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Abstract— The continuing growth in video content exchangedy
mobile users creates challenges for the network sece providers
in terms of supporting seamless multimedia deliveryat high
quality levels, especially given the existing wirebs network
resources. A solution which deals with this mobildroadband
data growth is to make use of multiple networks suported by
diverse radio access technologies. This multi-aceessolution
requires innovative network selection mechanisms tdeep the
mobile users “always best connected” anywhere andngtime.
Additionally, there is a need to develop energy affient
techniques in order to reduce power consumption innext-
generation wireless networks, while meeting user @ity
expectations. In this context, this paper proposean Enhanced
Power-Friendly Access Network Selection solution PoFANS)
for multimedia delivery over heterogeneous wirelesaetworks. E-
PoFANS enables the battery of the mobile device tast longer,
while performing multimedia content delivery, and naintains an
acceptable user perceived quality by selecting theetwork that
offers the best energy-quality tradeoff. Based oneal test-bed
measurements the proposed solution is modeled andlidated
through simulations. The results show how by using-PoOFANS
the users achieve up to 30% more energy savings Wit
insignificant degradation in quality, in comparison with another
state-of-the art energy efficient network selectiosolution.

Index Terms—adaptive multimedia, network selection,
heterogeneous radio access environment, energy eifincy

. INTRODUCTION

HE Always Best Connecteld] vision emphasizes the

Tscenario of a variety of radio access technologiaking
together in order to form a global wireless infrasture in
which the end-users benefit from optimum servidévdey via
the most suitable available wireless network(s)guré 1
illustrates such a heterogeneous wireless enviroymehich
can be defined as a multi-technology multi-terminalti-
application and multi-user environment within whiotobile
users can roam freely.

Some of the advantages of such an environment sre
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follows: it makes use of existing infrastructuréminating the
cost of new technology deployments; it providesréased
wireless capacity ensuring seamless mobility; ibvjates
backward capability and adds support for high datas and
low latency; and it enables seamless use of wotk llome
WLANSs integrated with public wireless networks.
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' Figure 1. Heterogeneous Wireless Environment

However, in order to achieve seamless connectivitiin
the heterogeneous wireless environment a suitable
interworking solution is needed. All of the exigfisolutions
are built on the vision of an all-IP based infrasture, having
IP as the common network layer protocol. A varietfy
applications (e.g., voice, video, data, etc.) usifferent
transport protocols (e.g., TCP, UDP) are run ondbghe IP
layer, which in turn is run over a number of access
technologies (cellular, WLAN, Ethernet, etc.).

The Media Independent Handover Working Group IEEE
802.21 [2] has considered the interoperability atpbetween
heterogeneous networks, and developed a new sthndar
referred to as IEEE 802.21. The standard enables th
optimization of handover between heterogeneous |BBE
networks and facilitates handover between IEEE r@&@orks
and cellular networks by providing methods and pdaces to
gather useful information from both the mobile devand the
network [3]. This information can contain: user filey
application requirements, network policy and tydimk
quality, etc.

However IEEE 802.21 only facilitates handover ameésl
not specify the network selection algorithm, whisha major
part of the handover process.



Lately there is a significant trend towards propgseénergy
efficiency solutions, including in terms of netwooperation
and content delivery. This paper proposes Hrhanced
Power-Friendly Access Network Selection solution E

devices was carried out by Xiao et al. [13]. Thehats
measured the energy consumption of a Nokia S60 lenobi
phone for three different use cases (progressivenidad,
download-and-play, and local playback) and for taeress

PoFANS) which increases the energy efficiency of contermetwork technologies (WCDMA and WLAN). Although the

delivery and prolongs the mobile device battergtiihe by
selecting the network that offers the best enexgfity trade-
off. E-POFANS extends the power-friendly networlkesgon
mechanism proposed in [4] by
consumption equation modeled based on real tesebhedyy

results show that the WCDMA network consumes maergy
than the WLAN, they do not consider the impactloétuating
network bandwidth, nor the quality of the video.

including an energy Lee et al. [14] propose a Content-Aware Streamiygiesn

(CASS) that aims to improve the energy efficienéWMmwbile

consumption measurements involving an Android neobillPTV services. CASS uses information from the neknand

device, while performing video content delivery pdéferent
network types and under various conditions. The ffaim the
real test-bed environment was used to create thelaion

makes use of a Scalable Video Coding scheme inrdae
reduce the transmission of unnecessary bit strelnmsder to
further increase the energy efficiency, CASS redutiee

environment in NS-2, where the proposed solutions wabperating time of the client wireless NIC by switdh it

evaluated through simulations. Test results show &

ON/OFF based on the client buffer.

PoFANS achieves up to 30% more energy savings withVallina-Rodriguez et al. [15] perform a study orlecting

insignificant degradation in quality in comparis@gainst
another network selection mechanism that also dersi
energy.

[I. RELATED WORKS
With the increasing popularity of the new smartides and

usage data from 18 Android OS users during a 2 peeiod
in order to understand the resource managemenbaitery
consumption pattern. The information collected frahe
mobile devices covers more than 20 parameters, (ERU
load, battery level, network type, network traffi@PS status,
etc.), with the data being updated every 10 secdFks study

their applications, mobile users are demanding mof1OWs the importance of contextual information when

interactive and personalized multimedia serviceshigher
quality. The continuing growth in video content ates
challenges for the network service providers inueng
seamless multimedia experience at high end-usesejped
quality levels, given the existing device chardst&rs and
network resources. Adaptive multimedia streaminy[18]
represents one possible solution that aims at aiaing
acceptable user perceived quality levels. Anothd@uti®n
which deals with this explosion of mobile broadbatata is
the coexistence of multiple radio access technekffil][12].

However, it is known that real-time applicationsidain
particular the ones based on multimedia, havet sfi@lity of
Service (QoS) requirements, while they are also rtest
power-consuming. In this context, one of the impeatits of
progress is the battery lifetime of mobile devices.

Energy conservation has become a critical issuenarthe
world and presents a strong motivation for reseascho
propose and develop more energy efficient techsiguerder
to manage the power consumption in next-generatiogless
multimedia networks. Various studies were perfornmedrder
to determine the energy consumption patterns féferéint
mobile devices. Researchers investigated

designing energy efficient algorithms. For examplay
identifying where and when some resources are gh hi
demand (50% of their time the users were subscribetieir
top three most common base stations) a more emffigient
resource management can be proposed.

Context information (i.e. time, history, networkneitions,
and device motion) is also used by Rahmati etl&l} i order
to estimate current and future network conditionsd a
automatically select the most energy efficient mekv
(802.11b or GSM/EDGE). The authors collected usage
information from 14 users (holding HTC Wizard Packe,
HTC Tornado, and HP iPAQ hw6925 phones) during a 6
months period. The authors argue that by usingctmext-
based interface selection mechanism the averagtenpat
lifetime of the mobile device can reach 35% inceeas
comparing with the case of using the cellular fistez only.

Selecting the most energy efficient network in orde
prolong the lifetime of mobile devices was addrdsse[17]-
[21] as well. Petander et al. [17] propose the okéraffic
estimation of an Android mobile device in order delect
between UMTS/HSDPA and WLAN. The traffic estimatiien

the energgne by the Home Agent of the Mobile IPv6 protomod sent

consumption in various conditions (e.g., differemdio access O the mobile device which will take the handoffciiéon

technologies, time, device motion, etc.) tryingidentify the
main parameters that contribute to the energy copsan. In
the research literature there are a number ofrdiftesolutions

based on the estimate. The results show that teeggn
consumption for data transfer over UMTS can beauthtee
hundred times higher than over WLAN. The author$lig)

which attempt to limit power consumption by mearfs gPfopose a network selection algorithm based on Adtd

adaptive streaming, decoding, reception, displayglitness
compensation), transmission modes (ON/OFF/Sleepiagl
interface switching (handover/network selection).

GRA which selects the best network between CDMABKW]
and WLAN. The authors consider a wide range of patars:
QoS (e.g., bandwidth, delay, jitter, and BER), ntangecost,

A study on the energy consumption of YouTube in iteob lifetime (e.g. transmission power, receiver powand idle



power) and user preferences. In [19] Liu et al. asEAW
function of available bandwidth, monetary cost, graver

multimedia delivery. For example, a video applicatiwhich

uses the proposed E-POFANS mechanism can employ a

consumption to select between WiFi, WiMAX , and 3G{ransport layer protocol such as UDP, a networkrgyotocol

whereas in [20] the authors make use of TOPSI®l@ ghe
multi criteria (i.e. available bandwidth, RSS, atg, load
rate, and power consumption) problem and seleovemst
802.11a, 802.11b, and UMTS networks. Fan et al[2i
make use of fuzzy logic to ensure the optimal selecf the
best value network. The selection decision is dasiag the
information related to bandwidth, reliability, cosand
estimated energy consumption.

In terms of multimedia delivery, Kennedy et al. [@2]
propose a power savings cross layer solution tleaidds
whether or not to adapt the multimedia stream ideprto
achieve power saving while maintaining good usecgiged
quality levels.

Different studies have looked at the overall usgreeience
and have identified a wide range of factors thaldaffect the
users Quality of Experience (QoE): the impact dfedént
pricing models of the operators for various sendtaEsses -
this can be achieved by predicting the economicatieh of
the user [23] and by taking into account the udéitude
towards risk [24]; the impact of the connectioriaiellity and
the environment, e.g., connection set-up, signaéngth,
coverage area, network conditions [25], wireleshnelogy
[26] etc.; the impact of the access device type],[&7g.,
various ranges of operating systems, capabilitiaery level,
familiarity, etc.; the impact of the applicationntent, tasks
[28] e.g., video call, text/SMS, chat, online shiogp
streaming, social interaction, entertainment, ete;impact of
the user location [29] e.g., airport, on the streeffee shop,
office, at home, etc.

Despite the amount of research done in the aremefgy
conservation, not much focus has been placed oimict of
the multimedia communication environment (e.g.,at@n,
technology, network load, etc.) on the energy congion.
This provides us with the motivation to proposeEaianced

Power-Friendly Access Network Selection Strategy- (E

PoFANS) in order to achieve increased power efficye
while maintaining high user perceived multimedialiy.

I1l. E-POFANS SOLUTION

A. E-PoFANS Architecture

As multimedia applications are known to be highrgpe

consumers and since the battery lifetime is an ntapb factor
for mobile users, E-POFANS bases its selectionsitation
user mobility, user preferences, application resuints,
network conditions, and energy consumption of thebile
device. E-POFANS enables the battery lifetime & thobile
device to last longer, while running multimediavsegs and
maintaining good user perceived quality levels électing the
least power consuming network choice.

Figure 2 illustrates the E-POFANS architecture basethe

such as Mobile IP, and classic MAC and PHY layertqeols
for delivery such as IEEE 802.11g.

E-PoFANS selects the best value network from tlaglavie
networks based on information which includes nekwor
conditions, monetary cost of each network, energy
consumption, and user preferences. This informatisn
gathered by the mobile device by employing various
mechanisms for monitoring the available networks, by
obtaining the required information from externatities or
agents. For example, the new standard IEEE 802@lides
three main services, as illustrated in Figure (2} Media
Independent Event Servieetriggered when changes occur at
the physical layer (i.e., link parameters changsy networks
available, interrupted/established sessionf2) Media
Independent Command Servieeenables the higher layers to
control the link layer by reconfiguring or select appropriate
link; (3) Media Independent Information Servie@rovides an
interface for the handover policy in order to gatihdormation
about the available networks.

E-PoFANS makes use of the IEEE 802.21 standarddero
to gather information about the available wirelestworks
(e.g., available throughput, monetary cost, etcThis
information, combined with data about the multingedi
application requirements and user preferences, lenab-
PoFANS to best select a target network.
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Figure 2. E-POFANS Stack Overview
A detailed block architecture of E-POFANS is presdrin
Figure 3. E-POFANS is a client-side module whicimpaises
four main sub-modulesData Collector Network Filter E-
PoFANS Energy Predictio@ndE-PoFANS Score Generator
Next these four modules are described in details.

TCP/IP protocol stack model. E-POFANS resides & th

application layer, providing a middleware framewoftr



E-PoFANS - Client Side Module importance, meaning it will be weighted higherthé user is
more quality-oriented (high quality multimedia apption),
then the weight for quality will be higher. Howey#ne aim is
to find a good trade-off between the three. As inaed, this

Data Collect: . . . . 5
ot eteetor information could be provided in the user proféed the user
Siiaata should be able to modify the weighting for eachecion,
< Networks_ . .
e depending on his/her needs.
& ) o . L
Network Filter Different applications have different application
{5=ee s tandicaa e ians) requirements. For example a multimedia application has a
H s % L e il minimum transmission bandwidth requirement that enisure
_Bs _ E8 _ =] B85 2 . .
ST 1 ~"2 a0 a minimum acceptable quality level to the user. sehe

— | @ application requirements can be provided in theadesh of
E-PoFANS Energy| ¢, | (2)E-POFANS Score ot
ol Enersy Generator thet_apphcatlon, and sent to the Data Collector umdat
v runtime.

Targ_e_Ngmom The IEEE 802.21 standard is used in order to gathehe
information about networkQoS parameters (e.g., available
throughput) pro_vi_ded by the available wir_eless_ mlw
Figure 3. E-POFANS Architecture In this work it is assumed that dynamic pricinghat used
. by the networks and so the monetary cost of usingtaork is
1. Data Collection known in advance of the call. This monetary coftrimation
Data Collection provides all the information regairby E-  may pe stored on the mobile device in tperator profile.
PoFANS to take its decisions. As already mentionBd, This information may be updated if there are angnges in
PoFANS bases its decisions on five main parametessr pricing. For example, when one arrives in a newntyua
mobility, user preferences, available throughpunergy short Message Service (SMS) is received informinguathe
consumption, and monetary cost. The data colleistetiored 5| charges on the local networks; this informatican be
in databases. Figure 3 illustrates the Data Calfentodule yseq to update the operator profile. Monetary costd also
and its four databases:user profile, application pe optained by interrogating corresponding serviceated at
requirements, QoS parameters andoperator profile. the provider side (through the use of IEEE 802.2mhe
The main goal of using E-POFANS is to satisfy teeruln  monetary cost represents the cost involved in using
this context, theuser profile provides information about user geyrvices of a certain network and is expressediio/Ebyte.
preferences. Moreover, the profile can also exdmition After collecting all the required information abouhe
information available on the mobile device to starser ayailable wireless networks, the Data Collector oiedwill
mobility patterns. There are many ways of collegtiata from provide the list of available wireless networks spltheir

the user. However, frequent user interaction isesitdble ag5ociated information to the Network Filter module
because it can become tedious and also interrapidér. One

solution is to collect data on a one-time basig.(avhen the 2. Network Filtering

the user should be able to change his/her prefesambenever gjimination step of some of the networks from trework
they wanted. This can be done by integrating a (8., user candidate list. After receiving the list of the aahle
profile) in the user's mobile device. In order tbtain and networks, their characteristics (e.g., throughpuipnetary
manage information abouser mobility, three user categories cost) and all other information (e.g., applicatiequirements,
are defined(1) high speed user for example, a user in this yser profile) from the Data Collector module, Netiwo
category travels at a typical vehicular speed (iatues above Filtering eliminates all the networks which do noteet
5.3 km/h); (2) low speed user for instance, this category minjmum/maximum criteria. For example, if the usas a
contains a user walking (i.e. speed values bel®vk&n/h); strict budget, defined in the User Profile, all thetworks
and (3) stationary user— for instance, a user using theirwhich provide the required service for a monetasgtahat
internet connection in fix positions (e.g., hots)ot goes above the user's budget will be eliminatednfrine
User preferencesplay an important role in the decisiondecision. If the available bandwidth provided bymso
making. The decision making of E-POFANS is basedhoee networks is below the minimum bandwidth level regqdiby
main criteria of importance to the useuality, energyand the transmission application to work, those netwaake also
cost An important feature of any decision making sceéemgliminated. Only the networks that pass the paremet
across multiple criteria is the chance given foe tiser to thresholds will be considered as candidate acastseorks for
specify their preferences concerning the importaoteghe the network selection algorithm, reducing both the
criteria. The users may give varying importance e®ch computation complexity and decision time.
criterion. For example, if the user is on a stoiatiget, thenthe  After this filtering process, the Network Filter thde sends

cost might be weighted higher, always looking fon athe list of candidate networks to E-POFANS Energgdittion
affordable solution. If the user prefers to conseltve energy and E-PoFANS Score Generator modules.

of his/her mobile device, then the energy will lveeg higher




3. E-POFANS Energy Prediction — W 1y Wa ) We [y Win
E-POFANS Energy Prediction computes the estimated Ui - ue. Duqi mci Dumi @
energy consumption of the running application facteof the In equation (2)J; is the overall score function for RAN
candidate networks. and Ue, Ug U, and u, are the utility functions defined for
The estimated energy consumption for the real tim@nergy, quality in terms of received bandwidth, etary cost
application under consideration is computed usigpéion (1) for RAN i, and user mobilityespectively. Alsaw, + wy + W, +
as defined in [30]. Wn = 1, wherewe, Wy, W, andwy, are the weights for the
Ei = t(rt + Third ) (1) considered criteria, representing the importance phrameter

in the decision algorithm. The weights are giventloy Data

where:E; - the estimated energy consumption (Joule) fofg|iector module, according to theser profile,as previously
RAN i; t represents the transaction time (secondsls the  gypjained. If the user does not provide the weigtiefault

mobile device's energy consumption per unit of tif#é; Th  getings assume the preference towards alwaystisglebe
is the available throughput (kbps) provided by RAMyisthe  cheapest network. As noticed in equation (2) theresc

energy consumption rate for data/received streafnciion is built based on the utility functionsfided for each
(Joule/Kbyte). Note that in the equation presentefB0] a criterion: energy utility, quality utility, cost iity, and
constantc was used. Following the calculations presented iopility utility. The overall score function hassal values in

this paper, constantwas 0, so it is not considered anymore. he 10,1] interval and no unit. Each utility furmi is further
The transaction time (length) can be predictednfithe  yoscribed below in details.
duration of the multimedia application. The pararmety and a) Energy Utility - u
r. are device specific and can be stored on the déaniche The enerav follows the princiole “the smaller-thetter”
user profile ry andr, differ for each network interface and theymeaning tha%):‘or small valueps of epnergy consumdtienvalue
can be provided by the device manufacturer in theicg . N .m"@ W
specifications. Otherwise, they can be determingdulbning g;etrr'e e::r:gzr#tltlil:){;ue’thlz Eltﬁz \ghg\?\,asir;%r Qégeilg\;/!?tl;?ss of
different simulations for various amounts of data aefining base%y on the epstim:ated enery rovided by the BRGF
a power consumption pattern for each interfacé¢hiswwork, a anergy Prediction module andgi)s/ gefined N eyqua(B)n The
Google Nexus One device was used and real expeddime - . - D
tests were carried out, in order to build an eneysumption energy utility has values in the [0,1] intervalgaro unit.
pattern. These experiments are introduced in theseetion. 1 ' E<En,
After the E-PoOFANS Energy Prediction module ha§J (E) = max ~ E E <=E<E 3)
estimated the energy consumption for each of thmelidate € E -E_ ’ min max
networks, the information is sent to the E-POFAN&I8 0
Generator module for further processing.

, otherwise

In equation (3) K is the minimum energy consumption
(Joule), Eax- the maximum energy consumption (Joule), and
E - the energy consumption for the current netw@ddule).
Enin and By are calculated for throughput®,, and Thyax
respectively. The energy consumption is computethgus
equation (1).

4. E-POoFANS Score Generation
E-PoFANS Score Generator computes a suitabilityestor
each candidate network and the network with thedggscore
is selected as the target network. After the targatvork is

selected, the handover execution is triggered. éksle seen . —_—

in Figure 3, the handover execution is not parE€?oFANS b) Quality Utility — u )

and consequently the handover process is not eeétail this In order to map the throughput to user satisfactior
work. The focus is instead on the network seleatiecision. ~ Multimedia streaming applications, a zone-basednaid

The E-PoFANS proposed network selection scoretifomc quality utility _funption is defined, and il]u_straiein Figure 4
makes use of the multiplicative exponential weighttEW)  [31]. The utility is computed based ominimum throughput
method and is defined in equation (2). The functionsiders (Thmi) needed to maintain the multimedia service at a
four criteria: energy consumption, quality of theltimedia Minimum acceptable quality (values below this thaig result
stream, monetary cost, and user mobility. Thedera@ican be N unacceptable quality levels i.e., zero utilitykquired
divided into two classeg1) the larger the better— higher throughput(Theg) in order to ensure high quality levels for the
values of the criteria metrics are considered tdéger than Multimedia service, anthaximum throughpufThy.,), values
low values of the criteria metrics (e.g., throughp(@) the above this threshold'result in qual!ty. Ieve_:ls whate higher
smaller the better— smaller values of the criteria metrics ardh@n most human viewers can distinguish between smd
considered to be better than high values of theraimetrics anything above this maximum threshold is a wastee T
(e.g., energy consumption, monetary cost). Becaeseh mathema}tlcal formula for thls qggllty utility fumen is given
criterion presents different ranges and units ofisneement, N €quation (4). The quality utility has values time [0,1]
they need to be normalized. The goal of the nomaatn ntervaland no unit.
process is to map all criteria metrics onto nonetigional
values within the [0,1] range and therefore makenth
comparable. In order to do this, each criteriosdaled with
the help of utility functions.



0 , Th<Th,, The positive solution of equation (7) represehis value
—a(Th? of B. The values used for Th, Theg Thnas o, B, and the
u(Thy={1-e#™ | Th. <=Th<Th,, (4) modeling of the quality utility function are furtheetailed in
the next section.
c) Cost Utility - u
Because there is a natural tendency to reducentdmetary
cost, the cost parameter follows the principle “thealler-the
better”. This means that for small values of thenatary cost,
the cost utility,u., has high values, whereas for high monetary
cost, the cost utility is small. Consequently tlostautility, ue,
is defined as in equation (8):

1 , otherwise

In equation (4) @ and B are two positive parameters
which determine the shape of the utility functiow @Unit), Th
is the predicted average throughput for each ofctraidate
networks (Mbps), Th, is the minimum throughput (Mbps),
and Thyaxis the maximum throughput (Mbps).

1 - 1 ’ C < Cmin
u, (C) = Coa —C , C.<=C<C,_, (8)
0.8 4 Cmax - Cmin
0 , otherwise

In equation (8) C is the monetary cost for theremuir
network (euro), Gin - minimum cost that the user is willing to
pay (euro) and G — the maximum possible cost that the user
can afford to pay (euro). The values for G,,Cand G.x are
provided by the Data Collector module as previously
described. The user can store his budget limit ismiobile
device (i.e.user profilg, which will be G, and of course the
value of G, is considered to be zero (e.g., free of charge
services). In this work the monetary cost of eagtwork, C, is

Tho Then T Throughput considered to be a flat rate cost expressed ||j/Ebdee. It is
Figure 4. Zone-based quality sigmoid utility fuiati31] assumed that the flat rate charged is known in roivéy the

In order to determine the exact shape of thetyfilinction, Mobile user and does not change frequently (irea daily or
the values ofa and B need to be calculated. For this, twoweekly basis) and definitely will not change duriaguser-
equations are needed. The first equation can kenetot from hetwork session. The cost utility has values in fOel]
knowing that when the throughput reachesfhthe interval, and no unit.

0.6 A

Quality Utility

High Quality
Better than humans need

ceeptable Quality

0.4 A

Unacceptable Quality

corresponding utilityu will be equal touma. Thus, the first d) Mobility Utility - um
equation is defined as follows: Information about user mobility is obtained frohetData
-0 a2 Collector module as previously described. Based tlom

corresponding user mobility category, the mobilityity u,,, is

— ﬁ+Th"r|aX —
1-e U (5) defined as follows:

From equation (5) a relationship betwemrand 3 can be o if high speeduser & WLAN
obtained as follows: u, =4<05 if high speeduser & WMAN / Cellular ©)
q = IN(1- Uy )(B +Thia) ©6) 1 if otherwise
- Th,iax The user mobility has an impact on the utilitydtion only

Now that the relationship between and Bis defined, a for the case of high speed users. Since a highdspeer may
second equation is needed in order to calculatetlgxeneir b€ in the coverage area of a short range netwarla feew
values. The required throughput, Ghillustrated in Figure 4 Seconds/minutes only, there is no need for handawet
can be defined mathematically as the throughpuirbefhich therefore for network selection. The mobility uilhas values
the utility function is convex and after which theility in the [0,1] interval, and no unit.
becomee_concave. T_his means that the second-oed_eatii/e B. E-PoFANS Algorithm
of the utility function is zero at this point. Afteomputing the
second-order derivate and replacingwith equation (6),
equation (7) is obtained:

As already mentioned, E-POFANS selects the besteval
candidate network that fulfills user requirementshile
maintaining the user ‘always best connected’ foltimedia

TH . . .
e delivery. The network selection is based on ther use

(142100, ) )78 +Th, 4211,

L , ax \ (7) preferences, application requirements, quality dfe t
+2In(i-u )T 013 +[2In(l-u,_ )~ +In(l-u, ) THe 18 multimedia application, energy consumption of thebite
TR, " T 2T, device, monetary cost of the network, and user litybE-
TH. PoFANS is deployed as a client-side module thatpedes a
+in(-u,,,) ZTh“q =0 score for each of the candidate networks. The owcof E-

PoFANS is a ranked list of the candidate netwoeks] the



network with the highest score will then be seldctées the List of Candidate Networks;

target network. Procedure:
Changes in the networks available, current netwoffkr i=0to number of candidate networkdo
conditions (including network congestion, interfaze, etc.), endEfio:r ti+ Thra)

user preferences, and/or efficiency of the enemsamption

may trigger the network selection process. Changes Output

variations in these parameters, may determine agehm the "

ranking list of the candidate networks providedEhiPoFANS. ISCOtRE GENERATION PHASE

E-POFANS may be used no matter what types of nésvare L?gtuof Candidate Networks:

available, nor their number. . ' ocedure:

PO-II—:TNgSIEL(deerr?Seed ?r: ;Tgeorﬂﬁfrl]sfn making process -of %r i = 0to number of candidate networldo
The computational efficiency is an important concehen g Ye o U

dealing with network selection algorithms. In timarticular compute scorel) . = u" W™ (W% "

case a number of different processes are execiied. I

example, let us consider the case of one mobile witk the outout:

E-POFANS network selection algorithm enabled onfhis Rgnﬁ(‘ga List of Candidate Networks:

mobile device and located in the coverage areaminaber of

available wireless networks. First, the algorithnifi start an QUTPUT. _ _

elimination process and from the list of availablgeless Eﬁﬂkecj List of Candidate Networks;

networks only the networks that pass the requineesholds the Target first choice RAN — the network with the highest score)

will be further processed as candidate networkse Th

elimination process should reduce the computatitmm. For 1IV. EXPERIMENTAL ENVIRONMENT AND RESULTS

each remaining candidate network the energy consomp

energy utility, quality utility, cost utility, mobty utility, and A. Test-Bed Environment

the overall score function are computed. The nétwat has  Thjs section presents the experimental test-bettcemment

the maximum score is selected as the target nefwiiie seq to investigate the energy consumption of adrdid

process is repeated every time the current netd@its t0  mpobjle device while performing video delivery overe IEEE

fulfill the user requirements or another bettewuek becomes gp2.11g and two cellular networks (e.g., UMTS ar8DIA).

available. Our previous work [25] presents an in-depth studyhow the

compute utilities: U, , U m
1 1

end for

Algorithm 1 E-PoFANS Network Selection Algoritr wireless link quality and the network load impdot tenergy

INPUT: consumption of the Android device.

=t  mmmmm e m ey
Traffic Genera,tor— e | Multimedia Server

I
We; - energy weight ! / \
Wq; - quality weight ! ,L
We; - cost weight I Trossover
Wm; :

|

1

L . user preferences T

- mobility weight P LANforge }
|

|

= If Multimedia
Server

/LANlarge Traffic Generator

Manager SW BELKIN N
1/ | Wireless Router
{

]
1
1
1
]
& 1
1 == |
1
1
1
1
1

Ad}»{le ]

Thmin; - application requirements — the minimum acceptabteughput [ WahélEzEfag‘ggﬂg \
. . e 10 = 24 iz
Cmax - User's budget — the maximum cost the user is giliinpay for the |

____________________ e e I
services }r / 4 o |
Thi; - the available throughput of RAN i @ e i e | - /
Ci; - the monetary cost of RAN i | Cirpeaph ] 555 /

I I ’/
PROCEDURE: : s i 3!3::32.?!&
| ' . .
I by
i |
|

i = 0; Monitor
ELIMINATION PHASE M;kmm L=
lput e RSN =] e PO onitor
List of Available Networks; }___‘__ __ Power Consumption Monitor |
f:)rr0 ic:dou trc? .number of available networkdo . . Figure 5. WLAN Test-Bed [25] .
if Th < Thiin OF G> o then Figure 5 illustrates the WLAN test-bed that corssist an
eliminateRAN i IEEE 802.11gWireless Routera Multimedia Servemused to
end if stream different multimedia quality levels to theobite
end for device; aTraffic Generatorused to generate background
Output: traffic inside the wireless network; &etwork Monitor
List of Candidate Networks; integrating Wi-Spy DBX and AirPcap NX used in order to
ENERGY PREDICTION PHASE monitor, capture, and analyze the traffic in therelgiss
Input:
t; E)the transaction time (seconds) — the duratiothefmultimedia stream
ri; - the mobile device’s energy consumption per uriiineé (W) 1 Wi-Spy DBx - http://www.metageek.net/products/ypiys

rq4; - the energy consumption rate for data/received strédoule/Kbyte 2 AirPcap Nx - http://www.metageek.net/products/eap/




network; anAndroid Mobile Devicaused as the client device subset of three quality levels from the five qualievels
and aPower Consumption Monitdhat integrates an Arduino encoded for the WLAN test-bed were considered for
Duemilanové board connected to the Android mobile devicestreaming.
and a laptop that stores the energy measurememtsdédvice
power consumption is calculated (by using Ohm’s Lasing B. Test Case Scenario
the voltage values sent by the Arduino board witreguency Figure 7 illustrates the five scenarios considefed the
of 1Hz. The proprietary application level streamprgtocols ; . ;
. experiments(1) Scenario 1 — No Load, Near ARhe mobile
RTMP (TCP) and RTMFP (U_DP) from Adobe Flash _Me,d""hser is located near the AP (~ 1m away) with aaigtrength
Server 4 ware used for streaming the Blender Foundatio's ]varying between -48dBm and -52dBm. No backgrouaffidr
minute long .Big BUCk Bun@animated. T_hg video clip was is considered(2) Scenario 2 — No Load, Far APthe mobile
encoded at five different quality levels as listedable I. user is located with poor signal strength varyirgween -
Figure 6 illustrates the cellular network test-hesbd for 78dBm and -82dBm. No background traffic is conside(3)
running the power measurements. The tests wereventhe Scenario 3 — Load, Near APmobile user is located near the
cellular networks provided by two mobile intern&tndce ap 55 in Scenario 1. Background traffic was ad@&dto 28
providers in Ireland: G2and eMobilé. virtual wireless stations located near the AP vifte signal
TABLE |. MULTIMEDIA LEVELS ENCODING SETTINGS strength varying between -28dBm and -32dBm, arel use

- generate traffic into the networld) Scenario 4 — Load, Far
Encoding Parameters

AP — mobile user is located in an area with poor signal
Overall Frame

Quality Video Ritrate Resolution Rate  Audio strength as in Scenario 2. Background traffic aSdenario 3
Level  Codec [Kbps] [pixels] ips) C°de¢  was added.(5) Scenario 5 — Cellular -mobile user is
oL "y 1920 800x448 20 performing VoD over the cellular networks (02 si@lhle).

H.264 Scenario 1 (No Load; Near AP) Scenario 2 (Motoad, Far AP) ——
Q2 \PEG4 960 512x288 25 A?; @ 8 - M%,“.mdia %
QL3 AVC 480 320x176 20 Kbps _M'g';',';'::"f-l R | il Va2 . ;_:%%
QL4  Baseline 240 320x176 15 gKHz ‘ ik ; ‘ o \.é i
Profile 120 320x176 10 wian e e WLAN =
QL5 T IEEEBO2.11g S fEEDOIANE
Scenario Su@j_&ear AP) N Scenario 4 (Loag! FarAP)
Mul:wee’}iia B &N ™ Mul;ixfrai'; . 7'
1_: >~ s %|".e:"f‘fi’?é'?§£ ‘. ? m:eu\(5 a'"'"‘—ﬂ:::::%
W AP Mobile AN ” Mokl
- WLAN Ve WLAN Lfselre
e ~_[EEEBOZ11g IEEE802.11g

£ Scenarioﬁ(&.zllu!a r)
¥ Rt
Multimedia| - !
Seiver aﬁ:llmamat by
(N

21 -
|

3\
025«

o % Multimedia
[ Internet™@&; Server

o
letwork

eMobile
T Network

Figure 7. Considered Scenarios

elﬁobf:i C. Results
Netwo v = . . . . -
or The Multimedia Server stores thiéve ten-minute clips

corresponding to different quality levels and tHepsc are
streamed sequentially to the Android mobile devigsing
either UDP or TCP. The results of the study [25]velnow the

Figure 6. Cellular Test-Bed Setup [26]

TABLE Il. CELLULAR NETWORK CHARACTERISTICS network related parameters (e.g., link quality,atian, and
Operator N‘;t;/’:)‘;rk Doé"a”t'é”k CID LAC MCC+MNC  SS network load) impact the power consumption of ardvéid

02  HSDPA 7.2Mbps 2044410 36006 27202  -95dBm '\SAOb'Ie _de\2ce¥wlt3rl1|n me WLANt environment (Scfer;gjoltt(;
eMobile UMTS 384kbps 60902 3006 27203 -73dem Scenario 4). Table presents a summary 0

The information related to the cellular networkdisted in mcIupImg the average energy consumptloln of the réid
Table Il. As cellular networks have lower transnaesrates Mobile device while performing VoD streaming oveDB for

than WLAN (e.g., UMTS has maximum 384kbps, whered ifferent quality levels, and the actual averageoughput

IEEE 802.11g has a maximum theoretical of 54Mbs), nﬁ\;\?\/.oihé;pr'[i?:g/a?thb\yvirt'zghgrfb"e device on the eléss

The results for VoD streaming over the cellularwaorks
SArduino Duemilanove http://www.arduino.cc/en/Main/Arduino  gre presented in Table IV [26]. Even though O2rsfléSDPA

BoardDuemilanove i o i
“Adobe Flash Media Server - http://www.adobe.condpats/flashmedias (up .to 7.2MbpS data rate), the V.OD sessugn expee@rvideo

erver/ motion loss with re-buffering pen_ods of 6% for QL@/Q for
5 Big Buck Bunny - http://www.bigbuckbunny.org/ QL4, and 1% for QLS, respectively. When streamingro
© 02 Ireland - http:/iwww.02online.ie/02/ eMobile that offers UMTS (up to 384kbps data ratieg

” eMobile Ireland - http://www.emobile.ie/



playout is smooth and enables more energy savingsalistic  sigmoid quality utility function is presented in2[]3
assumption would be that O2 network has more custom Using the characteristics of the quality levels #igmoid
sharing bandwidth resources, thus affecting theyogplin quality utility function is modeled as in equati¢i) with o

duration of the multimedia streams. andp two positive parameters computed knowing thatfgi)
Thiax (1.920Mbps) the utility has its maximum value (g.g
TABLE Illl. RESULTSSUMMARY FOR UDP VOD STREAMING IN THE Umnax = 0.99 avoiding the invalid value b’f(o)), (2) the second
WIRELESSENVIRONMENT order derivate ofi, is O for The (0.480Mbps). Consequently,
WLAN after solving all the mathematical computations vhkies for
Scenariol Scenario 2 Scenario 3 Scenario 4 a and B are 5.72 and 2.66, respectively. The procedure of
No Load, No Load, Load, Load, computing the quality utility parameters is simileor any
Near AP Far AP Near AP Far AP other choice of quality levels.
Avg. Avg. Th. Avg. Avg. Th. Avg. Avg. Th. Avg. Avg. Th. 0 Th<0.120
Energy Energy Energy Energy '
[J] [Mbps] [J] [MbpS] [J] [Mbps] [J] [Mbps] -alTh? (10)
OL1 86z 207 87/ 33z 897 227 130C 1.3z U, (Th)y=<1-e#™ | 0.120<=Th<1.920
QL2 61C 1.0e 628 157 657 11¢ 826  1.0Z 1 , otherwise
QL3 503 052 512 059 53 065 667 0.45
QL4 459 026 463 026 466 036 512 0.30 [Fair Good Excelent
QL5 41z 014 42C 0.1F 43¢ 0.1 466 0.14 | el 4ok I e A8 MOS
TABLE IV. SCENARIO5—UDP AND TCPVOD STREAMING
. Avg. Avg. Dis- Batter 0% 7 I S
QLZ?,ISY Ene?gy Povser charge Life y Pla[Z]o ut - i %
[ [mW] [mAh] [hrs] Stet b z
02 & Jla 1 173 85 419 6o
(HSDPA) & 55 680 1119 51 439 607 2z = 5
a QL3 747 125/ 56 3.9z 60C st o7 =
S QL4 695  116C 52 4.2 60C
eMobile QL5 663 1110 50  4.43 600
(UMTS) , QL3 737 1230 55  4.00 600 0.10 - —%—x ‘ ‘
G QL4 647 107e 49 45 60C 002 - —§ | Throughput
Q|_5 602 1004 45 4.9C 60C 0] 120 | 240 480 960 1920 ‘ikbpsj
QL5 QL4 QL3 QL2 QLI
D. Modeling the Quality Utility Tl Thon g
The user perceived quality is one of the most irgrdr Figure 8. Quality Utility — Validation [32].
aspects of VoD. Two methods were used to assessidbe
quality: objective method in terms of Peak SigmaNbise V. SIMULATION TESTINGENVIRONMENT

Ratio (PSNR) and subjective tests. MSU Video Qualit .

Measurement Toblsoftware was used for computing theA- Enhanced Network Simulator

objective PSNR values for each of the five encodiatlings  The simulation environment is based on the NS-2nvidikt
of the quality levels. A subjective study usingt26t sequences Simulator (v2.33) [33]. In order to test the proposolutions,
was also conducted [32]. The results of the objecRSNR there was a need to build a complex simulator-bassting
and the subjective MOS tests are listed in Tableodether environment. The standard version of the simulgiavides
with the perceived quality and impairment mapping. support for the simulation of different protocoks.d., UDP,
TCP) over wired and wireless networks (e.g., IEEE.BDR).

TABLE V. OBJECTIVE AND SUBJECTIVERESULTS . . . .
The basic NS-2 allinone v2.33 simulator was enhanced

Quality ~ PSNR  Subjective  Perceived Impairment order to create the necessary heterogeneous emerdnand
Level [dB] MOS Quality : to be able to simulate as realistic environmerpgassible. For
QL1 - 4.8 Excellen Imperceptibh the WLAN environment, the No Ad-Hoc (NOAH) wireless
QL2 47 4.6% Excellen Imperceptibl . . . .
oL3 a1 433 Good Perceptible but routing z_agent [34] was mteg_rated in order to alloiwect
not annoying communication between mobile users and the AP ohihe
QL4 36 3.70 Good Perceptible but NOAH package was updated to work with the NS-2 v. 2.33.
_ not annoyin' The standard channel propagation model providedhby
QLS 31 3.3¢ Fair Slightly annoyint NS-2 simulator does not consider the impact ofrfatence,

The relationship between the proposed sigmoid taligitferent thermal noises, or employed channel ogdivhen
utility, the received throughput (Quality Levelsg)dathe MOS  yetermining the correct reception of frames. Thisans that
values from the subjective is listed in Figure & i-depth he ransmission range of a mobile node is modeeok the
study on the validation and modeling of the choitethe g5me regardless of the data transmission rate. ihisot

realistic for 802.11 WLANs. The wireless update patc

8l\_/ISU Video Q_uality Measurement Tool - http://comies.ru/video/ provided by Marco Fiore in [35] was used in ordeimhprove
quality_measure/video_measurement_tool_en.html
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the support for wireless communications scenariosdding

realistic channel propagation, multi-rate transioissupport R x%( ‘ ' '

and Adaptive Auto Rate Fallback (AARF) [36]. Thetqa BER=01 EQQE X %%;%& \.

computes the Signal to Interference plus NoisedRE@&INR) ' Ex"x _%f‘*

in order to add the effect of interference andedéht thermal oot b % 48 % %’;; 1
noises. The Bit Error Rate (BER) is also considendtn BER =0.00001} j“‘ufg ¥

deciding whether the frame was transmitted coryeot! not . | %Elh’; 4};; ]
and whether it has to be discarded. BER is takem fthe 2 le-o06f ! l;im x o oaX

empirical BER vs. SNR (Signal to Noise Ratio) curve VTR a*

measured for IEEE 802.11b PHY modes and provided by sl S ‘+“I\!)§( ‘Zx

Intersil HFA3681B chipset as illustrated in Fig@¢37]. The le — 08 U L B s

wireless update patch, initially built for NS-2.2&s updated R o T T T
in order to work with NS-2.33. s v e D)

' IEEE 802.11h BER ws SNR

‘ —o— BPSK 6 Mbps -A- 16 QAM 24 Mbps
Y o gppglf( + BPSK 9 Mbps % 16 QAM 36 Mbps
L A — ggéff | -B- QPSK 12 Mbps —o— 64 QAM 48 Mbps
b \ X QPSK 18 Mbps —a— 64 QAM 54 Mbps
LN
o N Figure 10. IEEE 802.11a BER vs. SNR [38]
B .
& . \\ The values of the physical parameters for the
= o | \ modulations schemes of 802.11b and 802.11g useédSi2
] \ \ E are presented in Table VII.
' i
s N o TABLE VII. IEEE802.1B AND IEEE802.115 PHY PARAMETERS
k \
Value Value _
|
o “-. y \\ Parameter 802.11b 802.11g Description
-0 5 10 MAC Theoretical Data
ShR (dB) ) - dataRate 11Mbps 54Mbps Transmission Ra
Figure 9. IEEE 802.11b BER vs. SNR [37 i issi
g MAC 1Mbps 6Mbps Theoret|ca_| Transmission
. L. . basicRate Basic Rate
To obtain a more realistic behavior of the IEEE .808 CWmin 31 15 Minimum Contention Window
channel, the wireless update patch provided by diiore CWmax 1023 1023 Maximum Contention Window
was extended, and the multi-rate transmission suppas SlotTime 9use 20use Slot Tim
updated for IEEE 802.11g and integrated into the-2NS SIFSTime 16usec 10use Short Interframe SpacTime

simulator.

IEEE 802.11g supports 12 data transmission rateEE]
802.11b + IEEE 802.11a) with the corresponding rtetchn

In order to create a heterogeneous environment,

EURANE patch [40] was used. EURANE adds the supfoort

scheme. As IEEE 802.11g uses the transmission mmids UMTS network and it is available for NS-2.30. Tratgh was

modulation schemes from both IEEE 802.11b and |IEEmodified

802.11a, the values for BER were taken from the igcap
BER vs. SNR curves provided for IEEE 802.11b [33]im
Figure 9 and IEEE 802.11a illustrated in Figure[38]. The
characteristics of the IEEE 802.11g physical lapéegrated
in the simulator are taken from Cisco Aironet 8Q2/b/g
Wireless Card [39] and they are illustrated in Ea¥l.

TABLE VI. CHARACTERISTICS OF THHEEE 802.11 PHY LAYER

Rate

[Mbps] Modulation Receive Sensitivity [dBm]
1 DSSS/BPS -94
2 DSSS/QPSK -93

5.5 DSSS/CCK -92
6 OFDM/BPSK -86
9 OFDM/BPSK -86

11 DSSS/CCI -90

12 OFDM/QPSK -86

18 OFDM/QPSK -86

24 OFDM/16QAM -84

36 OFDM/16QAM -80

48 OFDM/64QAM -75

54 OFDM/64QAM -71

environment in NS-2 uses hierarchical addresshig,enables
grouping of the nodes into clusters and domainthésame
way as in the Internet IP addressing. However tb&RENE

patch comes with flat addressing making it incornfyatto

work with other IEEE 802.11g networks in a hetermgmis
wireless scenario. For this reason EURANE was ergthiy
adding the support for hierarchical addressing. THMTS

scenarios use some input trace files that can bergted with
Matlab. The trace files can be created for diffenezalistic

environments,
parameters, like: environment (e.g., rural, urbahy terrain,
etc.), velocity of the mobile user, distance frohe tBS,
duration of the simulation, etc. The trace fileowpde the
BLER (Block Error Rate) values and are meant taaterea
more realistic simulation environment.

B. Validating the Wireless Environment

In order to validate the wireless environment irdégd in
NS-2, a simple scenario was created as illustiatéigure 11.

the

in order to work with NS-2.33. The wiredes

modifying some of the physical Ilayer



User

Walking Speed
=1mis

Figure 11. Validation Scenario — User moving tovgaadd away from AP

The scenario is run for both IEEE 802.11b and IEE

802.11g network types. A mobile user moves, at King
speed of 1m/s, towards the AP and then away framAR.
The mobile user receives CBR (Constant Bit Rataffitr at
the highest data rate that can be provided (thieatls) by
each network (i.e., 11Mbps for IEEE 802.11b and bpdifor
IEEE 802.119).

Figure 12 illustrates the user’s received throughguring
his/her path when simulating an IEEE 802.11b nétwsing
the standard version of NS-2.33 and when using [8S-®ith
the wireless update patch [35] integrated.

It can be noticed that the wireless update patoiges a
IEEE 802.11b wireless

more realistic model of an

6

T T T
Throughput IEEE 802.11b

5r WMMMWWV%H‘MMWWWf

Throughput (Mbps)
@

L L L L " i L L
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Time (sec)

a) Standard NS-2.33

T T
Received Power

3e08

Received Power (Watt)

2e08

1008 |- [\
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Time (sec)

a) Received Power

Figure 13. User Moving Towards and then Away framlEBEE 802.11g-based A

11

environment. As the mobile user moves towards hed away
from the AP, in the standard version of the sinarahe
received throughput maintains the same value fer¢htire
user’s path, until the user moves out of the AB\secage area.
Whereas in the patched version of the simulatoth(\tie
wireless update patch), the throughput presentteprvese
increase as the user moves towards the AP andpavige
decrease as the user moves away from the AP. Bo#sare
according to the IEEE 802.11b standard [41]. Ascedt the
maximum throughput that can be achieved by the insthis
scenario is 5Mbps even though the theoretical datia for
IEEE 802.11b is 11Mbps

After the integration of the IEEE 802.11g netwdnkNS-

.33, the same scenario was considered for itdatéin as for

EE 802.11b (see Figure 11). Figure 13 illustrakesuser’s
received power and received throughput as he/sheoisng
towards and then away from the AP at a constantdsmé
1m/s. As noticed in Figure 13(b), as the user ivingpaway
from the AP, his/her received throughput is stepewi
decreasing, as described in the standard [42]. mi&@mum
received throughput in this scenario goes up t@22abps,
even though the maximum theoretical throughput IEEE
802.11g is 54Mbp$.

T T T
Throughput IEEE 802.11b

Throughput (Mbps)
@
=
=

L H L L n L L L
0 50 100 150 200 250 300 350 400 450
Time (sec)

b) NS-2.33 plus wireless update patch

Figure 12. Received Throughput for User Moving Taigaand then Away from an IEEE 802.11b AP

25 T T T
Throughput IEEE B02.11g

Throughput (Mbps)

o 100 200 300 400 500 600 700
Time (sec)

b) Received Throughput

v
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VIII. TESTINGRESULTS ANDANALYSIS previously introduced in Section Ill, and the gtyalevels are

mapped to the MOS obtained from the subjectivestest
A. Simulation Scenario

In order to analyze the performance of the propasdations,

TABLE VIIl. SIMULATION ENVIRONMENT

Network Mapping

we consider the case of Jack, a business profedstwat likes (simuiation)  (Experimental Test-Bed) Characteristics
to access multimedia content while walking every ffam IEEE 802.11g network, MS located
Home to Office. On his travel path there are a remmbf — WLANL No Load, Near AP near the AP with no other
available networks (e.g., UMTS, WLAN, etc.) thatden use Eéékgg’z”;f “afft'c '”Qh&gﬁtwoikj
. . . . .119g network, ocate(
as |IIu§tratgd in Flgure 14..As Ja(?k Ieavgs his dntwen starts up WLAN2 No Load, Far AP tar from the AP with no other
a multimedia session on his mobile device. background traffic in the network
. IEEE 802.11g network, MS located
é'/;;;: o WLAN3 Load, Near AP near the AP, background usgrs
located near the AP generating
B~ Multimedia traffic at 20-21Mbps
i IEEE 802.11g network, MS located
S WLAN4 Load, Far AP far from the AP, background users
N located near the AP generating
orrike traffic at 20-21Mbps
MS located 300m away from the
NodeB, Rayleigh fading
Figure 14. Example Scenario — Jack's path from Hur@ffice UMTS eMobile network environment, NodeB Transmission
power 38dBm, NodeB antenna gain
In this call initiation phase, the selection of ancess 17dBi, MS speed 1m/s

network is simple as there is only one availableNR@Ae.,
UMTS). As he moves further, he enters the covermga of
another RAN (i.e., WLAN). At that point, Jack’'s dew ) i
should detect the second RAN and the possibilityandover This sgctlon analyzes the performan_ce of the E_réthnc
from UMTS to WLAN. The decision is made accordinglie EO\[/:VKL-II;Hend(;y '?CCE"SS Nettv.vorlk tielectu_)n I\ll!tec?argsh?qﬁ(
E-POFANS suggested solution, and very likely thdtimedia 0 ) under o aspects: (1) theergy-quality trade-o

L i and (2) theenergy-quality-cost trade-offTwo test case
session is transferred to the WLAN because of iceeased .. oios are considere(t) Test Case 1 Energy-Quality

rate offered by the WLAN network in comparison W'thTrade-off— where Jack has a number of available wireless
UMTS. When Jack enters the coverage area of a 8eCQfyyyorks from which he can select. The networkéedionly
WLAN and his mobile device battery lifetime is &t he will i terms of Quality Levels provided and Energy Gonption.
be facing the problem whether it is better to remai the || the networks are assumed to be free of chafge. trade-
current network or it is better to handover to wmetwork, in off between energy and quality is analyzé2lj Test Case 2
terms of energy efficiency. In this situation, EFANS will  Energy-Quality-Cost Trade-off the monetary cost parameter
help Jack again in taking the best decision. is also introduced so that the trade-off betweergn quality,
and cost is analyzed.
) ) ) ] The proposed network selection mechanism (E-PoFASIS)
The simulation environment was configured so th& t compared against the solution provided by Liu efi#]. The
radio access networks used in the real experiméesaloed reason for using Liu’s et al. solution for the caripon is that
from Section IV were mapped to the access netwosksl in i 550 represents an energy efficient solutiord aonsiders
the simulator. Consequently, each wireless netvorkn the  {he same main parameters: available bandwidth, tagne
simulation environment is mapped to a scenario fahe cost, and the power consumption. This enables a fai
experimental test-bed, that is: WLAN1 — No LoadaN&P; comparison between the two schemes. Liu et al.qzefhe

WLAN2 — No Load, Far AP; WLAN3 — Load, Near AP; se of 3 SAW function (referred to as a Cost Fonc) as
WLAN4 — Load, Far AP. The cellular network usedtiie yiyen in equation (11).

simulations, UMTS is mapped to the eMobile netwfdm 1

the experimental test-bed. The mapping and theacteristics C =wgln B W InP+w.Inc (11)
of each access network used in the simulation enrient are
detailed in Table VIII. A multimedia server is usiedstore the
quality levels of the video streams (five qualiéwéls in case
of WLAN and three quality levels in case of UMT3).is
assumed that each access network can provide arikieof
quality levels of the video stream, without diffites as per
the experimental test-bed. The performance asses$m#one
in terms of energy savings benefits and the quéitgl. The
energy consumption is computed using the energwtamu

C. Performance Analysis of E-POFANS

B. Simulation Environment Configuration

where: B represents the available bandwidkhrepresents
the consumed power, andepresents the monetary cost. Note
that when the monetary cost is zero (free netwthéihin c =
-o0. In order to allow for the Cost Functi@emputation, in the
simulations it is assumed a free network to haveost of
¢=0.01 and therefola c = -4.6
(1
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TABLE IX. TESTCASE 1 ENERGY-QUALITY TRADE-OFFRESULTS COSTFUNCTION VS. E-POFANS

WLAN1 WLAN2 WLAN3 WLAN4 UMTS
No Load, Near AF No Load, Far AP Load, Near AF Load, Far AP e-Mobile Network
Cost £ porans OOt eporans %St Eporans - S0t Eporans GOt  EporaNs
Function Function Function Function Function

QL1 -0.4005 0.470¢ -0.392¢ 0.444¢ -0.380¢ 0.396¢ -0.195( 0 N/A N/A
QL2 -0.216¢ 0.7103 -0.208¢ 0.700¢ -0.193: 0.680¢ -0.137¢ 0.596( N/A N/A
QL3 0.0232 0.5480 0.0313 0.5433 0.0494 0.5323 0.1032 0.4957 0.2208 0.3847
QL4 0.3064 0.3253 0.3147 0.3230 0.3346 0.3174 0.3580 0.3104 0.5285 0.2394
QL5 0.6180 0.1709 0.6264 0.1709 0.6474 0.1704 0.6805 0.1656 0.8544 0.1306

As noticed, the main difference between the twaraeaches
is the choice of score and utility functions, Liuat. making
use of logarithmic functions and E-PoFANS makes afsthe
utility functions defined in this paper and comlunén
equation (12). Liu et al. Cost Functi@j follows the principle
‘the smaller-the better’,while E-PoFANS follows the

quality levels (three quality levels in case of US)Tof the
multimedia stream stored at the server side witddfitulties.

Whenever new networks are available, Jack’s deshioaild
detect a change in the candidate networks listaanétwork
selection can be performed. Thus, the selectiorsidaccould
be done between five (quality levels) x four (WLAMtworks)

principle the larger-the better'In order to compare the two it + three (quality levels) x one (UMTS networks) =@&ions.
is assumed thd& can be linked to the received throughput and In order to compare the performance of the two agtw

P to the energy consumption (E), as described bwtemu (1)
in Section 111

W, W, W,
U, =u, ™, W™ (12)

where: U is the overall score function for RAN and u,,
uganducare the utility functions defined for energy, gtaln
terms of received bandwidth, and monetary costRAN i,
respectively. Alsaw, + wy+ W, = 1, wherew,, Wy, andw, are
the weights for the considered criteria, represgntthe
importance of a parameter in the decision algoriths
noticed the utility mobility is not considered, ghis because
Jack is moving at a walking speed meaning thatlu This
value will be further considered for the rest o gimulation
scenarios.

1) Test Case 1 Energy-Quality Trade-off: Network Silac
— Choice of Five Networks
In this first test case scenario Jack is confromét the

selection mechanisms in terms of the trade-off betwquality
and energy consumption, the weight value for thest co
parameterw,, is set to zero. This means that Jack does not
care about the monetary cost of the networks anchdse
interested in the quality of the multimedia streamd the
energy consumption of the mobile device. For thisson the
values for the three weights are setvip= 0.5, wy = 0.5, w, =

0. Considering these settings, the test-bed valaegjdiality
and energy were used to calculate the scores farthe Liu et

al. Cost Functiomnd E-PoFANS. The scores are illustrated in
Table 1X. Looking at the results, from the 23 aahie options,
when using E-PoFANS, Jack’s device first choic®I2 on
WLAN1, whereas when using the Liu et al. Cost FiamGtthe
first selection choice is QL1 on WLANL1. This shotimt E-
PoFANS provides a better trade-off between quadihd
energy consumption than the Liu et al. Cost Functlo this
situation, Jack equally cares about the energywopson of
the mobile device and the quality of the multimesliieam he

problem of selecting the best network for his cuotrre is watching, so by selecting QL2, representing tbent’
application preferences from five available RANS aguality, Jack can save up to 28% in energy consomph

illustrated in Figure 15.
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Figure 15. Test Case 1 — Network Selection — Choidéve Networks

The available RANs are set as the five networksnfthe
experimental test-bed, that is: WLAN1 — No LoadaNAP;

comparison with selecting QL1. Jack’s benefit faing E-
PoFANS vs. Liu e al. Cost Function is highlightadriable X.

TABLE X. TESTCASE 1 ENERGY-QUALITY TRADE-OFF. USER SBENEFIT
COSTFUNCTION VS E-POFANS

Energy Quality
[Joule] Level/MOS
Liu et al. Cost Function 861.8 QL1/Excellent
E-PoFANS 622.4¢ QL2/Excellen
Benefit 28% none

The energy component was computed using equatjomn(1l
terms of quality there is no significant perceiveehnefit as
both QL1 and QL2 can be mapped to the ‘Excellentlity
level on the ITU-T P.910 scale.

Moreover, looking at the selection scores for eaetwork
separately E-POFANS selects QL2 before QL1 as QLR w
provide sufficient user-perceived quality. For exdan
WLAN1, QL1 will only be the third choice, wheread. Qwill

WLAN2 — No Load, Far AP; WLAN3 — Load, Near AP;pe the first choice for Liu et al. Cost Functiorhar is, for

WLAN4 — Load, Far AP; UMTS — eMobile network. Itafso | AN1-3 the order of selection for E-PoFANS will:b@L2,
assumed that each of these RANs can provide aftyedive  QL3, and only then QL1, while the order of seleutfor the
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TABLE I. TESTCASE 1: QUALITY -ORIENTED AND ENERGY-ORIENTED RESULTS COSTFUNCTION VS. E-FOFANS

WLAN1 WLAN2 WLAN3 WLAN4 UMTS
No Load, Near AF No Load, Far AP Load, Near AF Load, Far AP e-Mobile Network
Cost E- Cost E- . Cost E- Cost E-
Function PoFANS Function PoFANS Sl Rueiien) RS Function PoFANS Function PoFANS
QL1 -4.6962 0.7397 -4.693: 0.723( -4.688: 0.690¢ -4.614( 0 N/A N/A
2QL2 -4.206¢ 0.7437 -4.203" 0.739¢ -4,197¢ 0.731( -4,175. 0.693: N/A N/A
TQL3 -3.6950 0.4135 -3.6918 0.4121 -3.6845 0.4088 -3.6630 0.3973 -3.6159 0.3589
oQL4 -3.1658 0.1673 -3.1625 0.1668 -3.1546 0.1657 -3.1452 0.1642 -3.0770 0.1480
QL5 -2.6253 0.0592 -2.6219 0.0592 -2.6135 0.0591 -2.6003 0.0585 -2.5307 0.0532
QL1 3.895: 0.299¢ 3.907 0.273: 3.927: 0.227¢ 4.224: 0 N/A N/A
Z0QL2  3.7736 0.6783 3.7861 0.6635 3.8109 0.6333 3.9002 0.5124 N/A N/A
g QL3 3.7414 0.7261 3.7543 0.7162 3.7832 0.6933 3.8694 0.6185 4.0576 0.4122
wQL4 3.778¢ 0.632¢ 3.791¢ 0.625¢ 3.8231 0.608: 3.861: 0.586¢ 4.134( 0.387:
QL5  3.861: 0.493: 3.874 0.493: 3.908: 0.490¢ 3.961: 0.469: 4.239¢ 0.321(

Liu et al. Cost Function will be: QL1, then QL2,da@L3. For
the UMTS network both algorithms ranked choice Wit be
the same, i.e., QL3, QL4, and then QLS.

Two further situations were considergd:) for Quality-
oriented users, the weight for quality will have a highatue,
for example:w, = 0.2, w, = 0, wy = 0.8; (2) for Energy-

different QLs. This situation is captured by E-P&FRAwhich
gives a zero score to QL1, Liu et al. Cost Functmal up
selecting QL1 as the fifth choice.

The results show that a weight of 0.5 foj emn be mapped
to a minimum quality level which is above QL4 (‘Gbmn the
ITU-T P.910 scale). This means that with thesarggtt Jack’s

oriented users, the energy weight is higher than the gualiminimum acceptable quality would be QL3, so theans for
weight, for instancew, = 0.8, w; = 0, wy = 0.2. The results for QL4 and QL5 can be eliminated from the selectiocisien as
these two situations are presented in Table Xtatt be seen they do not meet the minimum criteria. In this cBsSBoFANS

that in the case of Quality-oriented users the ednkst for
target quality level and network are the same asnwdgual
Quality-Energy orientation was considered (e.g.~0.5, W
=0, w =0.5).

This means that the E-POFANS users would choose Q

over QL1 as the first choice in comparison with Lie et al.
Cost Function, which still chooses QL1 as the fitstice. The
benefits of using E-POFANS are the same benefifsesented
in Table X. The Quality-oriented users will bendfibom an
‘Excellent’ quality level and a 28% decrease in rgge
consumption when compared with the case when thet_al.
Cost Functionis employed

In the case of Energy-oriented users both selestidutions
provide similar ranking results starting with QL8 WLAN1-
3 as the first choice.

The results show that E-PoFANS score function mol

accurately models a good trade-off between quatity energy
consumption in comparison with Liu et al. Cost Riorc for
different user preferences on quality and energlis Tis
because Liu et al. Cost Function is based on thé&/ $#ethod

eliminates a number of candidate network choicdaaiag the
list from 23 options to 16 options. This improvelet
performance and reduces the computational complexkithe

solution in comparison with Liu et al.

IZ? Test Case 2 Energy-Quality-Cost Trade-off: Network
Selection — Choice of Three Networks

Consider in this case, Jack as having a choicehiet
networks: WLAN2 — No Load, Far AP, WLAN3 — Load, &te
AP, and UMTS, as illustrated in Figure 16.
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whereas E-POFANS is based on the MEW method. The m%igure 16. Test Case 2 — Network Selection — Chaoidéhree Networks

disadvantage of SAW is that a poor value parameder be

outweighed by a very good value of another parameteb‘s the co_st parameter. is also co_nsidered addititmahergy
whereas MEW penalizes alternatives with poor paterse consumption and quality, for testing, the costsdach of the

values more heavily. This can be noticed here ige caf
WLAN4, when the network is loaded and the mobilerus
located in an area with poor signal strength. Frtre
experimental test-bed measurements presentedviopsty, it
has been seen that in this situation, streaming @Al
significantly increase the energy consumption @& thobile
device and will additionally more than double thiayput
duration of the multimedia stream (introducing référing
periods) which consequently will reduce the Meann(@m
Score. This makes QL1 (WLAN4) the worst option amtme

three networks are set to: WLAN2 — 0.2 cents pdrafrdata,

WLANS3 - free hot-spot, and UMTS — 0.9 cents pert ufi

data. In this situation Jack cares also about inifgét and he is
willing to pay a certain amount while also mainiag a

balance between the quality level he is gettingcietent at,
and the energy consumption. However, he is noingilio pay

anything if his requirements are not fulfilled. Ithese

conditions the following weights for the three paeders are
consideredw, = 0.4, wy, = 0.4,andw, = 0.2 The results for
this test case scenario are presented in Table XII.



TABLE XIl. TESTCASE 2 ENERGY-QUALITY -COST TRADE-OFFRESULTS
COSTFUNCTION VS, E-POFANS

WLAN2 WLAN3 UMTS

No Load, Far AP Load, Near AF e-Mobile Network

Cost & porans _ C0t  Eporans _ €Ot Eporans

Function Function Function
QL1 -0.636: 0.511¢ -1.2244 0.477:¢ N/A N/A
QL2 -0.488¢ 0.7365 -1.074¢ 0.734¢ N/A N/A
QL3 -0.2969 0.6010 -0.8805 0.6039 0.1556 0.4132
QL4 -0.0701 0.3965 -0.6524 0.3993 0.4017 0.2827
QL5 0.179: 0.238: -0.4021 0.242° 0.662¢ 0.174:

If Jack has enabled E-PoFANS on his mobile devieawill
end-up selecting QL2 on WLAN2. If the Liu et al. o

Function is enabled, then he will end-up with QLD o

WLANS. It can be seen here the same phenomena &ssin
Case 1 where the Liu et al. Cost Function seldwshighest
quality level (QL1), which in terms of energy conssion is

the most power consuming, while E-POFANS select QL

(WLANZ2) achieving a 30% decrease in energy consimmgas
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to: we = 0.33, wy = 0.33, andw, = 0.33; (2) Cost-oriented
users which could use, for example, the followingight
distributionw, = 0.1, wy = 0.1, andw, = 0.8;

The results for the two above situations aredisteTable
XIV. For both situations the outcome is the santecan be
noticed that the Liu et al. Cost Function has argjer quality-
orientation by selecting the QL1 on WLAN3, whereas
PoFANS finds a trade-off between quality and enebgy
selecting QL2 on WLAN3. However both solutions seélie
free network in both situations. The benefit thatklgets by
using E-POFANS vs. Liu et al. Cost Function is 26.6
decrease in energy consumption, while maintaining a
‘Excellent’ quality level for delivered multimed@ontent.

TABLE XIV. TESTCASE 2 RESULTS COSTFUNCTION VS, E-POFANS

compared to QL1 (WLAN1). This shows again that E=

PoFANS provides a good balance between qualityl land

energy consumption. When the cost parameter is alsbgQL3

considered, E-POFANS will select only QL2 and Qtdnfi the
paid network (WLANZ2) relative to QL2 and QL1, frothe
free network (WLAN3), respectively.

Thus, Jack will be willing to pay the 0.2 cents pait of
data only if he is getting the ‘Excellent’ quality.this quality
level is not provided, then Jack is better off gpfar the free
network (WLAN3) for QL3 to QL5. Looking at the rdtsu
provided by the Liu et al. Cost Function, the fregwork will
be always selected. Comparing the decisions forgtity
levels from WLANZ2 relative to the same quality l&sve
provided by WLANS, the Liu et al. Cost Function ilever
select the quality levels provided by the paid roeky Even
though for example for QL2 provided by WLAN2 thesan
be a 5% decrease in energy consumption when coohpare
QL2 provided by WLAN3. This shows that E-PoFANSd#n
a good trade-off between energy-quality-cost. TaKld
highlights the benefit obtained by Jack while usikg
PoFANS in comparison with the case when he wouélthe
Liu et al. Cost Function.

As it can be noticed, the benefit in terms of epasg30%,
while there are no evident benefits in terms ofliyeas both
QL1 and QL2 are mapped to the ‘Excellent’ leveltba ITU-
T P.910 quality scale. When looking at the berigfierms of
cost, Jack will have to pay an additional amoun©.@f cents
per unit of data in order to get the 30% decreaseniergy
consumption.

TABLE XIll. TESTCASE 2: USER SBENEFIT: COSTFUNCTION VS. E-POFANS
Energy Quality Cost [cents/unit of
[Joule] Level/MOS data]
Liuet aJ: Cost 897 QL1/Excellent 0
Function
E-PoFANS 632.3 QL2/Excellent 0.2
Benefit 30% none -0.2

Other two situations are considere(:) for users with

WLAN2 WLAN3 UMTS
No Load, Far AP Load, Near AP e-Mobile Network
Cost E- Cost E- Cost E-
Function POFANS Function PoFANS Function PoFANS
QL1 -0.7904 0.5656 -1.7691 0.5434 N/A N/A
EQLZ -0.668¢ 0.763¢ -1.645¢ 0.7756 N/A N/A
-0.510¢ 0.6457 -1.485¢ 0.659¢ 0.111( 0.437(
- EQL4 -0.3234 0.4581 -1.2972 0.4689 0.3140 0.3195
QL5 -0.1177 0.3009 -1.0907 0.3110 0.5292 0.2142
QL1 -1.366: 0.781¢ -3.7561  0.831: N/A N/A
:@QLZ -1.3293 0.8560 -3.7187 0.9259 N/A N/A
§-§ QL3 -1.2813 0.8136 -3.6701 0.8815 -0.0401 0.5120
OQL4 -1.2246 0.7332 -3.6131 0.7949 0.0214 0.4657
QL5 -1.162¢ 0.€45% -3.550¢ 0.701¢ 0.086¢ 0.412¢
VI. CONCLUSION
Increasing numbers of mobile users together with

corresponding growth in user throughput and contgratity
demands, and also energy consumption awareness will
determine that energy-efficient network selectiofusons be
part of the next-generation heterogeneous wiretets/ork
environments.

E-POFANS - the Enhanced Power-Friendly Access
Network Selection Mechanism is proposed, and when
integratedn user mobile devices it will automatically perfor
energy-efficient network selectiofor the users, considering
user preferences, application requirements, andvonkt
conditions. E-PoFANS indicates the best target agtwption
and triggers the handover process.

In this paper, E-POFANS has been analyzed in tesins
energy efficiency and compared against another ggner
efficient solution proposed by Liu et al. [19]. Twmain
scenarios are considerdd) Energy-Quality Trade-offwhere
the networks differ only in terms of quality levg@isovided and
energy consumption. All the networks are assumeletdree
of charge. The trade-off between energy and quabty
analyzed;(2) Energy-Quality-Cost Trade-off the monetary
cost parameter is also introduced so that the toffdeetween
energy, quality, and cost is analyzed. The reshitsv how the
proposed E-PoFANS solution could achieve up to 308te
energy savings in comparison with Liu et al.’s siolu

Equal Interest in energy, quality, and cost, the weights are set
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