
IJ
IS
w

D

N
(W
ap
te
se
an
(t
su
T
to
m
p
in
h
K
Sy

1

F
c
m
ex
h
c
w

1
T
an
h
(M
w
 
T
i)
a 

JCSI International 
SSN (Online): 169

www.IJCSI.org 

Minim

Debabrata Sard

2

Now a day, IEE
WLAN) have be
pplications. Th
echnology is ha
ervice (QoS) dem
nd multimedia  
time required to 
uch services t

Throughout the la
o reduce the han

method in which
oints from the 
nvolved in incr
andoff latency. 

Keywords: AP 
System), handoff 

1. Introducti

For successful 
ommunication

mobile station(
xceed 50ms. 

handoff latenc
ompletely una

wireless networ

.1 IEEE802.1
The stations are
nd may be an

handheld devic
MAC), physic

wireless media.

The IEEE802.1
) Ad-hoc: Here
peer-to-peer c

Journal of Compu
94-0814 

mization

ddar1, Shubhaje

1 Depar

2 Department o

3 

Abst
EE 802.11 base
een widely depl

he main issue
andoff or hand 
manding applica
 require seamle
perform hand o
o be made av
ast few years so
nd off delay. H
h we determine

mobile node 
reasing Medium

P (Access Poin
latency, IEEE 8

ion 

implementatio
ns, the handof
MS) moves ov
But measure

cies in the r
acceptable and
rking to fulfill 

11x Architect
e the basic com
nything from 
ces that conta
cal layer (PHY
 

1x WLANs op
e STAs recogni
communication

uter Science Issues

n of Han

eet chatterjee2, 

rtment of Electr

f Electronics an

Department of 
N

tract 
ed wireless loca
loyed for busine

e regarding w
over managem

ations like Voice
ess handover. Bu
off) provides a se
vailable to mo
 many researche
ere we propose 
 the distance o
to bypass the 

m Access Contro

nt), GPS (Glo
02.11, MS (Mob

on of seamless 
ff  latency ind
ver to a new 
ments indicat
range of 400
d thus must b
its potential.  

ture 
mponent of a wi

laptops to mo
ain Medium A
Y) and a con

perate in two m
ize each other b
n between them

s, Vol. 8, Issue 2, M

ndoff Lat
Me

Ramesh Jana1,
N

ronics and Tele
Kolkata –

nd Communicat
Saltlake, Kol

f Computer Scie
Nadia, West Ben

al area network
ess and persona

wireless network
ment. Quality o
e over IP (VoIP
ut handoff delay
erious barrier fo
obile platforms
es had been done

a new scanning
of nearest acces

main processe
ol (MAC) laye

bal Positioning
bile Station). 

Voice over IP
duced when a
AP should no

te MAC laye
0ms which i
be reduced fo

ireless network
obiles to othe
Access Contro
nnection to the

modes, namely:
by establishing

m. 

March 2011 

tency by
ethod 

  Shaik Sahil B
Naskar1. 

 
communication
– 700032, India

 
 
 

tion Engg, Insti
lkata-700091, In

 
 

ence and Engg, 
ngal, Pin- 74123

 
 

ks 
al 
k 

of 
P) 
y 

or 
s. 
e 
g 
s 
s 

er 

g 

P 
a 

ot 
r 
s 
r 

k 
r 

ol 
e 

 
g  

ii) Infras
data tran
with the 
and a col
an Extend
Besides, 
Identifier
attemptin
distinguis
STAs use

1.2 Cha

 
 

Figur.1 

 
IEEE802
ISM ban
available
frequency
spaced b
above an
there is a
out-of-ba
set at ch
2.423GH
frequency
noted tha
significan
well conf
the non-o

y Distan

abu1,Hari Nara

n Engg, Jadavpu
a 

itute of Engg. &
ndia 

University of K
35, India 

structure: Her
nsfer between t

associated STA
llection of APs
ded Service Se
there exists a

r (SSID) whic
ng to become a
shes one WLA
e this SSID to m

nnel distribut

2.11b and IEE
nd and use 1
e and are henc
y channels. Th

by 5MHz with
nd below the 
a guard band of
and emissions 
hannel one tra

Hz and so on
y distribution 
at due to overl
nt interference
figured networ
overlapping ch

ce Meas

ayan Khan1,  Ut

ur University, 

& Managment c

Kalyani, 

re APs (Acces
the STAs und
As form a BS

s (connected to
et (ESS).  
a unique labe

ch characterize
a part of a spec
AN from ano
maintain conne

tion 

EE802.11g ope
11 of the ma
ce compatible 
he channels (n

h a bandwidth
centre of the 
f 1MHz at the 
below 2.4GH

ansmits signal
n to give th
as shown in fi
lapping of freq
e between adja
rk, most of the
annels number

suremen

tpal Biswas3 an

college, 

ss Point) contr
der it.  The AP
S (Basic Servi

o a main server

el called Serv
es all APs and
cific WLAN an
other. The wir
ectivity with th

Channel distrib

erates in the 2
aximum 14 ch

due to use o
numbered 1to

h of 22MHz, 
channel. In a
base to accom
z. Thus a tran
l from 2.401G
he standard c
figure (1).It sho
quencies there 
acent APs. Thu
e APs will ope
red 1, 6 and 11

283

nt 

d M.K. 

rols all 
P along 
ice Set) 
r) forms 

ice Set 
d STAs 
nd thus 
relesses 
he APs. 

bution 

2.4GHz 
hannels 

of same 
14) are 
11MHz 
addition 

mmodate 
nsmitter 
GHz to 
channel 
ould be 
can be 

us, in a 
erate on 
. 



IJCSI International Journal of Computer Science Issues, Vol. 8, Issue 2, March 2011 
ISSN (Online): 1694-0814 
www.IJCSI.org 

 

284

1.3 Handoff 

 When a MS moves out of reach of its current AP it must 
be reconnected to a new AP to continue its operation. The 
search for a new AP and subsequent registration under it 
constitute the handoff process which takes enough time 
(called handoff latency) to interfere with proper 
functioning of many applications.  
Three strategies have been proposed to detect the need for 
hand off[1]: 

1) mobile-controlled-handoff  (MCHO):The mobile 
station(MS) continuously monitors the signals of the 
surrounding base stations(BS)and initiates the hand off 
process when some handoff criteria are met. 
  2) network-controlled-handoff (NCHO):The surrounding 
BSs measure the signal from the MS and the network 
initiates the handoff process when some handoff criteria 
are met. 
 3) mobile-assisted-handoff  (MAHO):The network asks 
the MS to measure the signal from the surrounding 
BSs.the network make the handoff decision based on 
reports from the MS. 
 
Handoff can be of many types. 
Hard & soft handoff: Originally hard handoff was used 
where a station must break connection with the old AP 
before joining the new AP thus resulting in large handoff 
delays. However, in soft handoff the old connection is 
maintained until a new one is established thus significantly 
reducing packet loss as shown in figure (2): 
 

 
 

Figure 2 hard and soft handoff. 
 
In NGWS(next generation wireless system),two types of 
handoff scenarios arise: horizontal handoff, vertical 
handoff[2][3].  
 

 Horizontal Handoff: When the handoff occurs 
between two BSs of the same system it is termed 
as horizontal handoff. It can be further classified 
into two: 

        Link layer handoff : Horizontal handoff 
between two BSs that are under the same foreign 
agent(FA). 

       Intra system handoff : Horizontal handoff 
between two BSs that belong to two different FAs 

and both FAs belong to the same gateway foreign 
agent (GFA) and hence to the same system. 

 Vertical Handoff : When the handoff occurs 
between two BSs that belong to two different 
GFAs and hence to two different systems it is 
termed as vertical handoff . 

1.4 Handoff process: 

The handoff procedure consists of  three logical phases 
where all communication between the mobile station 
undergoing handoff and the APs concerned is controlled 
by the use of IEEE802.11 management frames as shown 
below in figure(3). 
 
Scanning:  When a mobile station is moving away from its 
current AP, it initiates the handoff process when the 
received signal strength and the signal-to-noise-ratio have 
decreased significantly. The STA now begins MAC layer 
scanning to find new APs. It can either opt for a passive 
scan (where it listens for beacon frames periodically sent 
out by APs) or chose a faster active scanning mechanism 
wherein it regularly sends out probe request frames and 
waits for responses for TMIN (min Channel Time) and 
continues scanning until TMAX (max Channel Time) if at 
least one response has been heard within TMIN. Thus,  
n*TMIN ≤ time to scan n channels ≤ n*TMAX. The 
information gathered is then processed so that the STA can 
decide which AP to join next. The total time required until 
this point constitutes 90% of the handoff delay.  
 
Authentication:  Authentication is necessary to associate 
the link with the new AP. Authentication must either 
immediately proceed to association or must immediately 
follow a channel scan cycle. In pre-authentication 
schemes, the MS authenticates with the new AP 
immediately after the scan cycle finishes. IEEE 802.11 
defines two subtypes of authentication service: ‘Open 
System’ which is a null authentication algorithm and 
‘Shared Key’ which is a four-way authentication 
mechanism. If Inter Access Point Protocol (IAPP) is used, 
only null authentication frames need to be exchanged in 
the re-authentication phase. Exchanging null 
authentication frames takes about 1-2 ms. 
 
Re-Association: Re-association is a process for 
transferring associations from old AP to new one. Once 
the STA has been authenticated with the new AP, re-
association can be started. Previous works has shown re-
association delay to be around 1-2 ms. The range of 
scanning delay is given by:- 
N × Tmin _ Tscan _ N × Tmax 
Where N is the total number of channels according to the 
spectrum released by a country, Tmin is Min Channel 
Time,Tscan is the total measured scanning delay, and 
Tmax is Max Channel Time. Here we focus on reducing 
the scanning delay by minimizing the total number of 
scans performed. 
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In section II we take you through the various works that 
have already been done to achieve this and in section III 
We introduce a new method using the instantaneous 
distance to the neighboring APs by which we intend to 
reduce the handoff delay to the range of a few 
milliseconds. This is followed by performance evaluation 
of our proposed technique using simulations in section IV 
after which in section V we propose a few areas in which 
further improvement can be made. Finally, we provide an 
extensive list of references that has helped us 
tremendously in our work. 
 

 
 

Figure.3  Handoff procedure. 

2. Related Works 
The new age applications require a seamless handover 
while the small coverage of individual APs has increased 
the number of handoffs taking place. Thus reducing the 
handoff latency has become a burning issue and much 
work has been done to achieve this. See [1] for an overall 
review of  popular  methods  suggested. 
 
Shin et al in [3] have introduced a selective scanning 
algorithm with the help of channel masking technique 
coupled with a caching mechanism to significantly reduce 
the handoff delay. However, it still scans excess APs even 

after the new AP may have already been found and thus 
leaves room for further improvements. 
In [4] the authors have introduced a novel caching process 
using neighbor graphs by pre-scanning neighbor APs to 
collect their respective channel information. The concept 
of neighbor graphs can be utilized in different ways and 
have become very popular in this field. In [5] a pre-
authentication mechanism is introduced to facilitate 
seamless handover. [6] is a novel approach towards 
reducing handover latency in AP dense networks. 
 
Besides, much progress has been made in introducing GPS 
aided handoffs; vide [7] to [10]. In our work also we look 
at another such position dependant solution with a view to 
minimize overhead signaling problems. This is necessary 
since extensive pre-scanning is unacceptable in high traffic 
AP dense networks. 

3. Proposed Works 

3.1 The Hexagonal Cell Structure 

 

 
Figure.4 Hexagonal cell structure 

 
Due to fading of signal strength (fast fading due to 
scattering from interfering objects & slow fading due to 
long term spatial and variations, inversely proportional to 
the square of the distance) we consider that each base 
station services a circular area (depending on the height of 
the antenna and power of its signal) beyond which signal 
strength becomes lower than usable levels. In an idealized 
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model we approximate the overlapping circular cell areas 
by hexagonal cells that cover the entire service region 
through frequency reuse concept where every cell marked 
similarly can use the same frequencies being out of range 
from each others’ signal strength figure (4). 

3.2 Signal Strength vs. Distance Measurements 

The signal strength being primarily a function of distance, 
and the geometry of the coverage area being known, we 
can think of some new criteria for the selection of the most 
suitable AP in terms of best signal strength. In most cases, 
the best AP is the one which is nearest to the STA. And 
since from the geometry of the situation we already know 
the distances to the neighboring APs we can bypass 
channel scanning and signal strength measurements. Also 
refer to [6] for more on nearest APs having better signal 
strengths due to their advantage in competing for the 
wireless channel. Thus we can use a new algorithm to 
connect to the nearest AP and save scanning time. 

3.3 Distance to AP Measurements 

We utilize this hexagonal cell concept to realize a new 
caching mechanism that will minimize the handoff delay. 
Here we define a polar coordinate system with respect to 
the current AP and measure the position of the MS in 
terms of r and θ as shown in figure (5) by means of GPS or 
sensor networks or any other localization techniques. 
Knowledge of (r,θ) provides the formula for the 
instantaneous distances Ri to the neighboring APs as 
follows: 

                               (1) 
We can now update (r,θ) in 
regular intervals and with its 
help calculate the distance to 
APs and maintain a cache as 
shown (here we store the APs 
in reference to some keys or 
IDs, e.g. the MAC addresses of the respective APs).  
Once the MS enters the handoff region it continuously 
checks the cache. The moment it detects that an AP is 
nearer to the current AP and that distance is less than R 
then it concludes that it is moving into a new AP and thus 
initiates a handoff. This bypasses the elaborate scanning 
processes since from distance measurements we directly 
get the best AP to connect.  
 
Upon failure the MS can look for 2nd nearest option and 
thus initiates a handoff. If that too fails then we can go for 
some traditional good selective scanning techniques. From 
the algorithm figure (7), we can see that scanning is 
required only if a cache miss occurs; every time we have a 
cache hit, no scanning is required.    
 
The region within the incircle and the circumcircle of the 
individual APs are known as handoff region. The region 
within them covers a distance R*(1-0.5√3) which is 
sufficient to complete the handoff for normal cell size R 

and MS velocity. A cache hit usually takes 5ms to connect 
to a new AP. But a cache miss tends to induce a back off 
delay (of up to 15ms) that may be reduced by setting a 
timer to connect to the next best entry after a 7ms wait. 
Thus a single miss would cause a delay of about 11ms 
while a double miss would imply a latency of 12ms plus 
some scanning time of about 30-40ms. In this way a cache 
miss would not significantly affect the handoff delay.  
     

 
 

Figure .5 Cell cluster 
 

{*Here i is the number of the AP as found proceeding 
anticlockwise with the one on the +ve x-axis taken as 1, 
and D is the distance between the current and its 
neighboring access points.} 
 

 
Figure.6 Handoff in square cell 
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For example, though we have been able to reduce handoff 
latencies we do not consider whether the handoff was at all 
necessary in the first place, i.e. ping-pong effects can 
significantly increase the number of false handoffs taking 
place. 
 
Also, our approach may result in handoff failure in a very 
small number of cases when more than two distances from 
APs are involved, i.e. towards the vertices of the 
hexagonal cells. 
 
Such limitations can be effectively eliminated using 
mobility measurements of the STA involved in handoff. 
Indeed this would not require significant changes to the 
actual scheme as we are already using GPS to get 
positional data. We intend to take up this matter in future 
studies. The real challenge as of now is to interpret the   
coverage areas of APs geometrically and incorporate that 
knowledge. 
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