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AMNART JONGMOBKLANG : SIGNAL STRENGTH THRESHOLD
MANAGEMENT FOR VOIP HANDOFF IN WLANS. THESIS ADVIOR :

ASST. PROF. PEERAPONG UTHANSAKUL, Ph.D., 67 PP.

SIGNAL STRENGTH THRESHOLD VOIP HANDOFF WLANS

In standard IEEE 802.11 based systems, when thelesg client migrates
away from the radio range of the currently assediahccess Point (AP), network
applications temporarily loose connectivity tilleticlient is able to re-associate itself
with a new AP. The delay that occurs during theakreff interval can vary from a
few hundreds of microseconds to a few seconds. Wewedelay sensitive
applications such as Voice over IP (VoIP) or streegymultimedia applications
usually are unable to tolerate such long conndygtolkelays that fall beyond the range
of 50-200ms. This results in dropped calls or froxé&eo frames. To improve the
deficiency, this paper proposes the preliminarglgtof managing the signal strength
threshold to minimize handoff time by investigatitige effect of changing the
threshold at AP. Although different solutions axaitable in the literature, most of
them proposed changes that were outside the punfi¢he current 802.11 standards.

Our study requires no additional support from tleéwork. The outcome of
this thesis indicates the good insight of usingdigmal strength threshold to control

the handoff time for VoIP application.

School of Telecommunication Engineering  Studenigm&ture

Academic Year 2013 Advisor’s Signature
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1 Jan 7 10:48:02 nart kemel: 332.637 wian(): deauthenticating from 10:8¢:cf.44:1d:¢0 by local choice (reason=3)

2 Jan 7 10:48:02 nart kemek|  332.662255)wian0: drect probe to AP 00:32:98:09:3a:70 (try 1) 332.680541

3 Jan 7 10:48:02 nart kemel:  332.667469 wian0: dect probe responded 332662255

4 Jan 7 10:48:02 nart kemel:  332.667472 wian0: authenticate with AP 00:38:98:09:3a:70 (try 1)

5 Jan 7 10:48:02 nart kemek  332.670222 wian0: authenticated 0.018286 61 HO Trme afoitt
6 Jan 7 10:48:02 nart kemel:  332.670243 wian0: assocate with AP 00:32:98:09:32:70 (try 1)

7 Jan 7 10:48:02 nart kemek 332680538 wian0: RX AssocResp from 00:3a:98:09:3a:70 (capab=0x421  status =0 aidf=12)

8 Jan 7 10:48:02 nart kemel| 332.680541|win0: assocated

9 Jan 7 10:48:37 nart kemel: 368.460749 wian0: deauthenticating from 00:32:98:09:3a:70 by local choice (reason=3)

10 Jan 7 10:48:37 nart kemel|  368.493357 |wian0: drect probe to AP 1c:17:d3:ca:45:40 (try 1) 368.50625

11 Jan 7 10:48:37 nart kemel:  368.496702 wian0: direct probe responded 368.493357

12 Jan 7 10:48:37 nart kemel:  368.496711 wian0: authenticate with AP 1c:17:d3:ca:45:40 (try 1)

13 Jan 7 10:48:37 nart kemel:  368.498638 wian: authenticated 0.012893 61 HO Time afoii2

14 Jan 7 10:48:37 nart kemel:  368.498672 wian0: assocate with AP 1c:17:d3:ca:45:40 (try 1)
15 Jan 7 10:48:37 nart kemel:  368.506242 wian0: RX AssocResp from 1c:17:d3:ca:45:40 (capab=0x421  status =0 aid=19)
16 Jan 7 10:48:37 nart kemel|  368.50625|wian0: assocated

{ g A <
i 2.14 uwanain ldnnmsinolu Log Tdvesszuy
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v 9
JUN 3.1 wilh9euInUeIN15AAAY Trixbox

Welcome to trixbox

Keyboard Type

What type of keyboard do you have?

sg-latinl L]
sk-querty

slovene

sv-latini ]
trq

A
ua-utf - 66\} i

{Tab>/<Alt-Tab> between elements | <{Space) selects i <F12> next screen

g‘ﬂﬁ 3.2 Msaen Keyboard Type = us



elcome to trixbox

Time Zone Selection

What time zone are you located in?

[ 1 System clock uses UTC

AsiasBaku
AsiasBangkok
AsiasBeirut
AsiasBishkek
Asia/Brunei

|

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

gﬂﬁ 3.3 7351290 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):

{Tab>/<Alt-Tab> between elements i <Space> selects i <F12>

51U 3.4 Mua Root Password §1%51 Login 19152111

next screen

24
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Welcome to trixbox

{ Package Installation |

Name : glibc-common-2.5-49-1386
Size : 65891k
Summary: Common binaries and locale data for glibc

877
Packages
Total : 594
Completed: 15
Remaining: 579

6%

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

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 type help-trixbox.

trixbox1l login: root
Password:

A ) TR < ) y A a ¥ o 2
gﬂﬂ 3.6 WUWﬂ@Ingi%WQi%UUﬂfuﬂu1%ﬂgﬂ%1mm@ﬁﬂﬂQ61ﬁﬂ
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o Y] d 4
314 MINHUAMNINSIAVINIANN (VoIP  Account) IaglHiusuees sz lod
4 a 4 (D] v [~ o .
LPAATAVDIATBINDNNAADS L3V (VoIP Server) FaUANDU 192.168.36.1 11a3111715 Login
Y 1 A g Yy 9 . Yy v o @ '
WIGIE Y WoNg sz uuNa 19101 1y Extensions  tadadavunaav Insannuaylda
o 1 ~ ~ A Y 3 < 1 A v XK I o 3 ) o
sHaruaNgln 3.7 uag 310 3.8 weasuaiannaily Save tmorfunnralusuasad sy

v 4 a 4 T
ﬂ']iﬁ%}'l\‘lﬂll'lﬁllﬁellT“VI5ﬁW°V]‘]J°L!Lﬂ%'ﬁ]\?ﬂﬂllW'Jlﬁf]illiJ“U'lEJ

System Status Packages PBX System Settings Help
[UAdmin" Reports Panel Recordings Help [

m Tools
Add an Extension

System Status
Module Admin

Please select your Device below then click Submit

Device

= - -

Dialplan Injection

Extensions Device Generic SIP Device ]E]

Endpoint Manager

Feature Codes 1
Submit

General Settings

= 9 [ o Y v ¢
qﬁ;‘]_h/] 3.7 1’?u’lﬂ'E]!.ljﬂﬁ'ﬁ’i'i‘]Jﬂ'liﬁi']\?Lﬁ“llWiJ']ﬂIﬂﬁﬁWﬂ

Add SIP Extension

Add Extension

User Extension 3670
Display Name 3670|
CID Num Alias

SIP Alias

= Y [ A
sUn 3.8 ﬁﬂwmﬂmﬂﬂmﬁwmuumim Server

U
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a U A ' A A
3.1.5 M3aandnIadgnuIgnaaun

4 a J { J a 4
3.1.5.1 ldin509noun1a0s Notebook @¥0 Lenovo 5U G360 AnAY
Y a 4

a oa a 4 1 i a < J
'ﬁg‘lJ‘]J‘]JQ‘]Jﬁﬂ'li aAYNFAIENA Debian §U 6.0 Lﬁﬂﬁﬂ@l\‘lauﬂ"lﬂ.ﬁﬁﬂllﬁ?ﬁTNTﬁﬂﬁﬁ?ﬂﬁﬂU?ﬂﬂlﬂﬂ

q

Do

a o o o . a3
aynd 14 InalH@1a4 cat /proc/version NazuAAIAIWFUN

root@nart: /.

File Edit View Terminal Help

root@nart:/# cat /proc/version

Linux version 2.6.32-5-686 (Debian 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

root@nart: /# D

JUn 3.9 mwﬂammauﬂqﬂua z3unly

(43

a

A a s s s Yo &
3.1.5.2 Lﬂﬂﬂﬂﬁﬂauﬂ‘ﬂﬂﬁi"i]ﬁ'lll'Iiﬂ@]i?i]ﬁ'ﬂﬂﬂ'liﬂvhimﬁllau Iﬂﬂi"lfﬂ'lﬁ\?

a

Ispei ¥9921/51n)8N0 Atheros 71 AR9285 fiagilil 3.10

File Edit View Terminal Help
root@nart:/# lspci

Network controller: Atheros Communications Inc. AR9285 Wireless Network Adapter (PCI-Express) (rev 01)
Ethernet controller: Atheros Communications AR81S2 v1 1 Fast Ethernet (rev cl)

00:00.0 Host bridge: Intel Corporation Core Processor 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 Corporation Core Processor Integrated Graphics Controller (rev 18)
00:1a.0 USB Controller: Intel Corporation S Series/3400 Series Chipset USB2 Enhanced Host Controller (rev 06)
00:1b.0 Audio device: Intel Corporation S Series/3400 Series Chipset High Definition Audio (rev 06)
00:1c.0 PCI bridge: Intel Corporation S Series/3400 Series Chipset PCI Express Root Port 1 (rev 06)
00:1c.1 PCI bridge: Intel Corporation S Series/3400 Series Chipset PCI Express Root Port 2 (rev 06)
00:1c.4 PCI bridge: Intel Corporation S Series/3400 Series Chipset PCI Express Root Port S (rev 06)
00:1d.0 USB Controller: Intel Corporation S Series/3400 Series Chipset USB2 Enhanced Host Controller (rev 06)
00:1e.0 PCI bridge: Intel Corporation 82801 Mobile PCI Bridge (rev a6)
00:1f.0 ISA bridge: Intel Corporation Mobile S Series Chipset LPC Interface Controller (rev 06)
00:1f.2 SATA controller: Intel Corporation S Series/3400 Series Chipset 4 port SATA AHCI Controller (rev 06)
00:1f.3 SMBus: Intel Corporation S 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)

.0

.0

ridge: Inte orporation Core Processor 1Cl rc ecture Generic Non-core gisters (rev

5
1 Host bridge: Intel Corporation Core Processor Qu1ckPath Archltecture System Address Decoder (rev 05)
ff:02.0 Host bridge: Intel Corporation Core Processor QPI Link O (rev 05)
1 Host bridge: Intel Corporation Core Processor QPI Physical 0 (rev 05)
2 Host bridge: Intel Corporation Core Processor Reserved (rev 05)
ff:02.3 Host bridge: Intel Corporation Core Processor Reserved (rev 0S)
root@nart: /# D

A s s Ay '
E‘IJVI 3.10 ﬂ']iﬂul'l'ilaﬁlmuﬂﬁﬂ Atheros U AR9285
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3.1.6 AAA9 Softphone &#0 Twinkle 3M 1.4.2 d1isuszvuFansATion

. 9 g’/ [ 1 v 2 A g’/ [ dy
(Debian) W5@3Jﬂlu¢lf]uﬂ']iﬂ‘iﬂ!,m\1ﬂ']ﬁ"|\1"] SEINVUADUANU
File Edit View Terminal Help

root@nart:~# apt-get ins

Reading package lists...

Building dependency tree

Reading state informatio

The following NEwW packag
twinkle

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

Need to get 1,731 kB of

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

1 kBl
Fetched 1,731 kB 1n 9s (
Selecting previously des

(Reading database ... 73993 files and directories currently installed.)
.../twinkle_1%3al.4.2-2+b2 1386.deb) ...

Unpacking twinkle (from
Processing triggers for
Processing triggers for
Processing triggers for
Processing triggers for
Setting up twinkle (1:1.
Processing triggers for
root@nart:~#

» SIP server
ga Voice mail

Instant message

a Presence

@ RTP audio

@ SIP protocol

@7 Transport/NAT

Address format
Timers

r Ring tones
/) scripts
@ Security

A 9 1 o .
JUN 3.12 msasreavrue InsawnluTisunsy Twinkle Softphone

tall twinkle
Done

n... Done
es will be installed:

archives.

183 kB/s)
elected package twinkle.

gnome-menus ...
desktop-file-utils ...
menu ...

man-db ...

4.2-2+b2) ...

menu ...

U 3.11 NMSAAAT Twinkle Softphone

1>
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Twinkle -'User profile: 3670

speex-uwb (32 kHz)
G.726 16 kbps
G.726 24 kbps
G.726 32 kbps

G.726 40 kbps

Sant

speex-wb (16 kHz)
speex-nb (8 kHz)
G.711 A-law

G.711 u-law

GSM

19 3.13 m3sU5umlysunsy Twinkle Softphone
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3.3.2.1 SEAUANULIIVOITYYIM -65dBm

3.3.2.2 SEAUANULIIVOITYY M -70dBm

3.3.2.3 SEAUANULIIVOITYYIM -75dBm

3.3.2.4 SELAUANULIIVOITYYIY -80dBm
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] = ] =)
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3.33.1 fusuns

3.3.3.2 U
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U Yo < 1 A 1 ( 9 J
3.3.4 ¥V ”lﬂmwumﬂu 3 ga93a1 ieuen¥dsuams v luuaes

aAq Y Aa

= 9 d‘ J (% é d' =3 a a (%
ifFnamsldnuiuanaeiuesn 11 Fulioglsuansinveswniinedsi Iausing

of
33.4.1 2998190 1: 08.001. D4 10.001..
3.3.4.2 %2981 1: 10.00%. D4 14.001..

33.4.3 92998190 1: 14.001. D4 17.001..

Mnmsnasanmsmuuateu luie g 11sumsTuNnHan1T IR0 INITOUENAITI
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mgadedeya awa1i1edi 3.1, 3.2 uag 3.3 mwdau

~ v = 9 v A 4
13719 3.1 ﬂWTN’Uu“VIﬂﬂl@uﬁaﬂnﬂaﬂmanlau@@@wlLfJﬂ@niJf]’lﬂ’]i

4 o Aundeanauaoo (s)

ouly s1eazdeaan v Speed
-65dBm | -70dBm | -75dBm | -80dBm

01113398 Slow
NNYIIN NI Fast
1. 21A15ITIUTIN2 Slow
91013 NNPIWIN NI Fast
21A15300UaZI8UTIN2 | Slow
NNPIWIN NI Fast
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4 o\ 4 AURABAINUINIA (5)
ouly s1azdeaeu v Speed
-65dBm -70dBm -75dBm -80dBm
21715290 Slow
NNFIIA NATU Fast
1. 2135 0UTIN2 Slow
21A13 NNFIIA NI Fast
9115 30ALITIUTIN2 Slow
NNFIIA NATU Fast
~ = 9 1 A = 9
A1319N 3.3 AINTUNAVOYAAUNAYMIFUITIVOYALENAINDIAT
B o Aundemsgaydedoya(%)
ou Ty s1azdeaeu 1y Speed
-65dBm | -70dBm | -75dBm | -80dBm
01113398 Slow
NNFIWIA NI Fast
1. 01A15L38UTIN2 Slow
91019 NNFIWIA NI Fast
91M13390LAL T IUTIN2 Slow
NNFIWIAT NI Fast
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root@nalt /var/log

FEile Edit View Terminal Help

root@nart /var/log# 1ls -la deb* (A
SPW-r----- 1 root adm 43913 Mar 21 19:43 debug

SrwW-r----- 1 root adm 407339 Mar 20 13:21 debug.l

SrW-r----- 1 root adm 18656 Dec 9 11:33 debug.2.gz

SrW-r----- 1 root adm 57572 Dec 2 11:45 debug.3.gz

SrW-r----- 1 root adm 40129 Nov 25 11:22 debug.4.gz

root@nart:/var/log#

51 3.16 m3asradoulid debug Tu'laisnnes /var/log/

li. Home Insert Page Layout Formulas Data Review
4 % e - [z = :
i ? a E A :H “@ Connectlons Al E
= ' =i & Properties
From From From From Other Existing Refresh i il Sy
Access Web  Text Sources~  Comnections  All~ =2 Edit Links
Get External Data Connections l
H14 ~@ II £ |
“ A | B7[XICL YD [ E [ F
1
2
3

5UM 3.17 M3 Import log file %9 debug 191 11/sunsUAANTOITOYA

(] lmporl'l'm Fil X
~ roEETEETTETETT o0 e r—
‘i Organize v New folder g= - ﬂ] ®
I Bl Desktop “  Name a Date modified Type
Recent PI.
AR Rces (L] EMon_Sch01_SIow104730-105320_Fast105340-105800_-65dBm  19/11/2555 2304 Text Document |
4 Libraries
@ Documents
Ji Music
(= Pictures
B videos
% Computer
& system7(C)
ca LocalDisk (D:) + I ] »
|
File name: EMon_Sch01_Slow104730-105320_Fast105340-105800_-65dBm v [Tat Files V]

Tools v [ Impot | [ cCancel |

514 3.18 maden g debug
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Text Import Wizard - Step 1 of

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:
- Characters such as commas or tabs separate each field.

Start import at row: File origin: L 874 : Thai (Windows)

Preview of file D:\971u33s\1W...\EMon_Sch01_Slow 104730-105320_Fast105340-105800_-65dBm. txt.

10:48:02 nart kernel: 332.637000] wlan0O: deauthenticating from
10:48:02 nart kernel: 332.662255] wlan0O: direct probe to AP 00
10:48:02 nart kernel: 8332.66746€9] wlanO: direct probe responded
10:48:02 nart kernel: 332.667472] wlan0O: authenticate with AP
10:48:02 nart kernel: 332.670222] wlan0O: authenticated

" ] »

o) (e (o)

— — = N T
Text Import Wizard - Step20f3 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.

0 30 4 S0 60 7
-

4

kernel: .€37000] :| deauthenticating £from 14 4
kernel: .662255] :| direct prcbe tc AP 00:3 D
kernel: .6674€9] :| direct probe responded
kernel: .667472] :| authenticate with AP 00
kernel: .6e70222] ;| authenticated
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A ' = a J Y Ay ¥ 3 9 GO
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9
MIHIAHUIIAT HazMsnsmsgdedoya tazansoaglldasil

dd' a d 8 v KX Y Aav =~
4.1 NIUN 1 3!ﬂ§131""’4ﬁﬂ]i!ﬂﬂuuﬂﬂm@ﬂa@1ﬂ1ﬁ')ﬂﬂ!!fﬂz@]ﬂ]ﬁ!ﬁﬂuiguz
< 3 v 2 Y A Aaw ~ = g
Wumsuiuinteyavoi91ns 2 81A15 Ao 01A1TIVOUATOIAITHEUTIN 2 FuTlu
3 o ' @ o 3 4 {
msnutuiindeyannsanal tagnniu Iasmuan11ui3(Speed) YoIN5IARDUN 2 LU
I~ o v 1% @ 4 ]
A9 LDUF (Slow) UAZUUDITY (Fas))  UFUAITZAUANULTIVOITYIUUDUATOIQNU1Y
4 ) Y] @ [ [ [ v
inasUN 11 4 52AU A -65dBm . -70dBm , -75dBm 1% -80dBm A3 IAAIUDILAAE BINHIDL
Y A 9 1 4 =\ [l I A aa =\ ~ I
Taauasan 4.1 udraaisuasoninieduiadIuf (ms) a1ua131990 4.2 923U
[ [ [ < a Aaa H [
A1519A11 U987 (Delay Time) H1iteiluiiaddunf (ms) Haza13199 4.3 AIM1319Y045
a Y ' v g ' A o v &2 1o ' 9
gudedoyaluszrinmsdunn Tagyoaniuaunasinmsiuiinmd o 10 A1 udIm

AMNAYDONN

Msnh 4.1 msaiuiindeyanameauase 1999115390182 INITEUTINL

4 . Aundgnamausooi (s)
au'ly FRLGHGIG Speed
-65dBm | -70dBm | -75dBm | -80dBm
91715298 Slow | 0.020225 | 0.020948 | 0.021320 | 0.019684
NNBIIA NN Fast | 0.018236 | 0.017970 | 0.016372 | 0.015060
1. 91715

01ATITIUTIN2 Slow | 0.017434 | 0.019709 | 0.021283 | 0.023436
NNBIIA NN Fast | 0.016549 | 0.018288 | 0.016614 | 0.019483
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M15199 4.2 15197 UANY YA 11129981 V09011 IVOLALDIAITEIUTIN2

4 . AURABAIMUINIA (5)
ouly FRULEIGEY Speed
-65dBm | -70dBm | -75dBm | -80dBm
81715379 Slow | 0.012052 | 0.011112 | 0.011693 | 0.011786
NA¥E T Fast | 0.012479 | 0.012545 | 0.012995 | 0.011964
1. 91013

B1ANTITEUTIN2 Slow | 0.015668 | 0.019709 | 0.020363 | 0.022379
nﬂ‘ﬁﬂﬂl%ﬂW ‘v;m”u Fast | 0.016549 | 0.018148 | 0.016004 | 0.018634

= 9

M5199 4.3 Miuiindemgydedoya(%) ¥I91A15IOUAZDIATITOUTIN2

g U

4 . AundemIgydeteya(%)
N?J’Llulﬂj J19aI08UN Speed
-65dBm | -70dBm | -75dBm | -80dBm
91A159Y Slow | 222 2.39 2.73 2.86
NNFIWIA NI Fast 2.79 2.56 2.79 3.01
1. 91713 >
DINTLTYUTIN2 Slow 1.87 2.47 2.35 1.92
NNFIWIAT NN Fast | 2.4l 2.53 2.15 2.25
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¢ ° 3 A 4 A ¥ 3
An3 TAMNUAAINITI(Speed) YBINMTIAADUN 2 UV AB VUG (Slow) UAZUVUITI (Fast)
[ @ o 4 ] 4 { g Y
fumszauanuuswesdyaaveuasodgnienaeui 1y 4 52AU Ao -65dBm , -70dBm
-75dBm 8¢ -80dBm NM5iAA1U0IUAAZ ST IaaIma1T190 44, 4.5 1ag 4.6 Taonnal
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B 3 . Aundenaausenil (s)
douly il 71802100 | Speed
-65dBm -70dBm -75dBm | -80dBm
9115398 Slow | 0.014880 | 0.014699 | 0.017979 | 0.015409
o NNFIAIA Fast | 0.013890 | 0.014857 | 0.014110 | 0.014111
TuIuns -
91A13538U39N2 | Slow | 0.016551 | 0.016843 | 0.015901 | 0.016388
NNFIAIA Fast | 0.015843 | 0.015802 | 0.015524 | 0.015698
9115398 Slow | 0.029169 | 0.024451 | 0.028344 | 0.028055
3 NNAIAIA Fast | 0.024502 | 0.015920 | 0.019029 | 0.016263
2.7 TUNS -
91A155381U3902 | Slow | 0.019006 | 0.018518 | 0.031107 | 0.023106
NNAIAIA Fast | 0.018276 | 0.017552 | 0.018775 | 0.016099
91715398 Slow | 0.016625 | 0.023695 | 0.017637 | 0.015588
o NNAIAIAT Fast | 0.016316 | 0.023051 | 0.015977 | 0.014806
ueng
91M135581U3902 | Slow | 0.016745 | 0.023765 | 0.016841 | 0.030813
NNBIAIAT Fast | 0.015526 | 0.015317 | 0.015544 | 0.026651
M310 4.5 maaiuiindeyasininanaivesiusuns Juwsuay Jugns
4 3 / KA1 (5)
[ouly il 31802100 | Speed
-65dBm | -70dBm | -75dBm | -80dBm
91713398 Slow | 0.012234 | 0.014699 | 0.017979 | 0.015409
L. .| mavana Fast | 0.012364 | 0.012069 | 0.013988 | 0.012463
uIUN3
91133813902 | Slow | 0.010405 | 0.010647 | 0.011091 | 0.010176
NAFIIA Fast | 0.011236 | 0.012387 | 0.014442 | 0.013541
GRGRERLTY Slow | 0.012688 | 0.013545 | 0.012736 | 0.011773
3 NNFIIA Fast | 0.013124 | 0.012261 | 0.013410 | 0.012463
2.9 UNs -
91131381392 | Slow | 0.010941 | 0.011478 | 0.010736 | 0.011033
NAFIIA Fast | 0.011119 | 0.011998 | 0.010962 | 0.012487
GRGRERLTY Slow | 0.011233 | 0.010853 | 0.011272 | 0.010904
oL NNFIIA Fast | 0.011948 | 0.013305 | 0.011588 | 0.011553
ugng
9113138132 | Slow | 0.010442 | 0.011333 | 0.010469 | 0.010961
NNFIIA Fast | 0.011530 | 0.012985 | 0.013570 | 0.012772
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TUNSLZIUANS

gadedoya (%)

dou'ly 519021000 Speed
-65dBm -70dBm -75dBm | -80dBm
91A1539¢ Slow | 226 237 2.82 3.68
Coo | mmnaam Fast | 3.34 3.04 3.01 4.08
H 21M350UTM2 | Slow | 1.77 271 232 1.65
NNFIIA Fast 2.9 2.60 1.91 2.06
91A1539¢ Slow | 2.44 2.63 2.53 2.07
3 3 NNFIIA Fast 2.58 2.15 2.08 3.09

2.9 U -

21M550U5W2 | Slow | 230 237 2.42 2.45
NNFIIA Fast 2.42 2.65 2.70 2.57
91A13398 Slow | 195 231 2.85 2.82
o, NNFIIA Fast 238 2.49 3.28 1.86
i 9171338152 | Slow |  1.69 2.33 1.49 1.67
NNFIIA Fast 1.82 235 1.84 2.11
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A v K 9 ' J 1 A ' A ' A
MIWN 4.7 GlﬁN‘iJu“VIﬂGU’E]y'ﬁﬂulﬁuﬂﬂ@W HFINININ 1 FINIAIN 2 LagBINIAN 3

' a s
mmammuaumaw (s)

qou'ly 290981 21A13+IU Speed
-65dBm -70dBm -75dBm -80dBm

91713798 Slow | 0.022539 | 0.017909 | 0.029668 | 0.019613

a1 | (uniwsand) | Fast | 0.021990 | 0.017823 | 0.019292 | 0.014539

08:00-10:00 91ANIETIUTIN2 Slow | 0.017101 | 0.024060 | 0.023339 | 0.037334

@unsWe.An3) | Fast | 0016054 | 0.022314 | 0.015421 | 0.026365

91713790 Slow | 0.016698 | 0.030507 | 0.016883 | 0.023488

3. a2 | Guniwsand) | Fast | 0016543 | 0.022181 | 0.014362 | 0.016207

$291981 | 10:00-14:00 91ATTIUTIN2 Slow | 0.016873 | 0.017459 | 0.024227 | 0.016590

@unsws.and) | Fast | 0.016810 | 0.016405 | 0.018814 | 0.016235

91713790 Slow | 0.021437 | 0.014429 | 0.017409 | 0.014858

$99019M3 | @Uniws.and) | Fast | 0.016175 | 0.013823 | 0.015462 | 0.014433

14:00-17:00 91ATTIUTIN2 Slow | 0.018328 | 0.017607 | 0.016284 | 0.016383

@unsWs.An5) | Fast | 0.016782 | 0.016146 | 0.015609 | 0.015849

MINN 4.8 M3 Tufindeyam LN IeIrINIaIN1 $19981N2 1azFINIaIN3

ANRAYANUIUIA (5)

Gouly | e 21A15+IU Speed
-65dBm -70dBm -75dBm -80dBm

GRLRFRRI Slow | 0.011207 | 0.011649 | 0.010884 | 0.010750

$99a11 | @uniws.and) | Fast | 0.010984 | 0.011492 | 0.014105 | 0.011728

08:00-10:00 91ANTETIUTIN2 Slow | 0.010453 | 0.010826 | 0.011029 | 0.010958

@unsWe.An3) | Fast | 0011299 | 0.011448 | 0.012841 | 0.014512

9115390 Slow | 0.011714 | 0.011074 | 0.011981 | 0.011944

3. U2 | @unins.gnd) | Fast | 0.014596 | 0.014284 | 0.012106 | 0.012055

$291981 | 10:00-14:00 D1IATTIUTIN2 Slow | 0.010546 | 0.011400 | 0.010725 | 0.011372

@uniws.and) | Fast | 0011198 | 0.014189 | 0.012055 | 0.012359

91713790 Slow | 0.013234 | 0.012773 | 0.012698 | 0.011781

$9901M3 | (FUniws.and) | Fast | 0.011856 | 0.011858 | 0.012775 | 0.012111

14:00-17:00 21MTTIUTIN2 Slow | 0.010788 | 0.011232 | 0.010444 | 0.010245

@unswe.An3) | Fast | 0011388 | 0.011732 | 0.011972 | 0.011586
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d' v K 9 J = 9 ] d' ] d’ ] d'
ATNN 4.9 AT NUUNNVDYAMFUYLFIVDYAUVDIFILIAINT BINIATN2 HASHININING

4 . 3 AndemgaFetoya (%)
Nf]uvl"ll PINIA 1A HIU Speed
-65dBm | -70dBm | -75dBm | -80dBm

91013290 Slow 2.03 2.52 3.21 2.67
Frnail | Guninsand) | Fast 3.50 2.70 3.53 3.56
08:00-10:00 | ©1A1FOUTIN2 | Slow 1.85 2.51 1.99 1.84
@uniwsand) | Fast 2.77 3.12 2.00 2.23
21113790 Slow 2.67 2.45 2.43 227
3. a2 | Guninsand) | Fast 271 239 2.00 2.58
29981 | 10:00-14:00 | ©1A1558UIIN2 | Slow 2.05 2.50 221 2.14
@unsws.ans) | Fast 2.58 2.69 2.00 237
01713298 Slow 1.94 2.20 2.57 3.63
Frnais | Guninsand) | Fast 2.17 2.59 2.84 2.90
14:00-17:00 | ©1AN3i30U3IW2 | Slow 1.85 2.40 2.03 1.79
@uns we.and) | Fast 1.99 1.79 2.44 2.14
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Anndnamausoon (s)

Speed
-65dBm -70dBm -75dBm -80dBm
Low_Slow %291+%242 0.017665 0.016007 0.017616 0.016052
Low Fast F91+%742 0.015443 0.014972 0.016441 0.015241
High Slow %243 0.018774 0.016013 0.017231 0.016110
High Fast %243 0.015961 0.014978 0.015988 0.015191
A5A 411 uaasAumasmmitanan
Annasmniiena (s)
Speed
-65dBm ~70dBm -75dBm -80dBm
Low Slow ¥291+%292 0.011431 0.011514 0.011089 0.011295
Low Fast  %291+%242 0.011837 0.012093 0.012244 0.011974
High_Slow %43 0.011721 0.011758 0.011330 0.011154
High Fast %243 0.011729 0.011944 0.012309 0.011911
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Speed
-65dBm -70dBm -75dBm -80dBm
Low_Slow_%241+%242 1.78 2.14 2.02 2.85
Low Fast  %291+%292 1.89 1.94 2.29 2.02
High_Slow %43 1.84 2.22 2.16 2.78
High Fast %243 1.98 2.07 2.47 2.27
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Packet Loss (%) and RSSI (dBm)
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Handoff Time(s)
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Select data: [ data 1
Center and scale x data

Plot fits Numerical results

Fit: [ 4th degree polynomial v]

Coefficients and norm of residuals

Y = pl*x~4 + p2*x~3 +
pP3*x~2 + pd*x +
pS

4th degree polynomial
Sth degree polynomial
6th degree polynomial | Coefficients:

Tth degree polynomial pl = -1.454e-007
8th degree polynomial p2 = -3.1161e-005
Ath degree polynomial p3 = -0.0022154
10th degree polynomial p4 = -0.052454

[¥] Show equations ps = 0

Significant digits: LZ

e of residuals =
Plot residuals 1.3201e-015

Bar plot >

Subplot )

Show norm of residuals

[Help][Close] [@][9]

Save to workspace...

% ]

JUN 4.7 @10819M3¥IA1 MSE TAg#ia132191AM U (Polynomial)
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3| g
o 7e — 008x* — 1.5¢ — 005x3 — 0.0011x2 + 0.026x 1.9816e-33
%399 1+2_Slow
4 | amanm
o —3.5e — 007x* — 7.6e — 005x3 — 0.0054x% + 0.013x 1.5715e-32
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5 | agapdedoya
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J
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9 | M
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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 re-
associate 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 I[P (VoIP) or streaming
multimedia applications usually are unable to tolerate such
long connectivity delays that fall beyond the range of 50-200
ms. This results in dropped calls or frozen video frames. To
improve the deficiency, this paper 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 80211 standards. Our study
requires no additional support from the network. The outcome
of this paper indicates the good insight of using the signal
strength threshold to control the handoff time for VelP
application.

Keywords: VoIP, Handoff, Signal Strength, WLANs

I INTRODUCTION

IEEE 802.11 (commonly referred to Wi-Fi) compliant
wireless Access Points (APs) typically has radio ranges of
less than 100 meters. When a Mobile Node (MN) starts
moving 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 (VoIP) calls for delay values higher
than 150 ms . However, at the time of wnting, IEEE is
working on a new draft called IEEE 802.11r that intends to
facilitate fast quality when the user is within 20 ft of the
access point. Since during roaming, in-flight packets are
lost, the proposal has the potential of reducing or even
eliminating lost data by (1) advocating multi-vendor
compatibility of wireless hardware devices and (i1) by
defining improved inter-AP communication messages. The
standard 1s yet to be ratified and above all does not tackle
the problem of how the MN should quickly choose an AP
when the signal connectivity with the associated AP drops
below usability levels. It is however worth mentioning that
the Inter-Access Point Protocol (IAPP) [1] or IEEE 802.11f

is already standardized and aims at transferring the securty
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: (1) 1t must be able to operate with the
exising IEEE 802.11 standard, (1) require minimal
(preferably zero) support from the network infrastructure,
and (111) be a client-end software solution so as not to touch
the already deployed APs
In this paper, the proposed solution to reduce a handoff
process focuses on 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 1s 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. This study can lead
to minimize the handoff time by managing the optimal
signal strength threshold for all APs in the network

The rest of the paper 1s organized as follows. In Section
II, the handoff process in IEEE 802.11 1s described. This is
followed by Section III where all experiments are detailed
In Section IV the results and discussion have been
addressed. Finally, the conclusions and directions for future
work are given in Section V.

II. RESULTS

The first experiment is to study the impact of moving
user to the delay of packet within handoff process. Two
speeds of mobility are assigned by 0.3 m/s and 1.5 m/s,
named as Slow and Fast respectively. Fig. 7 shows the
cumulative distribution function (cdf) of packet delay [17]
The results are compared with the delay time when user
does not move, named as Fix. It is clearly seen that the
mobility of user affect the delay distribution. The higher
speed of user is, the bigger variance of delay 1s happened
This study confirms the handoff process can be obviously
investigated by delay time. This handoff time is measured
since authentication process to re-association process. The
next task 1s to investigate the delay of handoff process by
changing the threshold level of APs
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In the preliminary study, two signal strength levels are
set at -68 dBm and -80 dBm. Five iterations have been
measured. Each iteration number is an average result of 10
times collecting data. Fig 8 shows the handoff time and Fig
9 shows the distribution of handoff time for the threshold
level at -68dBm and -80dBm. It is interesting that the
different threshold provides the different handoff time. It
means that the threshold play the main role on delay of
handoff process. However, the optimal threshold has to be
studied further in the next work because many parameters
are involved such as mobility, user traffic, type of devices,
etc
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Abstract— In IEEE 802.11n networks, the service mitigation
from associated Access Point (AP) to the other, so called
handofY, has been idered as one important index to judge
the merit of networks. For VoIP 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 tol such long ivity 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 perfor for other par s. 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 VoIP
application.

Keywords: VoIP , Handoff, Signal Strength, WLANs

I. 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
(VolIP) 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
handoff 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
11, the experimental scenarios are detailed and followed by
the measurement results. Finally, the conclusions and
directions for future work are given in Section III.

1. 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 occurred between two access
points as shown in Fig. 1.

emamaa.

| B4

prd

Fig 1. The experimental scenarios with the building layout.
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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 books. 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.L6].

In Fig. 2, the results of handoff time are calculated by
averaging all measured data. This handoff time is measured

since authentication process to r iation process. It can
be noticed that the handoff time is merely influenced by
slow users but for fast users it d 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.

III. 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 control the handoff
time for VolP application.
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