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Abstract- End-users can now enjoy multi-services calls
such as: voice calls, video streaming, and data traffic on
multi-mode mobile devices (MMDs). MMDs run on
batteries to support multi-services of calls that are
initiated from the end-users MMD. Consequently, it is
paramount for researchers to consider energy efficiency
of MMDs in heterogeneous wireless networks (HWNs).
It has been reported in the literature that MMDs
consume a lot of energy, especially during the idle state
because of periodic signaling between the network
interfaces on MMDs and the available radio access
technologies (RATs). Energy consumption of mobile
devices increases the frequency of battery recharge, and
thereby reduces the usefulness of the devices. To address
this problem of inefficient utilization of energy in
MMDs, this paper focuses on the design and
implementation of an energy-efficient interface-selection
algorithm for MMDs in HWNs. The motivation is based
on the fact that energy is a scarce resource and its
efficient use is highly needed for effective servicedelivery of calls to end-users. Performance of the
proposed algorithm will be evaluated using the QualNet
simulator.
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I. INTRODUCTION.
The paradigm of wireless network resource management
is very crucial in wireless networks. Network resources such
as: bandwidth, power, time and space play a major role in
wireless network communication.
Power efficiency plays a major role in the up and running
of day-to-day activities in all spheres of life, including
wireless communication industry. The life-hood of wireless
communication industry is based on power, therefore
network operators cannot afford not to pay adequate
attention to wireless communication entities, especially base
station (BS), access point (AP), base station controller
(BSC), mobile station centre (MSC) and the rest.
The keep-alive of user portable devices at all time, to a
large extent, determines the amount of revenue generated on
operator networks.
However, one of the challenges faced in heterogeneous
wireless networks (HWNs) on multi-mode mobile device
(MMD) is high power consumption [1]. Therefore, an
efficient utilization of the energy on mobile devices is very
important. This paper focuses on how to save MMD idlemode power through interface switching of radio access

technologies (RATs) on an MMD. The MMD have the
capabilities of multiple interfaces networks such as: cellular
network interface (UMTS), and wireless local area network
(WLAN) interface. In an MMD, only one interface is active
at a time. Which represents the primary network interface
(PNI), and while the other network interface represents
secondary network interface (SNI).
In this paper, we consider heterogeneous wireless
networks where two or more RATs are available in the
networks. For the purpose of analysis two RATs would be
considered in this paper, but the scheme can be extended to
more than two RATs.
When an MMD is power-on, it scans for RATs that are
available in the networks, and then selects the least idle
mode power consumption network as the PNI network based
on different parameters such as: idle energy consumption,
capacity and coverage.
We assumed that UMTS network to be the PNI, which
has the least idle mode power consumption, while WLAN
network is selected as SNI, although the presents state of
WLAN network on MMD is completely switch-off without
any momentary wake up [1]. The PNI has the ability to listen
to the secondary interface network RAT via the looselycoupled interworking network architecture [4]. This is done
in order to save the idle power because battery-operated
MMDs stay more than 80% of their operating period in idle
mode according to authors chary al et. [2]. In idle node
WLAN network interface consumed about 10 times power
more than cellular network interface [3], therefore UMTS
will be selected as the PNI on MMD.
The remainder of this paper is organized as follows:
Section II discusses related works, while Section III present
research goals and Section IV deals with proposed scheme.
Finally section V concludes the paper.
II. RELATED WORKS
Many research works have been conducted on how to
reduce the power consumption on MMDs [1], [3], & [4].
Some of the researchers have proposed a scheme which
allows WLAN network interface to receive periodic beacon
signals at sleep-mode from the WLAN access point
(WLAN-AP), while cellular network interface is turned-on
permanently at the same time. The cellular network interface
listens to the paging signaling from the base station in idlemode [1]. The problem with this scheme is that more power
is consumed from an MMD battery both at sleep-mode and
in idle-mode.
Moreover, some other researchers have proposed a
scheme that turn-off the WLAN network interface
completely in idle-state without periodic wake-up. This

exploits the existing paging signaling information from the
active cellular network interface and also keeps tracks
WLAN-AP [4].
In [5], Lee et al proposed a power saving mechanism for
WLAN and Cellular Networks and investigated the mean
power consumption of WLAN and Cellular Networks, via
analytical and simulation methods. This mechanism
proposed can be used to save power consumption.
In [6], Agarwal et al proposed switching from one RAT
to another through the network layer; however they did
considered energy saving scheme for MMDs.
Similarly, [7] Habeib et al proposed a mechanism that
triggers handover from one access radio technology to
another radio access technology; using MMD terminal
battery level status as the triggered sensor. This mechanism
can be used to save MMD battery life. However, the authors
did not consider the cost of power that is required when
switching from PNI to SNI.
III. RESEARCH GOALS
The aim of this research is to reduce the energy
consumption on MMD by:
(i) Designing and implement an energy-efficient interface
selection algorithm for multiple services calls from a multimode mobile device in HWNs.
(ii) Evaluating the performance of the propose algorithm
using QualNet.
(iii) Saving the idle mode energy on PNI and SNI, while
considering service(s) continuity on the MMD.
IV. PROPOSED SCHEME

fast configuration of the new Care-of-Address (CoA) on
multi-mode mobile device.
SCENARIO 2
This caters for the situation where there is a point of
failure on PNI access layer in UMTS network. The MMD
will initiate a switch from the PNI to SNI in order to
continue service delivery; else no service will be available
on multi-mode mobile device. Since, we have network
service available on the SNI network (i.e. WLAN
NETWORK). The switching from PNI network to SNI
network will enable service continuity on multi-mode mobile
device.
In this scenario switching to SNI interface on an MMD is
not based on long-live data traffic, rather it is based on point
of failure on PNI access layer network. All the incoming
data traffic will be rendered through the SNI network, until
the PNI access layer failure on UMTS-RAT is restored and
fulfill the following conditions:
 Check if the present data traffic is not a long live
data.
 Check if SNI is idle at the moment.
If the above conditions are “YES” then a vertical handoff to
PNI interface on multi-mode mobile device will takes place
and SNI interface will turn-off, else the service delivery
should be rendered through SNI.
V. CONCLUSIONS
Power efficiency of portable devices is very important in
wireless network. Existing interface selection algorithm
proposed for heterogeneous wireless networks need to be
improved upon. Consequently, this paper focuses on
designing and implementing a power efficient interfaceselection algorithm for heterogeneous wireless networks.
Performance of the proposed algorithm will be evaluated
using the QualNet simulator.
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