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Abstract— The small cell deployment is seen as a promising
solution for the network operators to help them cop with the
increasing number of mobile broadband data subscriers and
their bandwidth-intensive application demands. Theresult is a
HetNet, heterogeneous network environment with a enbination
of macro-cells and small cells to spread the traffiload, increase
the bitrates and maintain the service quality. In his context,
network selection mechanisms will be required to kep the
mobile users always best experienced. In this papexre propose a
theoretical framework URAN, for combining utility-b ased
network selection mechanism with reputation-based ystems.
URAN makes use of the user preferences and service
requirements to define a network reputation factorwhich reflects
the user satisfaction on the network’s previous seice guarantee
to the mobile user.

Keywords—network selection, reputation-based systeetNets

. INTRODUCTION

The mass-market adoption of the high-end mobilécdsv
as well as the increasing amount of video traffis thed the
mobile operators to adopt various solutions to lie¢pn cope
with this explosion of mobile broadband data t@fivhile
ensuring Quality of Service (QoS) to the mobile rase
Deploying small-cell base stations within the @rgtmacro-
cellular networks, especially in the 3GPP Reledsd], is
seen as a promising solution to increase capaciyiraprove
the network performance at low cost by offloadihg traffic
from the large macro-cells. The small cells envinent is also
referred to as Heterogeneous Networks (HetNets)isuiseéen

as part of the existing and next generation network

deployments. In this context, the Always Best Eigrare
vision emphasizes the scenario of a mobile usemissaly
roaming in a HetNet environment as seen in Figoue to the
heterogeneity of the selection criteria, such las:dpplications
requirements (e.g., voice, video, data, etc.);ed#ifit device
types (e.g., smartphones, netbooks, laptops, with)various
capabilities; multiple overlapping network techrgpis (e.g.,
Wireless Local Area Networks (WLAN), Long Term
Evolution (LTE)) and different user preferencese tiobile
users will be facing a complex decision when saigdhe best
value network to connect to.

According to Cisco, by 2019, 97% of the total neliata
traffic will be generated by the mobile-connectexvides and
by 2016, more than half of this mobile traffic wilé offloaded
from the cellular network to Wi-Fi and femtocel].[In this
way, by transferring some of the traffic from thares cellular
network to Wi-Fi or femtocells at peak times or Kegations
(e.g., home, office, public HotSpots, etc.) the ii@bperators
can accommodate more mobile users and the usees/edrof
a wider service offering.
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Fig. 1. HetNet Environment — Example Scenario.

At the mobile user side, the mobile devices haseome
affordable and powerful with improved CPU, graphasd
display contributing to the increase in user dersabdie to the
growth of the video content usage, such as IPTdewion
demand (VoD), 3DTV, which is estimated to reach 7@%he
world’s mobile data traffic by 2019 [2], ensuringsaamless
experience at high quality levels to the end-user lhecome a
challenge. Furthermore, it is known that video-base
applications have strict QoS requirements reprexgnthe
most power-hungry applications. In this contexte af the
main impediments of progress is the battery lifetiof the
mobile device as the battery life has not evolvedine with
the processor and memory advances, becoming ainigmit
factor.

In this work, we proposeURAN, an Utility-based
Reputation-orientedAccess Network selection mechanism
which combines the utility-based network selectisechanism
with the reputation-based systems. The focus ishenuser-
network interaction, where we define a network tafon
factor obtained as a result of the user’s previexiserience
with the network. The network reputation factor tlsen
integrated in the network selection decision ineor sustain
cooperation between the user and the network.

Il.  RELATED WORKS

Various network selection solutions using different
techniques have been proposed in the researchtliterin
order to strengthen the Always Best Connected wistine of
the widely used techniques is the applicability wflity
functions to describe the users’ perception ofgrentince and
satisfaction. However, because of the traffic tegeneity a
precise definition of a utility function becomes rye
complicated. The most popular utility function sespare



defined by Rakocevic et al. in [3] for three bradasses, such
as brittle traffic, stream traffic and elastic fraf However, all
the existing approaches have a common goal of gptigithe
network performance by maximizing the utility fuioet.

In terms of reputation systems, these have beelestand
deployed in the wireless environment [4] with a dfie
application to the mobile ad-hoc networks, wirelesssh
networks, and peer-to-peer scenarios when tryingdive
cooperation and decision making problems. Zekalein [5]
proposed a vertical handover management solutiatboong
the use of reputation as a Quality of Experienc@HQ
indicator for fast decision-making. This solutiomllects
individual user experience on QoS and by usersessprg
their past experiences, the system aggregatesntheidual
score and computes a reputation value for Wi-FIMAK and
UMTS networks. The performance results show thas th
solution provides better handover latency and thinput than
other solutions. Whereas in [6], the authors predosin
enhanced |IEEE 802.21 Media Independent HandoveH)YMI
[7] based framework that integrates a Vertical Haved
Management Engine (VHME) for vertical handover dixi-
making based on networks reputation. The autholeeniae
of a large set of parameters that map the QoS afel tQ a
network reputation value.

Giacomini et al. in [8][9] proposed a reputationséd
vertical handover decision rating system by makisg of the
grey model first order one variable (GM (1, 1)).eTproposed
solution provides a quick and efficient predictiaf the
reputation score for a target network in the haedalecision
making progress. The QoS parameters like Bit ERate
(BER), delay, jitter and bandwidth are used to dale the
reputation value for UMTS, WIMAX and WLAN networks.
The proposed solution was evaluated through sinonlsitand
the results show that the reputation-based systenpoovide
the mobile node with advance time to make a subtess
handover and thus experience an overall higher QoS.

Trestian et al. in [10] propose a reputation-basetivork
selection mechanism using game theory. The userenket
interaction is modeled as a repeated cooperatimegad the
reputation of the network is computed based on uber's
payoff. The proposed solution is based on individuser
experience and the mechanism is integrated intexéended
version of the IEEE 802.21 model.

Unlike previous works, this paper proposes to comlihe
utility-based network selection mechanism propdeedeal-
time applications [11] with the reputation-basedteyns in
order to select the best value network for the fealser.

. URAN SYSTEM ARCHITECTURE

A. URAN Proposed Architecture Stack

The proposed utility-based reputation-oriented sgce
network selection mechanism, URAN, aims at buildiag
reputation-based system between the users andetirks
they are visiting. As illustrated in Fig. 2, URANMamework
block-level architecture is distributed and corssist a server

side component, referred to as URAN MIH Information

Server, which integrates the Network Ranking Algom and a
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client side component referred to as URAN Mobiledslo
consisting of the Network Reputation Algorithm arige
Utility-based Network Selection Algorithm. URAN miilt on
top of the IEEE 802.21 MIH standard, thus both eyst
components are MIH-enabled entities [12].

The MIH framework defines a cross-layer MIH funatio
(MIHF) as a logical component between the netwaylef and
the link layer [7]. Each of the MIH-enabled entitieontain a
cross-layer MIHF. This function provides Services&iction
Points (SAP) acting as an abstract interface betveeservice
provider and a user entity. User entities at hidgénpers employ
the MIH-SAP to control or to monitor the link-layentity and
the MIHF uses the MIH-LINK-SAP as an interface tibge
with the link layer to translate the informatiorceéved from
the MIH-SAP. The remote MIHF entities use the MIHEN
SAP to exchange the information with the MIHF [13].

B. URAN Functional Principle

The URAN functionality considers a scenario insgifi®m the

daily life of a mobile user, who while going fronome to

office, wants to access multimedia services (evgtching the
news, music video clips, etc.) via a number of labe

wireless networks, as seen in Fig. 3. As the mobdler is

taking the same path every day will be crossing shme

networks, making it possible to build a timelinstbry of the

user interaction with different networks. In thimtext, URAN,
a reputation-oriented network selection mechangpraoposed.
The idea behind URAN is that each user can haverdiit

experiences with different network operators, depanon the

user preferences and the service requirements. st of

this user-network interaction, a reputation factan be

computed for that particular network. For examflé¢he user

was satisfied with the offered services, the netwal receive

a higher reputation value reflecting the user fatfon.
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The proposed URAN solution combines the utilityaiye
with the reputation theory to build a reputatiorsdih system
between the wusers and networks. Within
environment, having a pool of available wirelessmoeks and
their characteristics, the URAN based mobile nodesend a
ranking request to the URAN MIH Information Servéhe
network ranking algorithm located at the URAN sersile
will compute a network ranking list based on thweieria,
such as: energy consumption of the mobile devicenwh
running real-time applications, the monetary cofteach
network, and the estimated quality of the multinaesliream.
The network ranking algorithm makes use of utifitpctions
[11] to compute an overall ranking score for eaehwork. A
ranked list of networks along with their expecteiity scores
is then sent to the URAN mobile node. At the ener side, in
the first instance the utility-based network setectechanism
will select the best value network from the rankstreceived
from the server. After the user connects to thgetanetwork, a
user-network interaction session starts where thevice
quality is monitored. At the end of every user-ratw
interaction, a network reputation factor is comguiased on
the experienced utilities. This network reputatfactor will
impact the score of each network next time the astw
selection takes place.

C. Proposed Utility-based Network Ranking Function

The use of utility function together with the Mplicative
Exponential Weighted (MEW) method in the decisioaking
mechanisms has been shown to be useful in [14]ererc
model of the network ranking function is given o €1):

Wq

q U

W¢
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Ui=up - u ¢

1)

wherei represents the candidate netwddk,is the overall
utility for network ranking andi, Uy, U are the utility functions
defined for energy, quality and monetary cost fetworki, we,
W, W are the weights for the three considered critenmeergy,
quality and monetary cost, respectively anct+ w, + w, =
1. The network ranking function is computed for eafhthe
candidate networks and a ranked list is send toURAN
mobile node. The utility functions used were pregiy proved
to be efficient in a wireless multimedia heterogarse
environment [15].

a) Energy Utility — y

The estimated energy consumption for a

application is computed using eq. (2) as defingd &

E = t(rt + Threqrd) 2

the HetNet

real-time D-.

1 ’ E < Emin

- 3

ue(E) = % Emin <=E< Emax ( )
- 0 " , otherwise

where E is the energy consumption for the curretivark
(Joule), and R and B,y are the minimum and maximum
energy consumptions needed for the current videzasting
application to run until completion, being calcelhtusing eq.
(2) for Thyi, and Th.., respectively.

b) Quality Utility — u,

A zone-based quality sigmoid utility function isegsto
map the received bandwidth to user satisfactior]. [The
mathematical formulation of the utility functionathmaps the
quality of the multimedia application is given iq.€4):

0 , Th<Th,,

-a(Th?
u,(Thy =41-e #™
1 ,

4)

Ty, <=Th<Th,
otherwise

where o and g are two positive parameters which
determine the shape of the utility function amt is the
predicted average throughput for each of the cantelid
networks. The minimum throughputit,) is a threshold to
maintain the multimedia service at a minimum acaielet
quality level, values below this threshold resaltuihacceptable
quality levels. Whereas values above the maximuoutihput
(Thmay threshold will not add any noticeable improverseint
the user perceived quality. The valuesdoandf3 used in this
study are 5.72 and 2.66 [17], respectively

c) Cost Utility - 4

The cost utility is important as there is a naturaman
tendency to reduce the monetary cost. The matheahati
definition of the cost utility is given in eq. (B)5].

1 ' C< Cmin (5)
Cmax - C —
uc (C) ) Cmax - Cm\n Cmin <_ C < Cmax
0 , otherwise

whereC is the monetary cost for the current netwdzk;,
and C,x are the minimum and the maximum costs that the
user is willing to pay.

Proposed Utility-based Reputation Function

The network ranking function provides a list of ked
networks based on the overall scores obtained ubmgtility
function defined in eq. (1). These scores are theeeted

wheret represents the transaction time (s) which can baetilities that the users will receive once conndcte a

estimated from the duration of the video streamis the
mobile device’s energy consumption per unit of t{Wg, Theg

is the required throughput (kbpsy,is energy consumption rate
for data/received stream (J/Kbyte), aBds the total energy
consumed (J). The parameterandry can be determined by
running different measurements for various amowftslata
and defining an energy consumption pattern for eaienface
[15]. Based on the estimated energy consumiicthe utility
for the energy criterig, is computed using Eq. (3) [15]:

particular network. However, during the connecti\session
with the target network, the network conditions htighange
thus the utility received by the user might be etfiéint from
the initial expected utility. In order to reflechis in the
network selection process, at the end of every-negvork
interaction, a network reputation factor is comput&hus, a
new utility-based reputation function is given op €6):

Uri = 7,U; (6)

where: Uy is the utility-based reputation-oriented function
for candidate network ) is the reputation factor for netwoirk
and U; is the network ranking function for netwoik The



network reputation factory,
observed by the user in the past interactions métiwvorki, the
higher the value of the network reputation factoe smaller
the observed degradation. The network reputatiatorfais
computed for each network and then used in the aré&tw
selection process as defined in eq. (6). The nétwath the
highest score is selected as the target network.

* Network Reputation Factony

In order to keep track of the past experience véath
particular network and strengthen the cooperatietwben
users and networks, a reputation facjoris defined. y is
computed based on the user's past interactions with
network. It is assumed that at the first contativeen the user
and the networky =1, meaning that the network reputation
factor will not have any impact on the selectiortlare is no
history between the user and the network. In otdgrevent
the case in which an operator, after getting higfhutation in
the past, can change the attitude by providing @exdadation
in the recent times, the user-network interactiemesweighted.
For example, people tend to remember the recerdrexges
more than the past ones, for this reason the prese
interactions will have a higher weight which wileduce
smoothly as the interaction becomes older [10]. sThihe
network reputation factory for a networki, is defined based
on the age of the user-network interaction as gineay. (7).

n
Z] WjiUEl'i/
n

y, = 7)

represents the degradation his Office (point F), he is passing across sevesdlilable
wireless networks (e.g., UMTS and WLAN) which may
belong to the same, or to different network opemtbirst the
user is connected to the UMTS network which haswitest
range (point A). As he passes through the aredsamtumber
of other available networks (e.g., WLAN A and WLA, a
network selection decision has to be made at tHewimg
points: B, C, D, and E as marked in Fig. 4. Becaheanobile
user is taking the same path every day, it candmsidered
that he has a history of interactions with différevireless
networks he accessed on his way. The outcome of @ser-
network interaction is given by a reputation factor each
visited network. This enables a reputation-basetivork
selection mechanism to be built (point F).
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B. Setup Parameters and Asuumptions
In the above presented context, the user profilesia for

wherew; represents the weighted assigned to interagtionthe network ranking mechanism includes the follavin
with networki, andUg; is the experienced utility at the end of settings: the preferences for energy, quality aodetary cost
interactionj with the networki. Ug; is computed with eq. (1) and the minimum and maximum cost the user is vgllio

by using the actual values experienced by the atstie end of
each user-network interaction.

spend for multimedia services, suchGg, = 0, andCr = 1
respectively. The costs for each of the three niedsvo

The weightw; is computed using the eq. (8) defined below: considered as in Fig. 4 are set to: WLAN A — 0.Btseper

U-n
_ (e

)
Wi =D

ji (e—n/p_ 1) (8)

unit of data, WLAN B - free hot-spot, and UMTS 9 @ents
per unit of data. The user is running a 600 secdodg
MPEG-4 multimedia stream, and it is assumed tha th

Multimedia Server stores five different quality ébs of the

wherej is the interaction with the networkn is the total

multimedia stream with the encoding settings priesknn

nur_nber of interactionsp is the i_mportance_tolerance _of the Table | [15]. Thus, Thn = 0.120Mbps, Tha= 1.920Mbps,
weight. The values ofy; are within [0,1] interval, with 1 and Th,~= 0.480Mbps. In terms of energy consumption of the
representing high importance and O representing lowhopile device, the values for the energy consumptide per

importance, as the importance of the user-netwatdraction
is reduced with time passing.

unit time ¢) and
data/received streamg] under various network conditions are

the energy consumption rate for

listed in Table Il [15]. The values for k& and E,, are 983.4

IV. NUMERICAL RESULTS ANDDISCUSSIONS

In this section, the simulation scenario will besclibed

Joules and 434.75Joules, respectively [15].

TABLE |I. ENCODING SETTINGS FORMULTIMEDIA LEVELS

and the numerical results analyzed.

A. Scenario Description

The proposed algorithm was analyzed using a saenari Level

from a typical day in a business professional W&o wants

to be always best connected to the Internet inrci@access

multimedia content from a multimedia server while bis

regular commute to work as illustrated in Fig. 4s #e

mobile user is travelling every day from his Horpeifit A) to

Encoding Parameters
Quality Video g;{g&ll Resolution Féi';’;e Audio
Codec [Kbps] [pixels] [fps] Codec
QL1 H 264/ 1920 800x448 30
QL2 | MPEG4 960 512x288 25 AAC
oL3 AVC 480 320x176 20 K%‘ZS
QL4 | Baseline 240 320x176 15 | gKHz
QL5 Profile 120 320x176 10




TABLE Il. R; AND R, VALUES FOR EACHINTERFACE

Interface ri (W) ra(J/KB)
UMTS 1.058 0.000388
WLAN A Near AP 0.6341570 0.0003869
No Load Far AP 0.6690961 0.0002377
WLAN B Near AP 0.6641148 0.0003660
Loaded Far AP 0.7115433 0.0004889

Using the values for;rand g for each interface and
network conditions, the values for the computedgné& for
each quality level, using eq. (2) are listed in [€dkl. As the
UMTS network has a maximum theoretical data rate
384kbps, a subset of three out of the five quaditiels were
considered for streaming over UMTS.

TABLE Ill. COMPUTEDENERGY [JOULE]

WLAN UMTS

No Load, No Load, Load, Load, Far Mobile
Near AP Far AP Near AP AP Network

QL1 861.1 87& 897 130( N/A
QL2 624.2 625 658 841 N/A
QL3 501.2 486 541 614 747
QL4 440.8 439 478 515 691
QL5 412.9 420 438 468 663

C. Impact of User Preferences on Network Selection

In this case, compared to selecting QL1 on the tietevork, a
26.6% decrease in energy consumption is achievekb wie
impact on video quality is not significant. Thuy, lsing the
multiplicative exponential weighted function in €4) a good
trade-off between energy-quality-cost is achievedardless
the user preferences on the criteria.

D. Impact of Importance Tolerance on the Interaction
Weights
As previously mentioned, in order to strengthen the

otooperation between users and networks and keéziok of

the past experience, a network reputation factas defined,
as in eq. (7). By defining the interaction weighteiq. (8), the
reputation computation becomes more dynamic prevgitte
case in which the operator would degrade the aff€peS to
the mobile user after gaining high reputation ia ffast. For
example, imagine the scenario where a mobile uagrahpast
history of six interactions with a network. The glais for
each interaction are computed using eq. (8) witl6 and
using different values fg (e.g., 1, 2.5, 5, and 10). By varying
the values op the importance tolerance of the weights in the
final decision is analyzed. Figure 5 illustrateg thssigned
weights for each of the six interactions for vagyiralues op.

In order to study the impact of user preferencespn the X axis the number of interactions is repmesst with O

represented by the weights’ values, on networlkctiele terms
the case of Point C in Fig. 4 is considered, whieeemobile
user has a choice of three networks: UMTS, WLAN Mo (
Load and Far from AP setup), WLAN B (Load and Na&&r
setup). Three case studies are consideredba@nced user
with we=0.4,w,=0.4,w:=0.2, where the user is willing to pay a
certain amount while maintaining a balance betwéen
quality level and the energy consumption; €aual interest
user with we=0.33,w;=0.33,w=0.33, where the user equally
cares about the three criteria enery, quality,;crsd (c)cost-
oriented usemwith we=0.1, wy;=0.1, w;=0.8, where the user is
cost aware and has a strict budget. The overatedtmction
computed with eq. (1) for all three case studies lested in

Table Ill.
TABLE IV. OVERALL SCORERESULTS

oLL QL2 o3 | o4 | QL5
anceg]WLAN A | 0.5116 | 0.7365 | 0.6010 | 0.3965| 0.2382
Bauir;“;e WLAN B | 0.4774 | 0.7349] 0.603 0.3998  0.2427
UMTS | N/A N/A | 04132 | 0.2827| 0.1741
Equal |WLANA | 05656 | 0.7636] 0.645] _ 0.4581 _ 0.3009
Interest |WLAN B | 0.5434 | 0.7756 | 0.6596 | 0.4689| 0.3110
User | UMTS | N/A N/A | 0.4370 | 0.3195| 0.2142
Cost- |WLANA | 0.7816 | 0.8560| 0.813§ 0.733P _ 0.64%5
Oriented [WLAN B | 0.8312 | 0.9259 | 0.8815 | 0.7949| 0.7019
User | UMTS | N/A N/A | 05120 | 0.4657| 0.4126

being the most recent interaction and 6 being thiesd
interaction. As only the last 6 user-network intti@ns are
considered, the "interaction’s (represented by 6 on the X
axis) weight is zero. On the Y axis the assignedgkteis
illustrated, the most recent interaction is the mogortant,
its weight being 1. As it can be noticed, for snvallues ofp,
(e.g., 1 or 2.5) the assigned weights’ utility isadually
becoming less important as the interactions becaoloer. For
high values op, (e.g., 5 or 10) the assigned weights’ utility is
decreasing faster, almost linearly, as the intevastbecome
older. In this work, the value @f is considered to be 2.5 as it
presents a more gradual decrease in the importaterance
of the user-network interaction.
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The results show that in case of a balanced usenfdhe
three networks and the five quality levels, the posed
network selection mechanism will select QL2 on WLAN
meaning that the user is willing to pay 0.2 cemtt/af data to
receive QL2. Compared to the case of selectinghtgbest
quality level, QL1 on the free network, the useuldoachieve
up to 30% in energy savings. In case of equal éstauser and
cost-oriented user, the outcome is the same, aitl tser
preferences will select the free network, WLAN BwQL2.
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The network reputation factor for each of the nekso
considers the lasin user-network interactions. These n
interactions can be more frequent with some ofrtbvorks
more than with others. Meaning that the interadtioith a
certain network can happen over the last few ddysreas the
interactions recorded for another network couldehtaken
place over the last year. This aspect howeverti€masidered
by the reputation factor presented in this work ibgbuld be
considered as part of future work.

E. Impact of Network Reputation on Network Selection
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(1]

(2]

The diversity in user preferences and applicationg

requirements will generate different reputationtdées for the
networks they visit. Considering again the scenariig 4.,
and assuming that the mobile user had six useremktw
interactions, we analyze how the network behaviidirimpact
the network reputation utility function in eq. (6)is assumed
that the expected utility from WLAN A QL2 is 0.736%
listed in Table IV, and that over time WLAN A oftera
degraded QoS, taking advantages of the good rémutom
the past. This is reflected in the experiencedtytile after
each interaction along with the interaction weighktdues,
listed in Table V, where interaction 0 is the mastent user-
network interaction. The network reputation fadtmr WLAN

A is then computed using eq. (7), resultingfiaw = 0.5128.
Thus the next time the network selection procekastplace,
the overall score is calculated with the utilityskbd
reputation-oriented function in eq. (6), where #egected
utility is 0.7365, however with the new reputatidactor

MKuiana , the new score for WLAN A will drop to 0.377. Thu
even though WLAN provided the expected QoS to tlobita
user, the recent degradation in QoS affected ipsitagion
reducing its score value and its probability ofngeselected in
the future network selection process.

TABLE V. EXPERIENCEDUTILITY WITH WLAN A

Interactionj 5 4 3 2 1] o0

Experienced | 2365 | 07201 07105 0700 0.608 0.589
Utility Ug

Interaction 036 | 061 | 077| o088 095 1
weightw

V. CONCLUSIONS ANDFUTURE WORK

This paper proposes URAN, autility-based Reputation-
oriented Access Network selection strategy for HetNets.
URAN combines the utility theory with the reputatitheory

(4]

5]

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

(14]

[15]

to build a reputation-based system between useid an

networks in a HetNet environment. URAN takes into
consideration user preferences, energy consumpfothe
mobile device, the quality of the multimedia apations, and
the monetary cost of the network to select the edte
network that satisfies the users’ needs and previlgentives
for the user-network interaction to maintain cogpien in
long term by integrating a reputation-based systéumerical
results show that URAN achieves a good trade-offveen
energy-quality-cost acting in the user’s best idés.

[16]

(17]

REFERENCES

C.B. Sankaran, "Data offloading techniques in 3G#R10 networks:
A tutorial," IEEE Communications Magazineol. 50, no.6, pp.46-53,
June 2012.

‘Cisco Visual Networking Index: Global Mobile Dataaffic Forecast
Update 2014-2019 White Paper, Cisco. [Online]. iflde:
http://cisco.com/c/en/us/solutions/collateral/seevprovider/visual-
networking-index-vni/white_paper_c11-520862.htmlAc¢essed: 05-
May-2015].

V. Rakocevic, J. Griffiths, G. Cope, “Performancelgsis of bandwidth
allocation schemes in multiservice IP networks gaitility functions,”
Proceedings of the 17th International Teletrafficr@ress, (ITC)2001.

S. Buchegger et al., “Reputation systems for sgjfoized networks,”
IEEE Technology and Society Magazine, vol. 27, hopp. 41 — 47,
2008.

M. Zekri, and J. Pokhrel, “Reputation for Vertiddandover decision
making,” Procedings of 17th Asia-Pacific Conference on
Communications (APCC) , 318-32811.

M. Zekri, B. Jouaber, and D. Zeghlache, “An enhadnamedia
independent handover framework for vertical hando\egision making
based on networks’ reputationProcedings of the 37th Annual IEEE
Conference on Local Computer Network83—678, 2012.

IEEE 802.21-2008, Standard for Local and Metropalit Area
Networks-Part 21: Media Independent Handover SesyiclEEE
Computer Society, Jan. 2009.

D. Giacomini, and A. Agarwal, “Vertical handover aigon making
using QoS reputation and GM(1,1) predictio®focedings of IEEE
International Conference on Communications (1C&8855-5659, 2012.

D. Giacomini, and A. Agarwal, A., “Optimizing endser QoS in
heterogeneous network environments using reputatiwh prediction,”
EURASIP Journal on Wireless Communications and Weting, 2013.

R. Trestian, O. Ormond and G.-M. Muntean, “Reputabased
Network Selection Mechanism using Game Theory’etiksr, Physical
Communication, vol. 4, no. 3, pp. 156-171, 2011

R. Trestian, O. Ormond, and G.-M. Muntean, “PoweHdly Access
Network Selection Strategy for Heterogeneous Wa=ldultimedia
Networks”, IEEE International Symposium on Broadband Multiraedi
Systems and Broadcasting (BMS#), 1-5, 2010.

T. Bi, R. Trestian, and G.-M. Muntean, “RLoad: Rggiion-based
Load-balancing Network Selection Strategy for Hegeneous Wireless
Environments,” 21ST IEEE International Conference on Network
Protocols (ICNP) Gottingen, Germany, 2013.

T. Bi, R. Trestian, and G.-M. Muntean, “Reputatlmased Network
Selection Solution in Heterogeneous Wireless Netviorvironments,”
12th Information Technology & Telecommunication feeence (IT&T),
2013.

Q.-T. Nguyen-Vuong, Y. Ghamri-Doudane, N. Agoulmiti®n utility
models for access network selection in wirelesserogeneous
networks,” IEEE Network Operations and Management Symposium
(NOMS),pp. 144-151, 2008.

R. Trestian, O. Ormond, and G.-M. Muntean, “Perfanae evaluation
of MADM-based methods for network selection in a ltimedia
wireless environmentWireless Netwpp. 1-19, Dec. 2014.

K. Mahmud, M. Inoue, H. Murakami, M. Hasegawa, HorMawa,
“Measurement and usage of power consumption paeasnef wireless
interfaces in energy-aware multi-service mobilemieals,” 15th IEEE
International Symposium on Personal, Indoor and NobRadio
Communications (PIMRCvol. 2, 2004, pp. 1090-1094.

R. Trestian, A. Moldovan, C. H. Muntean, O. Ormoraahd G.-M.
Muntean, “Quality Utility modelling for multimediapplications for
Android Mobile devices,TEEE International Symposium on Broadband
Multimedia Systems and Broadcasting (BM&B)L2, pp. 1-6.



