Riaz HUSSAIN', Shahzad A. MALIK', Shafayat ABRAR', Raja A. RIAZ"?*® and Shahid A. KHAN'

Dept. of Electrical Engineering, COMSATS Institute of Information Technology, Islamabad (1), Center for Advanced Studies in
Telecommunication (CAST), COMSATS Institute of Information Technology, Islamabad (2), School of ECS, University of Southampton (3)

Minimizing Unnecessary Handovers in a Heterogeneous

Network Environment

Abstract. In this paper, we have provided a model to minimize the unnecessary handovers from a cellular network to a WLAN. Exploiting traveling
distance prediction method, the proposed handover necessity estimation mechanism uses distance threshold parameters to avoid unnecessary
handovers. Our analysis and simulation results suggest that the proposed mechanism can keep the probabilities of handover failure and

unnecessary handover close to the predetermined designed values.

Streszczenie. Przedstawiono model umozZzliwiajgcy minimalizowanie niepotrzebnych przetgczen typu handover miedzy siecig komérkowa a siecig
bezprzewodowg WLAN. (Minimalizacja niepozadanych przetaczen w niejednorodnym srodowisku sieciowym)
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Introduction

Vertical handovers, which transfer a live call/session
from one access technology network to another, are likely
to play an important role in B3G scenario for supporting
always best connectivity. However, minimizing unnecessary
handovers is as important as handover triggering condition
estimation and optimization of handover execution. If the
unnecessary handovers are not checked, the phenomenon
will have adverse effect on the system performance. Not
only overhead involved in unnecessary handovers would
consume network resources, but it would also increase the
probability of handover failure. This problem is particularly
important in the context of wireless local area network
(WLAN), which has a small coverage region.

Reducing unnecessary handovers in intra-technology
(horizontal) handovers has widely been studied [1], [2],
however, Yan et al. [3] have made first serious effort for the
same in inter-technology (vertical) handover. They made an
interesting contribution to the study of handover decision
method based on the prediction of traveling distance within
an IEEE 802.11 WLAN region. Based on the computation of
certain distance (threshold) parameters, they developed a
rule to initiate handover while limiting the probability of
handover failure and unnecessary handover to pre-decided
values.

However, there are some mathematical imperfections in
[3] which lead to incorrect estimation of threshold
parameters. In this work, we not only fix those
imperfections, but we also obtain new expressions for those
(distance-based) threshold parameters. Monte-Carlo
simulation results are presented for both proposed and
existing schemes. The simulation results for our proposed
scheme are in good conformance with analysis. The system
works as follows:

An unnecessary handover occurs when the total time of
an MT with-in a WLAN coverage cell is smaller than the
total handover latency for moving in and moving out.
Whereas, a handover failure occurs when the total time in
WLAN coverage cell is even less than the handover latency
for moving into WLAN network. By predicting the travelling
distance in a WLAN cell the MT can avoid handovers that
could lead to handover failure or are unnecessary. Based
on probabilistic model a system is designed that could keep
probability of unnecessary handover and probability of
handover failure within acceptable limits. We find the
probability distribution of traversal length of an MT crossing
through a WLAN cell. A distance threshold value for a given
speed and a given probability of unnecessary handover is
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obtained using probability distribution of traversal length. An
MT executes handover to a WLAN network only if the
traversal length is greater than this threshold value. In an
identical fashion another threshold value, corresponding to
probability of handover failure is obtained and in order to
keep handover failure within bounds the handover to WLAN
is triggered only if the traversal distance in the WLAN cell is
greater than this threshold value.

Access
Point

0,0

Fig.1. An MT traversing a WLAN cell
Geometrical and Analytical Model

1) PDF of traveling distance: Evaluation

Let ® be the interior absolute difference between the
angle of arrival ®; and the angle of departure ®, of the
mobile terminal (MT) in a circular WLAN cell with radius R.
Within the small coverage area of WLAN, we assume that
MT traverses linear motion with constant velocity. We also
assume that ©; and ©®, are uniformly distributed. Since the
upper and lower semicircles are identical, for the purpose of
calculation, it would be sufficient to consider the range [0,
n]; refer to [4, page 967]. Secondly, for any given value of
0, and 0, in [o, 2x], the random

variable @ = min{(:),zﬁ—(:)} , can only have values in the
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range [0, m], where@:|®,.—®a|. Based on these

considerations, we obtain the pdf of ® as follows:"

(1) f@(é?):%(l—gj,Oseéﬁ

T
Using cosine law, we compute the travelling distance

@  D=mPP, = 2R (1-cos®),

where we have assumed that the value of D is known to
MT. The value of D can be obtained by using any of the
existing traveling distance prediction methods like those of
[3], [5]. Next, based on (1) and (2), the expression for the
pdf of distance D covered by MT is obtained as

@)

4 1 d’
d)=——|1-— - —
fo(d) rNAR? - d’ ﬂarCCOS( ZRZJ ’

0<d<2R
2) PDF of traveling distance: A linear approximation
Since no closed-form integral exists for (3), it is difficult
to use it to compute probabilities of handover failure and
unnecessary handover in a straightforward manner. Note
that the expression (3) is a monotonically decreasing
function of d; we want to linearize it. First we find the limits

2
at (d = 0) and (d = 2R), which gives lim f, (d) — ——and
d—0 TR

1ime(d)—>i.

d—2R 7[2R

2
Joining these points, (O,—j
7R

4
and (2R,T) , with a straight line, we
T R

1 (2 2
get—z(——l)d+—. Ford € (0,2R], the area under
TR \«m TR

V4
. Dividing the linear expression with the

the curve is
V4

area, we get a linear approximation for the pdf of travelling

distance as follows:

(4)

fo(d)=—2Z (1—(”_2jdj,osdszze

(7z+2)R 27R

We can use the above linear approximation for (3),

which not only satisfiesjf (x)dx:l, but also
D

approximates expression (3) very well, as demonstrated in
Fig. 2, for four different values of R. Using (4), we obtain the
cdf expression

"In [3], the following expression was obtained for the pdf of ®

1 0
f (0):—(1——),0S6S27z,
6 V4 2z

which is incorrect because ® can never be greater than 7.

®)

d = —cd*+c,d*, d<2R
Pr[D<d]~ dx = ! S
l ] IO S (x)d 1, d>2R
Where
6)c —7[—_2 and ¢, = 72
' 4(r+2)R > 4(z+2)R

3) Probability of handover failure

A handover failure occurs if the travelling time inside the
WLAN cell is shorter than the handover latency z; from the
cellular network to the WLAN, i.e., the traveling distance D
is smaller than vz;, where v is the velocity of MT. In [3], a
distance threshold parameter L was introduced to make
handover decision: whenever the estimated travelling
distance D is greater than L, the handover will be initiated.
In this context, the probability of handover failure, Py is
given by

O0<L<vr,

(7a) .
0, otherwise

{Pr[L <D<vr],
Pf =

(7b)
_ 2.2 2 2
Pr[L <D <vr,]=—cyv'r,” +c,vr, +¢ " —c,L
where ¢; and ¢, are as specified in (6). As suggested in
[3], an equation can be obtained to calculate the value of L

by MT, for a given (fixed) P, to decide handover. From (7),
we obtain

(8)

2 2_2
cz—\/c2 —4cl(c2vrl.—clv T, —Pf)

L =max<0,
2¢
10"

— Exact

- - - Linear approximation|
R =20

]
R =50

R =200
TTTTTT—
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1
d/R
Fig.2. Comparing pdf of travelling distance (3) with its linear
approximation (4)

4) Probability of unnecessary handover

If the MT’s traveling time (D/v) inside the WLAN s
smaller than the sum of the handover time into (z;) and out
of (r,) the WLAN cell, the handover to the WLAN cell
becomes unnecessary [3]. The probability of unnecessary
handover, P,, can be obtained easily by replacing z; with
(z;+17,) in expression (7). Denoting 77 = 7,+7,, we obtain

Pr[C<D<vr,], 0<C<vr,
(%9a) B, = )
0, otherwise
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(9b)

Pr{C < D <vr,|=—cV’t,’ +cvr, +¢,C” —¢,C’
where C is the distance threshold parameter

corresponding to unnecessary handover, ¢; and ¢, are as

specified in (6), and C > L. For a particular value of P,, the

parameter C can be obtained as
(10)

2 2_2
c, —\/02 —4c, (czvrr -cvt, —P )

C =max- 0, ’
2¢

5) Comparison and simulation results

We compare our derived threshold expressions, (8) and
(10), with those of [3]. In [3], Yan et al. obtained the
following expressions for L and C:

(1) L =2Rsin| arcsin| —% _Epf ,
2R) 2

(12) C =2Rsin arcsin(ﬂj—zﬂ ,
2R 2

Note that the values of L and C in (11) and (12) cannot
be considered correct because the interior angle ® was
mistakenly assumed to satisfy @ €(0, 2x].

Now we compare values of L obtained from (8) and (11)
in Fig. 3(a) for R = 50m, 7= 1sec and the probability of
handover failure is nearly 2%, as mentioned in [6], i.e., Py =
0.02. Note that both expressions of L can be seen to exhibit
similar trend but the proposed one (8) suggests a larger
value of L for the given P, and does not yield negative
values at low velocity. Similarly, in Fig. 3(b), we compare
values of C obtained from (10) and (12) for 7; = 7,= 1sec and
P, = 0.04. Again, both expressions of C can be seen to
exhibit similar trend but the proposed one (10) suggests a
larger value of C for the given P, and does not yield
negative values at low velocity.
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Fig.3. Comparison of threshold values (a) L (8) and (11), and (b) C
(10) and (12)

In Fig. 4-5, we present Monte-Carlo simulation results
for our proposed handover necessity estimation model as
well as for that in [3]°. By varying the velocity of the MT from

2 Note that no Monte-Carlo simulation results were reported in

(3]
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1 m/s to 10 m/s, we check the performance of our model for
two designed values for each of probability of handover
failure (P;) and probability of unnecessary handover (P,). To
avoid negative values of thresholds at low velocities, we
modified the expressions of [3] for L and C as follows:

(13)

L =max<0,2Rsin| arcsin Vi —ZPf ,
2R) 2 -

(14)

C =max< 0,2Rsin| arcsin Yir —EPM ,
2R ) 2
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Fig.4. Comparing probability of handover failure

Probability of unnecessary handover

0.025
0.02F -— ==~ —— T T T T -
0.015[
o’ R Sl =
0.01f—— - ‘ ‘
|| - — - — Proposed ] -
0-00501 - — _van etal :
Designed P = 0.01 :
0 : : . :
1 2 3 4 5 6 7 8 9 10
0.05— ‘
! .
| I S -
004} b mmm e T T T T
0.03f
: —
- e
0.02F———— S : :
|| -— - — Proposed
0.01H_ —Yanetal.
Designed Pu =0.02
0 I I :

1 2 3 4 5 6 7 8 9 10
Velocity [m/sec]

Fig.5. Comparing probability of unnecessary handovers

First of all we note that both P, and P, grow gradually
with increase in velocity. Secondly, the values of Pyand P,
obtained from the handover necessity estimation model of
[3] deviate from the desired values by a large margin. On
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the other hand, the values obtained from our proposed
handover necessity estimation model stay close to desired
values. Keeping the fact that the distance thresholds (L and
(), obtained from our method, are larger than those of [3], it
is easy to understand why our model outperformed that of
[3].

Finally in Fig 6-7, we demonstrate the average number
of handovers executed out of 20,000 random entries into a
WLAN cell. For simulation we used two different values for
both Py and P,. The trend is identical in all cases i.e. with
increasing velocity the threshold values increase, resulting
in reduced number of handovers into the WLAN cell.
However, it can be observed that our proposed model
avoids unnecessary handovers more expeditiously as in all
the simulation results the number of handovers using our
proposed model is less than that for model of [3].
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6) Conclusion

In this work we have used a method for handover
necessity estimation. Based on a geometrical model we
derived the probability distribution of traversal length and
provided a linear approximation of the pdf, whose closed
form integral can be obtained. Two threshold values,
corresponding to handover failure and unnecessary
handover, are obtained using this linear approximation of
pdf of traversal length. These threshold values are used to
keep the probability of handover failure and probability of
unnecessary handover within pre-designed limits. We have
proved the validity of our proposed model using Monte-
Carlo simulations. Comparison with an existing model
shows that our model performs much better by keeping the
probabilities of handover failure and unnecessary handover
much closer to the designed values. We have also shown
that how many of unnecessary handovers are actually
avoided by using our proposed model. With increase in
velocity the threshold values increase, blocking higher
number of unnecessary handovers.
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