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Abstract—This paper presents an intelligent mobility criteria for 

Cognitive radio (CR) technology. CR technology is a promising 

solution to enhance the spectrum utilization by enabling 

unlicensed users (Secondary User SU) to exploit the spectrum in 

an opportunistic manner. Since unlicensed users are considered 

as temporary visitors to the licensed spectrum, they are required 

to vacate the spectrum when a licensed user reclaims it. Due to 

the randomness of the appearance of licensed users (Primary 

User PU), disruptions to both licensed and unlicensed 

communications are often difficult to prevent, which may lead to 

low throughput of both licensed and unlicensed communications. 

When the SU moves out of coverage of PU, then communication 

is impossible. Here I proposed a method to sense the nearest 

available PU and hence communicating over the spectrum with 

minimum delay and no throughput loss.  
Index terms - Spectrum sensing, checking availability, making 
connection path, communicating. 
 

I. INTRODUCTION 
 

The detection and utilization of the ideal spectrum 

bands can be achieved by sensing its radio environment in 

order to improve the spectrum utilization in cognitive radio ad 

hoc network (CRAHN), which are bring rigorous challenges 

and required functionalities like spectrum sensing, sharing, 

management and mobility for realization of cognitive radio 

The effective utilization of the existing Radio Frequency (RF) 

spectrum bandwidth usage has been a continuous scarce 

resource in wireless domain. The maximum area of spectrum 

which are licensed to primary services are not in use include 

mobile communication system, television broadcasting and 

satellite communication system etc. This problem can be 

solved by effective utilization of spectrum thereby 

implementing cognitive radio ad hoc network. The Cognitive 

Radio (CR) network can be outlined from Software Defined 

Radio (SDR), in which frequency range, modulation type or 

output power can be altered by software without changing the 

hardware components. SDR and intelligent signal processing 

(ISP) are two major technologies associated to define CR 

where, CR implies ISP at the physical layer of a wireless 

system and implementation of CR seems to be quite a hard 

task without using ISP in these higher layers. As all the OSI 

layers need to be flexible for CR network implementation, 

spectrum efficiency gains may not be optimized without 

optimization of all layers. The CR technology achieves 

Dynamic Spectrum Access (DSA) of licensed bands of the 
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spectrum by taking the advantage of spectrum utilization with 

an access to the unlicensed users and 70% of the allocated 

spectrum in US is not utilized the observation of Federal 

Communications Commission (FCC). It implies the concept of 

Spectrum reuse which allows secondary users (SUs) to utilize 

the radio spectrum licensed to the primary users (PUs). 

Spectrum sensing, dynamic spectrum management and 

adaptive communications are the concept behind Spectrum 

reuse is cognitive radio network. The issues on spectrum 

sharing in CR technology are based on the considerations of 

opportunistically allocating licensed channels to a set of 

cognitive base stations to maximize channel usage. Among the 

coexisting CR, dynamic sharing algorithm allows a secondary 

or cognitive user to utilize the slots previously assigned to the 

other active secondary users under particular constraints of 

probability. In this paper we analyze the spectrum 

performance in CRAHN using NS-2 simulator and its CRCN 

integration. 

 
A. Spectrum sensing 

 
In Centralized architecture there are two 

main entities; one is a base station, which schedules the data 

transmission of users in the network and the other one is 

responsible for allocating the radio resource to spectrum 

broker and also users where users may be primary, secondary, 

or both. The spectrum broker may be assigned the task of 

performing as a primary/ secondary base station or a dedicated 

entity dealing with spectrum allocation [8]. The sensed 

spectrum information is to create a spectrum allocation map 

for radio resource allocation. In Distributed CR network there 

is no spectrum broker or a base station to coordinate spectrum 

access of secondary user and the network is divided into 

cooperative and non-cooperative networks. In cooperative 

network, the users share the interference information and 

determine spectrum allocation based on this shared nformation 

whereas; there is no communication for interference 

information in non-cooperative network, which implies the 

CR users access the spectrum on local policies. In general 

comparison Cooperative network is better than non-

cooperative network as regards to the system throughput. 
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Figure 1. frequency band allocation 

 

Both the users (Primary/Secondary) share same radio 

channels to communicate with their base stations. Traced the 

activities of primary users and then related with secondary 

users and the given spectrum divided into the number of 

channels that are licensed to the primary network. The primary 

network contains number of primary users and in the same 

area, a CR network is deployed which is a collection of 

number of secondary or cognitive users. Further, we have 

taken time activities in the cognitive radio network. The time, 

in which the secondary user, the same time secondary users 

are idle or inactive. During active time, the primary user 

transmits the information to the base station through the 

channel in the cognitive radio ad hoc network. This means the 

primary users utilize the spectrum for a finite time period. In 

the other hand the secondary users may uses the free channel 

of primary users when the primary users are idle and transmit 

the data through it to destination node. When secondary user 

moves out of the coverage of primary user, the communication 

is terminated. This paper I concentrate with spectrum sensing 

for nearest primary user, and hence communicating through 

the nearest user. Hence, in this paper all the primary users 

were inactive.  
B. Spectrum Sensing  

Due to an increasing demand of high data rates, 

static frequency can not fulfill the demand of these high data 
rates. As a result of this, new methods for exploiting the 
spectrum are introduced. In cognitive radio, exploiting the 
unused spectrum is a new way to access the spectrum. 

Spectrum sensing is measuring the interference temperature 
over the spectrum to find the unused channels [5]. In this way 

 
 
 
efficient use of spectrum is utilized. Spectrum sensing is also 
involved in determining the type of the signal like carrier 
frequency, the modulation scheme, the waveform etc 

Methods  
The  mostly used  spectrum sensing techniques are 

given as, 

 Matched Filtering

 Waveform-Based Sensing

 Cyclostationary Based Sensing

 Energy Detector Based Sensing

 Radio Identification 
Spectrum analysis discovers the different 

functionalities of the spectrum bands, to make productive use 
of the spectrum band according to the requirements. Each 

spectrum hole (Band of frequencies assigned to the primary 
user, but at a specific time and geographic location, these 

bands is not fully utilized by that user [2].) should be defined 

according to the time varying environment and the 
information of the band like frequency and bandwidth. To 

represent the quality of the spectrum band, parameters are 

defined such as interference, holding time, path loss, link layer 
delay, wireless link errors etc.  

Interference: The interference characteristics of the 

channel can be determined from the spectrum band in used. 
The permissible power of a CR user can be calculated, from 
the amount of interference which is use for the calculation of 
the channel capacity.  

Holding time: Holding time is an expected time, 
from which the CR user occupy the licensed band before its 
interruption. For better quality holding time should be as long 
as possible.  

Path loss: If the operating frequency increases, the 

path loss will also be increased. If the cognitive users have the 
constant transmission power then at higher frequencies their 
transmission range decreases. In order to compensate the 

increased path loss if we increase the transmission power this 
yields in higher interference to the other users.  

Wireless link errors: This error rate of the channel 
changes according to the change in modulation scheme and 
interference level of the spectrum band.  

Link layer delay: Different link layer protocols are 

required to address path loss, interference and wireless link 
errors.  

C. Spectrum management challenges 
Challenges  for  the  spectrum  management  are  

listed below; a lot of research is still needed for these issues.  
 How to integrate all the parameters of the

 spectrum, for the spectrum decision.
 Multiple spectrum bands used for simultaneous

 transmission.
 Spectrum decision and reconfiguration is needed

 in a cooperative framework.
 Spectrum decision over heterogeneous spectrum 

bands.

 
 
 
 

 



67 
 

  

International Journal of Advanced Information Science and Technology (IJAIST) ISSN: 2319:2682 

Vol.4, No.5, May 2015 DOI:10.15693/ijaist/2015.v4i2.344-350 
 
 

 
For the decision of the best spectrum band over the 

heterogeneous environment, the CR network supports the 
spectrum decision operation both for licensed and unlicensed 
bands under different characteristics.  

D. Spectrum Handoff  
The cognitive radio has the ability to adapt to the 

frequency operation. Due to this the network protocol changes 

its mode of operation from one mode to another. The main 

goal of mobility management is for these transitions to be 

completed without any disturbance and in a time efficient 

manner. The mobility management should have an awareness 

of the duration of the spectrum handoff, from the sensing 

algorithm. When the mobility management learns about the 

latency, its job is to confirm that the communication of the CR 

user should undergo on minimum performance degradation . 

In the same way, multi-layer (supports mobility management 

for different types of application) documents are needed for 

accomplishing the functionalities of spectrum mobility. The 

interaction between spectrum management and spectrum 

mobility can be illustrated as in The spectrum sensing and 

spectrum sharing are keen to enhance the spectrum efficiency. 

The spectrum management functionalities cooperate with 

communication layers. The spectrum management needs QoS 

information, sensing, scheduling, transport and routing for the 

decision of the appropriate spectrum band. From Fig. 2.4, link 

layer information and sensing delays information are required 

for the estimation of spectrum handoff latency. The transport 

layer and application layer should know the latency, for the 

route recovery by using the spectrum handoff. Due to this, 

spectrum handoff is very important in the communication 

layers.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. spectrum hand-off. 

 

E. Spectrum Mobility Challenges.  
The below are some open research challenges 

for efficient spectrum mobility in cognitive networks. 

 
Spectrum mobility in time domain. The available 

channels change with respect to time, so to maintain QoS in 

 
 

 

this environment is a challenge. The physical radio goes 
through the spectrum to fulfil the QoS requirements. 

 
Spectrum mobility in space. As user changes its 

position from one place to another, the available bands also 
changes. To assign a spectrum is a major issue in the CR 
networks. 

 

If CR user moves to another place, the available 

spectrum bands also changes and due to this spectrum handoff 

takes place. So the required spectrum handoff scheme should 

be integrate inter cell handoff. The spectrum handoff in 

different networks is referred as vertical handoff which takes 

place in the CR networks. At a particular instance, many 

frequency bands are available for a CR user. For the selection 

of the best available spectrum, algorithms are required. When 

the operational frequency becomes busy in the communication 

by a CR user. Then the node applications have to move to 

other available frequency bands. Designing a new mobility 

management, to reduce the loss and the delay in a handoff. 

 

F. Spectrum Sharing  
Spectrum sharing is the major challenge which open 

spectrum usage faces. Spectrum sharing is related to medium 
access control (MAC) problems in the current system; 
however, there are different challenges for the spectrum 
sharing in cognitive radio. 

 

 Spectrum  sensing:  The  CR  can  allot  a

 specific part of the spectrum if it is not used 
 by the licensed user. When a CR wants to 
 transmit   data,   it   will   first   sense   its 

 surrounding spectrum usage.
  

 Spectrum allocation: When spectrum is 
available, a channel is allocated. This 
allocation depends on the availability of the

 channel and also internal/external policies.
 Spectrum access: When the nodes are 

trying to access the available spectrum, 
spectrum access helps to prevent colliding

 and overlapping of the spectrum.

 Transmitter-receiver handshake: The 
transmitter-receiver handshake is essential 
for effective communication in cognitive 
radio, after the determination of the 

spectrum.

 
Classification 

 

Spectrum sharing can be classified into three main 
parts, i.e. architecture, spectrum allocation behavior and 
spectrum access techniques. 
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Figure 3. classification of spectrum sharing. 

 
Centralized spectrum sharing: In centralized 

spectrum sharing, spectrum allocation and access procedures 
are controlled by a centralized entity [7]. Each entity in the CR 
network forwards the measurements of spectrum allocation to 
the central entity.  

Distributed spectrum sharing: when the 

construction of an infrastructure is not suitable, then 
distributed solutions are proposed.  

Cooperative spectrum sharing: The interference 

measurements are distributed among other nodes, the 
centralized solution is also referred as cooperative.  

Non-cooperative spectrum sharing: Non-
cooperative solutions only think about the nodes in hand that’s 
why also called selfish solutions. The Non-cooperative 
solutions are reduced spectrum utilization and minimal 
communication requirements.  

Overlay spectrum sharing: This overlay spectrum 

sharing is also known as the spectrum access technique. The 
node accesses the network by using that portion which is not 
under usage of the licensed user (LU).  

Underlay spectrum sharing: The underlay spectrum 

sharing technique take advantage of the spread spectrum 
techniques which are specifically developed for cellular 
networks.  

G. Decision Fusion in Cooperative Sensing:  
For the case of Co-operative sensing (see section 3.6) 

all results due to various measurements and sharing 

information among CR was a difficult task. There are two 
types of decisions, soft decisions and hard decisions, based on 

shared information made by each cognitive device [20]. The 

results existing in [20], illustrate that soft information-
combining outperforms hard information-combining technique 

in terms of the possibility of missed opportunity. While on the 

other hand when co-operative users are high, hard decisions 
perform as good as soft decisions. The Chair-Varshney rule  
[21] based on a log-likelihood ratio test for combining sensing 

information is the guideline for optimum fusion rule. A variety 

of, simpler, schemes for combining sensing results are 

exploited in [21]. The performances of selection combining 

(SC), switch and stay combining (SSC) and equal gain 

combining (EGC) are examined for energy detector based 

spectrum sensing for Rayleigh fading. SC and SSC are found 

to have a gain of approximately one order of magnitude while 

EGC having two orders of magnitude gain. In the case of hard 

decisions, methods which combine information from different 

CRs are AND, OR or M-out-of-N schemes [22]. The 

Dempster-Shafer’s theory of evidence is used for a 

combination of information from different secondary users 

 
 
 
and results depicted in [23] shows improved performance than 
AND or OR-rules.  

In CR communication, spectrum sensing is a key 
element and it should be performed before an unlicensed user 
is allowed to access a vacant licensed channel. The essence of 
spectrum sensing is a binary hypothesis-testing dilemma:  

H0: Primary user is absent 

H1: Primary user is in operation.  
The probability of correct detection Pd, probability of 

false alarm Pf and probability of miss Pm are the key metric in 
spectrum sensing, given respectively as: 33 

 
Pd = Prob {Decision = H1/H1}  
Pf = Prob {Decision = H0/H0} and  
Pm = Prob {Decision = H0/H1}  
There are many signal detection techniques, in order 

to enhance detection probability, which can be used in 
spectrum sensing [26].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. cooperative spectrum sensing 

 

Figure shows that CR3 is shadowed by a high 

building over the sensing channel. In such a case, the presence 

of the primary user is not sensed by the CR and as a 

consequence channel access is allowed while on the other 

hand the PU is still in operation. To deal with this problem, 

multiple CRs can be organized in order to perform spectrum 

sensing cooperatively. Due to recent research, cooperative 

sensing is able to greatly increase the probability of detection 

in fading channels [29]. In general cooperative spectrum 

sensing consists of the following steps. Every CR 

independently performs measurements for its local spectrum 

sensing and then makes a binary decision to check on whether 

the PU is present or not. These binary decisions by all CR are 

forwarded to a common receiver which is a base station (BS) 

in a cellular network or an access point (AP) in a wireless 

LAN. Those binary decisions are combined by a common 

receiver and a final decision is made in order to infer the 

absence or presence of the PU in the observed band.  
To build a cooperative sensing network, cooperation 

among CRs and external sensors can be made. Cooperation in 
the former case is implemented in two fashions: centralized or 
distributed [29]. 
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IEEE 802.22  
The IEEE 802.22 standard is recognized as the 

cognitive radio standard because it contains the cognitive 
features although this standard is still in development age. The 
vision of sensing is based upon two stages [13]:  

 Fast Sensing

 Fine Sensing 
In the fast sensing stage, a common sensing 

algorithm like as energy detector is employed. The fine 

sensing stage is initiated based upon the results of fast sensing. 

Fine sensing consists on a more detailed sensing and usage of 

more powerful methods. Many schemes have been projected 

and integrated in the draft standard like energy detection, 

waveform-based sensing, cyclostationary detection, and 

matched filtering. Subscriber Stations (SSs) are used for 

distribution of sensing load from the base station (BS). The BS 

receives the returned results and uses these results for 

managing the transmission [13]. It is also a practical example 

of centralized collaborative sensing. 

 

II. SIMULATION  
Cognitive radio technology improves the spectrum 

utilization by enabling the secondary users (networks) to 
borrow or share the spectrum with primary users (networks)  
[30]. As the CU are utilizing the licensed band and they have 

to detect the presence of LUs in time and have to depart from 

the band for the PU. Then the most important challenge that 

faces this technology is: how does the CR sense the existence 

of the PUs? This has been anticipated that it is possible to 

enhance the performance of spectrum sensing by increasing 

the radio front end sensitivity or techniques like matched 

filtering, energy detection, and cyclostationary detection [30]. 

But all these techniques have problems of multipath 

shadowing and cooperative spectrum sensing is the only 

technique which can overcome this problem [31]. So there is 

an introduction to cooperative spectrum sensing technique and 

simulation results to check the improvements in the detection 

probability and reduction in the detection time and also 

improving the sensitivity of the cognitive receiver.  
Spectrum sensing faces another implementation 

challenge which is the hidden terminal problem, which occurs 

in the case when the cognitive radio is facing the shadowing, 
severe multipath fading or being inside in such a buildings 

which have high penetration loss while a primary user is 

operating in the locality [31]. Because of this hidden terminal 
problem, the cognitive radio (CR) fails to notice the existence 

of the primary user (PR) and then will access the licensed 
channel, which causes the licensed user’s interference. This 

hidden terminal problem in CR networks is addressed by 

allowing multiple cognitive users cooperation to conduct 
spectrum sensing [32]. Cooperative spectrum sensing in CR 

networks has a correspondence to a distributed decision in 

 
 

 

wireless sensor networks in which each sensor takes its own 
local decision and then these results are forwarded to a fusion 
centre which generates a final decision on the basis of some 
fusion rule [33]. The wireless environment is the main 

difference between these two applications. Cognitive radios 
and fusion centres are dispersed over a larger geographic area 
as compared to wireless sensor networks.  

Smulation Environment 
 

channnel WirelessChan 

 nel 

propogation TwoRayGrou 
 nd 

Network interface WirelessPhy 

Mac Mac/802_11 

Interference queue DropTail/Pri 
 Queue 

Antenna OmniAntenna 

Queue length 2000 

Number of channels per 2 

radio  

Number of nodes 30 

Routing protocol AODV 

Idle Power 0.05 

Rx Power 1.0 

Tx Power 1.2 

Sleep Power 0.0015 

Initial Energy 100 

 
Simulation Window  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

III. OUTPUT 
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 Spectrum sharing done the handoff with the BS,

   When the PU is available in the network.
 If the PU any of the PU inside the BS 

provides communication,

   For the fixed nodes this is done.
 The number of cognitive radio user increases the 

 communication  delay  is  much  low,  due  to  the 

 spectrum sharing behavior.

  Thus, the cognitive radio network are tested to  

 provide handoff in fixed movements of nodes.
 

VI. CONCLUSION 
 

In this research work, Spectrum is an incredibly 
precious reserve in wireless communication systems, and it 
was an important point of discussion, research and 

development efforts over the last many decades. CR, which is 
one of the hard works to employ the available spectrum more 
ingeniously through opportunistic spectrum usage, has turned 
into an electrifying and talented concept. The available 
spectrum opportunities are one of the significant elements of 

sensing in CR.  
In this paper, I simulated cognitive radio users, with 

primary user communication turned off in full of simulation 
environment. I simulated handoff strategy between fixed 
nodes. The output is, hand off strategy done in cognitive radio 
networks.  

For 50 packets, I sent 50 all message packets. But 

due to addition off RTS & CTS packets throughput lies an 
elevation to 55 to 50.In simulation window there is no packet 

drop. These 5 packet have delay to deliver in time of 0.5 ms . 
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