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Abstract—The proliferation of heterogeneous wireless networks
and devices with multiple wireless link-layer technologis have
called attention to the development of efficient vertical hadover
policies. Research on providing efficient vertical handove in-
cludes either the proposal of novel solutions or adaptatios into
existing horizontal handover schemes. In this work, we propse
a policy for Group Vertical Handover (GVHO) attempts. We
apply such a policy to an existing GVHO scheme, which handles
vertical group handover based on a threshold that limits hamnlover
blocking probability. Performance is evaluated through smula-
tion under several scenarios. To provide more realistic sitations,
we consider channel holding time in our studies. In addition
we study the fraction of blocked nodes and we vary threshold
values for blocking probability. We compare our solution to that
of the studied GVHO scheme. Results show that our solution
reduces the handover latency and the fraction of blocked noes
while maintaining the handover blocking probability under a
predefined threshold. In particular, latency is reduced fran 11%
to 51.5% in some of the scenarios studied.

Keywords-GVHO; handover; policy of attempts.

I. INTRODUCTION

Load balancing and handover among different Radio Ac
cess Technologies (RATs) are the main concerns in Grou
Vertical Handover (GVHO) studies [1]-[3]. Research on
GVHO covers simultaneously issues from Group Handove

(GHO) [4]-[6] and Vertical Handover (VHO) [7]-[18].

becoming more common and introduce new challenges. At
the IP level, protocols like Proxy Mobile IPv6 [20] manage
mobility sessions at the network layer. In this paper, we are
particularly interested in the link layer handover.

Research on GVHO may involve the three main handover
phases: discovery, decision, and execution [18]. The iecis
phase interests us the most, since the decision process in
GVHO s still an open issue and it may impact the GVHO
overall performance. Further, the decision algorithnifitseist
be associated to an optimized policy for GVHO attempts to
guarantee better handover performance. Research on GVHO
seeks to provide efficient decision-making techniques with
their own policy for handover attempts. Some of them are
based on centralized entities [21], distributed algorgHgP],
random delays [2], reinforcement learning [23], game the-
ory [2], and optimization problems [3]. We give special atte
tion to Leeet al. [3], since it addresses the latency reduction
while considering load balancing, support to legacy neksior
and handover blocking probability. A reduced GVHO latency
means less time spent in the GVHO operation. Load balanc-
ing is the consequence of a efficient resource management.
Controlling the handover blocking probability means tha t
mobability of the MN having its handover request denied by

e target network is limited. Those issues are fundamental
f.or advances in GVHO. The objective of Let al. [3] is to
model GVHO decision as an optimization problem. Latency
is minimized given the condition of maintaining the handove

GHO takes place when two or more Mobile Nodes (MNs)blocking probability under a predefined threshold. Althloug
intend to request handover at the same time to the same bakeeet al. [3] present encouraging results, we find optimization
station. During GHO, MNs are not necessarily aware of theopportunities in the policy for handover attempts.

presence of each other. Thus, GHO procedures must carry out
load balancing. To achieve this, criteria such as energyngav
available bandwidth, and type of service may be considered

In this paper, we propose a policy of attempts for GVHO.
Our policy is based on exponential backoff and uses in-
formation from the GVHO scheme itself. We improve on

The continuity of telephone calls and streaming sessionprevious experiments [1] by considering channel holdinggti
over heterogeneous networks are covered by the VHO researaéh performance evaluations, which makes studied scenarios
field. Quality of Service (QoS) and the type of traffic may more realistic. In addition, we study the fraction of blodke
also define requirements for handover decisions apart fn@m t nodes and several thresholds for the blocking probabilite
underlying network technology available. IEEE 802.21 [19]proposed solution reduces average latency and the fragtion
is an example of effort to standardize VHO procedures andlocked nodes in comparison to results found in [3].

facilitate the proposal of new VHO solutions.

Providing support to GVHO has been motivated by theGVHO concepts in Section

The remainder of paper is organized as follows: we present
II. We present related work in

recent popularity of devices such as tablets and smartghoneSection 1ll. We detail the GVHO scheme proposed in [3]

which are capable of supporting multiple link-layer tecloo
gies and handling different kinds of traffic. Additionallyse

in Section IV. We present the proposed policy for GVHO
attempts in Section V. We present performance evaluation

cases involving users moving in trains and on buses areesults in Section VI. Finally, we highlight our conclusfon
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in Section VII. For all layers of the protocol stack, the proposal of effitien
and effective handover procedures for mobility management
including handover decisions and optimal resource alionat
II. GROUPVERTICAL HANDOVER - GVHO is a critical need. In this paper, we are particularly inséed
in the efficiency of GVHO at link layer, when tight coupling
Pakes place. In that context, proposals may involve theethre
"handover phases [18]:

Recently, the concept of handover has evolved to take int
account the continuity of communication sessions even gmo
different RATs [24]. Technological evolution has allowdtbt

rising of cheaper gadgets supplied with multiple netwotkrin e Discovery - Service discovery and network infor-
faces. The appearance of such gadgets, in turn, has enedurag mation gathering. A specific criterion is adopted to
new research in mobility management considering brand-new determine if handover is necessary. According to [28],
use-cases. Studies in the Group Vertical Handover (GVHO) the gathered information may have a predetermined
area of interest aim at managing different connectionsiaki nature, like user policies and preferences, or time-
place at the same time in public spaces with a diverse number varying nature, like signal-to-noise ratio, transmission
of available technologies. rate, Point of Attachment (PoA) load, battery con-

sumption, Received Signal Strength (RSS), RSS with

An example of GVHO scenario is illustrated in Figure 1. threshold, RSS with hysteresis, etc.

Suppose an open event, like a music festival where users o . _ . .
desire to communicate with friends and transmit multimedia e  Decision - One network in a list of candidates is

data. In this scenario, users are constantly changing their chosen, taking into consideration data collected in the
location. There may be several available RATs and dozens of earlier phase. Depending on the network technology,
devices in communication sessions simultaneously. Iitihaee handover may be MN-initiated or network-initiated.
commercial agreements among the telecommunication cgrie The decision technique and the policy for handover
it must be possible to maintain a communication session even attempts strongly impacts the resource management
if a group of users move from one network to another at the and the overall handover performance. Thus, the de-
same time. cision phase is the focus of this paper.

e  Execution - Networks and MNs exchange control mes-
sages to make channel switching. This phase should
minimize service interruption in order to appear im-
perceptible to the user. This phase is strongly media-
dependent. The Hard Handover (HHO) implementa-
tion is mandatory for all technologies. HHO takes
place when the MN disconnects from its original
PoA before making the first contact with its target
PoA. Since packages may be lost during that in-
terval, optional Soft Handover (SHO) mechanisms

Figure 1. A GVHO scenario.

The integration between heterogeneous networks can be di-

vided in two approaches: loose coupling and tightcoup_lﬁig[ are proposed. SHO mechanisms include Seamless
In the loose approach, heterog_eneous networks are_lmadgrat Handover: Entry Before Break (EBB): Multicarrier
a the IP level, but they operate independently at the linkday Handover: Fast Base Station Switch (FBSS), or

In this case, it is necessary to rely on a gateway to support Fast Cell Selection (FCS); and Macro-Diversity Han-
authentication and accounting. Since handover is done at dover(MDHO) [12].

link layer, routing tables and authentication informationst
be updated. In order to accomplish this operation, mobility IEEE 802.21 standard [19], which describes the Media
support is added to IPv4 and IPv6 protocols. The Internetndependent Handover (MIH) can help determining the re-
Engineering Task Force (IETF) efforts in mobility manageme quirements for discovery and decision phases. MIH intends
are concentrated at the IP level and layers above. The mato be a common mean over the link layer in order to al-
protocols derived from that effort are Mobile IP [25], Mabil low different RATs to communicate with each other during
IPv6 Fast Handovers [26], PMIPv6 [20], and Fast Handover®iandover, abstracting implementation details. MIH isl il

for Proxy Mobile IPv6 (FPMIPv6) [27]. These standardsrelatively new standard and, therefore, it faces challenge
allow the MN to maintain its initial IP address, even whensuch as abstracting wireless technologies in a singlefauey

it is out of its home network. The main advantage of looseincorporation into existing handover schemes, securgyss,
coupling is the simple adaptation to legacy systems. Howevepower management, and storage issues at the information
handling handover only at the IP level may not entirely solveservice.

the problem of interruption of communication during this

operation. Each RAT must provide its own implementation of MIH

and must map the MIH messages to its media-dependent
In the tight approach for heterogeneous networks couplingdrimitives. The main elements of MIH are:

D e o ASCInelony MU eXpIGIN SOl o MIH Functon (MIWF) - It cetects hanges i Ik

o . ' X layer, controls link state and provide neighborhood

management, and accounting are integrated. This approach information:

requires more standardization effort than the loose amproa '

However, the handover management becomes more effective e  Service Access Points (SAPs) - It defines media-

in terms of the number of lost packets. dependent/independent interfaces;
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e MIH Users - Entities that make use of MIH services.

A handover scenario with MIH assumes the existence of
an information service to help MNs to find neighborhood
information. It avoids the MN to waste energy ant time making
scanning operations by itself. There are plenty of studies o
handover performance adopting MIH as an auxiliary tool for
discovery and decision processes [3][29]-[32].

There may be many different decision criteria for GVHO
such as available bandwidth, expected QoS, or battery con-
sumption. The type of service (voice or data) is a deter-
minant factor for choosing the most suitable criterion for
GVHO decision. Decisions made without network analysis and
without considering the MNs in the neighborhood may bring
disastrous performance results. Wrong handover decisiays
cause MNs to choose the same PoA, overloading it, or to
choose an inadequate network for the application in use. The
main handover decision approaches found in GVHO research
include:

e Centralized entities [21][33] - A relay station han-
dles GVHO management, removing complexity from
MNSs. This approach also reduces the uncertainty level
and ensures better performance than decentralized
approaches. The main drawback is the lower fault
tolerance. Figure 2 illustrates an architecture based
on central entity. If the entity suffers a failure, the
mobility management would be damaged.

info

info

Central
Entity

info

cision

Figure 2. Central-entity-based approach.

e Distributed algorithms [22] - The decision algorithm
makes use of well-known parallelism and synchro-
nization techniques. Distributed algorithms are usually
simple to understand. Figure 3 shows an example of
distributed approach. The architecture is fault-tolerant
however, the algorithms are not built to adapt them-
selves to new scenarios.

e Random delays [2] - MNs attempt to handover after

a random delay. This procedure minimizes simultane-
ous handover attempts and is considered a subtype
of the distributed algorithm approach. In Figure 4,
we present an example of handover that happens in
different instants of time for each MN. This approach
avoids collision among MNs, distributing handover
requests over time.

e Reinforcement learning [23] - It employs Atrtificial
Intelligence (Al) techniques to make MNs learn about
their surrounding environment as they make handover
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Figure 4. Random-delay-based approach.

attempts. This approach does not require message ex-
change among users; they use the information received
from other entities over time. Figure 5 presents this
interaction. However, learning algorithms may cause
performance issues due to the complex processing.

o decision

Figure 5. Reinforcement-learning-based approach.

Game theory [2][23] - This approach maps handover
scenarios in cooperative or non-cooperative games in
which MNs are players interested in getting the best
payoff as possible, shown in Figure 6. The payoff
may be a larger bandwidth, energy saving, or better
security. Nash equilibrium is the desired stable state
in which all MNs do not have anymore strategies to
obtain better payoffs. The main advantage of this ap-
proach is the almost perfect match between a GVHO
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scenario and the Game Theory competitive models. Jeonget al. [4] propose a specific handover scheme for
On the other hand, it is not always possible to modelthe IEEE 802.16e standard. It consists on reducing the numbe
additional parameters. of packets necessary to accomplish handover, by means of a
group-based channel scan. The MNs form groups and inside
each group there is a handover schedule for the MNs. Com-
puter simulations and Markov models were used to compare
the scheme performance with the existing scheme in the IEEE
{%z 802.16e standard. The authors observed that the proposed
\2 @ scheme reduces blocking probability.

Fu et al. [6] highlight a group-based authentication scheme
for WIMAX networks. That scheme consists on the PoA
sending security context to a group of MNs if a member of
this group requests handover. The main objective is to mduc
handover latency while maintaining privacy preservatitne
metrics evaluated are latency, communication overhead and
computation cost. Simulation results show that the twoiearl
metrics are reduced, however, the latter is increased.

50

Figure 6. Game-theory-based approach.

e Mathematical optimization problems [3] - Mathemat- B \gertical Handover

ical equations are used to describe the handover ) _
decision under predetermined conditions. Figure 7 The state-of-art in VHO schemes can be found in [12].

illustrates that approach. The optimization problemThe authors give more highlights on IEEE 802.16m and 3GPP

is solved by finding the ideal value for the equation LTE-Advanced technologies. According to the authors, IEEE

variables. This approach requires a more complex302.16m offers enhancements to link layer performance suc

modeling and is more flexible than Game Theory-as multicarrier handover, in comparison to IEEE 802.16dgga

based models. The paper also presents the supported handover procedures
besidedHard Handover, such asSeamless Handover andEntry
Before Break.

In [7], Parket al. propose integration between WiMAX and
cdma2000 networks. Their approach takes elements frorh tigh
coupling and loose coupling, introducing new messagesia li
layer and establishing tunnels in the IP layer. Simulatioits
OPNET measured delay in function of the elapsed time and the
speed of nodes. Packet loss ratio is also measured in fanctio
of the elapsed time. According to the authors, those metrics
are reduced in comparison to a loosely-coupled scheme.

Figure 7. Optimization-problem-based approach. . . .
Kim et al. [8] present a proposal for thelierarchical

Mobile 1Pv6 (HMIPv6). They propose to execute IP-level

For any GVHO approach, the MN or the serving PoA mayhandover and link-layer handover simultaneously, in otder
determine if it is possible to request handover in a certaif€duce total time. Results show the reduction of latency and

time, or if it is preferable to postpone it, given the network Package loss in a intra-domain scenario in comparison to
conditions. Policies for handover attempts can influenae ha HMIPV6.

dover performance, for better or for worse, depending upon ghenet al. [9] propose a cost-function-based network se-

the adopted solution. lection. The authors consider available bandwidth infdfoma
traffic load and RSS. Simulation results show the scheme
Ill.  RELATED WORK behavior in different scenarios. The authors conclude ttheat
In this section, we present a critical analysis of recenfroPOsed scheme affects several system parameters, which
research related to GHO, VHO, and GVHO. need to be handled carefully.
Stevens-Navarret al. [10] uses a Markov decision process
A. Group Handover for VHO having the maximization of the total expected reward

Chowdhurv et al. 5] propose a resource managementPe connection as objective. Performance evaluation densi
y - [5] prop 9 voice and data applications. Numerical results show that th

scheme using a dynamic bandwidth reservation policy i : . Pprane
mobile femtocellular network deployment. The scheme aitms g\bvreoigﬂzig g:gg?:mm performs better than the simple-adgiit

the vehicular scenario and uses the proximity of new station
and required QoS as information to allocate the corresmandi Yeh et al. [11] propose thd-ast Intra-Network and Cross-
bandwidth only when necessary. Simulation results show &yer Handover (FINCH). It is a complementary mechanism to
reduction in the handover call drop probability and maiméai Mobile IPv4 for intra-domain mobility management. The main
bandwidth utilization when compared to schemes without Qo®bjective is to reduce latency at the IP layer. FINCH usessro
criteria and without priority. layering techniques, which allows a more efficient locdita
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and path optimization. The authors use numerical simuldto  Thus, the RRMC decides which group of nodes may handover
compare FINCH to Mobile IP, Fast Mobile IP, HMIP, Cellular to a given network. The decision is based on Fuzzy Clustering
IP, and HAWAII. The authors observe that FINCH reduceswhich is used to group nodes with similar characteristidse T
location cost and overall latency. policy for handover attempts is totally controlled by thatity.
Results show that the solution reduces the blocking prdibabi

in comparison to [3], a decentralized scheme. However,asdo

tion during handover. These information include locatio®, . iive results for the latency and does not make compagison
quired bandwidth, battery status, available network fatags, to another centralized scheme

and authentication key. The authors give special attention
to security in VHO. Experiments are run in a testbed to Caietal. propose three decentralized algorithms for GVHO
demonstrate how the proposal can be deployed. in [2]. The first is a Nash equilibrium-based algorithm where
. . - the policy for handover attempts is based on the game syrateg
Choi et al. [14] propose a new metric for VHO decision: ot each player. The second algorithm adopts random delays,
Interference to other Interferences-plus-Noise Ratio (IINR).  thys using a simpler policy for handover attempts. The third

The main objective is to enhance throughput by analyzinggorithm is a more refined version of the previous one. It
the interference among cells in a cooperative fashion. Thegnsiders latency as a basis for delay calculations. Regfoce
MN only handover to another cell if there are possibility of gy4jyations show that latency values under the three s

throughput gains. The authors use simulation to prove et t 5.e similar. Handover blocking probability is not consietér
proposed scheme increases throughput at the scenaridsdstud

in comparison to schemes that 8gnal to Interference-plus- Niyato et al. propose a model for network select_ion that is
Noise Ratios (SINRs) as decision metric. based on evolutionary games [23]. The model consider two ap-
o ] proaches: a central entity-based approach and a deceetal
Koh et al. [15] study the fast handover in wireless multicast hased approach that uses a reinforcement learning model.
networks. According to the authors, the message calls to thgy the first approach, the central entity controls handover
IGMP protocol can be optimized when introduciMyllticast  atempts. In the second approach, MNs are allowed to infer
Handover Agents (MHAs) at the base stations. Numerical the pest period of time to request a handover. The fraction
simulations show a reduction of delay in the scenarios studi of MNs choosing the same PoA is the load-balancing metric
Kim et al. [16] propose a common link layer for 3G, adopted. They conclude that each approach has its advantage

WiMAX, and WiBRO networks. Additionally, three decision in_accordance with the scenario. One drawback is not evalu-
schemes are presented based on available bandwidth and cB8EP9 the impact of the approaches on latency.

employing neural networks. Simulations measure throughpu  Leij et al. [22] present three GVHO schemes. The first
cost, and handover success rate and show better results theégheme schedules simultaneous attempts to random time peri
RSSI-based schemes. ods. In the second scheme, MNs select PoAs using a predefined
probability as a base. In this case, the policy of handover
attempts consists in an immediate attempt. The last scheme
requires the network to be responsible for the handover de-
I5ision. Results show that the last approach is more efficient
However, it may be difficult to adapt it to legacy systems.

Gondiet al. [13] propose to use network context informa-

The work in [17] concerns with the TCP throughput during
handover in a FPMIPv6 network. The solution includes MIH
to make QoS negotiations, preregister, and pre-authdiotica
Simulations with OPNET show that the proposal reduces TC
overhead in comparison to FPMIPV6.

Lee et al. [3] propose a GVHO scheme, which is based
on the solution of an optimization problem. The MN is
responsible for the handover decision. The main objecsite i
minimize latency while limiting the handover blocking prob
ability. Some factors make the scheme in [3] more promising
than the other researches:

Zekri et al. [18] present a survey on VHO solutions.
It highlights the main technical challenges in heterogeiseo
wireless networks underlying seamless vertical handaves.
authors also presents the standards involved and present co
prehensively the mobility management process.

C. Group Vertical Handover e it does not require the presence of a relay station.

In [21], a relay station is used as a centralized entity to ® it may work together with legacy systems.
coordinate GVHO. The scenario studied is the movement of ¢ it considers two of the main GVHO metrics: load
users in a train. Handover blocking and interruption proba- balancing and latency.
bilities are evaluated with the increase of the calls-péerute _ ) )
ratio. The evaluation compares schemes with and without the We detail such scheme in Section IV.
relay station. The authors conclude that the proposed sshem
reduces handover blocking and interruption probabilities IV.  REFERENCEGVHO SCHEME

this case, the relay station is responsible for executig th | ceet a1 [3] propose an optimization for the total handover

policy for handover attempts. The solution has limitationsiaiency ., considering the handover blocking probability as
if co-existence with legacy systems is needed. This is dug,|ows:

to the need of introducing a new infrastructure with special o
requirements. Mnimze L

Ning et al. [33] propose that a network entity called Subj ect 10 Propiock(t) < ProBlockThreshold
Radio Resource Management Center (RRMC) is responsible where Py, piocr(t) is the handover blocking probability in
for collecting data from the nodes and network candidatesa timet and Pg,BiockThreshold 1S the maximum acceptable

2014, © Copyright by authors, Published under agreement with IARIA - www.iaria.org



International Journal on Advances in Networks and Services, vol 7 no 3 & 4, year 2014, http://www.iariajournals.org/networks_and_services/

value for the handover blocking probability. Latency isceal
lated as follows:
L = Nyo.At, 1)

188

The MN requires the number of attempts necessary to have a
well-succeeded handover with blocking probability lesanth
or equal t0 Py oBiockThreshold- Algorithm 2 summarizes this

where Ny is the total number of attempts until the M
requests the handover)t is the period of time between

N process and can also be found in [3].

consecutive attempts. If the MN decides to request in the firs_Algorithm 2: Reference GVHO scheme

attempt, total latency would bét. This is because in [3],
execution time is also equal t¢.

Equation (2) presents the calculation Bf,iock(t). The
value of Py,piock(t) is dependent on the number of candi-
date networks, their available bandwidth, and the number of
participating MNs in GVHO. In [3], it is considered that tlees
values can be obtained by using IEEE 802.21 MMedia
Independent Handover) queries andad hoc communication.

M—1
(i+1—Ck(t).(M —1)!
PrioBiock (t Z Z
= ot i+ 1L(M—-1-4)! (2)
((Psel)H_I ( Psel)M_l_i)7
Where:

e M represents the number of participating MNs.

e K represents the number of candidate networks with

L = 0;
c_atts = 1;
Motal = nunber of GVHO parti ci pants;

Memaining = Motal;

while Memaining < 0 do

find Mptima in function of (2);
cal cul ate PHo,

if deci si on( PHo) then

choose net wor kk dependi ng on
NHo=c_atts;

break ;

else

‘ L += t_atts(c_atts);

Pk.

sel?

c_atts++;
end
M emai ni ng = M enai ni ng - Mbpti mal
end
L += LHoexec;

overlapping areas.

e (i(t) is the available bandwidth in a time for
a network. The model considers that the available
bandwidth is represented by an integer value. Each
MN requires one unity for handover;

e Pk, :The probability of selecting netwogk

The Karush-Kuhn-Tucker (KKT) condition is used in opti-
mization problems and it can be applied to (2) to determine
the PX, value. However,P*, can be obtained by using (3),
which is simpler than using KKT and induces minor changes

in results.
= Oy(t /ch

Now, we can find theMo,,timl() value that ensures the

optimization problem condition. This value can be found
by setting it initially to one, then increasing it by one
unit while the Py,piock(t) value is still less than or equal

t0 PHoBlockThreshold- ThiS procedure is described in Algo-

rithm 1.

(3)

sel

Algorithm 1: Find Mptima Value

]\/foptimal =0 )
repeat
p = Equation (2) ;

Where:

e Motal is the total number of MNs in GVHO.

e Memining is a counter that checks for the end of
algorithm.

e decision() is a function that returnsr ue with
probability Py o (t).

e Lhoexec is the handover execution time. It is equal to
At.

e t_atts() is a function to calculate the period of
time between consecutive attempts. In [3], the return
value of this function is alwaya\t.

e cC_atts counts the number of attempts. When
deci si on() istrue in the first attempt, the total
execution latency i$ Hoexec.

Functiont _att s() characterizes the policy for handover

attempts. In this case, it is a function that returns a caoista
value and it is equals to the execution laterdgyoe e

V. THE PROPOSEDPOLICY FOR GVHO ATTEMPTS

Despite of presenting a promising GVHO scheme, the work

_J\/[optimal = Moptimal +1 )
until p < PyoBiockThreshold;

The probability Pyo(t) with which a MN can request
handover is given by:

PHO (t) = Moptimal (t)/M (4)

in [3] lacks a good policy for handover attempts. It is based o
a constant delay, which causes a negative impact on thelbvera
GVHO performance as the number of MNs increases. In this
section, we present a policy for GVHO attempts that aims at
providing reduced handover latency for GVHO schemes like
the one proposed in [3]. At the same time, we intend to reduce
the latency and the number of blocked nodes, maintaining the
blocking probability premise.

If the MN decides not to request the handover immediately,

In order to enhance performance results, we propose to

a new attempt will be made after a constant time intervalmodify thet _att s() function in Algorithm 2. Our proposed
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solution is exponential backoff-based. It depends upon the VI. PERFORMANCEEVALUATION AND COMPARISON
c_atts counter and the duration of a reference slot time. . . _ .
It is a particular case of random delay. Exponential backoff In th!s section, we extend the experiments made n [1]
algorithms have the particularity of keeping the probapil mtroducmg new parameter _vaIues and simulation condition
of collision and the probability of transmission stable he t 1€ Metrics evaluated in this paper are latency and handover
number of nodes which are sharing a medium grows [34]!olock|ng.probab|I|ty, as in [3] and [1.]' and additionally,
Although our solution is motivated by the performance issue 1€ fraction of blocked MNs. The fraction of blocked MNs
in [3], it is generic enough to be applied in other schemesMeasures the fraction of nodes that decided to request hando
Equation (5) shows our modified versionofat t s() : and,. for. lack of bandwujth, had. their request denied by the
- destination network. This metric helps us to evaluate the

effectiveness of the GVHO scheme. All metrics are plotted
random[0..2°-%**s — 1] . timeSot , in function of the number of MNs.

if c_atts < LimBackFactor
random[0..2L¢mBackFactor _ 1] _{imeSot ,

otherwise

t_atts(c_atts) = The majority of the parameters also follows the work in [3]
and [1]. The value ofAt¢ is set to 0.1s. We study scenarios

(5) with different values fotPy,BiockThreshold: 0.01, which is the

whererandom picks a uniformly distributed number over the récommended value according to Telecordia [35]; 0.02, whic
given interval; LimBackFactor is the number of attempts IS @ typical value [36][37]; and 0.05, in order to observe the
that limits the range of values foandom; and timeSiot is effects of a less conservative parameter. The threshold<af

the duration of a reference time slot, which depends on th@nd 0.05 has been addressed in the former experiments [3][1]

target network. This information is obtained via MIH. and the threshold of 0.01 is introduced in this paper. The
number of MNs varies from 20 to 100, as in [1]. It differs

Total latency depends directly on the number of attempts(Tom Leeet al. [3], where this number varies from 20 to 65.

which varies with the return ofieci si on() . The expo- In this paper, we introduce the Channel Holding Time
nential backoff approach in_at t s() gives to the MN an  (cHT) in the simulations. CHT is the time elapsed while
opportunity for a new hgndove_r attempt after a time interval; mobile node occupies a channel in a cell due to new
shorter thamA¢, or even immediately. When the MN chooses connections or handover in an ongoing call [38]. In [1] and
not to request handover, other MNs may request it, reduga) js considered that all nodes leave network as soon as
ing concurrency during the next attempts. Thus, MNs finishyyey handover to it. The introduction of the CHT factor
their handover sooner, decreasing total latency. Addilign give us a more realistic environment for analysis. The CHT
the number of nodes that have their handover blocked alsgodeling usually depends on the call holding time, the cell
decreases, making the handover more effective. dimensions, cell residence time, resource allocatiortegjya
) and the network architecture [39]. However, studies hawsho

In [3], the return value oft _atts() is constant and that CHT can be approximated to a random variable with
equals to the execution latenéyocsec. IN that case, latency exponential distribution [38][39]. We consider 60s as theam
always grows by a constant factor. It causes a negativetéffec CHT. In other words, in our simulation, a set of nodes arrive,
the overall handover performance as the number of MN growsmake handover attempts according to the policy adopted; the
as shown in [3]. Figure 8 presents the behavior ot ts()  each one remain consuming a unit of bandwidth resource by

in function of the number of attempts. We observe that they time defined by a random variable exponentially distribute
interval between attempts in (5) is always smaller than th&yith mean 60s.

approach in [3]. Analysis of the effect of the proposal in the

overall performance is presented in the next section. We maintain the characterization of heterogeneity as the
use of different available bandwidths to be compliant with t

modeling presented in [3]. The number of available PoAs is
0.12 ; 5, considering the following scenarios:

Constant backoff &
E ial backoff - io 1- i i
0.1 B ‘_g.__fg.gf_{?g{%ﬁﬂﬁfg EGEEEE'& Scenario 1- All PoAs have 20 bandwidth units.
@ Scenario 2- Two PoAs have 15, two PoAs have 17, and one
0 0.08 PoA has 20 bandwidth units, respectively.
E 0.06 Scenario 2 is only used in [3] for validating their simulator
9 and in a situation of co-existing individual handover, whic
Q . . .
T 004 is out of the scope of this paper. Nevertheless, we include
0 Scenario 2 in our evaluations. Th&tor Lim Back parameter
0.02 is set to 10. This value is based on preliminary experiments.
o0 e o We consider that MNs are switching from an arbitrary network
0 o o, eyOrigurOry ey to an |IEEE 802.11 area. The parameténeSiot is set to
0 2000 4000 6000 8000 10000 12000 14000 9.10~%s, which is equivalent to the SIFS time slot in IEEE
# attempts 802.11 standard.
Figure 8. Comparison between the different implementatifum the We have implemented the reference scheme and our solu-

t_atts() function. W : : \ - and.
~atts() function tion in a discrete-event simulator, which was written in C++

Figure 9 illustrates how our scheduler operates in a given
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state, whemode 3 has its decision made. In this example, £ 0.1 .
we have a queue of events, ordered by the scheduled timeg %
Initially, we haven events of MNs trying to handover at the S E‘.'E"'E'"'m'"*""m""“’-'-é
same time, in timea = 0. Then, each event is dequeued and g /RO S ——
processed according to the Algorithm 2. In this casmle 3 £ x Riig
decided to postpone handover request to tiieenqueuing é 0.01 P Rookekoag
the corresponding event. In that statede 1 already had its = _..'
event int = 0 processed and the decision to retry handover g i
at timetl have been put at the queue. There is also anotheré R ? threshold 0,05
event fornode 2, which decided to execute handover at titte £ 0.001 | Rgfggzgg' thizhgl 400
Thus we can simulate parallelism in events, since bandwidthi i Reference, threshold 0,014~
allocation will only happen in another event, when the node =2 I # Proposal, threshold 0.05 -+
will in fact execute handover. 5 » Proposal, threshold 0.02:-----
5: 0.0001 ‘ . Prpposa!, threghold 0‘.01 ------ Koo
Queue - ordered by time Process 720 30 40 50 60 70 80 90 100
Node 1 || Node 2 || Node n Node 4 Dequeue Node 3
Tries HQ | Exec HQ | Tries HQ | Tries HQ Tries HQ #MNs
t=t1 t=t2 t=0 t=0 t=0 . . L .
Figure 10. Handover blocking probabilityersus the number of MNs in
Scenario 1.
Enqueue
Node 3 Decisi
. ecision . .
tT:ft'gSH MNs approximates to 100, the number of blocked MNs in the
scheme in [3] is greater than the value found in the proposed
Figure 9. Example of scheduler instance in our discretetesinulator. solution. This is reflected in the blocking probability ghap

in Figure 10. For all thresholds, the blocking probability i
slightly smaller when the number of nodes is between 95 and
The implementation of the reference scheme in our simula100. It is due to the random nature of the attempts, which
tor was validated by the authors of [3]. We consider a group ofwvoids collision among MNs.
MNs simultaneously entering a new coverage area and gjartin

handover procedures defined by the GVHO scheme studied. | ' ' ' ' ' ' ' o
We represent confidence intervals with 99% of confidence. R, e o o |

level. Confidence intervals appear imperceptible in Figl@- 9} o0s | Reference, threshold 0,014 I
14. 1t is important to point out that we are not interested in é : Proposal, threshold 0.05+-
evaluating the decision algorithm itself, but the impacbaf 3 Proposal, threshold 0.02:---:--- £
policy for GVHO attempts on performance. 2 06 Proposal, threshold 0.01- - Ao

Q i

i)
A. Results for Scenario 1 2

o 0.4

Figure 10 shows results for handover blocking probability =
under Scenario 1. The probability increases as the number o
MNs grows from 55 for threshold 0.01, from 60 for threshold &  0-2
0.02, and from 70 MNs for threshold 0.05. Thereafter, the
curves are stable. This happens because blocking prdigabili 0
is getting closer to the threshold defined in the optimizatio 20 30 40 50 60 70 80 90 100
problem. Since blocking probability is directly related ttee #MNs
cell utilization [40], it is necessary to limit the numberNs
entering a new cell at the same time in order to maintain théigure 11. Fraction of blocked nodeersus the number of MNs in Scenario
blocking probability under the threshold. When the blogkin 1
probability reaches the threshold, the value Mf,:imai(t)
that is calculated in function of (2) can not increase anymor

This leads the remaining MNs to wait for another handoverresFé%l:rt% tlhze zgﬁ\g’;éelrslu[g]s \];\(l)é éztﬁgzéé?vgfﬁgﬁg?e r% Vg[[t;
attempt. Thus, the stabilization of the blocking probapili p ' dg

L : rowing from 55 MNs for threshold 0.01. For the threshold of
curve as the number of MN grows always implies the increas :
of the average latency. It is important to notice that the%‘oz’ values start to grow at 60 MNs. Values in that curve

curves with and without our solution are similar because th%gemg;%alt/?l:l;hinst\/t\lgsfsarloerstl';]zarteesdhcb)ledf(?rSSti‘l\évzlcgl;iﬁtza;ttiilr?g)fvgh
optimization problem conditions are still the same. It mean : ’

that the application of the proposed solution does not c:ausk:],\IOCk'ng probability curve observed in Figure 10 implieg th

damages to the handover blocking probability, despite ef th Increase of the average latency. Also, there is a greatebaum
shorter time between attempts. of handover attempts when we use a lower threshold. It tends

to make MNs wait for more time with thresholds 0.01 and 0.02
Figure 11 shows results for the fraction of blocked nodeghan those using threshold 0.05. The lower the threshottiés,
under Scenario 1. We can observe that, as the number ofiore conservative is the scheme and the greater is the averag
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latency. We can also observe in Figure 12 the impact of thez
proposed solution on the latency curve. The curve is muchs
smoother than the curve that does not adopt the solution.

bal

g pro

For threshold 0.05, the latency is 11% smaller in the case
of 80 MNs and 38% smaller for 100 MNs. For threshold .
0.02, latency is 18% smaller for 80 MNs and 50% smaller
for 100 MNSs. Finally, for the threshold of 0.01, we observe a
reduction of 22.5% for 80 MNs and 58% for 100 MNs.

The latency reduction is due to the proposed solution
which makes the delay between attempts more flexible. TheZ
exponential backoff also brought randomization to the sthe
allowing MNs to try handover again sooner and in different
periods of time, eventually reducing the total number of
attempts.

ndover blockin

Average

0.26 T T T T T T T
Reference, threshold 0.05-&-- 4
024 t Reference, threshold 0.02---- H
Reference, threshold 0.01:--A--
D 022 + Proposal, threshold 0.05-+:-- i
> Proposal, threshold 0.02--:--- S
% 0.2 Proposal, threshold 0.01- % A A
E ::: ‘:_: N
o 0.18 i S
L) =
S 016 Aol 2
< 014 AL g -
S Q
X
0.12 8
) o
0.1 Lealg o 5
20 30 40 50 60 70 80 90 100 s
#MNs 3
o
L

Figure 12. Latencyersus the number of MNs in Scenario 1.

B. Results for Scenario 2

Figure 13 presents results for the Scenario 2. This figur
presents similarities with Figure 10 but the curves stopvijrg
sooner: from 50 MNs for the thresholds 0.01 and 0.02, and
from 55 MNs for the threshold 0.05. This anticipation is due
to the shorter total available bandwidth in the scenaridistil
Thus, handover blocking probability increases fasterijttalso
gets stable in accordance with the established threshold.

However, we observe that the blocking probability starts
to reduce again, from 85MNs. The explanation for this phe-
nomenon is found in Figure 14. Figure 14 presents the fractio
of blocked MNs for the Scenario 2. It is important to notice
the expressive increase of the number of blocked nodes in the:
scheme in [3], which causes some nodes leave the concurren
because they were blocked. Thus, for the remaining nodes theg
blocking probability gets smaller. A similar phenomenopha &
pens to the proposed solution, however, the number of btbcke
nodes is smaller, because the randomization of attemptesnak
handover requests less risky. We observe this behaviod in al
thresholds.

—~
n

N
>
(8]
c
[}

-

e al

Figure 15 shows results for latency in Scenario 2. As
in Scenario 1, the curves for thresholds 0.01 and 0.02 have
greater latency values than the one with threshold 0.053]in [
latency starts growing from 60 MNs for threshold 0.01, from
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F
‘o

F“i.a---n-..Q...g,_,,ﬁmsz:‘

,"' _
/
/

K ::lK
Reference, threshold 0.05- & i
0.001 k :/j Reference, threshold 0.02-©

0.01

S e e —

¥

# xo

Reference, threshold 0.01:--A-
Proposal, threshold 0.05+
Proposal, threshold 0.02-:----
P(oposa!, thresrhold 01_01 ...... x

0.0001 i
20 30 40 50 60 70 80 90 100

#MNs

Figure 13. Handover blocking probabilityersus the number of MNs in

Scenario 2.

Reference, threshold 0.05---&----

Reference, threshold 0.02--&-
4 + Reference, threshold 0.01--A:
Proposal, threshold 0.05---
Proposal, threshold 0.02-
Proposal, threshold 0.01---

60
#MNs

50

30 40 70

Ie—igure 14. Fraction of blocked nodsersus the number of MNs in Scenario

2.

1.1 T T T T T T
Reference, threshold 0.05-1
1 Reference, threshold 0.02-
Reference, threshold 0.01:

0]

0]

4

0.9 r Proposal, threshold 0.05-+:--
0.8 r Proposal, threshold 0.02:------
07 Proposal, threshold 0.0L1--%:----

0.6
0.5
04
0.3
0.2
0.1

60 70

#MNs

20 30 40 50 100

Figure 15. Latencyersus the number of MNs in Scenario 2.
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65 MNs for threshold 0.02, and from 70 MNs for threshold [9]
0.05. Greater latency values are expected because the total
available bandwidth is shorter than in Scenario 1. (10]
Figure 15 also shows that for the threshold 0.05, latency
has a reduction of 30% for 80 MNs. For the threshold 0.02,
we observe a reduction of 42% for 80 MNs. In the threshold
of 0.02, the latency is 51.5% smaller for 80 MNs. We alsol!]
notice that from 95 MNs, our solution presents a greater
latency than that one in [3]. The latency for 100MNs with 12]
our solution is 25%, 22%, and 17% greater than the scheme
in [3] with the thresholds of 0.05, 0.02, and 0.01, respetyiv
It happens because, since our solution has a smaller pageent [13]
of blocked nodes, as shown in Figure 14. The remaining nodes,
instead of being blocked as in [3], wait for more time for
a handover opportunity and consequently, they increase tf}&]
average latency.

[15]

VII. CONCLUSION AND FUTURE WORK

In this paper, we have proposed a policy for GVHO [16]
attempts. Our solution uses exponential backoff in order to
allow a better distribution of handover attempts over time.
Performance evaluations have shown that our proposal makes
it possible to reduce handover latency and the percentaq@n
of blocked nodes during handover. In particular, resultgeha
shown that latency was reduced up to 51.5% in accordance
with the scenarios evaluated. Our future efforts will focus
including MIH queries in the solution design and including [18]
the information gathering phase in performance evaluation
Although this solution is well-suited to resolve performan
issues in the scheme presented in [3], we are also inter'msted[lg]
studying the impact of our solution on other GVHO schemes.
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