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Abstract

The Heterogeneous Wireless Networks (HWN) paradigm is based on the in-
teroperability and coexistence of different types of wireless access networks
in a unified wireless heterogeneous platform. A key aspect in this concept
is the management of the available resources, in terms of user perception, in
the most efficient way. Therefore, Resource Management (RM) architectures
are tailored to maximize the number of served users and user perception
based on the perceived Quality of Service (QoS). Additionally, the energy
efficiency and the efficient energy consumption management are relevant
aspects in multi-interface mobile terminals due to the multiple active radio
interfaces. This paper gives an insight into the energy consumption issue in
heterogeneous wireless systems. The analysis focuses on the IEEE 802.21
standard and two different types of RM architectures throughout extensive
simulations. The simulation results give clear representation of the energy
consumption in the mobile terminals for the IEEE 802.21 and the two differ-
ent types of RM architectures. The results can be used as initial guidelines
for future development of energy aware resource management schemes.
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1 Introduction

Future wireless networks target integration of existing wireless technologies
into a single heterogeneous platform, providing transparency to end users [1,
2]. The Resource Management (RM) plays a key role in the Heterogeneous
Wireless Networks (HWN) platform ensuring service continuity of active
sessions and network transparency in terms of user perception and perceived
QoS level. In this manner, the lately emerging IEEE 802.21 standard [3]
is specifically designed to deal with Vertical Handovers (VHO) in HWNs
in a seamless fashion. Also, this standard provides valuable OSI 2.5-layer
support for designing intelligent RM mechanisms on top (both on network
and terminal side).

Energy efficiency is becoming a hot topic in the area of future wireless
networks. A variety of mechanisms and protocols that decrease energy con-
sumption in future wireless systems are developed and tested. On the other
hand, future mobile terminals are being designed as multi interface nodes,
which results in increased number of physical interfaces yielding increased
energy consumption. However, a limiting factor can be the limited battery
capacity. Therefore, the RM in future HWNs should be an energy aware
entity. It should take the energy consumption in consideration while selecting
an access network, hence preserving the needed QoS for the active sessions.
For example, a distinct feature of the IEEE 802.21 standard is the network
awareness and network selection, while using only one active physical inter-
face [3], leading to a decreased energy consumption in multi-interface nodes
[4].

In this paper we investigate the behaviour of the IEEE 802.21 standard
and two different RM architectures by analyzing their impact on the energy
consumption in the mobile terminals. Analysis is performed throughout ex-
tensive simulations in QualNet environment that has the ability to simulate
the energy consumption of the mobile nodes. The results give a clear in-
sight on the performance of the IEEE 802.21 protocol and the analyzed RM
architectures.

The paper is organized as follows: Section 2 gives a short overview of the
work done in the area of energy efficient communications in HWN is given.
In Section 3 we explain the features that have the main impact on the energy
consumption and defines the RM architectures that are analyzed in the paper.
In Section 4 we present performance analysis and comparison of the analyzed
RM architectures and highlights the benefits of the implementation of IEEE
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802.21 standard in terms of energy consumption. Finally, in Section 5 we
draw some important conclusions and milestones for future work.

2 Related Work

Every constituent wireless technology of the heterogeneous wireless system
has its own energy consumption characteristic. The energy consumption is
studied and analyzed based on analytical modelling and measurements. The
analytical model in [5] analyzes and quantifies the energy consumption for
streaming and bursty types of traffic for WCDMA. Balasubramanian et al.
[6] present a comparative measurement study of the energy consumption for
three different technologies (WiFi, GSM and UMTS). Another approach of
measuring the consumed energy is by investigating the activity of the dif-
ferent operational modes on a given interface [7]. The results in [7] show
that the IEEE 802.11 interface has a complex range of behaviours in terms
of consumed energy. Multi-interface nodes consume more energy than the
single-interface nodes due to the multiple active wireless interfaces. Lee and
Golmie [8] propose a novel scheme that uses WWAN (Wireless Wide Area
Networks) interface for the tracking and authentication of the WLAN (Wire-
less Local Area Connection) interface. The WLAN interface can be switched
off when it is not used, resulting in smaller energy consumption. The same
idea from [8] has been used as an option in the IEEE 802.21 standard. Desset
et al. [9] show that while using the MIIS (Media Independent Information
Service) from the IEEE 802.21 standard substantial energy efficiency can be
achieved. Due to the high power consumption while executing handovers,
Desset et al. [9] show that the initialization of the handovers process should
occur in a sparser manner in order to achieve energy efficiency in the mobile
terminal. In [10] Minji et al. propose a novel RAT selection algorithm that
selects the most energy efficient network taking the energy consumption and
the network throughput into consideration.

3 Features and Applications

Future RM will have to address the energy efficiency in order to contribute
to the “green communication” [11] paradigm. Investigating the cause of in-
creased consumption in the mobile terminals based on the RM functionalities
is a valuable process that can lead to designing energy aware RM architec-
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tures. This section explains the impact of some distinct features of the RM
and the impact of typical RM architectures on the energy consumption.

3.1 Resource Management Features

The resource management module can be based on multiple features that
provide insight on the user and network behavior. Some of the features that
have impact on the energy consumption of the mobile user are:

• Mobile terminal speed
• Application bitrate
• Channel state
• Network state
• Number of users
• Technology type

The mobile terminal speed directly affects the incidence of the handover
initialization process. Increased mobile speed will increase the number of
initiated handovers resulting in increased energy consumption. Smart man-
agement of the handover initialization process while traveling at high speeds
can result in decreased energy consumption [12].

Increasing the application bitrate increases the consumed energy in the
mobile terminal. This parameter can be valuable to the RM in case when
energy efficiency is needed. Decreasing the application rate will decrease the
energy consumption thus extend the battery lifetime.

The channel state can have a huge impact on the energy consumption in
the mobile terminal. Bad channel conditions can result in increased transmit
power that leads in increased energy consumption. Often it is much more
effective (in terms of the energy) to reconnect to another Point of Attachment
that has a better channel state.

When the network is in a state of congestion then retransmissions start
to occur frequently. The retransmissions have negative impact on the energy
increasing the consumption as the number of the retransmitted datagrams in-
creases. The congestion effect is tightly correlated with the number of users
in the network, where larger number of users increases the probability of
network congestion.

Every type of wireless technology has a distinct energy consumption be-
havior. As shown in [6], WiFi has a lower consumption rate compared to
UMTS. Choosing the network based on its technology can lead to substantial
energy savings in given situations.
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The influence of some of the features, mentioned in this subsection, on
the energy efficiency will be analyzed through simulations in Section 4.

3.2 Resource Management Architectures

This subsection focuses on two general types of RM architectures for HWN.
Both of the architectures are designed to be implemented on the mobile ter-
minal side. The first one is based on a single parametric decision making
process for network selection. The most commonly used parameters in the
single parametric RM are based on the channel state [13] or the type of the
active application [14]. In this paper, the single parametric RM is an SNR
(Signal to Noise Ratio) based RM that selects the most suitable network based
on its channel SNR level. Its choice for the comparison analysis is based on
its wide usage in today’s wireless and mobile networks.

The second type of architectures is based on multiple parametric decision
making process for the network selection. They consume more energy in
terms of processing power, but provide better performance to the mobile
users. This type of RM architectures can be additionally divided based on the
type of the decision algorithm, as non cognitive based on predefined policies,
i.e. mathematical relations, and cognitive based on Artificial Intelligence (AI)
[15]. In this paper, the multi parametric RM is based on complex mathem-
atical functions that are used for selecting the most suitable network [16].
The next section analyzes the performance of the two RM architectures in
terms of energy consumption in the mobile terminals based on their decision
mechanisms.

4 Performance Analysis

The main focus of this section is to examine the behaviour of the differ-
ent types of RM architectures, and to justify the benefit of implementing
IEEE 802.21 in terms of energy efficiency of the mobile terminals in a
HWN environment. The simulation analysis due to simplification considers
only two types of wireless technologies, WiMAX and WiFi. More complex
HWN structures incorporating UMTS and Satellite networks are also under
consideration.

Simulation platform. The topology of the simulated scenario is given in
Figure 1, while the simulation parameters are given in Table 1. The mobile
users are randomly distributed throughout the simulation area and represent
multi-interface (WiFi/WiMAX) terminals.
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Figure 1 Simulation topology.

Table 1 Simulation parameters.
Scenario parameters Parameter values
Simulation Duration 5 min
WiFi Standard IEEE 802.11g
WiMAX Standard IEEE 802.16e
WiFi AP antenna gain 15 dB
WiFi AP antenna height 5 m
WiMAX BS antenna gain 18 dB
WiMAX BS antenna height 15 m
Shadowing 4 dB
Application Type CBR/UDP
Battery Capacity 1200 mAh
Battery model Linear
Mobility model Random way point
Number of mobile nodes in the scenario 30, 90

The analysis is carried out in the QualNet [17] network simulator that has
a specific ability to calculate the energy consumption of the mobile nodes
in the simulated scenario. The IEEE 802.21 module and the multi paramet-
ric RM are additionally developed and implemented as standalone external
applications that communicate with the simulator via TCP sockets [16, 18],
while the SNR based RM is implemented in the simulator.

The metric used for the simulation analysis is the energy consumption of
the mobile terminals. It is defined as a sum of the consumed energy (in Joules)
of the receive, transmit and idle state of the mobile terminals, and it is extrac-
ted from the battery level condition at the end of the simulation. The results
depict the energy consumption in dependence of the RM features that were
discussed in the previous section: application bitrate, mobile terminal speed
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Figure 2 Energy consumption for different speeds of the mobile terminals.

and number of users. The energy consumption in the results is calculated as
an average of the consumed energy per node in the simulation scenario.

4.1 IEEE 802.21 Benefits

This subsection analyzes the impact of the IEEE 802.21 implementation in
mobile terminals on the energy consumption. The energy consumption for
different speeds of the mobile terminal, with and without IEEE 802.21 im-
plementation, is given in Figure 2. There are 90 mobile nodes and they use a
64 kbps CBR/UDP type of application in the simulation scenario. The lower
speed on the figure (5 mps) can be related to the speed of the mobile terminals
in an urban surrounding, while the higher speed (25 mps) is relevant for mo-
bile terminals moving on highways. The results obtained for the case when
the nodes are using IEEE 802.21 are compared with the results obtained for
the case when the mobile nodes do not use IEEE 802.21. It is evident that
when using IEEE 802.21 less energy is consumed in the mobile terminals.
IEEE 802.21 achieves larger energy efficiency for lower speeds of the mobile
terminals. The increased mobile terminal speed results in an increased num-
ber of horizontal and vertical handovers. The horizontal handovers have a
negative influence on the energy efficiency gain of the IEEE 802.21 standard,
hence increased number of horizontal handovers result in decreased gain in
terms of the energy efficiency.

The energy consumption for different application bitrates, with and
without IEEE 802.21 implementation, is depicted in Figure 3. The speed of
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Figure 3 Energy consumption for different application bitrates.

the mobile nodes is 5 mps. The lower bitrate (64 kbps) in the given scen-
ario emulates a voice session while the higher one (500 kbps) emulates a
video session. It is evident that IEEE 802.21 enables more energy efficient
communication for both types of applications. It is also noticeable that larger
benefit (larger energy efficiency) is obtained when using IEEE 802.21 for
high applications bitrates. For high application bitrates and large number of
users in the network the mobile terminals will rarely change the point of
attachment in order to preserve the needed QoS level. Hence smaller amount
of horizontal handover will be performed resulting in an increased energy
efficiency gain of the IEEE 802.21 standard.

The energy consumption for different number of mobile nodes is depicted
in Figure 4. As seen from the figure, IEEE 802.21 has better performance for
any number of nodes in the scenario with the benefits of implementing IEEE
802.21 being almost identical for both small and large number of nodes.

The results show that IEEE 802.21 lowers the consumed energy in the
mobile terminals, thus justifying the benefit of its implementation in terms of
energy efficiency. The next subsection will focus on the energy consumption
performance between the single parametric RM and multi parametric RM.

4.2 Resource Management Benefits

This subsection analyzes the impact of the two RM architectures elabor-
ated in Section 3.2 on the energy consumption in the mobile terminals. The
multi-parametric RM is compared to the single-parametric one (SNR based)
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Figure 4 Energy consumption for different numbers of nodes.

Figure 5 Energy consumption in dependence of the application bitrate.

as a most common RM architecture. Both architectures are simulated with
the IEEE 802.21 standard implemented in order to provide the interoper-
ability features. The energy consumption is analyzed in dependence of the
application bitrate and mobile terminal speed.

The energy consumption in dependence of the application bitrate for both
types of RM architectures is depicted in Figure 5. It is evident that the multi-
parametric RM has lower energy consumption than the SNR based RM. It
must be stressed that in the given analysis the multi-parametric RM has not
been designed to take the energy consumption into consideration in the net-
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Figure 6 Energy consumption in dependence of the mobile terminal speed.

work selection process. The multi-parametric RM selects the most suitable
network based on multiple input parameters, achieving a more optimal de-
cision in comparison to the single parametric decision of the SNR based RM,
which results in lower energy consumption.

The energy consumption of both RM architectures in dependence of the
mobile terminal speed is given in Figure 6. It is obvious that the multi-
parametric RM consumes lower amount of energy than the SNR based RM.
For lower mobile terminal speeds, the difference in the energy consumption
between both RM architectures is high. As the mobile speed increases, the
gain of the multi-parametric RM decreases due to the frequent initialization
of the handover procedures. The results in Figure 7 are obtained as an aver-
age from a vast set of simulations executed for different values of the input
parameters reflecting the influence of the application bitrate and the mobile
terminal speed on the energy consumption for both RM architectures. It can
be concluded that the multi-parameter RM outperforms the SNR based RM
in terms of the energy consumption in all cases.

In the previous figures, the multi-parametric RM decision process did
not take the energy consumption into consideration as a separate optimiz-
ation parameter. Figure 8 depicts the consumed energy in dependence of
the application bitrate for a multi-parametric RM [15] and its modified, en-
ergy aware, version (both based on neural networks mechanisms). The figure
clearly shows that introducing the energy awareness in the RM architectures
decreases the energy consumption thus better performance can be obtained.
It must be stressed that the energy efficiency gain in Figure 8 can be ad-
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Figure 7 General representation of the energy consumption.

Figure 8 Energy consumption for an energy aware and unaware RM architecture.

ditionally improved by increasing the weight of the energy awareness in
the optimization performed by the multi-parametric RM decision in HWN
context.

5 Conclusions

A key entity in the Heterogeneous Wireless Networks is the Resource Man-
ager. Its role is to ensure service continuity while preserving the needed QoS
level to the end users. The State of the Art design of the mobile terminals
leads to an increase of the number of physical interfaces which directly
affects the energy consumption of the terminals. This fact implies that the
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RM modules should be also designed in a manner that will enable an energy
efficient communication of the mobile users. This paper analyzes the benefits
of implementing the IEEE 802.21 protocol and examines two different RM
architectures in terms of the energy consumption. It is evident that imple-
menting IEEE 802.21 enables a more energy efficient communication. Also,
the results show that the multi-parametric RM architecture has lower energy
consumption rate in comparison to the single parameter RM architectures.
This behavior is a result of the superior multi parameter network selection in
comparison to the single parameter network selection. As seen from the fig-
ures, suboptimal network selection can lead to increased energy consumption
due to frequent handover initialization, bad channel state, network overload,
frequent retransmissions etc. Moreover, additional energy efficiency can be
achieved if the energy awareness is introduced in the multi-parametric RM.
The RM should be capable of choosing the most energy efficient network
while preserving the needed QoS level of the mobile users.

Future work will focus on further development of the multi-parametric
RM in terms of the energy efficiency, and analyzing its performance through-
out complex simulation scenarios.
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