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Abstract. In the deployment scenario of multiple base statitrere is usually a
deficiency in the routing protocols for load balamrin the wireless network. In
this study, we propose a routing algorithm that banimplemented inMobile
Adhoc Networks (MANETS) as well as third-generat{@®)-Wireless Fidelity
(WiFi) offload networks. We combined the GeneticnoRouting Protocol
(GZRP) with the Vertical Handover (VHO) algorithm a 3G-WiFi offload
network with multiple base stations. Simulationutes show that the proposed
algorithm yields improvement in the received sigstaéngth (which is increased
up to 25 dBm), user throughput (which is approxehail Mbps-2.5 Mbps), and
data rate (which is increased up to 2.5 Mbps).
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1 I ntroduction

Data traffic has increased by 131% since 2011 Thjs has encouraged some
mobile operators in Europe to invest in machineatchine communications.
However, the existing mobile networks are not atneaccommodate the
exponential growth in data traffic. As a resulgffic offload may arise. One
way to overcome offload is to employ a network #eziure called
Metropolitan Advanced Delivery Networks (MADNETS).

MADNETs provided an integrated solution for the mgement of cellular
traffic in [2]. Specifically, femtocells were depied in indoor environments;
WiFi was used in outdoor environments; and pegreer offload was
considered in mobile environments. MADNETSs allowlit® WiFi networks to
have remarkable coverage and downloading and upigapeeds [2],[3]. In
addition, an algorithm is available that is ablgtovide an improved handover
process of UMTS/3G to WiFi, known as Vertical Hanelo (VHO) [4],[5].
Moreover, in 3G and WiFi offload networks there are specific routing
protocols for both dynamic and static load balagdm control traffic when one
node is either turned off or in full traffic.
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On the other hand, WiFi networks have a separaséesy architecture that
applies to high-speed WiFi networks, called Mobifedhoc Networks
(MANETSs). MANETs have some autonomous nodes thatadre to arrange
themselves in various ways and operate withouttstop-down network
administration. A hybrid protocol for MANETSs, callethe Zone Routing
Protocol (ZRP), was proposed in [6] in order tousglthe control overhead of
the proactive routing protocols and decrease thends caused by route
discovery in the reactive routing protocols. Howevthe actual problem
emerges when the destination is outside the zaorthid case, we can make use
of route discovery with the Interzone Routing Pcolo(IERP) [7] or the
Bordercast Resolution Protocol (BRP) [8]. This eodiscovery applies to the
border nodes between the zones. At this pointnatgealgorithm (GA) can be
implemented [9]: each border node implements thet&#nd multiple shortest
or nearly shortest paths. Instead of rediscovetirg path to the destination
every failure time of the existing path, the bordede will make use of the
available shortest or nearly shortest paths. Iis tmper, we will discuss
implementation of the Genetic Zone Routing Proto@@ZRP) in 3G-WiFi
offload technology.

GZRP on MANETS is used as a load-balancing algarithat provides the total
packets received with some alternative routesdeioto reduce traffic load on a
single route. The proposed algorithm combines t#RIS with the VHO
algorithm as a routing protocol on 3G-WiFi offloaétworks with multiple
base stations. It distributes traffic to multipleighbor nodes in the network to
provide some alternative paths when traffic flowieach node. As a result,
the 3G-WiFi offload network increases the throughgiithe mobile subscriber
(MS) and reduces the duration of handover. Moreaowr proposed algorithm
greatly improvesthe received signal strength (R&S)he MS. Good signal
quality at the MS provides improvement of the data. In addition, a declining
data rate affected by an increase in the numbas@fs can be overcome. Thus,
the proposed algorithm reduces the amount of trgfiing into a bottleneck and
minimizes handover failures and call drop occureenc

We can summarize the contributions of this papdolkswys:

1. We combine the GZRP and the VHO algorithm as aimguprotocol on
3G-WiFi Offload.

2. We will show that some improvements in the receisigghal strength, user
throughput, and data rate are achievable by ubiagtoposed method.

3. We will also show that our algorithm is robust und& increase of the
number of users, as it maintains the data rate raimimizes handover
failures.
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The rest of this paper is organized as followsSéttion 2, we briefly discuss
related works. In Section 3, we present the prapadgorithm and also its
mathematical model. In Section 4, we present aralyae the results of a
simulation. Finally, the conclusions are providedection 5.

2 Related Works

The GZRP, an extension of the Zone Routing Prot¢Z8IP) by adopting a
genetic algorithm, was proposed in [10]. Previousrlwrelated to GZRP
performance improvement has been done: for scalabif the size of
MANETs [11]; application of genetic algorithms caimted in the GZRP in
designing security models on MANETs [12]; and ewtibn of GZRP
performance on MANETS [13].

In [14], a function-arranging vertical handover sisa two-step handover
decision in heterogeneous wireless mobile netwokkewn as the Vertical
Handover Decision Function (VHDF) algorithm. In [1&n improved VHDF
algorithm is discussed, which is called the Extehdéertical Handover
Decision Function (EVHDF) algorithm and uses then&@iyic New Call
Blocking Probability (DNCBP) algorithm. DNCBP is m& dynamic than
NCBP regarding the ability to find out the traffwad in a network. In [4], the
vertical handover was focused on goodput and RSf# the authors
experimented with a hybrid RSSI algorithm.

However, the algorithms in [4] and [15] still haaelrawback when the network
encounters a capacity and/or user increase: the oeers access a node, the
lower the node quality. Thus, there is a need lofd balancing traffic solution
in order to share the traffic in a node acquiring fraffic. The algorithm
proposed in [15] was only able to find out traffienditions in each node, but it
could not maximize the load balancing in all thelem of the network. In [16]
and [17], the GZRP was able to improve the efficieof the network, as well
as reduce the burden on the path in order in dadbalance the distribution of
packet delivery through available alternative patBg using the GZRP in
MADNETS, there is an expectation to find the beduson for load balancing
problems in 3G-WiFi offload networks with multigbase stations.

3 Proposed Algorithm and its Mathematical M odel

The network architecture adopting the GZRP conéept combination of the
3G network and the WiFi offload network architeetsir More specifically,
connection to the Internet is realized via eithee Gateway GPRS Support
Node (GGSN, an Internet gateway for 3G (UMTS molxisdfic)), when the
user is in a 3G network, or the Service ControliBadSCE), when the user is
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in a WiFi network. There is an emphasis in GZRPtimguon GGSN functions
as regulators of the traffic load balancing, whishcarried out to identify its
access towards the side of the Radio Network ChetrgRNC), for UMTS 3G
networks (3G), or the Wireless Access Gateway (WAQ)WiFi networks. In
GGSN, there is an algorithm that controls the pssagf handover from 3G to
WiFi.

In our proposed algorithm, the GZRP concept is enmmnted in the WiFi
offload gateway and the GGSN. The 3G-WiFi offloatlwork enables the data
to equalize the traffic side of the base statiothwlirect instructions from the
gateway in the form of an algorithm that updatesrésults of a combination of
existing algorithms using the GZRP.

Figurel Dynamic Routing Graph.

In this research, the Dynamic Routing concept, lm®va in Figure 1, was
implemented. In the case of the GZRP, when thecsonode (depicted as S) re-
initiates the neighbor nodes in the network, itl fifid a bandwidth limitation
on the destination node (depicted as D) and a powamedition that is low or at
the minimum threshold. We expect that the GZRP roamtain the network’s
stability when traffic handover is being performdeor example, when a
neighbor node in the WiFi network cannot handlelthedwidth of the MS, the
traffic in the neighbor node will first balance it&d with all its neighbors at the
same gateway, using the GZRP. This also happens theepower condition of
the neighbor node becomes low, so the Wireless $scGateway will use the
GZRP to give the information signal to the nearesghbor node with the best
coverage for the mobile subscriber. Thus, it camimmalize handover time.

3.1  First Step: Initiation

A pre-handover decision is employed to evaluatdh# requirements for
executing handover are supported in every x netwohere x = 1, 2, ..., N,
and N is the number of different networks in oneaaif coverage. The
mathematical equation for the handover processsisgsfunctions as shown in
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Eq. (1). The equation shows that Mx is a functidrthe following required
parameters: bandwidth (b), received signal stre(R8S), velocity (V), battery
power (P), duration (T), and traffic cost (C). Sinthe step function, f(x), has
value 0 for x<0 and 1 for x>1, it is clear thatoifie or more parameters are
below the threshold, Mx will be 0 [15].

My = f(bx — ben) . f(RSSy —RSSn) . f(Ve = Vin) . f(Tx —

Tth) : f(Px - Pth) . f(Cx - Cth) (l)
In this research, we focused on the battery powdrbmndwidth parameters in
the neighbor nodes (NNs). WheitP, — P;,) or f(b, — byy,) is O (zero), the
GZRP carries out the process. In a condition wiadr¢he parameters i,
have value 1 (one), the network will be added wrbtwork candidates given
by S. If MN lacks resource nodes and the curretwork is in the se, MN
will remain connected to the current network. If M&Na resource-poor node
and the current network is not in the StMN will handoff to any network
included in the se& If MN is a resource-rich node, MN will proceed ttoe
second step.

3.2  Second Step: Vertical Handoff Decision Process

In this step, we use the Genetic Zone Vertical tdaed Decision Function
(GZVHDF), which is the Vertical Handoff Decision ation (VHDF) [14]
using a distance vector as the network optimizatiool [15], focusing on
repairing the network condition, symbolized Dy. In [15], Extended Vertical
Handoff Decision Function (EVHDF), which is a comdtion of Dynamic New
Call Blocking Probability and VHDF,was proposed.eTEVHDF produces

D; = % whereb; is the condition of the existing network bandwidthdH; is
J

the value of DNCBP. In the EVHDF algorithm, repagiof the system takes
place on the call blocking condition dynamicallyutBhere is still a weakness
when the network experiences bottleneck trafficeach node, which makes
dynamic load balancing necessary. Therefore, whemegghbor node

experiences full traffic load or even when poweruisder the minimum

threshold, traffic will search for an available oasce node to give the best
service for the mobile subcriber to communicatéhim network. The search for
this resource node needs an algorithm that is ¢apafbproviding the best

routing from source node to destination node. lis tesearch, we used the
GZRP algorithm, whose routing protocol hybrid isrwesuitable for load

balancing at the gateway'’s side.

The mathematical equation for application of theRB4s as follows:
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1. Y Y,= Total cost; ‘n’ neighbor nodes that were passethfthe source node
(SN) to the destination node (DN), which is dividietb several sections
that allow traffic to reach the DN (2)

2. Z,= Track that is taken from the lowest calculatiéreachy,, 3

3. f(X)= Value of each parameter that effects the handdegstination node
condition of the existing network, which is takearh the calculation af,,

(4)
Therefore, the network conditioR;) results in the following equation:
o _ b | (Eaf®) o bj
D = [(( - ) 100@) X (5)
So that the mathematical equations for the GZVHES: a
_ Wc(l/Cj) WsSj WpP;
GZQj T max(1/Cy,..1/Cp) max(S1,.»Sm) max(Pyq,...Pm)
wpDj WFEFj (6)

max(Dy,...,Dpm) max(Fy,...Fp)

Thus, Eg. (6) has valu®; from the calculation of Eq. (5), so the resulttub
GZQ; givesthe best choice for the user to perform heedo

The proposed algorithm is detailed as follows:

Step l:ldentify the parameter of the VHO algorithm fotér@geneous mobile wireless
networks. The required parameters are as follows :

B = Threshold current available bandwidth

RSS = Threshold received signal strength

%4 = Threshold velocity of mobile station

T = Threshold estimated time MS will be in presestivork
P = Threshold battery power of MS

c = Threshold cost of network for MS

Step 2: Create a rule for the value associated with thelbfi parameters listed in Step
1 in order to determine the process (VHO) [15]
1) Handover will occur if the parameters — when comeedo a WiFi or 3G
network — are greater tha&j" .
2) Otherwise, theMS will stay connected to the samisvoik and continue to
Step 3

Step 3 Identify the neighboring base stations / acqessts

Step 4 Input the threshold values of the various patenseassociated with the GZRP
routingwhen prompted.

Step 5 Create rules for the parameter values associattdthe GZRP in Step 3 to
determine the GZRP routing process
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1) If the value is less than or equal to #/&value then return to Step 4
2) If the value is greater than ti®&"value then proceed to Step 6

Step 6 Apply the GZRP process [17],[18] as shown in {&).

If the RSS of WiFi exceedes low-threshold qualitye connection will be
returned to the MS WiFi access point (AP). If théFIWAP capacity is fully
used, cellular traffic is connected in a clusterusing GZRP routing. When the
current AP is already full, the MS will be transkat to the nearest AP. Thus,
the implementation of the GZRP concept is intentdeavercome the bottleneck
and minimize connection drops due to the APs (Istesttons) being connected
to mobile subscribers who experience full traffic.

4 Simulation Results and Discussion

4.1  Simulation Settings

We have applied the same parameters as in [4] ifoulating the RSS,
handover time and probability blocking, using siaiat NS2 and Matlab. The
simulation parameters are shown in Table 1.

Tablel Simulation Parameters.

Data Simulations

Number of WiFi Access Points 3
Number of 3G Base Static 2

Size of the Service Ar (1200 m x 1200 n
Traffic Type TCP
Transmission Range:

3G Base Station 600 m
WiFi Access Poir 100
Access Speed:

3G Base Station 15 Mbps
WiFi Access Poir 8 Mbps
Maximum Spee 5 m/s

We performed the simulation in two stages: firsd§® was used for arranging
the process of handover for the 3G-WiFi Offloadhsmguently, the existing
cellular signal conditions that will be simulatedish be known. Secondly, the
proposed algorithm was applied. We implemented algerithm with a test
download file of 10 MB on a remote server (hostgdamogle) using the HTTP
over TCP protocol. The performance of GZRP routimy3G-WiFi Offload
improved the user's RSS, data rate, and throughpdé as discussed in the
following subsection.
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For the simulation we used MATLAB software with et ®f functions called
RUNE [19]. We used a wireless propagation modeltfier received signal (in
dB) as follows:

P(d)= P+ G+ f,(d)+ S(d) @)
and

G =a—10plog(d) (8)

whereP; is effective transmitted powedl,is distance to transmittexjs the path
loss constant used to model the effect of antenma &nd other physical
parameters. Thg parameter determines how much the power decays as
function of distance from the base station. Foe fepace propagation this
parameter is 2 and in a typical urban environmerariges from 3 to 4;(d) is

a log-normal shadow fading factor used to modejdeascale fluctuations of
signal power caused by large obstacles (like billpuildings) in the direction
of radio wave propagation.

Moreover, we found out the handover time. The matte&al equations for the
handover time in the proposed algorithm are as#d|[20]:
Step 1: Handover Time for Scan
a. Horizontal scan
tr2p—scn (max) = Np—nbr X Vp 9

whereN,,_,,-comes from total transmission cost from MS to GG&Nhe
ongoing network ang, = the number of neighbor AP/BTS to scan for the
communication system (network source)

b. Vertical scan
tL2n—scn (avg) = Ny—nbr X ¥n (10)

whereN,,_,,-comes from total transmission cost from MS to GG&Nhe
targeted network ang, = the number of neighbor AP/BTS to scan for the
communication system (network destination)

Step 2: Handover time for the reactive mode

treactive = trBU + FBack (11)

wheretggy is time to send an FBU (Fast Binding Update) mgssadt g, qx
is time to accept feedback to/from the previousenod
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Step 3: Handover execution delay is given by

taas = Owiri
£ = 6, = { AAA WiFi (12)

tkey T trang T treg T teap = 03¢

where 6,, is the total time of communication process initiaion on each
network, including:

AAA (WiFi)

Synchronization &ranging (3G)
Registration time (3G)

Key exchange & authorization (3G)
Basic capability negotiation (3G)

bR

Step 4. Total handover time + load balancing GZRP

tgo = tLZp—scn(max) + tr2n-scn (avg) T treactive (13)

In this research, we combingdx) with the GZRP because tingg€x)is related
to the connection between the source node and ékgndtion node in its
calculation. Therefore, the following handover tifoemula is obtained:

g0 = tuo — [((Zyg;yf("’) x 100%) X tyo| + tim (14)

4.2 Results and Discussions

The simulation results for a system with VHO onhdahe proposed algorithm
are shown in Figure 2 and Figure 3, respectively.
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Figure2 Simulation results 3G—WiFi Offload with multiple $&stations (VHO
only) (*).
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Y (m)

200 <00 600 800 1000 1200 1800 1600 1800 2000
X(m)

Figure3 Simulation results 3G-WiFi Offload with multiple ¢ stations
(proposed algorithm) (*).

(*) The lines denote:

""" = MS connection with 3G base stations in the raofg&5 dBm to -95
dBm

= MS connection with WiFi AP in the range of -68rd to -85 dBm
— '+ = MS connection with WiFi AP in the range of 0 dBon65 dBm

- = MS connection with 3G base stations in the rasfgé dBm to -75
dBm

= = MS not connected to either WiFi AP or 3G bas¢iahs

In Figure 2 we see that User3 is travelling frorB(Q6420) to (500, 480) and is
not connected to the WiFi AP but served by the 3I&BThis is because the
WiFi traffic is in full state. In Figure 3 we no#icthat there is little difference
incoverage for User3 compared to Figure 2. In FigRirUser3 is connected to
the WiFi AP, which indicates that the proposed atgm is able to manage the
traffic flow and stream traffic to another node wttbe node is in full or down
state.

Furthermore, there is improvement regarding thedbaer time, as shown in
Figure 4.
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Figure4 Handover Time.

From Figure 4, we can see that the proposed dhgoriteeds less time to
execute handover because the GZRP makes theinaitiah time shorter with
the track going through the smallest hop and thallest traffic load.

In addition, when User3 is located in the coverafj@ViFi AP2, there is a
significant RSS level difference at the mark pois27, as shown in Figures 2
& 3.

RSSI User 3
100 ’ ‘ ‘
90
20 WW~ Lo
rooot 3]’1" el '
0 | ! W
60 ] p el
g ., Mo ieet eIl
~ 10
30
20
10
0
0 10 20 30 40 50 60
—o—Proposed Algorithm Point Mark
—8—-VHO with Hybrid RSSI Algorithm
—a—EVHDF Algorithm

Figure5 Graph of RSSI of User3.



60 Setiyo Budiyanto, et al.

Figure 5 shows a comparison of RSSI between theosex algorithm and
other algorithms. From the figure we can see thatséem using VHO with the
Hybrid RSSI Algorithm yields an RSS level of arow¥® dBm to -85 dBm.
This implicitly shows that the load for the AP iseady full and the MS does
not connect with the outside BTS. Unlike in theyiwas simulation, where we
applied the proposed algorithm orthe EVHDF algoniththe MS was
successfully connected to the outside BTS. The RE&®e proposed algorithm
is better than the RSS for the EVHDF, because n&teonditions can be well
dispersed to various nodes. On the other handsWDF is not able to deploy
traffic load balancing, because the EVHDF is onkedl to determine the
condition of the network.With the proposed algamtbiser3 gets an RSS in the
range of -48 dBm to -60 dBm, while the RSS rangth whe EVHDF is -53
dBm to -63 dBm. Thus, implementation of the GZRRhea 3G-WiFi Offload
affacted the quality of the RSS for the MS greatly.
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Figure6 Graph of Data Rate of User3.

Figure 6 shows the results of the simulation reiggrthe data rate of User3 in
WiFi AP2 coverage. We can see that there are soffeeethces in the data rate
between User3 using the proposed algorithm andther algorithms. At the
time when Userl, User2, User3 are simultaneouslthécoverage of WiFi
AP2, they compete with each other to use the alaildandwidth on the
existing WiFi access. In the first simulation, Usand User2 received the WiFi
coverage first, after which it moved to User3,wboaived a WiFi coverage as
good as Userl and User2, but User3 was still cdvieyethe UMTS (3G) base
station too, since handover to the WiFi networkldawt be performed. In the
second simulation we used the proposed algorithdhtae result was that for
User3 handover could be performed from coveragehbyUMTS (3G) base
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station to coverage by WiFi AP2. From Figure 6, tla¢a rate of User3 had a
similar gain as Userl and User2 because the existiffic in the WiFi AP was
supplied to a neighbor WiFi AP. The application tbe GZRP yields an
increase in data rate of 1 Mbps to 2.5 Mbps

The total traffic of User3 in WiFi AP 2 is depicted Figure 7, which shows
that the total traffic for the proposed algorithrassdlower than that of other the
algorithms.
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Figure7 Total WiFi Traffic Capacity.

This proves that the traffic capacity at accesstpdiiFi AP2 was streamed to
the neighboring access points that were still cotete to the same WiFi
Offload gateway. The proposed algorithm was ableettuce the amount of
traffic going to a bottleneck and minimized handofelures and call drop
occurrences.

5 Conclusions

We have proposed a novel strategy for handover GRVBiFi Offload by
combining the GZRP and the VHO algorithm. Basedhmnsimulation results,
we can conclude that there are significant imprayeis in terms of handover
time, received signal strength, data rate, andid¢reépacity. The results of our
research have proved that a concept of dynamiénigoun 3G—-WiFi offload
technology with multiple base stations gives thetbgerformance for the
mobile subscriber since the GZRP is able to craé@8&-WiFi offload network.
As a result, providers and mobile network users fe#l comfortable with the
quality of the mobile network service.
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