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A QOS Cognitive Radio based VHOM Scheme
In Heterogeneous Wireless Networks for 4G
Advancement

K Satish Reddy, S. Kranthi Kumar

Abstract— The integration of Wi-MAX and WLAN has been seen as a promising approach towards 4G. In this paper, we are going to
introduce a novel scheme for the interworking of Mobile Wi-MAX and WLAN networks. We propose a tightly coupled interworking structure
that can keep Mobile Terminals (MT) always best connected due to the inherent ad-hoc nature of the network, thus ensuring best Quality of
Service (QOS). We have derived an evaluation algorithm to estimate the conditions of both Wi-MAX and WLAN networks in terms of

available bandwidth and packet delay.

Index Terms— Ad-hoc Networks, Cognitive Radio, Handover, Nodes, QOS, Wi-MAX, WLAN, WI-FI, Wireless

1 INTRODUCTION

HIS In a Wireless Cellular Communication System, Mobility

is a key factor. Normally, continuous service is achieved by
supporting handoff (or handover) from one cell to another. An
active MT crosses several cells during process of conversation.
This active call should be transferred from one cell to another
one in order to achieve call continuation during crossing of
network boundary. The handover process is transferring an
active call from one cell to another. Handover initiation is the
process of deciding when to request a handoff. Handoff deci-
sion is based on the Received Signal Strength (RSS) from the
current Base Station (BS) and the neighboring Base Stations.

Handover can be classified using the network type involved
into horizontal and vertical cases (Figurel) as MT moves with-
in or among different overlays of a Wireless Overlay Net-
works (WON).

Horizontal handoff or intra-system handoff is a handoff
that occurs among the Access Points (Aps) or BSs of the same
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Figurel. Simulation Topology of Wi-MAX/WLAN Handoff
System

o K Satish Reddy is currently working as an Associate Professor in Vard-
haman College of Engineering, Hyderabad, India, PH-919700938400,
E-mail: ksreddy2002@gmail.com

o S. Kranthi Kumar is currently pursuing master of technology degree pro-
gram in Wireless Mobile Communications in Vardhaman College of Engi-
neering, Hyderabad, India

network technology. In other words, a horizontal handoff oc-
curs between the homogeneous cells of a wireless access sys-
tem. Vertical handoff or inter-system handoff is a handoff that
occurs between the different points of attachment belonging to
different network technologies. Handoffs can also be classified
using the number of connections involved as soft or hard.

A handoff is hard if the MT can be associated with only
one point of attachment at a time. In other words, an MT may
set up a new connection at the target point of attachment after
the old connection has been torn down. A make before break
handoff occurs if the MT can communicate with more than
one point of attachment during handoff. In this case, mobile
terminal connection may be created at the target point of at-
tachment before the old point of attachment connection is re-
leased. For example, MT equipped with multiple network in-
terfaces can simultaneously connect to multiple points of at-
tachment in different networks during soft handoff.

Mobile ad hoc networks are dynamic networks in which
nodes are free to move. A main performance constraint comes
from path loss and multipath attenuation. Many Mobile ad-
hoc network routing protocols exploit multi-hop paths to
route packets. Probability of successful packet transmission on
a path is dependent on the reliability of the wireless channel
on each hop. In this paper, we assume that all nodes know
their positions and velocities, each and every node can meas-
ure the distance from AP and BS. And we are assuming
bandwidth by number of users. Whenever number of users
increase the bandwidth will reduce, so we have chosen an op-
timum number of four users in this paper to maximize the
bandwidth.

2 EXISTING SYSTEM

In previous QOS based VHO methods for overlay
networks [1], Quality of service parameters are considered in
handoff decisions. However, the handover procedures are
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normally started when the stations move across the border of
WLAN:S.

As a result, the fixed stations and the mobile stations
within overlapped areas cannot benefit from Vertical Hando-
ver (VHO). Various researchers proposed a tightly coupled
interworking structure where seamless and proactive vertical
handoff scheme is designed based on the architecture with the
aim to provide always the best QOS for the users. Due to the
newly developed WiMAX, there are some advantages, but still
limited proposals are made for VHOs in WiMAX/WLAN
overlay networks. Proposed schemes can keep stations always
being best connected. But when system is out of the range then
no communication is possible in that model.

2.1 RELATED WORK

In this paper [2], author presents an overview of issues related
to horizontal/ vertical handoffs and also discusses the archi-
tecture of integrated WLAN and WAN networks based on
Mobile IPv6.

The Overlay Network is considered to improve the dif-
ferent characteristics of wireless access network technologies
to satisfy the anytime, anywhere, and any service needs of
mobile users but author used the wide area access network in
which Setting up a network can be an expensive and compli-
cated, also the bigger the network the more expensive it is and
it's security is a real issue.

In this paper [3], author presents efficient handoff
schemes to enhance quality of service and provide flawless
mobility and it presents different and novel aspects of handoff
and discusses handoff related issues of fourth generation sys-
tems.

In this paper [4], author presents a novel end-to-end mo-
bility management system for seamless and proactive roaming
across heterogeneous wireless networks and this system inte-
grates a connection manager that intelligently detects the con-
dition of the wireless networks and a virtual connectivity
based mobility management scheme that maintains connec-
tion’s continuity using the end-to-end principle.

In this paper [5], author analyzes the most recent research
efforts in the area of handover management in integrated
WLAN/ cellular networks, attempting to categorize and com-
ment on the proposed solutions. The focus is placed mainly on
the methods to integrate two different architectures and on the
supported functionality of the integrated system.

In this paper [6], author analyzes the most recent research
efforts in the area of handover management in integrated
WLAN and wireless metropolitan area networks (WMANS).
This integrated network will bring a synergetic improvement
to the services provided to mobile users.

In this paper [7], author addresses a movement-aware ver-
tical (MAV) handover algorithm between WLAN and Mobile
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3 PROPOSED METHOD

In our project we are implementing the ad-hoc technology in
infrastructure system called as cognitive radio network. In our
model, whenever system is out of range of all the BSs and Aps,
then it can make the communication through the PU when it is
available. In this model we are considering requesting device
as the secondary device, which is helping to make communi-
cation with the PU.

Cognitive radio has two types of users such as PU and
Secondary User (SU). Cognitive radios are cognizant of their
surroundings and bandwidth availability and are able to dy-
namically tune the spectrum usage based on nearby radios,
location, time of day and other parameters. This provides for a
more efficient use of the spectrum [11] and enables high prior-
ity communications to take precedence if needed.

3.1. ALGORITHM

Our proposed scheme can keep MTs always being best con-
nected even when it’s outside the range of WLAN. We have
investigated the integration of VHO issues in Wi-
MAX/WLAN overlay networks. The implementation model is
as given below.

Stepl:
Initializing a mobile node it can access both WiMAX/WLAN.
Initialize WiMAX/ WLAN networks.
Step2:
Node will check the available networks.
Step4: If {network available} {
If {only one network} {
Get communication from that.

} else {

For {each network}
{Checks which are the best networks in terms of Bandwidth
and packet delay

Theory of Bandwidth calculation for Wi-MAX is given as fol-
lows.

Bandwidth calculation for Wi-MAX
AASJ) b4sq

B= (1-524) 8

AAS 8"
B = (1 " gu) busu
8y Tf

Delay calculation Wi-MAX

t=t, 4+t 4 by + 1,

Bandwidth for WI-FI

WiMAX for seamless ubiquitous access. MAV handover algo- A2
rithm is proposed in this paper to exploit movement pattern =yt =0y
for avoiding unnecessary handovers in the integrated WLAN 1=
and Mobile WiMAX networks.
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Stepb:

Mobile node compares both networks,

VHOM selects the best network.

Step6:

If no AP or BS detected,

[Checks whether any other mobile station available with AP or
BS connection and have enough bandwidth limit. If Mobile
Station is detected with enough quality, then switch to Mobile
Station communication]

Step 7:

Else

No communication.

We have divided our proposed system into small modules,
they are given as below.

. Network selection

o Fading Detection

o VHO between Wi-MAX/WLAN
. Effective handoff

3.1.1 NETWORK SELECTION

Initially when node is checking for network availability, node
always gives the priority to own network type. If the own
network is not available then the node selects another net-
work. Here we are using Wi-MAX/WLAN networks, so the
node first checks in the two networks based on their respective
signal strength [8].

3.1.2 FADING DETECTION

Fading detection is nothing but the process of checking the
signal strength. In our proposed system model, we are check-
ing the fading according to the distance between MT and AP
or BS. Long distance causes high fading.

3.1.3 VHO BETWEEN WI-MAX/WLAN

We are proposing the VHO according to the fading detection
and bandwidth availability (see algorithm).
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3.1.4 EFFECTIVE HANDOFF

Here, we are implementing the ad-hoc technology in
infrastructure system called as cognitive radio network. In our
model, whenever system is out of range of all the BSs and APs.
Then it can make the communication though the PU when it’s
free. In this model we are considering requesting device as the
secondary device and the one which is helping to make com-
munication as PU.

3.2 PERFORMANCE EVALUATION

For our analyzing purpose, we are using the tools MATLAB
and NS2. By using MATLAB, we are calculating the band-
width and delay [9], [10]. NS2 is for showing the prototype
model of VHO with enhancements such as ad-hoc property.
The network model parameters are given in Tablel.

Parameters Values
Wi-MAX nodes 1
WI-FI nodes 3
Mobile nodes 11
Routing protocol AODV
WI-FI coverage 100m
Wi-MAX coverage 400m (for testing only)
Simulation time 10s

Tablel. Network Model Values

Figure2. Nam output for VHO model

In this Nam window output (Figure2) we are implementing
model of Wi-MAX and WLAN. In this model there are the 15
nodes (Wi-MAX and WLAN and Mobile Nodes) available. If
mobile node is out of the range of WLAN and Wi-MAX, then
it cannot communicate.

In our enhanced prototype model, we have implemented
VHO with ad-hoc property (Fig.3). So whenever node is not in
the coverage of AP or BS then node can search for another
mobile node which is having enough extra bandwidth. If mo-
bile station has extra bandwidth then that node is going to act
as a PU and searching node is acting as a SU. If PU is detected
by the SU, then the SU can make communication through the
PU.
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Figure3. Nam output for VHO with Ad-hoc type

We are analyzing performance through the X-Graph
(Fig.4). From this graph we can see that the packet delivery
function is high for the VHO with ad-hoc network compared
to normal VHO operation. The two figures in the X-Graph
shown in the above diagram are denoted as Left (A), Right (B).
“A” is for showing the quality of only VHO and “B” is for
VHO with Ad-hoc property. From the above graph, we can
conclude “B” performance is better than “A”.
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Figure4. (A) X-Graph output for VHO, (B) VHO with Ad-hoc

type

By using the OFDMA technique, the bandwidth is
allocated in the form of data bursts where an integer number
of slots are admitted. BS determines the number of Download
(DL) and Upload (UL) slots that a station obtains in one frame
and broadcasts the resource allocation results through DL-
MAP/ UL-MAP messages at the beginning of each DL sub-
frame. Therefore, mobile stations can easily obtain the utiliza-
tion of WIMAX link by aggregating the number of allocated
slots stated in DL-MAP/UL-MAP messages. AASu and AASd
denote the number of allocated DL/ UL users.

The summary of the MATLAB Simulation results are
presented below in Table2 and Table3 below.

769

0.6 15

0.7 17

0.8 19

Table2. Wi-MAX UL Delay
AASu Occupation Bandwidth

(us) (Mbps)
0.1 3.9

0.2 3.5

04 29

0.5 25

0.6 2

0.7 1.5

0.8 0.8

Table3. Wi-MAX Bandwidth

The AASu (AASd) occupation denotes the utilization of the
medium, which equals to AASd/su (AASu/su). Simulated
results for available bandwidth are shown in Figures 5 and 6
respectively.

SEE s AR g

Figure5. Bandwidth available for UL
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Figure6. Bandwidth available for DL

From Figures 7 and 8, it can be seen that the UL/DL delay
increases slowly with the increasing of AASu/AASd occupa-

AASu Occupation Mean Packet Delay
(us) (ms)
0.1 9
0.2 10
0.4 12
0.5 14

tion respectively.

In Figure9, we showed our result for WLAN bandwidth
availability. If Network Allocation Vector (NAV) increases,

bandwidth will be reduced.
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Figure9. WLAN available bandwidth

4 CONCLUSION

In this paper, we investigate several important issues for the
interworking of WLAN and Wi-MAX networks. We resolve a
tightly coupled interworking architecture as the platform of
our scheme. And we improve the efficiency of the network by
including ad-hoc property.
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