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Abstract— In this paper, we study the coverage and 

connectivity problem in wireless network on WiMAX 

(Worldwide Interoperability for Microwave Access) and 

WLAN (Wireless Local Area Network). Two Business 

networks have been simulated to connect two WLANs via a 

WiMAX connection, this will allow data to be sent and shared 

between the sites. Both technologies will be tested and 

compared to one another; to determine the optimal technology 

for long-term communication, and to understand how they can 

work together, and how they can increase the network 

efficiency and performance. This work has taken the 

advantages of OPNET Wireless modeler suites (OPNET 14.5) 

particularly the WiMAX and WLAN platform for our 

performance study. 

Keywords—IEEE 802.16, IEEE802.11, WiMAX, WLAN, BWA, 

Distributed Networks, Long-term Communication, OPNET.   

I. INTRODUCTION  

WiMAX technology was established in 2001, it is a 
wireless networking standard that seeks to address 
interoperability between Institute of Electrical and Electronic 
Engineers (IEEE) products based on 802.16 standards [1]. 
There are at least four standards 802.16, 802.16a, 802.16-
2004 and 802.16e. WiMAX defines a WMAN (Wireless 
Metropolitan Area Network), as a big hot spot, and provides 
interoperability of broadband wireless connectivity for fixed, 
portable and nomadic users [2]. The technology aims to 
provide a wireless alternative to cable modem, and DSL 
(Digital Subscriber Line). In addition, products based on 
WiMAX technology can be combined with other 
technologies to provide broadband access in many possible 
usage scenarios [3] [4]. 

WiMAX is regarded as the next generation wireless 
technology that is being developed and designed to enable 
access to high-speed wireless Internet to the Broadest range 
of devices, including laptops, mobile phones, smart phones 
and other electronic devices that are activated wirelessly [5]. 
This invention provides low-cost wireless networks, and is 
the first open solution for all mobile IP Internet that enable 
efficient and scalable networks for data. WiMAX is a 
technology that helps point-to- multipoint wireless 
broadband, to create direct line of sight connectivity with the 
base station [6] [7].  

The main reason behind this paper is to connect multi-
site organizations via WiMAX and find out the best wireless 
solutions for small to medium size enterprise network that 
meet a customer requirement for functionality, capacity, 
performance, availability, affordability, security and 

manageability. As technology has been growing rapidly, 
people and companies are looking for a fast connection. 
Therefore, it is very important in wireless communications to 
have a fast connection at a lower cost and less complexity in 
maintenance and installation. Such technology will help 
Organisations reduce cost on equipment and maintenance. 

II. WLAN AND WIMAX: COMPARISON 

WiMAX is different from WLAN in many aspects. In 
fact, WLAN can operate at distances as great as WiMAX but 
there are two reasons why it actually does not. One of the 
reasons is that radios operating in the unlicensed frequencies 
are not allowed to be as powerful as those operate with 
licenses; and by convention, less power means less distance. 
These regulations are based on the dated assumption that 
devices can't regulate themselves — but the assumption may 
be correct over great enough distances. The second reason as 
to why WLAN access points do not serve wide area as 
WiMAX access points do, is the common engineering belief 
that the problem of everybody shouting at once, even if it's 
manageable in a classroom, would be catastrophic in a larger 
arena. The WLAN MAC layer uses contention access. This 
causes users to compete for data throughput to the access 
point. WLAN even has problems with interference, and 
throughput and that is why triple play (voice, data, and 
video) technologies cannot be hosted on traditional WLAN. 
In contrast, 802.16 use a scheduling algorithm [8]. This 
algorithm allows the user to only compete once for the 
access point. This gives WiMAX inherent advantages in 
throughput, latency, spectral efficiency, and advanced 
antenna support. From  technical point of view, it can be seen 
that both of these two wireless technologies are not basically 
addressed at the same market but are very complementary. 
WLAN is basically an implementation of wireless local area 
network within a short range such as a small building, a 
college or an institutional campus. WiMAX on the other 
hand is a metropolitan technology whose objective is to 
interconnect houses, buildings or even hot spots to allow 
communication between them and with other networks [9]. 

Although not being targeted on the same use, more 
recently WiMAX technology has several advantages 
compared to WLAN. Such as: a better reflection tolerance; a 
better penetration of obstacles; and an increased in the 
number of interconnections (a few hundreds of equipment 
rather than some tens of equipment for WLAN). It is obvious 
that the WiMAX standard goal is not to replace WLAN in its 
applications but rather to supplement it in order to form a 
wireless network web. Despite the similarity in equipment 
cost, WiMAX technology requires a costly infrastructure in 
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contrast to WLAN which can easily be installed using low 
cost access points. These two wireless technologies have 
common components in their operations with a major 
difference in the communication range [9] [10] [11].  

III. WLAN AND WIMAX: APPLICATION 

Both WLAN and WiMAX can be integrated and 
overlaid. When integrated, they support each other, and both 
will be synergized to serve bigger and many more 
subscribers. WiMAX and WLAN can offer some potentially 
significant cost savings for mobile network operators by 
providing an alternate means to backhaul BSs (Base 
Stations) traffic from cell site to the BS controllers. Mobile 
network operators typically utilize some type of wired 
infrastructure that they must buy from an incumbent 
operator. A WLAN or WiMAX mesh can offer a much more 
cost-effective backhaul capability for BSs in metropolitan 
environments. Using WLAN and WiMAX open broadband 
wireless standards and implementing mobile computing, 
governments and partners can quickly and cost-effectively 
deploy broadband to areas not currently served, with little or 
no disruption to existing infrastructures [12]. 

Standards-compliant WLANs and proprietary WLAN 
mesh infrastructures are being installed rapidly and widely 
throughout the world. Standards-compliant WiMAX 
products can provide NLOS (Non-Line of Sight) backhaul 
solutions for these local networks and WiMAX subscriber 
stations can currently provide Internet access to customers 
such as schools and other educational institutions and 
campuses. If they can be made to overlap in coverage, they 
can function to support each other “if they were in one 
operator” and will be opponent if they were in different 
operators [5]. Various configurations that can be applied by 
WiMAX and WLAN operators if they were integrated are as 
follows:  

 BACKHAUL: Wireless backhaul is the use of 
wireless communication systems to get data from an 
end user to a node in a major network such as the 
Internet or the proprietary network of a large 
business, academic institution or government 
agency. The term can also refer to the transmission 
of network data over an alternative wireless route 
when the normal route is unavailable or overtaxed. 
The most common method of wireless backhaul 
involves microwave systems although satellites can 
also be used.  

 BACKHAUL inter WLAN mesh network: In this 
step, WiMAX has been used directly as a part of 
WLAN Mesh Network. Subscriber Terminal of 
WiMAX is put on AP (Access Point) of WLAN 
Mesh Network so that the WLAN network 
automatically will be more reliable in wider 
coverage area and reduce cost connection that is 
caused by cable drawing in each AP installation. 
The solution principally can increase performance 
and robustness of the WLAN. 

 WLAN-WiMAX full Integrated: In this case, the 
communication can be done up to client level. 
WiMAX coverage is overlapping with WLAN 
coverage. It gives better service choices, more 
flexible to the changes of network and it is more 

user friendly with connection ease, compatible with 
terminal that has been owned. Moreover, with dual 
AP radio implementation (WLAN and WiMAX), 
integration will be easier and network development 
also can be faster.  

Combination of both these technologies in any of the three 
configurations discussed above gives sufficient solution, 
especially for data communication system that is still a 
problem nowadays [12] [13].  

IV. SIMULATION SCENARIO AND CONFIGURATION 

In this section, we evaluate the performance proposed for 
the WiMAX. Today, the WiMAX system can become the 
backbone of any business, whether they are a small, medium, 
or large size company. For any business to succeed, it must 
have some kind of computer system to manage the business 
flow. It is very important for organizations to have a well-
managed network, so that all staff within the organization 
can interact with each other. In a corporate environment, a 
network allows administrators to manage business critical 
data. Instead of having data spread across dozens or even 
hundreds of small computers, randomly, as users create it, 
data can be centralized on shared servers. This makes it 
easier for everyone to find data, allowing administrators to 
ensure that the data is regularly backed up, and also allows 
the implementation of security measures for control over 
who can read or modify other pieces of critical information. 

The objectives of this paper are to provide a multi-site 
organization with a WiMAX network in accordance to the 
defined requirements. The required WiMAX network is one 
that is designed to support 20 fixed nodes and 4 mobile 
nodes computers using OPNET 14.5 simulation tools, and to 
have the potential to expand in the future if necessary. One 
of the most important objectives that the network had to 
achieve, was that all network users were able to share files 
and make voice / video calls via the shortest way. Therefore, 
if the active nodes are located in a same local network, they 
will use LAN for their connection, and if they are in located 
in different networks they will use WiMAX network for the 
connection. moreover, WiMAX QoS classes has applied to 
improve the network performance, includes (rtPS) Real-
Time Polling Service which is designed to support real-time 
service flows that generate variable size data packets on a 
periodic basis, such as MPEG video.  

 The Figure below, Figure (1), shows the proposed 
scheme of the WiMAX network, covering the needs of an 
average company with a data server that allows to send files 
and make voice/video calls. Although minor changes could 
be made to meet the needs of different companies. 

 

 

 

 

 

 

 

Figure (1): Network Overview 
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Network design key terms following by the simulation 
parameters:  

 Application Configuration: defines the applications 
running on the node or network. 

 Profiles Configuration: creates a profile for each 
application such as VOIP (Voice over Internet 
Protocol) or sharing files on the network. 

 WiMAX Configuration: This node is used to store 
profiles of PHY and Service Class, which can be 
referenced by all WiMAX nodes in the network. [14]. 

Table (1): Simulation Parameters 

Simulation parameter Value 

Simulator OPNET 14.5 

Network Workspace 30 km × 25 km 

Network range 17 km 

WiMAX Base-Station 2 

WiMAX-WLAN Access 
Point 

2 

Routers 3 

Servers 1 

Fixed nodes 20 

Mobile nodes 4 

Network Applications FTP, VOIP, Video 
conferencing 

Channel Bandwidth IEEE 802.16: 20 MHz IEEE 
802.11b: 25 MHz 

Bandwidth Efficiency IEEE 802.16: 5 bps/Hz 
IEEE802.11b: 0.44 bps/Hz 

Bit rate IEEE 802.16: 54 Mbps IEEE 
802.11b: 11 Mbps 

Transmission Protocol TCP 

Routing Protocol BGP 

Traffic generator Constant bit rate 

Simulation time 4 Hours 

V. RESULTS 

This section will present the results of the network 

simulation that was worked on. On this regard, it shows the 

network statistics to test the performance of the applications 

defined in the network and shows the comparison between 

WiMAX and WLAN results.  

 

Performance Parameters:  

 Network Load: Represents the total load in 

(bits/sec) submitted to all nodes of the network, 

such as making voice / video calls and sending 

files.  

 Throughput: Throughput is the number of bits 

transferred successfully in a network, in other 

words Throughput represents data transfer rates 

that reach to all destinations in a network. It is 

measured in number of bits per second or per time 

slot. 

 Network Delay: Delay refers to the time taken by 

a bit of data to be sent to a destination through the 

network. Propagation delay, source processing 

delay, Queuing delay, transmission delay and 

destination processing delay, all these elements can 

cause the delay. The measured end to end delay is 

calculated of elapsed time taken during 

modulation. 

Comparison between WLAN and WiMAX Results:  

 

 
Figure (2): Compression Network Load (bits/sec) 

 

 
Figure (3): Compression Throughput (bits/sec) 

 
Figure (4): Compression Network Delay (sec) 
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VI. DISCUSSION 

Based on the results at the previous section, shown in figure 

(2) the WLAN load is higher than WiMAX load, because 

the number of devices that are attempting to connect to each 

other in WLAN is larger than the number of devices that are 

trying to connect with other devices in the other network 

using WiMAX. Therefore, the higher load finds place in 

WLAN rather than in WiMAX.  

 

The Throughput in WiMAX is much larger than in WLAN, 

and that can be noted in figure (3) where Throughput in 

WLAN does not exceed 190 Kbps, while WiMAX, it peaks 

at 3.2 Mbps and then decreases to 2.4 Mbps. The main 

reason for this large difference in Throughput between 

WiMAX and WLAN is the size of the bandwidth in 

WiMAX which is relatively large compared to the WLAN. 

 

Also, the network delay in WLAN is higher than in 

WiMAX, because WiMAX is much faster in the 

communications compared to WLAN. As shown in figure 

(4) the highest network delay in WiMAX is 0.23 second 

While in WLAN is up to 3.5 second. 

 

 In conclusion, based on the given results, it is noticeable 

that WiMAX is more efficient in delivering more data with 

less queuing delay when compared to WLAN. In the same 

manner, WiMAX is a very interesting technology, which 

promises to bring high speed data connectivity to a wide 

coverage area, and WLAN is one of the best solutions for 

wireless connectivity in small range; And when taking 

advantage of the advantages of both technologies to make a 

distributed co-operation then it could achieve the optimal 

solution for long-term communications such as multi-site 

organizations.  
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