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Abstract— With various wireless technologies coming up, 
performance of the wireless networks has become a concern. 
Mobile WiMAX is expected to be the wireless technology of the 
next generation as it supports vehicular mobility with broad 
coverage area. Among various other parameters which affect 
network performance, the terrain feature on which the network 
is deployed and the pathloss model affects the network 
performance substantially. Air being the communicating medium 
in wireless networks, any hindrance on the communication path 
like buildings, trees, etc., affects the wireless signal propagation. 
Hence, prior network deployment, analysis of the terrain is 
essential. Voice over IP is expected to be the communication 
medium of the next generation and File Transfer Protocol is the 
most popular data transfer protocol. Hence, our target is to study 
the behaviour of various propagation models in WiMAX network 
with respect to path loss, throughput and delay for various 
terrain models with voice and FTP applications. OPNET Modeler 
provides comprehensive development environment and provides 
a real life simulation environment and hence is chosen to simulate 
the networks. 

Index Terms—OPNET, WiMAX, terrain, pathloss, VoIP, 
FTP 

I.  INTRODUCTION 
WiMAX or Worldwide Interoperability for Microwave 

Access is a broadband wireless technology designed for 
provisioning high-speed data access over long distances. It is 
an access technology for the deployment of Wireless 
Metropolitan Area Networks (wireless MAN) based on the 
IEEE 802.16 standards [1]. The first standardized WiMAX 
system was based on the IEEE 802.16-2004 standard, 
commonly known as fixed WiMAX. It provided wireless 
access to subscriber stations (SS) through a base station (BS) 
using point-to-multipoint (PMP) and optional mesh 
topologies. This standard was further extended to support 
mobility of Subscriber Stations by enabling low-latency 
handover between Base Stations. The resulting new standard 
is the IEEE 802.16e-2005[1], or more commonly known as 
Mobile WiMAX. 

Mobile WiMAX or IEEE 802.16e is a solution that enables 
the convergence of mobile and fixed broadband networks 
through a common wide area broadband radio access 
technology and flexible network architecture. The Mobile 

WiMAX Air Interface uses Orthogonal Frequency Division 
Multiple Access (OFDMA) technology for improving multi-
path performance and supporting Non Line-Of-Sight (NLOS) 
environments operation in the 2-11 GHz band [2]. The 
pathloss, delay and throughput of mobile WiMAX network 
with mobile nodes moving at 50 km/hr is analysed and 
compared using the common path loss models in OPNET to 
verify the results and to show that OPNET modeler provides 
us with a real time environment. 

IEEE 802.16 support 5 types of service classes, namely 
UGS (Unsolicited Grant Service), rtPS (real time Polling 
Service), nrtPS (non-real time Polling Service), BE (Best 
Effort Service), ertPS (extended rtPS service) [3]. UGS 
supports fixed-size data packets at a constant bit rate (CBR). It 
also supports real time applications like VoIP or streaming 
applications but it wastes bandwidth during the off periods. 
RTPS supports variable bit rate real-time service such as 
VoIP. Delay-tolerant data streams such as an FTP is designed 
to be supported by the nrtPS type of service. This requires 
variable-size data grants at a minimum guaranteed rate. The 
nrtPS is very similar to the rtPS except that it allows 
contention based polling. Data streams, such as Web 
browsing, that do not require a minimum service-level 
guarantee is designed to be supported by BE service. BE 
connections are never polled but they can only receive 
resources through contention. ertPS was introduced to support 
variable rate real-time services such as VoIP and video 
streaming. It has an advantage over UGS and rtPS for VoIP 
applications because it carries lower overhead than UGS and 
rtPS [4] and hence is modeled is the system. 

VoIP has been widely accepted for its cost effectiveness 
and easy implementation. PSTN quality of voice is achieved 
by using G 711 as the voice codec. PSTN voice quality is the 
best voice quality achieved. Hence, we have considered it to 
evaluate the network performance. File Transfer Protocol 
(FTP) is a very commonly used protocol for data transfer. 
Hence, we have considered high load FTP to exhibit the 
behaviour of data packets. 

II. BACKGROUND 
The common propagation models namely free Space path 

loss model, Suburban Fixed (Erceg), Outdoor to Indoor and 



Pedestrian Environment and Vehicular Environment are 
discussed in this paper. The Suburban Fixed path loss model is 
further subdivided in three categories based on the building 
and tree density namely terrain type A, B and C. The models 
are briefly discussed in the next sections. 

A. Free Space Propagation model: 
The free space propagation model is mathematically given by: 

                              ௥ܲ௫ሺݎሻ ൌ P౪౮ G౪౮G౨౮஛మ

ሺସ஠ሻమ௥మ௅
                                          (1) 

where Prx is received power in watts and is a function of 
distance between transmitter and receiver, Ptx is the transmitted 
power in watts, Grx and Gtx are the gain of the receiving and 
transmitting antennas respectively, L is the system-loss factor 
and is not related to propagation. It is usually greater than 1 and 
λ is the wavelength in meters [8]. 

B. Erceg’s Suburban Fixed Model:  
The Erceg model is based on extensive experimental data 

collected at 1.9GHz in 95 macrocells of suburban areas across 
the United States [5]. This model is a slope intercept model 
given by [5]:  

ܮܲ    ൌ ܪ ൅ ଵ଴݃݋݈ߛ10 ൬
݀
݀଴

൰ ൅ X୤ ൅ X୦ ൅ s   for d ൐ d଴    ሺ2ሻ 

Where PL is the instantaneous attenuation, H is the 
intercept and is given by free space path loss at the desired 
frequency over a distance of d0 = 100 meters:                    

ܪ                                 ൌ ଵ଴݃݋݈ 20 ൬
଴݀ߨ4

ߣ ൰                                  ሺ3ሻ 

where ߣ is the wavelength. The parameter ߛ  is a Gaussian 
random variable over the population of macro cells within each 
terrain category. It can be written as [2] [5].  

                            γ ൌ ሺ݁ െ ݄݃௕ ൅  ݇/݄௕ሻ ൅  γ                      (4)ߪݔ 

where hb  is the height of the base station antenna in meters,  σα 
is the standard deviation of γ, x is a zero-mean Gaussian 
variable of unity standard deviation N[0, 1], and e, g, k and 
σγ are all data-derived constants for each terrain category. The 
shadow fading components varies randomly from one terminal 
location to another within any given macro-cell. It is a zero-
mean Gaussian variable and can be expressed as [2] [5]. 

ݏ                                                 ൌ  σ                                          (5)ݕ

                                               σ ൌ µ ൅ z                                          ሺ6ሻ 

where y and z are the zero-mean Gaussian variables of unit 
standard deviation N[0, 1], σ is the standard deviation of s, µσ 
is the mean of σ, and σσ is the standard deviation of σ. µσ and 
σσ are both data-derived constants for each terrain category. 
The numerical values of the above parameters are given in 
Table I. 

The correlation factors of the model for the operating 
frequency and for the MS antenna height are [2] 

                              X୤ ൌ 6.01logଵ଴ ቀ ୤
ଶ଴଴଴

ቁ                                ሺ7ሻ 

  X୦ ൌ  െ10.8logଵ଴ ቀ୦౨
ଶ

ቁ for Terrain type A and Β 

݋20.0݈− =           ଵ݃଴ ቀ௛ೝ
ଶ

ቁ for Terrain type C,  

where f is the frequency in MHz and h୰ is the height is the 
MS antenna above ground in meters. 

The Terrain Type A is considered as hilly terrain with 
moderate to heavy tree density, representing rural 
environments and is associated with the highest path loss. 
Terrain Type B is characterized by either a mostly flat terrain 
with moderate to heavy tree density or a hilly terrain with light 
tree density. Terrain Type C is a flat terrain with light tree 
density and is associated with the lowest path loss for rural 
environments [2].  

TABLE I.  NUMERICAL VALUES CONSIDERED FOR THE PARAMETERS [2] 

Parameters Terrain  
Type A 

Terrain  
Type B 

Terrain  
Type C 

e 4.6 4.0 3.6 

( )1−mg 0.0075 0.0065 0.005 

( )mk 12.6 17.1 20.0 

γσ 0.57 0.75 0.59 

σμ 10.6 9.6 8.2 

σσ 2.3 3.0 1.6 

C. Outdoor-to-Indoor and pedestrian pathloss environment 
This environment is characterized by small cells and low 

transmits power. Base stations with low antenna heights are 
located outdoors; pedestrian users are located on streets and 
inside buildings and residences.  

ܮܲ                           ൌ ଵ଴ܴ݃݋40݈ ൅ ݋݈ 30 ଵ݃଴݂ ൅ 49                 ሺ8ሻ 

The above equation describes the path loss in dB where R is 
the distance between the base station and the mobile station in 
kilometres and ‘f’ is the carrier frequency of 2000 MHz for 
IMT-2000 band application [9].  
 

D. Vehicular environment 
This environment is characterized by larger cells and higher 
transmits power. The path loss in vehicular environment in dB 
is given by:  

ܮܲ ൌ 40ሺ1 െ 4 ൈ 10ିଷ∆݄௕ሻ݈݋ ଵ݃଴ܴ െ ݋18݈ ଵ݃଴∆݄௕ െ
ଵ଴݂݃݋21݈                   ൅   ሺ9ሻ                                                     ܤ݀ 80
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