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ABSTRACT 
 
IEEE 802.11g uses OFDM (Orthogonal frequency-
division multiplexing) to achieve transmission of data 
rates up to 54 Mbps. OFDM is a method for 
transmitting large amounts of digital data over radio 
frequency and radio wave. This is achieved by 
splitting the radio signal into smaller sub-signals that 
are each given different frequencies and transmitted 
simultaneously to a specific receiver. In wireless 
communication, the received packet encounters path 
loss which exists between transmitting antenna and 
receiving antenna, especially when they are in 
LOS.Fading is one of the major problems of digital 
communications, which results from different factors. 
This paper presents the effect of Two-ray Multipath 
fading model with the variation of the OFDM data 
rate transmissions. The experiment was conducted 
using INET simulation framework. The experiment 
shows that a high data rate transmission is not always 
achieving better performance with the existence of  
Two-ray Multipath Fading model. 

 

Key words: Wireless Networks, OFDM, Two-ray  
Multipath Fading, and INET. 
 
1. INTRODUCTION 
 
Wireless technologies have shown a rapid growth 
during recent years. They include Wireless Wide Area 
Network (WWAN), Wireless Metropolitan Area 
Network (WMAN), Wireless Local Area (LAN), 
Wireless Personal Area Network (WPAN), and 
Wireless Sensor Network (WSN). This classification 
of wireless technologies is based on the coverage area 
and the data rate [1]. WWAN corresponds to digital 
mobile phone networks, such as Global System for 
Mobile telecommunications (GSM). Wireless 
Metropolitan Area Networks (WMANs) are emerging 
for data transmission in municipal areas. They are 

limited to fixed point-to-point or point to multipoint 
connections with restricted mobility [1]. WLAN has 
been designed to replace and expand legacy LANs. 
WLAN supports a large number of services, for 
instance to cover broadband wireless Internet access 
in hot spot areas, as well as short range serial cable 
replacement [1]. WLAN enables a fast network 
installation and easy topology changes. Therefore, 
WLAN can be established on purely temporary basis, 
for example conferences, meetings, colleges and 
universities, and even emergency operations. WLAN 
also makes possible data networking in places without 
an existing wired LAN infrastructure, such as in 
military operations [2].  
 
The IEEE 802.11 is the first standard for WLAN that 
uses the RF radiation with 1 and 2 Mbps data rates 
and it is currently the most widely used WLAN [4]. In 
1999, the IEEE approved the extension of the 
previous standard. The new IEEE 802.11b extension 
defines a standard for products of wireless networks 
working at 11 Mbps. The need for wireless access to 
local networks grows with the number of mobile 
devices such as notebooks and PDAs, as well as the 
desire of users to be connected to a network with 
higher data rate. As a result, other extensions to the 
standard have been approved such as IEEE 802.11g, 
IEEE 802.11a, IEEE 802.11e, and IEEE 802.11n [3]. 
 
Wireless Personal Area Network (WPAN) is a 
wireless network centered around user workspace that 
typically extends up to 10m in all directions [4]. The 
focus of WPANs is low-cost, low power, short range 
and very small size. IEEE 802.15.4 is designed for 
low rate WPANs and it is intended to serve a set of 
industrial, residential and medical applications with 
very low power consumption [4]. 
 
Wireless Sensor Network (WSN) [5] is composed of 
large number of sensors and their job is to gather data 
and forward it to the Internet using various routing 
protocols. Sensor nodes in WSN are responsible for 
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collecting the data and a management node is 
responsible for data collections. There are two 
scenarios for data collection: the first scenario, the 
sensor nodes forward the collected data along other 
sensor nodes by hopping in regular intervals. The 
second scenario, management nodes send queries to 
the sensor nodes and request its data “readings”. 
These queries forwarded across the nodes in WSN 
using various search mechanisms. 
 
OFDM (Orthogonal frequency-division multiplexing) 
is a method for transmitting large amounts of digital 
data over radio frequency and radio wave. This is 
achieved by splitting the radio signal into smaller sub-
signals that are each given different frequencies and 
transmitted simultaneously to a specific receiver. The 
application of this technique comes with many 
advantages, one being that it reduces the amount of 
crosstalk and collisions in signal transmission. In 
OFDM, the sub-signal is chosen so that the signals are 
mathematically perpendicular over one OFDM 
symbol period [7],[8], [9]. 
 
Although, OFDM is derived from FDM (frequency-
division multiplexing), OFDM provides much more 
advantageous properties than traditional FDM 
technique. OFDM is the key technique that has made 
4G wireless communication possible in the recent 
years [10]. It is especially important to keep the 
perpendicular/orthogonal nature of the carriers. This 
can be done through careful control of the signal. If 
the orthogonality is not achieved, there can be no 
generation of the ODFM [11]. Additionally, visible 
light communication can deliver data through OFDM 
using an organic solar cells as an energy harvesting 
receiver or high speed data detector [12]. 
 
Orthogonal Frequency Division Multiplexing 
(OFDM) has been in Wireless communication, 
Digital Audio Broadcasting (DAB), and High 
Definition TV (HDTV). OFDM can utilize the system 
bandwidth for 64 sub carriers where as the spectral 
efficiency can reach 1.98 Bd/Hz[13]. OFDM is 
capable  to transfer a frequency selective fading 
channel into a number of flat fading sub-channels.   
 
In 2003, OFDM technique was extended with the 
release of the 802.11g.  802.11g is one of the 
modulation standard for wireless LANs and it does 
work on a frequency of 2.4 GHz with a maximum 
data rate of 54 Mbps. The latest wireless standard 
802.11n is using OFDM and a new  feature was added 
which is Multiple Input Multiple Output (MIMO). 
Table 1 below shows the coding rate and data rate for 
different modulation techniques. 
 

 

 

Table 1: The coding rate and data rate for different 
modulation techniques. 

 

 

 

 

 

 

 

 

 

In 
wireless communication, the received packet 
encounter path loss which exists between transmitting 
antenna and receiving antenna, especially when they 
are in LOS. The analysis of propagation channel has 
been investigated in [14], [15]. The received power 
( ܲ) is obtained by using equation 1. Here is the 
transmitted power is (்ܲ  ோare theܩ	and்ܩ.(
transmitting and receiving antenna gain, respectively; 
 ோ are the transmitting and receiving pathܮ	and்ܮ
losses. Finally, ܮ is the propagation channel loss. 

ܲ = ீீೃ
ೃು

     (1) 

The propagation path loss is composed of three parts 
as in equation 2 [15]. Where ܮ stands for the average 
path loss, ܮ௦ stands for long term fading, and finally 
 .stands for short term fadingܮ

ܮ =  (2)ܮ௦ܮܮ

Fading is one of the major problems of digital 
communications, which results from different factors 
such as refraction multipath, atmospheric reflection, 
ground reflection, etc [15].  There are three different 
fading models: 

a. Cellular system fading model, such as 
Nakagami model [16]. 

b. Point to Point terrestrial LOS link fading 
model such as Two-ray Multipath Fading 
Model [17]. 

c. Satellite Link Fading Model such as ITU-R  
model[18]. 

The focus of this paper is on Two-ray Ground 
Multipath fading model in which the fading results 
from ground multipath with considering the 
atmospheric effect. If there are two Antennas, one for 
transmitting, and the other for receiving. The total 
field at the receiving antenna is: 

௧௧ܧ = ܧ +   ோ݁ʌொ                       (3)[19]ܧ

 

Modulation Coding Rate Data Rates 

BPSK ½ 6 Mbps 

BPSK ¾  9Mbps 

QPSK ½ 12Mbps 

QPSK ¾  18Mbps 

QAM16 ½ 24Mbps 

QAM16 ¾  36Mbps 

OFQAM64 2/3 48Mbps 

QAM64 ¾  54Mbps 
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Where ܧ is the amplitude of direct  (LOS) rays, ܧோis 
the amplitude of reflected rays, and the amplitude of 
phase difference between them. 
 
INET [25] framework has provided simulation models 
for multipath ground reflection point to point Line of 
Sight (LOS). This papers analyze the effect of 
multipath ground reflection on data transmitted 
between two hosts with various OFDM data 
transmission rates.  
 
The rest of the papers is organized as follows: Section 
2 presents our research methodology. Section3 
presents the simulation results and discussions. 
Finally, the conclusion was presented in section 4. 
 

2. RESEARCH METHODOLOGY 
 
In order to run our simulations to study the two-ray 
multipath fading model simulation tools were 
required. There were several network simulation 
tools. Examples of these tools are: Global Mobile 
Information Systems Information Library 
(GloMoSim) [20], Optimized Network Engineering 
Tools (OPNET) [21], Network Simulator (NS-3) [22], 
QualNet [26], and Omnet++ [23]. These simulation 
environment share common characteristics [24]: 

a. Deterministic:  Each running scenario will 
produce the same results even though it is 
repeated several times. 
b. Discrete event simulation: Simulation is 
configured based on sequence of events. 
c. Integrated Development Environment 
(IDE):Friendly user interface to create finite 
state machines. 
d. Model library: having Inter-Network 
Processors  such as switches, routers, and  
hubs. 

 
GloMoSim (global mobile information system 
simulator) is used for satellite network simulation 
environment, wired communication network, and 
Adhoc networks. GloMoSim can be used to simulate 
multicast and multihop in wireless communication 
networks. Additionally, Mobile Ad hoc Network 
(MANET) is also supported using discrete event 
simulator. 
 
OPNET modeler (currently known as Riverbed 
Modeler) is a commercial simulation software 
provided by Riverbed Technology. OPNET modeler 
has many libraries to simulate networks with different 
scenarios. OPNET has a very flexible IDE 
environment to allow users to build their topologies, 
insert easily the devices, and configure the required 
protocols and algorithms across the  network. User 
can easily build his simulation network using three 
different models: Network Model, Node Model, and 
Process Model.  

NS-3 [22] is a discrete event computer networks 
simulator used as real time network emulator. It is 
publicly available for research, and  development. It is 
written completely in C++ and python. NS-3 is 
composed of several models: Mobility module, Event 
Scheduler Time Arithmetic, Node class, and Packets 
models. 

QualNet is a  network simulation software used to 
create virtual network that exhibits the behavior of 
real communication networks. It is a planning and 
testing tool to simulate complex and large scale 
communications networks [26]. Unlike other 
simulation software, QualNet is capable to 
incorporate the terrain in its simulation and it  can be 
tested with the existence of  different weather 
conditions. QualNet is composed of the following 
tools: QualNet andArchitect, QualNet Analyzer, 
QualNet Packet Tracer, QualNet File Editor, and 
QualNet Command Line Interface. 

Omnet++  is a public-source, component-based, and 
modular simulation framework. It is mostly applied to 
the domain of network simulation and other 
distributed systems. The Omnet++ model is 
composed of hierarchically nested modules. The top-
level module is called the Network Module. This 
module contains one or more sub-modules each of 
which could contain other sub-modules. 
 
Various Internet protocol model have been developed 
on the top of Omnet++ such as6LoWPAN Model, 
Network-of-Systems Simulator, NIST TESIM-
OMNeT++, and  INET Framework [25]. The INET 
Framework is an open-source communication 
networks simulation package [25]. The INET 
Framework contains models for several wired and 
wireless networking protocols, including UDP, TCP, 
SCTP, IP, IPv6, Ethernet, PPP, 802.11, MPLS, OSPF, 
and many others [24]. It has number of modules 
which can be used by developers to build their 
simulation environment such as routers, switches, and 
hubs.  
 
We have used in this paper INET simulator to 
conduct our experiments on Two-ray Multipath 
fading model. INET frameworks has provided the 
tools to simulate the fading between transmitting 
antenna and receiving antenna as well as the ability to  
change the data transmission rates using OFDM 
technique for wireless communication. INET 
framework has provided various path loss models: 

a. Free space path loss. 
b. Two-Ray Ground Reflection. 
c. Rician Fading. 
d. Log Normal Shading. 
e. Two-Ray Interference. 
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3.SIMULATION RESULTS and DISCUSSIONS 
 
A simulation environment was implemented to study 
the effect of Two-ray Multipath fading model on 
OFDM. INET simulation framework and Omnet++ 
are capable to simulate transmission of data rates 
between devices up to 54Mbps at the 2.4 GHz ISM 
band. We conducted our experiments on two wireless 
devices that communicate with each other whereas 
the distance between them was varying at each time 
the simulation is executed. The simulation parameter 
is shown in figure 1which are stored in a file called 
omnetpp.ini. 
 
A UDP packet was exchanged between the two 
devices and the size of the payload in the message 
was 2000 bytes. The simulation was repeated ten 
times to obtain the average values for our results. The 
distance between the transmitting and receiving 
antenna has changed at each run for a range from 5 m 
to 350 m. The number of the received packets was 
measured at the receiver device at the end of the 
simulation period. Additionally, Signal to Noise ratio 
and Bit Error Rates were also measured at the 
receiving device. The experiment was conducted with 
IEEE 802.11g using OFDM technique for wireless 
communications with data rates: 54 Mbps, 18 Mbps, 
and 6 Mbps.  
 
Figure 2 shows the number of received packets at the 
destination device. It is obvious that there was not 
much difference with regard to the number received 
packets at the destination device whether the data rate 
was 54 or 18 Mbps. The increase in the Signal to 
Noise ratio caused the number of received packet to 
reach zero earlier with 54 Mbps in comparison to 
other data rates. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Simulation parameter in omnetpp.int used by 
INET framework. 

 
For Signal to Nosie ratio, there was no change at the 
beginning as  the distance between the devices started 
to increase as shown in figure 3. We analyzed our 
results on Signal to Nosie ratio when the distance 
started to increase from 65 meter as shown in figure 
4. For a distance of 100 meter and 54 Mbps, Signal to 
Nose ratio reached zero as well as the number of 
received packets reached zero. However, Signal to 
Nose ratio as well as the number of received packets 
reached zerofor the distance of 225 for 18 Mbps. 
Also, they reached zero when the distance between 
the two devices reached 350 meter for 6 Mbps.  
 
Our observations on BER is shown in figure 5.For54 
Mbps, the BER started to increase as the distance 
between the two devices reached 45 meter. For 18 
Mbps, BER started to increase as the distance 
between the devices became 200 meter. For 6 Mbps, 
BER started to increase after the distance between the 
two devices reached 300 meters. Our results show 
that for OFDM with Two-ray Multipath fading, the 
highest data rate transmission is not always exhibiting 
better performance. Thus, it is better to move to the 
lower data from the beginning when the Multipath 
Fading Model exists at least to stay connected for 
longer distances as the Signal to Noise ratio drops 
when the distance between the two devices increases. 
 
 

 
Figure 2:The number of received packets for OFDM with 

different data transmission rates. 
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# misc settings 
**.arp.typename = "GlobalArp" 
**.bitrate = “54Mbps” “18Mbps” “6Mbps” 
 
*.*.wlan[*].mac.dcf.channelAccess.contentio
n.initialChannelBusy = false 
*.source.mobility.initialX = 0m 
 
*.destination.mobility.initialX = 
${distance=0..50 step 0.25, 51..100 step 1, 
105..200 step 5, 220..1000 step 20}m 
 
# UDP app settings 
*.*.numApps = 1 
*.source.app[*].destPort = 2000 
*.source.app[*].localPort = 2000 
*.source.app[*].messageLength = 2000Byte 
*.source.app[*].sendInterval = 200ms 
*.source.app[*].startTime = 0ms 
*.destination.app[0].typename = "UdpSink" 
*.destination.app[*].localPort = 2000 
*.radioMedium.pathLoss.typename =  
${pathlosstype= “TwoRayGroundReflection} 
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Figure 3:Signal to Noise ratio  as the distance between 
varies for OFDM with different data transmission rates. At 
the beginning Signal to Noise ration was similar for OFDM 
with different transmission data rates. 

. 

 

 

 
Figure 4: Signal to Noise ratio  as the distance starts to 

increase form 65 meter. 
 
 

 
Figure 5:Bit Error Rates  as the distance between the 
devices  varies. 

 
4.CONCLUSIONS 
 
Fading is one of the major problems of digital 
communications, which results from different factors. 
This paper presented the effect Two-ray Multipath 
fading model on the IEEE 802.11g using OFDM with 
different transmission data rates. We found that high 
data rate transmission does not exhibit extremely high 
performance in an environment with Two-ray 
Multipath Model. It is possible for lower date rates to 
exhibit acceptable performance with regard to the 
number of the received packet at the destination host 
and much less BER. Thus, It is recommendable to 
move to the lower data from the beginning when 
experiencing Two-ray Multipath fading model with 
OFDM technique. 
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