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ABSTRACT

With the advent of the third and fourth generation, mobile
radio networks are entering a new phase of their evolution.
These systems must allow mobile users to access their
personalized services and their environment regardless of the
network radio access technology and the used terminal type.
Current solutions are not sensitive to the context and do not
take into account parameters that change with the dynamic
component constitution of the mobile environment. In this
paper we are interested to the adaptation of services to
networks with different radio access technologies while
maintaining the requested quality of service and the mobile
user context. Simulation results show that the effects of the
use of context awareness in the decision of handover can
quickly converge to a fixed optimal choice while guaranteeing
the free movement of mobile hosts across different networks
depending on the required QoS.
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1. INTRODUCTION

The user is surrounded by an intelligent environment within
which intelligent devices are in a completely transparent
evolution. This ever-changing environment affects with the
same way different user behaviors and the provided
applications. This evolution depends on many elements called
"context." The Context has a crucial role in mobile networks
and information technology and its use in service discovery
helps to refine and adapt the dynamic research for radio
interfaces. In other terms, one of the main features of future
communication systems is nomadism: the desirable
characteristics of nomadism include independence of location,
information platform, communication devices, and an optimal
throughput.

To take advantage of this heterogeneity, “context awareness"
should be considered at different levels of the communication
stack. It is defined as a design model for applications where
the application uses knowledge related to a set of environment
states to determine and modify the behavior of the offered
services. Context management allows the network provided
application to optimize its behavior according to the context
in which it is located. The context awareness takes into

account the dynamic changes of the environment in term of
provided network technologies to achieve a fixed and optimal
choice. To exploit the concept of context awareness, the
traditional handover decisions are based primarily on the
signal strength which is not enough. To choose the optimal
point of attachment between the multitude of available ones
in the network, there is a need for a more intelligent handover
decision mechanism. In the next network generations of
heterogeneous mobile radio systems, one of the major
challenges is the vertical handover, the switching of the
mobile from one serving cell to other offering different radio
access technologies. Indeed, users can freely switch from one
network to another. But what we seek through this study is to
converge quickly to an optimal choice while ensuring the free
movement of mobile users across different networks.

The concept of handover based context aware can be defined
as a procedure that selects a target point of attachment for a
handover execution, based not only on the signal quality, but
also on knowledge of the mobile node and the provided
context information of the network to take an intelligent and
optimized decision. Thus, a new point of attachment must be
chosen supporting optimally user applications.

The reminder of this paper is organized as follows. In section
2, we define the concept of context awareness. In section 3,
the context management strategy from different point of view
is resumed. Then, we present related works which develop
vertical handover decision based context awareness, in next
section. In section 5, we describe the proposed algorithm
which combines static and dynamic context exchange
approaches. In the next section, simulation results are
presented and performance analysis is depicted in section 7.
Finally, we conclude our present work and we give a short
idea for our future research.

2. CONTEXT AWARNESS

2.1 How to Define a Context?

Define exactly the term "context" was the focus of many
research groups. Different definitions have been proposed to
describe the term. According to Schils [1], who invented the
term "Context Aware Computing,” the context is defined in
relation with the location, identity of the object and the
surrounding people. Brown [1] adds to the definition of Schils
the notion of time, season, temperature, etc. Dey [1] is the
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first who gave us a precise definition of context : "Context is
any information that can be used to characterize the situation
of an entity. An entity is a person, place, or object that is
related to the interaction between a user and the application
including the user and application themselves. "

2.2 Context Awareness IT Point of View
The context awareness [2] is defined by the ability to align the
service with its environment. Indeed, it is to adapt
applications to new contexts such as the ability of the
equipment. In fact, a system service, as shown in Figure 1,
allows for accommodating services such as voice, video, data
downloading to various computer equipment such as phone,
PDA, laptop PC based on the characteristics of these devices
such as their abilities. This adaptation takes into account the
environment in which the user is located, it comes just at the
time of connection establishment. The context awareness is to
integrate the context in communications for local scope. This
approach allows the application to optimize its behavior
depending on the context in which it is located.
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Figure 1. Context Awareness according to IT.

2.3 Context Awareness Mobility Point of
View

Mobility viewpoint to the context awareness is interested
to wide area networks that are not necessarily derived from
the same domain of application. Here the context occurs at
any time during the handover of a given communication and
also during the communication. Indeed, it is to adapt mobile
equipment required services, as described in Figure 2, to the
various systems using different access technologies, providing
both a good quality of service and an optimal routing
throughout the mobile active session. For example, a mobile
user who is in an area covered by the WiMax network, which
uses voice, data and video, and knowing that these services
have different physical characteristics in terms of throughput
and bandwidth, can attach to other cells WLAN and GPRS to
ensure a better quality of service and may be lower cost.
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Figure 2. Context Awareness according to mobility aspect.

We can therefore say that a context-aware system must be
able to perceive the situation of the user according to its
environment and adapt the system behavior to the suggested
situation in term of required services depending on their
quality.

3. CONTEXT MANAGEMENT

3.1 The problems Associated With Context

Information

The context-awareness is all type of information presents in
the environment which describes the situation of the user
required service and the network in terms of location, time,
user activity and network provider [3-4]. It can be got back
from a big variety of sources and may be formed by various
metrics such as network availability, network capability,
bandwidth, signal strength, user preference, access cost,
quality of service, security, mobility location, user activity,
etc. Effective use of context information is not simple due to
three main reasons:

- The context information can be distributed among
the different network elements, and it's hard to find
all the background information in a single network
entity. For example, information about the user
profile may be available in mobile devices, in user
home networks or in the network of some service
providers.

- The context information is dynamic and can change
frequently and thus the accuracy is lost in time.

- Since the context information change over time, the
algorithms for interpreting context information must
be updated frequently.

In most cases, applications use only a small fraction of
background information available for specific services. In
particular cases of mobile networks, there are other problems
such as instability and limited radio resources, limited power
and mobility management during roaming situations.

21



3.2 Context Management for Radiomodile
Network

Context management, dynamic or distributed [5], is not only
executed at application layer, but also at network layer and
data link layer, while clearly separating the application
specific context to the general context. Figure 1.3 shows that
this separation allows the creation of generic mechanisms for
all types of applications that enable the collection of context
information. The purpose of context management is to
facilitate the collection, pretreatment, distribution and use of
contextual information.The process of gathering contextual
information is implemented independently of the type of
application. While the distribution and use of this information
is for a specific applications. What makes the process of
collecting contextual information independent of the type of
application is its ability to collect this information from the
context supplier using a generic format. The generic
information collected from a context collection point is shared
between different applications. However, each application has
its own requirements, which is why the generic context
information must be translated into a format that every
application can analyze it and the distribution of this
information must be made by means of a protocol adapted to
each application. Context adapters are specific application
adapters that allow the selection of information collected and
the adjustment of such information with each request. Note
that different adapters can interact with the same context
collection point as shown in Figure 3. Each adapter sends the
appropriate information to a context client adapter which
interacts with a specific client environment
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Figure 3. Context management scheme [5].

4. RELATED WORKS

4.1 A Handover Based Context Aware

Scenario
In [6], authors present a handover scenario based context
aware, and discuss how the context information will be
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handled by the mobile equipment. The corresponding

implementation defines the following entities:

- The point of handover decision, which chosen the access
router for the handover.

- The point of context collection within the network,
which collects and compiles the relevant contextual
information resulting from various sources. These
information is then transmitted to the handover making
decision point.

Indeed, two architectures can be presented [6]:

- The handover decision point is integrated on the mobile
equipment. So, the context collection point collects
contextual information from different point of
attachment, and sends them to the handover decision
point in order to choose the next point of attachment.

- The handover decision point and the collection context
point are considered as the same point within the
network. The context collection point collects contextual
information from different point of attachment. Then, the
dynamic mobile equipment context must be sent to the
handover decision point.

In the following, we present two existing and independent

approaches for handover making decisions, which we

combine in our proposed approach.

4.2 A Static Context Exchange Protocol
This approach requires following preparation stages [6]:
1-  Conceive the context attributes and formats
2-  Implement an algorithm for the context performance
and the handover making decision.
3-  Set up a context collection mechanism that compiles
the relevant information in specified format
4- Implement triggers to collect and transfer the
contextual information at the adequate moment.

Dynamically, the following stages are necessary:

1- Context data exchange before the handover making
decision.

2-  If necessary, updates of this information can be sent.

3- The mobile equipment uses the following handover
procedure, that is started by a connection loss or
with the need to change toward a different point of
attachment, consisting of: first, collect the dynamic
context of the mobile equipment (list of visible
points of attachment, signal power, application).
Second, Call upon the algorithm with the supplied
data and the dynamic context to make the decision
of the most suited handover. Third, apply the
handover to the chosen point of attachment.

4.3 Dynamic Acquisition of the Context
Awareness Decision Making Agent

In this approach, we download a software agent [6] that
encapsulates the context information and the data
performance diagnostic algorithms. In such a way, we avoid
the limits of the static context exchange method. This
approach is more flexible than the first one and does not
require a standard format of the context. This solution requires
a software handover making decision point to support a
dynamic installation of the agent. We proceed as follows [6]:

1- We prepare an agent at the context collection point
by the means of the associated algorithm and the
contextual information that we need in the handover
making decision point. This stage is necessary when
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the algorithm or the context changes, as for example
when we add a new cell or when the user profile
changes.

2- Download of the agent before the link change
toward the neighbour cell for the handover making
decision point

3- The agent is called during the handover as follows:
the mobile equipment dynamic context is provided
to this agent at the beginning and it will provide the
handover decision by the end.

The agent is called during handover, and uses the dynamic

contextual information provided by the mobile equipment (for
example the current users services). With regard to the
previous approach, only the agent must be downloaded, and
not all the list of active points of attachment within the
considered area. The agent can be considered as a simple
hierarchical decision compiled from the data of essential
context.

5. PROPOSED ALGORITHM: A
FLEXIBLE WORK ENVIRONMENT
SUPPORTING BOTH STATIC AND
DYNAMIC CONTEXT EXCHANGE
APPROACHES

The previously explained approaches are two different
solutions: in the first one, the network and the mobile
equipment, firstly have to agree on a static format for the
contextual information; in the second one, a program ( an
agent) which must be downloaded by the mobile equipment
from the network to understand the contextual information in
order to be able to handling them. The difference is that the
solution with the added agent is completely flexible
counterpart the data structures and the used formats for the
contextual information. But the first solution is however
limited to a fixed structure of data, for example a table or a
decision tree.

In this working environment, we are going to combine both
ideas. So, we consider that the algorithm and the contextual
information are separately downloaded in different time
intervals. We use an agent which is also capable of
exchanging the context if there is a structural change of the
contexts information. The stages of agent exchanges are as
follows :

1- Prepare an agent at the context collection point
using the algorithm and the collected contexts data
which we need for the handover making decision
point

2- Download a new agent which contains the
algorithm and the context exchange protocol for
handover making decision point.

The stages of context exchange and handover execution are :

1-  When the context changes, we exchange the context
data (typically during the addition of a new cell, a
neighbour one)
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2-  The agent is called during the handover as follows:
at the beginning : the mobile equipment dynamic
context and the exchanged context; at the end : the
selected point of attachment

We note that the exchange of agents can be applied in various
manners. For example, every time the user profile changes, a
new agent is installed. Alternately, the agent cannot be
updated unless there are changes in the user behaviour or with
network services.

6. SIMULATION CONCEPTION AND
DEVELOPPED SCENARII

6.1 Simulated Network Topology
Here we present a common network topology for all
conceived scenarios (cf. figure 4). It consists of:

- Five mobile nodes
- A Wimax base station
- A Wifi access point

At the beginning of the simulation, we suppose that all mobile
nodes are connected to the WiMax base station.

PA wifi

Mobile 4

&L —

e

\l — Voice traffic

. Mobile 2 P — Video traffic
d* = 0

A —3 Data traffic

—> Web Traffic

Figure 4. Simulated network topology

6.2 Traffics Models

During these simulations, we use the agent SCTP (Stream
Control Transmission Protocol) as transport protocol and
traffic models as CBR, FTP and Pareto traffic model. Our
simulations are done using the network simulator platform.
The use of SCTP agent defines mobile node as a core node
with multiple interfaces, each one can be connected to a given
radio access technology network interface. We can therefore
say that the agent SCTP enables the delivery of traffic from
multiple interfaces. This option provided by the SCTP agent,
is called multi-homing. Our goal is to use multi-homing
feature of SCTP to improve transmission performance.

We will simulate voice and video traffics using CBR
application protocol modeling, data traffic with FTP protocol
and Web traffic with Pareto model. We defined the
characteristics of simulated connections, in terms of bit rate
and packet size in Table 1.
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Table I.  Traffic parameters considered during simulations

Traffic type Bit Rate Packet size
Voice 9.6 Kbit/s 240 octets
Video 20 Mbit/s 1500 octets
Data 100 Kbit/s 1460 octets
Web 10 Mbit/s 500 octets

In the following, we will implement a few scenarios to
conceive a handover mechanism based on the context

awareness concept.

6.3 Developed scenarios

6.3.1 Common description

All our simulations are developed with NS2.33[7].We
create a WiFi attachment point, a WiMAX base station and
five mobile nodes, each having two interfaces, one interface
for Wifi access type and another for WiMax connection.

6.3.2 First scenario

In this section, we will describe a scenario example that can
be encountered in a mobile radio network. This scenario will
include the handover mechanism based on a context
awareness concept.

First, the mobile "node 1" requests three types of traffic
connections simultaneously :

- A voice traffic is triggered with the mobile node "node 2"
- A video traffic is triggered toward the mobile node "node 3"

- A data traffic is triggered toward the mobile node "node 4"
These different connections types have the features defined in
Table 1.

The mobile node "node 1" activates these various traffic
through its WiMax interface via WiMax base station "WiMax
BS" to the corresponding mobile receiver node WiMax
interfaces.At different times, the mobile "node 1" began to
send different traffic flows that we have described above.
Activated traffic applications, as shown in figure 5, pass
through the WiMax base station "BS wimax" which, in turn,
forwards them to their corresponding destinations.

Figure 5. Scenario 1: Traffic flows sent by nodel

oice Traffic
s Video Traffic
=% Data Traffic
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At the same time, the mobile node "node 1" moves toward the
WiFi access point "GW wlan". During its movement, “nodel”
keeps the different mobile communications with the
correspondent receivers. To improve the connection quality, a
handover is triggered based on the concept of context
awareness, where the signal strength received from WiMax
base station "BS wimax" falls below the received signal
power from the Wifi point of Attachment "GW wlan". Indeed,
since we used the TwoRayGround propagation model, signal
power is influenced by the distance (not by obstacles,
noise,...). The mathematical expression of the received power
is given by :

Pr=P*G,* G*(L/(4*n*@dA)? ()

Where : Py : is the transmitted signal power; G, : the receiver
antenna gain; G, the transmitter antenna gain ; d : the distance
separating mobile node to the considered serving network
node and [1 : is the system wave length that depends on the
system functional frequency.

Switching to the "GW wlan" is based on specific criteria that
define a smart handover. In our implementation we consider
the throughput of various connections. To reduce the load of
"BS wimax", we redirected the video traffic, which is the
most demanding in terms of throughput, to the "GW wlan" so
the video traffic exchange between mobile node “node 1 and
mobile node “node 3” is ensured through Wifi interfaces with
the "GW wlan" as shown in figure 6.

/ 3
s Video traffic \

- B voice traffic
E P data traffic

Figure 6. First scenario handover based context awareness
execution

Now, we will focus on the different variations of signal power
throughout the mobile "node 1" movement. Referring to the
obtained simulation results, we observe at the beginning of the
simulation, the signal strength received from the WiMax BS is
greater than that received from the Wifi point of attachment
(cf. figure 7).
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STarting Simulation...

TMAX  'distance : 36.055512754639892 / puissance:'1.46284665068617916e-07
LAN _ 'distance': 176.91806012954132 / puissance:'6.0757184221096797¢-09"
num nodes 1s set 14

At 0.007224 in Mac 9 BS scheduler dlsubframe expires (frame=@)

At 0.007224 in Mac 9, updating stats delay: 0.006000

At 0.007224 in Mac 9, updating stats jitter: 0.600600

At 0.607224 in Mac 9, updating stats tx traffic: 24364.842933
channel.cc:sendUp - Calc highestAntennaZ and dist(ST

highestAntennaz = 1.5, dist(ST = 654.2

Figure 7. First stage in the Scenario 1 simulation

During movement of the mobile transmitter "node 1", the
received powers from the WiMAX BS and from the
attachment point Wifi, progressively approach, as outlined in
the figure 8.

At 41.599274 in Mac 12, updating stats Lloss: ©.800008
At 41.599325 in Mac 13, updating stats rx data: ©.000080
At 41.599835 in Mac 12, upd
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IMAX  'distance : 83.029863626587542 / puissance:'2.7585021494123226e-088"'
LAN ‘distance’: 86.242914947181205 / puissance:'2.5567903710265862e-08"

ating stats tx data: 0.000000

At 41.599835 in Mac 12, updating stats tx traffic: ©.000000
At 41.599835 in Mac 9, updating stats rx_data: 0.000000

At 41.599835 in Mac 9, updating stats rx_traffic: ©.000000
At 41.600261 in Mac 12, updating stats rx data: ©.000000
At 41.600386 in Mac 9 BS scheduler ulsubframe expires

Figure 8. Scenario 1 intermediate simulation stage (before
handover)

When the received power from Wifi point of attachment
becomes higher than the received signal power level from the
WIiMAX base station, the handover is triggered by redirecting
video traffic to the Wifi attachment point which in turn
transmits it to the "Node 3" (cf. figure 9).

At 41.699274 in Mac 18, updating stats loss: ©.000000
At 41.699274 in Mac 12, updating stats rx traffic: 8460000.001%

" video switchin traffic

WIMAX ‘distance : 87.8554534080566944 / puissance:'2.4637947536212365e-08"
WLAN ‘distance': 83.191476814936209 / puissance:'2.7477948675037275e-08'

857

At 41.699274 in Mac 12, updating stats loss: ©.000080
At 41.699325 in Mac 13, updating stats rx data: ©.080000
At 41.786386 in Mac 9 BS scheduler ulsubframe expires

Figure 9. Scenario 1, handover execution illustration

6.3.3 Second scenario

In this scenario, we added web traffic to be delivered by
the mobile "node 2" to the mobile receiver node "node 5". We
have identified some features for web traffic, which
corresponds to a Pareto model, described in Table 1. Initially,
we are interested in mobile "node 2" transaction, which will
send web traffic to "node 5" throughout during its movement.
So we will follow the various movements of the mobile
transmitter and the different directions of web traffic in order
to perceive the radio link switching steps.

We note that web traffic goes through the WiMax base
station "WiMAX BS." This action is due to the fact that the
received signal power from WiMax base station is greater
than the received signal power from Wifi point of attachment.
The mobile "node 2" moves approaching slowly the WiFi
attachment point. During mobile node “node 2” movement,
we compare the received power from WiMax base station to
the received one from WiFi attachment point. When the
received power from WiFi attachment point exceeds the one
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from WiMax BS, without significant quality degradation
which means that the received power from the WiMax BS is
still greater than a minimum required quality threshold value,
we execute the handover.

The handover execution means that we force the mobile
"node 2" to issue web traffic using its Wifi interface and the
mobile receiver "node 5" to receive this traffic by its Wifi
interface using the following pseudo code. Such behavior is
possible with the multihoming feature of SCTP protocol.

if { $pr_node2_BSWimax < $pr_node2_GWwlan } {

$ns_ at $now "$sctpé force-source $face2 node2"

$ns_ at $now "$sctp6 set-primary-destination $face2 node5"
$ns_ at $now "$sctp6 print cwnd "

}

Now, after viewing the web traffic switching radio link based
on the received power calculation, we can check the switching
respected conditions with the simulation event tracking. The
figure 10 shows the received power values from the WiMAX
BS and from the Wifi point of attachment at the beginning of
the simulation

using backward compatible Agent/CBR; use Application/Traffic/CBR instead
using backward compatible Agent/CBR; use Application/Traffic/CBR instead
Starting Simulation...

kRkRRR R Pour noeud 2 [trafic web) #EkRRkkkkkkkkkkkkbbbbRbRk
WIMAX ~ 'distance : 36.055512754639892 //pulssance:'l.4628460508617916e-07"
WLAN ‘distance’: 138.92443989449805 / puissance:'9.8533671819706194e-09'

Figure 10. First stage in the Scenario 2 simulation

During mobile "Node2" movement, we note that the distance
between the mobile transmitter "Node 2" and the WiMAX
base station increases and the distance between the mobile
"Node2" and WiFi attachment point decreases (cf. figure 11).

At 45.695581 in Mac 11, wpdating stats delay: 0.006021
KRR RRRE Poyr nogld 2 (Trafic weh) HHHRERRERRRRCE Rk

WIMAX  'distance : 80.342649850663776 / puissance: '2.9461148485898481e-08"
WLAN  'distance': 81.374927885838048 / pulssance:'2.8718433214542615e-08"

45.695581 in Mac 11, updating stats jitter: 0.000021
At 45.695581 in Mac 11, updating stats tx_traffic: 11920909.091611

Scenario 2 intermediate simulation
stage (before handover)

Figure 11.

The received power from WiMax BS decreases gradually
until it becomes less than the received power from Wifi
attachment point (cf. figure 12) .

At 45.799581 1n Mac 11, updating stats jitter: 0.860621

At 45.799581 in Mac 11, updating stats tx_traffic: 11920909.091611
kR hascylement web #fEkkkkook kbbb bk
FhkkkkRkkkkkRReeek Po|r ngeud 2 (trafic web) L R R R R R SR R R
WIMAX  ‘'distance : 84.971563377337802 /(puissance: '2.6338725627930865e-08"
WLAN 'distance': 77.340416421925724  puissance: '3.1792813593229294e-08"

Scenario 2, handover execution
beginning illustration.

Figure 12.

Here the web traffic switching is triggered.
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6.3.4 Third Scenario

In this scenario, the mobile "node 1" sends three traffic:
- Video Traffic to the mobile node "node 3"
- A voice traffic to the mobile node "Node 2"
- Data traffic to the mobile node "node 4"

The correspondent traffic features are described in Table 1,
here we can note that data and video services are the most
critical and requiring in terms of throughput. Figure 13 shows
the traffic  exchanged between  different  mobile
nodes.

nodz 3

Ko-pd |z

= video traffic
m» data traffic

Figure 13. Scenario 3: Traffic flows sent by nodel

We note that the voice traffic, video and data sent by the
"node 1" pass through the WiMax base station before reaching
their destinations. Indeed, the different traffic is sent through
the "Node 1" WiMax interface and received by the
correspondent  receiver node  WiMax  interfaces.
Subsequently, the received power measured at "node 3" and
"node 4" is decreased deteriorating progressively the
connection quality, hence the need for improving the
communication to receive data and video traffic with good
perceived quality. Therefore, video and data traffic will be
switched to the WiFi point of attachment with the connections
quality enhancement goal. Triggering handover is shown in
figure 14.
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considerably closer to the power between the "Node 1" and
"GW wlan " (cf. figure 15).

At 41.599244 in Mac 11, updating stats delay: 0.000021

FEE R R R R R R R R RN R R R R Ry

WIMAX ‘distance : 83.02986362639216 / [puissance:'2.7585021494120156e-08"
WLAN  'distance': 86.242914947178178 |/ puissance:'2.5567903719267652e-08"

At 41.599244 in Mac 11, updating stats jitter: 0.000621
At 41.599244 in Mac 11, updating stats tx traffic: 11926989.891611

Figure 15. First stage in the Scenario 3 simulation

When the received signal power from the Wifi point of
attachment becomes larger than that from the WiMAX base
station, the handover is executed (cf. figure 16).

******““*’-’-( Data and video traffics

¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢

]xxu“u“nnxu“u“nnu

WIMAX  'distance : 87.855453480571491 / |puissance:'2.4637947596209804e-08"

WLAN ‘distance': 83.191476814933424

puissance:'2.7477948675039118e-03"

ats loss: 0.008000

At 41.695274 in Mac 15,
At 41.695274 in Mac 15,
At 41.695274 in Mac 16,
At 41.695274 in Mac 16,

Figure 16.

updating stats rx traffic: 8460000.801857
updating stats loss: 0.000000
updating stats rx traffic: 8460000.801057
updating stats loss: 0.000000

Scenario 3 intermediate simulation

po. Video traffic
B Voice traffic
S Data traffic

AN

Third scenario handover based context
awareness execution

Figure 14.

However, after switching video and data traffics, we will
check the radio links exchanged conditions in the simulation
tracking results. At time 41.59s, we note that the power of the
uplink between the "Node 1" and "WiIMAX BS" weakens

stage (before handover)

The handover is manifested by the data and video traffic
switching. This is to deliver traffic via the WLAN interface of
the "Node 1" toward the Wilan interface of the correspondent
receiver mobile nodes via the Wifi point of attachment.

7. PERFORMANCE EVALUATION

In this section we will focus on the results generated by the
NS2 trace file, which describes the various events held
throughout the simulation.

7.1 First Scenario

To verify that the handover is successful, we extracted trace
file lines before executing the handover and lines after its
execution. Fetched lines before the handover show that video
traffic is held between the WiMax interface ,index '12 'of
"node 1" and the WiMAX interface index '14' of "Node 3" as
shown by figure 17.

38560123954 4 WC -+~ 5270 sctp 280 [0 BAODG00 8 0] -+
r 3856018954 14 AGT -+~ 5270 sctp 280 [0 LAODG00 8 0] -+
r 38, SE042750 4 MAC -+~ 5271 sctp 260 [0 LAODOR0 8 0] ------
38,SG0067750 4 AGT -+~ 5271 sctp 260 [0 LAODOR0 8 0] ------

[1:124:0 29 1]
[12:124:029 1]
[12:1 24:6/29 1]
12:114:0/29 1]

11D 6767 6 6766] 6 0
11D 6767 0 6766] 6 0
10 6768 0 6767] 8 0
10 6768 0 6767] 8 0

Scenario 1: detailed simulation events
before Handover

Figure 17.

The following lines, given by figure 18, show that video
traffic is delivered via the wireless interface index '6 'of the
"node 1" to the wifi interface index '8' of the "Node 3".
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r 44460589731 6_RTR ---
5 44.460589731 6_RR ---
r 58460589731 6_RTR ---
§ 56.460589731 6 RR ---
I 68434592220 6_RTR ---
5 66.434592220 6 RR --

5298 sctp 944 (000 0] -
5298 sctp 964 (0100 0] -+
5427 5ctp 944 (000 0] -
5427 5ctp 964 (000 0] -
5478 5ctp 56 [0 0 0 0] ------
5478 sctp 76 [0 0 0 0] -------

[6:18:6]32 0] [4 D 6483 0 6482]
[6:18:6(32 8] [4 D 6483 0 6482]
[6:18:6(32 0] [4 D 6483 0 6482]
6:18:032 8] [4D 6483 0 6482]
032 0] [1H -1 65535 65535
6:18:0/32 8] [1H -1 65535 65535

Scenario 1: detailed simulation events
after Handover success.

Figure 18.

Here we calculate the handover latency time:

Handover Latency = time of the first event after executing the
handover - time of the last event before the handover; (2)

based on simulation results we obtain :

Handover Latency = 44.460589731 — 38.580267750 =
5.880321981 sec 3)

This latency is large enough to switch the video traffic; it is
also the major drawback of the handover. If we use the TCP
transport protocol, the latency will be translated by a
connection failure. While for our implementation we use the
SCTP protocol that keeps the connection during this latency
time, but we will have no transmitted traffic during a time
interval about 5sec.

At this stage, we visualize the number of lost packets
variations throughout the simulation duration for video
exchanged traffic between "node 1" and "Node 3". This
observation is made in two cases; the first case without
executing the handover and the second case with
implementation of the handover based context awareness as
shown in Figure 19.

50 - x001

45

40

w
o

[N
o

~#~ with handover

packet loss rate (%)
N
[9]

27 31 35 37 39 46 48 50 52 62 64 66 68 90 92 94 fme(®

Figure 19. Scenario 1: packet loss rate variation

without and with handover execution

The instant '41s' represents the execution time of handover for
the second case. For this reason we will compare the rate of
packet loss before and after this  moment.
Before t= 41s: we notice that in both cases we have the same
packet loss rate, since the handover has not yet triggered.

After t= 41s: the number of packets lost in the first case,
without handover execution, is more important than the
second one (with handover execution), this is insured by link
switching with handover execution. Indeed, the packet loss
rate is 0.1% for the first case, while it is about 0.06% in the
second case performing the handover. We note that the loss

—4— without Handover

0
0
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rate decreases when we execute the handover based context
awareness. In fact, the handover based context awareness is
triggered not when the radio link quality is decreased but is
triggered even we have a certain guaranteed quality of service
in order to be better served. This result justifies the use of
intelligent handover that improves the connection quality by
reducing the packet loss rate.

7.2 Second Scenario

By examining the trace file, we can verify that the handover
execution is successful. Indeed, web traffic, just before the
radio link switching, is transmitted through the mobile node
"node 2" WiMax interface, numbered '13 ', and the receiving
node "node 5" receives via its WiMax interface, numbered
'16'. This traffic passes through the WiMax base station
indexed '11'as is illustrated by figure 20.

5 31.658011796 13 MAC --- 3276 sctp 934 [0 000060 8 0] [13:116:0(30 11] [6D 162 6 161] 0 @
5 31.658399750 13 MAC --- 3343 sctp 564 [0 000060 8 0] [13:116:0/30 11] [6 D 168 6 167] 0 @
5 31,662011796 _13 MAC --- 3343 sctp 321 [0 doeeoee 8 0] --- :T16:0 30 11] [6D 168 0 167] 0 0
5 31,666011796 13 MAC --- 3343 sctp 559 [0 doeeoee 8 0] --- :116:0 30 11] [6D 168 0 167] 0 0

s 31666243987 _13_ MAC ---
r 31,746035589 _13_ MAC ---
r 31.740060589 _13_ AGT ---

3344 sctp 286 [0 decoooe 8 0] ---
3313 sctp 68 [0 b0AOOO 8 O] ----
3313 sctp 68 [0 bo6OOOG B 0] -------

16:0 30 11] (1D 169 0 168] 0 0
29 13] [15 156 65535 63535]
29 13] [15 156 65535 63535]

Scenario 1: detailed simulation events
before Handover

Figure 20.

After executing the handover, web traffic switches from
WiMax interface to Wifi one. The "Node 2" sends the web
traffic via its Wifi interface with the index '7 ', the mobile
receiver "node 5" receives through its Wifi interface with the

index '10' (cf. figure21).

00
00

r 46.179406973 7_RR -~
r 46.205656979 7_RTR ---
r 46231906979 7_RR -
r 46258136979 7_RR ---
r 46.284406979 7_RR -

7044 sctp 260 [0 6 0 0]
7055 sctp 260 [0 6 0 0]
7064 sctp 260 [06 0 0]
7072 sctp 260 [06 0 0]
7081 sctp 260 [06 0 0]

(7:110:0(32 0] [1D 8356 884] 0 0
7:110:0(32 0] [1D 836 6 885] 0 0
7:110:0(32 07 [1D 8876 886] 0 0
7:110:0(32°0] [1D 838 6887] 0 0
7:110:0/32 07 [1D 839 6 883] 0 0

Scenario 2: detailed simulation events
after Handover success.

Figure 21.

Let's calculate the generated latency for the handover
execution, according to equation (2), so we obtain:

= 46.179406979 - 31.740060589 =

4)

Handover latency
14.43934639s

We note that this latency is large enough to switch the web
service, this may cause a connection drop which may be a
disadvantage of the handover based context awareness.

To address the effectiveness of our simulation, we use an
evaluation of the simulated scenario in terms of packet loss
rate. We will compare the packet loss rate without and with
the execution of handover to assimilate the advantage of the
performance of handover as shown in Figure 22.
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Figure 22. Scenario 2: packet loss rate variation

without and with handover execution

These results clearly explain the use of intelligent handover to
improve the end to end connection. In fact, we note that
during the handover execution stage, precisely at t=45second,
we will have no more packet loss. Indeed, the packet loss rate
is equal to 0.0048% for the first case (without handover, data
transmission continues over WiMax radio interface), while it
is about 0.0026% for the second case corresponding to the
case with a handover based context awareness execution.
Always the same finding: the packet loss rate decreases when
we execute the handover based context awareness. This result
justifies that the use of intelligent handover improves the
connection by reducing the packet loss rate.

7.3 Third Scenario

By analyzing the trace file, we can verify the success of our
proposed handover based context awareness proposed
scheme. Before execution of the handover, video traffic is
transferred through the transmitting mobile node “node 17
WiMax , numbered '12 ', and the receiving mobile node "node
3" receives this traffic via its WiMax interface, indexed '14',

as shown by figure 23.

5 39,000285727 14 AGT --- 5023 sctp 52 (000 0] ------ [14:0 12:1 32 8] [1 S 5822 65535 65535] @ 0

r 39.000285727 14 RTR --- 5023 sctp 52 [0 6 8 0] ------- [14:0 12:1 32 8] [1 5 5822 65535 65533] 0 O

§ 39.006285727 14 RIR --- 5023 sctp 72 (060 0 0] ------- [14:6 12:1 36 11] [1 S 5822 65535 65535] @ 8

§ 39063667967 11 MAC --- 5621 sctp 922 [B bOBOBED 8 8] ------- [12:1 14:0 29 14] [5D 6111 0 6110] 6 0

r 39.004951381 14 MAC --- 5621 sctp 1192 [ hOB8BOe 8 8] ------- [12:114:0 29 14] [5D 6111 0 6110] 0 O
r 39.004076381 14 AGT --- 5621 sctp 1192 [0 bOaggee § o] ------- [12:114:0 29 14] [5D 6111 8 6116] 6 8|

§ 39.004076381 14 AGT ---
r 39.004676381 14 RR ---
§ 39.004676381 14 RTR ---

5024 sctp 52 (6.0 0 0]
5024 sctp 52 [0 0 0 0] -
5024 sctp 72160 0 0]

[14:0 12:1 32 8] [1 5 5822 65535 65533] 0 O
[14:0 12:1 32 8] [1 S 5622 65535 63535] @ 0
[14@ 12:139 11] [1 5 5822 65535 65535] 6 @

Figure 23. Scenario 3: detailed simulation events
before video traffic radio link switching

For data traffic, it is transmitted firstly through mobile node
“node 1” WiMax , numbered '12°, and the receiving mobile
node "node 4" receives this traffic via its WiMax interface,
indexed '15', as shown by figure 24.
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§ 34513675011 12 MAC --- 4417 sctp 50 [0 c66600 § 0] ------- [1:215:03011] [1D1450144] 0 8

r 34.513695878 11 MAC --- 4417 sctp 1520 [0 009090 & O] ------- [12:215:603011] [1D 1450 144] 6 0
r 34.513720878 11 RTR --- 4417 sctp 1520 [ c080000 8 6] ------- [12:215:603011] [1D 1450 144] 6 0
f 34.513720878 11 RTR --- 4417 sctp 1520 [0 c6eeqeo 8 o] ------- [1:215:02915] [1D1450144] 0 9
§ 34.515667967 11 MAC --- 4417 sctp 1526 [ b0BOGEO 8 6] ------- [12:215:02915] [1D 1450 144] 6 0
r 34.516362067 15 WAC --- 4417 sctp 1520 [0 b6eaean 8 o] ------- [1:215:0 29 15] [1D 1450 144] 6.0
r 34516327007 15 AGT --- 4417 sctp 1520 [6 DOGOOGO 8 O] ------- [12:215:0 29 15] [1D 145 0 144 0 0 |
§ 34, D Al - 4439 sctp 32 [0 006 -~ [15:0° 1222 32 8] 15145 00033 03033] 0 6

r 34.516327607 15 RTR --- 4439 sctp 52 (6 6 0 8] ------- [15:0 12:2 32 0] [1 5 145 65535 65533] 0 0

Figure 24. Scenario 3: detailed simulation events
before data traffic radio link switching

After executing the handover, the video traffic switch
interfaces. The "Node 1" sends the video traffic across its
Wilan interface, index '6 ', and' Node 3 'receives this traffic
flow through its Wlan interface indexed '8' as illustrated by
figure 25.

r 3063725465 6 KR --- 5029 sctp 172 (B0 8 6] ------- [6:1 14:0 32 6] [3D 5827  5626] 8
r 44063725465 6 RTR -~ SO3Lsctp 172 (B0 8 6] ------- [6:18:0 32 8] [5 D 5827  5826] 80|
S 4LBTIBRSAT 6 KR -~ 5631 scip 1192 [0 0 6] oo [6:18:8 38 8] [30 36270 3820 0 0
T 44.861143976 _8_ Ao --- 5031 sctp 1192 [13a 6 6 98] ------- [6:18: 38 8] [30 5627 6 5626] 10
SHLGB140T6 14 AT - SERsctp 4B 00D O) [14:0 6:1 32 0] [1 5 6101 65535 69535] 6 0
T 44.661143976 14 RIR - 5032 sctp 8 (00 6 Q) - [14:0.6:1 32 ] [1 5 6111 63533 63535] 0 0

Scenario 3: detailed simulation events
after video traffic radio link switching

Figure 25.

For data service , the transmitter mobile node "Node 1" sends
the data traffic flow after executing handover based context
awareness over its Wlan interface indexed '6 'to the mobile
node "node 4" WIlan interface indexed '9', as can be seen in
figure 26.

r 46523725465 6 RTR ---
I 54523725065 6 RR ---
§ 34538083522 6 KR ---
r 54541363667 9 A -
§ 3. 41563607 15 Ao -

5636 sctp 1569 (B 0 8] ------- [6:215:0 32 8] [1D 1466 1451
5048 sctp 1568 [0 0 8 8] - [6:29:0.32 0 [10 1466 145] @ O
5048 sctp 1520 [0 0 6 0] ---eoe [6:29:6309] 101460 145] 00
-~ 5048 sctp 1528 [13a 9 6 Bg@] ------- [:29:0309] [1D 1460145 19

-9 sctp 2 (000 8] [15:0 6:2 32 8] [1 5 146 63535 6335] € 8

Scenario 3: detailed simulation events
after data traffic radio link switching

Figure 26.

Now let's calculate the required latency required for the
handover execution related to video and data services:

For the video service, based on equation 2:

Video HO_Latency = 44.863725465 -
39.004076381=5.859649084 seconds

For data service, using the formula given by equation 2:

Data HO_Latency = 54.523725465 -
34.516327007= 20.007398458 seconds

From these results, we find that the latency data service is
more important than the latency of video service since the
video traffic requires more bandwidth than the data traffic, so
it will be served firstly. Otherwise, since we used the SCTP
transport protocol, the latency generates an instantaneous
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switching packet transfer, not a connection failure, such is
with TCP case.

Here we will conduct an evaluation of the obtained results to
assess the importance of implementing the handover based
context awareness in specific cases. Figure 27 we can note the
effect of the handover based context awareness execution on
packet loss rate.
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Figure 27. Scenario 3: video trafficpacket loss rate
variation without and with handover execution

We note that there is no packet loss at the time of the
execution of the handover, which acts effectively on the
connection quality. Indeed, the packet loss rate calculated in
the scenario without the implementation of the handover is
equal to 0.21%, while it reaches 0.18% in the second case,
with handover implementation. So, we check that the packet
loss rate is higher in the first case than in the second, which
again verifies the effectiveness of the handover based context
awareness on the end to end connection quality.

8. CONCLUSION

In this paper, we simulated three scenarios to highlight the
performance of the handover based on the concept of context
awareness. This concept supposes that we can trigger a radio
link switching without waiting link quality degradation, so we
can configure our radio connections dependant on radio
access technologies availability. During the simulations, we
have identified the importance of the handover to improve the
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end to end connection quality by reducing the packet loss
considering different traffic flows configurations, which
comprise single service or simultaneous services. We note
that the handover based context awareness provides an
intelligent approach for mobility management mechanisms
and presents an effective solution to increase network
performance, but the generated handover latency is important
and needs to be enhanced by proposing other improvements
for such a concept which constitutes our interest for future
publications.
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