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Abstract: Problem statement: The next generation wireless systems should beyeedito support
heterogeneous traffic with seamless mobility. Ag@nnetwork alone cannot cope up with such
heterogeneous requirements. Hence it is desiralilgdroperate between diverse and complementary
Radio Access Technologies (RATS). In such systesar will switch between different Radio Access
Technologies (RATS) to satisfy the User/applicatiequirement and this process is known as Vertical
Handoff (VHO). The process of network switching hidmlee phases, network discovery, handoff
decision and execution. The decision phase playedruaial role in resource utilization and
user/application Quality of Service (QoS) requiramdience it was essential to model and evaluate
the handoff decision system along with VHO systeodeh. Approach: The traditional performance
models were optimistic models and would evaluatesystem performance under ideal condition by
ignoring failures and recovery in the system. Thailability models were conservative models and
would assess the availability/reliability of thesssm. The performabality models were combined
models of performance and reliability. The perfobiitg models were more realistic models of the
system due to the simultaneous consideration ddbpeance and reliability. Here the VHO process of
a next generation wireless system was modeled waidaged by an analytic performablity model and
performance of decision system is evaluated throtigh sensitivity analysis of VHO decision
parameter.Results: In VHO performance evaluation, the metrics of perfance evaluation are
handoff dropping probability and new call blockipgobability. The dynamics of these metrics are
depends on set of wireless network parameter ssichvailable Bandwidth (ABW), users, Bit Error
Rate (BER) and network traffic. The ABW, BER andwuk traffic is also parameter for VHO
decisions. The results of performance evaluatienuaed to develop a novel intelligent vertical lwihd
decision technique to achieve optimum tradeoff ketw set of handoff decision criteria. Finally,
sensitivity analysis of system parameters on faaffi¢ classes and two vertical handoff decision
algorithms along with intelligent vertical handafécision method were presenté&bnclusion: The
results of sensitivity analysis depicted that theQ/process in next generation wireless system needs
intelligent criteria based technique at the decisiaking phase of VHO process.
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INTRODUCTION traffic and user with ubiquitous network accessthis
scenario next generation wireless systems willatioe

The next generation wireless systems shouldiser/mobile terminal to freely roam among set of
support diverge network requirements of applicationcomplementary RATs to satisfy the application and
and user with seamless mobility. The single wireles user QoS requirements. The process of roaming will
system alone cannot cope up with such requiren@@nts involve switching of user and application session

Corresponding Author: Gowrishankar, Department of Computer Science argingering,
B.M. SreenivasaiaBollege of Engineering, Visvesvaraya Technologidgaiversity,
Bangalore-560019, India
445



J. Computer <ci., 5 (6):445-450, 2009

between two complementary RATs and this is called adecision metrics such as average power consumption
vertical handoff. The vertical handoff has threagds: and average user preference dissatisfaction. Bageth
network discovery, handoff decision and handoffmetrics are specific to a vertical handoff decision
executioff). The decision phase will play an important algorithm”#. A work was also reported on performance
role in the user/application performance and systenevaluation of vertical handoff system with four
performance. The user performance metrics are liandodifferent decision algorithm with respect to banditlvi
dropping and call blocking probability. The systemallocation and average delay of each flow of indiil
performance metric is network utilization. Thusrthes  algorithm with an ideal wireless environm@&ntini'®,
a need of efficient decision mechanism in meetingQ sensitivity analyses of handoff parameters are
requirement of user/application and optimum uttitma  considered for a delay sensitive traffic classarinideal
of network resource. In order to design the effitie wireless environment. In this research the
handoff system the designer needs to have degghtnsi Performability models were developed to analyze the
about the dynamics of handoff metrics and the $et dbehavior of vertical handoff decision system under
system parameters that influence on the dynamics akalistic wireless environment
these metrics. In this scenario it is hecessadeteelop
a realistic performance model to understand thdPerformability model: The Performability model is
behavior of handoff decision system. divided in to pure performance model and availapili
The traditional performance models are optimisticmodel. The system under study is having three &et o
models and will evaluate the system performancesund users and coverage area of each RAT is known &s cel
ideal conditions by ignoring the failures and remgvin ~ The first set of users is new users to the systath a
the system. The pure availability models aretheir network service request is originated frone th
conservative  models and will access thesame cell. The second set of users are those users
availability/reliability =~ of the systefl. The whose network service request is originated from
performability model is a combined model of different cell of analogous RAT but their mobilitg
performance and reliability/availabil In  restricted to different cell of the similar RAT. &¢e
performability model there is a simultaneoususers are called as horizontal handoff users. a$teand
consideration of both performance and availabilitythird sets of users are vertical handoff users thed
measuréd. Hence there is a need to developmobile terminals are equipped with heterogeneoud RA
performability model for vertical handoff decision access technology. In this system the network ABW i
system. The performability model parameters areesamdivided in to set of logical or virtual chanréls and
as handoff decision system parameters such as ABWhese logical channels are shared among set of. Uides
BER and traffi€. The results of performability models concept of guard channels are used to improve the
are used to develop an intelligent handoff decisiorhandoff performance in the systdm Here set of
system. The sensitivity analysis of handoff decisio performance metrics are vertical handoff dropping
system are carried out on four different class keg®  probability Rp, horizontal handoff dropping probability
traffic such as conversational, streaming, intévact P.pand new user blocking probabilityf?
and background. To validate the responsivenesheof t
intelligent handoff decision system, the decisigsteam  Performance model: Here, pure performance
is also compared with Simple Additive Weights (SAW) assessment of the handoff decision system is pgezken
and Technique of Order of Preference by Similarity The new user to the system will originate network
Ideal Solution (TOPSIS) handoff decision algoritfins  request at the rafe, and is assumed to follow a Poisson
the results obtained from proposed system ar@rocess. The horizontal handoff requests to the
promising. designated cell will arrive at the ratg and it is assumed
The early works of performance evaluation isto be a Poisson process. Vertical handoff requedise
mostly on homogenous handoff system either on purdesignated cell are at the rate and will follow the
performance of the handoff system or onPoisson Process. The mean service time of all tgpes
availability/reliability =~ model of the wireless users were assumed to follow negative exponential
network®®. Some works were also reported ondistribution with the mean rate 1/u. The total nemof
combined model and such models are called asirtual channel in the system are N. When the numbe
Performability modéfl. But all these performance of available channels are below the specified Hutesin
evaluation technique is limited to horizontal haffido the system will accept only horizontal and vertical
mechanism. In the field of vertical handoff perfamee  handoff request. The threshold limit is determirmd
evaluation, few works were reported on handofftwo positive integers Cand G. When the available
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number of channels falls below the threshold the by K and resulting equations are the realistic
proposed system will accept only vertical handoffperformance equation in the independent virtual
request. The vertical handoff users are given lsighe channel failure and recovery scenario. The paramete
priority than the other two types of users. The kdar values of Performability model are N = 50, & 20,
chain can be formulated for the above descripfiof?, G,=0-10A=7,1,=3,,=1, p =2y =3 ande = 2.
detail analysis of Markov chains are presented,eund Figure 1 shows variation of,pand R,p against number

steady state condition,f, P4p and Rp are given by: of guard channels.
The important observations from Performability
ACA LA J(@te) model are: Increase in the number of vertical héfndo
Ro (N)= : N! L guard channels will reduce thgdPout will increase the

P.p. Decreasing the number of vertical handoff guard
channels will increase they# but will decrease the
P.p. The validity of the observations can be made from
N ASAZA iz-(q+02) the Fig. 1.

TR In a next generation wireless system, it is dbkira
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Ro(N)=——5— 'Z; AT @ A aTaw (@ tomaintain guaranteed QoS to the all types ofsused
D I D) i optimum utilization of system resource needed.rtieo
o b e ) e+ y to provide better QoS to the user/application iegpuired
o nonie w oA N-(orc) to maintain Ro, PHD_and Rp in an acceptable limit. The
Zi £y AAGA, Y bandwidth reservation scheme may redugeifit at the
Py (N)= i iZc,e1 it 3) same time excessive bandwidth reservation willdase

Pupo, Pup and under utilization of network bandwidth.
Since all these are contradictory requirements taeg
cannot be satisfied simultaneously, it is desirablese a
Availability model: The availability model of the multi constraint optimization technique in achieyin
proposed system is when all N channels are falled t better tradeoff between set of system performance
the system is unavailable for data transmissiormeHe metrics. The performance parameters such as BER,
the system is modeled as independent failure-repaBW and network traffic are the input to the
model. Each virtual channel is subjected to time an optimization technique for achieving better tradeof
frequency selective fading and multipath fadingnthe between set of performance metrics. Some of thé wel
the virtual channel will be unavailable for dataknown techniques in solving multi constraint
transmission. The individual channel is availalolethe ~ optimization problem are Game theory, Markov Decisi
use by changing the mobile terminal position or byProcess (MDP), Genetic Algorithm (GA), Goal
channel equalization technidt’e The channel programming and Multi Criteria Decision Making
recovery is modeled as independent repair fatffity (MCDM) technique. Among these set of techniques
The failure rate of the channel is Poisson distiisu  MCDM is a most widely used methd

with the ratey. The channel recovery is exponential

i£+ i Aquj-Ol . i ACAfA ;(Cﬁcz)

= et j=e+1 It

repair time distribution of parameter distributiarith L xa0? . . . . o . 1
the parametet. The N independent channel failure and ]
recovery can be represented as a single dimension s} —HHD problem Jac
Markov Chain. The system availability can be modele \ "

n

as Markov chain. The steady state probability P(i),
where i is the number of available channel in tygtean

'S
-

and given by: :EE / ;

/) PE
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P(i)= i—lV x Z i—lV (4) 1 p d 1
[JN-0) | = [ N-0) b

VH guard channel

When K is the number of available channel the
system in the Eq. 3-5 the parameter N will be regdla  Fig. 1: Rpand Rp V/s VH guard channel
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MATERIALSAND METHODS RESULTS

Vertical handoff decison methods. The handoff Performance evaluation: Here, performance evaluation
decision process for network selection systemraui of three different MCDM algorithms with four
constraint based multi criteria decision systeme Th complementary overlaid RATs is presented. The
MCDM systems are classified in to conventional andattributes/criteria used for RAT selection are BER,
evolutionary methods. The common conventionalABW, traffic, coverage/seamlessness and cost. dbe f
methods are Analytic Hierarchical Process (AHPEYGr attributes such as BER, ABW, traffic and cost areirg
Relational Method (GRA), Multiplicative Exponent crisp values and the coverage attribute havingzayfu
weighting (MEW), TOPSIS and SAW. The linguistic value. The fuzzy linguistic attribute is
evolutionary approaches are Genetic Algorithm SGA),transformed in to crisp number according to stashdar
fuzzy logic and Artificial Neural Networks (ANNY. ruled™”). Table 1 presents characteristics of four RATS.
In this study for the performance evaluation two The sensitivity analysis for different weight for
algorithms from conventional method such as SAW andttribute value for four different traffic classes:
TOPSIS and neural network method from evolutionaryinteractive, conversation, streaming and background
approach is considered. traffic is shown in Fig. 2-5 respectively.

The SAW is the best known and most widely used
scoring MCDM methdff, a score in the SAW method is Table 1: Characteristics of RATs _
obtained by adding the contribution from each laité Efm)ogf ';'y‘i;("e"ork BER T{ﬁg&) Coverage AB(mpS) Cost
or parameters. Since two items with differentgz 802116 18 2.2 0717 88
measurement unit cannot be added, a common nutnerigq, 802.11b 18 4.4 0.500 6.6
scaling of each attribute is required and the poad  N-3 802.16e 18 8.0 0.909 15.0
scaling the attributes is known as normalizaticor. the — N-4 8021la 10 324 0283 216
normalized attributes based on its importance thights
are assigned. The score for each alternative mireut
by multiplying the weights to the each normalizedue
of attributes. Formally value of an alternative time
SAW method can be expressed as:

1
1
2
2

T2
| — TOPSIS
— WDN-RBF|.

n

V=Y wik,i=1,...,m )

=

Network BER

Where: oy TR B
v; = The score of each alternative e e o e
w; = The weight of each attribute R S TR

. i i 1 H i H i L H
rj = The normalized value of each parameter “07 0z 3 04 5 06 07 08 99 |
Weight of BER

In TOPSIS method with m alternatives that are ) ] o )
evaluated by n parameters is viewed as a geometrfcid. 2: Interactive traffic sensitivity to BER weig
system with m points in the n dimensional spaceeHe
chosen alternative should have shortest distandieto T F Ty T i
ideal solution and longest distance to the negatieal B =
solutior®!, i i b T

The application of ANN to solve complex decision b A B e i
problem is not very new and in particular to solve r | SRR R et R R B i s G SR st
MCDM problem for crisp attributes the feed-forward
ANN is used®. For fuzzy and fuzzy linguistic BET el
attribute values of MCDM system are explored using at
fuzzy Radial Basis Function (F-RBF) ANN and WDN 3t
(weighted Data Normalization)-RBF ANN'. No o}
work is reported on solving MCDM problem of R —
vertical handoff decision system with ANN method. o Weight of traffic
Here F-RBF method is proposed for vertical handoff
decision. Fig. 3: Conversation traffic sensitivity to traffieeight
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: : i — SAW
or : ¥ i : — TOPSIS
i —— WDN-REF]| |

sensitive to change in attribute weights than TGPSI
and WDN-RBF. The TOPSIS mechanism is stable and
responsive to the variation of attribute weights the
numerical calculations make it prohibitive to use
TOPSIS for online decision system. The vertical
handoff decision mechanism requires online MCDM
system The SAW and WDN-RBF are the ideal system
for online decision making.

Weight of traffic

Fig. 4: Streaming traffic sensitivity to traffic vght
24t
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Weight of ABW 4.
Fig. 5: Background traffic sensitivity to ABW weigh
DISCUSSION S.

In this study analytic performablity model VHO
along with performance evaluation of VHO decision
system is presented. First performability model of
vertical handoff decision system is illustrated.eTh
results of performability model along with handoff
decision system parameters are used to develop ANN
based MCDM system for vertical handoff decisioneTh
sensitivity analysis is conducted by varying theghies
of different parameters of MCDM system for four égp
of traffic.

CONCLUSION

The observations from performance evaluation and

sensitivity analysis are: interactive traffic imsiive to 8.

the BER, the streaming and conversation traffic is
sensitive to the network traffic and backgroundficas
sensitive to the ABW. The SAW MCDM is less
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