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Transient Analysis of Interrupted Secondary
Users With the Provision of Finite Buffer
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Abstract: This paper investigates the provision of buffer
mechanism impact for interrupted secondary users using
analytical finite time dependent queuing model. The main
focus of the research area in Cognitive Radio
Networks(CRN) is the spectrum access management of the
secondary users along with interrupted secondary users,
because the secondary users play key role for getting
maximum revenue of service providers with opportunistic
spectrum access. During the transmission period of
secondary users, the handoffs occurred due to primary user
arrivals when all channels are busy. The primary users
arrival rate, the state of all channels busy are fluctuated
from time to time. In this paper, to resolve these timely
varying problems with a two fold. (i) provision of buffer for
the interrupted secondary users (ii) transition analysis is
carried out to identify transition behavior of interrupted
secondary users. For achieving these objectives, the CRN
transmission process modeled as multi channel with finite
buffer queueing model and differential equations are
derived. Important performance metrics are evaluated
based on these derived equations and numerical
illustration is carried out. The analytical results presented
as tables and graphs and conclusions are drawn.

Index Terms: Cognitive radio networks, M/M/C/K, queue
length, throughput, blocking probability

I. INTRODUCTION

The usage of wireless devices is exponentially
increasing with the evolution of Cognitive Radio technology.
This CR technology focuses on sensing and sharing the white
spaces of the spectrum with intelligence by developing a new
type of network called as Cognitive Radio Networks. By The
white spaces and related Statistics of spectrum utilization
showing that poor utilization of the spectrum is taking place
even the demand is increasing. To minimize the white space
and effective usage of the spectrum, so many paradigms are
evolved like overlay, interweaving and underlay. For
effective usage of the spectrum, the interweaving paradigm is
adapted where each user is given an opportunity to best
utilize the complete resources whenever the spectrum seems
to have a white space.
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The Primary Users (PU) or licensed users will be given
high priority for reserving and use of the spectrum and when
an underutilization takes place, the secondary or unlicensed
users (SU) will be given an opportunity for using the
spectrum resources under the supervision of a service
provider (SP). The secondary users are allowed to utilize all
the resources completely and effectively like a primary user
whenever a channel is free. The main research area is to fully
utilize the limited spectrum with effectively and share the
spectrum among the secondary users coexists in this
spectrum band.

In this interweaving scenario, the secondary users in
service will be interrupted by the primary users when no
other channels are free. Interweaving paradigm is showing a
great concern of providing service in effective manner but the
problem can be expected is the interruptions to secondary
users in utilization because of the arrivals of primary users
when the channels are busy. To handle the issue of
interrupted users, buffers can be used to temporarily hold
them for resuming the services to interrupted secondary users
until the channels become free. In this paper, a comparative
study of service provision to secondary users with and
without buffers is carried. There are several authors
addressing this issue and proposed models with queuing and
without queuing.

The categorization of users is not done and is considered
only with finite population is studied with continuous
Markov chain(CTMC) [1] is the basis for considering the
performance parameters. The M/M/1 model proposed in [2]
is not considered for this problem even it provides the access
based on priorities as C channels are assumed in this paper.
Buffer related issues are considered for service rate
improvement for secondary users is discussed in [3] but is
implemented with forced policies. The effective usage of
buffers is not clearly explained with analytical model [4].

Admission control policies of secondary users is discussed
but with Dynamic Programming instead of M/M/C/K Model
[5]. The prior decision to join in the service or not is
considered in [6] but not discussed the issues of usage of
buffers for interrupted services. Even the parameter
throughput [7] is considered for large population of
secondary users, but no clear explanation and usage with
M/M/C/K model is available. Queuing analysis is carried
with low and high priority queues [8] but is limited to
underlay networks which is not effective in spectrum
utilization compared with interweaving paradigm. Quality of
service related issues with primary and secondary user delays
[9] is useful but not effective with M/D/1 model. Feedback
based analysis over access
control mechanism is also
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useful [10] but not available with M/M/C/K model.

Most of the research works are not covered the
interweaving paradigm with limited buffer constraint and
they are considered the deterministic services. To fulfill this
gap, the study is carried out. The paper objectives are as
follows:

e To provide an analytical model for interrupted
secondary users with buffer mechanism using
M/M/C/K where K is buffer capacity and C is no. of
channels.

e To derive differential equations for finding
performance metrics like queue length, waiting
time and delays of users

o Finally, numerical illustration is carried out for
multiple channels with finite buffer size and draw
conclusions

The remaining paper is organized as follows. In
Section 2, the relevant literature is presented precisely. The
mathematical model covering generalized equations with all
possible cases and the transitional state diagram are
explained in Section 3. The numerical analysis provided in
Section 4. Finally, results and conclusions are given in
Section 5.

Il. LITERATURE SURVEY

Cognitive Radio Networks (CRN) deals with the
Spectrum efficient usage issues in the real world. The
buffering and switching scheme for admission control were
discussed [13] for opportunistic usage of the spectrum but
with multi-dimensional Markov chain model. Priority
Queueing issues are introduced with [11] but it is limited to
Underlay Cognitivie Networks. The Priority Queueing
Analysis for quality improvement [12] is carried but limited
to Markov chains. Multi-channel Cognitive Radio Networks
— modeling , analysis and synthesis [15] with a mixed
strategy with CTMC unable to cover opportunistic access
issues clearly. Spectrum sharing with buffering in Cognitive
Radio Networks[14] is modeled but unable to clearly explain
with the designed model. To derive the parameters
Throughput and Delay [16] , the cooperative access issues are
discussed but unable to cover the handoff mechanisms in
detail. The opportunistic access optimization with primary
queue stability constraint mechanism with feedback option
[17] is discussed but not focused on buffering mechanisms
for secondary users.

I11. INTERRUPTED SECONDARY USERS BUFFER QUEUING
MoDEL (ISUBQM)

Different authors proposed and analyzed Cognitive
Radio Networks with M/D/1 and other queuing models for
obtaining the optimum spectrum usage by both types of users.
But many of them have not considered the idea of creating a
buffer for interrupted secondary users. In this work, an
attempt has been made to analyze the CRN with a dedicated
buffer for the interrupted secondary users.

To evaluate the dynamic behavior of the CRN with
buffer mechanism, the M/M/C/K queuing model is proposed
and analyzed for the different performance metrics with two
channels supported by one buffer for the interrupted
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secondary users. The two channels option is considered to
minimize the complexity of the problem. This model covers
the users population containing both types of users: Primary
and Secondary who are in need of Service. The generalized
CRN with C channels and K buffers is depicted in the
following figurel.

Extt formtermupted
secondary users whenno
bufferavaiable
USERS CROWD
Secondary users
Primary users
9
Interupted
112]3]4 C .
| ‘ | ‘ | | | service for

Resumption of service for
secondary users

Figure 1: CRN with C channels and K buffers for Interrupted
Secondary Users
Assumptions:

e Both primary and secondary users arrival rate follow
Poisson distribution.

e Both users service time follow exponential distribution
with same service rate.

e High priority is given to Primary Users.

e Upon arrival of Primary user, if all channels are
occupied by both users, then the Secondary user has to
vacate channel and has to wait in the buffer.

e When any channel becomes available, interrupted
secondary user may resume the service.

e The number of channels C is equivalent to buffer size k
because this analytical study restricted to interrupted
secondary users utilize the buffer when the primary user
arrives and all channels are occupied. At any time , the
number of interrupted secondary users will not exceed
the no. of channels. So, the buffer size is limited to
channel size for efficient memory utilization.

Notations:

Ay oo Primary user arrival rate
A o Secondary user arrival rate

K :- Service rate
n :- Number of channels reserved for providing service
k :- Buffer size

np : - Number of channels occupied by primary users

ns : - Number of channels occupied by secondary users

L :- Average length of the Queue

Wp : - Waiting time of primary users

Ws : - Waiting time of secondary users

Pl :- Expected primary user loss

Sl ;- Expected Secondary user loss

T :-Throughput of the
System

Stput - - Throughput of
Secondary Users
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Throughput of Primary Users

The state diagram, Figure2 was shown with two
parts . Figure 2.(a) and Figure 2.(b) are drawn showing the
all possibilities of state changes with the arrivals and
departures of both primary and secondary users. Figure 2.(a)
covers the case of no requirement of usage of buffer for any
user as the available channels are sufficient to avail service.
State diagram 2.(b) covers the scenario of occupying buffer
by secondary user satisfying the constraints. The buffer usage
is restricted to interrupted secondary users only. The buffer
size is maintained as k=n.
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Figure 2: State transition diagram for channels c=n and
buffer size k=n

Let P np, ns, k be the probability of occurrence of a state
where np represents the no. of channels in use by primary
users and ns represents the no. of channels in use by
secondary users and k represents the buffer occupied by no. of
interrupted secondary users for waiting the resumption of
service.

The differential difference equations for all possible cases
considered for availing the service are

Case 1: When all channels are free,
p;.‘_D_D(t;] = -} +)'pjpn_n,n(t;] + HPLn,n(t;] + HPD_LD&J
- (2)

Case 2: When channels are occupied by primary users only
and vacant channels are available,

i.e. 1<=np<n, ns=0, k=0

p::p,D,U(t] = _(‘15 + ‘111 1 u]png,DJD(t) + A'ppnp-l,ﬂl,ﬂl[t) + .upngﬂﬂ,ﬂ(t] + F'png,l,D (t)

~@2)

Case 3: When all channels are occupied by primary users, i.e.
np =n, ns=0, k=0
Pro0(t) = —(W)Pno0(t) + A,0p10,0(t) - (3)

Case 4: When channels are occupied by secondary users only
and vacant channels are still available,

i.e. 1<=ne<n, n,=0, k=0
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_(As + A’p u u)p[!l,ns,ﬂl [0 + j’sp[ll,ns—lﬂ(t] u F'pl,ns,ﬂlw + #Pu,mm(f)
- (4)

Case 5: When channels are occupied by both primary and

secondary users and some channels are still vacant, i.e. 1<=

np +Ns<n, n, >0, n>0, k=0

pnp 13, D( ) (A H“ +u)pup nsﬂl( ) +‘13png ne- 10( ] +”pnp+l.nsﬂl( ) +-upng ns+10( ] t

Appn'p- 1nsl (t)

p[;,ns,[) (t) =

-~ (5)
Case 6: When all channels are occupied by both primary and
secondary users & buffer is empty,
i.e. 1 <=ng<=n-1, 1<=n, <= n-n,, k=0

pnpm D( J (A +H)pnp nsﬂl( J +‘lspng ne- LU( J +Agpnp -1nsl ( J+-upnp+1ns 11( J
+.upn'p,ul( ]
- - (6)

Case 7: When all channels are occupied by both users and
buffer is partially filled with secondary users,
i.e. Ny +ns=n where 1<=n,, ny<n & 1<=k < n,

p;:p,ns,k (tJ = _(‘lp t ujpnp,ns,k (tJ +"lppnp—l.ns'+1,k—1 (tJ + J["pnp+1,ns—1,k+1(ﬂ
+ -U’pnp,ns,k+1 (tj T (7)

Case 8: When all channels are occupied by secondary users
and the buffer is empty,

_[A"p + u)pl},mﬂ'(t:] +ASPD,M—LD&] + -u’pl,n—l.l(tj
0

Pomalt) =

Case 9: When all channels are occupied by primary users
and the buffer is partially/completely occupied,

i.e. np=n, k< =n,
Proi(t) = —(WPpox(t) + App_g1p-1(8) (9
Case 10: When all channels are occupied by both users and
the buffer is occupied as k=n,,

i.e. np +ns=n where 1<=n,, ns<n & k = n,

_(‘1;: + u]pn'p,m,np (tJ + A’ppnp—l.nﬁl,np-l (tJ + F'pnp +1,ns-1,np+1(tJ
- (10)

prfzp,nmp (tJ =

IV. PERFORMANCE ANALYSIS

In this section various performance metrics: Expected
Queuing Delay, Throughput, Average Response Time and
Packet Dropping Probability for both the users are presented
based on the model explained above.

a. Queue Length (L) :

Depending on inter-arrival times of between inputs and
Processor 's processing time, the length of time an input
waits in Buffer can vary widely. Thus the number of waiting
inputs (queue size) can be a random number.
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The Queue Length is defined for ISUBQM based on

n n-i n N
L=y Y Y(it+j+k)Px Xyz
i=0 j=0 k=0

b. Waiting Time (W) :
The time taken by the users to wait in buffer to utilize the
channel service is called waiting time.

W=L /)L where Aptis
C. Blocking Probability of Primary User (Pjoss) :

When primary user arrives, the secondary user if any in
service will be interrupted for providing service to primary
user. When all the channels are occupied by primary users,
the new primary user will not be given service and this
situation will give the blocking probability of primary user.
It can be shown as

n
Pross = (/)" /nt ) / (X ((elwy 1)
i=0

d. Blocking Probability of Secondary User (Sioss -

When the secondary users are not given to utilize the
channel service when all the channels are occupied , the
blocking probability is given as

n
Stoss = ((A=/)" /! ) / (X ((Rs/w)' /1)
i=0

€. Throughput

Throughput is the maximum rate of production or the
maximum rate at which something can be processed. When

A=Ap+is is considered as the arrivals of users, the final
throughput can be considered as

T = Ap- Ap*{Total probability of primary users unable to get
the service} + &; - A;*{Total probability of secondary users
unable to get the service}

Numerical Ilustration:

In this section, using MAT Lab, the performance
metrics are evaluated as presented in the above section for
various values of A.2;.u, n and k=n. The numerical
illustrations are carried out in two scenarios, they are
time-dependent performance metrics and time independent
performance metrics i.e. both users’ loss probabilities.

Case-1: Time-Dependent Performance Metrics:

A5 values are raised from 0.4 to 0.6 for different values of
4; ranging from 0.4 to 0.7 are taken for calculating time
dependent performance metrics. Different cases of varying
the number of channels is shown. For all these calculations,
the u value is taken as 1.2 to 1.4.

Calculations of Queue Length-L(t), Waiting Time-W(t)
and Secondary user Throughput T(t) for different values of
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secondary users’ arrivals As with number of channels, n
varying from 2 to 4 when % is ranging from 0.4 to 0.6. is

shown at the service rate p=1.3 in the following tables.
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Table 1: Results of performance parameters L, W and T at different values of Time 't' when Ap= 0.4 and p=1.3

As
Time 0.1 0.2 0.3 0.4 0.5
n=2 L(t) 0.078246 0.143818 0.199467 0.24723 0.288634
W(t) 0.097807 0.179772 0.249334 0.309038 0.360793
T(t) 0.399495 0.397386 0.394328 0.390759 0.38697
n=3 L(t) 0.079086 0.148282 0.209442 0.264013 0.313139
W(t) 0.098857 0.185353 0.261802 0.330016 0.391424
T(t) 0.4 0.399934 0.399722 0.399336 0.39878
n=4 L(t) 0.079086 0.14856 0.210655 0.267006 0.318829
W(t) 0.098857 0.1857 0.263319 0.333757 0.398536
0.4 T(t) 0.4 0.399999 0.399992 0.399967 0.399916
Time 0.1 0.2 0.3 0.4 0.5
n=2 L(t) 0.087838 0.161187 0.223294 0.276535 0.322668
W(t) 0.097598 0.179096 0.248105 0.307262 0.35852
T(t) 0.499197 0.495873 0.491104 0.485593 0.479792
n=3 L(t) 0.088878 0.166671 0.235471 0.296918 0.352306
W(t) 0.098753 0.18519 0.261634 0.329909 0.391452
T(t) 0.5 0.499883 0.499508 0.498834 0.497869
n=4 L(t) 0.088878 0.167057 0.237144 0.301013 0.360034
W(t) 0.098753 0.185619 0.263494 0.334458 0.400038
0.5 T(t) 0.5 0.499999 0.499983 0.499934 0.499835
Time 0.1 0.2 0.3 0.4 0.5
n=2 L(t) 0.097434 0.178575 0.247167 0.305916 0.356806
W(t) 0.097434 0.178575 0.247167 0.305916 0.356806
T(t) 0.598799 0.593872 0.586876 0.578871 0.57052
n=3 L(t) 0.098672 0.185065 0.261506 0.329823 0.391464
W(t) 0.098672 0.185065 0.261506 0.329823 0.391464
T(t) 0.6 0.599806 0.599189 0.598089 0.596533
n=4 L(t) 0.098672 0.185576 0.263699 0.335147 0.401441
W(t) 0.098672 0.185576 0.263699 0.335147 0.401441
0.6 T(t) 0.6 0.599997 0.599969 0.59988 0.599701
Time 0.1 0.2 0.3 0.4 0.5
n=2 L(t) 0.107034 0.195985 0.271083 0.335359 0.391014
W(t) 0.097304 0.178168 0.24644 0.304871 0.355467
T(t) 0.698285 0.691311 0.681515 0.670416 0.658942
n=3 L(t) 0.108469 0.203468 0.287552 0.362738 0.430624
W(t) 0.098608 0.184971 0.261411 0.329761 0.391476
T(t) 0.7 0.699694 0.698733 0.697037 0.694659
n=4 L(t) 0.108469 0.204119 0.290322 0.36941 0.443042
W(t) 0.098608 0.185563 0.263929 0.335827 0.402765
0.7 T(t) 0.7 0.699996 0.699946 0.699795 0.699492
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Table 2: Results of performance parameters L, W and T at different values of Time 't' when Ap= 0.5 and p=1.3

[As |

Time 0.1 0.2 0.3 0.4 0.5
n=2 L(t) 0.08778814 | 0.16092171 | 0.22269827 | 0.27552105 0.3211642
W(t) 0.09754238 | 0.1788019 | 0.24744252 | 0.3061345 | 0.3568491
T(t) 0.39936763 | 0.39674906 | 0.39299209 | 0.38865161 | 0.3840857
0.4 n=3 | L(t) 0.08887776 | 0.16665396 | 0.23539716 | 0.29673541 | 0.3519566
W(t) 0.09875307 | 0.18517106 | 0.2615524 | 0.32970601 | 0.3910629
T(t) 0.4 | 0.3999087 | 0.39961576 | 0.39908867 | 0.3983357
n=4 | L(t) 0.08887776 | 0.16705679 | 0.23714046 | 0.30099664 | 0.3599923
W(t) 0.09875307 | 0.18561865 | 0.2634894 | 0.33444071 | 0.3999914
T(t) 0.4 | 0.39999894 | 0.39998688 | 0.39994897 | 0.3998716

Time 0.1 0.2 0.3 0.4 0.5
n=2 | L(t) 0.097278 | 0.17793582 | 0.24584827 | 0.30379947 | 0.3538187
W(t) 0.097278 | 0.17793582 | 0.24584827 | 0.30379947 | 0.3538187
T(t) 0.499027 | 0.49503402 | 0.48936444 | 0.48287696 | 0.4761117
n=3 | L(t) 0.09862377 | 0.18495128 | 0.26126876 | 0.32939046 0.390759
0.5 W(t) 0.09862377 | 0.18495128 | 0.26126876 | 0.32939046 0.390759
T(t) 0.5 | 0.49984519 | 0.49935357 | 0.49847762 | 0.4972374
n=4 | L(t) 0.09862377 | 0.18550408 | 0.26363845 | 0.33513343 | 0.4015058
W(t) 0.09862377 | 0.18550408 | 0.26363845 | 0.33513343 | 0.4015058
T(t) 0.5 | 0.49999801 | 0.49997543 | 0.49990521 | 0.4997633

Time 0.1 0.2 0.3 0.4 0.5
n=2 L(t) 0.10677166 | 0.19497345 | 0.26905573 | 0.33217719 0.3866159
W(t) 0.09706514 | 0.17724859 | 0.24459611 | 0.30197926 0.351469
T(t) 0.59858216 | 0.59281586 | 0.58471359 | 0.57553197 0.5660413
n=3 L(t) 0.10837239 | 0.20325204 | 0.28713214 | 0.36201203 0.4294912
0.6 W(t) 0.09852036 | 0.18477458 | 0.26102922 | 0.32910184 0.3904466
T(t) 0.6 | 0.59975271 | 0.59897542 | 0.59760415 0.5956802
n=4 L(t) 0.10837239 | 0.20397474 0.2902015 0.3693888 0.4431927
W(t) 0.09852036 | 0.18543158 | 0.26381954 0.335808 0.4029025
T(t) 0.6 | 0.59999648 | 0.59995705 | 0.59983562 0.5995925

Time 0.1 0.2 0.3 04 0.5
n=2 L(t) 0.11627027 | 0.21203707 | 0.29231891 | 0.36064069 0.4195227
W(t) 0.09689189 | 0.17669756 | 0.24359909 | 0.30053391 0.3496023
T(t) 0.69801723 | 0.69002595 | 0.67891496 0.6664464 0.6536727
0.7 n=3 L(t) 0.11812401 | 0.22155841 | 0.31299284 0.3946105 0.4681697
W(t) 0.09843668 | 0.18463201 | 0.26082737 | 0.32884209 0.3901414
T(t) 0.7 | 0.69962303 | 0.69845036 | 0.69640217 0.6935549
n=4 L(t) 0.11812401 | 0.22247042 | 0.31683126 | 0.40376106 0.4850432
W(t) 0.09843668 | 0.18539202 | 0.26402605 | 0.33646755 0.4042027
T(t) 0.7 | 0.69999412 0.6999289 | 0.69973008 0.6993359
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Table 3: Results of performance parameters L, W and T at different values of Time 't" when Ap= 0.6 and p=1.3

As
Time 0.1 0.2 0.3 04 0.5
n=2 L(t) | 0.09731686 | 0.17795632 | 0.24578124 | 0.30356459 | 0.3533271
W(t) | 0.09731686 | 0.17795632 | 0.24578124 | 0.30356459 | 0.3533271
T(t) | 0.39922269 | 0.39603227 | 0.39150281 | 0.38632289 | 0.3809269
0.4 n=3 L(t) | 0.09867206 | 0.18502133 | 0.26131424 | 0.32935077 | 0.3905623
W(t) | 0.09867206 | 0.18502133 | 0.26131424 | 0.32935077 | 0.3905623
T(t) 0.4 | 0.39987618 | 0.39948296 | 0.39878259 | 0.3977916
n=4 L(t) | 0.09867206 | 0.18557533 | 0.26368789 | 0.33510116 | 0.4013201
W(t) | 0.09867206 | 0.18557533 | 0.26368789 | 0.33510116 | 0.4013201
T(t) 0.4 | 0.39999841 | 0.39998041 | 0.39992443 | 0.3998113
Time 0.1 0.2 0.3 0.4 0.5
n=2 L(t) | 0.10670118 | 0.19460198 | 0.26822596 | 0.33077199 | 0.3845396
W(t) | 0.09700107 | 0.17691089 | 0.24384178 | 0.30070181 | 0.3495814
T(t) | 0.49883609 | 0.49410153 | 0.48744913 | 0.47991359 | 0.4721309
0.5 n=3 L(t) | 0.10837239 | 0.20322257 | 0.28700474 | 0.3616995 | 0.4288974
W(t) | 0.09852036 | 0.18474779 | 0.2609134 | 0.32881772 | 0.3899067
T(t) 0.5 | 0.49979873 | 0.49916608 | 0.49805014 | 0.496485
n=4 L(t) | 0.10837239 | 0.20397407 | 0.29019303 | 0.36935506 | 0.4431053
W(t) | 0.09852036 | 0.18543097 | 0.26381185 | 0.33577733 | 0.402823
T(t) 0.5 | 0.49999715 | 0.49996523 | 0.49986692 | 0.4996701
Time 0.1 0.2 0.3 0.4 0.5
n=2 L(t) 0.11608982 | 0.21127543 | 0.29074071 | 0.35810386 0.415936
W(t) | 0.09674151 | 0.17606286 | 0.24228392 | 0.29841989 | 0.3466134
T(t) 0.59834158 | 0.59165589 | 0.58235935 | 0.57192934 | 0.5612505
06 n=3 L(t) 0.1180758 | 0.22142434 0.3126725 | 0.39398102 | 0.4671039
W(t) 0.0983965 | 0.18452029 | 0.26056042 | 0.32831751 | 0.3892533
T(t) 0.6 | 0.59968948 | 0.59872341 0.597036 | 0.5946905
n=4 L(t) 0.1180758 | 0.22239766 | 0.31676228 | 0.40371641 0.485032
W(t) 0.0983965 | 0.18533138 | 0.26396857 | 0.33643034 | 0.4041933
T(t) 0.6 | 0.59999519 | 0.59994182 | 0.59977911 | 0.5994565
Time 0.1 0.2 0.3 0.4 0.5
n=2 L(t) 0.12548389 | 0.22797901 | 0.31332342 | 0.38554604 | 0.4474826
W(t) | 0.09652607 | 0.17536847 | 0.24101802 | 0.29657387 | 0.3442174
T(t) 0.69772342 | 0.68862813 | 0.67611284 | 0.66220702 | 0.6480941
0.7 n=3 L(t) 0.12778266 | 0.23962881 | 0.33832341 | 0.42620723 | 0.5052021
W(t) | 0.09829435 | 0.18432986 | 0.26024877 | 0.32785172 0.388617
T(t) 0.7 0.69954 | 0.69812362 | 0.69567408 0.6923
n=4 L(t) 0.12778266 | 0.24084767 0.3433968 0.4381822 | 0.5270881
W(t) | 0.09829435 | 0.18526744 | 0.26415138 | 0.33706323 | 0.4054524
T(t) 0.7 | 0.69999225 | 0.69990711 | 0.69965019 | 0.6991456
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Table 4: Results of performance parameters L, W and T at different values of Time 't' when Ap= 0.5 and p=1.2

As

Time 0.1 0.2 0.3 0.4 0.5
n=2 L(t) 0.0878647 | 0.16206065 | 0.22550921 | 0.2803724 | 0.3282693
W(t) | 0.09762745 | 0.18006738 | 0.25056579 | 0.31152488 | 0.3647437
T(t) | 0.39936128 | 0.39669161 | 0.39281823 | 0.38829446 | 0.3834859
n=3 L(t) 0.08890121 | 0.16754759 | 0.23773469 | 0.3009043 | 0.3582173
0.4 W(t) | 0.09877912 | 0.18616399 | 0.26414966 | 0.33433811 | 0.3980192
T(t) 0.4 | 0.39990683 | 0.39960459 | 0.39905479 | 0.3982611
n=4 L(t) 0.08890121 | 0.16793221 | 0.23940795 | 0.30501362 | 0.3659992
W(t) | 0.09877912 | 0.18659134 | 0.26600884 | 0.33890403 | 0.4066658
T(t) 0.4 | 0.39999892 | 0.39998651 | 0.39994705 | 0.3998657

Time 0.1 0.2 0.3 0.4 0.5
n=2 L(t) 0.09736991 | 0.17922474 | 0.24900264 | 0.30921396 | 0.3617161
W(t) | 0.09736991 | 0.17922474 | 0.24900264 | 0.30921396 | 0.3617161
T(t) | 0.49901719 | 0.49494577 | 0.48909942 | 0.48233678 | 0.4752113
0.5 n=3 L(t) 0.09865013 | 0.18594145 | 0.26385298 | 0.33399038 | 0.397655
W(t) | 0.09865013 | 0.18594145 | 0.26385298 | 0.33399038 | 0.397655
T(t) 0.5 | 0.49984197 | 0.49933454 | 0.49842048 | 0.4971127
n=4 L(t) 0.09865013 | 0.18646927 | 0.2661277 | 0.33952907 | 0.4080626
W(t) | 0.09865013 | 0.18646927 0.2661277 | 0.33952907 | 0.4080626
T(t) 0.5 | 0.49999797 | 0.49997472 0.4999016 | 0.4997522

Time 0.1 0.2 0.3 0.4 0.5
n=2 L(t) 0.10687937 | 0.19641304 | 0.27255229 | 0.33814932 | 0.3952935
W(t) | 0.09716307 | 0.17855731 | 0.24777481 | 0.30740847 | 0.3593578
T(t) 0.5985682 | 0.59268947 | 0.58433537 | 0.57476534 | 0.5647712
0.6 n=3 L(t) 0.10840179 0.2043395 | 0.28996464 | 0.36704497 0.437024
W(t) | 0.09854708 | 0.18576318 | 0.26360422 | 0.33367725 | 0.3972946
T(t) 0.6 | 0.59974763 | 0.59894552 | 0.59751488 | 0.5954868
n=4 L(t) 0.10840179 | 0.20502947 | 0.29291091 | 0.37415936 | 0.4502925
W(t) | 0.09854708 | 0.18639043 | 0.26628264 | 0.34014488 | 0.4093568
T(t) 0.6 | 0.59999641 | 0.59995582 0.5998294 | 0.5995736

Time 0.1 0.2 0.3 04 0.5
n=2 L(t) 0.11639422 | 0.21362803 | 0.29615654 | 0.36716509 0.428969
W(t) | 0.09699518 | 0.17802336 | 0.24679712 | 0.30597091 | 0.3574741
T(t) 0.69799845 | 0.68985372 | 0.67840008 | 0.66540734 | 0.6519604
0.7 n=3 L(t) 0.11815654 | 0.22274393 | 0.31607523 | 0.40007851 | 0.4763408
W(t) | 0.09846379 | 0.18561994 | 0.26339602 | 0.33339876 | 0.3969506
T(t) 0.7 | 0.69961552 | 0.69840603 | 0.69627027 | 0.6932707
n=4 L(t) 0.11815654 | 0.22361445 | 0.31975938 | 0.40890321 | 0.4926802
W(t) | 0.09846379 | 0.18634538 | 0.26646615 | 0.34075267 | 0.4105669
T(t) 0.7 | 0.69999402 0.6999269 | 0.69972003 | 0.6993055
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Table 5: Results of performance parameters L, W and T at different values of Time 't when Ap= 0.5 and p=1.4

As
Time 0.1 0.2 0.3 0.4 0.5
n=2 L(t) 0.08770914 | 0.15978024 | 0.21990515 | 0.27073402 | 0.3141959
W(t) 0.0974546 | 0.1775336 | 0.24433906 | 0.30081558 | 0.3491065
T(t) | 0.39937408 | 0.39680651 | 0.39316401 | 0.38900161 | 0.3846689
0.4 n=3 L(t) | 0.08885255 | 0.16575828 | 0.23307292 | 0.29261541 | 0.3458008
W(t) | 0.09872505 | 0.18417587 | 0.25896992 | 0.32512823 | 0.3842231
T(t) 0.4 | 0.39991059 | 0.39962688 | 0.39912203 | 0.3984084
n=4 L(t) | 0.08885255 | 0.16617956 | 0.23488643 | 0.29702731 | 0.3540852
W(t) | 0.09872505 | 0.18464396 | 0.26098492 | 0.33003034 | 0.393428
T(t) 0.4 | 0.39999896 | 0.39998726 | 0.39995087 | 0.3998774
Time 0.1 0.2 0.3 0.4 0.5
n=2 L(t) | 0.09718328 | 0.17664398 | 0.24271361 | 0.29845568 | 0.3460707
W(t) | 0.09718328 | 0.17664398 | 0.24271361 | 0.29845568 | 0.3460707
T(t) | 0.49903698 | 0.4951223 | 0.48962655 | 0.48340643 | 0.4769874
0.5 n=3 L(t) | 0.09859544 | 0.18395883 | 0.25869892 | 0.32484318 | 0.3839751
W(t) | 0.09859544 | 0.18395883 | 0.25869892 | 0.32484318 | 0.3839751
T(t) 0.5 | 0.49984845 | 0.49937252 | 0.49853388 | 0.4973589
n=4 L(t) | 0.09859544 | 0.18453692 | 0.26116383 | 0.33078883 | 0.3950548
W(t) | 0.09859544 | 0.18453692 | 0.26116383 | 0.33078883 | 0.3950548
T(t) 0.5 | 0.49999804 | 0.49997615 | 0.49990879 | 0.4997741
Time 0.1 0.2 0.3 0.4 0.5
n=2 L(t) | 0.10666077 | 0.19353057 | 0.26558077 | 0.32628204 | 0.3780995
W(t) | 0.09696434 | 0.17593688 | 0.24143706 | 0.29662004 | 0.3437268
T(t) 0.59859637 | 0.59294228 | 0.58508772 | 0.57628358 0.567277
06 n=3 L(t) 0.10834083 | 0.20216205 | 0.28431509 0.3570354 | 0.4220776
W(t) | 0.09849167 | 0.18378368 | 0.25846826 | 0.32457763 | 0.3837069
T(t) 0.6 | 0.59975784 | 0.59900522 | 0.59769206 | 0.5958688
n=4 L(t) 0.10834083 | 0.20291789 | 0.28750783 | 0.36467253 | 0.4362041
W(t) | 0.09849167 0.1844708 | 0.26137075 | 0.33152048 | 0.3965492
T(t) 0.6 | 0.59999655 | 0.59995829 0.5998418 | 0.5996111
Time 0.1 0.2 0.3 0.4 0.5
n=2 L(t) 0.11614278 | 0.21044248 | 0.28850485 | 0.35419949 | 0.4102494
W(t) | 0.09678565 | 0.17536873 | 0.24042071 | 0.29516624 | 0.3418745
T(t) 0.69803635 | 0.69019824 | 0.67942432 | 0.66746532 | 0.6553391
0.7 n=3 L(t) 0.11808911 0.2203701 | 0.30992692 | 0.38920242 | 0.4601247
W(t) | 0.09840759 | 0.18364175 | 0.25827244 | 0.32433535 | 0.3834373
T(t) 0.7 | 0.69963063 | 0.69849455 | 0.69653206 | 0.6938321
n=4 L(t) 0.11808911 | 0.22132412 | 0.31391998 | 0.39867633 | 0.4775226
W(t) | 0.09840759 | 0.18443676 | 0.26159998 | 0.33223028 | 0.3979355
T(t) 0.7 | 0.69999423 | 0.69993091 | 0.69974005 | 0.6993657
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Based on values derived above , when graphs are plotted for
different arrival rates of secondary users with n channels, the
queue length and throughput parameters values can be
observed as

For the performance parameter Queue Length(L) :

Primary User Arrival Rate is taken on X-axis
1. Based on the calculated values for Queue Lengths , a
graph is plotted by considering primary user arrival
rate (A\p) on X-axis at different values of number of
channels (n) and Secondary user arrival rates (As) at
the fixed interval 0.3 with service rate(u) as 1.3.

0.32 4
0.30
< 0284 t=0.3 & p=1.3
:g —s— \s=0.4 & n=2
E 0264 —— As=0.4 & n=3
P —— As=0.4 & n=4
= —v— As=0.5 & n=2
2 0244 _ -
g 4 As=0.5&n=3
As=0.5 & n=4
0224 > As=0.6 & n=2
—— \s=0.6 & n=3
0.204 —+— As=0.6 & n=4

T T T T T T T T T
0.40 0.45 0.50 0.55 0.60
Primary user arrival rate (Ap)

Figure.3.1: L Vs. Ap at fixed , t

It is observed that the queue lengths are increasing w increase
in values of parameters Ap, As and n respectively at fixed
service rate.

2. When agraph is plotted by considering primary user
arrival rate on X-axis at regular time intervals for
fixed secondary user arrival rate (As=0.5) with three
channels(n=3) at different service rates() ranging
from 1.2 to 1.4 at differhent time intervals,it can be
shown as
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4 | t=018p=12
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Fig.3.2: L Vs. Ap at fixed As, n
It is observed that the queue length is increasing as the
increase in primary user arrival rate or time interval
observed and at the same time , with the increase in service
rate, decrease in queue length is observed at different time
intervals for the same primary user arrival rate.

Secondary user arrival rate is fixed on X-axis
1. When a graph is plotted by considering secondary user

arrival rate on X-axis at fixed time interval 0.3 with the
service rate 1.3 for primary user arrival rate ranging from 0.4

0.34 4 /;
0321 P v o4
0 aw F034p=13
3 P P 3 oA
Py 7 7 e ape048n2
2026 —o—1p=04&n=3
: - ——jp=04 &n=4
% ' v p=05&n=2
50.22— ——1p=056&n=3
™ ap=05&n=4
——1p=06&n=2
018 —o—1p=06&n=3
0164 +PD=UG&H=4

LA DO N B L B B
030 035 04 045 0% 05 080 085 000
Secondary user amival rate (s)

t0o 0.6

Figure.4.1: L Vs. As at fixed W, t

The increase in queue length is observed with the increase in
either secondary / primary user arrival rate or no. of
channels or both at fixed service rate.

2. When a graph is plotted by considering secondary
user arrival rate on X-axis at fixed primary user
arrival rate as 0.5 with a system having channels ,
n=3 , the increase in service rates at regular time
intervals can be shown as
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Figure.4.2: L Vs. Ap at fixed y, t

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation



It is observed that the increase in queue lengths takes place

Transient Analysis of Interrupted Secondary Users With the Provision of Finite Buffer

when time progresses and at a fixed time interval point, the
increase in service rate causes slight decrease in Queue

Length.

Service rate is fixed on X-axis
1. When a graph is plotted by considering service rate
on X-axis for different queue lengths at time

interval 0.3 with fixed Ap=0.5 for different

AS

varying from 0.4 to 0.7 for different no. of channels,
it is shown as

0324 - Imdp=0.5 & t=0.3
—_ o
T L s0danm
0.30 —+—15=0.4&n=3
) S — & )5=0.48n=4
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"2 T se078n=4
1.I20 1.I25 1.I30 1 l10
Service Rate (1)

Figure.5.1: L Vs. p at fixed Ap, t

It is observed a slight decrease in queue lengths with the

and the increase in queue length is observed with the increase
in Ap.
No. of channels is fixed on X-axis
1. When a graph is drawn with no. of channels (n) as
X-axis for various values of primary and secondary
user arrival rates at the fixed time interval t=0.3
with service rate p=1.3, it is shown
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Figure.6.1: L Vs. n at fixed , t

It is observed that queue length increases if any of the
arrival rates, Ap or As increases and it also observed that
the increase in either Ap or As by fixing one of them is
same.

2. When a graph is plotted with no. of channels(n) as
X-axis at constant arrival rates of primary and
secondary users at regular time intervals with
service rates ranging from 1.2 to 1.4, it can be

increase in service rate () and when the no. of channels shown as
raising from 3 to 4, the queue length values shows no Js=05 & \p=05
marginal decrease in Queue length. W t.-o 1 &u_'1 ;
. i . 040 e 12028513
2. When a graph is plotted over different service rates 4 120380513
for a system with three channels having constant 0.351 v 120480513
secondary user arrival rate as As=0.5 for different - o =058 =13
primary user arrival rates, it can be shown as £0307 4 =018 =12
2 . _y > 1=028p=12
065 N Jun) == o+ 1=038 =12
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;vpzazﬁ&tzoj?_ It is observed that a considerable increase in queue length is
004 4 i i p=06a=03 observed as time progresses and at a fixed time interval, the
S A rﬁjg::tg; queue length is more at lower service rate and is less at higher
AP=U. =V,
Service Rete (1) service rate.

It is observed that as the time progresses, the queue length
differences increases at fixed primary user arrival rate (Ap)
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Time interval value is fixed on X-axis:

1. When a graph is plotted with time interval as X-axis

Queue Length (L)

=
1

at constant service rate, p=1.3 and primary user
arrival rate fixed at Ap=0.5 for different channels
and different secondary user arrival rates, it can be
shown as

Wp=05&p=13
—=—)s=0.4 & n=2
——is=04 & n=3
—4—}s=0.4 & n=4
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—+—5=0.7 & n=2
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Time(t)
Figure.7.1: L Vs. t at fixed pu, Ap

It is observed that the increase in queue length will take place
the increase in no. of channels(n) value or increase in
secondary user arrival rate (As) takes place.

2. When a graph is plotted with no. of channels, n as

X-axis for a system with no. of channels, n=3 and
secondary user arrival rate as (As=0.5) at different
service rate with primary user arrival rate ranging
from 0.4 to 0.6, it can be shown as

ISSN: 2278-3075, Volume-8 Issue-7, May, 2019

For the performance parameter Secondary user
Throughput(Sepu) :

Primary user arrival rate is fixed on X-axis

1. When a graph is drawn by considering secondary

Secondary User Throughput(S,,,)

0.496

0.500 -

0.499

0.498

0.497

user arrival rate fixed at 0.5 with a 3-channel system
at various service rates for regular intervals with
primary user arrival rate (Ap) on X-axis, it can be
shown as
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Figure.8.1: Sy Vs. Ap at fixed As,n

It is observed that the secondary user throughput deteriates
with the increase in primary user arrival rate and the increase
in service rate improves the throughput to the best of its value
at a particular time interval.

2. When a graph is plotted by considering primary user

arrival rate (Ap) on X-axis at a constant service rate
p=1.3 at a fixed time interval t=0.3 for various
values of secondary user arrival rate (As) for

05
different channels, it can be shown as
A
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The increase in queue length is taking place as Ap increases Figure.8.2: Sy Vs. Ap at fixed tu
and at a particular Ap, the queue length is decreasing as the
service rate increases.
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It is observed that the throughput increases with the increase
in no. of channels but stabilizes after reaching to a threshold
value of no. of channels i.e. at n=2 & n=3, the difference in
throughput is not large.

Secondary user arrival rate is fixed on X-axis
1. When a graph is drawn with secondary user arrival

rate on X-axis at fixed service rate at a particular
time with different primary user arrival rate(Ap) and
no. of channels(n) it can be shown as

1. When the service rate (p) is considered on X-axis at a
fixed time interval and primary user arrival rate for
different secondary user service rate for different no.
of channels, it is observed as
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Figure.9.1: Sy Vs. As at fixed t,pt

It is observed that the decrease in throughput takes place with
the increase in secondary user arrival rate and there is no
marginal difference is observed with increase in no. of
channels.

2. When a graph is drawn with secondary user arrival
rate on X-axis at different service rates at various
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Figure.10.1: Sy Vs. | at fixed t, Ap

It is observed that the throughput increases as the no. of
cannels increases upto a threshold value and service rate
increase shown no marginal impact on increase in service
rate.
2. When a graph is drawn for various service and
primary user arrival rates at regular time intervals
by fixing the secondary user arrival rate for 3-
channel system, it is shown as
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intervals with fixed primary user arrival
rate(Ap=0.5) and no. of channels(n=3) it can be
shown as
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Figure.9.2: Sy Vs. As at fixed n,Ap

It is observed that the decrease in throughput takes place as
time progresses and there is no marginal difference is
observed with increase in service rate.

Service rate is fixed on X-axis
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Figure.10.2: Sy Vs. p at fixed n, As

It is observed that the throughput is high at beginning of the
time interval and deteriates as the time progresses and
increase in throughput takes place with increase in p at a
fixed interval.
No. of channels is fixed on X-axis
1. When a graph is drawn with no. of channels on
X-axis at a fixed time interval and service rate for
various values of primary user arrival rate(Ap) and
secondary user
arrival rate(As), it
can be shown as
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Time interval is fixed on X-axis
070+ ' 1. When a graph is drawn with constant primary user
~ e arrival rate and service rates for different no. of
3 =038&p=13 . .
@ 0554 - - channels and secondary user arrival rates, it can be
o o lplddhs04 shown as
2 ——\p=04 & As=0.5
'g, 060+ 6Fi_{EP{:ssﬂ_;__v-.)———-) - )\p:04 & hs=06
3 ) v p048hs0T 074
< 055 —— =05 & As=0.4 072
g o M58 AsR05 070 e Ip=05 8 =13
3 ——Ip=0.5 & As=0.6 3068 i - -
050 % 2 e W )5z =
2 — o o580 0 0661 e, IRl
'é " + p06 & hs=04 ;0,54- 15704 & n=3
5 4 Mp=068hs=05 2 062 b 15704 & n=d
0 - W06 4 As=06 GUT b e
M % 06807 g 058 *---I»-\;%_fy____’ :
— £ 05- 4 1505 6 173
20 i\.lﬁ b f3[;| | 35 40 E‘, ggg - 5054 n=d
umber of channels (n 2]
Figure.11.1: Sy Vs. n at fixed t, p > 048 __T"‘T———y___'___' 0506403
Ll .
It is observed that the increase in throughput is initially low T gﬁ —+— 15706 & n=4
at low no. of channels and is slightly increasing as the no. of 8 ' 4 )s=0T AR
. . . 0424 S=U.[ &=
channels increasing upto a threshold value. The marginal 0
difference is very low with increase in primary user arrival D0y :‘:‘::t:t:f:t__l‘ g0 & 13
0384 . _
rate. 1507 & =4
2. When a graph is drawn with no. of channels on 036 — | :
X-axis for fixed arrival rates of primary and 00 0 04 05
secondary users at regular intervals with increase in ' ' . ' ‘
service rates, it can be shown as Time(t)
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Figure.11.2: Sy, Vs. n at fixed As,Ap

It is observed that the increase in number of channels causes
converges the throughput to a stabilized maximum
throughput at any time interval. The increase in service rate
improves the throughput to a little at initial time intervals.
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Based on values derived above , when a graph is
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throughput decreases as the time progresses and the primary
user arrival rate increases. The increase in throughput is 0004
observed with the increase in service rate as the time '
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Case-2: Time independent performance metrics: Number of channels(n)

Fig.13.1. Primary user blocking probability when u=1.2
The both users blocking probabilities are calculated

for the values of wranging from 1.2 to 1.4 for different
number of channels from 2 to 5 with changes in arrival rate
from 0.4 t0 0.7.

When the service rate changes i.e. uis changed, the
user loss probabilities will be changed. The user loss
probabilities are diminished exponentially with the increase
of no. of channels i.e. an inverse relationship was observed
with the increase in number of channels and user loss
probabilities.

The same phenomenon is observed with the different
values of nand the A, the blocking probability values are
decreasing with the increase in service rate is well supported.

Primary / Secondary User Blocking Probability
u Ap/As
n=2 n=3 n=4 n=5
0.4 0.04 0.00442478 0.0003686 0.00002457
1.2 0.5 0.0577367 0.0079552 0.00082798 0.00006899
0.6 0.076923 0.01265823 0.00157978 0.00015795
0.7 0.097029 0.01851752 0.0026932 0.00031411
0.4 0.0349345 0.00357023 0.00027456 0.0000169
13 0.5 0.05070994 0.00645928 0.0006207 0.00004774
0.6 0.06792453 0.01034186 0.00119187 0.00011001
0.7 0.08611599 0.01522144 0.00204485 0.00022017
0.4 0.03076923 0.00292184 0.00020866 T ~Q,00001192
1.4 0.5 0.0448833 0.00531485 0.0004743% ' %0Q003388
0.6 0.06040268 0.00855513 0.00091578 £,
0.7 0.07692308 0.01265823 0.001579748 o)

%
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I. CONCLUSION

This paper investigates the effect of the interrupted
secondary users occupancy performance when buffer
mechanism provided through formulation of M/M/C/K
analytical queuing model. Then differential difference
equations are derived based on state transition diagram. The
time dependent performance metrics Queue Length and
secondary user throughput are calculated to find the transient
behavior of interrupted secondary users. Blocking probability
is also calculated as time independent performance metric.
From the derived values, it can be observed that the Queue
Length, L is increasing with increasing in 4;, 45 values and
also with the time progresses. At the same time, with the
increase in service rate, y, the queue length shows a minor
decrease in its value. The throughput of secondary users is
increasing with the increase in number of channels and as
time progresses, the decrease in throughput is observed. The
primary and secondary users loss probability decreases when
u is increases for constant Ap and ;. As the user arrival rate
is increasing, the blocking probability is decreasing and is
reaching to a minimal value. This analysis is helpful in
spectrum management decision process of CRN. Further
scope of this work is to enhance the buffer capacity and
derive the differential difference equations and then find the
effect of the buffer capacity.
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