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ABSTRACT

Mobility has now a crucial requirement for wireless
communication. Handover is one of the major tablat t
are used to support continuous transmission foohilm
terminal into different radio coverage area. Optinm
the existing handover protocol requires integratireyv
functionalities. This work focuses on presentingd an
optimizing handover algorithm. We analyze handover
time in wireless local area networks based on HieH
802.11b MAC protocol. In fact, scan phase is thenma
contributor to the handover time. Then, we propase

speed Wireless Local Area Network (WLAN)
connectivity to millions of offices, homes, and fiab
locations, such as hotels, and airports. The iategr of
WiFi into notebooks, handhelds and Consumer
Electronics devices has accelerated the adoptiofViBf
to the point where it is nearly a default featunethese
devices [10]. WiFi is also characterized by easngs
deploy and less cost than cellular service. WiF tiee
advantage to interoperate with others technologiss
WiMAX.

2. WIFI OVERVIEW

handover model which replaces a scan phase by ahe IEEE 802.11 architecture consists of a number o

positioning process. This model is able to seldst t
suitable access point (AP) based on the shortetdrtie
far from the mobile terminal (MT). Proposed Handove
allows a mobile user to reacting quickly to decab®ut
to which access point to connect. Simulation resstiow
that the proposed model provides gains in termetdiys
and Handover success in various scenarios

Index Terms—IEEE 802.11, Handover, positioning,

Latency.
1. INTRODUCTION

This research introduces characteristics of WiFir@lgss
Fidelity) architecture and particularities of itsohility.
Handover protocol has been attracting a lot atterfiom
researchers in order to provide continuity of
communication to mobile user. In order to reduce
Handover procedure delay, some steps of handovet mu
be revised. Classical procedure can then be opmhis
Particularly, this work involves the impact of piisiing
component for handover protocol in a WiFi environtne
It proposes fast handover protocol based on positip
process in order to minimize amount of time for d@arer
procedure.
This paper is organized as follow. Section 2 pressére
IEEE 802.11 environment. In section 3, we desctitze
classical handoff mechanism and we perform
constraints.
algorithms in the literature. In section 5, we detar
proposition to reduce handover latency. The sinanat
analysis and synthesis are illustrated in SectioBegtion
7 concludes the paper.
Today, there are nearly pervasive WiFi deliverdihig

its
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components. The Basic Service Set (BSS) is thecbasi
building block in the architecture, and the membmra
BSS communicate with each other or with the Interne
hosts through access points. Multiple BSSs can
interconnect with each other through a distributgstem
and form an Extended Service Set (ESS) [5]. The BSS
consists of a number of mobile terminals. When MT i
moving between different BSS, it needs to switshAP
which functions as a bridge permitting interconigcto

the distribution System.

Distributed system

Figure 1. IEEE 802.11 architecture component

Section 4 presents proposed Handover

IEEE 802.11 specification focuses on the two lowest
layers of the Open Systems Interconnection modéll (O
model) that incorporate both physical and data link
component. The physical layer consists of the raudfio
the radio’s shared channel. The MAC layer maintains



communications among 802.11 stations by managieg th considered as the dominating factor in handoffniege

operation of the PHY and by utilizing protocols ttha [1].

support and enhance communications over the radio

medium [1]. Figure 2 illustrates the basic WLAN 3.2. Authentication phase

architecture defined in the IEEE 802.11 standard Authentication phase depicts a process wherebyAthe

either accepts or rejects the identity of a MT. TW&

begins the process by sending an authenticatiamefra

IEEE 802.11 (MAC) MAC layer containing its identity to the AP. With open system

authentication (the default), the MT sends only one
authentication frame, to the selected AP which aoul

R FHSSS DSS5 PHY layer accept or reject the connection through an auttetitin

frame.

Figure 2. IEEE 802.11 architecture
3.3. Reassociation phase
3. HANDOVER SPECIFICATION In Reassociation phase, we distinguish reassoniatio
_ ) request and reassociation response. In fact, iTaddms

Handover term refer to different approaches to ediorg away from the currently associated AP and findsttaTo
mobility —aspects. Distinctions between different pp having a stronger SNR, it will send a reassimiat
propositions can be made according to the perfoeman fame to the new AP. This last then coordinates the
characteristics, diversity steps, state_ transitioaad forwarding of data frames that may still be in théfer of
control modes of handover techniques. Generally,he previous AP waiting for transmission to the M&n
Handover can be defined as the process by which amp sends a reassociation response frame contaaring
active MT changes its point of attachment to thivoek, accept notice to the MT requesting reassociatiimil&
or when such a change is attempted. Handovertioftia 1 the association process, the frame includesrirdtion

is, generally, based on signal strength. The acces$egarding the association, such as association i® a
network may provide features to minimize the supported data rates.

interruption to sessions in progress [3]. The cotieaal
Handover procedure comprises three phases namafy Sc
Authentication and Association or Reassociatiogufé 3 MT Active AP old AP
illustrates Handover procedure as described inlHieE
Standard 802.11. It explains the basis handoveremod
and its steps latencies [2]. More handover proaadur
details can be seen in [9]. Probe response
3.1. Scan phase Probe response
In the scan phase, a MT tries to find a new avkal##
with the best signal quality. It selects channelpitobe.
Then, MT sends a probe request frame in order taimb
information from access point. For example, a MTuldo
send a probe request to determine which accesdspoin
(APs) are within range. When receiving a probe estu
frame, AP will respond with a probe response frame
containing capability information, supported datdes,
etc. The TM must explicity scan each channel (11
channels in 802.11b and 802.11g, and 8 channels for
802.11a indoors) for potential access points. After
probing all selected channels, the AP candidate is
determined from the information received in the b@o
Eg‘?\lps)nses and their associated Signal to Noiseo Rati Figure 3. Handoff latency in IEEE 802.11 Networks [2].
In its simplest form, the scan phase can be coeiplet 4. RELATED WORK
passive. The MT switches to a candidate channel and
listens for periodic beacon packets generated B$SEC  |anqover should maintain connectivity to mobile
points to announce their presence (typically eVBB®  torminal as it moves from access point to another.
ms). However, the latency incurred by this approe@h  |,hqrant issues related to handover include Seteaif
be quite long since the phase of beacon inten@ls i gntimised access point, initializing handover, Hahd
independent and a MT must therefore wait the full delay and routing. Different approaches have tried
interval on each channel [8]. Scanning phase adsdan  ntimise handover procedure in WiFi network to elu
more than 90% of the overall latency. It is, then, panqover time incurred by probing, authentication a
association phases.
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Some researchers propose an authentication phaises th  of signalling requirement. When moving into diffete
designed to reduce the authentication delay dwidgFi radio coverage area, Mobile Terminal must find & ne
handover process. access point with which to associate. The acces# po
Details of this approach can be found in [4, 5]. @fe should provide sufficient signal strength. We pragpadn
interesting here of research that try to reducecans this work to choose a nearest access points inrdode
phase. In fact, Syed S. Rizvi and all [11] verifiatthe  increase handove3UCCESSIn consequence, a scan step
active Scanning can reduce the overall handovez Ain is eliminated. A positioning process offer advaﬂtag
MAC layer if comparatively shorter beacon interval®  focusing the choice of the access point candiaatehich
utilized for packet transmission. In [11], matheitet 3 terminal has a shortest distance. The positiopingess
model is proposed to be used to effectively redinee s responsible for measuring distance between tedmi
handover time of WLAN at MAC layer. Simulation and each access point. The positioning component
results verify that the utilization of probabilistapproach  cajculates distance between mobile terminal anésacc
with the active scanning yields lower latency facle oint. It generates different distances in ordechoice
detection and search phases. Both simulation andne nearest access point far from MT.

numerical results of this paper demonstrate that th |n this section, we outline the implementation bE t
reduced handover time at MAC layer provides béttad positioning process in the MAC layer of a TM. We
balancing, high throughput, and minimum frame explain a modular architecture proposal of our
transmission delay. The solution proposed in [2}st§ts  contribution in the MAC layer, based on receiver,
of transmitting Probe requests which the scanningransmitter component and positioning process. rgigu
channels, stops once a Probe response indication igletails interaction between different processesqusi
received with an adequate SNR. An SNR thresholdllev yarious types of handshaking signals.

has been defined to select AP that provides QO0STg determine the position of TM in a 2D space, wedi
guarantee. Simulation results show that the prapose gur new geometric approach to Mobile position in
model reduce handover time by 22,28%. In [6] the wjreless LAN reducing complex computations [12]isTh
handover was split into three phases, typicallfgseted  new geometric oriented algorithm is based on three
in sequence: detection, search and execution. Bedpo distances measurements to determine the positioa of
approach has shown that the detection phase can bgobile object. Provided that all operations in our
reduced to three consecutive non-acknowledged ame proposed algorithm are additions, subtractions and
when stations are transmitting. A shorter beacoerval multiplications based, the implementation is siffigd
reduces the detection. The idea in [7] is to monito \which reduces complexity.

continuously the signal quality of all access pwiim ] )
range. In this way terminal makes decisions based o The proposed method converges and provides with a

signal levels received from all access points. iy a 900d accuracy the position of MS using a very reduc
available AP provides a significant better signadlgy or ~ number of iterations (K<10). Hence, the major
the actual associated AP has too weak signal lmvel @dvantages of our algorithm are: implementation
serve the MT with a specific link quality, it iscessary to ~ Simplicity, and low computation overhead.

initiate a handover process. The whole handovecgs®  The following figure illustrates the system architere;
is under control of the mobile node that is capatfie e divided location process to 4 parts: a procesation

performing fast handovers. In [8] a technique chlle a|gorithm, the square root component, divider bleok
SyncScan is described. This technique requiresyyffers to store data

synchronizing short listening periods at the MT hwit
periodic transmissions from each AP. SyncScan dlgor

is implemented using commodity 802.11 hardware.| € —
Proposed scheme allows better handover decisiods an| ., __,.
seek to reduce the time spent in the channel sognni X; —p] Buffers
phase when a handoff occurs. In fact, implicit time | Y= — i Ectimated abscissa
synchronization is proposed to reduce the key obst ToA — o] - \/— of MS
discovering new wireless access points. By synéhirmn X, —] 1 I
the announcement of beacon packets, a client cange Y: —
to listen to other channels with very low overheAd.a TOA — v v v
result, handoff using this SyncScan approach isrder o —] brocess location Estimated ordinate
of magnitude quicker than using the conventional | va — —>
approach.

RST 4*
5. HANDOVER USING POSITIONING PROCESS Figure 4. Top level structure of the Location circuit

In wireless environment, supporting continuous Developed algorithms give information to allow niebi
communication with QoS guaranties is hard to attemp terminal to select an access point in an optimay.wa
This is due to fluctuation of network conditionsndy time



These algorithms explain also a complexity of The input signal of the model are the x, y postion
implementing positioning process with VHDL desaopt

language.

In

fact,

functions to the extraction and the manipulatiorraffic
parameters. It needs also functions to computeirtatm

previously computed of the TM in meters, and tlymais

positioning process necessitatesSCLK and Rst as operating clock and initializatiarcait

respectively. The output signal is the shortestadise
from N distances and therefore the selected AP to

establish the new connection.
6. RESULTSAND OBSERVATION

position. Complex models including arithmetic opera
as addition, division and multiplication are, theaquired
to be employed.

The equations for the x and y position of the mohbiks 6.1. Basismodel

modeled using VHDL. The numeric_std package was

used to construct the VHDL model that was readily A MT broadcasts probe request over three chanfels.
synthesized into a low power digital circuit. Theput each channel, it expects to receive responses those
signal of the model are the x, y positions of the¢ APs,  access points. Response frames as well as theireB&lR
i,j,k in meters, and the signals TOA from the indual buffered and then used to select the AP that szifie

AP to the TM in nanoseconds. The input signal mobile requirements

assignments are xi, yi, TOAI, Xj, yj, TOAj, xk, yKOAk Figure 5 gives an example of an active scan sifmoulalt
shows also probe response frames identification,
addresses extraction and SNR measurement. Thefrest
the handoff process reposes on authentication and
association phases while each one a frame is sdhet
selected AP and a response is received.

After probing all selected channels, the next asgesnt

is determined from the information received in ghebe
responses and their associated Signal to Noiseo Rati
(SNR). The following algorithm details the process
described above.

After calculating its coordinates (X, y) and usagimple
calculation of Euclidean distances, the MT can lgasi
compare the distances which separate it from differ
available AP. The shortest distance correspontissté\P
closest to the MT. This closest AP will be then sdoto
establish a new connection

The following figure shows the selection of thessst
AP based on Euclidean distances

CLK Algorithm: Full-scanning algorithm.
(MAC APy: X), Y1) 1: For each channel to probe do
X, |(MACAPy X, Y2) 2: Broadcast probe request on this channel
(MAC AP X5 Y5) | 3: Start probe timer
Min di(APg, TM) .
— 4: while True do
v 5: Read probe responses
R 6: if MinChannelTime expireshen
(MAC APy;: Xy, Yx) 7 break
Rst 8: end if
9: if MaxChannelTime expirethen
Figure5. Min di (APi, MT) determination 10: break
gures. ' 11: end if
12: endwhile
Probe Request Frame(First channel) Probe R;po&se Frames Probe RequAest Frame(2nd channgl)
P reset u} bl T
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Figure 6. Simulation of the Scan Phase on the first chartradi¢ model).
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6.2. Handoff with positioning process. approach of handover is transposed on a concise
This work lies in the development, implementatiorda  description which support different scenario in WiF
discussion of handover protocol. It shows perfortegn  environment. Handover algorithm is integrated ome th
of handover procedure in WiFi environment based onMT. It is implemented in an FPGA environment with
positioning strategy. In fact the proposed moddixed simulation and synthesis tools. The efficiency bist

to reduce handover time. Parameters values used taescription for several network situations evalsatiee
validation are selected according to typical cases.Handover algorithm performances.

Performance evaluation is given by simulation. Our

et handoveriniv_sig ;x| il T
1] i d1, d2 and d3 are the distances that separatethe ______
et handoverteemnal/d? (1] | MT from BS1, BS2 and BS3 respectively.
est handovei Mesminal/dd 1] )
& fest hendoverfeminalidistancefa |0 | Bl )62 Jol Jo5 o4
& Mtest handoveMesminal/dictance /v 1} 1] Bl 51 589 53 54 55 7]
W Mest handovertesmmal/distance/sc 1] 1] | (] i 56 155 HEE]
o ftest hendoverftesmnalidistancefys |0 i] 54 58 54 55 57 56 55 |
& ftest handoventesmnal/distance /b (1] €]  ECE T 1 L
i} 1] 3 = I 58 1% i idi
54 | I = (O |Fast computation of x and v
48 il L =T I = = ."ﬁf- {coordinates of the MT
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Figure 7. New Handover mechanism based on positioning phase

6.3. Comparison synthesis is achieved using the ISE 10.1 of thenXxil
With the basic model a mobile station broadcastb@r FPGA virtex 5 environment. Synthesis results, ef tivo
request over three channels. On each channelpécex  approaches, are shown in table 1. These resultddsbhe
to receive responses from three access points.oResp exploited in order to study their impact on the maup of
frames as well as their SNR are buffered and tisex to the technological parameters specified in IEEE BD2.
select the AP, which satisfy the mobile requireraehig

5 gives an example of an active scan timing diagdam _ Table 1. Comparison of different handoff mechanisms

shows also probe response frames identification, Number of Number of Frequency
addresses extraction and SNR measurement. Thefres _ Slices Flip Flops (MHz)
the handoff process reposes on authentication and Basis 782 604 132
association phases while each one a frame is sethiet Handoff

selected AP and a response is received. Propé)sled 507 463 187
However, with positioning process, optimal handof roce

latency is improved by replacing the phase of tlith &
fast positioning process.

Simulation results show that the proposed modewasl|
the reduction of almost 60% of the basic handoVée
following figure shows the number of clock cycles
required for each model.

7. CONCLUSION

This paper shows a model that focuses on reducing
handover time consumed by the channel scanningephas
Therefore, we presented a work for designing, sating

and synthesizing a positioning approach that reslee
scan phase. We discussed how a positioning appczach
decrease handover during.

220 Implemented positioning IP reduces handover latdncy
170

20 finding out distance between mobile terminal andotes
70 :ﬁ access points. Results presented in this paper #faw

20 : /" |DAssociation phase MT can select the optimal access point with lowetim

Handowr with — Basic Handower m Authentication phase| - Component is designed and characterized by using a
positioning process (scan phase) @ Scan phase . L. .
hardware design flow. The description was made thi¢h
Figure 8. Handoff latency for new and basis models. high description language VHDL. ModelSim was used t
6.4. Synthesis results checl_< the behavi_our of the syst_em at the RTL leltel.
During the synthesis step, we have exploited FP®AXx permits T[O determine the 'ateﬁcy in terms of clogkles.
virtex 5 environment. This environment allows Syn_theS|s was _u_ndert_aken using the ISE 10.1 dFE@A
implementing communication systems on programmableenvIronment xilinx v_|rte?<_5, in order to evalu_a_tbet
circuits. The advantage of using FPGASs circuitsiznly performance of the circuit m_terms of surface acetical
the system re-scheduling. For our application, RTL time and frequency operandi.




The approach explained in this work has limitatidimast
may not be apparent in indoor network, but are
inadequate outdoor for network.
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