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Abstract— In 4G wireless networks different access
networks operate in cooperative manner. It offers seamless
connectivity and high-speed multimedia services in different
types of wireless networks. One of the most challenging
issues related to mobility is vertical handoff. Mobile IP is a
prominent solution to handle mobile node movement in 4G
wireless networks. However, Mobile IP suffers from long
handoff latency. Our handoff management system tries to
improve the performance of handoff operation in basic
integration approaches. This paper demonstrates
applicability of Information Technology (IT) in 4G wireless
networks by proposing a vertical handoff scheme and
discusses its operations like: handoff decision-making,
network selection, handoff execution. The proposed handoff
scheme is suitable for both tightly and loosely coupled
architectures of 4G wireless networks. The scheme
represents handoff operations in two basic integration
approaches. A simulation study of the vertical handoff is
made to evaluate its performance in terms of dropped
packets during handoffs in tightly coupled and loosely
coupled architectures.

Index Terms— vertical handoff; 4G networks, context

I. INTRODUCTION

Currently many types of wireless access networks
provide services that support different QoS requirements
of mobile user applications. Wireless technologies have
been developed independently and offer different
services, data rates, and coverage areas. For example, 2G
cellular networks serve low-bit-rate data services to end-
users while 3G cellular networks are developed to
provide higher data-rate services. WLAN offers higher
data rates up to 54Mbps, but it is suitable for small office
networks, whereas 2G/3G cellular networks cover a
larger area. Thus in future it is expected that all existing
wireless networks will interwork together to support high
usability, seamless handoff, and multimedia services.

Combining the 3G and WLAN networks is considered
as the first step towards integration. There are two
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integration architectures for providing integrated service
capability across 3G and WLAN: tightly coupled
architecture and loosely coupled architecture. In the
tightly coupled, WLAN appears as another 3G access
network and provides 3G services to WLAN users. This
architecture utilizes the WLAN gateway to hide the
details of WLAN to the 3G-core network. The WLAN
gateway is connected to the packet data switch network
(PDSN). However in loosely coupled architecture WLAN
gateway connects to Internet. This architecture
completely separates the data paths in 3G and WLAN
networks and thus WLAN data traffic do not go through
the 3G-core network.

Fourth-generation (4G) wireless networks represent
new infrastructure solutions to provide new services. The
key features of 4G networks can be summarized as
follows:  First, 4G networks provide high-data-rate
services to accommodate multimedia applications such as
videoconference. Second, 4G networks support global
mobility. Finally, 4G networks provide end-users with
high-speed, large volume, good quality, and global
coverage. 4G networks will be integrated and coexist
with wireless communication systems.

Wireless networks allow the users to move to next
network without disconnecting ongoing communication
link. Handoffs provide mobility management services to
manage communication links. Handoffs are defined based
on type of networks involved in transferring connection:
horizontal handoffs "'* and vertical handoffs ”'. Vertical
handoff scheme is defined to preserve connectivity as
mobile node passes through heterogeneous networks. The
vertical handoff provides solution to global mobility in
4G wireless networks.

In 4G wireless networks, the main challenge deals with
designing proper solutions to drive the network selection
that is to choose the best wireless access network to
connect to dynamically and automatically. Thus,
solutions are proposed to detect the wireless network that
provides better services. Related work on wireless
network detection includes the following. (1) The
method for discovering the reachable wireless networks
and selection of suitable handoff scheme ™. (2) A
prediction method to choose candidate networks for
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vertical handoff and network residence time estimation
using probability density function . (3) A method of
discovering reachable wireless networks and selection of
suitable network for handoff in heterogeneous wireless
networks °!. (4) Modeling network selection problem as
an integer linear programming (ILP) problem to
maximize the global spectrum efficiency!”. Thus it is
required to decide and select appropriate network to
perform handoff.

Another important phase of vertical handoff is decision
making for identification of suitable network. In 4G
wireless networks, traditional signal strength comparisons
are not sufficient to make a handoff decision. Additional
parameters like QoS guarantees; security associations
need to be considered while making vertical handoff
decisions. Related work on policy based vertical handoff
decisions includes the following. (1) Design of policy-
enabled handoff system to allow users to express polices
for selecting best wireless system'®. (2) Development of
policy-based handoff scheme using multi-service vertical
handoff decision algorithm and cost function . (3) A
novel multi-service architecture that considers handoff
decision policies based on fully integration of location
based services and IP mobility ", (4) The network
selection criteria based on the users profiles like VoIP
services, FTP services etc ', (5) Design of time-
adaptive  vertical handoff decision scheme for
overlapping wireless networks 2. (6) Performance
analysis of vertical handoff decision algorithms %!, (7) A
new network selection mechanism for 4G networks based
upon QoS factors, weighting factors and network priority
[ (8) A user centric radio access network selection
strategy for next generation wireless networks based on
maximizing the users predicted consumer surplus '), (9)
Development of novel multi-service architecture based on
integration of location based services and IP mobility
approach for selecting target network . (10) New
approach to vertical handoff decisions, radio link transfer
and channel assignments """ (11) Design of prediction
based handoff decision for identification of suitable
network in heterogeneous wireless networks ',

Many dynamic location update schemes such as time-
based, movement-based and distance-based have been
defined. In time-based method current location
information made available in frequent interval of time
where as in case of movement-based and distance-based
schemes number of location areas traversed and distance
traveled information considered for updating location
information. Related work on influence of velocity on the
vertical handoff includes the following. (1) An analytical
description of the vertical handoff delay as a function of
the velocity "”. (2) New location management scheme
uses the velocity of a mobile node .

The vertical handoff execution based on integration
approach like tight coupled and loose-coupled integration
has not yet been explored. This paper demonstrates the
application of IT in 4G wireless networks by defining
vertical handoff scheme based on integration approach.
The rest of the paper is organized as follows. In section
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II, we describe our proposed vertical handoff system and
its operation with detailed algorithms. In section III, we
present the performance evaluation that includes
discussion on detailed simulation procedure and
simulation results. The performance of the proposed
algorithm is evaluated. Finally, the conclusions are stated
in section IV.

II. VEerticaL HANDOFF SySTEM

This section presents proposed vertical handoff system
based on integration approach. The scheme considers the
handoff initiation and decision-making in 4G-network
environment.

A. Network Environment

Fig. 1 presents the 4G wireless network model. The
proposed 4G networks model consists of M different
networks like 3G, CDMA, WMAN, WLANI1, WLAN2.
These are interconnected with tightly coupled
architecture or loosely coupled architecture. The model
consists of N number of mobile nodes (MNs). The base
station of M different networks e.g. 3G, CDMA, GSM
etc, provides the wireless communication medium to
mobile nodes.  The MNs enabled with global position
system (GPS) speedometer, which provides information
about movement like in 3G networks low speed : (4 to 10
km/hour), medium speed (10 to 20 km/hour) and high
speed (20 to 40 km/hour). MNs may move in any
direction. Wireless channels may fluctuate depending
upon geographical locations of MNs and base stations.
Traffic over the network influences channel conditions.

/ Base station *

3G Network

CDMA network

Figure 1. Network Environment

B. System Architecture for Handoff Management

We designed and simulated a vertical handoff system
based on integration approach. Our vertical handoff
system is designed to provide a single virtual network
interface to different applications. Furthermore, the
virtual network interface hides all the details about the
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change of network interfaces. In result, the end-users can
achieve seamless connectivity no matter which
technologies they currently use for communication.

The architecture of the proposed handoff management
system is shown in Fig. 2. Device convergence unit is
located between the MIP stack and network interface as a
virtual network interface. It provides mobility
management support to the mobile IP (MIP) stack. The
handoff management unit assists to MIP stack for
performing handoff. The handoff management system
allows handoff management unit to gather the status of
network connection, make decision for selection of
network and transfer the link to new network. Handoff
system with handoff management unit and device
convergence unit supports vertical handoff in 4G
networks.

User level

Handoff Managemert Unit

Handaff Decizion
function

Handoff detection
function

IPMIP stack

Device convergence Lnit

Metweark switching
function

RES measurment
function

Metwark detection
function

Hardware

1
Metweork Interface | |Netwcurk Irterface 2|

Kernel level

Figure 2: Layered architecture for handoff system

The functionalities of device convergence and handoff
management units shown in figure 2 are as follows;

e Network detection function automatically detects
available network technology when network
interfaces are linked to the respective network. It
gathers network information such as a radio access
technology (WiMAX, WLAN, Bluetooth etc.)
through the same attached network interfaces.

e Received signal strength (RSS) measurement function
periodically measures the currently received signal
strength of the serving base station and reports the
information to the handoff detection function, which
will be used for a handoff initiation.

e Network switching function provides the end-user
with intra or inter-technology handoffs according to
the selected network interface from handoff decision
function. If this function is called, then the network
interface is changed from the previous network
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interface to the new one.

e Handoff detection function monitors MN’s point of
attachment and notifies to the handoff decision
function about the movement of MN to a new
network and the congestion in the current network.

e Handoff decision function performs new network
selection based upon MN moving speed. This
network selection scheme considers evaluation of
cost function based on application and type of
service. The new network that provides optimal value
for cost function selected for handoff.

C. Operation of Handoff Management System

This section presents the operation of handoff
management system using the different components
represented in system architecture given in the figure 2.

i) Network detection

The MN may detect multiple network technologies
based on its network interfaces. Using this multiple
network interfaces the MN obtains the information of
neighboring wireless networks as well as currently
serving wireless network. For example, a MN equipped
with 3G, CDMA and WLAN interfaces and it moves
around these wireless technologies as shown in figure 1.
It is observed that the MN is aware that there are more
than one access technologies by receiving signals from
base stations and access points. The MN detects the
available wireless media by measurement of RSS value
from wireless communication networks. This information
is used by handoff decision function for selecting new
network.

ii) Handoff detection function

The network detection function of MN continuously
monitors all the networks N; (i=1, 2, 3...K) that are willing
to provide wireless media for communication. The
handoff detection function identifies the congestion in the
currently serving wireless network using congestion
factor. The number of times resetting of TCP connections
and IP packet drop rate considered as congestion factor.
This is due to initiation of large number of new context
like PDP context in 3G which is not supported due to lack
of resources. It triggers the handoff decision function
when there is congestion in the network. When MN
moves outside the cell coverage area the RSS of currently
serving Base Station drops below threshold. In such
situation also handoff decision function is triggered to
make selection for new wireless network.

Algorithm I: Handoff detection function

1. Determine the number of networks available in the
area in which MN is roaming.

2. Form the list of overlapped wireless networks N; (i=1,
2, 3...K) to provide wireless radio access services to
MN.

3. Compute congestion factor considering number of
times resetting TCP connections and IP packet drop
rate. If congestion factor is below threshold value
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then continue to step 4. Otherwise trigger the handoff
decision function to select the new wireless network.

4. Compute whether MN moves out-off currently
serving wireless network cell coverage area. If RSS
of currently serving BS drops below threshold value
then trigger handoff decision function to find the
target network, otherwise continue with step 1.

iii) Handoff decision function

It is difficult to make prediction when the MN should
handoff to a particular BS before breaking its current
connection. In heterogeneous wireless networks, there are
many handoff decision metrics considered during network
selection such as received signal strength (RSS), QoS
requirement, service type, end-user preference because
each wireless technology has its own media access
services. In this paper, we consider the RSS and MN
speed as our primary handoff metric. The MN speed
information is obtained by GPS system. GPS system
indicates whether MN is moving with high speed, medium
speed or low speed. The RSS information is gathered
from the RSS measurement function, which constantly
monitors network status through interfaces.

Speed measurement using GPS system:

The initial position of MN is obtained using GPS
system. The initial distance given by measuring distance
along x , y and z axis. Location information obtained from
two base stations as (x1, yl, z1) and (x2, y2, z2). The
distance factor computed as

D) = V((xi%)’ Hyi-y2) '+ Hzi-z2)) (1)

When MN starts moving in other direction the distance
measured in next time interval t is given by D2. There is
no change in distance factors while MN is within the
building. The speed of MN is computed as

V =(Dy-D))/ t (2)
Algorithm I1: Handoff decision function

1. If the MN is moving with speed that is lower than
minimum threshold and WLAN network is reachable
then select the WLAN as target network for vertical
handoft.

2. If the MN is moving with medium speed perform
cost function evaluation based on application and
type of service to all reachable wireless networks.
Select the network that provides optimal value for
this cost function.

In 4G, different networks coexist. The handoff
detection function initiates handoff operation. Before
transferring the link to new network, the handoff decision
function is called for selection of new network. In above
mention algorithm always preferred to perform vertical
handoff to WLAN network because low cost to media
access and high bandwidth. In other mobility state the
appropriate network is selected by computing cost
function that considers the context of applications over the
network.
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iv) Handoff Execution

The two integration approaches in 4G wireless
networks initiates handoff execution in two different
ways. This is due to initial establishment cost for tight
integration approach comparatively high with respect to
loose integration approach. For example, in tight
integration of WLAN and 3G network, WLAN gateway
is connected to the PDSN entity of 3G. A new interface
between the WLAN gateway and PDSN should be
defined, which requires modifications or extensions to the
3G-core network. It introduces both network deployment
cost and network integration cost during initial
deployment of tightly integrated 3G and WLAN
networks. In case of loosely integrated approach only
network deployment cost is needed during initial
deployment stage.

A context transfer protocol *Y is designed to allow
access routers to exchange state information regarding a
mobile nodes packet treatment during handoff. State
information affects packet handling at each access router.
It includes protocols for QoS managing, header
compression and authentication, authorization and
accounting (AAA). In the absence of context transfer,
there may be large delays because of the network
signaling required to re-establish QoS flows, re-
authenticate the mobile user at the new router and set the
header compression algorithms. Large handoff delays can
lead to reduced QoS, disruption of TCP operation and
dropped handoff calls. There are two types of context
transfer: proactive and reactive context transfer. Based
upon integration approach different types of context
transfer operation are initiated.

The operation of Handoff execution is shown in figure
3. The MN obtains the information of surrounding
networks by executing network detection function. The
suitable network is selected by handoff decision-making
process. Now the MN has collected all information about
target network to transfer the link to new network. Based
on type of integration approach handoff operation is
executed. In case of tight integration approach as shown
in figure 3 proactive context transfer will be initiated. In
other case reactive context transfer will be initiated. For
the proactive case, the context may be transferred to the
new access router before the mobile node attaches, so the
context is immediately available before or during
handoff. In the reactive case, the new access router
explicitly requests the mobile node’s context information
after mobile node attaches.

In loose integration approach as shown in figure 4
networks interface switching occurs before initiating
context transfer. It activates the newly selected network
interface once it deactivates the previously enabled
network interface to avoid unnecessary oscillations
between multiple networks. In tight integration approach
network interface switching occurs after context transfer.
It maintains seamless connectivity during the vertical
handoff by triggering the context transfer for the new
network while maintaining the connection to the previous
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network. Context transfer and handoff operation
performed in advance through the newly selected network
interface while the MN maintains its connectivity for the
previous network. The data packets destined to the MN
are received by previous network interface until the
binding cache for the Home Agent (HA) is updated. Once
the binding cache is updated, the data packets for the MN
are tunneled to the MN through new network interface.
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Figure 3. Flow diagram of vertical handoff execution in tightly
integrated 4G networks
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Figure 4. Flow diagram of vertical handoff execution in loose
integrated 4G networks
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III. SIMULATION

In this simulation several scenarios were developed to
show the impact of tight and loose-coupled architecture
during handoff. The current scenario will study the packet
drop rate during handoff in tight and loose couple
architecture of 4G wireless networks. Opnet Simulator
(Version 11.0) was used to perform this study.

The simulated area is around 28km X 28 km and
covered by two types of wireless networks: WLAN and
UMTS. In loose integrated architecture gateway of
WLAN connected to IP network, which includes FTP
server. GGSN node of UMTS connected to IP network.
In tight integrated architecture gateway of WLAN
connected to PDSN node of the UMTS network. Many
mobile stations are scattered. The profile is created to
simulate heavy traffic of FTP services. Figure 5 and 6
represents the tight couple and loose couple architecture.

This simulation will illustrate that tight and loose
integration architecture will have different throughput.
Also in this simulation we presented how handoff process
affected based on integration approach. The colleted
parameters at the mobile station (MS) are throughput,
packet drop rate. The MS will roam between AP’s of
WLAN and UMTS networks.
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Figure 6: Tight couple Architecture

Initially we are considering background load as 50%.
The vertical handoff is initiated to transfer the link
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connection from one network to another. In figure 7 and
8, we shown the packets dropped during vertical handoff
in WLAN and UMTS network under loose couple and
tight couple integration approach respectively with 50%
background load. Under this condition, more number of
users wants to perform handoff to the WLAN network
due to its low network service cost and high bandwidth
radio signal provision. The number of packet drop is
ultimately high in WLAN compared to the UMTS
network.
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Figure 7: Packets dropped vs time in loose couple architecture with 50%
background load
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Figure 8: Packets dropped vs time in tight couple architecture with 50%
background load

In figure 9 and 10, we presented packets dropped
during vertical handoff in WLAN and UMTS network
under loose and tight couple integration approach with
80% background load. When it is compared with results
obtained with 50% background load, the number of
packets dropped is less in loose couple architecture. The
packet drop reduction is due to the reason that the loose
couple architecture allocates resources based on priority
during link establishment in the network. Consequently,
the usage of the resources can be more efficient. On the
other hand, when resources utilization is more, the co-
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channel interferences are reduced and packet drop rate
get reduced.

In tight integration approach we expect no packet loss
during the vertical handoff. Since handoff management
system performs network interface switching to the new
network while maintaining the connection to the previous
network. However, there are some packet losses during
the handoff because of buffer over flow under heavy
background load.
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Figure 9: Packets dropped vs time in loose couple architecture with 80%

background load
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Figure 10: Packets dropped vs time in tight couple architecture with
80% background load

IV CONCLUSION

This paper demonstrates the applicability of IT in 4G
wireless networks by proposing framework for vertical
handoff based on integration approach. We proposed the
handoff decision process based on mobile node speed and
network traffic that offers seamless vertical handoff to
end-users across 4G wireless networks. Thus we have
illustrated the modifying client side MIP only. With this
modification handoff system is more simple, scalable and
cost effective. We described the design and
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implementation of handoff system. Handoff management
layer is designed to provide services to its upper layer,
Mobile IP layer. To analyze the handoff performance, we
simulated the proposed design. The results show how
vertical handoff system influences the packet drop rate in
tight and loose integration approach under different load
conditions. Further we observed that there is a need to
reserve resources based on QoS request for optimal usage
of resources.
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