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Abstract: Cognitive Radio Technology, an emerging novel concept in wireless access, has been primarily motivated because of 

the apparent spectrum underutilization. Spectrum sensing is the basic and essential mechanism in cognitive radio (CR) that 

maximizes the opportunistic usage of available spectrum. CR sense the spectrum periodically to know the primary user (PU) 

activity in fading environment. Co-operation among multiple CRs helps to enhance the reliability of detection of the PU, to 

overcome the unreliable decision by a single CR due to channel uncertainties. Along with the co-operation of multiple users, 

diversity techniques are often used to reduce the fading effect as well as to increase the detection probability.In this paper, we 
review the square law combining technique which is a cooperative spectrum sensing scheme based on energy detection in 

cognitive radio networks. 

Keywords: Cognitive Radio, Co-Operative Spectrum Sensing, Energy Detection, Fading Channels, Spectrum Sensing, Square 

Law Combining. 

 

 

INTRODUCTION 

In recent years, the rapid growth in wireless technology has resulted in the need to utilize the available spectrum 

efficiently. Cognitive radio (CR) which provides much higher spectrum efficiency by the dynamic spectrum access. 

Cognitive radio systems basically consist of the following: 

a) Primary Users (PUs) which is also called as Licensed Users (LUs) 

b) Secondary Users (SUs) which is also called asCognitive Radio Users (CRs). 

In this configuration, SU constantly checkthe frequency bands (to overcome the interference) to find out if there is a 

PU transmitting. If not, the band is vacant and the SU can start transmitting its own data until unless a PU 

comeback. 

The vacant frequency bands are known as spectrum hole which is a band of frequencies assigned to PU but at a 

specific time or geographical position the band is free. 

Spectrum sensing is an important feature that maximizes the opportunistic usage of the available frequency 

spectrum. It is a basic, essential and an important mechanism of cognitive radio to find the unused spectrum. There 

are various spectrum sensing techniques including Matched Filter Detection, Cyclostationary Feature Detection, 

Waveform Detection, Eigenvalue Detection, Energy Detection etc. Among thesetechniques’energy detection has 

been widely used because it does not need aprior knowledge of the primary signals.Also, it has much lower 

complexity. 

Spectrum sensing has been tough mechanism because of fading, shadowing, and time-varying nature of wireless 

channels. To combat these impacts, a key technique, cooperative spectrum sensing schemes have been proposed to 

obtain the spatial diversity in multiuser CR networks. In cooperative spectrum sensing (CSS), information from 

different CR users is combined to make a decision on the presence or absence of the primary user. The main idea of 

cooperative spectrum sensing is to improve the performance of the detection and hence to better protect a primary 

user. CSS also reduces the false alarm to utilize the idle spectrum more efficiently. 
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BACKGROUND 

Most commonly used technique in spectrum sensing is energy detection technique, because it has a low 

implementation complexity and does not require channel state information. As fading occurs due to multipath 

propagation and shadowing, multiple CRs are often designed to collaborate in spectrum sensing and this technique is 

known as co-operative spectrum sensing (CSS). 

If prior knowledge of the primary user (PU) signal is unknown, the energy detection method is optimal for detecting 

any zero-mean constellation signals. In the energy detection mechanism, the radio-frequency (RF) energy in the 

channel or the received signal strength indicator is measured to determine whether the channel is idle or not. 

An energy detector makes a decision about the primary user activity state by comparing an energy measurement 

against a predefined threshold.  

Decision statistic for energy detector is given by: 

𝑇 =   𝑥(𝑛) 2𝑁
𝑛=1      (Eq.1) 

Where x(n) is the signal received at the CR and N is the number of samples. The output of the energy detector is 

then compared with the pre-defined threshold λand then the local spectrum sensing decisions are taken which is 

given by bk, 

𝑏𝑘 =  
0   ,𝑇 < 𝜆 ⇒ 𝐻0

1   ,𝑇 > 𝜆 ⇒ 𝐻1

      (Eq.2) 

 

Where, H0 implies that the spectrum of interest is not occupied by the PU and H1 implies that PU is detected. The 

spectrum sensing decisions are then sent to the reporting channel to make the final decision. 

Energy Detection Over AWGN Channel: The principle of energy detector is finding the energy of the received 

signal and then comparing that with the threshold. There arevarious algorithms indicating that energy detection can 

be implemented in time domain and also in frequency domain using Fast Fourier Transform (FFT). 

           𝑟 𝑡                

 

 

 

 

 

 

Figure 1.Time Domain Representation of Energy Detector 
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Figure 2.Frequency Domain Representation of an Energy Detector 
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Energy Detection Over Fading Channels: Energy detection also has been used widely for spectrum sensing for 

unknown deterministic signals. The expressions for the average probability of detection can be derived by using the 

generalized Marcum Q-function and the log-normal distribution. 

For no-diversity case under Rayleigh, Rice and Nakagami fading channels, to quantify the improvement in the 

probability of detection can be analyzed by multiple antennas (diversity) methods for energy detection-based 

systems like Equal Gain Combining (EGC), Selection Combining (SC), and Switch and Stay Combining (SSC). 

For diversity case a different technique has been proposed in which multiple antenna processing based energy 

detector receptions such as Maximal Ratio Combining (MRC), Selection Combining (SC), Switch-and-Stay 

Combining (SSC), Square-Law Combining (SLC) and Square-Law Selection (SLS) can be used for energy detecting 

over various fading channels such as Rayleigh, Nakagami, Rician fading channels etc. 

 

SQUARE LAW COMBINING TECHNIQUE 

Achieving cognitive radio spectrum sensing specifications such as IEEE 802.22 WRAN specifications is 

challenging because of shadowing, fading, and time variations of the wireless channels. These distortions can be 

mitigated by using the diversity combining which improves the receiver SNR and co-operative spectrum sensing 

techniques which mitigates the hidden terminal problems. 

Traditional diversity combining techniques such asMaximal Ratio Combining (MRC),Equal Gain Combing (EGC) 

and Selectin Combining (SC) improve the receiver SNR but they increase the implementation complexity because 

the may need additional knowledge of Channel State Information (CSI). Hence in the non-coherent energy 

detection, having the instantaneous individual branch, energy detection along with CSI at the receiver is infeasible. 

Therefore, the non-coherent combining schemes which exploit the diversity gain without the CSI is more feasible. In 

this case square law techniques such as Square Law Combining (SLC) and Square Law Selection (SLS) provide 

better results. 

In SLC, each diversity branch has a square law device that performs square and integration operation. The combiner 

is implemented following the square law device. As shown in fig3, the energy detector receives the sum of L 

decision statistics. The outputs of the square law devices of all the L branches are combined to produce a new 

decision statistic which is given as, 

∧𝑆𝐿𝐶=  ∧𝑖
𝐿
𝑖=1 =    𝑦𝑖(𝑛) 2𝑁

𝑛=1
𝐿
𝑖=1     (Eq.3) 

 

Where, ∧𝑖represents the test statistic of the 𝑖𝑡ℎ  branch and 𝑦𝑖  represents the received signal via the 𝑖𝑡ℎ  branch. 

 

 

Figure 3. Energy Detection with SLC 
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Under ℋ0, ∧𝑆𝐿𝐶 is a sum of 2LN squares of independent identically distributed (i.i.d.) Gaussian random variables 

which follow 𝒩 0,𝜎𝑤
2 . Therefore, ∧𝑆𝐿𝐶follows the central Chi-square distribution with 2LN degree of freedom 

and false alarm probability can be given as, 

𝑃𝑓 ,𝑆𝐿𝐶 =
Γ 𝐿𝑁,

𝜆

2𝜎𝑤 2 

Γ 𝐿𝑁 
     (Eq.4) 

 

Under ℋ1,∧𝑆𝐿𝐶 is a sum of 2LN squares of independent and non-identically distributed gaussian random variables. 

Therefore,∧𝑆𝐿𝐶follows a non-central Chi-square distribution with 2LN degree of freedom and non-centrality 

parameter can be given as, 

𝜇 = 2𝑁
  ℎ𝑙  

2 1

𝑁
  𝑠(𝑛) 2𝑁

𝑛=1
𝐿
𝑙=1

2𝜎𝑤
2     (Eq.5) 

Or, 𝜇 = 2𝑁𝛾𝑆𝐿𝐶  

 

The detection probability can be given as, 

𝑃𝑑 ,𝑆𝐿𝐶 = 𝑄𝐿𝑁   2𝑁𝛾𝑆𝐿𝐶 , 
𝜆

𝜎𝑤
2      (Eq.6) 

 

CONCLUSION 

Spectrum is a very valuable resource in wireless network which must be utilized efficiently. Cognitive radio (CR) is 

a novel technology that can improve the spectrum utilization efficiency of the available spectrum. Co-operative 

spectrum sensing is a key technology to improve the sensing efficiency for cognitive radio networks that can 

eliminate some of the sensing problems such as fading, shadowing etc.In this paper, most widely used sensing 

technique, the energy detection technique for the spectrum sensing has been reviewed which is the basis for SLC 

diversity technique. Also, the basic of energy detection over the AWGN and fading channels i.e. Rayleigh channel, 

Nakagami channel, Rice channel, has been described. Basic square law combining technique has been described. 

SLC is a diversity technique for the spectrum sensing which is usually preferred before the traditional diversity 

techniques such as Maximal Ratio Combining (MRC), Equal Gain Combing (EGC), and Selection Combining (SC). 

Performance of the SLC energy detection technique over AWGN and fading channels such as Rayleigh channel, 

Nakagami channel, Rice channel, Weibull channel, Hoyt Channel can be analyzed and compared further in terms of 

some performance parameters. These parameters may include probability of detection, probability of false alarm and 

fading parameters of different channels. 
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