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Abstract- The under-utilization of the scarce spectrum triggered 

the need for opportunistic spectrum sharing among mobile radio 

users recently. Cognitive radio (CR) is considered as a promising 

candidate to be employed in such systems as they are aware of 

their operating environments and can be trained to dynamically 

and autonomously adjust its radio operating parameters 

accordingly. The capability of the cognitive radio to sense, learn, 

and adapt to the radio environment provides new opportunities 

for spectrum users. The objective of this study is to design and 

analyze a more reliable cognitive radio network that is able to 

establish a virtual wireless link before the actual communication 

starts. In spectrum detection schemes, the secondary user will be 

allocated a channel if and only if there is free accessible channel 

in the primary users’ band. In this paper we design a system 

model for the cognitive radio network and develop a virtual 

wireless link selection (VWLS) algorithm for cognitive radio 

networks. The VWLS algorithm is then analyzed and computer 

simulated to show the impact of the virtual link on the 

throughput of the network. By demonstrating the throughput 

improvement of the cognitive radio network (CRN) with the help 

of the newly developed algorithm, we can prove that the 

reliability can also be enhanced.  

 

Index Terms- cognitive radio, cognitive radio network, spectrum 

sensing, virtual wireless link selection algorithm. 

I. INTRODUCTION 

RADIO wave frequency bands in accordance with Article 5 of 

the ITU Radio regulations range from 9 kHz to 275GHz. EM 

waves with frequencies less than 9 KHz are not employed due 

to the following reasons: i) Limited bandwidth resulting in low 

traffic capacity and ii) Very large antennas because of long 

wavelengths [1]-[3]. Also, frequency bands higher than 

100GHz are not usually employed for the time being due to 

the following reasons: High free space loss, High atmospheric 

attenuation and Limitations in radio frequency (RF) 

component manufacturing [1], [3]. The fixed spectrum 

assignment scheme is confronting difficulties due to the 

scarcity of the natural usable radio frequency band we have 

[3]-[5]. To mitigate the spectrum scarcity problem different 

techniques have been proposed so far in the literature, among 

which, the CR technology is the main one. CRs allow a 

Secondary User (SU) to dynamically access portions of the 

radio spectrum that lie fallow at a particular time and location 

by the license-holder also known as the Primary User (PU) 

without causing any harmful interference [7], [9]-[13].  

According to, Haykin [8], CR selects the communication 

parameters such as modulation, coding, carrier frequency, 

channel bandwidth and transmission power to optimize the 

spectrum usage and adapts its transmission and reception 

accordingly.  

 

In cognitive radio networks, uncertainties in received signal 

strength arise due to channel fading or shadowing which may 

wrongly interpret that the primary system is located out of the 

secondary user’s interference range as the primary signal may 

be experiencing a deep fade or being heavily shadowed by 

obstacles as indicated by Molisch [1] and [6], [14]. Therefore, 

CRs have to be more sensitive to distinguish a faded or 

shadowed primary signal from a white space [16]-[18].  

 

Ghasemi and Sousa [20], [25] have studied the cases where 

the SU is obliged to leave the channel immediately when the 

licensed user wants to use the channel. At this time if there is 

no other free channel for handovering the call in the vicinity of 

the SU, then the communication becomes aborted and the 

issue of reliability comes into question. Therefore to improve 

the reliableness of the cognitive radio network, the CR devices 

should be ready in advance before any communication starts 

[15], [19]. If the CR devices could establish a virtual wireless 

link with their neighboring CRs in order to report the trueness 

of the available free channels via the reporting channel to the 

central free channel database (CFCDB), then whenever a 

channel is to be accessed by the CR it can be provided.  

 

The virtual point-to-multipoint wireless link between a single 

CR & many CR devices that are actually separated by an 

electrical distance (measured in wavelengths) is established 

before the actual communication starts. That is, through 

virtualization it is possible to build a virtual wireless network 

from abstract (logical) resources on top of a physical network 

constructed from physical resources [17]. The CFCDB 

continuously communicates with its CR devices to update its 

database and is in charge of the establishment of the virtual 

wireless link. Depending on the communication technology 
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the channel could be a frequency in FDMA (frequency 

division multiple access) system, a time slot in TDMA (time 

division multiple access) system & a code in CDMA (code 

division multiple access) system or a combination of these in a 

mixed system [20]. The CFCDB will be dedicated to monitor 

only a given geographical area together with a dedicated 

multi-Radio Access technology (multi-RAT) Base Station e.g. 

GSM (Global System for Mobile communications), UMTS 

(Universal Mobile Telecommunication Services) & LTE 

(Long Term Evolution) that is able to manage different 

systems at the same time and to be reconfigured accordingly 

where the hardware processing resources are shared among 

the supported RATs [24]. Reliability is improved because 

when one particular RAT within the cognitive radio network 

fails, it may still be possible to maintain a connection by 

falling back to another RAT as shown in [21],[22]. Spectrum 

efficiency is improved by making use of RATs which may 

have few users through the use of load balancing across RATs 

and coverage may be improved because different RATs may 

fill holes in coverage that any one of the single networks alone 

would not be able to fill [23]. 

II. SYSTEM DESIGN AND DESCRIPTION 

The system under consideration is a collection of one or more 

wireless access networks. In order to quantify the throughput 

improvement gained by the establishment of VWLs in 

cognitive radio networks, a classical CRN is first described, 

and then the proposed network system model which uses the 

newly developed VWLS algorithm is presented. 

 

A. The Classic Cognitive Radio Network Model 

A cognitive radio network belonging to service provider j 

possesses wireless resources in the form of Aj channels. 

Connection-based traffic is considered, where service 

requirements of each flow or connection Cj is continuous and 

constant. Flows arrive at the network and request service. 

Each flow requires the capacity of one channel for the 

duration of its service in order to fulfil its requirements. If the 

CRN has available resources, it can accept the flow. If not, 

then the flow must be blocked – service is refused and the 

flow ends without being serviced. Once accepted, a flow must 

have continuous service for the duration of its service time [1]. 

The single network is depicted in Figure 1.  

 

The classical CRN system consists of N classical networks. 

Each network has its own set of channels, with the total 

capacity of the system being  𝑀 = ∑ 𝐴𝑗
𝑁
𝑖=1 . However, these 

networks are completely independent of each other, with 

clients arriving to network j only being serviced on network j. 

As a result, when a network reaches its capacity, it must start 

blocking flows, as it has no available channels. Therefore, 

flows may be blocked even if the overall utilization of the total 

system (the complete set of N networks) is relatively low. 

 

Figure 1: A Network with five Channels [1] 

B. Design of the Proposed Cognitive Radio Network Model 

The cognitive radio network system model for the proposed 

algorithm is depicted in Figure 2. The CFCDB is a fixed 

component in the cognitive radio system and has cognitive 

radio capabilities. It represents the infrastructure side of the 

CR system and provides supports (e.g. spectrum holes 

management, mobility management, security management) to 

CRs. It provides a gateway for CRs to access the backbone 

networks (e.g. Internet) via the multi-RAT base station. 

CFCDB can also form a mesh wireless backbone network by 

enabling wireless communications between them, and some of 

them act as gateway routers if they are connected with wired 

backbone networks.  

 

B. Design of the Proposed Algorithm 

 

In this section the steps of proposed virtual wireless link 

selection algorithm along with the network design will be 

presented. For the development of the algorithm we assume 

that there are only three bands available in the given local 

area. The steps to be executed in the VWLS algorithm are: 

i. Sense the available frequency bands in the local area 

(like GSM, UMTS or LTE) & keep them in the 

database 

ii. Calculate the probability of false alarm (𝑃𝑓𝑎)  and 

the probability of correct detection(𝑃𝑐𝑑) .  

If 𝑃𝑓𝑎 < 0.1 𝑎𝑛𝑑𝑃𝑐𝑑 > 0.9  then go to step four, else 

if 𝑃𝑓𝑎 ≥ 0.1 𝑜𝑟𝑃𝑐𝑑 ≤ 0.9 , then go to step two.  
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iii. Measure the radio transmission parameters of the 

PU like power, modulation, coding, frequency  

iv. Check for the availability of free channels & Sort 

the free channels based on their signal strength 

(SNR)  

v. Report to the central free channel database via the 

reporting channel 

vi. Cooperate with neighboring CRs& with the CFCDB 

to establish a virtual wireless link on the free 

channel 

vii. Reconfigure its own radio parameters to match with 

that specific band for efficient transmission 

viii. Select the channel with the strongest signal or 

highest SNR and start transmission of voice or data. 

While transmitting, if the current channel is wanted 

by the PU, handover to another free channel. If there 

is no free channel for handovering the call is 

dropped  

ix. If either the call is ended or dropped, then go to step 

two. 

 

Figure 2: Cognitive Radio Network System Model for the proposed algorithm 

Figure 2 above indicates the setup for the system model of 

the CRN. As can be seen in the figure, each CR device lists 

its free channels based on their signal strength and then 

report to the CFCDB through the reporting channels. 

During the virtual wireless link establishment, first the 

CFCDB collects channel information from all the CRs 

under its service area and broadcasts that information to the 

other CRs who do not know the channel information of a 

given CR. For example in our case above the CFCDB we 

have only two CRs, the CFCDB informs the channel 

information of CR1 to CR2& the channel information of 

CR2 to CR1. Then CR1&CR2 establish a virtual link between 

them based on the a priori knowledge of channel 

information.   

III. CODING OF THE ALGORITHM 

The next step is to code the VWLS algorithm using C++ 

programming language on the OMNET++/MiXiM 

platforms, where OMNET++ (Objective Modular Network 

Test bed in C++) is an object-oriented modular discrete 

network simulator and MiXiM (MiXed siMulator) is a 

simulation framework for wireless and mobile networks 

which was developed on top of OMNET++ [26],[27].  

 

A partial definition of module configuration is depicted in 

the Fig. 2 below. 
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Fig. 2 Partial example of a module definition (Basic 

Physical Layer Module) 

During the development of the testbed, we included the 

parameters for the CRN that are to be implemented in the 

real network such as spectrum sensing time & the threshold 

signal level for correct reception. 

A. Configuration of Primary and Secondary Users [1] 

We configure both the cognitive users & primary users with 

the necessary transmission & reception parameters defined 

at the physical layer module. Fig. 3 below illustrates the 

partial configuration we did for the first primary user 

(PU1).  

 
 

Fig. 3 Configuration of a primary user 

B. The Simulation Diagram 

After we did the entire configuration for all the radios, we 

run the simulation and the appearance of the network after 

coding looks like the one given in Fig. 4 below.  

 

Fig. 4 Simple cognitive radio network design on 

OMNET++ Simulator 

IV. SIMULATIONS RESULTS AND DISCUSSIONS 

We investigate the performance of the VWL through the 

evaluation of the Secondary User Failure Probability (SUFP) 

[2]. SUFP is the probability that an arriving SU traffic (data 

or voice) will not receive the service it requires and it is 

calculated by using the blocking probability (PB) & 

dropping probability (PD). Blocking Probability is the 

probability that all radio channels are busy, in which case 

an arriving call is refused service & Dropping Probability is 

the probability that the SU traffic is dropped due to the 

reason that the channel is wanted by the licensed user or 

that there are not enough channels for handovering the call. 

SUFP is used to compare the overall performance of SU and 

PU traffic and can be expressed as: 

 

𝑆𝑈𝐹𝑃 = 𝑃𝐵 + (1 − 𝑃𝐵) ∗ 𝑃𝐷                     (1)            

 

Let N be the total number of free channels stored in the 

CFCDB and let M be the maximum number of virtual 

wireless links that could be established between the given 

CR nodes. We can approximate the SUFP in terms of N and 

M as shown by the formula below: 

 

𝑆𝑈𝐹𝑃 =
1

4𝑁
log10 2𝑀                                (2)                         
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From Eq. (1) and (2), we can conclude that as the number 

of free channels stored in the CFCDB increases, both the 

blocking and dropping probabilities decrease, thereby 

decreasing the SUFP. The relationship between SUFP, 

Number of free channels & the number of virtual wireless 

links (M) is depicted in the Figure 5. 

 

 
 

Figure 5: SU Failure Probability as a function of the 

number of free channels (N) and VWLs (M) 

As can be seen in the figure, the resulting performance 

depends on both the number of primary users and the 

number of free channels stored in the CFCDB. As the 

number of free channels increases, SU failure probability 

decreases, as there is an increased probability that one of 

the networks has available resources. Second, increases in 

total number of virtual links result in an increase in the 

SUFP. This is due to the fact that larger PU networks have a 

higher baseline utilization level than smaller networks, 

leaving a lower probability of having resources available 

for cognitive users. 

 

A. Improvement in Number of Blocked Calls 

The results of the simulation indicated that there is a 

decrease in the total number of blocked calls (back offs) in 

the secondary users due to the presence of the virtual 

wireless link as illustrated in Figure 6. 

 
 

Figure 6: Number of blocked calls versus number of virtual 

wireless links 

B. Improvement in Probability of Blocking and Probability 

of Failure  

When a CR has a packet to transmit, it waits for a random 

backoff time before transmitting a request-to-send (RTS) 

packet to a desired receiver. The RTS contains the list of 

idle channels at the sender in the order of preference. The 

backoff value is selected within the interval [0, CW], where 

CW denotes the CR’s current contention window (CW) 

size. The CW is initially set to 𝑐𝑤0 (minimum CW) and is 

doubled with every retransmission up to 𝑐𝑤𝑚𝑎𝑥. A receiver 

of an RTS, combines the preference list of the sender with 

its own, and replies with a clear-to-send (CTS) message that 

reserves the channel with the least number of reservations. 

CRs around the receiver overhearing the CTS update their 

channel preference list by degrading the priority of the 

selected channel [3]. The CR user monitors the spectrum 

band to detect when there is no transmission from the other 

CR users and transmits after backoff duration to prevent 

simultaneous transmissions. The backoff counter indicates 

the number of slots that the station has to wait before the 

transmission. As the number of VWLs increases, the 

backoff duration and the probability of blocking decrease 

approximately exponentially as illustrated in Figure 7 and 

Figure 8 respectively.   
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Figure 7: Backoff duration versus number of virtual 

wireless links 

 

Figure 8: Probability of blocking versus number of virtual 

wireless links 

As the number of free channels increases, the probability of 

failure in cognitive radio networks decreases as depicted in 

Figure 9. 

 

Figure 9: Probability of failure versus number of free 

channels 

C. Throughput Improvement 

Cooperative users offering alternative paths for their 

partners can significantly improve link reliability and 

increase throughput without consuming extra resources. In 

the context of cognitive radio, secondary users 

opportunistically exploit the existence of spectrum holes to 

improve spectrum utilization.  In Figure 10, the CRN 

system throughput increases when the number of available 

free channels stored in the CFCDB increases. Increased 

throughput means more efficient usage of power and 

spectrum. Overall, the throughput with the virtual wireless 

link structure is much larger than the one without a virtual 

wireless link structure. 

 

As shown in Figure 11, system utility and throughput are 

improved in our approach in comparison with CRNs 

without a virtual wireless link. The one with the virtual 

wireless link structure increases faster than the one without 

the virtual wireless link over time. The simulation results 

verify our theoretical analysis and show that the efficiency 

of our approach is significantly improved compared with 

the one without a virtual wireless link. 

 

 

 
 

Figure 10: Cognitive radio network system throughput as a 

function of the number of virtual wireless links 

 

V. CONCLUSIONS 

 

We observed that the establishment of the VWL schemes 

improved the system throughput and when the number of 



 
 

© 2014 IJIRT | Volume 1 Issue 5 | ISSN : 2349-6002 

IJIRT 100137 INTERNATONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY  109 
 

VWLs increases the system utility obtained improves as 

well. We showed that channel linking is generally 

beneficial for cooperative cognitive radio networks, though 

the extent of the benefits depend on the features of the 

CRN, including CRN size and the total number of channels 

available for linking. In addition, we showed that 

throughput benefits can be realized by adaptively changing 

the number of linked channels depending on network 

conditions. 

 

 
 

Figure 11: System utility as a function of system 

performance and number of virtual wireless links 
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