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Abstract8

Two main problems in wireless communications are, limited available spectrum and9

inefficiency in the spectrum allocation policy. These problems lead to the blocking of both10

initial and hand-off calls. Cognitive radio (CR) offers solution by utilizing the spectrum holes11

in space without introducing an unacceptable fear of harmful interference for the primary user12

and also solves the spectrum inefficiency and spectrum scarcity problem. Spectrum allocation13

scheme is proposed in two phases. In the first phase, a collision between two calls for spectral14

band allocation is resolved. In second phase, spectral band allocation among a number of calls15

is considered. The main objective is to minimize the forced termination of hand-off calls and16

to achieve opportunistic spectrum channel allocation by assigning different priority levels to17

different calls.18

19

Index terms— cognitive radio networks, wireless communication, spectrum allocation policy, hand-off.20

1 INTRODUCTION21

wo critical problems play important role on the wireless communication network and they are (1) limited available22
spectrum (2) inefficiency in the spectrum allocation policy [5]. As the available spectrum is becoming insufficient23
due to growing demand, many schemes have been proposed to utilize the spectrum more effectively and efficiently.24
Actually a large pool of spectrum remains unused due to improper channel allocation policy. New paradigm called25
xG network, dynamic spectrum access network or the cognitive radio networks have been proposed to address the26
above mentioned problems [1] [5]. The key enabling technology of xG networks is the cognitive radio. Cognitive27
radio techniques provide the capability to use or share the spectrum in an opportunistic manner.28

Dynamic spectrum access techniques allow the cognitive radio to operate in the best available channel. More29
specifically, the cognitive radio technology will enable the users to determine which portions of the spectrum is30
available and detect the presence of licensed users when a user operates in a licensed band (spectrum sensing),31
select the best available channel (spectrum management), coordinate access to this channel with other users32
(spectrum sharing), and vacate the channel when a licensed user is detected (spectrum mobility). The main33
functions for cognitive radios in xG networks can be summarized as follows: Spectrum sensing : Detecting34
unused spectrum and sharing the spectrum without harmful interference with other users. Spectrum management35
: Capturing the best available spectrum to meet user communication requirements. Spectrum mobility :36
Maintaining seamless communication requirements during the transition to better spectrum. Spectrum sharing :37
Providing the fair spectrum scheduling method among coexisting xG users. These functionalities of xG networks38
enable spectrum-aware communication protocols.39

The xG network communication components and their interactions are illustrated in Fig 1 ?? It is evident40
from the significant number of interactions that the xG network functionalities necessitate a cross-layer design41
approach [5].42
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2 A) HANDOFF TECHNIQUE

Entire wireless network is divided into a number of cells also known as zones. Each cell serves two kinds of43
requests (1) Initial access request and (2) hand-off request [1]. Once a communication starts, user may not be44
fixed to a particular station but roams from one location to the other and demands for ubiquitous network access.45
While moving, user actually goes through a number of cells between both the locations, each time he leaves the46
currently occupied cell and enters into a new one. This is known as inter-cellular hand-off [2] and the call is47
known as hand-off call.48

While leaving the existing cell and entering into a new one, the base station of the destination cell provides a49
new spectral band to continue the communication. If the destination cell does not have enough spectral bands50
the call will be blocked. Our approach is to limit the probability of this forced termination of an ongoing call.51
We can reduce the chances of unsuccessful hand-off by assigning higher priority to hand-off request than that52
assigned to initial access request. Efforts are made to propose a spectrum assignment policy having a tradeoff53
between minimization of the call blocking rate of an ongoing call for smooth hand-off and risk of compromising54
the whole traffic due to a priority based treatment of the calls.55

2 a) Handoff Technique56

The large geographic area covered by the network is divided into small zones called cells. The base station of each57
cell in the network has to serve two streams of requests, one coming from the cell itself (initial access requests),58
and the other coming from neighbor cells (hand-off calls). Once a call has started, the mobile station (MS) might59
leave the initial cell, entering a neighbor one, while remaining connected to the network. Mobiles crossing the cell60
boundary cannot continue to use the same frequency channel because different channels are assigned to adjacent61
cells to avoid radio interferences in the shared transmission medium. Intercellular handoff is the procedure by62
which the user, while releasing the old frequency channel belonging to the initial cell, is provided with a new63
one by the base station of the destination cell. This procedure is fundamental to avoid any interruption of the64
initiated connections. If the destination cell does not have enough channels to support the handoff, the call is65
blocked. It is important to limit the probability of forced termination, because from a user’s perspective, the66
forced termination of an ongoing call is less desirable than getting a busy signal due to the block of an initial67
access attempt. The system can reduce the chances of unsuccessful handoff by assigning higher priority to handoff68
requests than that assigned to initial access requests.69

These handoff prioritizing schemes provide improved performance at the expense of a reduction in the total70
admitted traffic [1].71

CR users are generally regarded as ‘visitors’ to the spectrum. Hence, if the specific portion of the spectrum72
in use is required by a PU, the communication needs to be continued in another vacant portion of the spectrum.73
This notion is called spectrum mobility. Spectrum mobility gives rise to a new type of handoff in CR networks,74
the so-called spectrum handoff, in which, the users transfer their connections to an unused spectrum band. In75
CR ad hoc networks, spectrum handoff occurs: 1) when PU is detected, 2) the CR user loses its connection76
resulting from the mobility of users involved in an on-going communication, or 3) with a current spectrum band77
cannot provide the QoS requirements.78

In spectrum handoff, temporary communication break is inevitable because of the process for discovering a79
new available spectrum band. Since available spectrums are dis-contiguous and distributed over a wide frequency80
range, CR users may require the reconfiguration of operation frequency in its RF frontend, which leads to a81
significantly longer switching time.82

Spectrum handoff has been done for cognitive radio networks especially in the case when transmissions are83
done over multiple channels in parallel. The spectrum handoff occurs when licensed users are detected in the84
channel. Thus, CR user has to leave the channel immediately and search for a new available one. During the85
handoff operation, the communication of CR user has to be interrupted and packets must wait in the transmission86
buffer. The communication can be resumed when the connection is successfully moved to the new channel. From87
this point of view, large waiting delays can be incurred and packets may be lost. Sometimes, licensed users may88
use the channel only for short periods intermittently. The frequency of spectrum handoff can be reduced if CR89
users wait until licensed users finish their transmission to send again over the same channel. Here, predicting90
the behavior of licensed users in the near future assists CR users to decide whether it should keep the current91
channel or leave it. Typically, prediction should improve the performance of the spectrum handoff [10].92

In CR networks, the unlicensed devices (also Known as Secondary users) share the licensed spectrum without93
interfering with the transmission of other licensed users (also known as primary users). If this band is found94
to be occupied by a licensed user, the CR user moves to another spectrum hole to avoid interference, which95
is referred to as spectrum mobility. CR cellular networks lies in spectrum mobility, which gives rise to a new96
type of handoff in CR cellular networks, the so-called spectrum handoff [14]. Similarly treated as calls which97
are assigned dedicated frequency bands. However, an SU should relinquish its frequency band when a PU call98
claims it, because the PU call assignment is oblivious of any ongoing SU calls. The central controller admits an99
SU call if the requested bandwidth is available, and performs spectrum handoff (i.e., reassigning an SU call to100
another vacant frequency band when it interferes with a new PU call). an incoming SU call was queued till a101
new transmission opportunity was found. Also, the SUs which experienced handoff failure were dropped.102

The effect of a buffer for SU call arrivals was considered. SUs which experienced handoff failure were dropped.103
The SUs were queued upon handoff failure and reassigned to channels when they are available. Thus, the SU104
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transmissions were prevented from forced termination due to a PU arrival. Hence DSA scheme which considered105
channel reservation for SU handoff. An incoming SU call was assigned a channel only when the number of idle106
channels in the licensed spectrum exceeds the number of channels reserved for SU handoff. According to the107
DSA scheme, the central controller assigned as much as possible bandwidth to the SUs to improve the spectrum108
utilization. This bandwidth assignment was performed whenever the system state changed [16].109

This paper in section-1 has a brief introduction of the problem, section-2 provides the problem objective and110
problem definition, section-3 consists of two spectrum allocation policies, section-4 gives analysis of the initial as111
well as revised scheme, section-5simulation results and section-6 concludes the paper with future work.112

3 II.113

4 PROBLEM FORMULATION AND GOAL114

The two critical problems that are tackled using the concept of Cognitive Radio or Dynamic Spectrum Access are115
(1) Limited available Spectrum (2) Inefficiency in the spectrum usage and spectrum allocation policy [5]. These116
two problems mainly leads to the blocking of a hand-off call. Framework of a wireless cellular network is built up117
of a number of cells; each cell serves two types of request (1) Initial Attempt Request (2) hand-off Request [1].118

5 a) Initial Attempt Request119

Initial Attempt request is nothing but the request that has originated from the same cell for allocation of the120
spectrum to begin a communication in a cellular network.121

6 b) Hand-off Request122

The request to provide the spectrum bands as the user switches through different cells is made by the cellular123
user to achieve uninterrupted communication. This request is called hand-off request. A hand-off request may124
occur in following conditions with both primary (licensed) user and secondary (unlicensed) user [5]. c) Hand-off125
request with P Primary user : Hand-off occurs with primary users When quality deteriorates A spectrum band126
with better quality of service becomes available.127

Secondary user: Hand-off occurs with secondary user When inter-cellular hand-off results due to roaming.128
When the licensed user for the band that is being utilized by a secondary user appears.129
When a better spectrum as per the requirement becomes available.130
Problem occurs when the destination cell does not have enough spectrum bands as a result of it the hand-off131

call is blocked. It is less desirable to have the forced termination of an ongoing call and to provide the band to132
an initial request of which the communication has not yet been started.133

7 Our efforts are projected to deal with the following issues:134

To overcome the problem of limited available spectrum through opportunistic usage.135
Improvement in spectrum allocation policy.136

8 Maximum possible utilization of available spectrum.137

To come up to the requirements and expectations of both licensed as well as unlicensed users.138
To allow the utilization of licensed spectrum in unlicensed user’s zone opportunistically without any interference139

with the licensed users.140

9 d) Why the problem is being addressed?141

Today’s trend is to have the exclusive rights of a specific portion of the spectrum, no matter whether the spectrum142
is really being utilized to the full of its strength or not. Spatially and temporally, the spectrum band stays idle143
most of the time with no communication activities being carried out by the primary user [5]. e) Our approach144
to solve the problem Our approach is to minimize the probabilities of unsuccessful hand-off by assigning higher145
priority to the hand-off requests in comparison to the initial attempt request. This prioritizing scheme suggests146
better utilization of spectrum and also causes the reduction in total admitted traffic. This priority assignment147
treatment can be extended to the limit where the reduction in the over-all traffic due to the insufficient weight148
to the initial access request can be afforded. We have developed a prioritization scheme in which each incoming149
request will be classified based on four existing classes and treated accordingly.150

10 Proposed Work151

The proposed scheme has been designed through two phases and the second phase is an improvement of the152
first phase. Initially, we started out with a priority assigning policy in which the priority was being assigned153
to two different calls competing for spectrum band in various scenarios. The revised scheme deals with priority154
assignment and spectral band allocation among a set of requests.155
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15 A) ANALYSIS OF INITIAL SCHEME

11 a) Initial Scheme156

The whole available spectrum is divided into two parts; (1) hand-off channels (2) Initial channels. The hand-off157
channels constitute that portion of the spectrum which has already been dedicated entirely for hand-off calls.158
On the other hand initial channels are to serve initial access request. The users are divided into two classes; (1)159
primary user (licensed user or exclusive right holder of the spectrum band) (2) secondary user (unlicensed user,160
has no exclusive right on spectrum). Finally the calls are categorized into four streams; (1) primary hand-off161
(PH) call (2) primary initial (PI) call (3) secondary hand-off (SH) call (4) secondary initial (SI) call.162

A PH call occurs when either the quality of the spectrum band deteriorates or a band of spectrum with better163
quality of service becomes available.164

A PI call occurs when a call generated from a licensed user.165
A SH call appears due to mobility of the user after the communication has been started. This can be due to166

(1) when the primary user of the band (currently used by secondary user) appears (2) when quality deteriorates167
(3) when a spectrum band with better quality of service becomes available.168

A SI call occurs when an initial access request from an unlicensed user originates In this scheme, we have169
developed several rules to resolve the conflict between any two calls and one of the four possible scenarios in170
which bands occur in spectrum holes. In each case, a conflict is being considered between two users.171

Conflict for channel accessibility between user one and user two can have following cases: 1) primary user172
(PU) vs primary user (PU) 2) secondary user (SU) vs secondary user (SU)173

3) primary user (PU) vs secondary user (SU) There are four scenarios assumed for the spectrum hole;174
(1) No band is available (2) one band is available (3) Two bands are available (4) More than two bands are175

available.176
The notion in this initial approach is to first compare the priority of both the calls and one of the following177

scenarios will be examine.178
-If bands are available then they will be allocated to each call smoothly.179
-If only one free band is available then it will be allocated to the higher priority call and the other call will180

have to wait for a time duration ’t’ (prespecified), within this time duration successive holes will be examined181
till a free band is achieved.182

-If within this time duration no free band could be found, then the call will be dropped.183
-If no band is available successive spectrum holes will be searched till a free band is accessed within the time184

duration ’t’. The first free band will be allocated to the higher priority call while lower has to wait. If no free185
band occurs within time limit’t’, then both the calls will be dropped.186

As the spectrum is divided in two parts initial and the handoff, if at any point of time initial bands are available187
then they can be directly allocated to the calls irrespective of their type.188

In case of hand-off bands if the requirement is to allocate them to some initial calls, first following three189
parameters will be examined. 1) Handsuccdur: Time between two successive handoff 2) Handfreq: Frequency of190
occurrence of hand-off call 3) ExpectedHandTraffic: Expected hand-off traffic If first parameter is greater than191
a specific threshold and second and third are less than their respective thresholds then hand-off band can be192
allocated to an initial call. Each time when an initial band is allocated to a hand-off request, first this band’s193
entry is made in the pool of hand-off bands and when a handoff band is allocated to an initial request, first it is194
admitted to a pool of initial bands, after this allocation first free band will be assigned to the pool from which195
the band was borrowed.196

12 b) Revised Scheme197

The spectrum is divided into a number of primary user groups. In each primary user group, there are a number198
of mobile hosts or users. A specific licensed frequency band provided to each group with respect to which that199
group is a primary user group, rest of the spectrum band is unlicensed zone for the mobile XIII Issue XI Version200
I201

13 ( )202

Year 1) Primary hand-off queue 2) Primary initial queue 3)Secondary hand-off queue 4) Secondary initial queue203
All the holes in the licensed zone of a specific primary user group are detected.204

This proposed scheme has following two steps:205
1) Spectrum is sensed to detect the primary users who are currently active.206
2) Based on above information spectrum holes or white spaces will be recognized.207

14 IV. Analysis of the Proposed Scheme208

In this section, we are going to analyze both the schemes Initial as well as revised.209

15 a) Analysis of Initial scheme210

This scheme takes care of all the possible configurations in which a conflict for spectral band between two211
requesting calls can be resolved. In this scheme our effort focuses on three dimensions of wireless communications212
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(1) Scarcity of available spectrum, (2) Inefficient spectrum allocation policy and (3) Reduction in the probability213
of forced termination of an ongoing call. The key idea that is being taken into consideration is giving priority214
to the band allocation to a hand-off request in comparison of the initial access request. i. Justification of215
priority assignment Primary hand-off is given highest priority as it is a request from a licensed user and also for216
ongoing communication. Second highest priority is given to primary initial, though it’s a request to initiate a217
communication, but this request is made by a licensed user. Third higher priority is allocated to the secondary218
hand-off, though this request is from unlicensed user but is for an ongoing communication. Secondary initial is219
given the lowest priority because it is a request from an unlicensed user and it is to initiate a communication.220

In this scheme total spectrum is divided into two parts 1) hand-off spectral bands and 2) initial spectral bands.221
The idea is to again give preference to the handoff request. Thus the assumption is to dedicate some of the bands222
of this spectrum for hand-off calls.223

The good part of the theorem is that if an initial band exists it can be allocated to the hand-off request directly224
but if a hand-off band is to allocate to an initial call then first three important parameters will be examined.225

16 Average time duration between two successive226

occurrences of hand-off calls.227

17 Frequency of occurrence of hand-off calls 3. Expected hand-228

off traffic229

When all the three parameters will be satisfied only then a spectrum band will be allocated to an initial call.230
Each time an initial band is allocated to a hand-off request, the band’s entry is made in the pool of hand-off231
bands and when a handoff band is allocated to an initial request, it is admitted to a pool of initial bands. This232
policy is to balance the population of both types of bands at any instant. It keeps a check on the number of233
bands shifted from hand-off to initial pool and returns the equal number of bands from the initial pool to the234
hand-off pool (vice versa).235

18 b) Analysis of Revised Scheme236

In our scheme we are taking into consideration four candidates PH, PI, SH, SI. The hand-off calls are assigned with237
more priority in comparison to initial calls and primary user calls are given higher priority in comparison of the238
secondary user. Our approach to minimize the probability of forced termination of an ongoing call is achieved, as239
hand-off calls are being provided a higher priority in comparison to the initial access request. Priority assignment240
policy assigns highest priority to the primary hand-off. Next priority is given to the primary initial though it’s241
an initial call but is being generated by a licensed user. Third priority level is assigned to secondary hand-off242
which again is significant as being a handoff call though coming from a secondary user. The lowest priority is243
assigned to XIII Issue XI Version I244

19 ( )245

20 Year246

The usage of four priority queues PHQ, PIQ, SHQ, SIQ is used for allocation of spectrum when a higher priority247
request is occurring along with other lower priority requests. If in the request pool multiple primary hand-offs,248
primary initials, secondary hand-offs and secondary initials are present, then all will be queued in appropriate249
queue and the queues will be processed according to the assigned priority and within each queue in FIFO order.250
This scheme improves the spectrum utilization as all available spectrum holes or white spaces are observed251
periodically. Each time after assigning all the available bands of the spectrum hole, we move to a new white252
space. Unused holes due to non-existence of primary users at different instances and locations are exploited253
opportunistically. Once the communication is over, the band will be released and will again constitute a white254
space. With limited available spectrum and increasing number of users, this opportunistic usage of the spectrum255
bands leads to minimum wastage of the spectrum resources. Instead of utilizing the best available spectrum256
hole, this approach is based on the first available spectrum hole that satisfies the desired communication quality257
requirements. If there are many spectrum holes then the first hole which satisfies quality requirements will be258
selected instead of the best hole. This approach is used to have fast response time requirement.259

A specific time duration is set when a call occurs (whether hand-off or initial) and a band if free is provided to260
the call immediately. But, in case when no spectral band is free in the current spectrum hole, a band is searched261
in next white space. If a new band is found within’t’ time, it will be allocated to the communication otherwise262
the call will be blocked.263

This scheme also provides seamless communication as a call that appears in the PH queue will be allocated264
band but if it appears in SH hand-off queue and still many candidates are in the PI and PH are waiting to be265
serviced, this call may leave this spectrum hole and try in another zone where it can get a better priority. In the266
new zone, it will occupy the same priority level queue, but there may not be many candidates in the higher level267
queues. This is used to exploit the existing spectrum optimally as well as opportunistically.268
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23 TRAFFIC FOR COMMUNICATION

Forced drop of a hand-off calls are minimized because 1) Hand-off request will always be provided with resources269
even if an initial access request is to be blocked 2) If enough bands are not available in current spectrum hole, it270
switches to the next available spectrum hole as all the holes have been detected.271

V.272

21 SIMULATION ESULTS273

Extensive simulations were carried out with varying parameters. The simulation program is implemented using274
C#, using .Net frame work, and run under windows environment. Object oriented approach is adopted to275
simulate the real world environment. In the simulations, a spectrum was divided into a number of cells consisting276
of four queues and a group of primary users each. A fixed number of bands were taken into consideration on277
total communication traffic was increased gradually and we record the Average waiting time, communication278
success rate for both cognitive radio network and normal wireless network and call blocking rate. The developed279
application is built for handoff calls.280

After running the application, the display menu is shown in Figure 2, in which we can select the algorithm281
(Handoff Scheme) and different options of parameters such as sensing range, simulation range, message sending282
duration and concurrent data transmission respectively.283

While simulating the Opportunistic spectrum allocation Scheme, following assumptions are made. For this284
Proposed Scheme, we have assumed following ranges. Where all of having different ranges as follows: In Figure 3,285
the infrastructure-based CR (cognitive radio) network is developed. In the network topology includes 32 wireless286
access nodes. Each wireless access node has Omni-directional antenna. They are assigned that 15 access nodes287
for primary users (licensed), and remaining15 wireless access nodes for secondary users (unlicensed) and access288
nodes are placed in random manner. Framework of a CR network is divided into eight cells, each cell have289
group of four access nodes. Case 1 : In this case, select the algorithm (Handoff scheme) and different options of290
parameters, such as sensing range-50, simulation range-1000, message sending duration-170 and concurrent data291
transmission -60 respectively. And then run the application, the display menu is shown in Figure 5 and Figure292
6, shows the data correlation detection table for node connection.293

22 Year294

The graph (Fig- 7) drawn shows that the average waiting time, when there are number of bands in the network295
is 5 to 6 and the traffic at a point in time zero, is zero. But as the traffic increases from 0 to 10, the average296
waiting time increases to 60 but remains almost constant for very high traffic intensity also. The curve almost297
reaches to the stability beyond a certain point in the traffic where after increasing the amount of traffic it has298
very less affect on average waiting time. This curve proves that the algorithm is designed in such a way that there299
is not big variation in average waiting time even if the traffic is sufficiently increased against a certain number300
of bands in the network. Average waiting time is considered in units of ’tick’ where a ’tick’ represents the time301
to make an attempt of band allocation. The graph (Fig- 8) is drawn between overall traffic for communication302
in a point of time and call blocking rate of primary hand-off, primary initial, secondary hand-off and secondary303
initial communications. When the number of requests is equal to the number of free bands call blocking rate is304
zero for all four types of communications.305

When this traffic increases and becomes twice the available free bands the call blocking occurs only in secondary306
initial communications. It is noticed that while increasing traffic 3 times, 4 times and up to 30 times with the same307
band strength no call blocking occurs in primary handoff communication. A small increase is found in primary308
initial with the increase in the traffic. This increase seems almost stable with a rapid increase in the traffic. The309
scenario is almost same with secondary handoff communications. The only significant blocking rate is with the310
secondary initial communication. And then run the application, the handoff takes place and finally the Figure 9,311
shows the data correlation detection table for node connection as follows in below: The graph (Figure 12) shows312
that the average waiting time, when there are number of bands in the network is 4 to 6 and the traffic at a point313
in time zero, is zero. The current problems in the wireless communications are discussed and the need to switch314
from wireless networks to next generation networks xG or cognitive radio networks is introduced. A two-phase315
scheme is introduced for spectrum allocation. In the first phase of the proposed scheme, a collision between two316
calls for spectral band allocation is resolved. In second phase of the scheme, allocation of spectral bands among317
a number of different types of calls is considered. The main objective is to have opportunistic spectrum band318
allocation policy and minimization of forced termination of a handoff request. This new spectrum allocation319
policy will fill the gaps of wireless spectrum and will satisfy the needs of both licensed as well as unlicensed zone320
without any compromise.321

23 Traffic for Communication322

Although, the current scheme is focused on spectrum allocation policy and dynamic spectrum access/xG, it has323
the ability to carry out extensive research in all fields of the cognitive radio. And in future work, collision between324
more than two calls can be eliminated among unlicensed users in a multiuser spectrum handoff scenario.325
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