

1/8frame 

 
Energy 

detection 

 
Proposed 
Method 

-35 0 0 0 0.02 
-30 0 0 0 0.03 
-25 0 0 0 0.09 
-20 0.05 0 0 0.75 
-15 0.3 0.09 0.05 1 
-10 0.98 0.58 0.3 1 
-5 1 0.99 0.99 1 
0 1 1 1 1 

 
V.CONCLUSION 
 
In the paper, a scheme of detection for interleaved SC-FDMA 
signals is established. The quasi-periodicity of these signals 
creates a metric for detection. To inspect the vicinity and non 
vicinity of the PUs, the parameters of metric distribution like 
number of users, presence of pilot signals, the metric 
window length & the block length are obtained. The exact 
picture of the determined parameters is examined through 
simulation. The identification scheme is illustrated for 
AWGN and multipath Rayleigh channels. The execution is 
verified for different Square lengths, various clients and also 
different data rates. The performance and the intricacy of the 
suggested methods are compared with energy detection, CP 
detection (Lcp=1/4), CP detection (Lcp=1/8) schemes of SC-
FDMA. The suggested detection technique proved better 
than these techniques by providing higher probability 
detection as the value of SNR increase. 
 
The detection scheme can be improved more by increasing 
the window length of the given spectrum and by increasing 
the number of users. 
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