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The convergence of heterogeneous wireless netwmkdbines existing
wireless networks. An effective combination oedifit wireless networks
should enable them to complement each other anddedigh-speed data
rate, wide area coverage, and quality of servicegRguarantee. In Next
Generation Wireless Systems (NGWS), seamless haetoten different
wireless access networks plays a vital role. Onth@imajor challenges for
seamless mobility is the creation of a vertical dafifi protocol. In this

paper, the performance of vertical handoff is stddiising the integration
of third generation (3G) cellular and wireless ldcarea networks

(WLAN). The effect of application-based signalrggth threshold (ASST)
and path loss exponent on an adaptive lifetime-tbasertical handoff

(ALIVE-HO) strategy is studied in terms of numbelr landoffs,

aggregated throughput, and packet delay. Theretbesvertical handoff
performance can be optimized in wireless and moh#géwvorks. The
present work is done for different channel conddi@s well as different
mobility schemes.

KEYWORDS: NGWS; vertical handoff; ALIVE-HO; ASST.

. INTRODUCTION

Rabid progress in wireless networking and commuioicatechnologies has created
several wireless communication systems such as GERRS, UMTS and WLAN.
Each network has its own characteristics such @srage area and data rate [1]. These
networks are complementary to each other and h#me integration can realize
unified NGWS. NGWS are envisaged to offer apprdeidtdprovements compared to
current networks such as high bandwidth, integratedvices, quality of Service
provisioning, low cost, Seamless mobility of users] wide coverage [2].

Integrating two very different technologies intradd a number of technical
and logistical issues that must be resolved in rotdanaximize the benefits reaped
from such integration. The integration of WLAN awdllular networks has been
recently a subject of great interest on one haetlular networks provide global

457



2 Reham Samir Saad, Hesham Elbadawy, Adly S. Tag ELdien, ...

coverage at limited data rates; on the other h#AdANs provide higher data rates
within hotspots. Cellular service providers will lable to offload heavy traffic to

WLANSs, saving the Cellular network resources foersslocated outside WLAN

coverage. Then, by combining these technologiespreverged system can provide
both universal coverage and broadband access.

In this paper, ALIVE-HO algorithm is presented ¥#LAN-3G network and
the effect of ASST and path loss exponent on istigdied. Analytical model is
provided and the performance of the algorithm ialeated in terms of number of
handoffs, aggregated throughput, and packet délag. choice of ASST can be
optimized based on the handoff performance metrics.

The rest of the paper is organized as follows:i8edt provides an overview
for the related works. The analytical model to gtthe effect of ALIVE-HO algorithm
is presented in section Ill. Section IV presents pgkrformance metrics of ALIVE-HO
algorithm. Simulation results are provided in s@ttV. Section VI summarizes the
conclusion reached at the end of this researchteffo

Il. RELATED WORK

Several papers have addressed the performancendbffiaalgorithms. In [15], the
performance of adaptive hysteresis vertical handoffeme is studied. The proposed
adaptive hysteresis vertical handoff can increatsedf average data rate than the fixed
hysteresis vertical handoff scheme. Moreover, topgsed adaptive hysteresis vertical
handoff scheme can reduce the ping-pong handdf aatwell. In [16], Simulation
study of the relative signal strength with hysteyesd threshold (RSS-HT) algorithm
for varying hysteresis and threshold are studieckelasing the hysteresis value results
in decreasing the average number of handoffs lueasing delay in handoffs also
decreasing the threshold value causes increaséeinptobability of handoff and
therefore the number of handoffs. In [10] a corhpresive survey of the vertical
handoff decision (VHD) algorithms is presented atrddeoffs between their
complexity of implementation and efficiency are madn [17] the design of an
adaptive multi-attribute vertical handoff decisiaigorithm is presented and the use of
fuzzy logic concepts to combine multiple metricenfr the network to obtain useful
handoff initiation schemes is demonstrated. In [the] effect of an application-based
signal strength threshold on an adaptive prefemegdrork lifetime-based handoff
strategy was studied, in terms of signaling loadjlable bandwidth, and packet delay
for an inter-network roaming mobile. The performaraf the algorithm was studied
for different threshold values and for mobilityegatp to 5 m/s. In [19] a survey of the
current handoff decision techniques was given.e$caiibes a few recent works in
vertical handoff (VHO) decision stage and exposedramery of most major decision
algorithms.

1. ANALYTICAL MODEL

A. System model

The paper studied the overlapping of 3G celluladt WALAN networks. The mobile
terminal (MT) is allowed to communicate with botbtworks but it can connect to
only one network at a time.
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The system assumes that the coverage areas of tA&\&ccess point (AP)
and UMTS base station (BS) overlap, and that theaWiays gives priority to the use
of the WLAN whenever it is available. The simulatimodel assumes a MT moving
away from the WLAN access point in a straight livith a constant speed
Within the WLAN, the RSS can be expressed as:

RSS=PR -L-10nlog (d) + f4., o.) (1)

Where R is the transmitted powel, is the constant power lossjs the path
loss exponent is the distance between the mobile terminal ancdAWIAP, andf ( ,
o) is the shadow fading with mean=0 and standard deviatian, .

B. ALIVE-HO algorithm

The paper uses ALIVE-HO algorithm to perform anaééht vertical handoff between
cellular and WLAN network which use the RSS as igum input for the algorithm, to
estimate the duration through which the WLAN usaglebe beneficial for the active
applications.
In discrete time, equation (1) is expressed as:

RSSIK] = gegiq + NIK] (2)
Wherek is the time index
From (1), (2)

U gegg= P7 = L= 10n log (d[K]) and N[K] = f t,, o)

The averaged RS$?_SS[k]
W,,—1
RSSK = —— 3 RS$K -i] 3)
Wav i=0
WhereW, is the number of samples.
The rate of change of RSSJk] canbe calculatedas [11]:
M,[K]-M,[K]

Sk =25 ()
Where o

M,[K] = Wizzﬁsm-ws +1+], (5)

MA[K]= 25 RSEK-W, 414 ©)

Where W, and T, denote the slope estimator window size and the RSS

sampling interval respectively.
Then, the estimated MT lifetime within the WLABRL[K] is as following:
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RSK]-y @)
S[K]

Wherey denotes ASST, thug€L[k] represents the application specific time
period in which the WLAN is likely to remain usalitethe MT.

The ASST represents the RSS level for which thdiagion will perform
satisfactorily. The ASST is an application depemndparameter so ALIVE-HO
algorithm can satisfy different application requments by the tuning of ASST
therefore it can optimize the overall system penimnce [11] [12] [2].

To improve handoff performance, variable windowesis preferred so

W,,andW, can be expressed as:

EL[K] =

—_— Dav
W,, = max (10£VTSJ) (8)
W, =2*max (50 D, ) 9)
s 'VTS

WhereD, andD represent the averaging and slope distance windows

respectively, alsthe symboll_ jrepresents the greatest lower integer function,\and
is the MT velocity away from the AP.

C. Moving out and moving in handoff

In this algorithm, the mobility of a MT is clas&#l into two scenarios: moving out of
the preferred network (MO), and moving into thefeneed network (M).
The MT will initiate the MO handoff at timleif:

RSSK] < MOT,,, (MO threshold)  and
ELK] = T,, (Handoff delay threshold)

The MOT ,,, »y IS Usually chosen to be a few dB above the wirelatssface

sensitivity. This ensures that the mobile termiaakociates with a new point of
attachment (POA) before losing connection withdltePOA.
Also the MT will initiate the MI handoff to the WL at timek if:

RSYK] > MIT . (Ml threshold) and

Available bandwidth > required bandwidth
We assume that the WLAN is always in good condjtemthat the MT always
performs MI after an unnecessary MO.
For the proposed ALIVE-HO algorithm, the probaliliof handoff from
WLAN to 3G at instank+1 given that the MT is associated with the WLAN ragtantk

(P gu [k+1]):
Py lk+1]=Pr{ RSSk + 1] <MOT ., EL[k+ 1] < T}  (10)

The lifetime part becomes more significant for lemobility users. Then
P 4 [k + 1] can be represented by:
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(11)

Pulk+1]=Pr{EL[k+1]<T |EL[K>T .}
—pr{ RsgK +1] -y <T.| Rs$gK] -y ST
S[K+1] S[K]
=Pr{Rs$K +1] - T,,, S[K+1]< y|Rs§K]- T, S[K]> y}
LetZ[k] = Rs$K] - T, S[K] then,

Pauwlk+ 1] =Pr{Z [k+1] < y | Z[K] > y}

BY conditional probability this equation can betten as

Pr{Z[K] >y}

y o
P fk+ 1] = [ffwom @zdd, (14)

Ho }

(12)

J. f z[K] (Z) dz
14

Wheref ;.14 (Z,2,) is the joint probability density function afk +1], k] [18].
1

z[k+1 (211 2) = -
210,41 g\ 1~ Py 119

-1 [(71 2[k+ﬂ) 2P 102 Ak +1])(z, - K]) (2= z[k]) I
Uz{k]

exp {
P 14 ) 0-2{k+1] O 51119 119

where 0 4 4 1S the correlation coefficient.
— COV(4k+1], 4Kk])

T v 91
Wherecov( z[k+1],z[K] ) is the covariance betweefk+1],z[k]

V_,Uz[k])
T 11

Where Q() is the complementary error function.
The probability of handoff from 3G to WLAN at instiak+1 given that the

MT is associated with the 3G at instar(P . [k+1] ):

Piwagn =

Also [ f,4(2)d, = Q(

P [k +1] = Pr{Rsgk +1]>MIT| Rsgk] < MIT } (15)
BY conditional probability this equation can be ttan as
_ Pr{Rsgk +1]> MIT, Rsgk] < MIT } (16)
Pr{Rs$k] < MIT}
o MIT
_ MJ|‘T __[of%ikﬂ]?iss{k] RSS RS&)dRsadRssz (17)

MIT

j - (Rs9d__
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Where f__ .\ Rss Rss)is the joint probability density function of
Rs$k +1], Rs$k] [18].
f (Rss Rss)= 1
LT \/ 1= Prggrarrsen
.exp{ -1 (RSS ~ leyn) 2

2Q- pﬁsm]ﬁsk]z) st
_ Zp%[skﬁ] Rskk] (R_SS - 'u%skﬂ])(R_SS - 'u%sk]) N (@5 ‘Z,U@sk])z] }

Oﬁgkﬂ] Jﬁsk] Re§k]

_ COV(Rs$k +1], Rs§k])
Where%{skﬂ]ﬁsk] - o O
Rs$k+1] ~ Rs§k]

wro - MIT
Also J'ff (Rss)d%S:Q('URL)

RsgK]
Rs$k]

‘Rsgk+1RsgK] >

V. PERFORMANCE METRICS
A. Number of handoffs

The number of handoffs has a great effect on thevar& performance, as it may
degrade the overall performance. The number of dig@NHO) is defined as the sum
of Moving In and Moving Out between WLAN and 3G wetk as the MT roams
across the network boundary [11].

E{Nuo}=E{Nuo}+E{Ny} (18)
=3 Pl 4P [K) (19

WhereP,, , Porepresent probabilities of moving In and Out resipety

andK,,,, is the time index at which the MT reaches the WL&d\ge.
Puo [K+1] =P 4, [K+1] P, [K], (20)
Pu [K+1] =P [K+1] P [K] (21)

WhereP , [K] represents probability that MT is associated wite WLAN
network at instark andP _[k] represents probability that MT is associated With3G
network at instank.

Pylk+1] =P , [k+1] P [K]+ (1 -P 4[k+1])P,[K, (22)

P lk+1]=P 4 k+1] P [K+(1-P ,[k+1])P_[K] (23)

In our model, the MT is assumed to be attachedh® WLAN at the
beginning; hence’, [0] =1 andP,[0]= 0
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B. Aggregated Throughput

Aggregated throughput is the sum of the availaldedwidth in WLAN and 3G
networks. Available bandwidth is the maximum bardttvithe path can provide
without affecting other traffic in the path, i.the minimum unused link capacity along
the path [13].The allocation of bandwidth to MTcantrolled by the time interval up to
which MT stays in WLAN or 3G networks. Also part tife bandwidth allocation
criteria is the state of WLAN when MT is connected

There are two states for WLAN: WLAN Up and WLAN DowWhen the
received wireless signal is greater than sensjtithtesholda then it is denoted by
WLAN Up state, otherwise it is denoted by WLAN Dowstate.
The probability that the WLAN is in the Up stateaaly timek:

P [K] = Pr{RSS [K] > a}

=Q ("‘T“[K]) (24)

We assume that When RSS is lower than a certarféice sensitivity levet;
the mobile terminal can not communicate with the AP

The WLAN efficiency (( ;) can be defined as the percentage of the WLAN

up duration over the MT lifetime in the WLAN, iticde expressed as:
K

oo DN
Ciu = ) RolKIEL (25)

Where% is the calculated version 6¥,,,,
K is the MT lifetime in the WLAN,
KIS the transition region starting point, where &ition region is the
region between the point
when the RSS starts to oscillate around the inter&ensitivity and the

WLAN edge.
Then the MT aggregated throughp@f] can be expressed as:

AT: { it Ry (KIM<O _Kstan_)+KRC(Kmax - Ko ) (26)

max

start

WhereK,,, is the average time to MO,
Ry, is the effective data rate in WLAN network,
R. is the effective data rate in 3G network

C. Packet Delay

The delay for a successfully transmitted packeteiined as the time interval
from the time the packet is at the head-of-lineghaf queue ready to be transmitted,
until an acknowledgement for this packet is receijdet].
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A packet is considered excessively delayed if gachof line (HOL) delay
exceedsf, .Where g, is the packet delay Threshold within existing laspend-to-end

delay for real-time application from the sourcefte destination.
The average probability of the packet delBy ¢an be calculated as:

Kmo

>, PolK]
D= K_= Kstart (27)
(Kw = K +1)

Where P, [K] is the probability that a packet will be exceskivdelayed,

which is equal to the WLAN down states probabilithhose interval is equal to the
delay threshold.

V. RESULTS

This part provides the performance results for pheposed ALIVE-HO algorithm.
Numerical simulation using MATLAB is developed tmnslate the operation of the
algorithm. The simulation model assumes that therving away from the WLAN
access point in a straight line with a constanedpé. Also the model assumes that the
MT is moving in urban area where the typical veipdor vehicular users around 50
km/hr (14 m/s) and the values of path loss expobetween 2.7 and 3.5.

The performance of the algorithm is studied fofedt#nt path loss exponent
values and different ASST values with respect tonloer of handoffs, aggregated
throughput, and packet delay.

Table 1 shows the list of simulation parameter @sltlrhese parameters result
in WLAN coverage of 100 meters approximately [11].

Table (1): Simulation Parameter Values

Parameter Value Parameter Value

P 100 m Watt Ts 0.01 sec

n 2.7,3,3.3 MOT -85 dBm

o 7 dB MIT -80 dBm
S 28.7 dB T andoft 1 sec

D average 0.5m Ry 25 Mbps

D giope om Re 2.4 Mbps

“ -90 dBm v 1.8:3.4550.4 K

st | e |, soms
R 500m Ruwian 100m
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A. Number of Handoffs

Figure 1 shows the relation between the numbemaatibffs and the speed of MT for
path loss exponent (n) = 2.7 and for different AS@lues (ASST = -90dBm,-89dBm,
-88dBm,-87dBm).
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45t . * — |
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) —=— ASST = -88dBm | |
~+  ASST=-87dBm
% 35 # |
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2 25¢ - |
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5 10 15 20 25 30 35 40 45 50
velocity Km/hr

Fig. (1): Number of handoffs (n = 2.7, ASST = -90aB39dBm,-88dBm,-87dBm)

The figure shows that the number of handoffs irs@eawhen the ASST is
increased, as increasing ASST allows MT to remairthe WLAN for a shorter
duration.

Figure 2 shows the relation between the numbemaotibffs and the speed of
MT for path loss exponent (n) = 3 and for differ&@ST values (ASST = -90dBm,-
89dBm, -88dBm,-87dBm).
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4.5 —H— ASST = -88dBm | -
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% ° //E"WV |
25} | |
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2r //(jﬂ”,,,,,@,,m = 7
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<
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velocity Km/hr

Fig. (2): Number of handoffs (n = 3, ASST = -90dB38dBm,-88dBm,-87dBm)
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The obtained results from figure 2 is the samei@gd 1 but the number of
handoffs increased in figure 2 compared to figureThe path loss exponent is
increased from n = 2.7 to n = 3, as increasing [mEH exponent reduces MT lifetime
in WLAN , therefore increasing number of handoffs.

Figure 3 shows the relation between the numbelanfibffs and the speed of
MT for path loss exponent (n) = 3.3 and for diffar&SST values (ASST = -90dBm,-
89dBm, -88dBm,-87dBm).

‘ : ‘ _
+ * *
55} . |
* ) —— ASST = -90dBm
[ &— ASST = -89dBm | |
45r l —F— ASST = -88dBm | |
. ——+— ASST = -87dBm
% i 0
,,,,7757 I
558
‘5 35+ BB |
o 3 |
e |/
> ]
Z 257 Y 56— 4
2 Z - |
i
Lo v ¥
1 |
| | | | | | . ‘ ‘ ‘

5 10 15 20 25 30 35 40 45 50
velocity Km/hr

Fig. (3): Number of handoffs (n = 3.3, ASST = -9®B39dBm,-88dBm,-87dBm)

The obtained results from figure 3 is the samégses 1,2 but the number of
handoffs increased in figure 3 compared to figur@sas the path loss exponent (n) = 3.3 .

B. Aggregated Throughput

Figure 4 shows the relation between the aggreghtedighput and the speed of MT
for path loss exponent (n) = 2.7 and for differ&8ST values (ASST = -90dBm,-
89dBm, -88dBm,-87dBm).

The figure shows that the aggregated throughpuiedses when the ASST is
increased, as increasing ASST allows MT to remairthe WLAN for a shorter
duration.

Figure 5 shows the relation between the aggreghtedghput and the speed
of MT for path loss exponent (n) = 3 and for diffet ASST values (ASST = -90dBm,-
89dBm, -88dBm,-87dBm).
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Fig. (4): Aggregated throughput (n = 2.7, ASST 8dBm,-89dBm,-88dBm,-87dBm)
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Fig. (5): Aggregated throughput (n = 3, ASST = 80d-89dBm,-88dBm,-87dBm)

The obtained results from figure 5 is the samei@gd 4 but the aggregated
throughput decreased in figure 5 compared to figurdhe path loss exponent is
increased from n = 2.7 to n = 3, as increasing [weth exponent reduces MT lifetime
in WLAN , therefore decreasing aggregated throughpu

Figure 6 shows the relation between the aggregatedghput and the speed
of MT for path loss exponent (n) = 3.3 and for eliéint ASST values (ASST = -
90dBm, -89dBm, -88dBm,-87dBm).

The obtained results from figure 6 is the same igards 4, 5 but the
aggregated throughput decreased in figure 6 cordgarégures 4, 5 as the path loss
exponent (n) = 3.3.
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Fig. (6): Aggregated throughput (n = 3.3, ASST 6dBm,-89dBm,-88dBm,-87dBm)

C. Packet Delay

Figure 7 shows the relation between the packetdaid the speed of MT for path loss
exponent (n) = 2.7 and for different ASST valueS&X = -90dBm,-89dBm,-88dBm,-
87dBm).

0.07F : : q
—<— ASST = -90
—©— ASST = -89
2 0.08& —&— ASST = -88 ||
% —+— ASST =-87
QO 0.051 B
[¢]
s
D_ S
> L il
3 0.04
9]
ko]
¢ 0.03 B
)
0 o0.02} Y R
d +\\\\{
I ool B b
+- ""'—%ﬁf:::::’::r S
5 10 15 20 25 30 35 40 45 50

velocity Km/hr
Fig. (7): HOL packet delay probability (n = 2.7, 85 = -90dBm,-89dBm,-88dBm,-
87dBm)

The figure shows that the packet delay probahildgreases when the ASST is
increased, as increasing ASST allows MT to remairthe WLAN for a shorter
duration.

Figure 8 shows the relation between the packetydeid the speed of MT for
path loss exponent (n) = 3 and for different AS@lugs (ASST = -90dBm,-89dBm, -
88dBm,-87dBm).
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Fig. (8): HOL packet delay probability (n = 3, ASSF90dBm,-89dBm,-88dBm),-
87dBm)

The obtained results from figure 8 is the samagqsd 7 but the packet delay
probability decreased in figure 8 compared to #gur .The path loss exponent is
increased from n = 2.7 to n = 3, as increasing [weth exponent reduces MT lifetime
in WLAN , therefore decreasing packet delay prolitghi

Figure 9 shows the relation between the packetydeid the speed of MT for
path loss exponent (n) = 3.3 and for different AS@lues (ASST = -90dBm,-89dBm,
-88dBm,-87dBm).

0.03¢ —%— ASST=-90 |1
& ASST=-89
3 ASST=-88

—*+— ASST=-87

0.025 -

o
o
\N —
=
7

0.015+

HOL Packet delay Probability
o
o

0.005 -

5 10 15 20 25 30 35 40 45 50
velocity Km/hr

Fig. (9): HOL packet delay probability (n = 3.3, 85=-90dBm,-89dBm,-88dBm,-
87dBm)
The obtained results from figure 9 is the sameig@wds 7,8 but the packet
delay probability decreased in figure 9 comparedfigores 7,8 as the path loss
exponent (n) = 3.3.
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VI. CONCLUSION

There is a growing trend in mobile communicatioowdrds overlay networks and
mobile devices with the capability of using diffeteaccess technologies. In this
scenario the mobile device must choose the rigtéssctechnology. In the short term,
the combination of WLAN and 3G (UMTS) technologiesof the most importance.
We introduced ALIVE-HO algorithm and the analyticahodel to evaluate
performance of it. The performance is evaluatedebaon number of handoffs,
aggregated throughput, and packet delay for a MVimgoin urban area. The present
work is done for different channel conditions adlae different mobility schemes. As
the ASST value increases, the number of handoffseases, the aggregated
throughput decreases, and the packet delay pritpateicreases also as the path loss
exponent value increases the number of handoffeases, the aggregated throughput
decreases, and the packet delay probability dezseBy optimally tuning ASST value
which depends on the type of application, qualftgervice parameters and the system
requirements, we can optimize system performance.

REFERENCES

[1] Y. Min-hua, L. Yu, and Z. Hui-min, "The Mobile IPandoff between Hybrid
Networks," IEEE PIMRC, N. 1, vol. 1, September, pp5-269, 2002.

[2] Keoikantse O. A. Marungwana, "Next Generation Véissl Networks (NGWN):
Implementation of Mobility Scenario Based Advancé&tértical Handoff
Algorithms," Bachelor’s Thesis, University of Capewn, 2006.

[3] Ji Zhang, "Cross-Layer Analysis and ImprovementMability Performance in
IP-Based Wireless Networks, " PhD Thesis, UniversitYork, 2005.

[4] A.Ezil Sam Leni and S.K Srivatsa, "A Handoff Teaur to Improve TCP
Performance in Next Generation Wireless Networksfrmation Technology
Journal, N. 3, vol. 7, pp. 504-509, 2008.

[5] W. Zhang, J. Jaehnert, and K. Dolzer, "Design avaluation of a handover
decision strategy for 4th generation mobile netwgrkIEEE Vehicular
Technology Conference, N. 4, vol. 3, July, pp. 196373, 2003.

[6] Nasif Ekiz, Tara Salih, Sibel Kucukoner, Kemal Fidaylu, "An Overview of
Handoff Techniques in Cellular Networks,” The 4thoMd Enformatika
Conference, Istanbul / Turkey, N. 6, vol. 1, Jyme, 1-4, 2005.

[7] J. McNair and F. Zhu, "Vertical Handoffs in Fou@eneration Multi Network
Environments," IEEE Wireless Communications, Nv@, 11, June, pp. 8-15,
2004.

[8] Yonggiang Zhang, "Vertical Handoff between 802.1daB02.16 Wireless
Access Networks," MSC Thesis, University of Waterl2008.

[9] F. Zhu, J. McNair, "Multiservice Vertical Handoff eédision Algorithms,"
EURASIP Journal on Wireless Communications and Meting, N. 2, vol.
2006, April, pp. 1-13, 2006.

[10] Xiaohuan Yan, Y. Ahmet S_ekerciog’lu, Sathya Nanaya "A Survey of
Vertical Handoff Decision Algorithms in Fourth Geaton Heterogeneous
Wireless Networks," Computer Networks, N. 11, vef, August, pp. 1848—
1863, 2010.



PERFORMANCE OF ADAPTIVE LIFE TIME BASED ... 15

[11] Ahmed H. Zahran, Ben Liang and Aladdin Saleh, "Sigrhreshold Adaptation
for Vertical Handoff in Heterogeneous Wireless Natks," ACM/Springer
Mobile Networks and Applications (MONER) Journal,4 vol. 11, August, pp.
625-640, 2006.

[12] Xiaohuan Yan, "Optimization of Vertical Handoff Dsion Processes for Fourth
Generation Heterogeneous Wireless Networks,” PhDesiEh Monash
University, 2010.

[13] Ederra Saez, Carmen, "Testbed for Wireless Avalddndwidth Estimation
System," Bachelor’s Thesis, Malardalen Univers206.

[14] P. Raptis, V. Vitsas, K. Paparrizos, P. Chatzinsisfo C. Boucouvalas and P.
Adamidis, "Packet Delay Modeling of IEEE 802.11 w#ss LANSs,"
International Conference on Cybernetics and Infdionarechnologies, Systems
and Applications (CITSA), vol. 1, July, pp. 71-2805.

[15] Yung-Fa Huang, Hsing-Chung Chen, Hung-Chi Chu,-Jian Liaw and Fu-Bin
Gao, "Performance of Adaptive Hysteresis Verticahndoff Scheme for
Heterogeneous Mobile Communication Networks," Jauromf Networks
Academy Publisher, N. 8, vol. 5, August, pp. 973,9810.

[16] Dr. S. A. Mawjoud, "Simulation of Handoff Technicgén Mobile Cellular
Networks," Proc.of IEEE, N. 4, vol. 15, DecembdiQ2.

[17] Yaw Nkansa-Gyekye, Johnson I. A., "Vertical HandD#cision Algorithm for
UMTS-WLAN," IEEE Computer Society, N. 37, vol. 3Xugust, 2007.

[18] Peyton Z. Peebles, Jr., "Probability, Random v#&mband Random Signal
Principles,” McGraw-Hill, 2nd ed., 1987.

[19] A.J. Onumanyi* and E. N. Onwuka, "Techniques fartical Handoff Decision
across Wireless Heterogeneous Networks: A Survgdtdemic Journals, N. 4,
vol. 6, February, pp. 683-687, 2011.

S Al jead) o aadaal) Luufyl) (Ualad) andes) ABLL 23168 ¢4
oailada al) il LB (ALIVE-HO)

ol e e oy Aal) ASLOU) Sl o Al pad) ASLOU lSuil pand
e deju 53 lily dame i Ols DAY Legia IS Jay o Aaiaall 4SLOU) clSall) (e Jladl)
Aabidal) 4 SISl o Aald) AlBl) el LAedl) Basa ey Ofs ls Ak (3la
Gl Al ALl clbass alael o ey 5 4SLOIN Kl LGl Jall 8 Lsas s
) Gpb e bl ABLA Llee olol Auhy 5 Aindl A8l 538 & Al )l AL JS 535 5
Dbl oo Gl 5 5l Y B ax il Ay ASLO sl ASully CEY Jall ASus o
i) saall e aciaal) )l ABLA 0))s8 e

Al e slipg ajall Al dldalsdacad) dejudldpulll 4B Gl e Cua e A
Gl a8 Jeal) 5 s L Alasially AL cul€oall 8 Ll AL dlee ool cpad (Sa
(Janll dbide Jabad Gl 5Ll Aalise Jisal ae



