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Abstract— Mobility is most important feature in wireless cellular
communication system. Continuous service of communication can
be achieved by supporting handoff. To solve the problem of
spectrum scarcity and inefficient usage of the spectrum to handle
handoffs efficiently a solution is proposed in Cognitive Radio
networks. In CR networks unused spectrum spaces is given to
secondary users and provide efficient usage of spectrum, but
problems arises with unstable nature of spectrum. A novel
approach is introduced to use unstable spectrum, where a scheme to
support for mobility management and inter cell channel allocation
is developed for various handoff events in Cognitive Radio
networks. Here, for reducing switching latency a proper handoff
mechanism is selected and Inter-cell channel allocation improves
the mobility management performance by efficiently allocating the
channel and multiple cells will able share the spectrum resources.
The results show that the scheme improves the performance of
handling handoffs compare to conventional schemes.

Index terms — Wireless Cellular Networks, Bandwidth,
Handoff, Cognitive Radio, Spectrum.
|. INTRODUCTION

We ask that authors follow some simple guidelines.
In essence, we ask you to make your paper look exactly like
this document. The easiest way to do this is simply to
download the template, and replace the content with your own
material. In the wireless cellular communications, managing
the mobility, one of the important functionality is the handoff
scheme [1]. Several proposed researches has discovered
various handoff issues [2][3] in cellular networks, largely
concentrating on selecting the cell while moving from one cell
to another cell and managing the available resources.
Although various methods for cell selection has been proposed
for handoff schemes that improves the network usage, but all
these methods are based on the conventional multiple cell
cellular networks and has not considered the varying traffic in
the spectrum resource in Cognitive Radio networks[4]. That is
in particular, no special interest is given for time varying
spectrum availability for the users or time taken to switch from
one spectrum to another, which makes these traditional
handoff schemes not feasible in the Cognitive Radio cellular
networks.

Research in the CR networks has showed interest in
many areas, including channel sensing [5], [6], [7], spectrum
pooling [8], [9], and the coexistence of Secondary Users [10],
[11]. The spectrum traffic and the user mobility both should be
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considered for designing the scheme for Cognitive Radio
cellular networks, which is an important but untried topic in
Cognitive Radio networks. The Spectrum availability in
Cognitive Radio networks is not same all the time, it will vary
over the space and time, and reliable communication is more
difficult to provide for the mobile users moving across the
different cells. In Cognitive Radio networks for efficient
management scheme, we don’t find contiguous spectrum
bands of desired range. Thus, when Cognitive Radio users
want to switch their spectrum bands, first the operating
frequency has to be reconfigured for tuning to a new spectrum
band, which increases the delay for switching the bands and it
is more compare with the classical wireless networks.

A paradigm for the problem is to allocate channels
based on current channel availability is given to SSP [12],
[13], [14]. But, due to fast dynamic changes in Primary User
activity this solution may not be efficient. To deal with the
factors mentioned above, a mobility managing scheme is
proposed for Cognitive Radio cellular networks with spectrum
awareness. This Mobility managing scheme will support
various mobility events in Cognitive Radio networks, which
consists the resource allocation within the cell, managing the
dynamic spectrum mobility, and managing the user mobility.
For improving the total usage of spectrum we determine the
spectrum configuration for resource allocation within each
cell. The Mobility managing scheme function determines
suitable handoff type and the target cell for Cognitive Radio
users observing the Primary User activities by taking into
consideration both the spectrum utilization and connectivity.
The user mobility managing scheme focuses on the varied
spectrum available and to improve Quality of service a
switching cost mechanism is specified for mobile users.

Il. THE NETWORK ARCHITECTURE

In Wireless technology the cellular network is most
important and successful technology which has been affected
with the increase in the data traffic. The Cognitive Radio has
become a most important solution for the problem of increase
in data traffic in current cellular network. The Cognitive Radio
network can be applied to unused TV spectrum bands, as FCC
recently has allowed the unlicensed devices to use them [15].
The Cognitive Radio technology will enable availability of
bandwidth by sharing the spectrum owned by the other
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cellular operators or any spectrum bands licensed to other
services. To implement this, the base station will need to have
an RF unit and a digital unit implemented in a separate server
which is used for all communication functionalities. By
considering this the cost is cheap enough for the base station
to be installed wherever required. So in its own base station’s
local area a new mobile virtual operator will operate without
any spectrum licenses which is based on Cognitive Radio. The
model of the system is described in the following sections
which will focus on mobility issues.

The basic system model we consider is the
infrastructure based Cognitive Radio network which consists
of the multiple cells, in which each cell has a Base station and
its Cognitive Radio users. The architecture shown, the
cognitive Radio users will observe their radio environment and
the observation will be reported to the base station. The base
station then will determine the actions in support of the
mobility management entity in 3GPP LTE [16]. The
Cognitive Radio users can sense multiple contiguous spectrum
bands with single wide band RF transceiver without RF
reconfiguration. As each cognitive Radio user k requires n
channels for continuous transmission of calls without dropping
any ongoing call. All the spectrum bands are assumed as
licensed to the various primary user networks. In primary user
activity region, multiple primary user networks are operated
independently in various regions in each spectrum.

Most of the primary user networks are generally
fixed [17]. Each of the primary user activity region in the
licensed band has presence and non-presence states those can
be indicated as ON and OFF simultaneously. We consider the
lengths of ON and OFF periods at the primary user region p in
the spectrum band k is distributed exponentially by the means
1/a(k,p) and 1/B(k,p) respectively [18][19].

A. Spectrum Pool Architecture

In most of the cellular networks to avoid the intercell
interferences, an interface coordination scheme is adopted
where different spectrum bands are used by each cell along
with the neighbor cells. The same can be applied to the
cognitive radio networks. Whenever the primary user presence
is felt operating frequency range must be varied by the
secondary users which will result in the switching latency, but
however the mobile users without changing their radio
frequency can switch the spectrum to another if the bands are
positioned in narrow frequency range and contiguous.

In Spectrum mobility to solve the above problem a
conventional pooling concept is introduced which is most
suitable structure for adapting to this dynamic radio
environment [20] [21] in the cognitive radio networks for
handling the both user mobility and spectrum management in
a multicellular environment. This is defined as spectrum pool
which is a set of contiguous licensed spectrum bands with
multiple channels in each band. The architecture of spectrum
pool is shown in figure 1 where each cell is assigned to one
spectrum pools. As this architecture provides support for a
seamless transition for all the spectrum bands within the pool,
we still have some difficulties for providing the seamless
communication to all the cognitive users moving across the
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different cells. The figure 1 illustrates, the Base coverage area
and neighbor cells are not overlapped. The extended area
which is a large coverage area overlapped along with the
neighbor cells in the base areas. In this design, each of the
cells has several spectrum bands that are available only with in
the basic area and extended spectrum band. The cells which
are adjacent to each other having the same spectrum pool in
the extended area are called as the extended neighbors. The
Mobility Management performance can be improved with
usage of the extended area to the mobile users by maintaining
the operating frequency of those users.

Figure 1. Spectrum pool Based Cognitive Radio

The spectrum offers Kc max (p) channels in the basic
area of a base station. High transmission power is used for the
extended spectrum than the basic spectrum in a larger
coverage area to support similar number of channels. Assume
that at extended area the spectrum pool p with extended
spectrum c supports the Kc max(p) channels for the Cognitive
Radio users. Then it supports more channels, 8 K¢ max(p) to
the users in the basic area due to the shortest distant from the
base station where o is the greater than the unity and it is
determined dependent on maximum signal strength and
transmission power for the decoding. The cell capacity is the
sums of the channels currently are not occupied by the primary
users in all the spectrum bands in the cell. Thus the total cell
capacity can be improved with the usage of extended
spectrum. But to avoid the intercell interference the extended
spectrum cannot be used along with extended neighbors.

[ll. SYSTEM DESCRIPTION

Managing the Mobility in the Cognitive Radio
networks is more complicated when it is compared with the
traditional cellular networks with dynamic spectrum traffic
and different types of the handoffs. The Cognitive Radio
transfers ongoing call from a mobile user’s from one base
station to another without breaking the call as it reaches to the
cell boundary this event is called as user mobility. When the
secondary user in cognitive radio networks try to change the
spectrum due to the primary user activity, each base station
will monitors these type of events for current spectrum
availability. The variations are properly managed and in case
of spectrum availability with the user mobility, the Cognitive
radio will decide to select a proper handoff to use for the
switching mobile user by using the mobility management
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scheme. Based on the decision, the Cognitive Radio users will
be selecting either a cell with in the spectrum or to select
available spectrum.

If any mobile user wants the resources of current cell
and if it cannot provide the resources due to unavailability of
the spectrum resources with increase in the primary user
activity in that cell, the BS will coordinate with the neighbor
cells and performs the resource allocation. The cell will able to
obtain spectrum pool additionally with this operation. As there
is sharing of spectrum which increases the availability, but due
to dynamic nature in the availability of the resources in
Cognitive Radio networks we cannot extend the spectrum to
the cell permanently. The spectrum allotted will not be
permanent for the CR users as the resource availability in CR
networks is time varying and dynamic in nature. The spectrum
change for a mobile user will optimizes the allocation but it
also has several overhead activities to be performed for
achieving this like it takes much of the computations and some
communication overhead because of the spectrum switching.
But, we will consider the important characteristic of the
spectrum which is available temporarily for use when it is
free. Which will improves the total capacity of the network for
the mobile users which will decreases the dropping of the
handoff calls, which increases the efficiency of handling the
handoff calls.

Handoff schemes can be categorized in two ways as soft
handoff and hard handoff.

Soft handoff: When the Cognitive Radio user finds the
handoff events, the handoff procedure is performed while
maintaining the communications. When the Cognitive Radio
user decides to make a handoff, communication channels is
disconnected and then switch to a new base station or to a new
spectrum band. Most preferred handoff approach is soft
handoff approach.

Hard handoff: In this scheme the Cognitive Radio user will
stop the transmission first then they will make decisions
regarding handoff and then they will perform the handoff
operation. This type of handoff has some delay in handling
calls compare to soft handoff. In this the Cognitive radio
network will select the hard handoff by moving the secondary
user out of the spectrum when it finds the PU activity in the
spectrum and avoids the interference to primary user. This
scheme has additional delay for handling handoff unlike the
soft handoff. So when the primary user presence is felt in the
spectrum, the Cognitive Radio network has to initiate the hard
handoff and vacating the spectrum so that there will be no
interference to the PU and then it selects the available new
band for the secondary user.

These schemes can be modeled in different ways like,
Intracellular handoff scheme occurs when the PU appear in
spectrum and hard handoff is implemented. To implement this
approach first we determine the handoff type then we check
different spectrum bands for the availability in the pool and
then identify proper spectrum. Then after identifying the CR
user will move in to the spectrum band identified and then
transmission will resume. Then another handoff scheme can
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be considered when CR users in the extended area switches
successfully to the extended neighbors and further the new
target cell of the CR user is an extended neighbor so the
reconfiguration is not needed as they use the current cell in
the same spectrum pool. This will not increase the latency for
handoff scheme. So latency is reduced in this handoff scheme
compared with the other schemes.

IV. MOBILITY MANAGEMENT IN CR NETWORKS

Selecting the cell is the main challenge in the
cognitive radio mobility management. To determine the proper
target cell is an important aspect. To monitor the signals the
Cognitive Radio users will reconfigure their radio frequency
front ends from the neighbor cells as the spectrum is spread to
a large range of frequency bands which leads to temporary
long disconnection of the transmission. The connectivity
estimation is done based on distance that is from the
transmitter that is for the mobile user to the base station.

Further the important factors such as the multipath
fading and shadowing will affect the connectivity. As multiple
spectrum bands present in the spectrum pool, the connectivity

c
of the spectrum pool i, and connection probability Pi can be
defined as the probability of at least one spectrum band that

provides the wvalid connection, which is expressed as
1- I a-pfG» pe (i) _ .
1=Si where 1 is the connection probability

of the spectrum j in pool i. Further the connectivity and
spectrum utilization is also very important factor in
determining the target cell. Thus the cognitive radio users will

select the target cell i which is having highest weighted
w

connectivity, "' , which is obtained by considering both the
spectrum utilization and the connectivity as

w cy - Nrb+pN,e
PY =|1— 1— pf (a1
: [ [Ta-prna- NimaX(j)j

An important note that, one of the candidate cell is selected as
the target cell that has cell connectivity Pc which supports the
minimum QoS for the mobile user.

A. Mobility management for Mobile Users

One of the main reasons to initiate the handoff is the
user mobility in the cognitive radio networks which will be
happening at the boundary of either the BA or the EA. So
when the mobile user approaches the boundary of the
extended area, they will check a proper handoff scheme. The
Cognitive radio users are able to measure the signal strength
directly from other base station which is similar to traditional
handoff schemes. They will find a cell if the user cannot find a
target cell that is present in different spectrum pool. As a
Cognitive Radio user in the Base Area has highest priority, it
influences the use of channel accessing and cell overload in
the extended spectrum band. So for the mobile users at the
boundary require a sophisticated algorithm for selecting the
better handoff scheme for the Cognitive Radio users in the
base area. Here importance is given to the mobility
management at the boundary of the base area. When the
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cognitive radio user become closer to the boundary of the base
area, the base station will initiate the handoff procedure and
then gather the neighbor cell information from the network
entity. Based on this information the base station will estimate
the connectivity of the candidate cells and then determines the
handoff timing t and the target cell i as

[t.i]= arg[ p{[d; +vit]<max[p7[d; +vt]]]

ieC,t>0

C
Here " isa connectivity function for cell i and is the function
0 r

of the distance °i and the relative velocity I to its base
station. C is a set of the candidate cells, ic represents current
cell and t is moving time. Then once the target cell is
determined, the base station determines the handoff scheme by
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Figure 2. The effect of PU activities in the EA

The expected costs of the switching can be
determined by the estimations of probability of the mobile
events after the decision. After decision, the cognitive radio
users may experience an unexpected intercell handoff due to
the Primary user activity in the extended area. First we will
analyze the event after the decision and then accordingly
select a handoff decision scheme for this event.

B. PU Activity in EA

The Cognitive radio users can be in the current cell if
they want to perform intercell handoff scheme as it not require
a long switching latency. But however, due to different
mobility events in the extended area may cause intercell
handoff scheme for cognitive radio users. Such events are the
primary user activities. As shown in the figure 2, more of the
primary user activity regions can be involved for determining
the spectrum availability in the extended area, which will lead
to higher primary user activity. Further, the interference range
of extended spectrum is more than its coverage area, and
hence is overlapped with base area of the extended neighbors.
Thus, for accurate detection, all the extended neighbors to be
involved in the process of detecting the primary user activity
by using their own detection methods and the false alarm
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probabilities. Assume that OR rule is used for the cooperative
detection to the data fusion. Then as the total number of the
cells increases the cooperative detection probability will
converges to 1. So, while spectrum availability is estimated
the detection probability is ignored. But on other side the false
alarm probability will be increased as the number of the cells
increases, which will considerably influence the spectrum
availability in the extended area. Though when a spectrum
band is idle, it will be determined to be unavailable if false
alarm is detected. So, in order to avoid intercell handoff, any
primary user activities or the false alarms are to be avoided
and should not be detected in extended area. The probability
is derived based on these observations, that no primary user
activity is able to be detected during the r sensing periods as:

P @ = [T @ p0). [ 700

i'eNF keAF (j)

R
& =2 P (r—1).a—p® @)
r=2
r=2,3....,R

Where R =TT /At T 304 T js expected time for user m
expected to stay in extended area. The first term indicates the
probability for not generating any false alarm during the r
sensing periods by the extended neighbors. This rule is based
on OR rule in decision fusion, but if other cooperative
criteria’s are been used then this will change. Then here, the
assumption for sensing operation that is to be done for every

At sensing period. The next term denotes probability of that
no primary user activity appears in the extended area during
pun_der (r)

the r sensing slots. The "Ei is the probability that each
cell does not experience the capacity overload during the r
sensing slots. The probability of the intercell handoff due to
the primary user activity in the extended area can be derived
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as follow:

P =32 P (r —1).—p ).

The first term in the summation will represent the probability
that extended spectrum is available without the cell overload

during the (r-1) sensing slots, which is then multiplied by
77
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the probability of that primary user activity that is detected at
the slot r.

V. PERFORMANCE EVALUATION

A. Simulation Model and Parameters

The performance of proposed scheme is studied with
network simulator, which supports the network which
consists of the multiple cells with a range of 10km X 10km
area is implemented. Here, we consider 60 cells having
various channel consumption. The range of transmission is set
to 750 meters for each cell. The range of interference for each
cell is set to twice more than the transmission range of the
cells. The range of transmission for the extended spectrum is
twice more than the basic spectrum of each cell. Further, three
spectrum pools, each of the pool consists of 10 spectrum
bands. Both spectrum bands basic and extended can support
10 to 30 channels for the users in the base area. Furthermore,
each of the bands has three to five different primary user
activity regions, o (j,k) and B(j,k) that are uniformly
distributed in 0.01,0.05 respectively. The sensing interval is
set to 0.1 sec. Then assume that the false alarm is generated by
the base station for every 2 hours on the average when they
sense the availability of the spectrum. User mobility is
described based on the Gauss-Markov mobility model. Where
0.5 is set to the memory level parameter, and the asymptotic
standard deviations are been 1.2,6,12, and 20 m/s for the
average velocities 6, 30, 60, and 100 km/h, respectively. The
performance of the proposed method will change significantly
with other mobility model, but according to its accuracy.

B. Performance Metrics

Here with the transmission statistics we investigate the
performance of the proposed schemes for the mobile users
under various network environments.
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Figure. 3(a): Drop Rate based on User Capacity

Fig. 3(b): Drop Rate based on Cell Capacity

Here the experiments are carried out by a twenty 1 hour
simulations for each case and obtained the values. Mobility
management scheme performance is analyzed by considering
three factors these are the current load in network, the QoS for
user, and the velocity of each mobile user. In simulation the
proposed method is compared with the classical handoff
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methods. The BA preferred scheme increases the number of
channels in the base area as it has extended spectrum. At the
boundary of a cell the mobile user will switch to neighbor cell
if there is a valid cell available. Otherwise, it moves to
extended area. As the other scheme EA preferred will focuses
mainly on the enhancement of mobility of user, the mobile
user can try to stay in the extended area if there is an available
cell in the extended spectrum when he reaches the boundary of
a cell. An important statistics in the mobile communication is
a call dropping probability. While a mobile user with an
ongoing call cannot find any other free channels spectrum
moving from one cell to another then the call drop will occur.
Fig. 3 shows the experimental results under various situations
for the drop rate. For reliability the proposed method is
indicated on graph with 95 percent of the confidence interval.

Figure. 4(a): Link Efficiency based on User Capacity

In figure 3 the better performance is shown by the proposed
method when compared with other classical handoff methods
for the total drop rate of ongoing calls. As shown in the
figure.3 (a), The degree of drop rate increases slightly in the
proposed method compare to other classical handoff methods
and the drop rate will increase more as the network load
increases for the proposed scheme, as at that time the spectrum
resource availability decreases. But compare to other classical
methods it is still lower than the others.
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Figure 4 shows the lower link efficiency has shown
by the classical method compared with all other schemes
because of quality degradation due to frequent intercell
handoffs. Further the link efficiency will reduce as the mobile
users cannot find the spectrum until any changes in the current
spectrum with users moving to new target cell. As both
methods do not consider switching latency will show lower
link efficiency. But, the proposed approach shows higher link
efficiency by determining the handoff type to reduce the total
latency and the drop rate. These experiments show that the
proposed method achieves less quality degradation and more
transmission opportunity for mobile users.

VI. CONCLUSION

Mobility Management is an important factor for
handling handoffs. Here, Mobility management and Spectrum
management schemes for Cognitive Radio cellular networks
for handling handoffs. As the spectrum bands in the cognitive
radio discontinuously distributed over a wide range of
frequency and change dynamically over the space and time.
The mobility management framework has been defined with a
network architecture used to support different mobility events
in the CR networks for mobile users with mobility
management function for mobile users, intercell resource
allocation and spectrum management function. Total cell
capacity and user mobility management can be improved as
each cell determines the spectrum configuration with intercell
resource allocation which reduces the call dropping
probability for handoffs. In mobility management scheme the
handoff decision is made based on switching cost which
minimizes the degradation in quality caused with user
mobility. The results of simulation have shown that the
proposed schemes provides better performance compare to
previous handoff schemes by using maximum cell capacity
and provides better QoS to the mobile users.
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