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Abstract

The widespread popularity of Wireless Local Area Network (WLAN) is recognized as an effective
approach to complementing cellular networks for the high data rate and cost effective connectivity
delivered to mobile users. Efficient handover and offloading schemes for integrated WLAN and cellular
networks, referred to as Heterogeneous Wireless Networks, have thus attracted lots of attentions from
both academia and industry. This paper proposes a novel Multiple-Threshold based Triggering (MTT)
scheme for Cellular-to-WLAN handover control. Aiming at minimizing the probability of handover failures
and unnecessary handovers, three thresholds are calculated based on a variety of network parameters
such as system performance requirements, radius of the WLAN coverage, user mobility and handover
delays. The thresholds are then compared against the predicted user residence time and estimated
channel holding time inside WLAN to make vertical handover decisions (VHDs). Simulations were carried
out to evaluate the effectiveness of MTT and results show that MTT minimizes handover failures and
avoids unnecessary handovers in integrated cellular and WLAN networks, thus providing satisfactory
Quality of Service (QoS) to users and improving system resource utilization.

Keywords: integrated networks, vertical handover decision, handover failures, unnecessary handovers,
QoS

1. Introduction

One of the most apparent challenges in mobile broadband networks will be the handling
of the predicted increase in data traffic volume, which is doubling annually in the forthcoming
years, with 26 times more mobile traffic in 2015 than in 2010 and reaching 6.3 exabytes in 2015
[1-3]. This growing consumer demand for higher data rates as well as seamless access to
various communication services anywhere and anytime is accelerating the technological
development towards the integration of various wireless access technologies, i.e.,
Heterogeneous Wireless Networks [3]. Wireless Local Area Networks (WLANS), originally
designed for laptops and now often complementing the cellular networks in serving handheld
devices, are embracing unprecedented popularity for its superior data rate and cost effective
connectivity delivered to mobile Terminals (MTs). Mobile Network Operators (MNOS) are turning
to WLANSs to offload some of the exponentially increased subscriber data traffic such that the
demand on both the radio access network and core network are reduced [4-7]. However, to fully
exploit the advantages offered by the WLAN integration and data offload, intelligent and efficient
vertical handover decision (VHD) schemes should be carefully made to guarantee the Quality of
Service (QoS) while maximizing the usage of the available WLAN connectivity.

In the existing technical literature, many related studies on VHD have been reported [3,
8-19]. In [8], a WLAN to 3G handover decision algorithm was presented based on comparison
of the current received signal strength (RSS) and a dynamic RSS threshold when a mobile
terminal is connected to a WLAN access point (AP). In [11], based on traffic loss performance
modeling, a speed-sensitive call admission control scheme was proposed to avoid unnecessary
and frequent handover between cells for multiservice traffic, thus improving the call-level loss
performance and reducing unnecessary handovers. In this and also most of the other VHD
schemes such as [19], handover from the cellular network to the WLAN is initiated once the MT
enters the WLAN to utilize the huge inherent capacity and low cost connectivity, i.e., WLAN if
coverage.

However, handing over to the WLAN is not always efficient, because in some cases
such handovers may lead to unnecessary resource wastage. For example, in situations that an
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MT’s trajectory is close to the boundary of the WLAN coverage, the MT might have to switch
back to the cellular network immediately after completing the handover to the WLAN. Or, if the
handover process has not been completed before the MT leaves the WLAN, connection
breakdown inevitably occurs. Yan et.al in [18] proposed an efficient triggering scheme targeting
at this problem and achieved satisfactory results concerning failed and unnecessary handovers,
but in some other cases an MT may terminate its connection to the AP immediately after
handing over into the WLAN, leading to the incapability for the operator to make profit upon this
handover and resulting in unnecessary cost.

In view of the above deficiencies discussed and extending the work in [18], a novel VHD
scheme named Multiple-Threshold based Triggering (MTT) is proposed. Different from [18],
MTT takes into consideration both the time an MT is expected to spend within the WLAN and
the time it is expected to hold the channel, i.e., channel holding time. Adopting a variety of
network parameters such as performance requirements, radius of the WLAN coverage, user
mobility and handover delays, MTT first calculates three thresholds pertinent to the probability of
handover failures and unnecessary handovers. The thresholds are then compared against the
predicted user residence time and estimated channel holding time inside the WLAN,
respectively. For the connections that fail to meet the requirements of the thresholds, their
handover requests will be rejected, thus avoiding unnecessary handovers and enabling more
efficient VHDs from cellular networks to WLANS.

The remainder of this paper is organized as follows: Section Il discusses the coverage
and traffic models assumed in this work. Section IIl spells out the details of our proposed MTT
scheme. Section IV provides performance evaluation and Section V concludes the paper.

2. System Models

In this section, coverage and traffic models that will be used in MTT scheme are built.
MTs are assumed to be multi-model, i.e., having both cellular and WLAN interfaces, which is
reasonable due to the current popularity of smart handheld devices. The architecture of tight
coupling is considered for the integration of WLAN and cellular networks, in which a common
core and most network functions such as mobility and resource management are shared by the
two networks, with billing managed centrally. Though the tight coupling may incur some extra
networking units such as session-aware gateways, it could be considered in the long-term
enhancement of operator's network, which guarantees MNOs full control over subscribers as
well as the ability to deliver any subscribed content when users are in WLAN.

Consistent with other literatures, we assume that the WLAN coverage has a circular
geometry and our proposed MTT scheme also uses successive RSS measurements to predict
the residence time in the WLAN. The propagation model adopted in the WLAN coverage is the
commonly-used log-distance path loss model, according to which the relationship between RSS
(in dBm), and the distance between AP and the MT at any point P inside the WLAN coverage
can be expressed as:

|
RSS, = P, —PL,, —1081g—2>+ X_. 1)

ref

Where RSS, is the RSS at point P ; P, is the transmit power of AP; d_ is the
distance between the AP and a reference point; PL  is the path loss at the reference point; |,

is the distance between AP and P ; g is the path loss exponent; X is a Gaussian distributed
random variable with a mean of zero and a standard deviation o in dB.
Furthermore, independently exponentially distributed connection duration t; is

assumed for connections residing in the WLAN. Under the sole (general) assumption of
connection duration exponentially distributed, the probability density function (PDF) and
cumulative density function (CDF) of t; can be expressed by:

f, (T)=4eT,T >0, )
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R, (T)=1-¢7,T >0, (3)

1 . .
Note that ;L:T— and t, denotes the average value of connection duration (the

m

unencumbered call duration with an exponential distribution and mean value T, ).

3. Multiple-Threshold Based Triggering (MTT) Scheme Description

The objective of proposed MTT scheme is to minimize the probability of handover
failures and unnecessary handovers of MTs moving from cellular networks to WLANS, thus
improving the overall network resource utilization and user experience. It consists of two units:
Mobility & Coverage Prediction and Whether-To-Trigger Decision, as shown in Fig. 1.

AP Power .
Level RSS Velocity

I

Mobility & Coverage Prediction

1). Estimate network coverage
2). Predict residence time

Whether-To-
Trigger
Decision

Unnecessary and Handover failure
Probability Requirement

Handover Latency
Profitable channel holding time

Figure 1. Block diagram of MTT scheme

3.1 Mobility & Coverage Prediction

MTT scheme relies on mobility & coverage prediction scenario as introduced in [18] to
predict user residence time inside the WLAN, which is shown in Fig. 2.

Let P and P, be the entry and exit points to and from the WLAN coverage, M the
middle point between P and P, d the traveling distance of the user. By virtue of RSS
measurements, we first calculate the radius of the WLAN coverage R:

Prx~Plgt ~RSSy
ROlgp =dye 10 17 @

Then we choose one successive point S along the MT's traveling trajectory, thus

Pry —PL;s —RSSg

10

IOS = dref ' (5)

From the geometric configuration of Fig. 2, the following equations are obtained:
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2 2 _ 2
1o +15m —Iopi

ICZ)M +|82M :Iczxs (6)
IPiM _IPiS = ISM
Further, let V be the speed of the MT, we have,
I, =y WAy
| 2 )
s =V-(t, ~t5)
By combining (4)-(7), ty, an IS expressed as
2
I?(RSSp, )-17 (RSS )+ V2 (ts ~ty )
tyian = 2 (8)
V2t —ty )
Prx =Pl —*

Where |(e)=d 10 %

Note that, for the purpose of tractability, the M&C Prediction works under the following
assumptions: 1). the entry and exit points are arbitrarily chosen on the circle of the WLAN
coverage with equal probability; 2). the MT passes through the WLAN coverage along straight

line trajectories.

Cellular network
coverage boundary

I
I
|
|
1
I
|
|
|
I
I
T
A

WLAN cell
coverage boundary

Figure 2. System coverage model and prediction of residence time in the WLAN.

3.2 Whether-to-trigger
The purpose of Whether-To-Trigger (WTT) is to calculate three thresholds based on a

variety of network parameters, and compare them against the predicted MT residence time and

estimated channel holding time to make vertical handover decisions. Here is the detail:

1) Handover failure related threshold: To minimize handover failures, WTT introduced a time
threshold parameter T, , according to which WTT will admit handover requests based on
their predicted residence time in the WLAN, thus preventing them from being dropped during
handovers. A handover dropping (failure) occurs if the residence time of an MT inside the
WLAN is shorter than the handover latency z; from the cellular network to the WLAN.
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According to [18], for a specific value of handover failure probability P, (0< P, <1), T,
can be determined as

T, = 2%-sin[1(n)-5-R ©

Where F(t) =arcsin (ij
2R

2) Unnecessary handover related thresholds: WTT also aims at maintaining the unnecessary
handovers under a desirable threshold. Here, with “unnecessary” we refer to MTs whose
residence time t,, ., in the WLAN will be shorter than the sum of the handover delay into (z;)

and out of (z,) the WLAN, or, whose channel holding time t, couldn’t reach the minimum
service time z, required by the operator to undertake the operational cost of admitting

handovers. Thus unnecessary handovers in these two scenarios are both considered.
On one hand, for MTs whose residence time t,, ,, in the WLAN is shorter than the sum

of the handover delay into (z;) and out of (z,) the WLAN coverage, similar to the arguments
used in T, calculation, WTT introduced an unnecessary handover threshold T, (T, <T,) .
Handover requests with predicted residence time t,, ,, shorter than T, will be denied. As in [18],
for a given value of unnecessary handover probability P,; (0 < P,; <1) , we have

2R . T
T, =T-sm(1“(ri+ro)—?Pulj (10)

On the other hand, for MTs that may terminate their connections to AP immediately
after handing over into the WLAN, WTT introduced a threshold of minimum channel holding
time T, . Handover requests with estimated channel holding time shorter than T, will be rejected

due to the incapability of the network operators to make profit upon them. The channel holding
time can be determined as the smaller one of the connection duration and the residence time in
the WLAN, i.e.,

ty = min{ty, ty an | (11)

Owing to the memoryless property of the exponential distribution, the CDF of t,, can be
expressed by:

fo (T)= i (T) =R (T)- fi, (T)+ i, (T)‘[l_ R, (T )] (12)

F

ty

(T) = Fiy (T)+ Py (T2, (T)] (13)

Where the PDF and CDF of t,, 5y could be determined as:

2 g<1<?R
fo o (T)={z-JaRZ—vT2 =~ Vv (14)
0 , otherwise
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Fo (T)=P(1<T)

2R
< —
1 T (15)
2 vT

—.arcsin| — | , otherwise
2R

T

Using (3), (13) and (15), K (T) is calculated in (16).

FtH (T) = Fto (T)+ FtWLA (T)|:1_ FtD (T ):|
et 2. R
i 1-e* +e o L) , 0<T< y (16)
1 . R
v

Let P,, be the probability of unnecessary handovers pertinent to threshold T, , based on
(16), we have

PZZ{A(TS)—A(TS) , 0<T, <z, an

u

T

Where A(t) —e A -[1—E -arcsin (%)] )

For a given value of P,, T, can be calculated from (17). Note that Parameter z; is

determined by the network operator and can be adjusted dynamically to encourage or
discourage handovers to WLAN.
Therefore, with specific P, , P,, P,, given by system designer, WTT will calculate

three thresholds T, T, , T to make handover decisions, and generate outputs of 1 or 0, where

the value of 1 means “Yes”, 0 means “No”.

It should be noted that although we employ the prediction and threshold based method
as in [18], our scheme is different from it in the way that MTT offers operators more flexible
control on VHDs by re-defining the category of “unnecessary” and introducing a threshold
pertinent to the minimum service time required by system to make profit. Thus, our scheme
could be more effective in terms of total cost control and load balancing.

4. Performance Analysis and Discussion

In this section, MATLAB based simulation results are given. 1,000 random trajectories
across the WLAN coverage are generated. For each trajectory, a random WLAN entry point was
chosen, and a uniformly distributed random angle between 0 and 27 was generated

representing the movement of the MT. Also, the target P, and P,, are set as 0.02 and 0.04,

respectively; R is100m; 7, and 7, areboth1sasin[8]. T is60s
The first performance evaluation set focuses on the case in accordance with previous
studies in which no minimum service time is required, i.e., 7, =0, as the same with [18].

Fig. 3 and Fig. 4 denote the number of handover failures and unnecessary handovers of
the RSS threshold based, hysteresis based [16] and MTT scheme under different velocities of
the MT. In both of the fixed RSS and hysteresis threshold based methods, a handover to the

WLAN is triggered when the RSS from the WLAN is above a threshold, RSS and
RSS, _ -+ hysteresis, respectively.

hyst

fixed
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From the figures we can see that the probability of handover failures and unnecessary
handovers of MTT scheme are kept around the tolerable value of 0.02 and 0.04, respectively.
Moreover, when the speed of the MT increases, by increasing the number of rejections of those
requests that may suffer from possible handover failures or unnecessary handovers, the
probabilities remain the same.

0.18 T T T I I
-+:@-++ Fixed RSS based | |
| |

I I
| |

0.16 --EF-- Hysteresis based |- — - — — — - - - —: —————— ,J'?'ue“'——
—P— MTT with P=0.02 | | | |
! | | |

Probability of handover failures

Velocities(km/h)

Figure 3. Probability of handover failures for different schemes
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Figure 4. Probability of unnecessary handovers for different schemes

Further, to evaluate the effects of T, and P, on the performance of unnecessary

handovers, minimum service time 7, is considered. Fig. 5 and Fig. 6 present the probability of

unnecessary handovers for MTT scheme under different network parameters as seen in the
figures.

From the figures we can see that with P, introduced to the handover triggering, an
overall lower probability of unnecessary handovers is achieved. This is because for the
handovers satisfying the requirement of P but having a limited channel holding time t,, P,
prevents them from being admitted into WLAN. In Fig. 5, the probability of unnecessary
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handovers rises when P, increases from 0.05 to 0.1 to 0.8, while 7, is fixed as 0.5s. This is

reasonable since a larger P, means fewer requirements placed on the minimum channel

holding time of MTs. As can be expected, when P, approaches to 1, the number of

unnecessary handovers will be determined completely by P, since
requirements on channel holding time.

Probability of unnecessary handovers

0-025[:.*:”1”””*7*"\* 7777777 R . |
I MTT with Pu1=0.04 ! )3
0021 "B MTT with Pu1=0.04, Pu2=0.05 and vs=5s | _ 1 __ 1 .
s MTT with Pul=0.04, Pu2=0.1 and ts=5s | | H
@ MTT with Pu1=0.04, Pu2=0.8 and ts=5s | |
0015 T T T T T T | |
10 20 30 40 50 60 70 80 90 100

Velocities(km/h)

there will be no

Figure 5. Probability of unnecessary handovers for MTT under different unnecessary handover

0.05

requirements

0.045

Probability of unnecessary handovers

0'0255 | | | |
0021 MTT with Pu1=0.04 LA,
’ =Bk MTT with Pu1=0.04, Pu2=0.05 and ts=5s
“P+ MTT with Pu1=0.04, Pu2=0.05 and 1s=10s | b
0.015F ... MTT with Pu1=0.04, Pu2=0.8 and ts=5s | [
=P+ MTT with Pu1=0.04, Pu2=0.8 and ts=10s | |
001 T T T T T T | |
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Velocities(km/h)

Figure 6. Probability of unnecessary handovers for MTT under different unnecessary handover

requirements

Fig. 6 shows the probability of unnecessary handovers when P, is fixed while 7, is set

as 5s and 10s respectively. It can be seen that with P, fixed, MTT with larger 7, yields lower

probability of unnecessary handovers. This is for the reason that a higher 7, results in fewer

connections satisfying the minimum channel holding time requirement. Furthermore, we witness
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a dramatic decrease in the number of unnecessary handovers when the velocity of MTs
increases sharply. This is due to the fact that for velocities higher than 70km/h, the maximum
residence time of MTs in the WLAN will only be 10s. Thus an extremely limited number of

handover connections could meet the requirements of T, and be admitted into the WLAN.
Therefore, from the above figures, we can see that our proposed MTT scheme yields
the lowest probability of handover failures and unnecessary handovers. Moreover, with P,

introduced to control MTs’ minimum channel holding time within the WLAN, more profitable
VHDs could be made, thus offering more efficient approaches for cost control and avoiding the
waste of system resources caused by unnecessary handovers.

5. Conclusions

In this paper, we focus on the problem of triggering the Cellular-to-WLAN dual-mode
handovers. A novel multiple-threshold based triggering scheme named MTT is proposed to
minimize handover failures and unnecessary handovers. Adopting a range of network
parameters such as the system performance requirements, radius of the WLAN coverage, user
mobility and handover delays, MTT calculates three thresholds and compares them with
predicted user residence time and estimated channel holding time inside the WLAN coverage.
Handovers that fail to meet the requirements of the three thresholds will be refused by MTT to
be admitted into the WLAN as they may experience connection breakdowns during handover
process, or will turn out to be unnecessary due to limited service time. Simulation results show
that MTT scheme is successful in maintaining the probability of handover failures and
unnecessary handovers below desirable level, thus providing satisfactory QoS to users and
improving system resource utilization.

A possible improvement to the scheme is to develop more realistic and sophisticated
mobility models in which MTs’ speed doesn’t remain fixed. Also, specific network selection
strategies following the proposed triggering scheme could be further developed by considering
more attributes such as QoS constraints and application context, thus providing more intelligent
handover control. We will focus on these topics in our future research directions.
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