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Abstract

In standard IEEE 802.11 based systems, when the wireless client migrates away from the radio
range of the currently associated Access Point (AP), network applications temporarily loose connectivity
till the client is able to reassociate itself with a new AP. The delay that occurs during the break-off interval
can vary from a few hundreds of microseconds to a few seconds. However, delay sensitive applications
such as Voice over IP (VoIP) or streaming multimedia applications usually are unable to tolerate such
long connectivity delays that fall beyond the range of 50-200ms. This results in dropped calls or frozen
video frames. To improve the deficiency, this research proposes the preliminary study of managing the
signal strength threshold to minimize handoff time by investigating the effect of changing the threshold at
AP. Although different solutions are available in the literature, most of them proposed changes that were
outside the purview of the current 802.11 standards. The proposed study requires no additional support
from the network. The outcome of this research indicates the good insight of using the signal strength

threshold to control the handoff time for VoIP application.
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2.7.2  Sync Scan [4]
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2.7.4  Make-Before-Break [26]
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a & A 4 a 4 ]
1. mM3annd1Usunsy Trixbox IﬂEll,iiJﬁu%ﬁﬁlﬂﬁ‘gﬂlﬂ%@ﬂﬂfJiJW’JWI’E)imﬂLLW‘Ll Trixbox

Y

< A ) a ¥ Aa oa a S & = a ¥ o A
ﬂﬁ]gl‘ﬁllﬂuﬂTJﬂ”Ii@]ﬂ@NigUUﬂaUﬁﬂTiﬂHﬂcﬁﬂquﬂ HITIYALLIDYANTITIAANIAIU

Welcome to trixbox

Keyboard Type

Uha: ype of keyboard do you :\%

5

7 s0-1atind
-guert -
slovene 11171

sv-latin
trg
ua-utf
uk

Alt-Tab> between elements

31U 3.2 Mm31@en Keyboard Type = us
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Jelcome to trixbox

Time Zone Selection

What time zone are you located in?

[ 1 System clock uses UTC

AsiasBaku
fisiasBangkok
fAsiasBeirut
AsiasBishkek
AsiasBrunei

{Tab>s<Alt-Tab> between elements i <Space> selects i <F12> next screen

g‘ﬂﬁ 3.3 A131990 Time zone = Asia/Bangkok

Welcome to trixbox

{ Root Password |—

Pick a root password. You must type it
twice to ensure you know what it is and
didn’t make a mistake in typing. Remember
that the root password is a critical part
of system security?

Password:

Password (confirm): =

{Alt-Tab> between elements i <3pace> selects i <F12> next screen

3UN 3.4 Mmua Root Password §15U Login 19153 11
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| Package Installation |

Name : glibc-common-2.5-49-i386
Size : 65891k
Summary: Common binaries and locale data for glibc

87
Packages
Total g 594
Completed: 15
Remaining: 579

b

{Tab>s<Alt-Tab> between elements i <3Space’> selects i <FiZ2> next screen

d' a (9]’.1 1 y
JUN 3.5 msaaaanguueellsunsunely Trixbox

Welcome to trixbox CE

For access to the trixbox web GUI use this URL
ethd http:-/,192.168.36.1

For help on trixbox commands you can use from this
command shell tuype help-trixbox.

trixbox1l login: root
Password:

b4
@ o

A 9 LY I Y Yy A a <
gﬂﬂ 3fiﬁu1ﬂ®[@gnﬂ%WQi%UUH}HWHW%QQQW1mhﬂﬁﬂﬂﬂﬁ1ﬁﬂ
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o 1 o I = 9 14 =
2. mamvuas oy Insaniale lofl (VoIP Account) Tagldiusuwes szylofiuoaasa
A a 14 (DR 2 A g Y o . Y 1 A
VYDUATDIABNUNDFLINUI (VoIP Server) FAUANUIY 192.168.36.1 11d2311013 Login 1419321 1110
Y vy 9 . Y 9 o 4 U o ] ~
[W1g3zVUNAT 11 1Y Extensions Haa 3 19vmne@y Insawi waz lasiariuaingii 3.7 uag
A A 9 3 1 A Y= I o <3 ) o 9 o o
317 3.8 Weairwaiannally Save otiunnnai udwasadmsumsai vy InsAnnyy

4 a d 1
Lﬂ%@\‘]ﬂﬂﬂwmﬁﬂilm“lﬂﬂ

System Status Packages PBX System Settings Help
[ Admin’| Reports Panel Recordings Help [

Add an Extension
Please select your Device below then click Submit

System Status
Module Admin

Device

Device , éeﬁéi_c SIP Device .

Dialplan Injection

[z
5

Extensions

Endpoint Manager

Feature Codes

Submit
General Settings —

= 9 ) 1% Y [ -4
EL]J‘VI 3.7 1/71“ﬂf]Llﬁﬂﬁ1ﬁ§‘]Jﬂ"liﬁi']\ﬂﬁ“llﬁiﬂﬂiﬂﬁﬂv\lﬂ

Add S|P Extension

Add Extension

User Extension 3670
Display Name 3670|
CID Num Alias

SIP Alias

= ] o A
qﬁl‘]J‘Vl 3.8 ﬁﬂwmmaﬂmﬁwwuumim Server



26

a & A ' A A
3. N1IAAANTOIGNUIGNADUN

4 a 14 J a Y a oA a 4
1. IdiaTpanouNUADS Notebook 8 Lenovo U G360 Annsszuulfiianis aynd

Y
a v A

. ' 4 s ' a J o o
A32Qa Debian jU 6.0 oAnAIaYNHEIWAITWITDATINAOUFUYDIAYND |4 Iagl9maa cat

.

[
Jproc/version NAZUAAIAINTUN

U

J

Fle Edit View Terminal Help

root@nart: /# cat /proc/version [£
Linux version 2.6.32-5-686 (Deblan 2.6.32-30) (ben@decadent.org.uk) (gcc version 4.3.5 (Deb|
1an 4.3.5-4) ) #1 SMP Wed Jan 12 04:01:41 UTC 2011 I
root@nart:/# D

v

~ a 4 1 aAq 9
JUN 3.9 asznavesaynguazjunly

] s s

4 a a 4 o v . x
WeaanIayNFES e IToATIdeUMIA Saauau Tagldmida lspei F99z1l510g

N

.

810 Atheros §1 AR9285 gz 3.10

Ale Edit wiew Terminal Help
root@nart:/# lspci

00:00.0 Host bridge: Intel Corporation Core Processer DRAM Controller (rev 18)

00:01.0 PCI bridge: Intel Corporation Core Processor PCI Express x16 Root Port (rev 18)

00:02.0 VGA compatible controller: Intel Corperaticn Core Processor Integrated Graphics Controller (rev 18)
00:1a.0 USB Controller: Intel Corporation 5 Series/3400 Series Chipset USBZ2 Enhanced Host Controller (rev 06)
00:1b.0 Audic device: Intel Corporation 5 Series/3400 Series Chipset High Definition Audio (rev 08)

00:1c.0 PCI bridge: Intel Corporation 5 Series/3400 Series Chipset PCI Express Root Port 1 (rev 08)

00:1c.1 PCI bridge: Intel Corporation 5 Serles/3400 Series Chipset PCI Express Root Port 2 (rev 08)

00:1c.4 PCI bridge: Intel Corporation 5 Serles/3400 Series Chipset PCI Express Root Port 5 (rev 08)

00:1d.0 USB Controller: Intel Corporation 5 Series/3400 Series Chipset USB2 Enhanced Host Controller (rev 06}
00:1e.0 PCI bridge: Intel Corporation 82801 Mobile PCI Bridge (rev a6g)

00:1f.0 ISA bridge: Intel Corporation Mobile 5 Series Chipset LPC Interface Controller (rev 06)

00:1f.2 SATA controller: Intel Corporation 5 Series/3400 Series Chipset 4 port SATA AHCI Controller (rev 06)
00:1f.3 SMBus: Intel Corporation 5 Series/3400 Series Chipset SMBus Controller (rev 06)

00:1f.6 Signal processing controller: Intel Corporation S Series/3400 Series Chipset Thermal Subsystem (rev 06)
01:00.0 VGA compatible controller: nvidia Corporation GT218 [GeForce 310M] (rev a2)

03:00.0 Network controller: Atheros Communications Inc. AR9285 Wireless Network Adapter (PCI-Express) (rev 01)
08:00.0 Ethernet controller: Atheros Communications ARS1S2 v1.l Fast Ethernet (rev cl)

TT:00.0 HOST Bridge: INLEL COTPOratlion LOre Processor GUICKPAth ATCHLTEcTUre Generic Mon-core MEeglSTers (rev os)
ff:00.1 Host bridge: Intel Corporation Core Processor QuickPath Architecture System Address Decoder (rev 05)
ff:02.0 Host bridge: Intel Corporation Core Processor QPI Link O (rev 05)

ff:02.1 Host bridge: Intel Corporation Core Processor QPI Physical @ (rev 05)

ff:02.2 Host bridge: Intel Corporation Core Processor Reserved (rev 03)

ff:02.3 Host bridge: Intel Corporation Core Processor Reserved (rev 05)
root@nart: /# D

A 7 s Sy '
g'ﬂﬂ 3.10 mm'lasmmmuwa Atheros U AR9285
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Y
a %

3. @AAAY Softphone 80 Twinkle U 1.4.2 115 uszuulian15AiTiou (Debian) Wow
g’l o 1 1 1 dl = g’/ 2 dy
muﬁ@uﬂTiﬂﬁUuﬁﬂﬂWﬁTr]Wﬂﬂmu@@uﬂﬂu
Fle Edit View Terminal Help
root@nart:~# apt-get install twinkle
Reading package lists... Done
Building dependency tree

>

Reading state information... Done
The following NEW packages will be installed:
twinkle

0 upgraded, 1 newly installed, O to remove and 241 not upgraded.

MNeed to get 1,731 kB of archives.

After this operation, 4,772 kB of additional disk space will be used.
Get:1l http://ftp.debian.org/debian/ squeeze/main twinkle 1386 1:1.4.2-2+b2 [1,73
1 kBl

Fetched 1,731 kB in 9s (183 kB/s)

Selecting previously deselected package twinkle.

(Reading database ... 73992 files and directories currently installed.)
Unpacking twinkle (from .../twinkle_1%3al.4.2-2+b2 1386.deb)
Processing triggers for gnome-menus ...

Processing triggers for desktop-file-utils .

Processing triggers for menu ...

Processing triggers for man-db ...

Setting up twinkle (1:1.4.2-2+b2]

Processing triggers for menu ...

Toot@nart:n#'[

' 9
JUN 3.1 M3IAAAT Twinkle Softphone

Twinkle - User profile: 3670

U 3.12 m3adrmunune TnsdniiluTisunsy Twinkle Softphone
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352 mammuaeulvszauanuussesdyg o

o [ @ [ . A 1 A ~ A A 9
AIMITUNITIZAUAIUUIIVDITY YU (Signal Level) nsagnvIgnasunNinaaun ulﬂ

= Y Y a A y A ¥ a = s
mmmquasNimumﬂwmmsmsamamamu"lsmﬂmammmmaﬂmmﬂﬂsmmmm

E] a

Y K2 A o

msdaesszauanuussdyain lamnuaszauanuussvesdyaavesadinaiszay -75
o 2 o 1 @ @ I o x 1 1 @
dBm aatiu 3¢ ldtmuagesgauanuussuesdaanonilu 4 szau Faulesniuazuinn sz ay

= Y = Y a Y
V]ilﬂLGIJ”IﬂQﬁ”IﬂJ”IiﬂGlﬁiJiﬂﬁ]lﬂ

Q

3. JLAUANUUTIVBITYYIV -65dBm
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1. 92909219 1: 08.004. D9 10.00%.
2. 9299877 1: 10,001, D9 14.001.

3. 92909219 1: 14.00%. D4 17.001.
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NNFIWIAT NAIY Fast
1. 91A5ITIUTIN2 Slow
91A13 NNFIIIAT NPT Fast
21A1500LAZISOUIIN2 | Slow
NNFIIAT PAIY Fast

MINA 3.3 Maniuiindeyanunaemsgydedoyatenaiueins
1 A a9

B L4 AuRaEN TG Ttaya(%)

au'ly s1eazideaiou v Speed
-65dBm | -70dBm | -75dBm | -80dBm

91A135298 Slow
NNFIWIA1 NATY Fast
1. 21358152 Slow
91015 NN NATU Fast
91M3IT0aLToUTIN2 | Slow
NNFIIAT YA Fast
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o [ Y d (Y]
3.6 ﬂlﬂﬂﬂﬂﬂ]ﬁﬂﬂﬂii’)\ﬁ’ii’)ﬁﬁﬂ15‘“‘HﬁﬂNﬁ%1ﬂﬂ]5llﬂﬂﬂﬁﬂw‘ui’)\‘li’)ﬁniaﬁ)ﬂ!!ﬁ%i’)1ﬂ15!%f]145'33~12

9 [
TUADUNITAANTOITOYA (Packet Filtering) Tae 19 11)511n 50 WireShark H99zAANIT0 1

9 ] A "y ] a9 ) ' P
VoY 2 VDA AD ANNATTIVOIVBYALUAZNITFYLTYUDYA JUADUMTHIAWIAWEUADON Iﬂfl

a ' P, = A oA
W915811910A1 Log V04 lasneimsa laaauau #eli 1va%e debug

- rw.
- rw.
- rw.
- rw.
CPwW-T
root@nart: /var/log# D

Fle Edit
root@nart:/var/log# ls

View Termina

root
root
root
root
root

Help

-la deb*
adm 43912 Mar
adm 407332 Mar
adm 18656 Dec
adm 57572 Dec
adm 40129 MNov

19:43 debug
13:21 debug.1
11:33 debug.2.gz
11:45 debug.3.g9z
11:22 debug.4.9z

[ THT

310

3.16 M3a539a0U 11d debug 11'lasAnes var/log/

Home Insert Page Lavout F-:urmulas Data Review
ey FED (SET fly Iy, T _ﬂJCnr‘lnectlnns 4] e
ECTE- Q= =0 =5 ﬂ £y |2
From From @ From From Other Existing Refresh il 5
Access Web | Tewt | Sources=  Connections All= &= Edit Links
Get BExternal Bata Connections
H14 - fe |

B C _ B} | E E
1
A
3

310

3.17 M3 Import log file ¥0 debug 191 T1)sunsuAansosdoya
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(] Import Text File
Jo« E » 1 Mon b Schedule-1 » Fast » -65dBm -

Organize = New folder = - I @

= Desktop 2 Mame Date modified Type
“&| Recent Places

|| EMon_SchQ1_Slowl104730-105320_Fast105340-105800_-65dBm 18/11/255523:04 Text Document

- Libraries
E Documents
J»l Music
|| Pictures
B videos

™ Computer
& system 7 (C)

a Local Disk (D) + " i

File name:  EMon_Sch01_Slowl04730-105320_Fast105340-105800_-65dBm - [TeﬂEilE

Tools - I Import. I l Cancel

5% 3.18 matden g debug

Text Import Wizard - Ste

I

The Text Wizard has determined that your data is Fixed Width.
If this is correct, choose Next, or choose the data type that best describes your data.
‘Original data type
Choose the file type that best describes your data:
() Delimited - Characters such as commas or tabs separate each field.
- Fields are aligned in columnz wﬂ?&macgs between each field.

Startimport at row: |1 I--E~|| File origin: i_:_g;‘%_r'l%;{ﬁnd:;s}

Preview of file D:\auddni .. \EMon_Schi1_Slow104730-105320_Fast105340-105300_-65d6m. txt,

an 7 10:48:02 nart :I:ernel: [ 332.837000]1 wlan0: desuthenticating from
an 7 10:48:02 mnart kexrmel: [ 33Z.882255] wlanl: direct probe to RPE 00
an 7 10:-48:-02 nart kermel: [ ~332_867463] Hlfa:l_ﬂ_]': direct probe responded
an 7 10:48:02 nart kernel: [ =3.32.657572-] wlanl: suthenticate with AP

an 7 10:48:02 nart kermel: [ 332Z_67022:Z] authenticated

31 3.19 M35 Import TWag Work Sheet
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el .
Text Import Wizard - Step 20f3 S L2 (i

This screen lets you set field widths (column breaks).
Lines with arrows signify a column break.

To CREATE a break line, dick at the desired position.
To DELETE a break line, double dick on the line.
To MOVE a break line, dick and drag it.

Data preview
10 20 30 40 50 &0 7o
L 1 1 1 1 1 1 1 Il 1 1
an| 7| 10:48:02| nart| kernel:| [| 332.837000]| wlanl:| desuthenticating from 1{ #
an| 7| 10:48:02 nart| kernel:| [| 332.882255]| wlanl:| direct probe to AP 00:34 |
an| 7| 10:48:02| nart| kernel:| [| 3232.&8c7465]1| wlanl:| direct probe responded
an| 7| 10:48:02| nart| kernel:| [| 332.8€7472]| wlanl:| suthenticate with AP 00
an| 7| 10:48:02| nart| kernel:| [| 232.870222]| wlanl:| suthenticated -
e — il FERR" | -
Finish
L _—

{ v
51U 3.20 minenneduives 1w Debug

37 panmaun

dy Y = I v =K 9 ) i‘ AAq Yo v < 9/ ° A
1”U%u1ﬂﬂﬂ13@ﬂﬂ13!ﬂﬂﬂu‘ﬂﬂ"]]@isljﬂ ﬂAIiﬂTWuﬂWHVWﬂ%ﬁ”IﬁT]JLﬂUﬂJ@lJﬂﬂ15ﬂ1wuﬂl\1@ullsll
' o ) A o a P p ) & 2 o R g [
A9 LLﬂxﬂﬁﬂﬂﬂi@WﬂgﬁLW’e)u”mnmﬁzmiﬁ‘ﬂumﬂumﬂyjawdﬁuﬂ VINNTINVUUNNVBY AN 2
9 Ay vd 9 A &2 A 1y ' A ' ~Aq Y
91A17 mﬂﬂgaﬂqﬂlﬂum@yjﬂﬂﬂ FINNQUVBYA 2 93U AD 7IUN

Q

) [ J J
l¥dmsunsmamanauaseil uay

U A a2 9

I 1 ] o 1
ﬁ?u‘ﬂlﬂuﬂ1§ﬁ1ﬂ]ﬁu3\1l3a']ﬂ']Jﬂ']ﬂ']iqmulﬁﬂsllﬂﬁJa

Y



Y a d
‘]J“i’lﬁ 4 AANIINATDUVUAZUNUAIISH

41 nann

dy [ =< a <Y Ay Y <3 Y Jd Ao
Gluﬂﬂu%gﬂaTJﬂ\iﬂWi'J!ﬂi’lgﬁéU@iJ”ﬁﬂulﬂ%1ﬂfnﬁlﬂﬂﬂl@y}aﬂ’luﬁﬂ’luﬂ’lim@%‘]q UDIDIA1TIVY

@ [ v 4 ' 1
Llﬁg'ﬂ'lﬂ'lildiﬂui’JNZ Iﬂﬂﬂﬂaﬂigﬂ‘ﬂﬂl@ﬁ 3 Javenan ‘ﬁﬁl msmiAaauaso NMIMIAIUINIEAI

Y

' a9 Yo A
HAZNITIAINITFRYLagvuala uaxmmma;;ﬂ"lﬂ JU

aa a dJ s v KX Y au ~
4.2 nIUN 1 ’amiwwwamﬂn‘uuu°nnmeag,aamﬁnmmzmmmﬂmmz

3 ] o K 9 A aw ~ 2 3 3
Wumsmuiufindoyavete1nis 2 9115 Ae 8IA1TIVBUAZEIAITHEUTIN 2 Fuiunsiny
= 9 ] o ) <3 A ~ A 9
Fuiindoyanna1aal waznniu Iaeinuaa21ui59(Speed) Y9INITIAAOUN 2 LUV AD HUVF
<3 [ 1 o o A ] A P v A
(Slow) tazuuDi37 (Fast) U5uaszauaNuusuesdyavounsosgnitemaoui i 4 szau Ao
-65dBm , -70dBm , -75dBm t1ag -80dBm A3 IAA1IUAREFIIHIL 1AM 1uA13199 4.1 1dI1A1nal
J = ] I a aa = = < J ] . 2 ]
nauaeeNIMuIeuTad I (ms) MUA13199 4.2 92 UA1319A1MHIIAT (Delay Time) HH12e
I A Aaa = ~ ' a9 1 ]
Wuiiaddudil (ms) naza13199 4.3 Ararsnvesmsguidedoyaluseniemsaunun Tagnnauiu

AUNAYINNITTUNNAITIUIU 10 A1 LAIIAURAEDBAN

{ @ J Ao
AN 4.1 miwuuﬁﬂﬂﬁ/’ay’anamauﬂaaw V049115 IUAS DI IUTIN2

4 - Aundanamauaee© (s)
wouly TeazIvHA Speed
-65dBm | -70dBm | -75dBm | -80dBm
2115398 Slow | 0.020225 | 0.020948 | 0.021320 | 0.019684
‘[']ﬂ‘l;’N!’Jiﬂ ‘Vc]ﬂfﬁl Fast | 0.018236 | 0.017970 | 0.016372 | 0.015060
1.21A13

91AII38UTIN2 Slow | 0.017434 | 0.019709 | 0.021283 | 0.023436
NNBIIN YATM Fast | 0.016549 | 0.018288 | 0.016614 | 0.019483
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M3 4.2 M51Tuindoyan11Mli9Ia1 V090115 IR 0IATETIUTIN2

2 . AURASAINUINI (5)
ouly 318a108A Speed
-65dBm | -70dBm | -75dBm | -80dBm
211539y Slow | 0.012052 | 0.011112 | 0.011693 | 0.011786
NNt Ny Fast |0.012479 | 0.012545 | 0.012995 | 0.011964
1.91A13
21MII3UTIN2 Slow | 0.015668 | 0.019709 | 0.020363 | 0.022379
NNTIIN YU Fast | 0.016549 | 0.018148 | 0.016004 | 0.018634

M3t 4.3 maatiudfindemgadedoyae) vesemsisuazernsizeusang
Aundemsgaydadena)
douly eazven Speed -
65dBm | -70dBm | -75dBm | -80dBm
21A13398 Slow | 2.22 2.39 2.73 2.86
NNYIWIAN N IY Fast | 2.79 2.56 2.79 3.01
1. 2113 .
913138 UIIN2 Slow | 1.87 2.47 235 1.92
NNYIWIAN NN IU Fast | 2.41 2.53 2.15 225

43 038N 2 mydmnzFimamsiuiuiindeyaiinrsanminiusuns Tunsuay ugns

{ o a3 a @ [ J [ d o o 14
Tunsaif 2 shimsinudeyalasiiarsw 3 7ulu 1 dasd Ao Tusuni Juysuaziugns Tao
o < A A = Y < [ ' [
MY UANIINIGI(Speed) YDINITAADUN 2 UL AD LUV (Slow) HAZLUVVITI (Fast) UTuA1sAY
% 4 ] 4 1 d 3
AWLTIVOITYYIUVDAUATEIGNVIBIAAOUTN 11U 4 T2AD A -65dBm , -70dBm , -75dBm HAE -

o 1 1 (] & 9 ~ 1 Q) 1 A o v K
80dBm ﬂ1i’Jﬂﬂ”ﬁl@\umaﬁi‘]53\10]5\15]311@@]11“5]151\171 4.4 .4.510% 4.6 Iﬂfﬁqﬂﬂ”llﬂuﬂ”lmﬂﬂ‘ﬂ”lﬂ”liﬂu‘ﬂﬂ

APIUIU 10 A1 UAIMAURAYOON

n

U

d

Q
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{ o ' g v W J 9 s
@ITD'N“?I 4.4 miwuuﬁﬂ%’agaﬂmmuauﬂaaw VDIIUIUNT ’Ju%!‘ﬁlla%')uﬂﬂi

ﬁﬂ‘ﬂﬁﬁ!]ﬁ“!é’luﬁﬂﬂﬂ (s)

Rouly | Tu sieaden | Speed
-65dBm -70dBm | -75dBm | -80dBm
21A15398 Slow | 0.014880 | 0.014699 | 0.017979 | 0.015409
o ‘qn‘hmm Fast | 0.013890 | 0.014857 | 0.014110 | 0.014111
M
o ¢ 21150381591 | Slow | 0.016551 | 0.016843 | 0.015901 | 0.016388
IUNS
2
NN Fast | 0.015843 | 0.015802 | 0.015524 | 0.015698
21715298 Slow | 0.029169 | 0.024451 | 0.028344 | 0.028055
NN Fast | 0.024502 | 0.015920 | 0.019029 | 0.016263
2. JUNE | 011338 usIN | Slow | 0.019006 | 0.018518 | 0.031107 | 0.023106
2
‘i;lﬂ‘l;N!’Jm Fast | 0.018276 | 0.017552 | 0.018775 | 0.016099
21715798 Slow | 0.016625 | 0.023695 | 0.017637 | 0.015588
‘qn‘hmm Fast | 0.016316 | 0.023051 | 0.015977 | 0.014806
Eﬁ!ﬁlﬂ% 21150381591 | Slow | 0.016745 | 0.023765 | 0.016841 | 0.030813
2
NN Fast | 0.015526 | 0.015317 | 0.015544 | 0.026651
MInd 4.5 maaiuiindeyasmiiuavesiuiuns Junsuay Jugns
N . - MM (5)
oyl M eazeea | Speed
-65dBm | -70dBm | -75dBm | -80dBm
21715208 Slow | 0.012234 | 0.014699 | 0.017979 | 0.015409
M NNYINIA Fast | 0.012364 | 0.012069 | 0.013988 | 0.012463
Juns | m53ausIn | Slow | 0.010405 | 0.010647 | 0.011091 | 0.010176
. 2NN¥I9A1 | Fast | 0.011236 | 0.012387 | 0.014442 | 0.013541
2.9
21157398 Slow | 0.012688 | 0.013545 | 0.012736 | 0.011773
o ‘qn‘hmm Fast | 0.013124 | 0.012261 | 0.013410 | 0.012463
IUNE »
1M IIBUIIN | Slow | 0.010941 | 0.011478 | 0.010736 | 0.011033
2°qn°1hmm Fast | 0.011119 | 0.011998 | 0.010962 | 0.012487
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21719398 Slow | 0.011233 | 0.010853 | 0.011272 | 0.010904

nn‘hmm Fast | 0.011948 | 0.013305 | 0.011588 | 0.011553

915158153 | Slow | 0.010442 | 0.011333 | 0.010469 | 0.010961

21gmhmm Fast | 0.011530 | 0.012985 | 0.013570 | 0.012772

M3nh 4.6 mantuiindoyamgadedeyaves Susuni Sunsuaziugns

ouly | u Teazden | Speed

-65dBm | -70dBm | -75dBm | -80dBm
21m15398 | Slow | 226 2.37 2.82 3.68
T w| wnovoae | Fast | 334 3.04 3.01 4.08
“:]JH‘V]% 21A1538U3 | Slow 1.77 2.71 2.32 1.65
2NNy | Fast | 2.99 2.60 1.91 2.06
21713398 Slow | 2.44 2.63 2.53 2.07
. NNYIWIA | Fast | 2.58 2.15 2.08 3.09

2.9 | IUNE -
21U UIIN | Slow 2.30 2.37 2.42 2.45
2nNYIwIA | Fast | 2.42 2.65 2.70 2.57
213y | Slow | 195 231 2.85 2.82
L, | morane | Fast | 238 2.49 3.28 1.86

IUANT S
21M33UIIN | Slow |  1.69 2.33 1.49 1.67
2NNy | Fast | 1.82 2.35 1.84 2.11

aa a dJ S v | Y a U Ao
4.4 NIUN 3 MIAUATISHAANTINVUHUNNUDUANIIIUIMINT INLIAINNHUA

=

{ o <3 a I 1 o 1 {
Tunsain 3 hmanudoyaTasioisauilu 3 5ranarlu 134 Ao 5299 1101 08.00u 3 10.00

., 9297 2 1781 10.004 D4 14.00%. 11a% ¥299 3 1721 14.001. D4 17.004. uag@enul 3 Tufs U

=

[

o s ° 2 A A A D)
UNDHAS uﬁlﬂi Iﬂﬂﬂ1ﬁuﬂﬂ’)1u!i’)(8peed) YDINITLAADUN 2 YUY AD LLUUVHT (Slow) Uay

;__ne

N

A A

4 [ o

[ A ] A A g v A
HUVLIY (Fast) ‘]J‘3‘U‘ﬂ15$ﬂ’Uﬂ'ﬂllL!i\iéllfNﬁilﬁy']mm@ﬂlﬂi@ﬂ@ﬂﬂﬂmﬂa@uﬂ 11 4 520U A0 -65dBm , -
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70dBm , -75dBm 118¢ -80dBm M5 IAA1UDIUAaz 593992 lanmum1inn 4.7, 48 uaz 4.9 Tagnna

I 1 ~ o = 1 o 1 9 1 =
WuAURaemINIsIUNNAITIUIN 10 A1 LAIHIAURAYDDNIN

A v KX 9 v J 1 A ' A 1 A
ATTNNN 4.7 GIWiNﬁJ‘L!ﬂﬂﬂl’é)HﬁﬂHlﬁuﬂﬂﬂw HFININN 1 BINIAIN 2 LagBINIAN 3

ﬁmﬁmmmauﬁaaﬂ (s)

Qouly | ¥ 21M3+3 | Speed
-65dBm | -70dBm | -75dBm | -80dBm

%aasamﬁ 21A15398 Slow | 0.022539 | 0.017909 | 0.029668 | 0.019613

1 U3, WE5.an3) | Fast | 0.021990 | 0.017823 | 0.019292 | 0.014539

08:00- 21M3538U52 | Slow | 0.017101 | 0.024060 | 0.023339 | 0.037334

10:00 | (dun3.ws.qn3) | Fast | 0.016054 | 0.022314 | 0.015421 | 0.026365

“ﬁ’aqnmﬁ 217197398 Slow | 0.016698 | 0.030507 | 0.016883 | 0.023488

2 (@uns,05.an3) | Fast | 0.016543 | 0.022181 | 0.014362 | 0.016207

33178
10:00- | @1 9i58u5932 | Slow | 0.016873 | 0.017459 | 0.024227 | 0.016590

14:00 | (3un5.y5.qn3) | Fast | 0.016810 | 0.016405 | 0.018814 | 0.016235

%aagamﬁ 21A13798 Slow | 0.021437 | 0.014429 | 0.017409 | 0.014858

3 (Qun3,WE5.an5) | Fast | 0.016175 | 0.013823 | 0.015462 | 0.014433

14:00- 21M338U592 | Slow | 0.018328 | 0.017607 | 0.016284 | 0.016383

17:00 | (@un3.ws.qn3) | Fast | 0.016782 | 0.016146 | 0.015609 | 0.015849
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MIIN 4.8 MITUANToYaAIMUINNA1VBITIINAINT $I9181N2 1agFIIaIN3

2 ' AunBsmHI ()
wouly | w3 91M5+3U | Speed
-65dBm | -70dBm | -75dBm | -80dBm
¥I381N 21715308 Slow | 0.011207 | 0.011649 | 0.010884 | 0.010750
1 (Funs,n5.gn3) | Fast | 0.010984 | 0.011492 | 0.014105 | 0.011728
08:00- 21A1538135312 | Slow | 0.010453 | 0.010826 | 0.011029 | 0.010958
10:00 | (¥uM3,WE,qn5) | Fast | 0.011299 | 0.011448 | 0.012841 | 0.014512
F2ana1 21M13398 Slow | 0.011714 | 0.011074 | 0.011981 | 0.011944
3. 2 (Fun3,w5,and) | Fast | 0.014596 | 0.014284 | 0.012106 | 0.012055
9901 | 10:00- | 21A15i3815IU2 | Slow | 0.010546 | 0.011400 | 0.010725 | 0.011372
14:00 | Qun3,WE.an%) | Fast | 0011198 | 0.014189 | 0.012055 | 0.012359
‘hmmﬁ 21715398 Slow | 0.013234 | 0.012773 | 0.012698 | 0.011781
3 @uns,ns.gn3) | Fast | 0.011856 | 0.011858 | 0.012775 | 0.012111
14:00- | 21363815202 | Slow | 0.010788 | 0.011232 | 0.010444 | 0.010245
17:00 | (3un3,WE,an5) | Fast | 0.011388 | 0.011732 | 0.011972 | 0.011586
MINd 4.9 mantiuiindeyamguideteyavestiunmiln $raariiz uazdrnaiia
Aumdemgaidedoya (%)
Gouly | Faanm 9115+ Speed - -
~70dBm -80dBm
65dBm 75dBm
Franaii 9113398 Slow | 2.03 2.52 321 2.67
1 @unsws.ani) | Fast | 3.50 2.70 3.53 3.56
08:00- 211513815332 | Slow 1.85 2.51 1.99 1.84
3. 10:00 | FuUnsws.ans) | Fast | 2.77 3.12 2.00 223
$19081 | Fra0a1i 21M1533¢ Slow | 2.67 2.45 2.43 2.27
2 Guniwsand) | Fast | 271 2.39 2.00 2.58
10:00- | 21M1538U3IN2 | Slow | 2.05 2.50 221 2.14
14:00 | QuniWs.An) | Fast | 2.58 2.69 2.00 237
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$29000771 21153908 Slow | 1.94 2.20 2.57 3.63
3 Gunsuwsani) | Fast | 2.17 2.59 2.84 2.90
14:00- | @1M338u52 | Slow | 1.85 2.40 2.03 1.79
17:00 | (Auniwrand) | Fast 1.99 1.79 244 | 214

v

aa a = a Jd o = an aa
4.5 NIUN 4 ﬂ"liWi]]iﬂn!‘iEfJ‘]J!‘i’lEl'iJﬂ”Iﬁ’J!ﬂi”lZ‘ﬂ‘ﬂQ 3 ﬂiﬂliﬂﬂ?ﬁ‘i’n\‘lﬁﬂﬂ

P '
17 9 =

9 ~ 1A Y 9 I ° &
33N5) Wmmmayja‘nllﬂumiﬂszmﬂmaw@yjmﬂummuumm

Lﬁﬂ\‘]ﬁ]”lﬂﬂ”li"jmi”lzﬁsllﬂﬂaﬂ
Y

U

Y o = aa A [

1 1 o o J 1 (91}/ v
Tiamsonennquieya’la auinieldmanuduiusvesnguioyaninua Taeldvanadamneiny

1 d' 1 d' . . é = =S 4 dy
NINIAURNAY (Average) LUATNITHIANVEUVUUIATIIU (Standard Derivation) HINT1ALIDYAAIU

] A =< VoA Y o Y g’,: o Y o 9
1. ARNDY (Average) NN m‘wllﬂmﬂmiuwayjamwuﬂmmuﬂu mﬁmﬂmu’mmﬂga

y @ J

Y o = [ dy
MINUA Glsmmuaﬂym X ugesey

— ZX
X = T 4.1
B
1o
X Ao ANRAY
¥ X Ao wasamm%’agaﬁwm
9
N flo SuIuToYAN LA

' A .o <3| 1A = 9 4
2 TIUVYUVUUINTTIU (Standard Deviation : S.D.) L']J‘L!ﬂ”l‘ﬂ1J\‘]Uﬂﬂﬂ\iﬂ"ﬁﬂi%ﬁnfﬂlﬂ\ﬁl@lﬁ!ﬁﬁ/‘l@

a 9 1 v 1 1 Y =\ =\ [ dy
Wﬂ1§m131ﬂlﬂyjﬂllﬁﬂ$ﬁ3ﬂ$Lmﬂ@]"l\i"lﬂi]”lﬂﬂ"lﬂaNiﬂﬂu@ﬂlWﬂﬂiﬂTﬂﬂ‘Mq%iﬂﬁu

Z?]=1(XJ'_“)2

S.D.= T 4.2)
Taeh
S.D. fie mmandununasgy
X; Ao 191a¥309ANINANUDIVOYA
] U Q U
A 1 ~ 9
U Ao ANNABVOITOYA
Y
N flo TV IToYANINUA
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g 4 y 4 g 3

VINAUNITN (4.1) MIMAIRALVeIToya tazaunIsn (4.2) MimaudouvuIATgIY - B9
a [ @ [ o J . a o

awnsansananuduRutveseyauazadensmlanuduiusvestoyanlaainerasisenas

- o 2
§1IANII38UIIN 2 AN N3N 4.1

A

* gk

I I I
ccctgeccccccns

' a ' a o ' = a
ATLARELDIANTINE ANLRAERIATTLTEUTINZ

{ % o o a o v W '
JUN 4.1 nswlanudiusvesdoyaveternsIteaze1msiieus N2 Feununuiosnii 10 %

A

J a a o ' o
ATLANEDIATITINE  ALRARERN ﬂ”l’ﬂ;ilu’i’n»lz

! v o J ao v w 1
Eﬂﬁ 4.2 ﬂ511/‘]ﬂ313JﬁﬂJWHTJ'GlJf’]\1slgljﬂHaﬂlﬂﬂﬂTﬂTi’JﬂﬂLlﬂg?)TﬂTﬁﬁﬂui?l& %@u‘ﬂﬂﬂuuﬂlﬂﬂ?”l 50 %
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4.6 Wﬂﬂ1§Wﬂ15m1!!ﬂﬂﬂq3J‘U@3q~!ﬁulﬂ 2 NQN A9 Low Htag HIGH
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ANANMINITAUININIUN 4.1 NANUTUNUTUVOINTAUN 1 013190 4.1, 4.2 40 43 WU
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ﬂ’qmawayaummauwuﬁﬂmmmuﬂuﬂqmawauawmmﬂu LLaxblﬂmmmﬁuwufﬁmmmﬁw

A =] ' 9 | ¥ o Jdo A A A ° ¥ o J
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Handoff Time(s) and RSSI(dBm)
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Select data: _ data 1
[T Center and scale x data

Plot fits
Check to display fits an figure

[ sescring -1 DTIRN\ | =

-

[T 3Rdpe-presendng mterpolant
[7] linear

[7] quadratic

cubic

=@

dth degree polynomial
5th degree polynomial

BlEl
L d =1

Gth degree polynomial

| @3 @ O

Tth degree polynomial

Bth degree polynomial
~| th degree polynomial

| 10th degree polynomial

m

[¥] Show equations

[] Plat residuals
Bar plot v
| Subplat -

[7] Show norm of residuals

(e ] [l |

Significant digits: | 2 -

Mumerical results

Fit: | 4th degree polynomial |

Coefficients and norm of residuals

¥ o= pl*x~d 4 p2Fx~3 +
paFxtd + pd*x +
s

Coefficients:
pl -1.454=-007
2 -3.1161e-005
p3 -0.0022154
p4 -p0.052454
pS =10

of residuals =
1.3201e-015

Norm

Sawve to workspace.., I

L%

JUN 4.7 A19819m1311A1 MSE TAgi913a1191n WU (Polynomial)
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Muang Nakornratchsima
Email: amnartj@sut.ac.th, uthansakul@sut.ac.th, mtp @sut.ac.th

Abstract— In IEEE 802.11n networks, the service mitigation
from associated Access Point (AP) to the other, so called
handoff, has been considered as one important index to judge
the merit of networks. For VolP service, the delay due to
handoff that occurs during the break-off interval is very
sensitive to the service performance. The usual VoIP service is
unable to tolerate such long connectivity delays that fall beyond
the range of 50-200 ms. This causes the dropped calls or frozen
video frames. Therefore, this paper presents the optimal signal
strength threshold to provide the minimum handoff time and
keep the best performances for other parameters. This optimal
value is based on the real measurements and requires no
additional modification in the network. The presented work is
very useful because it can directly implement to any networks.
The outcome of this paper indicates the practical use of the
signal strength threshold to control the handoff time for VolP
application.

Keywords: VoIP , Handoff, Signal Strength, WLANs

L. INTRODUCTION

In practice, the handoff process starts when user moves
outside the radio range of the associated AP. It needs to
quickly identify and re-associate itself with a vicinity AP so
as to minimize the disconnectivity interval or handoff delay
while providing the illusion of seamless connectivity to the
user. Since application layer performance is what ultimately
matters, any delay that shoots above 50 ms usually results in
frozen frames for streaming video and dropped voice over IP
(VolP) calls for delay values higher than 150 ms. However,
at the time of writing, the standard IEEE 802.11n has been
popularly installed to facilitate fast transmission rate.
However, during handoff process, the transferred packets
might be lost or delayed. In this case, many services can be
degraded.

In order to improve this deficiency. many techniques have
been proposed in literature. The work in [1] proposed the
Inter-Access Point Protocol (IAPP) to transfer the security
sessions between different APs during a handoff process.
The IAPP serves to complement our proposed solution by
reducing the network authentication time. In view of the
current and legacy IEEE standards. any new handoff latency
[2].[3] reduction solution must satisfy the following four
important aspects: (i) it must be able to operate with the
existing IEEE 802.11 standard, (ii) require minimal
(preferably zero) support from the network infrastructure,
and (iii) be a client-end software solution so as not to touch
the already deployed APs.

Therefore, the authors focus on the solution to reduce a
handotf process by managing the signal strength threshold
of AP. This threshold plays main role on handoff decision
whether the client will move from existing AP to new AP or
not. If this threshold is too high, the client has to spend a
long time for finishing handoff process. On the other hand,
if the threshold is too low, the client can easily switch to a
new AP but the client will consume the worse link quality
than the existing AP. As a result, the effect of signal strength
threshold on handoff performance has to be studied. In the
previous work [4], the authors provided the effect of signal
strength threshold on the network performance. In this
paper, the further study has been performed by offering the
optimal threshold to minimize the handoff time for all APs
in the network. Also the moving effect of fast or slow users
has been presented. The results indicate that the optimal
signal strength threshold can be determined to satisfy the
performances of handoff time, delay and packet loss.

The rest of the paper is organized as follows. In Section
1L, the experimental scenarios are detailed and followed by
the measurement results. Finally, the conclusions and
directions for future work are given in Section IIL

II. EXPERIMENTAL SCENARIOS AND RESULTS

The experiments have been performed inside the office
building in which there are normal users using 802.11n
networks. The network traffics flow the same whether the
measurement is carried out or not. The authors focus on the
handoff process which is occumred between two access
points as shown in Fig. 1.

Fig 1. The experimental scenarios with the building layout.



Four threshold values, -65dBm to -80dBm, have been set to
investigate the optimal values. In each threshold, 100
measured data has been collected and evaluated in off-line
mode. The data is captured by using the commercial
program named as Wireshark. The connection of VoIP
service is established by two notebooks. The key factors to
judge the merit of threshold are the handoff time, delay and
packet loss. The impact of moving users within handoff
process is also studied. Two speeds of mobility are assigned
by 0.3 m/s and 1.5 m/s, named as slow and fast respectively
[51.16]-

In Fig. 2, the results of handoff time are calculated by
averaging all measured data. This handoff time is measured
since authentication process to re-association process. It can
be noticed that the handoff time is merely influenced by
slow users but for fast users it decreases when the threshold
is lower. In Fig. 3, the average delay is presented. The
results do not indicate any significant issues. In turn, the
results of average packet loss shown in Fig. 4 indicate the
opposite trend of handoff time. The packet loss is rarely
influenced by fast users but for slow users it increases when
the threshold is lower. From all results, it can be concluded
that the optimal threshold for slow users is the highest signal
strength, -65dBm, and it is the lowest level, -80dBm, for fast
users.

However, this threshold has to be verified further in the
future work because many parameters are also involved such
as traffic intensity, type of buildings. type of devices. etc.

L.  CONCLUSIONS

This paper has presented the guideline of finding the
optimal signal strength threshold to provide the minimum
handoff delay. This optimal value is based on the real
measurements and requires no additional modification from
the network which can be directly implemented on any
networks. The outcome of this paper indicates the practical
use of the signal strength threshold to contrel the handoff
time for VolP application.
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