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Introduction

Spectrum sensing is a fundamental and challenging task for White Space Devices (WSDs). A missed detection of Primary Users (PUs) might result in harmful interference on them, which must be avoided as they are licensed users. On the other hand, a false alarm (identifying a channel as occupied while it is available) would result in a missed opportunity for Secondary Users (SUs) to exploit unused radio resources.
A single-device spectrum sensing is very difficult to be realized in an efficient and effective way. There are easy techniques from a computational point of view that either require a deep knowledge on the signal to be detected (i.e. matched filter), or are very susceptible to noise or false alarm induced by other secondary transmissions (i.e. energy detector). Several sensing algorithms have been proposed as to improve the performance and solve the above issues, but they are extremely demanding from a computational point of view, like the cyclostationary feature detection which analyses the correlation characteristics of the detected signal.

In order to require a low computational level and to obtain good detection performance, cooperation among WSDs is the most effective approach. In this contribution, we focus on a cooperative energy detection scheme, providing some simulation results which are compared to the single-device energy detection approach.
1. Single-device energy detection
The block diagram of the energy detector is shown in Figure 1, where s(t) is the PU signal, n(t) the AWGN noise, h(t) the channel time-varying gain and x(t) the signal received at the WSD front-end. The input band-pass filter removes the out-of-band noise by selecting the center frequency fs and the bandwidth of interest W. This is followed by a squaring device to measure the received energy and an integrator which determines the observation interval T. Finally, the output is compared to a decision threshold, in order to decide whether the signal is present (H1) or not (H0).


[image: image2]
Figure 1 – Energy Detector block diagram.
The detection performance is evaluated in terms of Probability of Missed Detection (i.e. the probability of erroneously identifying a channel as available) versus the Probability of Missed frequency reuse opportunities (i.e. the probability that a channel is identified as occupied while it is available).

In Figure 2 and Figure 3 the performance for the AWGN channel are shown respectively for fixed observation window (the number of observed symbols N) with varying SNR and for varying observation window with fixed SNR.

[image: image3.png]ProbIRI] = Prbasiy fmissed PU dtction

T ST
— St SR

oS3 @
Smited SUR=3 10
o Thaecl - S5 8 |

ProblHIO] = Probabily of mise fisquency rsuse oppariunties




Figure 2 – AWGN channel with N=4.
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Figure 3 – AWGN channel with SNR=-3 dB.

Obviously the performances are better for large observation window and for high SNR values. It is worthwhile noting that even for a simple AWGN channel with a not so bad SNR value (-6 dB) the single-device energy detector provides a very poor performance. This is even more evident if we analyse the Rayleigh fading or Lognormal fading channels, which are shown in Figure 4-Figure 7.
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Figure 4 – Rayleigh channel with N=4.
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Figure 5 – Rayleigh channel with SNR=-3 dB.
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Figure 6 – Lognormal channel with N=4 and σ2=3.9 dB.
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Figure 7 – Lognormal channel with SNR=-3 dB and σ2=3.9 dB.
2. Cooperative energy detection
In order to increase the detection performance, a p-out-of-L cooperative scheme has been used. According to this scheme, if among the L cooperating WSDs at least p detect a signal on that channel, then the Fusion Center which collects the sensed data (Figure 8), marks the channel as occupied and informs all the devices of this channel state. Note that in the literature, it has been found that the optimal value of p is L/2.

[image: image9]
Figure 8 – Cooperation detection scenario.

The theoretical performance for an AWGN channel are provided in Figure 9-Figure 11. For good channel conditions (high SNR) there is an evident difference of performance for different values of p, while for bad channel conditions there is not a remarkable difference. In Figure 12 we provide a comparison between single-device and cooperative detection with optimum p and L=6, on an AWGN channel.
Figure 13 and Figure 14 provide the performance for Lognormal and Rayleigh fading channels respectively. In this case too the gain introduced by cooperation is quite evident for better SNR values, while for bad channel conditions this gain is less appreciable.
From Figure 15 to Figure 17 we show the comparison between single-device and cooperative sensing for a fixed SNR=-6 dB and varying observation window.

Finally, in, we show what happens when increasing the number of cooperating WSDs. The performance obviously increase for larger values of L, but it should be considered that it is not feasible to increase that number at will, as the WSDs require a cognitive channel to communicate the sensed data to the Fusion Center. Even if an unlicensed channel is used, when L is too high there would be too much overhead introduced. A possible solution to this issue might be that of using an hybrid cooperative-distributed approach, in which WSDs cooperate among themselves in cluster, i.e. the decision is taken among the WSD of a cluster.
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Figure 9 – Theoretical cooperative detection on AWGN channel with L=6, SNR=0 dB and N=4.
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Figure 10 - Theoretical cooperative detection on AWGN channel with L=6, SNR=-6 dB and N=4.
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Figure 11 - Theoretical cooperative detection on AWGN channel with L=6, SNR=-12 dB and N=4.
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Figure 12 – Single-device versus optimum cooperative detection on an AWGN channel with N=4.
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Figure 13 – Single-device versus optimum cooperative detection on a Lognormal channel with N=4 and σ2=3.9 dB.
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Figure 14 - Single-device versus optimum cooperative detection on a Rayleigh channel with N=4.
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Figure 15 - Single-device versus optimum cooperative detection on an AWGN channel with SNR=-6 dB.
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Figure 16 - Single-device versus optimum cooperative detection on a Lognormal channel with SNR=-6 dB and σ2=3.9 dB.
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Figure 17 - Single-device versus optimum cooperative detection on a Rayleigh channel with SNR=-6 dB.
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Figure 18 – Optimum cooperative detection on an AWGN channel for different values of L, with SNR=-3 dB and N=4.
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Figure 19 - Optimum cooperative detection on an AWGN channel for different values of L, with SNR=-6 dB and N=4.
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