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ABSTRACT

It is well known that to provide seamless mobibityd transmission in heterogeneous wireless netwarks
vertical handoff technique is required to guarargeeAlways Best Connected. This paper thus presents
cost-based vertical handoff algorithm with combimatprediction of SINR (CPSVH) in heterogeneous
wireless networks to make handoff decision. Ourrapagh involves two steps, first SINR is predictgd b
combining GM (1,1) and BP neural network for acteiraming to trigger handoff, and then a handoff
decision on the optimal network is made by way @bat function. The cost function, on basis of mult
attribute QoS consideration, is composed of SINRerupreference, user traffic cost and available
bandwidth from accessible networks, with the weigheach attribute in the cost function calculaigda
fuzzy judgment matrix constructed for this purpddeanwhile, the stability period (defined as theting
time before handoff) is also taken into regardetduce unnecessary handoffs. The simulation reisultgs
study reveal that the proposed handoff scheme dotpes other approaches in terms of system
throughput, dropping probability, and vertical hafichumbers.

Keywords: Vertical Handoff, SINR, Combination Prediction, €Banction

1. INTRODUCTION maximize the expected total reward per connection.
The proposed approach in [3] determines the
The coexistence of different access technologiegptimal target network through two phases: 1) the
is one of the most prominent features of the fourttpolynomial regression RSS prediction and MDP
generation  wireless  networks (4G) [1].analysis; and 2) the TCP sender can accurately
Consequently, one of the popular trends ipredict the available bandwidth and increase the
heterogeneous systems is to integrate wireles$ loceetwork throughput by using the cross-layer
area networks (WLANSs) and cellular networks, e.gnformation. In [4] the algorithm, targeting themo
WCDMA system. To guarantee seamless roamingal and real time services, selects the optimal
and the best Quality of Service (QoS) for users inetwork from WLAN/WIMAX/UMTS on basis of
heterogeneous networks, an efficient and accurdigzzy logic. These vertical handoff schemes
vertical handoff is essential and indispensible. mentioned above using RSS as a basic indictor have
Nowadays, various works have appearet eir advantages. However, as thg attainable_ data
' ate of a mobile terminal is a function of received

covering the vertical handoff algorithm (VHA) S}gnal to Interference plus Noise Ratio (SINR), so

conqerning hgterogeneoqs technologies. In many fle using of SINR in integrated wireless networks
previous studies on vertical handoff, the Rece|veg

. . . as handoff indicator, unlike RSS-based vertical
Signal Strength (RSS) was taken as a basic dec'?'ﬁgndoffs, can provide a higher average throughput

indicator. According to the r_ole RSS plays there!nﬁ r users and achieve the best possible performance
these works can be categorized into two groups: 3 the system. In addition, a SINR-based vertical

the handoff decision is made by comparing RS andoff is more desirable to support better
with the predefined threshold [2]; and 2) RSS i?nultimedia QoS. Expectedly, the combined SINR
used only to initiate the handoff [3,4]. In [2], a : '

vertical handoff decision algorithm is formulateg b based vertical handoff (CSVH) discussed in [5]
adopting Markov decision process (MDP) todoes acquire a higher throughput compared with the
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RSS based vertical handoff, but the algorithm gives this paper, we use it to obtain SINR at the next
no consideration to other QoS parameters. In ordéme. The overall system throughputs can be
to provide a seamless vertical handoff supportingnproved by using non-predictive SINR based
multi-attribute QoS, a multi-dimensional adaptivevertical handoffs (e.g. CSVH and MASVH) against
SINR based vertical handoff (MASVH) algorithmthe RSS based vertical handoff, but this approach
is thus proposed [6], while the value of optimaltesults in lower data rate since SINR for terminal
parameter k in its handoff decision is notser is far below the pre-established threshold of
determined; though the predictive SINR verticathe current network at handoff point. Given the
handoff (PSVH) using GM (1,1) is suggested in [7]predictive SINR, the handoff process then will sstar
the performance of the proposed algorithm is naiff before the SINR falls below the threshold.
analyzed in depth. Therefore, the prediction-based scheme can achieve

With these problems concerning vertical handotjlJlgher data rate.

in mind, we formulate a cost-based adaptive vdrtic§ 2 The Combination Prediction Of Sinr By Gm
handoff algorithm with combination prediction of =" (1.1) And Bp Neural Network y

SINR (CPSVH) in integrating WLAN and ' P
WCDMA networks to ”?a"e handoff de.C'S'0n' In The accuracy of predictive SINR exerts great
regard to the _four service f:lasse_s defined by ﬂ?ﬁfluence to handoff event, and a wrong handoff
Th|r_d Generation Par'Fnershl_p Project .(3GP.P)’ th((fecision will be made if the SINR estimation is not
vertical handoff algorithm gives consideration to ccurate, yet it is difficult to achieve a higher
SIN.R’ user tra_ffic cost, user preference a.naccuracy, using single prediction methods.
available bandwidth of each_ WLAN access Po'nﬁonsequently, a combination of different single
(AP) and WCDMA base station (BS). The optima rediction methods can make full use of the
network can be determined through cost function iI formation acauired bv each sinale orediction
which the weight of each attribute is calculated b ethod redugin ran)c/iomness agnd Fi)m rovin
fuzzy judgment matrix. The proposed scheme here ' 9 b 9

consists mainly of two steps: 1) the combinatiorgrediaion accuracy significantly [9]. Although the
orediction of SINR by GM (1,1) and back- rey model GM (1,1) is quite suitable for prediatio

propagation (BP) neural network to fix the accurat%f highly noisy data such as SINR [10], the results
timing of triggering handoff; 2) the decision ofeth btained by using GM (1,1) prediction cannot meet

. : - the requirements in actual situation as the SINR
optimal network by cost function. In addition, the - :

. : . . change is highly nonlinear because there are many
stability period is also considered to reduc

factors that affect SINR due to the complex

unnecessary handoff during the deCIS'on'mak'n\%ireless environment. The BP neural network,

process. The simulation results in this pape . . L
indicate that our handoff approach not only selecet%apable of self-learning and parallel distribution

i S rocessing, can approximate any complex nonlinear
the optimal network through con_s!derlng the us unction without determining the relationship
preference and network conditions, but als

outperforms other approaches regarding svste etween neurons in advance [11]; nonetheless, it
P PP . garding - SyStefi}oquces residual error. Considering the fact that
throughput, system dropping probability, an

vertical handoff numbers. M (1,1) model is highly s_uitable for correcting
residual error, so the coupling of the two models,

The remainder of this paper is organized alenefiting from their complementary effect, can

follows. Section 2 describes the combinatiorenhance the reliability of prediction results. By

prediction of SINR using GM (1,1) and BP neuratombining the advantages of both GM (1,1) and BP

network, while the cost function and handoffneural network, this paper then presents a nonlinea

decision are specified in Section 3. Section #odel to predict SINR and improve predictive

evaluates the performance of the three verticalccuracy, and the architecture of the combination

handoff algorithms — PSVH, MASVH, and CPSVHprediction model is illustrated in Fig. 1.

(our approach) — by way of several important

metrics and compares their results with one anothé.3. The Process Of Combination Prediction

In the last section, the conclusion is drawn.

2. THE COMBINATION PREDICTION OF
SINR
2.1. Advantages Of Prediction

At present, prediction technique is applie
widely in communication field for its advantage .[8]

In this paper, GM (1,1) and a four-layer BP
neural network are used to predict SINR. The
modeling and prediction go according to the
ollowing steps:
tep 1: The time series prediction of SINR is

s
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accomplished by GM (1,1); 3.1. Decision Attribute

Step 2: The establishment of BP neural network,

initialization of weight and offset value; 1. Signal to Interference plus Noise Ratio (SINR)

Step 3:To train the neural network to update its The maximum attainable data rate for the given
weight and offset value repeatedly until the errocarrier bandwidth and SINR can be determined with
between output value and target value drops belothe help of Shannon capacity formula. The
the certain fixed value; maximum attainable data rate RAP from WLAN

Step 4: Application of the combination predictionand RBS from WCDMA for a connected user can
model by using the predicted values of GM (1,1) ase represented by the receiving SINR from these

the input data of BP neural network to acquire thg,, networksy, andy.. respectively as [12,13]:
output data. ol Bs

input RAP = WAP |092 (1+ yAP ) (2)
rAP
_ Ves
R, =W,_log, 1+ F_) 3

BS
Where ', and I are the two channel coding

loss factors for WLAN and WCDMA respectively.
When WLAN and WCDMA offer users the same
downlink data rate, i.eRy—=Rgs the relationship

betweeny,, and y, is expressed as:

Fig. 1 Combination Prediction Model w

3. VERTICAL HANDOFF ALGORITHM Vas = '_Bs((1+&)w“ -1) (4)
BASED ON COMBINATION M e
PREDICTION OF SINR AND COST The SINR values a usereceived from all BSs
FUNCTION (Sssi) and all APs $§.p,) at a certain time are
defined as two sets:
In this study, only the downlink traffic that = Ve e ’ 5
requires a higher bandwidth than the uplink traffic s, [yB§" Ves. yB"C"] )
is considered, which suits the multimedia services Sppi = Wapis Vagooo Vel  (6)

in particular. Here a heterogeneous wireless
network with m base stations (BSs) and n access
points (APs) is assumed, where all candidate BS8CDMA BS can be represented as [14]:

The SINR yq ; received by a user from

and APs can be indexed by 1 to m+n in a set A: GBS_JPB%’i )
A=[BS, BS,..., BS AP AR.., A} (1) Ves i = m
When SINR obtained by combination prediction R +kz_l:(GBsuPBs‘)+ GB?-Q( PBF_ Pﬁs )

is lower than the predefined threshold, the handoff K# |

is then triggered. The optimal network from thq:Or WLAN. The SINR received by a usér
candidate set A for each user will be determined by ' Vg i vedbyad
cost function based vertical handoff algorithm irfrom WLAN AP, can be represented as:

regarding to the following attributes: SINR, user Gup iPar

preference, cost to user traffic, and available Vap.i = —— (8)
bandwidth. The following assumptions are used in

our study: R+ kzzl: (GAF[’(,i PAR)

1. Each BS or AP transmits with the maximum K#

power allowed The SINR received from APSY,,) is converted
2. Each mobile terminal is served by one BS or AR be equivalent SINB 4p; through (4) to achieve
from all candidate BSs and APs the same data rate via BS as:

3. The thermal noise power at any receivePysn ' g e

WCDMA, and the background noise power at any S o =M ae((L+—=25)" 1) (9)
receiver isPg in WLAN. ' (IR
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S denoting the set of SINR value of all BSs and B =[B,r» Bagyo , B,o] (20)
APs for the userrcan be represented by: ! J

S=5.U SAPi (10) 3.2. Cost Function Based Approach For Optimal

. . Network Selection
This paper adopts a macro-cell propagation ot function

model for urban and suburban areas to determine

propagation condition [14]. For an antenna 15 The cost function measures the benefit obtained

meters high, the path loss is: by handoff to a candidate network [15] and can be

PL(dB) = 58.8+ 21lo 37.6l0 S (dF used to evaluate each network available in the
(dB) 9 Cr 943S (11)  vicinity of the user. In this paper, the cost fliont

Wheref is the carrier frequencyl is the distance Of On€ network n at a certain time is defined by

between the user and BS or AP, @dorresponds SINR (), user preferenceby), user traffic cost

to the log-normal shadowing with s=10 dB standarff-r) @nd access network available bandwidi) @s

deviation. follows:

2. User preference f,=win(1/S,)+ win(1/ )+ win(G) + win(1/ B)(21)

The selection of optimal network should conside{yherew. w. w andw, (ZW 1) stands for the
better trade-off between user preference and s T e .

network condition, so the user preference vetor "€SPective weight o, Py, Cy, andB,. Note that the
is introduced: lower the value of fn, the lower the cost of netkvor

nis, and the better is network Consequently, the
P=P,UP, (12) network with the lowest cost function value is

Where the setsPgs and P,p denote the user regarded as our optimal choice.

preference vector of BSs and APs respectively: 2. Weight vector

R =1 PB§’ PB§’ """ J PEi,‘.ﬁ] (13) To weigh each decision attribute, traditional AHP
P, =[pAe, PAB’ ...... , PAE] (14) method usually constructs a judgment matrix

o containing the pairwise comparison results, with th
The two sets indicate degree of user preferenggmpers 1 to 9 or their reciprocals to indicate the
for BSs or APs in terms of service type. Thggjative importance of the two sub-elements in the
preference vectd? is set by the user. judgment matrix [16]. However, this method fails to
3. User traffic cost solve fuzzy problems arising in decision process.
~But a fuzzy judgment matrix integrating the

The setC represents the cost of user traffiGydgment matrix in AHP and the fuzzy theory can
transmission through each BS or AP: be built to obtain reasonable and reliable weight o

the four decision attributes.
C=GCUCy (15)

Suppose the number of the decision attributes is
Where the set€ysand C,, denote the cost of n, the attribute setof, o, ... , g} can be compared

each candidate BS and AP: with each other based on service characteristic.

Cpos =[Cpas Cpgrreee ,C.] (16) Multiple pairwise comparisons are based on a
s s o standardized evaluation method, as shown in Table
CAP = [CAF;' CAFZ” ...... , CAE’] (17) 1.
) , The pairwise matrix comparison is then used to
4. Available bandwidth of access network build a square fuzzy judgment matix= (d;)nxn
Let B be the system available bandwidth vectoidenoted as follows:
represented by residual bandwidth of each d d. ... d
candidate BS and AP: 1 12 h
d21 dzz d2n
B=B,sUB, (18) D=| | . . (22)
Where the setd8gs and Byp are the available ' ‘ ‘
bandwidth of the candidate BSs and APs: d, d,--d,
BBS = [ BB%’ BB§’ """" 4 Baﬁ] (19) Wheredu= qllqjl d]|=1' d”, andd”=0.5 G, j=1,2,---,
n).

s
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Table 1.Definition of Relative Importance matrix D constructed is then regarded reasonable if
— p<0.1.
Scale (9/9) Rel atl\{e Importance Table 2.Values of Weights and Satisfied Consistence
0.5 equal importance Index
0.6 moderate importance
0.7 obviously importance Service | w, W, Wh W p
0.8 strong importance
09 extreme|y importance Ql 0.1259 0.3814 0.2748 0.2119 0.05
%-%%i' Opposite comparison Q, |0.2638| 01531 0.2085 03746 ©
Q3 0.1936| 0.1373 0.3064# 0.36347 0
3GPP has defined four service types, namely |
conversational @,), streaming ,), interactive Q 0.1475] 0.1474 0.301p 0.4032 0.05

(©3) and background¢},). The optimal network
selection should consider different service types§ 3 Handoff Decision
because each type has different Qos requirements.
Consequently, the weights of the four attributes in

: Being one of the most critical phases durin
each type also differ greatly, thus we construat fo g P g

: ; ' ) whole process, handoff decision determines when
fuzzy Judg_ment matrixes re_s_pectlv_el_y acco_rdmg Qnd where to trigger the handoff. The proposed
the scaletslg TaéJIeBl, ang grin dteC|5|o$hattr]ltBﬁe vertical handoff scheme mainly consists of two
representsPy, Cn, B, and S, in wmn. The fuzzy steps: 1) QoS monitoring decides whether handoff

judgment matrixes are then constructed as foIIows:evem should be triggered: 2) network selection

05 01 02 0 determines which candidate network should be
' ' ' ' chosen.
D, = 0.9 05 07 0. (23) 1. Stability period
108 03 05 0. The stability period Ty) is defined as a waiting
07 02 04 0 period before handoffs, arthakeupis defined as the
. ) . ) amount of time needed to compensate for the loss
- due to handoff latencly.nqor Which are represented
05 0.7 06 O. below [18]:
D = 0.3 05 04 O (24) I
- _ handoff
“ 104 06 05 0. e — (€0
0.7 09 08 O. |
_ handoff
05 06 03 0. To = hanson * 257 (28)
D = 04 05 02 0. (25) Wheref,eierandfeurentare cost function values of
% 107 08 05 O. the better and current network respectively. As a
result of the instability of wireless link and the
108 09 06 O mobility of terminal usersfyeger and foymrent May
change dramatically over a short period of time, so
05 05 02 O. Ts defined above cannot reflect the real dynamic
05 05 02 0 situation of the access network accurately. Bearing
D. =| ' ' ’ (26) this in mind, this paper then modifids (specifics
“ 10.8 08 05 0. of modification in the next section) to achieve an
09 09 07 0 adaptive handoff that can deal with harsher network

environment.

According to the above fuzzy judgment2. Handoff decision process
matrixes, we can calculate the weight of each L .
decision attribute to obtain the weight vector an 1) Handc_>ff e_vent IS tr_|g_gere_d when SINR obtalngd
execute satisfied consistence check using methGy combination prediction in current network is
described in our previous literature [17]. Th ower than predefined threshold.

weighting results and the satisfied consistence) The optimal BS or AP from candidate set A for
index p are shown in Table 2, and the judgmengach user will be determined by calculating cost
R ——————
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function of each network. If its cost function valu distribution with mean session holding time 60
is lower than that of the current network, then iseconds.
will be evaluated in modified stability periotl .

The result of evaluation determines whether the == . .:., , _‘..A‘Bsz; .. ..

mobile terminal should handoff to the target **  ":*/ -";;p_;l‘ﬁ_‘-f_.",'--LAp-,}‘; ..

netwo_rk or not. The detailed evaluation includes th zzz e ..-._-E-'{-Z'f;,&.pe;’;.gi';'“'_'. '.‘;-S.s

following steps: ol % .. ",; ,Am.‘.: ,_ :Mm ...

"1 Initialization of the total evaluation numbét, of TRl n Tl o desn e A

the current evaluation numbérand the stability =  *, ,-'-;'-"‘A«\.'P?1 s "MPZZ

periodT. Letk =0 andl’ = 0. Y o s ke ]
. ot - 20001 ¢ 8° ‘-;. “; :M-P‘g B "g' ..:'“ff’ﬁ.' hd .‘

[ Define /=e== *= | let /_ denote thekth B e e o |

evaluation result, and the time interval betw&tm 2500 2000 1500 1000 500 0 500 1000 1500 2000 2500

evaluation and the next evaluation is defined by: Fig. 2 Simulation Scenario

t = | andor + | hancort (29) The respective cost of the BS and AP is assumed
k N N, -1) to be 0.8 and 0.4. To calculate the system dropping

probability, the maximum capacity of BS and AP
The following process are executed repeatedf§re limited to 2 Mbps and 11Mbps. In addition, the

until k=N. ransmitting power and the power allocation of BS
If 7 >1, calculate the next evaluation time&nd(s]'A‘P are specified according to the reference in
according to formula (29) ; =~ Considering four service types, the overall
a) Update the stability periods = Ts+t; system throughput against different session arrival
b) Update he current evaluation numbderk+1; rates based on different services are shown in Fig.
Otherwise turn t@); 3. In CPSVH,Ws is the highest among the four

® The evaluation process ends./if >1 at the service types with exception of the conversational

moment, handoff is executed at once, otherwiseervice. In other wordsg, plays a rather important
mobile terminal remains in current network. role in network selection, thus the mobile terminal
According to the above handoff decisionc@n obtain a higher throughput. Meanwhile, the fact
process, the modified stability periof, before thatWy is relatively high means the algorithm tends
handoff execution is represented below: to select a network with a much higher available
bandwidth. In regard to the stream service, users

T = N1 andoft N I andoft prefer to select WLAN due to its high bandwidth

s —Z N N/ -1 (30)  embodied throughP,. Moreover, the proposed

k=0 ( k ) predictive scheme will initiate handoff process

4  RESULTSAND DISCUSS ON before SINR drops below the threshold, thus

The performance of the proposed vertica

Pbtaining a higher throughput. To sum up, the
handoff algorithm (CPSVH), predictive SINR usingﬁ:Oposfd ttﬁlgomhr? aiwevels .mgher system
GM (1,1) vertical handoff algorithm (PSVH) and rougnput than the two other algornthms.
multi-dimensional adaptive SINR based vertical S [
handoff algorithm (MASVH) are evaluated with a Wy RS
simulation scenario as shown in Fig. 2, in which o
there are 7 BSs and 12 APs placed at each
WCDMA cell boundary [5]. The WCDMA cell has
a radius of 1200 meters. 600 randomly generated
terminals are used within the simulation areahin t
random waypoint mobility model, the position of ¥ a1
each terminal, depending on its moving speed and i;/&/é/
direction, changes during the interval. The §
maximum moving speed of the terminal is 80 km/h,
the arrival of user traffic obeys Poisson distribnt
and the duration of traffic obeys exponential

System Throughput(Mbps)

01 0015 002 0025 003 0035 004 0045 005
Session Arrival Rate (sessions/second)

(@)

o

s
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N
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°
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015 [
01f
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0.01 0.015 0.02  0.025 0.03 0.035 0.04  0.045 0.05

Session Arrval Rate (sessions/second) (C) Q3
(d) Q4 0.07
Fig. 3 The System Throughput of Different oos] iggggv: r
VHAs

System Dropping Probability

The system dropping probability against different
session arrival rates are shown in Fig. 4. Theltesu

show that compared with other algorithms the il ///
dropplng prObablllty In CPSVH IS |0weSt7 as the 0.01 0[;15 0.02 0.625 D.‘OS 0.635 0.‘04 0[;45 0.05
consideration of the decision attribute Bn helps to Session ArtalFate sessionsisecon)
maintain the load balancing among networks, (d) €2

which in turns reduces dropping probability for Fig. 4 The System Dropping Probability of
mobile terminals. Although the cost vectOrhas Different VHAs

certain load balancing effect in MASVH and
PSVH, its effect is not significant enough to
guarantee a lower dropping probability, especiall
for stream service.

Fig.5 shows the number of vertical handoffs
gainst different session arrival rates in fouvieer
ypes, and the vertical handoff number is smater i
CPSVH than in PSVH and MASVH. From the
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point of view of prediction, the proposed scheme
can avoid unnecessary handoffs through given
future values of the SINR. In addition, only one
network is “consistently” better than the current
network, then the mobile terminal handoffs the

better network. Ty applied in proposed CPSVH

determines whether the handoff is worthwhile in
reducing

terms of the cost incurred, thus
unnecessary handoffs to a larger extent.

x 10

—+— MASVH A
[| —&—PSVH
—H—CPSVH

Number of Vertical Handoff
o o
> ® -

0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05
Session Arrival Rate (sessions/second)

(@)

—+— MASVH
—&— PSVH

50004
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o
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s
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=
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B

L

0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045
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Fig. 5 Number of Vertical Handoff of Different
VHAs

5. CONCLUSION

In this paper, we have presented a cost-based
vertical handoff algorithm with combination
prediction of SINR (CPSVH) for mobile users to
roam seamlessly between different access
networks. The proposed combination predictive
scheme can improve prediction accuracy to
guarantee the reliability of results and obtain a
better QoS as it ensures a higher throughput for
users at the same time. The cost function
formulated in the proposed scheme achieves a
better trade-off between user preference and
network condition and guarantee a better QoS for
different services, this allows the users to
participate in the selection of the optimal network
thus improves their satisfaction. Moreover, the
stability period is modified to make adaptive
handoff decision in order to ensure that a hanigoff
worthwhile and reduce the vertical handoff number.
The numerical results indicate that the proposed
approach outperforms other approaches, thus our
scheme can provide better QoS for users and
optimize the utilization of the whole network
resources.
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