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Abstract—The diffusion of mobile devices, equipped with  technologies are different, as in the case considered in
many different network interfaces, offers great benefits to  this paper, the handover is called vertical.

mobile communications, by allowing the fruition of network ; : : At ;
services through differentyRa dio Agccess Networks (RANS). An important field of practical application of_the vertical _
On the other hand, the development of the IEEE 802.21 handover anql of_ the related NetW(_)rk Selection process is
Standard, which facilitates the interoperability between Remote Monitoring. A representation of such a service is
different access networks, assures further performance im- reported in Figure 1: an MN, represented in the figure as
proveme_nts. In this scena_rio, Network Selection is the action g mobile phone, is supposed to be physically associated to
of choosing the best Radio Access Network (RAN) among a g gpject (e.g., a train, ship) to be monitored. The arrow
set of available heterogeneous radio links. Within this topic, . _. o 1
the main contribution of this paper is a performance com- in Figure 1 indicates the MN movement, _Star_t!ng from the
parison, obtained through a simulator developed by using left, the MN detects a WIMAX RAN availability, runs a
Network Simulator 2, among different network selection  network selection process and as output of the process,
algorithms, within the framework of the 802.21 standard.  decides to switch from the access technology in use to
the WIMAX RAN, thus performing handover. During the
Index Terms—Mobile Communications, IEEE 802.21 movement, the MN checks the availability of alternative
Standard, Network Selection, Performance Comparison, access networks but, also in case of availability, after
Simulation. running the network selection process, decides that the
best RAN is the one in use. Going on, the MN detects an
I. INTRODUCTION UMTS RAN available but, in this case, as output of the
HE diffusion of mobile devices, called in this paper Network selection algorithm, leaves the RAN in use and
Mobile Nodes (MNs), equipped with many different Performs the handover. Another handover towards a new
radio network interfaces, such as WiFi, WiMax, UniversalWiFi RAN is shown at the right end of Figure 1. Each
Mobile Telecommunications System (UMTS) and Long-MN should be connected every-time and every-where to
Term Evolution (LTE), assures great improvements in@ core network in order to access a set of dedicated
mobile communications. MNs could be inside an aresservices and to send data. An interesting operative frame-
covered by more than one Radio Access Networks (RAN)Work for remote monitoring is represented by Intelligent
Each RAN has its own Point of Access (PoA) called Transportation Systems (ITSs) [1]. In this case each MN
Radio Base Station (RBS) in case of cellular networkIS associated to a vehicle that transports goods (e.g., a
based access (UMTS, LTE) or Access Point (AP) in caséontainer) that need to be monitored. The MN operates as
of wireless local area network-based access (WiFl). Eachink of the information about the monitored goods such
RAN has different characteristics, defining an heteroge@s integrity, temperature, and position through a set of
neous scenario. MNs can take advantage of such heter§ensors and, simultaneously, allows accessing available
geneity because RANs guaranteeing the best commurfiRANS.
cations performance can be selected: the action is callethe purpose of this paper, which is an extended version of
Opportunistic Vertical Handover - Network Selection, onthe paper [2], is to compare different Network Selection
which this paper is focused. Network Selection is thealgonthms available in the literature. This Compal‘ison is
main function of the handover procedure that is applied:arried out thI’OUgh simulations. Tested algorithms have
when an MN switches the connection from the RAN inbeen developed and integrated in the Network Simulator
use to another. If the RANs involved belong to the same2 (ns2) software module that integrates the functions
radio technology, the handover is said horizontal (e.g.0f IEEE 802.21 standard. The paper is focused on two

the traditional handover of cellular networks). If radio @spectsi) overview of the main Network Selection tech-
niques in the literature, ani) performance comparison

This work is an extended version of the paper presented t2Qt8 among the surveyed techniques, obtained through the
International Symposium on Performance Evaluation of Computer and f . d si lati | ’
Telecommunication SystenfSPECTS2013) held on July 7-10, 2013, aforementioned simulative tool.

Toronto, Canada. The paper is structured as follows: Section Il summa-
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Remote Host

« Media Independent Command Servi(dICS): it
includes all the functions which forward control
instructions from the upper layers to the lower lay-
ers (e.g., information about the available networks
configurations).

« Media Independent Information Servi¢MIIS): it
defines a set of functions that provide the mecha-

[ranyseeced ] nism to retrieve information and help the handover
handover | decision.
o « 0 A key issue considered by the IEEE 802.21 framework
i MN detects MN detects a i X .
| avaax N WIFiRAN is the standardization of the overall procedure needed

e T N to support the handover execution. The operations are

WAMAX (oot n e already in use UMTS (ot inuse) grouped into three phases:

« Handover Initiation it is the first phase of the
handover and includes the signalling with the Point
of Access - PoA in use, which will be changed,
and some preliminary measurements on the available
RANS.

« Handover Preparationin this phase the MN selects
the network that will be used after the handover (i.e.,
it runs the Handover Decisions / Network Selection
procedure), and the negotiation for resource reser-
vation aimed at guaranteeing QoS requirements is
started.

« Handover Executionin this final phase the traffic
flows sent by the MN move to the selected RAN so
leaving the network access in use.

Although all these phases, further detailed in Figure 2,
are explicitly taken into account in the standard, the
Il. IEEE 802.21 SANDARD implementation of a specific network selection strategy
Main IEEE 802.21 Standard [3] purpose is to facilitateIS noF defm_ed. AS a consequence, the choice of suitable
.~ algorithms is still an open issue.

the whole handover process among RANs, to maintain

active communications and to limit any degradation of the

Quality of Service (QoS) during the handover executions. - Old link configuration

Such a type of handover, called seamless, is transparent Initiation 'Ead'(’_ measurement

X - New link discovery
for users because they ignores the network handover

execution while they are using a mobile device. The

Fig. 1. Example of Remote Monitoring System.

rizes IEEE 802.21 Standard main features and func-
tions, and highlights the crucial role of the Network
Selection process. Section Il surveys the most important
Network Selection algorithms by distinguishing Single
Performance Metric Optimization (SPMO) and Multiple
Performance Metric Optimization (MPMO) techniques.
Section IV describes the simulator adopted by the authors,
the considered simulative scenario, the evaluated perfor-
mance metrics, and the numerical results of the simulation
campaign aimed at comparing the surveyed Network
Selection criteria. Section V contains the conclusions.

standard defines four logical elements: - Scanning RAN

1) a MN equipped with multiple network interfaces, \ - Security check*
able to be connect to different radio technologies, Preparation |- Q0S context ransfer
which compose, from the protocol stack viewpoint, (HANDOVER DEC!SION*I

- Resource reservation®
lower layers.

2) A set of functions that trigger the handover proce-
dures of the MN protocol stack. Y L2 Signalling*

3) A new virtual layer, called Media Independent Han- Execution |- Higher Level Signalling*
dover Layer (MIH Layer), that plays the role of a - Traffic flows redirection*
common interface between each network interface,
lower layers, and MN upper layers. * not included in the

IEEE 802.21 scope

4) A set of logical functions, called Media Indepen-
dent Handover Functions (MIHF), which enable theFig. 2. Functions of the 802.21 Standard.
interaction between MIH Layer, lower and upper

layers. I1l. OVERVIEW OF THE Network Selection
The standard defines three types of MIHF: ALGORITHMS

« Media Independent Event Servi@¢¢IES): composed The literature includes two main families of Network
of all functions that report to the upper layers infor- Selection Algorithms: Single Performance Metric Opti-
mation sent by the lower layers (e.g., the variationamization (SPMO), and Multi Performance Metrics Op-
of the link conditions). timization (MPMO). SPMO algorithms select the RAN
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by considering only one performance metric. MPMOB. Multi Performance Metric Optimization

algorithms consider multiple metrics, simultaneously, 0 \itiple metrics are simultaneously taken into account.

_Srile‘:t t?te TAI‘(N todbe gmployet)d. ¢ the RAN to select i Metrics may be structured into three categories:
© entily faking decisions about the 0 select1s i) QoS-based, such as RSSI, transmission rate, band-

called Decision Maker (DM). width throughput, packet loss rate, delay, and jitter.
i) Power saving-based, such as power consumption
and MN battery lifetime.
iii) Other parameters-based, such as monetary cost,
From the formal viewpoint, each available network user preferences, and security level assured by each
represents an alternative that is evaluated by using one RAN.

performance metric, called attribute. The task DM is tOUsing the same mathematical formalism employed for
determine the best alternative, among the available oneg,e SpMO case. each available network represents an
accordingly to the maximization (minimization) of the 4jtermative that is evaluated using the metrics, called, also
performance metric, considered as a Utility (Cost) funcqp, this case, attributes. The task of the Decision Maker -
tion. Givenm available RANs, we denote tfadternatives by js 1o select the best alternative accordingly to a certain
with the vectorA = (Ay,---, 4;,---, An). The j-th  qriterion. MPMO algorithms are often characterized by
alternative is defined asl; = (z;), wherez; is the  higher computational complexity with respect to SPMO
performance rro1ettr|c (or attribute). The best alternative ig)nes, but they can optimize simultaneously more metrics.
identified as Ay, and is obtained by applying the | practice, these algorithms assure a compromise

A. Single Performance Metric Optimization

following criterion: between the needs of different metrics. While SPMO
algorithms chose the optimal solution regarding a single
Aosngo _ {Aj : arg max(xj)} (1) parameter,_ MF_’MO approaches may select a supoptimal

RAN considering a single parameter, but they find the

. . - . . optimal solution considering all the different metrics
Equation (1) is valid if the considered metric needs to, b d

. . . together.
be maximized (€.g., as in the case of received power). If ?Remembering that the vector of the alternatives (i.e.
metric has to be minimized (e.g., as in the case of pack '

B : oc (0.0, a8 I e fhe RANS) is denoted with = (Ay, -, A;, -+, Am),
0ss) thearg mjm(') operator is applied in (1). in the case of the MPMO approaches thth alternative
Among the possible metrics adopted by the algorithmss defined asA; = (v1j, -, Tij, - ,Tn ), Where

of the SPMO family, a widely used choice is the RSSl,z;; is the value of thei-th attribute (i.e., thei-th
adopted in [4] and [5], where the Received Signal Strengtidonsidered metric) of thej-th alternative andn is
Indicator (RSSI), usually representing the received powethe overall number of attributes used to evaluate each
expressed in [dB], is the considered parameter measuregkernative. The algorithms belonging to this group are
during the process of horizontal handover. Obviously, theften characterized by higher computational complexity,
same criteria can be used for vertical handover. Thisyith respect to the SPMO ones, but they can optimize
selection method is very simple: the MN measures thgimultaneously multiple metrics. Many criteria belonging
RSSI from the PoAs of all the available RANs andto the MPMO family can be formally defined. A sub-set
chooses the one with the highest value. Even if the methogf them is presented in the following.

is quite simple to be implemented, it does not assure

satisfying performance in the case of vertical handover 1) Simple Additive Weight - SAWhese algorithms [7]
because different technologies may have different RSSssign a value, calledost to eachalternativecomputed
value ranges, making difficult a fair comparison betweergs the sum of the normalized value of each considered
the values of this parameter. Actually the same RSShttribute. The normalization allows obtaining comparable
absolute value can be considered a satisfactory level fttributes values (i.e., ranging in the same inteftval1]).
received power for a RAN, while it can be insufficient for |n general, weights can be applied to each attribute to
another, depending on the considered radio technologgifferentiate its importance. The selected network is the

Its applicability is limited to intra-technology selections. one with the minimuntostas reported in (2):
Another weakness of this algorithm is the “Ping Pong N

effect”. It consists in a repetitive and useless handover N v g
between two access networks, which happens even if the Vsaw(4;) = ;wz Vsaw (€ij)

RSSI value of an alternative RAN is slightly higher than opt B _ .

the value of the RAN in use [6]. This negatively impacts Aypro-saw = {AJ' - argmin (V(AJ'))}
the QoS of communications and the battery lifetime of
MNs. The algorithms of the SPMO family have a very

low computational complexity, a low executiontime anda « A%, - ... is the alternative selected by the
limited power consumption. On the other hand, they may  SAW algorithm;

provide poor performance when the aim is optimizing « Vsaw(A;) is the value associated to theth alter-
multiple metrics. native 4; (i.e., the cost);

)

j=1,--,m
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. V;jw(zij) is the normalized cost of thg-th alter-  plifying, max H fi(z) is equivalent tOTLQZEZlnfj(IE),
native computed by considering tih attributez;;;

jeg jes
« w; is the weight associated to ttih attribute. where f;(z) are the utility functions. [14] also reminds

The weights must be selected by respecting the conditiowat the maximization/minimization of the sum of the
n 9 y resp g utility functions, if the utility functions are logarithmic,

Zwi = 1. The use of different weights can be usefulleads to a “proportionally fair” allocation.

i=1 ) o ) For these motivations WPM has been considered as a
also to separate “negative” and “positive” att”bUteS'comparison in this paper.

If an attribute represents a metric that needs to be 3) Fuzzy Logic: A well-known approach for the
minimized (such as packet loss rate, delay, jitter, anq\etwork Selectioris based on fuzzy logic [15], [16].
power consumption) is said “negative” and its weightryzzy |ogic is derived from the Fuzzy Set Theory in
has a positive sign; alternatively, if the attribute iS\yhich the variables may have a “truth value” that ranges
representative of a metric that needs to be maximizéfletween 0 and 1. In other words, fuzzy logic is a super-set
(such as maximum capacity, RSSI, battery lifetime, angf poolean logic which is employed to handle the concept
user preference) is termed “positive” and its weight is auf partial truth. Fuzzy logic is able to model non-linear
negative value. functions in a compact-set of arbitrary accuracy, and
Similar approaches can be found in the literature in [8]js ysed to solve many industrial problems such as real
[9], [10] and [11]. Among them, an inspiring example time control, automatic control, data classification and

of this method is contained in [8] which minimizes gecision analysis. The block diagram of a generic fuzzy
a function representing a generic cost related to the

employment of j-th network, depending on available 1A
bandwidth, power consumption, and monetary cost. [9] o Membership
proposes a Network Selection policy by defining the cost Fuzzyfication «— "2 e
of the j-th network as the weighted sum of RSSI and
available bandwidth, preliminarily normalized.
Inference L Control

2) Weighted Product Method - WPMihe WPM cri- Engine Rules
terion [12] assigns to each alternative a cost obtained by
the multiplication of the attribute values. This approach

allows avoiding the normalization needed in the SAW
method. The analytical formulation is reported in (3):
the weight applied to each attribute to differentiate its 1

importance is the exponent of the attribute value: A

De-Fuzzyfication

*

n N Fig. 3. Block Diagram of Fuzzy Logic Algorithm.

Vivrar(4;) = [ [ Vivoas (i)™

i=1 logic algorithm (i.e., applicable not only to thetwork

Selectionbut also to other problems) is reported in

Figure 3. The input is the vector of available RANs (or

j=1,--- m alternatives)A, evaluated according to the considered
(3) performance metrics (i.e., the attributes). The first

. is the alternative selected by the Step of the algorithm is thdéuzzyfication It maps the

A prro—wra = {Aj rarg rnjin (Viwpa(45))

opt
® AMPMOfWP

WPM algorithm; value of the attributes of each RAN into the fuzzy
« Vivpam(A;) is the value associated to theth alter- ~ S€ts according to thenembership functiomf each set.
native A;; Generic membership functions of three fuzzy sets are

. VV‘%M(xij) is the value of the-th attribute of the
j-th alternativer;;; 1.0
o w; is the weight associated to theh attribute.

Low Medium High

Also in this case the sign of each weight is positive if the 0.5
attribute needs to be minimised and negative if it needs

to be maximized.

Except for [12], WPM is not widely used even if it has 0.0 X

a clear logic. WPM is used in [13] as a reference tOrig. 4. Membership Function of the Fuzzy Logic Sets.

present a multi-attribute error analysis in order to make

more precise discrimination among competing alternativeshown in kgure 4 as an example. These functions are
under uncertain environment. LOW, MEDIUM and HIGH for thei-th attribute referred

In general, minimizing/maximizing a product of variablesto the j-th alternative,z;;. Each fuzzy set associated to
is equivalent, under given conditions [14], to minimiz- an attribute is assigned in accordance to the value of the
ing/maximizing the sum of logarithms. In practice, sim- attribute.
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The successive step consists in the employment of theeighted as in (4):
inferen@ engine according to given control rules, a
policy to evaluate the fuzzy set of the attributes of each Yij
RAN is defined.

The last phase is thdefuzzification the fuzzy output

generated by thénference enginds used to rank the - oht ated to théh attribute. Equation 4
i i ; is the weight associated to attribute. Equation
available alternatives. Wi '9 q

must hoId:Z w; = 1.

4) Mixed Approach:The Mixed Approach combines
the fuzzy logic with an additive cost function for the
Network SelectionThis method has been proposed in [17] "¢
where four parameters are considered as input at the DMS I ®).

Received Signal StrengthRES, available bandwidth, A+ = (vf, - 7UZ,+... o)
monetary cost, and user preferences. The algorithm is ) . ) )
applied to the selection of Wireless Wide Area Networks — ((mfx vigli € In), (minvigli € L)l =1, ’m)
(WWANSs) and Wireless Local Area Networks (WLANs) ;- _ (0, v e o) =

and is composed of the following three phases: L

=1
The fqllowiﬁg step is to compute theormalized positive-
ideal AT and thenormalized negative-ideal ~ solutions

L . minv;;|t € I1), (maxwv;;li € I ':1,~~~,m)

1) normalization of input parameters for each RAN; (( J i D, J i 2)lJ

2) fuzzyfication where the normalized values of all )
parameters is assigned to one of the three fuzzy, is the set of positive attributes, which needs to be
set: LOW, MEDIUM, HIGH; maximized, and’, is the set of negative attributes, which

3) computation of Performance Evaluation Valuepeeds to be minimized.

(PEV) and selection of the RAN with the highest Tg evaluate the distance between alternatives and ideal

PEV. points, the Euclidean Norm is applied as shown in (6).
Particular mixed approach is referred as Fuzzy-Simple n
Additive Weighted (F-SAW) in the performance St= Z(% — o)
evaluation. Similar Network Selectionalgorithms are i=1
described in [18], [19] and [20]. n (6)
Sg_ = Z(Uij —v;)

5) Technique for Order Preference by Similarity to i=1
Ideal Solution - TOPSISThis algorithm belongs to the j=1,---,m
family of Multi Attribute Decision Making (MADM)

The Similarity Index for the j-th alternativeA; is shown

in (7). The possible values are in the rarige- 1]: C; =
Qwhen4; = A~ andC; = 1 when 4; = A*. The
Best alternative (i.e., the selected RAN) has the highest
Similarity Index

methods.

TOPSIS is based on the concept that the chosen altern
tive should have the shortest distance, in euclidean term
from the positive-idealsolution and the longest distance
from the negative-idealsolution, as formally described

in the following. TOPSIS method is already used in other Cj =87 /(S7 +5)) (7
applicative scenarios such as sensor networks [21] as well
as in other fields such as economy and finance. IV. PERFORMANCE COMPARISON

Coherently with the notation previously employed, we  1pig section is structured into three contributiof)s:

consider a selection problem with possible RANS, definition of all adopted performance metrid$;detailed

or alte_rnatwes, chara_c_ten;ed by pe_rforn_]ance metric, description of the test scenario and of related parameters;
or attributes. Thepositive-ideal solution is the vector iii) obtained numerical results and comparison

At = (zf,--,x] -+ zt), wherex] is the best value

of the i-th attribute computed considering the values of

this attribute over all the available alternatives. Equiva-A' Performance Metrics

lently, the negative-idealsolution is the vectord~ = Given a single MN whereNetwork Selectioris per-
(xy,--,x; -~ ,x;), wherez; is the worst value of formed, four performance metrics (i.ex, = 4), equally
the i-th attribute. weighted {v; = 0.25, Vi € [1,4]), have been considered:
TOPSIS is aimed at ranking all possible alternatives on 1) Received Signal Strength IndicataR$S7), mea-
the basis opositive-idealand ofnegative-ideabkolutions sured by MN;

and enabling the DM to choose the best one. To reach 2) maximum Capacity () allowed by the selected
the aim aSimilarity Indexis computed by using the RAN to transmit traffic from a remote host to the
euclidean distance of each alternative with fhasitive- MN;

and negative- ideakolutions. To calculate th8imilarity 3) Monetary Cost /) paid by the MN to employ a
Indexall the attributes are preliminarily normalized and given RAN;
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4) Power ConsumptionH) of the MN. Cy, My and P,.
RSSI and C are “positive” attributes to be maximized, Two more metrics are adopted to evalubitstwork Selec-
M and P are “negative” ones to be minimized. tion algorithms:

C, M and P are static metrics. It means that their values 1) the number of handovers executed by the MR);(
are constant inside a given RAN independently of the MN  2) the Packet Delayl) measured in [s] and calculated

position. RSS! is a dynamic metric. Its value changes as the difference between the packet transmission

inside a RAN according to the MN position beif ST a time and the time in which the packet is received

function of the distance between MN and Point of Access by the MN.

(PoA). The values reported in the following figures are obtained
by sampling the metrics at each second of simulation

B. Heterogeneous Wireless Accesses Simulator and averaging the samples at the end of the simulation

The simulation tool adopted to teSetwork Selection for each simulation run. Simulations have been repeated
algorithms is the Network Simulator 2n¢2. The until_the average values of the measured mgtrics reach a
package provided by the National Institute of Standard§onfidence interval ofl0% of the measure with a5%
and Technology (NIST) [22] has been used to simulat&onfidence level.

IEEE 802.21 standard. . . .

Each simulated scenario contains a single MN that 1) BSSI: The RSSI is the typical metric used to
can access the following ten Radio Access Network§Stimate the quality of a generic radio link. Higher the
(RANS): a 2000x2000 [m] UMTS cell that covers the RSSI, better the Quality of Service (QoS) offered to

whole simulated area; a WiMax cell; and eight WiFi USErS. o

cells. Two different MN speeds are consider8dim/s] RSST values are shown in Figure 5. The performance
(pedestrian mobility case), already shown in [2], and

10 [m/s] (vehicular mobility case). The MN mobility
pattern within the considered area is random. The overall -2
duration of the simulations is set %00 [s]. Size and
position of the cell of each RAN are randomly set for
each simulation run (except for the UMTS) as well as
the values of the considered attributes whose range is
reported in Table 1. 7100""RsSib Cb _ Mb_ _Pb__SAW F-SAWWPM TOPSIS
Data transfer has been simulated by considering a remote Network Selection Algorithms

host generating a User Datagram Protocol (UDP) streafig. 5. values of theRSSI metric for different Network Selection
that is transmitted to the MN through the RAN selectedalgorithms.

by the employedNetwork Selectiomriterion.

_50,7

RSSI [dbW

-7

of MPMO approaches is similar for both considered
MN speeds. There is no advantage obtained by the
employment of a specific MPMO criterion: all criteria
are equivalent in terms oRRSSI. Concerning SPMO

TABLE |
RANGE OF THE CONSIDERED ATTRIBUTES

Parameters | Range Value techniques, obviously the highe&SSI is obtained by
Power Consumption] [0,16-0,22] W the RSSI, algorithm which considers only this attribute
Monetary Cost [1-10] during the selection process. It is important to note that
WiFi Capacity [1-20] Mbps th f f MPMO uti in thi .
WiNiax Capacity 2 Mbps e performance o solutions, in this case, is
UMTS Capacity 0.384 Mbps equivalent to the performance of teSS1, scheme.

Concerning the two considered mobility cases, there is

. e a slight performance increase (i.e., a higher value of
Monetary Cost is only an indicative number that ranks,[he RSSI) in the vehicular mobility case with respect
the netwak cost from M = 1 (cheapest) taV/ = 10 Y P

(most expensive). During the simulation runs, the applie&0 the pedestrian case. Being fixed both the size of the

Network Selectiomlgorithm is executed every|[s]. This EZZZ'::eredaf rr?iahaer;dstheeezlmtweatl(l\)/lnNpingga;hI;:r?eprt)ii?es
time is called Selection Period Obviously the vertical ' 9 peec. h

handover, and, consequently, thetwork Selectionacts at shorter distance from the PoAs and receives higher

only if more then one RAN is available at the MN when power levels.

the Selection Periocexpires. 2) Capacity: The Capacity () that a RAN assigns

. to the data transfer is a positive metrics that must
C. Numerical Results be maximized in order to improve the QoS of the
Evaluated MPMONetwork Selectioralgorithms are: communication.
SAW, WPM, F-SAW and TOPSIS. Four SPMO criteria The values of theC' metric are shown in Figure 6.
are tested. Each of them is thought to optimize one of thét is possible to note a performance increase with MN
attributes previously defined and are identifiedS:SI,, speed equal td0 [m/s] with respect ta3 [m/s] case in
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[]3 mis (13 mis
810 m/: o J10 m/:
g 5
Ke)
=0.
i j I“I“I“I II
RSSIb Cb Mb Pb SAW F-SAWWPM TOPSIS RSSIb Cb Mb P SAW F-SAWWPM TOPSIS

b
Network Selection Algorithms Network Selection Algorithms

Fig. 6. Values of theP metric fa different Network Selection

algorithms.

Values of theC' metric fa different Network Selection Fig. 8.

algorithms.

3

all cases except foMd, and P,. C, obviously assures

the best performance in both mobility cases but TOPSIS
guarantees similar performance, practically overlapped
to Cy for 3 [m/s] case. SAW and WPM assure satisfying
performance too in particular fot0 [m/s]. F-SAW is
less performing for this metric. SPMO algorithms that
do not considerC' as an attribute during the decision 0
process, do not assume satisfactory performance.

I

RSSIb Cb

Mb Pb ~SAW F-SAW WPM TOPSIS
Network Selection Algorithms

Fig. 9. Values of theH metric fa different Network Selection
3) Monetary Cost:The values of the monetary costs 2lgorithms.

obtained from the simulations are reported in Figure 7.

SAW, WPM and TOPSIS assure the closest performance

to the M, one. F-SAW performance is slightly worst. The obviously, very different. As shown in Figure 9, the
cost is almost the same for the two mobility cases. ~ number of executed handovers is much higher in the

vehicular mobility case with respect to the pedestrian one:
6 an MN moving atl0 [m/s] spends less time inside each
network then a MN moving & [m/s], so more handovers

N

13 mis
= Elo m/
RSSIb Cb Mb Pb = SAW F-SAW WPM TOPSIS
Network Selection Algorithms
Fig. 7. Values of theM metric for different Network Selection
algorithms.

4) Power: A user of a MN may be interested also in
limiting the power consumption of the MN in order to
increase battery lifetime. The values of themetric are

are necessary.
Network Selectioralgorithms produce the same perfor-
mance trends in both mobility scenarioSy, P,, and

M, are the approaches that determine the lowest num-
ber of handover executions. This happens because these
algorithms consider only a single static attribute during
the optimization process: when a RAN is selected, it
remains in use until the MN leaves it (i.e., a Link Down
event takes place [3]) or a new more effective RAN,
concerning the considered metrics, is entered (i.e., a Link
Up event happens [3]). On the contrary, t&SSI,
algorithm takes into account an attribute, tR§'S1, that
changes dynamically within a RAN. So an handover can

reported in Figure 8. Also in this case the results obtaine#e executed not only after a Link Up or a Link Down
in the two considered mobility scenarios are similar. Allevent, but also when the MN is inside a network but
the algorithms assure equivalent results almost overlappdfie algorithm selects another RAN that assures a higher
with the values obtained b#,. The power consumed by [SSI.

the MN in each RAN during each simulation is constantMPMO approaches are characterized by significant values

and its value is randomly selected within the range (0,160f the H metric because they evaluate multiple attributes
0,22) [W]. during the decision process and the same consideration

done forRSS1I, is still valid. Among MPMO algorithms,

5) Number of HandoversThe number of executed TOPSIS guarantees the lowest number of handovers.
handovers is a “negative” metric that should be mini- 6) Delay: Packet delayD is strictly linked to capacity
mized. An excessive number of handovers may impaoct’ and number of handoverdi. Figure 10, where
negatively the QoS and the power consumption of theD values are reported, shows that the delay is not
MN, which can be increased by the necessity to transmiaffected by mobility scenarios. This happens because the
the signals to carry out the handover. increased number of executed handovers in the vehicular
The numbetH of executed handover during the simulatedcase, reported in Figure 9, is compensated by higher
periods of500 [s] is shown in Figure 9. The performance available capacity obtained with an MN speed uf
obtained with the two considered mobility models are,[m/s], as shown in Figure 6.
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[0l

D is approximately the same for all schemes except
for M, and P, because they assign a small amounfio]
of capacity not compensated by the limited number of
handovers.

[11]

V. CONCLUSIONS

Network Selectioplays a fundamental role in mobile 12
communications. In particular Intelligent Transportation
Systems represent a possible application scenario where
efficient Network Selectiomay have a positive impact.
A performance comparison ofNetwork Selection
algorithms employed by a Mobile Node (MN)
presented in this paper. Results are obtained through &4
simulator that includes IEEE 802.21 standard functions.
The following Radio Access Networks (RANS) have been
considered: UMTS, WiMax and WiFi. The simulated [15]
environment includes two mobility patterns for the
MN: pedestrian3 [m/s], and vehicularl0 [m/s]. Two
classes of algorithms are considered: Single Performance
Metric Optimization (SPMO) and Multiple Performance [16
Metric Optimization (MPMO). MPMO techniques
consider, simultaneously, different performance metrics
(called attributes) during the selection process and, a
a consequence, try to find a compromise among the
employed metrics. Among the MPMO approaches the
TOPSIS algorithm shows satisfying performance for allt
considered metrics.

(13]

[19]
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