
IJCST Vol. 4, ISSue 2, AprIl - June 2013

w w w . i j c s t . c o m InternatIonal Journal of Computer SCIenCe and teChnology  563

 ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

Performance Evaluation of Routing Algorithms for 
Multi-Cell Scalable Architecture of Integrated 

WiMAX-WiFi Heterogeneous Network
1S.V.S. Rama Krishnam Raju, 2Dr. B. C. Jinaga, 3Dr. Kahkashan Tabassum, 4Dr. Damodaram A

1Dept. of ECE, Medak College of Engineering & Technology, AP, India
2Dept. of ECE, Jawaharlal Nehru  Technological University Hyderabad, AP, India

3Dept. of  CS IT,  Maulana Azad National Urdu University, AP, India
4Dept. of CSE, Jawaharlal Nehru Technological University Hyderabad, AP, India

Abstract
A wireless communication network architecture with integrated 
WiMAX-WiFi  broadband technologies is a potential, fast and 
economical method of providing wireless access services to 
huge number of users. This network has multi-hop and multi-
tier design. To offer uninterrupted and seamless service to all 
subscribers in a wireless network we can incorporate a low cost, 
flexible heterogeneous network which not only allows any kind 
of network for efficient spectrum utilization but also improves the 
network capacity. This set-up provides easy deployment based 
data communication based on broad range of coverage with 
required high throughput, high speed data rate, low end to end 
delay and low jitter. We use Wi-Fi (IEEE 802.11n) & WiMAX 
(IEEE 802.16e) in our simulation since they support mobility The 
choice of appropriate routing protocol for high speed seamless 
applications plays a vital role in the design of a scalable, flexible 
and efficient integrated network. The selected routing protocol 
is responsible for the mobility factor and the topology within 
the network. Therefore in this paper we designed an integrated 
containing Wi-Fi/WiMAX and then analyze the performance of 
the network by taking into account various routing protocols. 
This analysis allows the user to select the best suitable routing 
protocol. 
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I. Introduction
The multi-hop network with integrated WiMAX-WiFi radios is a 
resource that can present broadband wireless access to a wide group 
of users quickly and in a cost-effective manner. This solution is 
appropriate in places where wired backhaul infrastructure of fibre 
access would be very expensive. The interoperability architecture 
proposed in this paper provides many features offered by the Wi-
Fi and WiMax technologies technically as well as economically. 
This combination offers a hybrid WiMAX-WiFi type of networks. 
WiMAX backhaul support is provided extensively in distributed 
Wi-Fi hotpots available in the urban areas with a core network and 
this architecture although complex in its design is opening a broad 
range of network topology [3]. The possible hybrid designs scale 
towards different user requirements with respect to the number of 
radios per node, node ratio of WiMAX and Wi-Fi, total number of 
hops at required at Wi-Fi multi-hop tier and so on. The operating 
conditions that requires the knowledge of connection data rate 
and user density. Similar hybrid architectures can be found in [3] 
through [6] with a variation in the aspects. The work in [3] to [6] 
mainly specify the architectural aspects, protocol modifications 
for supporting QoS within these heterogeneous systems. The work 
in [7] proposes a bandwidth pricing model with respect to an 

integrated WiMAX/ Wi-Fi network. The work in [8] specifies 
a  significant heterogeneous WiMAX/Wi-Fi architecture. Our 
scenario and work provides additional insights on the impacts 
of using different routing protocols within the network topology 
designs which comprise of number of hops, gateway-node 
including the enhancement of data rates and user density. Other 
works [6, 10] mainly focus on the aspect of seamless handover 
between these two technologies and they also aim to preserve QoS 
of a mobile terminal, providing traffic offloading. 
To offer uninterrupted and seamless service to all subscribers 
in a wireless network we can incorporate a low cost, flexible 
heterogeneous network which not only allows any kind of network 
for efficient spectrum utilization but also improves the network 
capacity. This set-up provides easy deployment based data 
communication based on broad range of coverage with required 
high throughput, high speed data rate, low end to end delay and low 
jitter. We use Wi-Fi (IEEE 802.11n) & WiMAX (IEEE 802.16e) 
in our simulation since they support mobility and hence real 
time activities for mobile users are also supported by integrated 
network used in the simulation. The choice of appropriate routing 
protocol for high speed seamless applications plays a vital role in 
the design of a scalable, flexible and efficient integrated network. 
The selected routing protocol is responsible for the mobility factor 
and the topology within the network. Therefore in this paper we 
designed an integrated containing Wi-Fi/WiMAX and then analyze 
the performance of the network by taking into account various 
routing protocols. This analysis allows the user to select the best 
suitable protocol. 
The paper is organized as follows: Section 2 explains Wireless 
Hybrid Multitier Network Architecture. Overview of broadband 
technologies is provided in Section 3 and Section 4 contains the 
Performance Evaluation and results. The paper finally has the 
conclusions in section 5 followed by references.

II. Network Architecture
A multi-hop network is a multi-tier architecture. It consists of 
the components within the first tier - WiMAX backhaul tier, the 
second tier is based on Wi-Fi backhaul tier  and finally the Access 
tier for Wi-Fi. The figure shown in Fig. 1 corresponds to this type 
of network. Within the first tier there are WiMAX links used 
to coordinate with the WBS (WiMAX BaseStation). The access 
service of Wi-Fi is facilitated from wireless backhaul service with 
the help of  integrated/hybrid access routers (HAR). These offer 
multi-hop relay service. The other specifications are provided in 
the Tables 1, 2 and 3. 
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Fig. 1: Multitier Hybrid Wi-Fi/WiMAX Network Architecture

Fig. 2: Multitier Hybrid Wi-Fi/WiMAX Network Architecture 
With Multiple Cells

III. Overview of Wi-Fi and WiMAX Technologies 

A. Wi-Fi (IEEE 802.11n)  
The exponential growth for mobile data and the enormous 
development of mobile devices like mobile phones, smart 
phones, i-pads, laptops, tablets etc is almost doubled in the year 
2013 whereas it was 66 times during 2008-2013. As time & 
users demands for uninterrupted services so the last mile winner 
WiMAX can be able to cover large areas in metropolitan, suburban, 
rural or terrine with high speed mobile broadband internet access 
called wide area networks (WANs). Where Wi-Fi can provide 
high data rate in short range communication. Providing proper 
network services to every user, from time of registration to time 
to leave is the function of a network. As both networks support 
mobility so integration of both networks can be a best solution to 
maintain proper QoS. It is important that the apparent similarity 
between Wi-Fi and WiMAX, But complementary natures between 
them are key designing aspects of this integrated network. While 
Wi-Fi has a short coverage range of about 100 meters, WiMAX 
offers a significantly greater coverage in a range of 500 meters 
and beyond; while Wi-Fi offers high raw data (up to 500 Mb/s 
is envisaged) capacity due to the use of unlicensed frequency 

bands with poor traffic control capabilities, WiMAX is capable 
of highly sophisticated traffic management and QoS control [1] 
with low data rates, due to the use of licensed frequency bands. 
These integrated networks have become more efficient with the 
introduction of mobility concept of nodes. One of the challenging 
aspects in these integrated networks is to find and develop routing 
protocols that can efficiently find routes between any two nodes 
(may be static or mobile). The routing protocol should take into 
account the mobility factor in these networks and the topology 
being used. For this reason, performance evaluation of various 
protocols has been carried out by different researchers. Routing is 
a function in the Network layer which determines the path from 
source to destination for the traffic flow. Router in the network 
needs to be able to look at a packet’s destination address and then 
determines which of the output port is the best choice to get the 
packet to that address. In this paper, first we have designed Wi-Fi/ 
WiMAX integrated network and proposed a survey on routing 
protocols used in this integrated networks for both uplink and 
downlink traffic using QualNet 6.1 simulator. Also this paper 
will enlighten best suitable routing protocol for an integrated 
heterogeneous network to maintain proper QoS all applications. 
The first WLAN came into existence in 1997 which was launched 
by the Institute of Electrical and Electronics Engineers (IEEE). 
It was named 802.11 and it supported a maximum network 
bandwidth of 2 Mbps. It had a limitation that it was too very slow 
and for this reason, these products were not manufactured much 
and it fainted. But the latest generation of IEEE 802.11n-based 
(Wi-Fi technology) has significantly picked up more popularity 
in the market in the last five years. This technology has sufficient 
bandwidth that covers a building to help the deployment of 
applications such as video, gaming, data and voice. An important 
feature of IEEE 802.11n standard is that it is based on MIMO 
(multiple-input multiple-output). It operates on 2.4 GHz and 5 
GHz bands. The maximum net data rate is 54-600 Mbps.

B. WiMAX (IEEE 802.16e) 
This standard was published in 2001. It defines a way for wireless 
broadband access as an alternative for cable/DSL services for 
home business. The IEEE 802.16e (air interface standard) is 
an extension of the fixed wireless access predecessor - IEEE 
802.16–2004 that offers mobile broadband wireless access systems 
[3-4]. Several Orthogonal Frequency Divisions Multiple Access 
(OFDMA) technology features are enhanced in this model. The 
technologies of Space Time Coding (STC), space division multiple 
access (SDMA), Hybrid Automatic Repeat Request (HARQ), 
Advanced Antenna Systems (AAS) and  multiple input multiple 
output (MIMO) all these   improve the speed of broadband access. 
Apart from this additional sub-channelization is also provided in 
IEEE 802.16e. The resource management flexibility has improved 
thus providing better performance in broad range of functionally 
operative conditions. IEEE 802.16e has a new MAC for giving 
handover support. 

IV. Performance Evaluation of Routing Algorithms 
Routing algorithms play an important role in distributing data 
on the network. They create routing tables and also forwarding 
tables to perform effective data transmission. While routing the 
information it is mandatory to find a path of low-cost between 
any two nodes. There are many popular routing protocols that run 
among different nodes on the networks. They offer a dynamic 
and distributed solution for finding the path with the lowest-cost 
taking into account the link and node failures. They also consider 
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the changes that arise due to modified edge costs. We have used 
the following routing algorithms for the analysis in scalable 
heterogeneous network- Bellman- Ford Routing Algorithm, Ad-
hoc On Demand Distance Vector Routing Protocol (AODV), 
Dynamic MANET On demand Routing Protocol (DYMO), 
Resource Information Protocol (RIP), Open Source Shortest Path 
Routing Protocol (OSPFv2) and Fisheye (FE)  [6].
The performance of the proposed system in providing seamless data 
communication by using various protocols in the heterogeneous 
systems across the WLAN and WMAN in the designs is evaluated 
by performing a series of simulations using the QualNet simulator 
6.1. The simulation model is shown in the fig. 3. It consists of 
an integrated network with two WiMAX networks (having BS), 
providing coverage for seven Wi-Fi hotspots having at least seven 
or eight stationary SSs and one mobile SSs, and generating two 
different types of traffic - Constant Bit Rate (CBR) and Variable 
Bit Rate(VBR) with and without (Random Way-point) mobility 
enabled for at least four-five nodes. The IEEE 802.16 protocol 
was implemented using the Wireless MAN-OFDM air interface 
in TDD mode. The total bandwidth of the BS was assumed to 
2.4Gbps. The details of parameter setting are provided in Table 
1.

Table 1: Parameter Settings of Wi-Fi SS
S.No. Parameter Name(IEEE 802.11b)  Subscriber Station 
1. Data Rate 2Mbps

2. Transmission Rate at 1 
Mbps(dBm) 15.0

3. Transmission Rate at 2 
Mbps(dBm) 15.0

4. Transmission Rate at 6 
Mbps(dBm) 15.0

5. Transmission Rate at 11 
Mbps(dBm) 15.0

6. Receive Sensitivity at 1Mbps -93.0
7. Receive Sensitivity at 2Mbps -89
8. Receive Sensitivity at 6Mbps -87
9. Receive Sensitivity at 11Mbps -83

10. Expected Directional Antenna 
Gain 15dBm

11. Temperature 290K
12. Noise Factor 10
13. Antenna Model Omni Directional

MAC (802.11)
14. Short packet Transmit limit 7
15. Long packet Transmit limit 4
16. RTS Threshold bytes 0
17. Station Association Point None

18. MAC Propagation Delay 1 micro
second

Table 2: Parameter Settings of WiMAX SS
S.No. Parameter Name Subscriber Station

1. Maximum Transmission power 
in dBm 50

2. Transmission Power in dBm 20
3. Channel Bandwidth 20MHz
4. FFT 2048

5. Antenna Model Omni Directional
6. Temperature 290
7. Noise Factor 10
8. Battery Model None
9. Mac Layer (SS) 802.16
10. Wait DCD Timeout Interval 25
11. Wait UCD Timeout Interval 25

12. Mac Propagation Delay in 
microsec 01

Table 3: Parameter Settings of WiMAX BS 

S.No. Parameter Name WiMAX Base 
Station

1. Maximum Transmission power 
in dBm 50

2. Transmission Power in dBm 20
3. Channel Bandwidth 20MHz
4. FFT 2048
5. Antenna Model Omni Directional
6. Temperature 290
7. Noise Factor 10
8. Mac Layer (BS) 802.16
9. Mac Frame Duration 20ms
10. TDD Downlink Duration 10ms

11. Mac Propagation Delay in 
microsec 01

12. DCD Broadcast 5s
13. UCD Broadcast 5s
14. Ranging Minimal back off value 3
15. Ranging Maximal back off value 15

16. Transmit/Receive transition 
Gap(TTG) 10 microsecs

17. Receive / Transmit transition 
Gap(TTG) 10 microsecs

18. SS transition Gap(SSTG) 4 microsecs

19. Maximum Allowed Uplink Load 
Level 0.7

20. Maximum Allowed Downlink 
Load Level 0.7

As shown in fig. 5, there are seven Wi-Fi hotspots which are 
connected to two WiMAX service providers. They offer 
connectivity to Wi-Fi hotspots situated in different types of areas 
such as corporate, residential, official and  business area and they 
directly connect with WiMAX network [4] or indirectly also via 
any Wi-Fi network. The parameter setting is shown in the tables 
1, 2 & 3. The reference area of simulation is of 1500x1500meter 
square dimension. To eliminate possible inter-cell interference 
among neighbouring cells they are placed orthogonally. The traffic 
source used is:

 CBR• 
VBR. Payload size is 50K bytes. • 
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Fig. 3: A multi-tier Hybrid Scenario for Wi-Fi/WiMAX integrated 
Network.

The graphs corresponding to the Constant Bit Rate Traffic are 
shown below.

 
Fig. 4. Throughput for Hybrid WiFi/WiMAX Network using 
Routing Protocols.

Fig. 5. End to End Delay for Hybrid WiFi/WiMAX Network 
using Routing Protocols

Fig. 6: Jitter for Hybrid Wi-Fi/WiMAX Network using Routing 
Protocols

V. Conclusion and Future Work
This paper has proposed a combined architecture to support the 
integration of Wi-Fi and WiMAX technologies in broadband 
wireless networks. In the architecture, a gateway-node is employed 
to interconnect Wi-Fi hotspots with a WiMAX backhaul service. By 
using additional functionality in the gateway node, the integrated 
architecture enables the use of a common protocol operation 
between the WiMAX and Wi-Fi components of the network. The 
results can be used to prove the fact that an integrated architecture 
enables the provision of differentiated services between WiMAX 
and Wi-Fi interfaces by reducing the end-to-end delays of high 
priority traffic. We use Wi-Fi (IEEE 802.11n) & WiMAX (IEEE 
802.16e) in our simulation since they support mobility and hence 
real time activities for mobile users are also supported by integrated 
network used in the simulation. The choice of appropriate routing 
protocol for high speed seamless applications plays a vital role in 
the design of a scalable, flexible and efficient integrated network. 
The selected routing protocol is responsible for the mobility factor 
and the topology within the network. Therefore in this paper we 
designed an integrated containing Wi-Fi/WiMAX and then analyze 
the performance of the network by taking into account various 
routing algorithms. This analysis allows the user to select the best 
suitable algorithm. 
It can be shown that the performance of broadband wireless 
multi-tier network is awfully relative to the network design within 
wireless cluster of Wi-Fi providing the service access.  It can be 
a preferable solution for urban deployment where the load or 
user density is high. In the future work it is intended to perform 
a high-level analysis that produces valuable insights depending 
on detailed simulations and more realistic constraints.
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