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ABSTRACT

The Worldwide Interoperability for Microwave Access (WiMAX)

has drawn tremendous interest from researchers as it is a
very promising wireless access technology. Newly developed
protocols need to be tested, evaluated and readjusted before
becoming operative. In this paper, we present new WiMAX
model for SimulX simulator. The originality of this module
is the implementation of the management architecture and
the signaling exchanges defined by the WiMAX technology.
As SimulX is well suited for the simulation of next genera-
tion wireless networks, the proposed module will enable the
evaluation of WiMAX as a part of these networks. We val-
idate the proposed module based on results of simulation
tests, which we compare with theoretical evaluation of the
technology.

Keywords
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1. INTRODUCTION

Nowadays, the trend is toward the use of wireless and mo-
bile networks as required by the multimedia and real-time
applications. Many researches are conducted to optimize
these promising technologies in order to support communi-
cation constraints required by these applications. This is
even more difficult in the context of an operator network,
which requires the deployment of specific management ser-
vices such as user authentication and per-user QoS manage-
ment. Several research fields are explored like the optimiza-
tion of handover performances in heterogeneous networks or
the adaptation of wireless protocols to specific environments,
e.g. vehicular network.

Different kinds of tools are available for the evaluation of
network architectures and protocols: actual test beds, an-
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alytic models and network simulators. The simulation of
networks has become a powerful tool used by researchers to
perform performance evaluations, especially in wireless net-
works where actual experimentations are really difficult to
set up. This is partially due to the versatile nature of wire-
less media. Moreover, network simulators provide methods
to investigate newly developed protocols, their behaviour
and their interactions with other protocols. They allow to
validate the feasibility of a design and to remove points of
uncertainty. The simulation environments support both, de-
tailed implementations of protocols used for functional vali-
dation and implementations limited to basic functionalities
of protocols used for scalability evaluations and large scale
scenarios.

The 4G Lab of Telecom Bretagne is a research team inter-
ested in the design of protocols and mechanisms necessary
for the evolution of wireless networks. Particularly, we have
ongoing researches related to the management of mobility in
next generation wireless networks based on the integration of
several wireless technologies in heterogeneous networks. As
part of this work, we needed a simulation environment that
allows us to test and evaluate our proposals. Several network
simulators are available and commonly used by researchers,
such as NS2, OMNET++ and JSim. However, the model of
wireless technologies proposed by these simulators present
several lacks. As an example, the proposed implementation
does not include the management parts of wireless technol-
ogy specifications such as: core network management enti-
ties, signaling state machines and exchanges, etc.

We have been involved in the development of a new net-
work simulator SimulX, which is an open source project de-
veloped under the collaboration of several universities and
research labs. This simulator is designed to experiment mo-
bility management protocols in an IPv6 world [7]. SimulX
provides an open framework for the evaluation of multihom-
ing and mobile protocols. These new protocols are leav-
ing the experimental and research area and attract wire-
less network providers. To prepare future deployments, the
providers are interested in evaluation tools supporting the
management aspects of technologies, i.e. management archi-
tectures and signaling exchanges. The integration of man-
agement services such as user authentication and billing has
an impact on the network architecture and handover perfor-
mances. Therefore, the availability of such tools enables the
evaluation of alternate network architectures and manage-
ment protocols.



SimulX is developed under this perspective. It proposes to
integrate management protocols and architectures in addi-
tion to data transmission functions to wireless technology
models. For example, SimulX implements the Mobile IPv6
protocol [7] and a full signaling support of the IEEE 802.11i
authentication protocols and architecture [5]. In addition,
SimulX is particularly well suited to facilitate the simulation
of handover processes at link layer and network layer of the
TCP/IP model. It is quite easy to implement in SimulX
new handover procedures and optimizations taken from the
literature in order to experiment and compare their perfor-
mances.

The WiFi was the first wireless technology integrated in the
simulator as it is commonly used to offer local wireless ac-
cess or commercial public wireless access. More recently, the
WiMAX technology has been proposed to users and network
providers for WMAN broadband access. It is yet seemed
to be the future reference for deploying commercial large
band wireless access. Therefore, we have been interested in
integrating WiMAX to our network simulator. The avail-
ability of both WiFi and WiMAX technologies in the sim-
ulator will allow the simulation of heterogeneous mobility
scenarios. In fact, we are interested by executing simulation
scenarios including both WiFi Access Points (AP), WiMAX
Base Station (BS) and mobile nodes integrating both WiFi
and WiMAX interfaces.

In this work, we present a module for SimulX that imple-
ments the WiMAX technology. This module integrates not
only the data transmission functions but also the manage-
ment architecture and the signaling exchanges for authenti-
cation, QoS and connectivity management. To validate this
module, we propose several simulation scenarios. We com-
pare the obtained results to analytical performance evalu-
ation available in the literature [3, 4]. Then, we propose
examples of possible evaluation using this module. An eval-
uation of the management services effect on the network per-
formances: the network entry delay as a function of the AAA
server distance. We also present results of simulation sce-
nario for mobility under a WiFi-WiMAX heterogeneous net-
work. This scenario is presented as examples of the ability
of the proposed wireless modules and the simulator to sup-
port the design of heterogeneous networks, multi-technology
nodes and the execution of inter-technology handovers.
This paper is organized as following. In section 2, we present
an overview of the WiMAX technology. In section 3, we de-
tail the integration of the WiMAX technology to SimulX. In
section 4, we present simulation scenarios performed using
the WiMAX module. We sum up the work presented in this
paper and propose our future works in section 4.

2. OVERVIEW OF WIMAX

The WiMAX label was created by the WiMAX Forum
[2] to promote last mile wireless broadband networks based
on the IEEE 802.16 standard. The specification proposed
by IEEE 802.16 standard and its amendments are related to
the physical (PHY) layer and wireless medium access (MAC)
layer. The WiMAX forum has proposed a complete specifi-
cation for WiMAX networks, including the management ar-
chitecture of the core network, beyond what is defined in the
version IEEE 802.16e-2005 [1] of the standard. We propose
in the following an overview of the MAC and PHY layers,
the network architecture and the main services and func-
tions defined by the combine of the WiMAX Forum work [9,

10, 11, 12] and the IEEE 802.16e-2005 specification.

2.1 PHY layer
The IEEE 802.16e-2005 proposes four versions of the phys-

ical layer: WirelessMAN-SC, WirelessMAN-SCa, WirelessM AN-

OFDM, WirelessMAN-OFDMA. For WirelessMAN-OFDM
and WirelessMAN-OFDMA, the PHY supports adaptive mod-
ulation and coding. Four modulations are available for phys-
ical layer: BPSK, QPSK, 16QAM and 64QAM. These mod-
ulations are used with two coding schemas 1/2 and 3/4.
Several modulations are defined to allow link adaptation.
If the radio link is good, a high-throughput (but with weak
immunity against noise and interference) modulation can be
used, whereas when the link is bad, a robust modulation (but
with low throughput) is used. In conditions of good signal,
a highly efficient 64 QAM coding scheme is used, whereas
when the signal is poorer, a more robust BPSK coding mech-
anism is used. In intermediate conditions, 16 QAM and
QPSK can also be employed. The WirelessMAN-OFDMA
includes support for Multiple-in Multiple-out (MIMO) an-
tennas in order to provide good Non-line-of-sight character-
istics (or higher bandwidth) and Hybrid automatic repeat
request (HARQ) for good error correction performance.

2.2 MAC layer

The WiMAX MAC layer is designed for point-to-multipoint
broadband networks where a base station (BS) transmits
to multiple subscriber stations (SS) on its coverage area.
The uplink (UL) and the downlink (DL) channel are repre-
sented by two separate frames divided into streams of mini-
slots. The BS controls the downlink bandwidth by allow-
ing downlink slots to data towards every associated SS. It
also controls the uplink bandwidth allocation by allowing
transmission slots to SS based on their requests and their
service agreements. The BS maintains a time-division mul-
tiplexed (TDM) link on the downlink (DL). The subscriber
stations use time-division multiple access (TDMA) on the
uplink (UL) and transmit back to the BS in their allocated
time slots. Two messages, sent in the downlink frame, are
used to describe channel use (map) to the SS: DL-MAP for
the downlink frame and the UL-MAP for the uplink frame.
Figure 1 shows an example of match between UL-MAP and
DL-MAP packets and frames.

Frame n-1 Frame n Frame n+1 Frame n+2
DL-MAP n-1 DL-MAP n DL-MAP n+1 DL-MAP n+2
UL-MAP n-1 UL-MAP n UL-MAP n+1 UL-MAP n+2
ATDD Split ATDD Split ATDD Split ATDD Split

Frame

Control

Downlink

Subframe|

Uplink
Stbirame NN NN NN NN

Figure 1: The allocation map for a Time division
duplex channel

The MAC layer is connection based. All traffics are car-
ried into connections, even for service flows that implement
connectionless protocols. A connection is defined as an uni-
directional mapping between a BS and a SS for the purpose
of transporting service flow traffics, it is identified by a Con-
nection Identifier (CID). A CID maps a service flow identi-
fier (SFID), which defines the Quality of Service parameters



of the service flow associated with that connection. Secu-
rity Associations (SAs) also exist to define relation between
keying materiel and CID. At the network entry, manage-
ment connections in each direction (uplink and downlink)
are established between the SS and the BS to exchange man-
agement messages. After a successful association, transport
connections are created to relay SS traffic.

2.3 General architecture

The WiMAX forum [2] has defined a network reference
model that presents functional entities and services for the
WiMAX management architecture [9, 10, 11, 12]. The enti-
ties composing this model are:

e The Access Service Network (ASN): It contains one
or more Base Station(s), and one or more ASN Gate-
way(s). The BS provides radio access to SSs. The
ASN-GW supports Layer-2 (L2) connectivity functions,
Relay functions for establishing Layer-3 (L3) connec-
tivity, Mobility management, etc.

e The Connectivity Service Network (CSN): It defines a
set of network functions that provides IP connectivity
services to subscriber stations such as: mobile termi-
nal IP parameters allocation, Policy and Admission
Control, etc. CSN includes network elements such as
routers, AAA proxy/servers, user databases, etc.

As shown in Figure 2, an ASN contains multiple Base Sta-
tions attached to an ASN-Gateway. The latter is responsible
for managing SS mobility between BSs and relay exchanges
between ASN entities and CSN. Additionally, BSs may also
communicate directly in order to offer fast and seamless han-
dovers.

ASN
Gateway

ASN
Gateway

Figure 2: Network Architecture

2.4 Network services and network entry pro-
cedure

In this overview, we will focus on the authentication and
authorization management, the QoS management and the
Data Path management because of their importance for net-
work operations.

Authentication and authorization.

The WiMAX technology defines the Key Management
Protocol (PKM) that provides subscriber stations with pri-
vacy, authentication and confidentiality across the wireless

network. The PMK is based on mutual authentication pro-
cedures that establish shared secrets between entities. Mu-
tual authentication is based on upper layer authentication
protocols such us EAP/TLS. The Master Secret Key (MSK)
is established between the SS and the AAA server from
which an Authorization Key (AK) is derived and transfered
to the ASN-GW and the BS. The AK is then used to se-
cure the SA-TEK 3-way-handshake exchange that enables
the SS to obtain from the BS the Security Association Iden-
tifiers (SAIDs) and properties of Security Associations that
includes keying material to secure exchanges through data
connections.

QoS management.

The WiMAX technology defines the QoS management
over the radio link connections. A station is associated with
a number of service flows characterized by QoS parameters
such as latency, jitter, throughput, etc. A Service Flow Man-
agement (SFM) function, located in the BSs, is responsible
for creation, admission, activation and modification of ser-
vice flows. A Service Flow Authorization (SFA), located
in ASN-GWs is responsible for evaluating service request
against user QoS profiles. The QoS profile is downloaded
from the AAA server, which includes a subscriber manage-
ment system, to the SFA at the network entry as a part of
the authentication and authorization procedure.
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Figure 3: The WiMAX network entry
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Data Path management.

The Data Paths (DP) offer the setup of a bearer plane be-
tween network peers (BSs and ASN-GWs). They are used
to establish tunnels between base stations, between gate-
ways or between gateways and base stations. A Data Path



function is included in every ASN entity and is responsible
for instantiating and managing a data bearer. A Data Path
between two entities can be specific to a service flow, to a
SS (regrouping all SS service flows) or to a BS (regrouping
all service flow related to SSs attached to this BS).

2.5 Network entry procedure

The network entry procedure includes a set of phases de-
scribing exchanges between the SS and the network entities
(BS, ASN-GW and AAA) that enable the attachment of the
SS to the network, the negotiation of the network service
parameters and the set up connections for pre-provisioned
service flows. Figure 3 shows the phases of the WiMAX
network entry procedure.

e Step 1: The SS scans possible channels of the down-
link frequency band until it finds a valid channel. It
listens the characteristics of the DL and UL physical
channels broadcasted by the BS to determine the chan-
nel description parameters.

e Step 2: The initial ranging is the process permitting
to the SS to acquire timing offsets, power transmis-
sion adjustments and identifiers of management con-
nections to be used in the next phases of the procedure.

e Step 3: During the basic capabilities negotiation, the
SS and BS, among other parameters, negotiate the ad-
ditional physical parameters, PKM protocol version,
Authentication Policy, etc.

e Step 4: The SS and the AAA execute mutual authen-
tication procedure. The related exchanges are relayed
by the BS and the ASN-GW.

e Step 5: The ASN-GW receives indication about the
success of the authentication and the SS authorization
profile including the MSK and its lifetime.

e Step 6: The ASN-GW indicates to the BS the com-
pletion of the authentication process and transfers to
it the AK context.

e Step 7: The 3-way handshake is conducted between
BS and SS to verify the AK.

e Step 8: The SS acquires the valid TEK keys using
Key-Request/ Reply exchange for each Security Asso-
ciation (This step is repeated for each service flow).

e Step 9: The registration procedure carries the SS sup-
ported capabilities such as mobility parameters and
handover support.

e Steps 10 & 11: The ASN-GW triggers the creation

the pre-provisioned service flows and related data paths.

3. WIMAX SIMULATION MODULE

In this section we present the design of the WiMAX mod-
ule we have integrated to SimulX. As indicated in section
1, SimulX is a network simulator supporting features that
enable the design and the evaluation of future communica-
tion protocols like cross layer interactions, multi-interface
inter-working in terminals, heterogeneous network environ-
ments. This simulator offers a C+4 simulation class library
where protocols are modules derived from a mother class

Handler. This allows to protocols to be plugged together in
an arbitrary manner. Therefore, a very fine granularity of
simulation complexity is possible. For example, if a protocol
is not in a device for a certain simulation, it can be omitted
from the protocol stack [7].

A WiMAX module have been already proposed for the NS2
simulator. This module proposes a partial implementation
of the WiMAX technology [8]. It includes PHY and MAC
layers with elements modeling the wireless medium, the MAC
downlink and uplink channel and MAC functions for chan-
nel access. However, it does not implement all the IEEE
802.16e-2005 specification and does not include elements de-
fined by the WiMAX forum work [9, 10, 11, 12] related to
the management architecture and MAC layer features such
as user authentication, data path management, etc.

The design of PHY and MAC layers proposed by the NS2
WiMAX module is interesting as it corresponds to the stan-
dard specification apart the network entry signaling and
MAC services. We reuse the design proposed by the NS2
WiMAX module for the PHY and MAC layers. Our de-
sign efforts focus on the improvement of this design by com-
pleting the function of the MAC layer, the network entry
procedure and the integration of the core network functions
defined by the WiMAX forum. We propose an overview of
the WiMAX module integrated in NS-2 and then we present
the features of the WiMAX module that we integrated in
SimulX.

3.1 NS2 WiMAX module

3.1.1 PHY layer

The NS2 WiMAX module implements the WirelessM AN-
OFDM version of the physical layer over the OFDM C++
class. The latter supports adaptive modulation and coding
as specified by the standard. The implementation of the
PHY layer allows to fix a specific modulation for a terminal
according to the distance and the interferences. The OFDM
class defines methods used by the MAC layer during data
transmission such as getTrzTime that indicates transmission
time of a packet.

3.1.2 MAC layer
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Figure 4: C++ classes for the MAC layer functions

The MAC layer proposed by the NS2 module includes
the main functions required for the data exchanges between
a BS and SSs. The two sets of C++ classes are defines.
The first set models the protocol layer as it is integrated in
the network entities, i.e. SS and BS. Figure 4 shows the
C++ classes modeling the MAC layer. The abstract class
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Figure 5: C++ classes for the uplink and downlink
frames

Mac802-16 defines MAC functions common to the MAC
layer of BS and SS such as the message classifier modeled
by the SDUClassier class. Two classes, MAC802-16SS and
MAC802_16BS, are derived for the BS and the SS. They
include specific functions for each entities such as the sched-
ulers: BSScheduler and SSScheduler. The second set of
classes embodies the wireless channel. The class FrameMap
models the frame structure defines by the IEEE 802.16. It
includes instances of UlSubFrame and DISubFrame classes
that model respectively the uplink subframe and the down-
link sub-frame. Figure 5 shows the C++ classes modeling
the wireless channel.

3.2 SimulX WiMAX module

3.2.1 Management Architecture

To model the management architecture, we propose a set
of classes that implement the entities defined by the ASN
and CSN [6]. This implies the definition of new protocols
that enables the design of BSs supporting the WiMAX fo-
rum management functions and new network entities: the
ASN gateway and the authentication server. Figure 6 shows
the proposed design for network entities.

Base station.

For the new design of BS, we define two new protocol
layers BS_Bridge and WiMAX_Mgnt_BS. The former is a
class that enables to interconnect the IEEE 802.16 MAC
layer of a BS with another link layer by acting as a bridge.
The WiMAXMgnt_BS implements the functions assigned to
the BS to manage the Data path establishment, the user
authentication, the exchange with ASN-GW and neighbor
BSs.

ASN Gateway.

For the design of ASN gateway, we define two new classes:

the WiMAXMgnt-GW and GW_Bridge. The first class im-
plements the function of the ASN-GW such as the data path
management and the user mobility. The GW_Bridge class is
a link layer bridge that interconnects several ASN network
over wired interfaces.

Authentication server.

For CSN part of the network, we consider the authenti-
cation function based on EAP/TLS and a RADIUS server.
Protocols needed for the design of the authentication server,i.e.
RADIUS, EAPoL, EAP and TLS, are already available in
SimulX. They have been added in a previous work related
to the support of user authentication in WiFi networks [5].

The core network entities are interconnect using a Router-
Boz entity. The latter is a C++ class that models a wired
core network. It defines a matrix that represents transmis-
sion delays between entities connected to the box.

3.2.2 MAC functions and network entry procedure

Regarding the modeling of data exchanges, we have ex-
ported some of NS2 WiMAX module that we accommodate
to the SimulX design. We complete the MAC802_16SS and
MAC802_-16BS classes by including missed phases in the
network entry state machine: negotiation capability, user
authentication, key derivation and data path negotiation.
We also define the management messages and functions re-
quired to model the related exchanges. As result, we propose
an implementation of authentication, data path, and mobil-
ity management services as they are defined by the WiMAX
forum specification.

4. SIMULATION RESULTS

We propose the results of simulation scenarios that vali-
date the implementation of the PHY layer and data trans-
mission functions. Furthermore, we make use of our WiMAX
module to evaluate the effect of management services on the
network performances. We also present results of simulation
scenarios using our WiMAX module to evaluate heteroge-
neous network performances.

4.1 Data transmission performances

4.1.1 Scenario with a single service flow

We perform a simulation scenario to check if each physical
mode, a modulation with the right coding schemas (c.f.2.1),
results to the correct MAC throughput. In this scenario,
we model one BS offering WiMAX access to two SSs. A
constant traffic is sent by one SS to the second based on
the WiMAX connection. We measure the DL and UP MAC
throughputs. We assume, in this scenario, that the trans-
mission at the physical level is without error.

Figures 7 and 8 illustrate the relationship between carried
and offered traffic in the MAC layer. This relation is linear
and as long as the offered traffic does not exceed the maxi-
mum possible bit rate of the corresponding modulation, it is
fully carried. When the latter reaches and exceeds the satu-
ration level the MAC throughput remains constant. We also
note that the throughput in the uplink is still higher than
the downlink direction. This result is expected, since the BS
periodically sends management messages (DLMap, ULMap,
DCD,UCD) in the downlink direction.  [3] has proposed
a study that evaluates the performances of WiMAX PHY
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Table 1: The MAC maximum throughput for differ-
ent modulations

Modulation | Coding Maximum throughput
simulated | theoretical
BPSK 1/2 1.8 1.89
QPSK 1/2 3.76 3.95
3/4 5.89 6
16QAM 1/2 7.82 8.06
3/4 12.01 12.18
64QAM 1/2 15.95 16.30
3/4 18.05 18.63

Table 2: Parameters of multi-user scenario

Modulation | Coding | Number of SS
BPSK 1/2 6
QPSK 1/2
3/4 1
16QAM 1/2 1
371 1

layer based on an analytic model. We compare the maxi-
mum throughputs obtained during the simulation with those
found in [3]. Table 1 lists maximum throughputs, for each
modulation types, obtained by the simulation and the theo-
retical study. We show that results showed by the simulator
are quite close to the theoretical ones. The difference is due
to the simplifications necessary to adapt the specification of
the PHY layer to the simulator design.

4.1.2  Scenario with multiple users

The scenario defines fifteen SSs with different physical
mode communicating with core network over one BS. Ta-
ble 2 details the modulations and coding schemas used. SSs
send packets with a size of 381 bytes and the frame duration
is 10 ms. The bandwidth is shared equally between the fif-
teen stations and the physical link is free error. The number
of SSs and used PHY modes have been computed analyti-
cally in [4] so that all SSs are served in the same frame.
Figure 9 shows the downlink throughput as a function of the
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offered traffic. There is a threshold saturation network 1.69
Mbyte/s. The analytical study has shown a saturation at
1.54 Mb/s [4]. This is due to two causes. In the analytical
model [4], the modulation of the physical link considers the
possibility of error which is not the case with the simulation
PHY link. Moreover, in [4] the analytical model does not im-
plement the fragmentation/reassembly of messages while in
the SimulX module, we consider this MAC function, which
improve the MAC capacity results.

4.2 Network entry delay evaluation

The main contribution of our WiMAX module is the im-
plementation of the signaling and the architecture for man-
agement part of the WiMAX technology. In our ongoing
researches we are interested in the evaluation of the influ-
ences of management functions on mobility performances.
We propose to evaluate the network entry delay (which may
influence the handover delay) as a function of some network
configuration parameters. We consider the frame duration
and the distance of the authentication server.

4.2.1 Frame duration

The frame duration, which is a configurable parameter in
WiMAX, has a significant influence on the throughput of-
fered to SSs. When the frame duration increases, the num-
ber of served SSs and the amount of traffic sent in downlink
increases. This parameter has also an influence on the net-
work entry delay of new SSs. In this scenario, we consider
a network with one BS offering access to a single SS. The
transmission delays between the ASN-GW and BS and be-
tween the ASN-GW and AAA are fixed to 5 ms. We measure
the network access delay with different frame duration. The
results are plotted in Figure 10. As expected, this delay in-
creases as the frame duration increases. A frame duration
of 5 ms allows to reduce 200 ms of the network access de-
lay. However, this penalizes the throughput offered to SSs
by increasing the signaling traffic.

4.2.2 Distance of AAA server

A parameter that may influence the network access delay
is the architecture of the network. Particularly, the trans-
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Figure 10: Network access delay vs. Frame duration
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mission delays between the network entities implied in the
network entry procedure, i.e. BSs, ASN-GW and the au-
thentication server, have an effect on the network access
delays. We propose a simulation scenario that measures the
network access delay with different transmission delay be-
tween BSs and AAA. We consider a frame duration of 10
ms. Figure 11 shows the results. The network access delay
is upper then 600 ms when the distance between the BS and
the AAA is 5 ms i.e. when the BS and the AAA are in
the same network. This delay can reach 1 second when the
distance between the BSs and the authentication server is
upper than 50 ms, which is an assumption more reasonable
in operational deployments.

4.3 Inter-technology handover

As indicated in previous sections, the architecture of SimulX
makes possible to perform simulation scenarios based on
wireless networks integrating heterogeneous technologies and
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multi-technology nodes. As an example, we propose a sim-
ulation scenario integrating WiFi APs and WiMAX BSs in
the same network offering wireless access to mobile nodes
with WiFi and WiMAX interfaces. We evaluate the han-
dover delay performed by a mobile node moving over the
wireless coverage. In this scenario, we deploy six BSs bound
to the same ASN-GW. Under the coverage of each BS we de-
ploy six APs. All the point of attachments (APs and BSs)
are considered in the same sub-network so that an inter-
technology handover fit to a layer-2 handover. The AAA is
connected to another sub-network. The ASN-GW is con-
nected to the two sub-networks. The mobile node is moving
at a constant speed of 1m/s following a straight path so that
it crosses all WiMAX cells. In each WiMAX cells, it crosses
at least four WiFi cells. Thus, the mobile node execute a
set of inter and intra technology handovers. Figure 12 shows
the average of the handover delay for each type of handover
(WiFi to WIMAX, WiMAX to WiFi, WiFi to WiFi and
WiIMAX to WiMAX) as a function of the transmission de-
lay between the PoAs’ sub-network and the AAA server.
The figure shows that handover delays are quite large for
intra and inter technology handover : upper then 475 ms
when handover are executed with APs and upper then 600
ms when the handover are executed with BSs. It is clear
that even in the case of an inter-technology mobility that
does not lead to a layer-3 handover, the handover delays are
over real time application requirements. To reduce these de-
lays, there is a need to define mechanisms that optimize the
layer-2 handover for intra-technology and inter-technology
mobility. This is the subject of our ongoing work.

5. CONCLUSION

Network simulators provide the opportunity to investigate
newly developed protocols studying their behavior and their
interactions with other protocols. They allow to validate the
feasibility of a design and to remove points of uncertainty.
SimulX is a network simulator that provides an open frame-
work for the evaluation of protocols for wireless networks. It
is quite easy to implement in SimulX new protocols and op-
timizations taken from the literature in order to experiment
and compare their performances. The main goal of this sim-
ulator is the support of heterogeneous networks and multi-
technology nodes simulation, the integration of management
architectures of wireless technologies and the simulation of
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handover processes at the link layer and the network layer.
In this work, we present a module for SimulX that imple-
ments the WIMAX technology. This module integrates, in
addition to the data transmission functions, the manage-
ment architecture and the signaling exchanges for authen-
tication, QoS and connectivity management defined by the
WiIiMAX forum. In a first part, we present how we fit the
architecture and protocols proposed by the WiMAX specifi-
cation to the simulator design. In a second part, we propose
two scenarios that evaluate the implementation of the PHY
layer and data transmission functions. Their outcomes have
been compared with theoretical results available in the lit-
erature [3, 4]. This validates the correctness of our imple-
mentation.

Then, we present results of a simulation scenario that uses
our WiMAX module to evaluate the effect of management
services on the network performances. We propose an eval-
uation of the network entry/re-entry delay as a function of
the WiMAX frame duration and the distance between BSs
and the AAA server. We show that values of these param-
eters have to be fixed carefully as they have a significant
effect on the network entry delay.

Finally, we present results of simulation scenario for mo-
bility under a WiFi-WiMAX heterogeneous network. The
measured handover delays are over real time application re-
quirements, which point out the need to define mechanisms
that optimize the layer-2 handover for intra-technology and
inter-technology mobility.

In our future work, we will focus on the simulation of opti-
mization mechanisms for inter-technology handovers,we are
defining, using SimulX. These simulations will take advan-
tage of the support of multi-technology simulations and the
integration of management architecture protocols of several
wireless technologies.
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