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Abstract
Cognitive Radio is playing a crucial role to enhance radio spectrum utilization by applying various techniques for real-time
and non-real-time services. In this work, we have proposed an aggregation and fragmentation of bandwidth-based channel
allocation model which uses the Cognitive Radio concept to allocate the channels effectively. In the model, services are
categorized into four heterogeneous classes. Of this, Primary new and Primary handoff services are of real-time in nature
while Secondary new and Secondary handoff services are of non-real-time in nature. The network is also categorized into
two: fixed network and dynamic network categories to enhance the spectrum utilization and to minimize the call block and
call drop. Performance analysis, along with the comparative results, exhibit the effectiveness of the proposed model.

Keywords Cognitive Radio · Channel aggregation · Channel selection · Channel fragmentation · Handover

1 Introduction

The increasing demand of radio spectrum and its limited
availability forced the researchers to design better and effi-
cient allocation models for radio resources. As the number
of devices, connected to the internet, is increasing day by
day and is expected to cross billions, providing smooth radio
spectrum access is a real big challenge in the years to come
[1, 2].

Dynamic channel allocation and permissible aggregation
of the spectrum may prove a key technology to serve the
limited spectrum among the increasing number of users.
Cognitive Radio (CR) can be used as a key concept to fur-
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ther enhance the radio spectrum utilization at a higher level
[2]. CR is an intelligent wireless communication mecha-
nism that is capable of sensing and dynamically accessing
radio resources. It shares the resources of primary or licensed
users opportunistically or in a negotiated manner among the
cognitive users [1, 3, 4]. For this, various models have cate-
gorized the services into two; primary and secondary where
secondary services can be homogeneous/ heterogeneous [5].

Channel aggregation enables a user to use more than one
channel with enhanced bandwidth. In most modern com-
munication systems, channel aggregation is nicely imple-
mented. This is possible only when channel aggregation is
done considering orthogonal frequency division multiplex-
ing (OFDM) [6]. Channel aggregation results in enhanced
channel capacity. It can improve the quality of service (QoS)
especiallywhen a service is runningwith the least bandwidth.
There are two possible variants of channel aggregation;
variable channel aggregation (VCA) and constant channel
aggregation (CCA) [2, 6]. In VCA, cognitive users use the
variable bandwidth which may be the aggregation of more
than one channel. Variable channel aggregation is further
classified as P-VCA (Probability distribution based VCA)
and R-VCA (Residual channels based VCA). Bandwidth of
the cognitive users are aggregatedwith a probability distribu-
tion in P-VCAwhereas in R-VCA aggregation is on the basis
of the number of free residual channels. InCCAscheme, con-
stant bandwidth channels are aggregated which may consist
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of more than one free channels assigned to the primary users
[2].

Channel fragmentation (CF) has also been proved to be a
better idea to accommodate more number of services. With
this approach, it is possible to split a channel into more than
one channel to serve the requests with an acceptable quality
of service (QoS). At the same time, if the channels are free
then they can be assembled to allocate the higher bandwidth
to the services. Higher bandwidth will reduce the service
duration if the service is of non-real-time nature. However,
for real-time services, service duration will not be affected
[7].

Quality of Service (QoS) is one of the major concerns for
serving the user better. It includes some set of requirements
that a user expects from the service provider for a satisfac-
tory service level. From users’ point of view, call dropping
is highly unacceptable, though, call blockings may be tol-
erated up to some extent [8, 9]. In general, users in cellular
systems have interests in fetching higher bandwidth, flexi-
bility in service provider selection, reliability, security, QoS,
QoE (Quality of Experience), and low cost of bandwidth
usage. At the same time, service providers are interested in
the least complex system, low management cost, scalable,
reliable, secure, and a good business model [10].

Channel aggregation and fragmentation can be quite rel-
evant in an advanced LTE standard also for serving the
maximum number of users with a decent level of QoS [10–
12]. The proposed work uses the channel aggregation and
fragmentation concepts, along with the cognitive radio, to
serve the maximum number of users with desired QoS/QoE.

The major contributions of this work are summarized as
follows.

• It minimizes the call block and call drop by splitting
the allocated bandwidth dynamically which also helps
in admitting maximum possible service requests/users.

• It increases the spectrum usage by allocating avail-
able free bandwidth to the ongoing services in order to
improve the QoS.

• It proposes a probabilistic channel allocation for the
forced handover of the cognitive services.

• Overall, the model enhances the radio spectrum utiliza-
tion.

The outline of the paper is as follows. After the introduc-
tion in Sect. 1, Sect. 2 highlights a few recent related works.
Section 3 defines the problem and explains the proposed
model through flowcharts and algorithms. Performance anal-
ysis, of the model through simulation experiments, is done
in Sect. 4. Finally, Sect. 5 concludes the work.

2 Related work

An effective channel allocation is a key concern for bet-
ter radio spectrum utilization which is a limited and scarce
resource. Many aggregation-based techniques have been
proposed, along with a cognition-based technique, for the
judicious selection of the radio channels. A few recent works,
done in this area, are summarized in this section.

A few heuristic models in [13, 14] have categorized the
users’ services as real-time and non-real-time services for
the judicious utilization of the radio spectrum. Real-time
services further are of two types; primary new and primary
handoff services. Similarly, non-real-time services are also
of two types as secondary new and secondary handoff ser-
vices.A simplemulti-channel lending and borrowing scheme
is proposed to enhance the radio spectrum utilization which
minimizes the call block and call drop. The studyof themodel
proves its effectiveness in serving the users better than the
traditional; fixed and dynamic channel allocation models.
A similar type of work is done in [15, 16] which applies a
genetic algorithm (GA) to minimize call block and drop of
the non-privileged services. A model in [17] introduced a
collocated network along with a new variant of primary new
services as opportunistic primary new services. This model
effectively minimizes the blocking of the primary handoff
services.

A dynamic spectrum allocation, in [18, 19], applies the
opportunistic channel allocation concept to serve the sec-
ondary users in a sender-destination pair. In the model,
heterogeneous characteristics of primary and secondary
channels are taken care of while allocating the channels.
Simulation results exhibit that the model achieves a near-
optimum solution with low computation complexity. An
availability aware CR-based model is developed in [20], for
channel allocation in 5G network.They have minimized the
interference by introducing a novel approach and improved
the performance over other contemporary algorithms.

A CR enabled channel selection techniques are used to
enhance the radion spectrum utilization in [21, 22]. In [21],
channels are grouped together and sensed simultaneously,
so that the delay can be minimized and throughput can be
maximized for the secondary users. [22] applied theAI based
spectrum detection techniques to determine the availability
of the licensed channels in order to facilitate the secondary
users. The findings of the work, indicate that it detected and
allocated the channels effectively.

Channel aggregation has been used as an important tool
in [23] to serve the cognitive users in the wireless communi-
cation system. The idea is to aggregate the channels to serve
the Primary Users (PUs) and the Secondary Users (SUs) in
the network. A two-dimensional Markov chain is used and
the performance is observed in terms of blocking rate, nor-
malized throughput, and an average latency of the SUs. A
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pricing scheme is also used by imposing an admission fee
on the SU’s packets for availing the centralized cognitive
channel aggregation-based strategy.

It has been observed that the aggregation of the small
fragments of the radio spectrum results in serving the request
better. This also enhances the radio spectrum utilization. A
dynamic spectrum aggregation-based model in [24] presents
a Markov Prediction-based aggregation strategy for multi-
user in themulti-relay scenario to ensure the required channel
capacity and maximize the network throughput. It works in
two steps; (i) prediction of the state of the spectrum, and (ii)
applying appropriate aggregation strategy.

To overcome the shortage of wireless radio spectrum, a
model in [25] proposed a cooperative cognitive radio (CCR)
network. In this, CCR aims to allow the Cognitive Users
(CUs) transmission by limiting the Primary Users (PUs)
transmission on low power. During transmission, some of
the CUs can act as Relay Nodes between PUs and CUs. The
model also shows the importance of overlay and underlay
using the CCR technique. It is observed that PUs and CUs
lead to significant mutual benefits.

Thus in many of the existing works, static channel
aggregation and dynamic channel aggregation along with
channel fragmentation techniques have been applied. How-
ever, they did not consider the bandwidth requirements of
the primary and secondary users. The proposed model intro-
duces a hybrid (Dynamic and Fixed) channel aggregation
and fragmentation approach by considering the bandwidth
requirement of primary and secondary users. The CR con-
cept is applied to provide seamless connectivity to privileged
licensed users/primary users. The model not only considers
to minimize the call block and call drop of the primary and
secondary users but also takes into account their bandwidth
requirement.

3 The problem and the proposedmodel

In this work, four priority levels of heterogeneous services
have been considered.Real-time services are categorized into
two: primary new and primary handoff services. Non-real-
time services are also of two categories; secondary new and
secondary handoff services. Preferably, primary serviceswill
be served in F-CRN (Fixed CR Network) and secondary
services in D-CRN (Dynamic CR Network). During the
shortage of channels, primary services may be served in D-
CRN by considering the bandwidth requirement and channel
fragmentation concepts. Secondary services are having pref-
erence over each other while being served in D-CRN but
during shortage of channels in D-CRN, even after apply-
ing the channel fragmentation technique, secondary handoff
services will be served in F-CRN as per the availability of
channels.

Table 1 Notation and symbols used

P ICi Probability of i th channel for being idle

N Ii Number of times i th channel was idle

NTi Number of trials on i th channel

Ni i th number of non-reserved channel

Ri i th number of reserved channel

D-CRN Dynamic CRN

F-CRN Fixed CRN

PU1 Primary new user

PU2 Primary handoff user

BWmin
SUi

Minimum required bandwidth for type i secondary user

BWmax
SUi

Maximum bandwidth for type i secondary user

RRSsize Remaining required service (in size)

T RSsize Total required service (in size)

The proposed model, for channel allocation, uses the cog-
nitive radio-based dynamic channel aggregation and channel
fragmentation techniques. It also uses the probabilistic chan-
nel selection to minimize the handover, especially for low
priority services i.e., secondary services.

3.1 Notation and symbols

Table 1 lists the notation and symbols used in this work.

3.2 Probability-based channel selection for
spectrum handover

Cognitive users need to perform spectrum handover in order
to release the channel for serving the primary users. In this
work, we have applied a probabilistic approach [26] to select
the best-suited channel for performing the handover opera-
tion. For this, the probability of being a channel idle at a time
has been calculated as given in Eq. (1). This indicates that the
channel will be free at the time of performing the handover.

P ICi =
{
N Ii
NTi

,∀ i ∈ (1, N )

}
(1)

where N Ii is determined as in equation (2). NTi is the number
of trials on i th channel to check whether the channel is idle
or not.

N Ii =
{
N Ii = N Ii + 1, if channel is idle
N Ii = N Ii , if channel is busy

∀ i ∈ (1, N )

(2)

Equation (1) calculates the probability of a particular
channel being idle, that can be used to serve a new or han-
dover request. Equation (2) is used to count on how many
times a channel i is idle out of NTi trials. For example, if a
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channel is accessed 5 times out of which 3 times it is found
idle, then N Ii and NTi will be 3 and 5 respectively.

3.3 Spectrum allocation scenario

Cognitive Radio Network (CRN) based centralized architec-
ture is comprised of two types of networks; Primary Network
(PN) and Secondary Network (SN) [3]. Two types of users
have been assumed in the network; Primary users (PU) and
Secondary Users (SU). Primary users are further categorized
into Primary new users and Primary handoff users. Among
all, Primary handoff users are considered as the highest
priority users. In the proposed work, the entire radio spec-
trum allocated to the network is divided into two parts (i)
Aggregation-based non-reserved dynamic bandwidth, and
(ii) Reserved fixed bandwidth. Reserved fixed bandwidth
channels preferably will be allocated to the primary users
and also to the interrupted or suspended services from D-
CRN secondary services as per the availability. In Fig. 1, it is
shown that PN is running on M ∈ Z+ channels, where Z+ is
the set of positive integers. M channels are comprised of Non
reserved as well as Reserved channels as shown in Eq. (3).

M = L + R (3)

where L ∈ Z+ represents the number of non-reserved chan-
nels, not necessarily of equal bandwidth and may vary as
per the aggregation and split of the channels. R ∈ Z+ is the
number of equal capacity reserved channels.

3.4 The systemmodel

The proposed model considers four priority levels of the ser-
vices for four types of users (PU1, PU2, SU1, and SU2),
modeled as a continuous-time Markov-chain in F-CRN
and D-CRN . Users’ arrival follows a Poisson distribution
with the rates as λPU1 , λPU2 , λSU1 , and λSU2 and Ser-
vice time follows an exponential distribution with the rates
μPU1 , μPU2 , μSU1 , andμSU2 for the users PU1, PU2, SU1,

and SU2 respectively.
In the model, PU1 and PU2 can access the entire cogni-

tive radio network spectrum of which PU1 has priority over
PU2 i.e. during the shortage of free channels PU2 may be

preempted to facilitate PU1. SU1 and SU2 will be served in
D-CRN by applying the best possible channel aggregation
and fragmentations approach. In case arrival rates of SU1

and SU2 are too high and cannot be served in D-CRN then as
per the availability of channels in F-CRN , it may be served
there also.

Dynamic splitting and aggregation of channels are shown
in Fig. 4. It is obvious that allocation of higher bandwidth
to non-real-time services will minimize the service time i.e.
will increase the throughput. There is no bandwidth con-
straint for primary and secondary services over each other
i.e. primary users’ bandwidth can be greater or less than sec-
ondary users’ bandwidth and vice-versa. Service duration
of secondary user’s may vary as per the allocated channel
bandwidth after the aggregation. If larger bandwidth is allo-
cated, service duration will be reduced and vice-versa. In this
work, BWPU1 , BWPU2 , BW

min
SU1

to BWmax
SU1

and BWmin
SU2

to
BWmax

SU2
refers to the bandwidth for each category of users

PU1, PU2, SU1, and SU2 respectively. Where BWmin
SU1

to
BWmax

SU1
indicates the allocation bandwidth range to SU1,

and similarly for SU2.
In the model, primary users PU1 and PU2 can access the

entire CRN (F-CRN+D-CRN ) spectrum. Preferably, they
will access F-CRN in case of a normal traffic load. SU1 and
SU2 will access D-CRN , in which the number of channels
may vary as per the aggregation and fragmentation of the
radio spectrum. States of all four types of services can be
represented as a 4-tuple (i, j, k, l) where i, j, k and l are the
number of active PU1s, PU2s, SU1s and SU2s respectively.
Its possible state space can be represented as shown inEq. (4).

� =
{
(i, j, k, l)

∣∣∣C1, C2, C3, C4, where η ≤ T RS
}

(4)

Where

C1 = 0 ≤ i ≤
⌊

T RS

BWPU1

⌋
,

C2 = 0 ≤ j ≤
⌊

T RS

BWPU2

⌋
,

C3 = 0 ≤ k ≤
⌊
T RS − F-CRN

BWSU1

⌋
,

Fig. 1 Non-reserved dynamic and reserved fixed band channel
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C4 = 0 ≤ l ≤
⌊
T RS − F-CRN

BWSU2

⌋
,

η = (i × BWPU1) + ( j × BWPU2) + (k × BWSU1)

+(l × BWSU2)

T RS = F-CRN + D-CRN

In case of high traffic in the network, the bandwidth to SU1

and SU2 will be allocated as shown in Eq. (5) i.e. minimum
required bandwidth will be allocated.

BW SU1
SU2

(i, j, k, l)

=

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

min

{
BWmax

SU1
SU2

,max

{
BWmin

SU1
SU2

, χ

}}
,

i f 0 ≤ (i × BWPU1) + ( j × BWPU2) ≤ ϕ)

0, otherwise

(5)

where χ = T RS−F-CRN−(i−x)×BWPU1−( j−y)×BWPU2
k+l and

ϕ = (T RS − max
{
BWmin

SU1
, BWmin

SU2

}

x × BWPU1 + y × BWPU2 ≤ F-CRN (6)

where x and y are the numbers of active PU1 and PU2 in
F-CRN . If the system state indicates (i, j, k, l) as the num-
ber of requests in the system, then the idle bandwidth can be
calculated as shown in Eq. (7).

idle = T RS − (i × BWPU1) − ( j × BWPU2)

− (k × BWSU1(i, j, k, l))

− (l × BWSU2(i, j, k, l)) (7)

3.5 Free channel update

Channel status will be updated from busy to free state when
RRSsize ≤ 0 and RRStime = 0, and the free channel will be
returned to F-CRN or D-CRN .

RRSsize = T RSsize − BW SU1
SU2

× time (8)

RRStime = T RStime − time (9)

Equation (8) is used to calculate the remaining required data
size for non-real-time services, and Eq. (9) gives the required
time to complete the real-time services. After completing the
services, channels will be returned into the respective free
channels pool.

3.6 The flowchart

The flowcharts of the primary and secondary users’ arrivals,
proposed in the model, are shown in Figs. 2 and 3 respec-
tively.

Fig. 2 Channel allocation on a PU arrival

3.6.1 PU arrivals

The arrival of primary users’ is possible in two categories;
primary new users and primary handoff users. Among them,
primary handoff users will have more priority. Both; pri-
mary handoff and primary new users can use the channels in
D-CRN as well as in F-CRN . The flowchart of the activi-
ties, on the primary users’ arrival, is shown in Fig. 2

3.6.2 SU arrivals

The channel allocation activities, on the arrival of secondary
users, are shown in Fig. 3.

123



448 S. K. Singh et al.

Fig. 3 Channel allocation on SU arrival

3.6.3 Channel fragmentation and aggregation

Channel aggregation follow the concept of buddy memory
management algorithm which considers the aggregation of
the same fragment of the channels where from the split took
place earlier. The aggregation concept helps the system to
provide a better QoS especially when traffic is low. In the
buddy algorithm [27], the split takes place in equal fragments
but in the proposedmodel split is done as per the requirement.
The aggregation concept is same as in the buddy algorithm
[27, 28]. The entire aggregation process is shown in Fig. 4.

3.6.4 Channel selection for handover

To minimize the PU1 handover, on the arrival of PU2, we
have applied the probabilistic channel selection if more than
one channels are available. A channel with high probability
value indicates that itwill remain idle for a longperiod of time
whereas channel with low probability has higher chances to
be occupied soon. Therefore, for handover, channelwith high
probability will serve better as it will minimize the chances
of repeated handover. The probabilities, of the channels, are
calculated using Eqs. (1) and (2) respectively.

Fig. 4 Heterogeneous fragmentation of channels

3.7 The algorithm

The algorithm for the channel allocation, based on the
concept of aggregation and channel splitting, is given as
Algorithms 1, 2, and 3.

Algorithm 1 Channel Allocation using Aggregation and
Splitting
Require: Enter the Mean Arrival rate of PU1, PU2, SU1, and SU2.

Initialize BWmin and BWmax for each
request of PU1, PU2, SU1, and SU2.
Initialize the number of channels for F-CRN .
Initialize the bandwidth for D-CRN
Enter the MaxIT R for taking the observation.

Ensure: Average blocking of PU1 and SU1
Average dropping of PU2 and SU2

1: if F-CRNchannels > 0 and PU1requests > 0 then
2: if F-CRNchannels > PU1requests then
3: Allocate the channel to all the PU1 requests
4: Update the F-CRN free channels
5: Update PU1 requests=0
6: else
7: Allocate the channels to PU1 requests as per
8: Update the PU1 unserved requests
9: Update F-CRN free channels=0
10: end if
11: end if
12: Similarly steps 1 to 11 executes for channel allocation to PU2

requests.
13: if any one of PU1 and PU2 requests are unserved then
14: if D-CRNBW > 0 then
15: Split the channel from D-CRNBW as per BWmax require-

ments for PU1 and PU2.
16: Update the D-CRNBW by removing the allocated part.
17: Repeat step 13 till all the PU1 and PU2 requests are served.
18: else
19: Block the PU1 requests.
20: Drop the PU2 requests.
21: end if
22: end if
23: � Go to the Algorithm 2 to allocate the channels to SU1 and SU2
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Algorithm 2 Channel Allocation to SU1 and SU2

1: if SU1requests > 0 and D-CRNBW > 0 then
2: Split the channel BWmin and allocate the channel to SU1

requests.
3: Update the D-CRNBW by removing the allocated part.
4: Repeat step 1 to 5 until all the SU1 requests are served.
5: end if
6: if SU2requests > 0 and D-CRNBW > 0 then
7: Allocate the maximum required BW if it is available.
8: end if
9: if D-CRNBW > BWmax required for SU2 then
10: Split the channel BWmax and allocate the channel to SU2.
11: Update the D-CRNBW by removing the allocated part.
12: Repeat step 9 to 13 until the condition is true.
13: else if D-CRNBW < BWmax and D-CRNBW > BWmin then
14: Allocate the entire D-CRNBW to SU2.
15: else
16: Allocate the entire D-CRNBW to SU2.
17: Update D-CRNBW ← 0
18: end if
19: if SU1 and SU2 requests are still unserved then allocate the channel

in F-CRN as per channel availability.
20: Drop the SU1 requests.
21: Block the SU2 requests.
22: Go toAlgorithm 3 to update the free channel information andmerge

the D-CRN free channels.

Algorithm 3 Update the F-CRN free channels and
D-CRNBW
1: if channel tag = 0 and (RRSsize ≤ 0) OR (RRStime ≤ 0) then
2: Return the channel into F-CRN free channel list.
3: end if
4: if channel tag = 1 and (RRSsize ≤ 0) OR (RRStime ≤ 0) then
5: Merge the released BW = (BWmin OR BWmax OR

BW )channel into D-CRNBW .
6: D-CRNBW = D-CRNBW + BW
7: end if
8: Update the channel status using equation 8 and 9.

� Channel have two tags: tag → 0 indicates that
service is running on F-CRN channel and tag →
1 indicates that service is on D-CRN channel.

In Algorithm 1, the initial steps are for the initialization
of input parameters. Steps 1–11 are the channel allocation
process for PU1 and PU2 in F-CRN . Unserved PU1 and
PU2 requests will be served in D-CRN by performing the
channel split, which is stated in steps 13–22. The output, in
terms of primary blocked and dropped requests, is depicted
in steps 19 and 20.

Algorithm 2 depicts the channel allocation process for
SU1 and SU2. In this, step 1 to 5 shows the channel allo-
cation to SU1 if the free channel is available otherwise it
will split the channel as per the possibility of min and max
bandwidth requirement for the channel allocation. Steps 6 to
19 indicate the channel allocation to SU2 along with updat-
ing the bandwidth status. Storing the blocked and dropped
information of secondary services are done in steps 21 and
22.

Algorithm 3 is for updating the free channel information
with the help of tag→ 0 and tag → 1 that are used for iden-
tifying the real and non-real-time services.

4 Performance analysis

To analyze the performance of the proposed model, simula-
tion is done bywriting the program inMatlab.Heterogeneous
services, i.e. real-time and non-real-time services, are con-
sidered that are used by primary and cognitive users. Primary
services are of two types; new services and handoff services.
Similarly, non-real-time services are also categorized into
new and handoff services. Radio spectrum is categorized into
two categories; fixed band spectrum and dynamic band spec-
trum. In fixed band, the channel is fixed with its specified
bandwidth while in the dynamic band, entire dynamic band
is treated as one channel initially and dynamic split takes
place as per the requirement of the bandwidth and the avail-
ability of the radio spectrum. Aggregation takes place as per
the availability of different free slots.

4.1 Experiment 1

In this experiment, it is assumed that the mean arrival rate of
all four types of services PU1, PU2, SU1 and SU2 are quite
high i.e. 5 for each. Bandwidth for fixed channels is in the
range of 250–300 Kb and dynamic spectrum is allocated as
a whole to serve the requests. It splits and merges as per the
requirement. In the experiment, fixed channels and dynamic
bandwidth for each types of users (shown in tuple) are as
follows: < 20, 4096 >, < 30, 8192 >, < 40, 16384 >, <

50, 32768 >, and < 60, 65536 >. Experiments are repeated
for 5000 times and average results are shown in Fig. 5.

From Fig. 5 it is observed that even at high mean arrival
rate, requests are being served quite effectively i.e. almost
none are blocked when fixed channels and dynamic fre-
quency band is < 40, 16384 >.

Figure6 shows that primary handoff requests are also
being served quite effectively using the dynamic channel
aggregation concept.

Figures 7 and 8 show that though the block and drop rate of
secondary services are bit high, it is reduced effectively after
increasing the fixed and dynamic channels and eventually
becomes negligible.

Thus, it can be concluded that even with high mean arrival
rate of requests, the proposedmodel serves the requests effec-
tively using the concept of dynamic split and aggregation for
CRN.
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Fig. 5 Average primary blocked
requests with mean arrival rate
05

Fig. 6 Average primary
dropped requests with mean
arrival rate 05

Fig. 7 Average secondary
blocked requests with mean
Arrival rate 05

4.2 Experiment 2

This experiment is conducted for the performance study of
the secondary services by reducing the traffic of primary ser-
vices. In this experiment, themean arrival rate of primary new
and primary handoff is kept low i.e. 2 for each. Secondary

services rate are kept quite high i.e. secondary handoff and
secondary new services are 5 each. Thefixed number of chan-
nels considered is 20. D-CRN channel is varied from 10,000
to 50,000 Kb.
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Fig. 8 Average secondary
dropped requests with mean
arrival rate 05

Fig. 9 Average secondary
blocked requests on increasing
D-CRN bandwidth

Fig. 10 Average secondary
dropped requests on increasing
D-CRN bandwidth

Figure9 reflects that on increasing the D-CRNBW ,
the average blocking of the requests is reduced. When
D-CRNBW is 50000 Kb, the average blocking is quite low.

Figure10 shows that the average drop rate is almost neg-
ligible even when there is no increase in F-CRN channels.
Therefore, one can conclude that on comparatively high

D-CRNBW , there is no need to increase the number of
F-CRN channels and it will serve the requests effectively
using the concept of channel fragmentation and aggregation.
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Fig. 11 Average primary
blocked and dropped requests
on increasing F-CRN channels

Fig. 12 Average secondary
blocked and dropped requests
on increasing F-CRN channels

4.3 Experiment 3

This set of experiments are conducted to observe the aver-
age blocked and dropped requests by changing the F-CRN
while keeping D-CRN the same. The input parameters for
the experiment are as follows; mean arrival rate of PU1 and
PU2 are 5 and 4 respectively while mean arrival rate of SU1

and SU2 are comparatively low to 3 and 2 respectively. Band-
width for D-CRN (in Kb) is 10240 and channels in F-CRN
are varied from 20, 40, 60, 80, and 100. Average results
of 1000 iterations are considered. In this experiment, it is
assumed that PU1 and PU2 can share D-CRN bandwidth
as per the requirement but SU1 and SU2 will not share the
F-CRN channels.

Observation, from Fig. 11, shows that on increasing the
number of channels in F-CRN , average primary blocked
and dropped requests are reduced significantly. Also, when

the number of F-CRN channels are 100, primary blocked
and dropped requests are almost negligible.

From Fig. 12, it can be observed that with the increase
in the number of channels in F-CRN , average secondary
blocked and dropped requests are being reduced significantly
evenwhen SU1 and SU2 requests are not sharing the F-CRN
channels. It inferes that with comparatively high number of
channels in F-CRN , PU1 and PU2 requests negligibly share
D-CRN channels and D-CRN bandwidth is able to serve
almost all SU1 and SU2 requests. Figure 12 depicts that
with 100 number of channels, average secondary blocked
and dropped requests are almost negligible.

4.4 Comparative analysis

Acomparative studywith themodel in [5] by Falcao et al. has
been done to show the effectiveness of the proposed model

123



A hybrid dynamic aggregation and fragmentation cognitive channel allocation model for mobile… 453

Fig. 13 Blocking probability of
SU1 on varying primary users
arrival rate

Fig. 14 Blocking probability of
SU2 on varying primary users
arrival rate

in terms of blocking probability of SU1 and SU2 services.
To perform the comparative study, PU1 and PU2 are col-
lectively considered as PU of the model in [5] which does
not distinguish PU1 and PU2. Therefore, mean arrival rate is
mapped as λPU1 +λPU1 = λPU . The input parameter, for the
experiment, are as follows. Mean arrival rate of secondary
users are λSU1 = 1 and λSU2 = 1. Number of F-CRN
channels is 4 and D-CRN bandwidth is considered to per-
form channel aggregation and fragmentation dynamically.
The observation is taken for 1000 iterations on varying λPU

as 1, 2, 3, and 4.
Figure13 shows the comparison of blocking probabilities

of SU1 of the proposedmodel and the Falcaomodel [5]. It can
be observed that when the primary arrival rate λPU1 is low
then Falcao model performs better but with the increase in
the primary user’s arrival rate, the proposed model performs
better and gives lower probability for SU1 users.

Figure14 exhibits the comparison of blocking probability
of SU2 with the Falcao model. It can be observed that on low

arrival rate of primary users, Falcao model performs good
but with the increase in the arrival rate of primary users, the
blocking probability of the proposed model is significantly
lower than the Falcao model.

Observations from Figs. 13 and 14 are derived as follows.
With the increase in the mean arrival rate of primary users,
blocking probabilities of the proposed model for both SU1

and SU2 are lower than the Falcao model.

5 Conclusion

This work proposes a CR-enabled channel aggregation and
fragmentation-based model to serve the bandwidth require-
ment of the services. In the model, four types of services
are considered as primary new, primary handoff, secondary
new, and secondary handoff. Primary services are served
in F-CRN on a priority basis considering their bandwidth
requirement. Secondary services are served by applying
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channel split and channel aggregation. Probabilistic channel
handover is applied to minimize the multistage handoff.

Experimental evaluation indicates that F-CRN and
D-CRN networks are collectively able to minimize the call
block and call drop effectively. It also provides a better quality
of service because channels are allocated as per the band-
width requirement. Further, it is observed that on varying the
D-CRN bandwidth, secondary new and secondary hand-
off requests are being served well. Furthermore, with good
number of F-CRN channels, D-CRN can serve all the sec-
ondary services by performing the channel split and channel
aggregation only.

A comparative study on varying mean arrival rate of
primary services has been done to observe the impact on
secondary services wherein it has been observed that the
proposed model effectively serves both kind of secondary
services (SU1 and SU2). Thus, blocking probability is mini-
mized for both types of secondary services. The low blocking
probability, in comparison to a recent model, signifies the
importance of the proposed model. The proposed model has
high possibility to be used for 5G and 6G services in order, to
satisfy the rising demand of the radio spectrum and improve
the quality of service.
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