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Abstract

The universal coverage of wireless networks is obtained by the integration of various wireless
network technologies such as 2G, 3G and 4G etc. The integration of different networks formed
as a heterogeneous wireless network which provides high data rates to the different network
users. As of now, in 4G systems, the new user requires easy access with high data rates. In
order to provide flexible accessibility among various networks, the heterogeneous system
faces hard issues of portability support. If the user needs the continuous connection without
any interruption when roaming between different wireless networks is possible by the
technique handover. In such systems, wrong decision handover is a serious problem which
effects the performance of the system by degrading the quality of service. These wrong
decisions are the combination of missing and unnecessary handovers. In this paper, both are
taken into consideration and performance of proposed model of five wireless heterogeneous
networks is estimated by calculating the probability of wrong decision handover based on
bandwidth based handover algorithm among heterogeneous wireless network. The proposed
heterogeneous network is more effective in minimizing the probability of wrong decisions.

Keywords: Handover, Wrong Decision Handover Probability, Unnecessary handover,
Missing handover

I. INTRODUCTION

called as horizontal handover [6] [7].
The handover between the heterogeneous wireless

The forth coming generation wireless networks
integrates the fourth generation wireless networks
LTE, WIMAX and the third generation wireless
networks UMTS, GPRS and EDGE in order to
provide the user requirements [1]. The integration of
these systems can give the best accessibility of
systems to the end user [2]. The integration of the
networks gives the consistent portability to the clients
by methods for handover/handover [3]. It is nothing
but transferring an active call from present network to
another network. If the handover is happened
between the various networks, which is called as
vertical handover or vertical handover [4] [5]. When
it is happened between similar networks then it is
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networks relies upon a few parameters such as
Received Signal Strength (RSS), Multiple Attributes
Decision Making Based, cost function, Bandwidth
based and so forth. In RSS based handover
calculation, the handover is started when the quality
of the signal at mobile node from the networkl is less
than the threshold value and quality of the signal from
the network2 is more prominent than the threshold
value then the mobile node is handover from
networkl to network2 [8]. For Multiple Attributes
Decision Making Based is a Simple Additive
Weighting Based in which various variables are
assigned with various loads which can be balanced by
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network state [9]. Therefore, it is conceivable to
ensure QoS necessity and improve the presentation of
the entire system whereas in Cost function based
[10], the type of the cost function is fixed for
everyone, once the function is characterized adjusting
the value is difficult dependent on various client
requirements for various applications.

The upcoming generation wireless networks
consider other handover parameters such as
bandwidth, SNR (signal to noise ratio) and delay for
developing new handover algorithms which provides
better accessibility between the wireless networks
[11]. Particularly, handover algorithm based on
bandwidth is suitable for designing various
applications of upper link layers [12]. Previously, the
handover probability algorithm based on bandwidth
for five heterogeneous wireless networks is
implemented [13]. So, this paper focuses on a
mathematical model for wrong decision handover
probability by considering both unnecessary
handover probability and missing handover
probability based on the bandwidth based handover
probability algorithm for five heterogeneous wireless
networks [13]. The effect of wrong decision
handover probability is estimated for different traffic
load values.

I1. HANDOVER PROBABILITY ANALYSIS
FOR HETEROGENEOUS NETWORK BASED
ON BANDWIDTH

Handover probability is the probability of Mobile
Node (MN) to moves out from its existing wireless
network. Handover probability calculation gives the
information about occurrence of the handover to the
MN. Probability of MN staying at network nwk is

Pan

denoted by , where k=1, 2...N. The handover
probability of MN is defined as,
N N
P(HO)= X 2 PrwPnwi/nwn,
k=1 m=1
k=m (1)
Here, the five heterogeneous wireless networks
considered as nwy, nwy, nwsz, nws and nws. The
handover algorithm for these networks is developed
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by the five state Markov model as shown in the below
Figurel.

Figure 1. Five state Markov model

IVl\/nWm/an(t): MN will shift from network nw to

network nw, at time t.

SYnWk(t): MN remains at current network nwy at time

T.

Pt/ : Probability of MN moves from network
nwk to nwy, at time 7 i.e. PIMV ()

P/ - Probability of MN stays at network nwk at

time 7T i.e. P(SYaul)

r : .
W“Wk’"wm( 9 represent the bandwidth available from

the network nwy is greater or equal to r and network
NWy, available bandwidth is less than r at time .

Here, the desired heterogeneous wireless network
is the integration of five wireless networks which is
modelled as a five state Markov model. As the MN is
switching between nw; to nw,; nw, to nws; nws to
nwy; Nw, to nws and nws to nwy similarly for the
remaining combinations as shown in Figure 1. In this,
g: and g are representing the probabilities of MN to
move from nw; to nw,, nw, to nwj, and the
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probabilities of the MN to stay at nwj, nw, are
(1-01-011-019-010), (1-02-Q15-03-013) respectively for
the remaining nodes and these can be represented
with y1, Y2, V3, Y4 and ys respectively. If the mobile
node wants to stay at the present network then the
probability of MN to stay at its present network nw;
is,

in =(Summation of incoming probabilities) /

(Summation of total probabilities at that node)
5

ink/nwm

mz=k
m=1

5
m:;;k ( P nw./nw, © P nwm/nwk)

(2)

The change of bandwidth process of network k, k =
1, 2, 3, 4, 5. is modelled with M/M/A process. The
incoming rate of requests for channels is denoted
with a Poisson distribution having parameter A, k=1,
2, 3, 4, 5. and the rate by which the channels are
serviced or cleared follows an exponential
distribution with parameter p, k = 1, 2, 3, 4, 5. And
the occupied channel probability is represented by

Ikx ,k=1,2,3,4,5.x=0,1, - - -,. Byusing queuing
theory,
Mkx = XHk , x < Ag
0 Otherwise
3)

I, Tt /XL 0<x<A,

K,x=

x= no. of occupied channels

! k=12, 3 4,5

= 5)

Ay, is the network k available bandwidth. Then, the
probability of available bandwidth is,
Plac=m} =TI nm = 0,,A, k = 1,2,3,4,5.

(6)

The probability of available bandwidth ay, k = 1,

2,3,4 and 5 being greater than r and less than Ay is,

AT
=% Mok =12,.N Ppmk=m=12345k=m

k=0

P{ak > r}
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(7)

A. Handover Probability Algorithm for
Heterogeneous Wireless Networks

In this paper probability of wrong decision
handover is calculated and analyzed based on the
bandwidth based handover algorithm. In this
bandwidth based handover algorithm, MN wants to
move out of its current network when the bandwidth
of the other network is greater than the existing
network at threshold li;.

Algorithm: Bandwidth Based Handover Algorithm.
Begin

Get network available bandwidth A, A,, Az, A4 and
As threshold li.

If a MN is at nwj.
If a, — a;> lyn, the MN moves to nw,
Else if a3 — a;> 1y, the mobile node moves to
nws
Else if a4 — a;> 1y, the mobile node moves to
NWy
Else if a5 — a;> 1y, the mobile node moves to
NW5g

Similarly, for the nw,, nws, nw, and nws

End

The bandwidth available at each network changes
dynamically with respect to the number of users using
the networks with time to time, so in order calculate
handover probability only stable state is considered
such that the time period t does not affect the any
results.

With independent assumptions of bandwidth for

these five networks Ay, A,, Az, A4 and As then,

A A,
P wow, = P{ak’am 2 |m} =2 2

k=0 m=0,k=m
k—m2|

Hk,Ak—mH m,Am—k

where k=m,k=m=1,2,3,4,5

(8)
Assume, Bandwidth=A,=A, Traffic load=t =t

Letank/nWm:P,kim,k:m:L2,3,4,5
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Probability of handover P(HO) is

P(HO) =P, (Pruy/mus + Prwa/awy T Prwa/ows  Pruws/ur) +
inz(PﬂWI/nWZ +Powg/owz T Prwa/nwz T ins/nwz) +
ing(PHWJ/nW3 + inz/nws + PnW4/nW3 + ins/nwa) +
P s (Powy/mws  Powa/nwa T Prwg/wa + Prws/mw)

ins(PnWJ/nws +Powg/ows T Prwa/ows PﬂWA/nWS) =10xP

9)

I11. PROBABILITY OF WRONG DECISION
HANDOVER ANALYSIS

Probability of wrong decision handover is
combination of Probability of Unnecessary Handover

(L

[MNWk)_

and Probability of Missing Handover

P(WDHO) = ii P{U nwm/nwk}+ZN: P{M ”Wk}

k=1 m=1 k=1
k#m

(10)

Unnecessary Handover denotes the events that a
MN wants to move out of current network to other
network, but the new network does not satisfy the
bandwidth requirement of the mobile node in next
time period. Where Ax and ax is the maximum
capacity and available bandwidth of network k, k = 1,
2,---N

MN is in nw, and MN wants to move to nw; at time
11, but ax > 1, and a, < r at time T, T2 > T1. ThiS
condition is called as Unnecessary Handover.

Missing Handover denotes that a MN want to stay
at the current network, but the current network not
satisfy the bandwidth requirement next instant.

MN is in nwy and MN wants to stay in nwy at 7y, but
am>r, and ax <rin Tp, T2 > 17. This process is called as
Missing Handover.

Consider, Five wireless networks N=5 then,

WBHOP = U Ny v * U v nwig ™ Uiy ™ Uiy ™ Ung oy *

UnW%nW'fUnW%anUnwz/nws+UI1W3/HW1+Ur1W3/nW2+UnW3/nW4+

Unwa/nws+ UnW4/nW1+ U nwa/nwg UnW4/nW3+ UnW4/nW5+ Unws/ﬂW1+

Unws/an Unws/nws+ Unws/nW4+ M nwy " M nwy " M w3 M g M nws
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(11)
In Wthh, P{UnWm/an}, P{Man}, k=m=12,3,4,5 k#m |S
given in the following:

inkinm/nka

EE TR (8 SNV V AV o)
P{M i} =P @ P /i) ¥
P{W i T+ A) /SY o, (D)}
(12)
It is necessary to get P micnwm =P MV w3
and P owpmnu T O SY y OF

P {Unwm/nwk} =

in order to get
WDHOP expression. For easiness of notation, time
indication t and T +A are abbreviated for time
instants in the following

A,
P{\Pananm(r,TJrA)/ MV gy 0= 2 PiAzr A <m-1P{A, =1}

m=ly
Ak

S P{A <1 A2k P A=K
(13)

k

P{\inm’an(r,t+A)/SYan(t)}= PIA 21/ A, <k+1uP{A, =K}

k=0

A,
Xm:;lP{Aﬁ”Ak>m’|‘“}P{Am:m}

(14)
Where k=m=1,2,3,4 and 5; k #m

Let s be the variable, the functions which are used
for evaluating the unnecessary and missing handover
probabilities are defined as,
fu(r,s)=P{a;>r at t+A/a;<s at T}
g,(r,;s)=P{a,<r at 1+A/a,>s at 1}
fao(r,s)=P{a,<r at t+A/a;>s at t}
g,(r,s) =P{a,>r at t1+A/a,<s at t}
hi(r,s)=P{a,>r at t+A/a,<s at t}
cu(r,s)=P{as<r at t+A/as>s at 1}
ha(r,s)=P{a,<r at t+A/a,>s at 1}
co(r.s)=P{as>r at t+A/as<s at t}

(15)

Similarly, di (r, s), ei(r, s), do(r, s) and e, (r, s) for
network3 and network4, v; (r, s), Xa(r, s), Vo(r, s) and
Xo(r, s) for network4 and network5. yi(r, s), zi(r, ),
yo(r, s) and zy(r, s) for network5 and networkl.
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A,
Poy e, TR MV o (93 = zl; f.rm-1)P{A,=m}
n A
x;gl(r,kqm)P{Al: k}
A
P{\P”WZ’nwz(r'H—A)/ MV w3 = Z;‘ harw-1,)P{A,=w}
A
) ch(rv m-+ Ith)P {Az = m}
A,
P{IP nWs'nWA(r’ T A)/ MVHWA/HW3(T)}: ,Z|: dl(r’ u- I:h)P {A4 = U}
A,
x 2610' W+ Im)P {A3 = W}
A
Pw nw s (A I\/I\/nW5/nW4(1:)} N V;: virv-1,)P {As=v}
A
<2 xu(ru+ 1P {A,=u}
A,
P{\in5'nwl(r’ A MVI‘\W]/HWS(T)}: Z|: yl(r' k- Ith)P{Al = k}

A
XZ:Z1(r‘ v+ Ilh)P{AS = V}

(16)

Similarly,  for PO s T+ D MV (O

P{\P nwzynw4(r’ THa)/ MVnW4/nW2(T)}

P{\P nngnws(r’ T+A)/ Mvnws/nwa(T)} P{Iin,,vnwl(r' T+a)/ Mvnwj/nwa(r)}
)

and P{\P nWS’nWZ(r’ A/ MVan/nWS(T)} .
A
Poy o T TFA/ S (= ggz(r, k+ ] DP{A, =k}x

A;
Z f z(r*m_lm)P{Azz m}

m=], -1

A,
Poy e, TS (3= ¢ nm+ 1.)P{A,=m}x

A,
;, h.(rw- Ilh)P{A3 = W}

A3
I:){\in‘unwa(r’ T+A)/Snw3(1’)}= Zez(r, W+ |m)P{A3 = W} %
A,

> duru-1,)P{A,=u}

u=],,-1

A,

Poy nwenw, H TS, (O = Z o u+ ] JP{A,=u}x
As
3 Vv P(AY

A,
Py e TEA /S (0= Zzz(r, v+ P{A =V} x
A

2 Y k1P A=K
(17)

th

Similarly,  for PO o, T+ A /S (D) ,

Poy W N T Sy (9}

Py nwenw TS (0} ’ POP o, T+ /S, (9 a

nd P{\inz’nws(r,t+A)/Snws(‘c)}.
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Let Ik be the number of requests that leave network
k during time interval A, and by be the number of
requests that be acknowledged to network k during
time interval A, k=1, 2, 3, 4, 5.Based on the queuing
networks result, the leaving process of each server of
M/M/N process is Poisson distribution with
parameter A/N, where A is arrival rate of M/M/N
system. When network k, k=1, 2, 3, 4, 5 has x
available bandwidth, the occupied bandwidth is Ay-X,
then the leaving rate of the network will be

B }\‘kx(A—X)
A A k=12 3,4,5.

So we have
E(X, 1, A)=P{bx— Il <x—r during A}
_ i ; _ i
:Akz Xwe_/\@ x I+§ rLk.A) e MA
i=0 ! j=0 1!
(18)
Wi (X, 1, A) =P{ac— x> Xx—r during A}
_ i Fy i
A X(A._‘A) AD x [1|+§ r(kk_?)Je—xkA}

i=0 il j=O )

Y

(19)

For simplifying the above equations, the following
functions fi(r, s), g1(r, ), f2(r, S), ga(r, S), ha(r, s), ca(r,
s), ha(r, s), co(r, ), di(r, s), ei(r, s), da(r, S), ex(r, s),
va(r, s), Xi(r, s), Va(r, s), Xa(r, 8), Ya(r, s), za(r, s), yo(r,
S), zo(r, s) are used. Some of the expressions are
given below.

S
fl(rl S) = Z Hl,Al—kE,ul(Xi r! A)

X=0

Az
g.(r,s) = kz Iloa, xWo(X, 1, A)
=s

Al
f2r,s)= X TTiava(s1,A)
k=s+1

s—1
gz(r1s) = Z HZ,Az—x‘iz(Xv r, A)
x=0

(20)

Same as the above equations hy(r, s), ci(r, s), ho(r,
S), Ca(r, S), di(r, ), ex(r, s), da(r, ), €x(r, s), vi(r, S),
Xa(r, ), va(r, s), Xa(r, S), Ya(r, S), z1(r, s), Ya(r, S), Za(r,
s) are also modelled.

14028



"TIEST

Engineering & Management

By placing these expressions into equation (16) and
(17) PUE i MV i@ P g 1 T+A)/SY (0} are

obtained. With these unnecessary and missing
handover probabilities are derived from equation
(12). The sum of unnecessary and missing handover
probability is wrong decision handover probability
obtained from equation (11).

IV. SIMULATION RESULTS FOR
PROBABILITY oF WRONG DECISION
HANDOVER IN HETEROGENEOQOUS
WIRELESS NETWORKS

Here five heterogeneous wireless networks are
considered for performing bandwidth based handover
probability. The bandwidth of these networks are
considered as Ax = A , k=1,2,345 then the
probabilities of mobile node moving from network k
to network m and mobile node moving from network

m to network k are equal i.e. P, = Prw o, =
k=m=1,2,3,4,5 k#m.

1038

—%— Threshold = 11MH;

Probability of Unnecessary Handover

4 5
Traffic Load

Figure 2: Probability of Unnecessary Handover vs.
Traffic load for
Threshold =11MHz at Bandwidth =20MHz

Fig. 2 gives the how the probability of unnecessary
handover varies with Traffic load at threshold value
11MHz. From the figure it is observed that
unnecessary handover probability is presented for the
various traffic loads is very less and is slightly
increases with increase in the Traffic load value.
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x 108

T T
—*— Threshold = 11MH:

Probability of Missing Handover

4 5
Traffic Load

Figure 3. Probability of Missing Handover vs. Traffic
load for Threshold = 11 MHz at Bandwidth =20 MHz

Fig. 3 gives the how the probability of missing
handover varies with Traffic load at threshold value
11MHz. From the figure it is observed that missing
handover probability is presented for the various
traffic loads is less and is slightly increases with
increase in the Traffic load value.

o
1%
<

T T nl
—%*— Threshold = 11MH; /

Probability of Wrong Decision Handover
o
~

¥

IS
w

4 5
Traffic Load

Figure 4. Probability wrong decision handover vs.
Traffic load for Threshold =11 MHz at Bandwidth
=20 MHz

Fig. 4 gives the how the probability of wrong
decision handover varies with Traffic load at
threshold value 11MHz. From the figure it is
observed that wrong decision handover probability is
presented for the various traffic loads is less and is
slightly increases with increase in the Traffic load
value. Probability of wrong decision handover is the
combination probability of unnecessary and missing
handovers. From Fig. 2 and Fig. 3, it is observed that
missing handovers are more dominant than
unnecessary because of that in Fig. 4, it is observed
that probability of wrong decision handover is almost
identical to the probability of missing handover.
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Table.1: Handover Probabilities vs. Traffic load
for Threshold =11MHz at Bandwidth =20MHz

Probability | Probability | Probability
S No Traffi of of wrong
' c Load | Unnecessar Missing decision
y Handover | Handover | handover
4.963 X 4.963 X
1 1 1.382X10™*% 35-315 fgfs
5.624 5.624

-41
2 2 9.052 X10 X102 X101
9.449 9.449

-39
3 3 1.074 X10 X102 X102
7.279 7.279

-39
4 4 9.248X 10 X101 %10
634X 634X
5 5 1.014X 10°%' 3f03_10 316;10
1.369 1.369

-36
6 6 1.008 X10 %10 X10°
4.215 4.215

-36
7 7 7.35 X10 %10 X109
1.112 1.112

-35
8 8 3.99 X10 %10 X10°%

Table 1 indicates that how the probability of
unnecessary, missing and wrong decision handover
probabilities varies with respect to traffic load. It is
observed that as the traffic load increases all three are
increases but this increment is in very low values.

CONCLUSION
In this paper, bandwidth based handover algorithm
for five heterogeneous wireless networks is

considered. For this, the mathematical model for
probability of wrong decision handover is developed.
For evaluating wrong decision handover, both
unnecessary and missing handovers are considered.
Handover algorithm performance is estimated by
calculating the probability of wrong decision
handover. The proposed mathematical model is
achieved very less probability of wrong decision
handovers, for example at traffic load is 8, the
probability of wrong decision handover is 1.112

Published by: The Mattingley Publishing Co., Inc.
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X10%. As the traffic load increases the probability of
wrong decision handover increases in very less. So,
handover algorithm based on bandwidth for five
heterogeneous wireless networks gives the better
handover decision with predication of probability of
wrong decision handover and provides better network
performance.
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