
 

 

 

Abstract—Worldwide Interoperability for Microwave Access 

or WiMAX is a wireless communication system that can 

provide long distance wireless broadband access with high data 

throughput in a point to multipoint connection and line of sight 

or non-line of sight environment. There are two variants of the 

WiMAX standard called Fixed and Mobile WiMAX. Fixed 

WiMAX 802.16 delivers point to multipoint broadband 

wireless access to our homes and offices. Whereas Mobile 

WiMAX 802.16e gives fully mobile internet access at higher 

broadband speeds than other broadband networks like Wi-Fi. 

The paper objective is to compare the performance of Fixed 

and Mobile WiMax network within the sub urban area by 

simulating several scenarios. Ten scenarios were created from 

previous works, by using an open source simulator called 

NCTUns 5.0. The simulations were based on the changes of 

system parameters which are base station’s antenna height and 

distance between Base Station (BS) and Subscriber Station (SS). 

Both Fixed WiMAX and Mobile WiMAX topology has been 

tested, and the percentages of performance degradation were 

analyzed and compared. 

 

Index Terms—Fixed WiMax, mobile WiMax, NCTUns, data 

rate degradation, base station, subscriber station. 

 

I. INTRODUCTION 

WiMAX is a telecommunication technology that offers 

transmission of wireless data with high throughput, great 

coverage, flexible Quality of Service support and extensive 

security [1]. According to [2], Air Interface technology has 

been used in WiMAX to enable internet access via point-to-

multipoint links, with the advantage of none-line-of-sight 

(NLOS) from the base station. It could provide "last mile" 

broadband connections, hotspots and cellular backhaul, and 

high-speed enterprise connectivity for residential and 

business users. 

WiMAX is a fast growing technology that has shown the 

great resilience, reliability and adaptability without any need 

for the cable infrastructure. It also a cost-effective 

technology that could cover metropolitan wireless networks 

as a substitute to conventional cable and DSL lines [3]. 

Fixed and Mobile WiMAX are two main classes of WiMAX 

networks. Fixed WiMAX is used for IEEE802.16 

technology and it is targeted for providing fixed wire-line 
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services and nomadic services. Mobile WiMAX is used for 

802.16e systems and will provide portable and fully mobile 

connectivity for mobile clients [4]. This paper will focus on 

the comparison towards the performance degradation of 

Fixed and Mobile WiMAX technology.  

Fixed WiMAX is very robust against multi-path 

propagation because it used an air interface based on 

orthogonal frequency division multiplexing (OFDM). It is 

based on IEEE 802.16 and will initially operate in the 2.3 

GHz, 2.5 GHz, and 3.4 to 3.8 GHz spectrum bands [5].  

Mobile WiMAX is based on IEEE 802.16e and will 

initially operate in the 2.3 GHz, 2.5 GHz, 3.3 GHz and 3.4 

to 3.8 GHz spectrum bands. Mobile WiMAX is one of the 

best technologies that meet the demand for personal 

broadband services. Mobile WiMAX adopts OFDM 

(Orthogonal Frequency Division Multiplexing) transmission 

technology for improved multipath performance in non-line 

of sight environments. It offers a true broadband, 

connections that support multiple usage scenarios, including 

fixed, portable and mobile access, using the same network 

infrastructure [6]. 

Currently, in Malaysia WiMAX technology has been 

implemented in several states such as Kuala Lumpur, Johor 

and Kedah, as in [7]. This implementation is supported by 

one organization called Malaysian Communications and 

Multimedia Commission (MCMC), in order to promote the 

Government's national policy for the communications and 

multimedia sector. There are four WiMAX service providers 

available in this country, which are Packet One (P1), 

Redtone, Xamax and YTL [8]. P1 is the first WiMAX 

broadband service provider in Malaysia and also the first 

company that has been given WiMAX license. 

Reference [9] stated that the Government has set a target 

of having 50% of households with broadband access by the 

end of year 2010. With the current level under 20%, the 

Government may quicken the use of the Universal Service 

Provision (USP) Fund, which aimed at providing 

telecommunications facilities and Internet access to 

underserved areas. The MCMC will identify such areas and 

invite tenders by service providers wanting to provide the 

communications infrastructure for those areas. WiMAX 

players can have this opportunity as they may be able to 

reap some of their investments by tapping on this fund. 

The implementation of WiMAX must meet a number of 

criteria such as reliability, performance and security, in 

order to be measured as an effective and efficient network. 

In this paper, our aim is to compare the Fixed and Mobile 

WiMAX network performance by focusing on its data rate 

degradation. We focused our area of research is within the 

sub urban place. 
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II. RELATED WORK 

NCTUns Simulation Tool for WiMAX Modeling. 

Based on [10] paper, they have evaluated the performance 

of NCTUns by an Ethernet network simulation and a 

WiMAX network simulation. This paper describes the 

NCTUns simulation tool that facilitates the WiMAX studies 

of network behaviors and performance analysis. The  

simulation of an Ethernet network and a WiMAX network is 

to study the performance of NCTUns. 

The simulated system must have connection between a 

single Subscriber Station (SS) and a single Base Station 

(BS). The structural design of the simulated WiMAX 

network is showed in Fig. 1 below. 

 

Fig. 1. The structural design of the simulated WiMAX network 

protocols [10] 

 

This paper is similar with this research as it focus on 

simulating and analyzing the performance of Fixed WiMAX 

Network based on system parameter (Base Station antenna 

height and distance between Base Station and Subscriber 

Station).  

Performance Analysis and Comparison between the Fixed 

and Mobile WiMAX Physical Layer. 

TABLE I: SNR REQUIRED AT BER LEVEL 10 FOR DIFFERENT MODULATION 

AND CODING PROFILE 

 

In [11], the project studies the performance of data 

communication under physical layer of WiMAX network 

model. The development was divided into three simulation 

versions during which various simulation models of 

increasing complexity were produced. The first and second 

version simulated a Fixed WiMAX physical layer where the 

third version simulated a Mobile WiMAX physical layer. 

Bit Error Rate (BER) for several PSK modulation scheme 

used to measure in the WiMAX technology. The BER is 

calculated from the input and output vectors. It is done using 

the Matlab „bitter‟ function which returns the number of bits 

that are different and the calculated ratio of bits that are in 

error to the total of bits [11]. 

Table I shows the performance of every version (SUI 1-3) 

models respectively. It can be seen that the lower 

modulation and coding scheme provide a better performance 

with less Signal-to-Ratio (SNR) [11]. SNR is a measurement 

to compare the level of a desired signal to the level of 

background noise. 

This paper also mentioned there were actually five 

simulation versions of development but version 4 is a 

temporary version and version 5 is incomplete. The paper 

concluded that the simulation performance is heavily 

dependent on the channel‟s fading characteristics and 

random noise. 

 

III. METHODOLOGY 

The evaluation of performance degradation for both Fixed 

and Mobile WiMAX are based on the system parameters, 

which are the distance between MS and BS, and the height 

of antenna. In order to run the experiments, ten scenarios 

have been performed.  

WiMAX implementation in the real physical world has a 

high maintenance and also expensive. Therefore, before the 

real WiMAX is set up in the real physical world, a 

simulation tool can be used to do some experimentation on 

WiMAX network performance. The advantage of the tool is 

to simplify the task of setting up a network environment and 

running the experiment, as the cost of building a real 

situation is high [12]. 

TABLE II: LIST OF SCENARIOS CREATED 

 

 

OPNET Modeler, ns-2, QualNet, and NCTUns are few 

simulation tools that have been used to simulate WiMAX 

network. Typically, simulator such as ns-2, OPNET 

Modeler, and QualNet did not support the real life 

application and need modification when simulating WiMAX 

network. So, to overcome this problem, NCTUns has been 

used to simulate WiMAX network because it supports real-

life application [12]. 

NCTUns is a valuable simulation and emulator tool that 

used for network research and planning, to simulate the 

hardware characteristics and protocol of network devices, 

and also the execution of application programs on the 

network devices. NCTUns tool implements the WiMAX 

protocol stacks to facilitate the functional and performance 

studies of the WiMAX technology [10]. It is an open-source 

simulator and emulator that executed on Fedora 12 with 

Linux kernel. As mentioned in [10], with this simulator, it is 

easy to carry out experiments without the actual hardware. It 

replicates the real world environment with complete 

equipment and application configuration.  

In order to achieve the aim of the research, ten scenarios 
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have been created to simulate fixed and mobile WiMAX 

topology. The scenarios created are listed in Table II for 

both Fixed and Mobile WiMAX. The scenarios that have 

been created are based on the system parameters which are 

the distance between Base Station and Subscriber Station 

(SS) and the Base Station (BS)‟s antenna height.  

The distance between BS and SS and the height of BS 

will be changed to simulate the scenarios in different 

distances and heights. The BS antenna height was 

configured in this parameter setting, assumed to be in 25 

meters and 50 meters. The distance between BS and SS was 

set up from 1000 meters until 5000 meters. The WiMAX 

topology was also set up to be in sub urban environment. 

Fig. 2 shows the design of WiMAX topology. 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. WiMAX topology 

All ten scenarios were set up using the same bandwidth, 

which is 20 Mbps as in [7], and the same frequency, which 

is 2.3 GHz. Then, each SS was set up using the same 

starting and stop time.  
 

IV. RESULTS AND ANALYSIS 

Table III below states all results of the experiments taken 

from the simulated scenarios. 

TABLE III: AVERAGE DATA RATE FOR SIMULATED SCENARIOS OF FIXED 

AND MOBILE WIMAX 

 

As been observed in [14], the results for Fixed WiMAX 

show that the data rate is affected by the increasing distance 

between BS and SS. However, even the distance was 

increased up to 5000 meters, the data rate just decreased 

about 0.0069% and 0.0023% for 25 meters BS antenna and 

50 meters BS antenna respectively. Based on the results, it 

can be clearly identified that there is no major impact to the 

performance as we increased the distance. The performance 

of Fixed WiMAX technology only degrades gracefully with 

the increasing distance between BS and SS. We have also 

analyzed that by the increasing height of BS antenna, the 

performance of data rate is slightly affected. Besides that, 

we have found that the data rate performance for 25 meters 

BS antenna is lower than 50 meters BS antenna. However, 

the difference in data rate between 25 meters and 50 meters 

is only about 0.0115%. It means that when we increased the 

height of BS antenna from 25 meters to 50 meters, there is 

no major change for the data rate performance.  

The results in [15] for Mobile WiMAX show that the 

optimal height of antenna is 25 meters, with increasing 

distance by 1000 meters until 5000 meters. It is not 

significant to increase the antenna height up to 50 meters as 

there is no change of data rate. The performance of data rate 

is still in the same condition within the range of 5000 meters. 

 

Fig. 3. Comparison of average data rate for fixed and mobile WiMAX  

Fig. 3 is derived from the average data rate from 

simulation experiments based on scenario 1 till scenario 10. 

From the observation, we found that 25 meters BS antenna 

height is optimal enough in implementing for the sub urban 

environment. 

 

V. CONCLUSION 

Ten different scenarios have been simulated by using 

NCTUns 5.0 simulator, to evaluate the data rate 

performance for Fixed and Mobile WiMAX network, with 

the effects of distance changes between Base Station and 

Subscriber Station as well as the antenna height. 

In this paper, we can conclude that there is no significant 

impact to the performance of Fixed and Mobile WiMAX 

technology with the changes of BS antenna height from 25 

meters to 50 meters, and the changes of distance from 1000 

meters to 5000 meters between Base Station and Subscriber 

Station. Thus, it can minimize the cost for implementing 

either Fixed WiMAX or Mobile WiMAX network, where 

the wireless service provider does not have to build a 50 

meters antenna to cover up to 5000 meters area because 25 

meters BS antenna is optimal enough to cover within that 

area. 
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