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ABSTRACT

In this work, probability equations are derived for the five
node networks and the probabilities are computed for
unnecessary handover, missing handover and wrong
decisions. Wrong decision probability is the summation of
unnecessary and missing handover probabilities. Also, the
handover probability is computed for the bandwidths up to 20.
The modeling is based on the five state Morkov chain model.
Simulations are carried out for the different decision times
from D=1 to D=5 ms. The simulation results for the five node
network model is compared with the two node and three node
network models.
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1. INTRODUCTION

Vertical handover is very popular in the field of wireless
communication due to the versatility it provides. Connectivity
switching from a serving network to a candidate network [1]
may be called as a vertical handover. Usually the parameters
like received Signal Strength (RSS) [1], link-layer parameters
such as bandwidth, delay, signal-to-noise ratio [2], as well as
quality of service (QoS) [3] are used in the decision making of
vertical handover. An overview of main decision metrics is
described in [4]. The number of vertical handovers is another
performance issue [5] and is a big limitation in this case.
Mobile terminal’s battery life and the quality of service level
is affected due to “ping pong effect” which may described as
the switch over of mobile terminal repeatedly between two
access network. There are several techniques available to limit
vertical handovers, and hence the ping-pong effect [6, 7].
Handover probability modeling is gaining popularity and
vertical handover analytical methods based on handover
probability are explained in [8-9]. Wrong decision probability
modeling for vertical handover decision is presented in [10].
In ref [10] authors adopted the wrong decision probability as a
metric for vertical handover decision based on network
parameters and one such metric used in this case was
bandwidth. Wrong decision probability is also assumed as a
performance metric for the proposed algorithms. The wrong
decision probability is based on maximum capacity and
available bandwidth from a candidate network. Wrong
decision probabilities are evaluated for a sample capacity and
available bandwidth and it is not the scope of the present work
how wrong decision probability affects mobile terminal’s
performances in terms of Quality of Service.

Handovers,

In [11], wrong decision probability, unnecessary handover
probability and missing handover probability models are used
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to predict the probabilities for different decision times and
large bandwidth channels. The probability equations are
derived in [11] was based on a two node network model. The
traffic load of each network was varied based on the
maximum band width available in the network node located in
busy areas of cities and the probabilities of the handover,
missing handover and unnecessary handovers are computed.
Simulated results are presented for large bandwidth cases as
well as for different decision times and important conclusions
are drawn.

In [12] wrong decision probability modeling has been used to
predict the probabilities of missing handovers and
unnecessary handovers for different decision times, different
bandwidths and larger number of available networks for
performing handover leading to an increase in the throughput.
The focus is laid on minimization of wrong decision
probability. There is significant improvement in the reduction
of wrong decision making when two network models is
replaced by a three network model and also the ping-pong
effect caused due to unnecessary handoff has been reduced
which indicates that with increase in choice of neighboring
networks effect of wrong decision probability can be
minimized but with an obvious tradeoff between cost and
number of networks. Further, parameters like Signal Strength
and Mobility is considered for analyzing the effect of wrong
decision probability on handover decision algorithms.

In [13] the performance of a bandwidth, signal strength and
bandwidth plus signal strength based handover algorithms for
wrong decisions were studied. The simulated results show that
considering both signal strength and network bandwidth is
more advantageous to the network operator due to the
reduction in the number of wrong decisions. Making handover
decisions based on the predication method called wrong
decision probability can provide better performance of the
algorithm.

In this work, Wrong Decision Probability models are used to
predict the probabilities for five node networks. Additionally,
Handover Probability, Missing Handover Probabilities and
Unnecessary Handover Probabilities are computed for a
general algorithm based on the performance criteria
“bandwidth”. In this work, wrong decision probability models
are used to predict the probabilities of missing handovers and
unnecessary handovers for different decision times. The
results of the five node network model are compared with the
two and three node network models presented in [11-13].
Next section present the mathematical models used in the
analytical formulations. Section Il describes the general
algorithms used and section 1V, V and VI explains the
simulated results based on MATLAB coding. Finally
important conclusions are drawn in section VII.
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2. ANALYTICAL MODEL

Fig. 1 shows the layout of a network having five nodes ny,
Ny, N3, Ny and ng; and the maximum available bandwidth

for the two networks are B;, B,, B;, B, and By
respectively. Let

Phaj/ni : The probability of mobile node moving from node n;

ton;.

Pai/ni © The probability of mobile node continues to stay in

n; after a time interval D.

j#

5
I:)ni/ni = 1_|:Zj—_1 Pnj/ni‘|

The five node network model can be treated as a five state
Morkov model and the probabilities that a mobile node stays

at ny, Ny, N3, Ny and Nngcan be expressed as

Pn]/nz + I:)n]/n3 + Pn]/n4 + Pn]/n5

Py =
" Pnl/nZ + Pn2/n1 + Pn]/ns + Pn3/n1 + I:>n1/n4 + Pn4/n1 + Pnl/nS + Pn5/n1
@
P. = PnZ/nl + Pn2/n3 + Pn2/n4 + PnZ/nS
n2 —
Pnz/nl + Pn]/nz + PnZ/nS + Pn3/n2 + l:)n2/n4 + l:)n4/n2 + Pn2/n5 + Pn5/n2

@

Pn3/n1 + Pn3/n2 + Pn3/n4 + Pn3/n5

n3 —
Pr|3/n1 + Pnl/ns + PnS/nZ + Pn2/n3 + Pr13/n4 + l:)n4/n3 + Pn3/n5 + Pn5/n3

©)

P - PnA/nl + Pn4/n2 + Pn4/n3 + F)r\4/n5
n4 —
I:)n4/n1 + Pnl/n4 + I:)n4/n2 + I3n2/n4 + I:)n4/n3 + I:)ns/n4 + I:)n4/n5 + I:)ns/nzl

4)

P = I:)n5/n1 + F)n5/n2 + F)n\‘-'>/n3 + Pn5/n4
n5
Pn5/nl + Pnl/n5 + PnS/nZ + PnZ/nS + Pn5/n3 + Pn3/n5 + PnS/nA + Pn4/n5

®)

respectively.

3. GENERAL ALGORITHM

When mobile node decides to move from one network node to
another node it is necessary that available band width in the
new node is greater than a than by a threshold over the
available bandwidth of current node. The value of the
threshold value can be set to either zero or a positive integer.
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Figure 1: Five state Markov Model

Following list of steps describe the algorithm designed in this
work:

1. Assume that mobile node in the network node
n; and wants to move to another node.
Assuming the network nodesn,, n;, n, and

Ng can serve the area where the user wants to

move to.
2. Define the threshold value as L.

3. If the mobile node is at ny, then decision is
made to switch over when b2—-bl> L,

4. Else verify b3—bl>L and switchover to n; if
b3—-bl> L is true.

5. Else verify b4—bl> L and switchover to n, if
b4 —bl> Lis true.

6. Else verify b5—bl> L and switchover to n; if

b5—bl> Lis true.
7.  Else maintain the status quo.

Or, the following algorithm may be followed.

1. Assume that mobile node in the network node n;
and wants to move to another node. Assuming
the network nodesn,, N;, N, and Ng can serve

the area where the user wants to move to.
2. Define the threshold value as L.

3.1f the mobile node is at ny, then decision is made to
switch over when (b2 | b3 | b4 | b5)—b12 L,

4. Switch over to n; based on max (b;)
5. Else maintain the status quo.

Practically the available bandwidth of any network keeps
changing dynamically, and sometimes rapidly. However, in
this case for ease of simulations, the bandwidths of the
networks are assumed to be static. All the analytical
expressions listed in the previous section are based on the
general algorithm defined above.
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Hence,
Painj = Pribi —bj > L} 6)
Handover probabilities for such an arrangement are given by

Pt (Pazjnt + Pyt + Prajnt + Prsyot )+
Prz(Puanz + Paginz + Paginz + Pagjnz )+
n3 (Pnl/n3 + Pognz + Pagjns + Pn5/n3)+ (]
Poa(Pat/ng + Pazjna + Prging + Pag/ng )+
Pas (Pnl/nS + Paz/ns + Pogns + Pn4/n5)

HP =

gl
e

Let, the probability of occupied bandwidth is given by

k

ITix SO - (8)

) J
@ s P
j=0 J!
Sterling’s approximation can be used to compute the factorials
of large numbers, which is given by

ni = \/ﬁ[ﬂj (9)

€
If the arrival rate of requests channels follows a Poisson’s
distribution with parameter A; and service rate is given by

4 =2(B; —k)/ B; (10)

4. UNNECESSARY HANDOVER
For a five node network, probability of unnecessary handover
can be expressed as

1 B, j-L
UHP = g{ PannZ/nleZ,Bz—j ZHLBl—kfl(k’ r.D)
j=L k=0

B, B,
oZHl,Bl—i Zszgz_sz(k,r,D)
i=0

k=i+L

Bs m-L
+ I:’r‘lp'”5/”1 ZHS,BS—m ZHLBl—ké:l(k, r, D)
m=L k=0

B, B,
o> Mg i D s s (k,r,D)
i—0

k=i+L

Bs j-L
+Pys Pn4/n5 ZHA,B4—j ZHS,Bs_kis(k, r, D)
j=L k=0

Bs B,
* ZHS,BS—m ZH4,BA—k‘//4(k'r’D) }
m=0

k=m+L

11)
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where
B-k(A D)™ k— D)
&(rk,D)= & (4,D) o~ AD 'm+2 r(4;D) oD
m=o Ml s=0 s!
12)
and

vi(rk,D)= 2 — e

m=0 s=0 s!

Bk (A4D)" _ip . {1_ m*ﬁ’r (4D) 04D }

(13)

MATLAB code is used to compute the probability for the
unnecessary handover is computed and the results are
depicted in this section. Simulation results presented for the
cases where the maximum channel bandwidths are 21 and
decision time are 1 to 5 ms. The values for the bandwidth and
decision time are indicative only and these values need to be
taken from a real network when computing the probabilities
of physical networks.

Probabilities are computed for similar conditions like the
maximum bandwidth available, decision time and threshold
value for a five node network. Fig 2 shows the comparison of
the probabilities for the network models with 2 nodes, 3 nodes
and 5 nodes for a case with decision time of 1 ms. It is clear
from the plots that there is a good amount of reduction in the
unnecessary handover based on the probabilities computed
when the number of network nodes increase from 2 to 5.
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Figure 2: Unnecessary Handover Probability Vs Occupied
number of channels for 2 node, 3 node and 5 node network
models for D =1 ms.

24



0.014
0.012 A

—+—2 Nodes, D=3 /
0.01 —=—3 Nodes, D=3
=5 Nodss, D=3 /
0.008 ///.

TSI o8

0 4 8 12 15 20
Occupied Channels

ity

[=Y
[=1
[=1
[

8

=
=1
=1
=]

Unnecessary handover Probabl

o

Figure 3: Unnecessary Handover Probability Vs Occupied
number of channels for 2 node, 3 node and 5 node network
models for D = 3 ms.

Similarly, Fig. 3 shows the unnecessary probabilities for the 2
node, 3 node and 5 node networks for the case with a decision
time of 3 ms. Fig. 4 shows the improvement (reduction) in the
unnecessary probability by changing the network model from
2 node networks to 3 node networks and from 3 node to 5
node networks. Though higher decision times result in higher
probabilities of unnecessary handover probabilities, it also
results in higher reduction in the unnecessary handovers.
Similarly for the same decision time, there is a significant
reduction of unnecessary handover as the occupied number of
channels increase. It can also be concluded from Figs. 2, 3 and
4 that, with increase in decision time, the probability of
unnecessary handover increase for all the three networks. It is
obvious that with more delay in the decision making, more the
probability that the available bandwidth in the present
network changes. However, the plot above quantifies the
probabilities.
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Figure 4: Unnecessary Handover Probability Vs Occupied
number of channels for 2 node and 3 node network models
forD=1to5ms.

5. MISSING HANDOVER
For a three network model, probability of missing handover
can be expressed as
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B, i+L—1

1
MHP = 5‘{ Pnl(l_ PnZ/nl)znl,Bl—i ZHZ,BZ—ké:Z(k’ r.D)
i=0 k=0
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° Z 1_[2,Bz—j ZHLBl_kl//l(k,r,D)

j=L-1 k=j-L+1

i+L-1
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i—0 k=0

By B,
* Z I—IS,Bs—m ZHLBl—k‘//l(k,raD)
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Bi-k(4 D)™ mtk-r (1. D)°
gi(r’k,D)z Z( i ) 4D o Z ( i ) e—ﬂiD
m=o Ml s=0 s!
(12)
and

wi(r,k,D)=Bik—e(A‘Dl)m —4D.{1—m+zk_r—e(;tiD)S —w}

m=0 m: s=0 s!
(13)

The probability for the missing handover is computed using
MATLAB code and the results are presented in the following
plots. Simulation results presented for the cases where the
channel bandwidths are 21 and decision time are 2 and 4 ms.
Again, two networks are modeled in this work, namely, 2
node network and 3 node network for computing the missing
handover probabilities based on the work presented by ref
[11-13]. For both of these network models, probabilities are
computed for similar conditions like the maximum bandwidth
available, decision time and threshold value. Fig. 5 shows the
comparison of the probabilities for the 2 node, 3 node and 5
node network models for a case with decision time of 2 ms. It
is clear from the plots that there is a good amount of reduction
in the missing handover based on the probabilities computed.
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Figure 5: Missing Handover Probability Vs Occupied
number of channels for 2 node and 3 node network models
for
D=2ms.

Similarly, Fig. 6 shows the missing probabilities for the 2
node, 3 node and 5 node networks for the case with a decision
time of 4 ms. Yet again, it can be concluded from Figs. 5 and
6 that, with increase in decision time, the probability of
missing handover increase for both the networks. It is obvious
that with more delay in the decision making, more the
probability that the available bandwidth in the present
network changes. However, the plot above quantifies the

probabilities.
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Figure 6: Missing Handover Probability Vs Occupied
number of channels for 2 node and 3 node network models
for D =4 ms.
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Figure 7: Missing Handover Probability Vs Occupied
number of channels for 2 node and 3 node network models
forD=1to5 ms.

Fig. 7 shows the improvement (reduction) in the missing
probability by changing the network model from 2 node
network to 3 node network. Though higher decision times
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result in higher probabilities of missing handover
probabilities, it also results in higher reduction in the missing
handovers. Similarly for the same decision time, there is a
significant reduction of missing handover as the occupied
number of channels increase.

6. WRONG DECISION PROBABILITY

Wrong decision probability is the summation of the
unnecessary handover probability and missing handover
probability, which is given by

WDP =UHP + MHP (14)

Figs. 8, 9 and 10 shows the probabilities for the Wrong
decision probability vs. the occupied number of channels
when, the maximum channel band widths available in both the
networks are 21. Wrong decision probability is the summation
of unnecessary handover probability and missing handover
probability as explained earlier. Higher the decision time,
more the probability of wrong decision making.
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Fig. 10 shows the improvement (reduction) in the wrong
decision probability by changing the network model from 2
node network to 3 node network. Though higher decision
times result in higher probabilities of wrong decision
probabilities, it also results in higher reduction in the missing
handovers and unnecessary handovers. Similarly for the same
decision time, there is a significant reduction of wrong
decisions as the occupied number of channels increase.

Computation of probabilities becomes difficult as the traffic
density increases as it involves evaluation of the factorials.
The factorials of large numbers are numerically very high
values and its accurate computation is very difficult. The
factorials of numbers which are beyond 150 cannot be
computed using normal computers with 2GB RAM and 28
GHz processor. Hence, it poses a challenge to evaluate the
expressions of the probabilities by different mathematical
techniques, which is beyond the scope of present work.

7. CONCLUSIONS

In this work, probability models are used to predict the
probabilities of missing handovers, unnecessary handovers
and wrong decision for different decision times and large
bandwidth channels for two network models, namely, 2 node,
3 node and 5 node networks. The probability equations are
derived for all these network models. The occupied number of
channels for each network is varied based on the maximum
band width available in the network node located in busy
areas of cities and the probabilities of the wrong decision,
missing handover and unnecessary handovers are computed. It
has been concluded that higher the decision time, more the
probability of wrong decision making due to the obvious
reason that with more delay in the decision making, more the
probability that the available bandwidth in both the present
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and other network changes which leads the wrong decision
making. Similarly, there is significant improvement in the
reduction of wrong decision making when two node network
models is replaced by a three node network models and from
three node network model to five node network model.
Computational difficulties in evaluating the probabilities for
the large bandwidth networks are explained along with
limitations.
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