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Abstract

Much research aims to ‘shorten the handover delay in the wireless network. Although
there are many papers discussing. this issue, most of them lack empirical measurement of
handover behavior in the real and various topologies of wireless networks. In this thesis, we
inspect the process and the cross-layer effects of the IEEE 802.11 handover conducted by the
SIP-based VolIP applications on the Microsoft Windows XP system over various network
topologies. Wireless adapters of four high market-shared companies (Intel, D-Link, Cisco and
Linksys) are selected in our experiment. Besides, signal shielding boxes and attenuators are
also used to block out unnecessary signals and simulate signals received by a moving mobile
node.

We first intercept the packets exchanged by wireless adaptors and catch the signaling
events triggered by the Network Driver Interface Specification (NDIS) system during
handovers under different network settings. Then we analyze the handover behavior and
compute the latencies of different steps that constitute the overall handover delay for each
adaptor under different network settings. One of the findings is that all the adaptors tend to
assume an intra-extended service set (ESS) handover and try to associate with an access point

with the same network identity first. Consequently, each adaptor needs extra time to detect



that it indeed encounters an inter-ESS handover, and thus take more time in searching and
locating a new base station with a different ESS. An intra-ESS handover consumes short link
layer delay. However, if the two base stations were set to different subnets it will prolong the
layer-3 handover process. Furthermore, event signaling across different layers also plays an
important role in determining the overall handover latency. Through the event signals a lower
layer process can notify an upper layer process of the status changes. The earlier the higher
layer process (either the applications or kernel processes) aware of the lower layer status
changes, the sooner the high layer process can prepare for a handover, and thus can shorten
the handover delay.

From the above study, we can infer the design consideration and find out the reason
influencing the handover delays for each chosen adaptor. Some of our suggestions could help
the manufactories to improve their wireless adaptors. Furthermore, our findings could also
help users in choosing appropriate wireless adaptors for their application under different

network environments.
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Figure 2-1 SIP call flow (Adapted from [2])
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Figure 2-2 Handover Manager (Adapted from [3])
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Table 3-1 Handover Environment

Intra ESS Inter ESS
Intra Subnet Case T Casell
Inter Subnet CaseIll CaselV
3.1.3 % ERp7
- FEihitEARERR R LN REIRERN > FR AR FREAF N

ARRE- m R R AT RER S EAR 5 XM SRS AR SSID LA
k- BESS AL )y Hirdo kT %R EPESEN 0 f (FHE K S - ESS>
AFHEPN YR L 5 case I IntraESS-IntraSubnet sk o

P’
FoRTAEAR-EZASPN G SR AT B ITERRY B SRS ETF]E
p

FRFHE TR ‘“L”]} > case IT _ InterESS-IntraSubnet = o

RFIRG chieit e g 204 SR F - BUERF PG 5B Lo s AERT] S B
Bk SE & B AR SSIDLE AR A - AKX LA B ,:‘s AP FEF ARG R

= rﬂfg"apa— $ram 5 BIAE SRMEA SSID £ 45 5A AT i ik A b
% caselll IntraESS-InterSubnet ik im o g% § 4 ] “dk i e Ak > H F 7 € R 2
- 8 SSID L4 e F 2R aE C REHFFE A RE TR T - B LT
W € ORI o

PRREAHEIRALECRT HEY 2R SSID R T AR 50 2 F oA
AR H e el }@&x?ﬂ'omézriﬂﬁ«%@fr?ﬁ%«’ﬁ{%kiﬂfﬁa’?ﬁ)ﬁg
Pt kR * oL o pREHEP S SSID LA hipz B eh iR 4 case
IV InterESS-InterSubnet 5% o

e

"-'3.'4

B RE AN LR 250 £ BT TR e ARG £ I

wAE TR R EEIRE > W AT R o P AR T L AT B

A2 @ FRB AT RFRORT > THRE & ¥ d 2 (router)T
BT o BT Ry 2 = F 0 192.168.3 3% CN 2 * 5 192.168.1 f- 192.168.2 438 B
a3t caselll ~ VA& & B & B3 i o L7 %KERET - LT A8 ERRIRE
By o P Rk 5T dhn B (cannels) o rlw B e EAE 0 BRI OB
e B Tk R o
® Case I Intra ESS-Intra Subnet :
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Case I =73k =_#_ intra ESS-intra Subnet » Figure 3-3 2% =
SSID1_AP1 :HESS T3] 5 b — 3 i A W AAEiE 6 fodgsf 11+ o 76 & 8hd A

AP2 # & -

Table 3-2 Configuration for Case I Intra ESS-Intra subnet

CN

Channel SSID Subnet
AP1 CH®6 AP_WINLAB 192.168.1.0/24
AP2 CH11 AP_WINLAB 192.168.1.0/24
- SIP UA
Router Wireshark
192.168.1.%/24 \
............. T o %
AP_WINLAB Y% AP_WINLAB
/ £ \\ N
! £ % \
! AP2 R AP1 v
ICH11 | Wireshark, (CH6 :
l ! SIPUA/ |

Sniffer(CHd -J T

AjroPeek(CH6)

Figure 3-3 Intra ESS-Intra subnet Environment

® CaseIl Inter ESS-Intra subnet :

o 1

AN Tntra ESS- N

: ; Intra subnet| - ;

. IP: 192.168.1.100 IF: 192.168.1.100

Case IT 4_ inter ESS-intra Subnet =4 E: %k 5 - Figure 3-4 3 = & ESS » %] 5
AP_WINLAB 4= AP_CAMPUS - AP1 ¢ Channel6 > AP2 # Channelll } -

AP1 /i AP2 # #+ & 5 ESS ¢ ik o
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Table 3-3 Configuration for Case II Inter ESS-Intra subnet

Channel SSID Subnet
AP1 CH®6 AP_WINLAB 192.168.1.0/24
AP2 CH11 AP_CAMPUS 192.168.1.0/24
. SIFUA
Router Wireshark

192.168.1.%/24 CN

192.168.3.25

""f‘- fia) HH‘"‘..‘ ’f"’# '_[:[ i %MH‘\

AP CAMPUS “y AP WINLAB

i £ \\_ LY

! ! \ \
! AP2 ;A AP] X
lC“ll I‘n‘n I[\,'ahrillkr C“ﬁ :
li : , SIP UA/ |
\ Tnter ESS- & Wy

. : Intra subnet 4
IP: 192.168.1.100 N Ip 192, 168.1. 100

 Shiffer 11 T
i ““C aJv.:’r:l\(CHﬁ-

Figure 3-4 Inter ESS-Intra subnet Environment

® Caselll Intra ESS-Inter subnet :
CaseIll <93k ¥ _&_ intra ESS-inter Subnet - Figure 3-5 3 & i %% - 192.168.1 fr
192.168.2 > e >tk — ESS T o F# & ghd AP /1 AP2 # & §_§5 subnet e 1E o

Table 3-4 Configuration for Caselll Intra ESS-Inter subnet

Channel SSID Subnet
AP1 CH®6 AP_WINLAB 192.168.1.0/24
AP2 CH11 AP _WINLAB 192.168.2.0/24
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S o Pt -
- [ 3)] ~ - ()] S

# AP_WINLAB
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SIP UA/
Y

ol
\x \‘x:l.N

™ IP: 192.168.1.100

T,
—

T AiroPeek CHA)
nffer(CHIL1)

Figure 3-5 Intra ESS-Inter subnet Environment

® CaselV Inter ESS-Inter subnet :
CaselV i3k 2_&_inter ESS-inter Subnet » Figure 3-6 3 = i 3 frs & ESS o {7 & &
BEATIE AR DA L e 8 22 - R SSID LA o

Table 3-5 Configuration for CaseIV Inter ESS-Inter subnet

Channel SSID Subnet
AP1 CH®6 AP_WINLAB 192.168.1.0/24
AP2 CH11 AP_CAMPUS 192.168.2.0/24
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Figure 3-6 Inter ESS-Inter subnet Environment
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FI% RIS o™ 250 0 R R BRLH D WP SR PR RIS RS

gFHuEr ey -

R F SR T ARG TIRS SRR R VRE S

B s EBRROEET R MR E T

1 6 & 2(MN)
18 & 2:(CN)
£ B4 3:(SN)
& ¥ & (AP)

N o gk w DN

& & e pe+ (Wireless NICs)
I % 4a(Shading Box)
# & % (Attenuator)

Table 3-6 Experimental Node and Application

MN

ASUS S5200N-Windows
XP sp2

(785 5 B 1h B SR BAZ Y Ar CN i (730 3 » ¥ /€ APL 0
9, F # B4 6 5] AP2

CN

ASUS M5200N-Windows
XP sp2

R BB R i o MN i 73

SN

ASUS A6M-Windows XP

R B ERGRRE -G8 LR L it

sp2

AP
ZyXEL P330W - A 5o AuE APLIr AP26 i MN 7 il 42
(chip: RTL8186) P E e

Wireless NICs

Intel(R) PRO/Wireless
LAN 2100 3B Mini PCI

g EREI Y > R

% B 5% R EIntel

7% oA~ 5 1150

G

D-Link DWL-AG660

TG ER SR o BRBRHEF L AR A LB

R AT 240 @ * Athores & &

Cisco Aironet 802.11

ZENEFH SR > EREAIEF LS o
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a/blg AIR-CB21AG-W-KG - i¢ * Athores #
G EREE ) o RBEH YT o KA S V3L i
Linksys WPC54G-TA
* Broadcom #% *
Application
ESS transition tool F1* Windows XP 3 & =1 Zero Configuration & 7 {7 # &
B YR 4% ESS
Wireshark v1.0.2 TENEHEEY > AFHRERATRAE ST S
Flrenit e
AiroPeek NX v2.0.2 TENTRSEY C TRAR SR RIRIAAR S
Sniffer Portable v4.7.5 FENERSE > TREAG GG P AR
CCL SIP UAVv0.34 FEN T LS g > \OIP s il
VoIP packets generation | 7§+ & BE¥2 4p ¥ & 2R3y {7 SIPUA #8224 35 5 3t ¢

Equipments
Shading Box £ RR FRGEE S FIR G
Attenuator EPA-1200 ARG R R

FoRETF w R P RRDERPFEFTL LA T L] Wireshark ~ AiroPeek
4v Sniffer Portable & &% # - m Windows XP p i < Zero configuration B £ #* % & % &
PRI BT H & BE7 e ESS enf ik > v | e F BT * enSSID - E > v v 4 F E
hOSUEFRRIVER” R TSSID iR AER o Al LR E RBR LAVER P B
WP T O HAP o

@ Shading Box €_% 7 Fg 8 # v 3 ELen+ 4F o Attenuator EPA-1200 ¥ #4%.5¢ i* % & B
RIEFerR 8 40 0 afd B SRURLE R

REWT T BRI A N SR b SRR R BN AE R
P ] L R e B R e R LRGP -
192.168.2.0/24 {r 192.168.3.0/24 » = 41 hw BREZ T 3 b ehfe - a &8 5 3
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FAeY RER SR VER DS O REE LR 2 AP RIS &
APl iz » B ARFA S SR AP2 L2 -
SR RERFTIP A a8 € i'frAPljﬁ’ 3 vhts B g AP2 il 47 o
A APL{c AP2 MRk TR { » (TR S B by BREBREERET LRI AR
Bk T 273 g SRR

® Case I Intra ESS-Intra subnet

S LA ke 5 SSID ARk Bk AP B B 5L chi R 4o Table 3-7

Table 3-7 Set Nodes for Intra ESS-Intra subnet

3

® T

AP1 SSID: AP_WINLAB

Subnet:192.168.1.0/24

Channel: 6

DHCP Server: Enable

DHCP Range: 192.168.1.100~192.168.1.200

AP2 SSID:AP_WINLAB

Subnet:192.168.1.0/24

Channel: 11

DHCP Server : Enable

DHCP Range : 192.168.1.100~192.168.1.200

CN T Z_IP> ¢ * 192.168.3.0/24 32 > 7 12 H#-IP address
& 5 192.168.3.25

MN % DHCP Server % fiz <17 IP address % ¢ *

SN 7 5k & Mg+ o 4w E A Channel6 - Channelll

d R E T E A APL{e AP2 & Ay 5 e - xtp > @ DHCP Server ¢ APl
t“—i-j?%f{ o

® Casel Inter ESS-Intra subnet
T s e 5 SSID R R R AR RS 0 B S BB AR DIk Te
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Table 3-8 -

Table 3-8 Set Nodes for Inter ESS-Intra subnet

AP1 SSID: AP_WINLAB

Subnet: 192.168.1.0/24

Channel: 6

DHCP Server: Enable

DHCP Range: 192.168.1.100~192.168.1.200

AP2 SSID: AP_CAMPUS

Subnet:192.168.1.0/24

Channel: 11

DHCP Server : Enable

DHCP Range : 192.168.1.100~192.168.1.200

CN F & _IP- & * 192.168.3.0/24 3¢ > #7121 H#-IP address
& 5 192.168.3.25

MN & DHCP Server 4 fiz <77 |P-address & i¢ *

SN A 5E @ S+ 5 w2 K Channel6 - Channelll

® Caselll Intra ESS-Inter subnet
P L A A 5 SSID LA K G A R A W 5 1 fr2 R A Table

3-97 & Eriy SFHwE Lo

Table 3-9 Set Nodes for Intra ESS-Inter subnet

2 F

ER

AP1 SSID: AP_WINLAB

Subnet: 192.168.1.0/24

Channel: 6

DHCP Server: Enable

DHCP Range: 192.168.1.100~192.168.1.200

AP2 SSID: AP_WINLAB
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Subnet:192.168.2.0/24

Channel: 11

DHCP Server : Enable

DHCP Range : 192.168.2.100~192.168.2.200

CN T 2_IP>i¢ * 192.168.3.0/24 4 3 > #7124 H#- 1P address
X % 192.168.3.25

MN = DHCP Server 4 fiz ¢ P address % i #

SN @ 5k @ R+ > & B T E Channel6 - Channelll

® CaselV Inter ESS-Inter subnet
B s s A 5 SSID AL o0 AT el o pt AT & Table 3-10

REA o F A2 e

-

Table 3-10 Set Nodes for Inter ESS-Inter<subnet

W

AP1 SSID: AP_WINLAB

Subnet: 192:168.1.0/24

Channel: 6

DHCP Server:Enable

DHCP Range: 192.168.1.100~192.168.1.200

AP2 SSID: AP_CAMPUS

Subnet:192.168.2.0/24

Channel: 11

DHCP Server : Enable

DHCP Range : 192.168.2.100~192.168.2.200

CN T2 _IP> g * 192.168.3.0/24 3¢ > #7102 H#-IP address
& 5 192.168.3.25

MN i= DHCP Server 4 fiz &1 IP address % i¢ *

SN @ 5k @ e+ > 2w T Channel6 4= Channelll

Reb Rk LR AP &Y o e AR ER B 313 R I e AT A oh
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Figure 3-7 Experimental Environment
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Figure 3-8 Reduce and Increase Signal Strength

Figure 3-9 MN move from AP1 to AP2
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Figure 3-10 Handover Procedure Overview
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Figure'3-11 Layer-2-Handover Procedure
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Figure 3-13 Handover Procedure
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Figure 4-2 Intra ESS-Inter subnet
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Figure 4-3 Inter ESS-Intra subnet
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Table 4-1 Retries G.711 & RTSs Numbers

G711 RTS EX: (MN—CN)
Intel 4~6 4 Figure 4-4 (A)
D-Link 5~6 23~25 Figure 4-4 (B)
Cisco 5~6 22~25 Figure 4-4 (B)
Linksys 7 0 Figure 4-4 (C)
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MN—CN MN-—>CN MN—CN
G.711 (Seq. N=22113)  RTS G.711 (Seq. N=22113)
G.711 (Seq. N=22113) G711 (Seq. N=22113) G711 (Seq. N=22113)
RTS G711 (Seq. N=22113) G.711 (Seq. N=22113)
G711 (Seq. N=22113) 711 (3ea. N=3211D) G711 (Seq. N=22113)
RTS G.711 (Seq. N=22113)  (G.711 (Seq. N=22113)
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T11 ( =2711%3 2 1.711 (Seq. N=22113
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Figure 4-4 Retries G.711 & RTSs

4.1.2.2 Probing
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Figure 4-5 Intel Probe
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Figure 4-8 Linksys Probe

4.1.2.3 L3H Detection
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4.1.2.4 DHCP
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viae B pE A 0 Inter ESS % ehi® 0 4.1.2.1 -] &3] 4.2.1.4 ) & %3 v B case (F B
LI

4.2.1.1 Case I Intra ESS-Intra subnet

% Casel ehiefedh i » Fl 5 RIRIEAR Sfop 34 55 SSID &fid4nk > ¥ 5 F
- ek o ATl BB RIEF SR BTG PR ETRAR 0 & Table 4-2 ¢ ) ut B pF
Fealfipn B4 Kf Cisco =+ » 7 L2H Detection Ff £ 7 ek chu 2 pF R > ¥ 5y &
F AR o F ATIEA T N o

I~

Table 4-2 Intra ESS-Intra subnet L2H Delay Time (unit: seconds)

Intel D-Link Cisco Linksys
L2H Detection 0.01985 0.01520 5.55300 0.00641
Probing 0.00280 0.00281 1.22055 0.03657
Authentication 0.02930 0.00168 0.00174 0.07202
Association 0.00320 0.00266 0.00257 0.03765
L2H total delay time 0.05515 0.02235 677860 0.15265

gt %ﬁ#ﬁéiﬁ BT oty el d mEREAERARBY 2 F s SR 5P
AP L RBR S U EIRIES T

4.2.1.2 CaseIl Inter ESS-Intra subnet

Casell t% 1w {5 efk s 5B >% Intrasubnet> @ A3+ 5 £ 7 f e0SSID & 4L 5 Inter
ESS shie i fiin o 3 ¥ e+ § BAFfoRIRIAARF 5 4pk SSID fffeniky Sua o &
A i” ViR MR R AL RREER LR BIRIEST o R+ R

RAEIZREEF R aSSID SfAR & B2 BV RS UMEBERTLRFE

S

§=}

K F_o

z;?,
=

Table 4-3 Inter ESS-Intra subnet L2H Delay Time (unit: seconds)

Intel D-Link Cisco Linksys
L2H Detection 5.50419 19.70751 17.48994 15.96238
Probing 4.49449 3.04720 2.95177 7.56473
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Authentication 0.12812 0.00164 0.00167 0.08108

Association 0.00316 0.00262 0.00262 0.00285

L2H total delay time | 10.12996 22.75897 20.44600 23.61104

7% _Table 4-3 g% - Authentication f- Association g fxeiut Eprff w sR e+ ¥ 3 3
AEE R A 1 fepEiE e s o A R Rl g LR B R oy AL L2H
Detection 4= Probing -

D-Link £ Cisco e+ @ * o — 7 > B2l 7 A 88> 2 X2 g 22— R 7]
v 2~3 §) = + h & §E o Figure 4-9 Case II -L2H Detection Delay TimeFigure 4-9 + 12
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L SER
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BEBaES 44e {024 B 25 RTSs » 4ot 145 enib s o @ Intel PIE_1~2 B3F 3 4

e 12 BRIS B, G4 BE BIE5 2244 B RTSs # RTS chg @ 4
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T2 HELBT X0 @ & IEPARTS

FpL oo e+ (T L RSN A B o0 2 L2H Detection m&@fﬁﬁ*i&;. AN sE 4
Intel e @22V RTSS £ 5 » BB anFF3te » o=t G e BpEFF -

4v b {76 & 8k & L2H Detection fi.%"ﬁ “Probe Request™ rgf i% 5 F]b ¥ iy » &ig =
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+ o e AT E a3 €+ D-Link - Cisco e+ & ih& o

Fl4t o 4iip) & L2H Detection Fif € X 7 B F1 2 8 - £3F 3

e 38 - & “Probe Request” #t& g i #ic g fo 4 o

Table 4-4 Numbers of Probe Request at L2H Detection (unit: times)

¢ 4o RTS 2 4

SSID=AP1 | SSID=NULL | SSID=ANY SSID=AP2 Total Numbers
Intel 3~5 0 10~14 0 16
D-Link 9 6 5 0 20
Cisco 9 8 7 0 24
Linksys | 149~155 0 0 0 152

Case Il L2H Detection Delay Time

25
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20 :
- / 17.48994
=
2 7 15.96238
g 15 / -
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E
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&
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Figure 4-9 Case I1 -L2H Detection Delay Time
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Table 4-5 Numbers of Probe Request at Probing (unit: times)

SSID=AP1 | SSID=NULL | SSID=ANY SSID=AP2 Total Numbers
Intel 0 0 1 2 3
D-Link 0 1 1 1 3
Cisco 0 2 2 1 5
Linksys 10 25 0 1 36
Case Il Probing Delay Time
8 7.56473
7 [
— 6 [
2
§ 5 4.49449 [
T 4 |
£ 3.0472 2.95177
g 3 — —
)
e 5, || |
1 [ I
0
Intel D-Link Cisco Linksys
Figure 4-10 Case II -Probing Delay Time
4.2.1.3 Caselll Intra ESS-Inter subnet

# Caselll =3k 5
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Table 4-6 Intra ESS-Inter subnet L2H Delay time (unit: seconds)

Intel D-Link Cisco Linksys
L2H Detection 1.32400 0.00736 0.75439 0.00425
Probing 0.52244 0.00299 1.15731 0.33420
Auth 0.02523 0.00167 0.00168 0.07259
Assoc 0.00327 0.00271 0.00263 0.00292
L2H total delay time 1.87494 0.01473 1.91601 0.41396

B2 % Intra ESS cnfin™ > L2H < LpF a2 & - v > L2H Detection §= Probing
Fe B §_4 L2H total delay time + 8 &nps R o
vb g1 Figure 4-11 4= Figure 4-12 2 3. D-Link = Linksys =7 L2H Detection §= Probing
Fe B g8 g g g B @ Intel o Cisco RIS t248 & < Intel & L2H Detection Fi £
=R s e Cisco P A.fu Probing FAET- 5 a5 cnpe o Jiip|pt & 3R e+ k3t

:‘1;“{/3\-7‘ J‘ - ’}’7{ °

Case Ill L2H Detection Delay Time
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g
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Figure 4-11 CaseIll-L2H Detection Delay Time
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Case Ill Probing Delay Time
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Figure 4-12 CaseIll -Probing Delay Time

4.2.1.4 CaselV Inter ESS-Inter-subnet

Table 4-7 2_#: CaselV 3k 85 7 X 7 shendhis b B pr i > H 22 Case T Fe # &_Inter
ESS ehicase - #7141 > % L2H Detection e Probing 7 & - 5 chph i 4 2| g frdpx H v ¥
eSS S

22 Casell 4p ¢ £_D-Link {= Cisco-ix-Detection F# < % # £ 2 EPFRF o @ Linksys 4
=+ { Probing F# £ #73F 3% 17 “Probe Request” = %) 36 5t =+ > *T 3 H v = s+

e Probing af v& pF fF o

Table 4-7 Inter ESS-Inter subnet L2H Delay time (unit: seconds)

Intel D-Link Cisco Linksys
L2H Detection 8.47086 13.38449 10.27809 8.88134
Probing 3.25502 2.88379 2.99506 7.49115
Auth 0.11456 0.00168 0.00167 0.30974
Assoc 0.00297 0.00263 0.00259 0.00285
L2H total delay time 11.84341 16.27259 13.27741 17.13508

Figure 4-13 4r Figure 4-14 %~ %] i % CaselV /=™ 1 L2H Detection 4= Probing F#¥ £

St EPE 0 R E R R F ¥
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12 Table 4-8~Table 4-10 % - DHCP ~ DAD 4+ IP Configuration = fg £ & CaseIl -
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4.2.2.1 CaseIl Inter ESS-Intra subnet

Casell % Intrasubnet > # 2 ifts IP fnt ¥ 7 € 22 % o @ F] Inter ESS @ & 17 fr 4
SRR BUEBFFLL > A PR E e BPERF o Casell it cnd Rt BG4 3
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Table 4-8 Inter ESS-Intra subnet L3H Delay Time (unit: seconds)

Intel D-Link Cisco Linksys
L3H Detection 0.11698 0.08339 0.09209 2.95134
DHCP 0.01124 0.00848 0.00611 0.00820
DAD 1.63497 1.51914 1.49573 1.16675
IP Configuration 1.59174 1.49348 1.55931 1.50632
L3H total delay time 3.35493 3.10449 3.15324 5.63261

Figure 4-15 ¥ 7] 1 L3H Detection # & pF /F it i > DHCP ~ DAD 4+ IP configuration
Pl SR+ FB G5 LB X2 5> FL0 gk Flpt T mbe » R iEY R H 4R
PR 2. A BE o

Case Il L3H Detection Delay Time
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Figure 4-15 Case I1 -L3H Detection Delay Time

4.2.2.2 Caselll Intra ESS-Inter subnet
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2 BEFH 4 o L Fla: BiE ¥ a & L3H Detection P i3 “ARP”7 fe “DHCP
Request” - ¢ & Caselll -7 L3H Detection 2t & p¥ & 2 Case [I ~ [V k ek o

Table 4-9 Intra ESS-Inter Subnet L3H Delay Time (unit: seconds)

Intel D-Link Cisco Linksys
L3H Detection 7.96944 8.74722 8.40254 7.94659
DHCP 0.00790 0.00606 0.00610 0.00632
DAD 1.55550 1.55965 1.26847 1.45838
IP Configuration 1.44316 1.50094 1.70022 1.63407
L3H total delay time 10.96700 11.81387 11.37733 11.04536

{7 # & 8L & L3H Detection F# £ € 12 unicast 9= ;% k3 ¥ “DHCP Request” > %] %
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Figure 4-16 CaseIll-L3H Detection Delay Time

4.2.2.3 CaselV Inter ESS-Inter subnet
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Table 4-10 Inter ESS-Inter subnet L3H Delay Time (unit: seconds)

Intel D-Link Cisco Linksys
L3H Detection 0.05392 0.08807 0.08334 1.45806
DHCP 0.00823 0.00609 0.00601 0.00847
DAD 1.46491 1.62548 1.46415 1.61748
IP Configuration 2.37327 1.59969 1.55167 1.43755
L3H total delay time 3.90033 3.31933 3.10517 4.52156

Figure 4-17 5 CaselIV 3k 5 <1 L3H Detection % £ pF & o Linksys v . Case Il B . *
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Figure 4-17 CaselIV-L3H Detection Delay Time
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® Case I Intra ESS-Intra subnet
Case I 7] & Prt R ch YRS > B Table 4-11 #- L3H total delay time s i=F#
Juﬂ”aﬁ’ﬂwﬁw@%@%sﬁﬁ%*iﬁﬁﬁo

Table 4-11 ¢ > 25 iRy it BpERE @ 4b G A mﬁfﬁufr’ﬁf Cisco .+ 2 >
ZRREFDORUEBFET Y A0 G RERBERE DLES T §REFRSRA RS

B2 R emd iE o i1t 0 E A A Case [ e B e T BT T F PRI S o

Table 4-11 Intra ESS-Intra subnet Handover Delay Time

Intel D-Link Cisco Linksys
L2H total delay time 0.05515 0.02235 6.77860 0.15265
L3H total delay time - - -
Total delay time 0.05515 0.02235 6.77860 0.15265

® CaseIl Inter ESS-Intra subnet

Table 4-13 © crficdy &g or o 4428 3B pF F @ end_Intel > 332 ¥ pF AF B K 08 Linksyse
VbR Rt B kg o PR RS Intel 0 18 B PR BCE PR A Linksys o 8228
Qe R erng B e pE F en g D-Link o e fgaib g Intel g+ af EpERE St D-Link £ 12
o Bt B P ECEanE A Intel o Fpt o FEEP A B L E R 2 WVR- 5k € 5 R
AR B o
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e Casell &t BPFRF 2 & ez B F) 2 A e dd/d R o Bt BREIER T > 28 Intel =+ >
§ 7 B et B o

Table 4-12 Inter ESS-Intra subnet Handover Delay Time

Intel D-Link Cisco Linksys
L2H total delay time 10.12996 22.75897 20.44600 23.61104
L3H total delay time 3.35493 3.10449 3.15324 5.63261
Total delay time 13.48489 25.86346 23.59924 29.24365

® Caselll Intra ESS-Inter subnet

d »* Caselll = Intra ESS #g7] e itk 5 > F]pt Table 4-13 crua st k e B pF R 6 &
1242 d ik A oZ 8 FIP nenR > ARRAFRE U BRET -
Flet o A REREES T > 7 0UiE R Intel > D-Link £ Linksys e+ kg * o

Intel 7 chat B feim s (o ) Adh i it B K 7 - BLA A BpER - T
BSERBRT et EHE o ERTV AT AT

Table 4-13 Intra ESS-Inter subnet Handover:Delay-Time

Intel D-Link Cisco Linksys
L2H total delay time 1.87494 0.01473 1.91601 0.41396
L3H total delay time 10.96700 11.81387 11.37733 11.04536
Total delay time 12.84194 11.8286 13.29334 11.45932

® CaselV Inter ESS-Inter subnet

CaselVenit 1t BpF £ ment B % % >t Casell » & 8 5 Inter ESS» 2
PRt PR A 22D R 4 B Intel ~ Cisco ~ D-Link ~ Linksys o fpt f8 3k 35 > B A chat
BPER LA € %0 Caselll » 2.7 5 & Inter ESS ehie e sg 2] > e+ 354 € &7 IP nben
L TR ERERLERAELTZLHIP-

Table 4-14 Inter ESS-Inter subnet Handover Delay Time

Intel D-Link Cisco Linksys

L2H total delay time | 11.84341 16.27259 13.27741 17.13508
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L3H total delay time 3.90033 3.31933 3.10517 4.52156

Total delay time 15.74374 19.59192 16.38258 21.65664
FA e ARRBRESTREFFR AT - L3 LR PVIEFT L 0 F R R
e gpre 2 L BpF [ - Case 1 - CaseIVIF & Inter ESS kit > e — i 5 Intra subnet

— i & Intersubnet » e & f& 4 i & g i Ay chat s F e3R8 3~4 §) - Case Il 4_Inter
ESS-Intra subnet srie it sk s > Flpt R F F 4k LR 7 F R AR E UL AR
2hfrip ¥ aﬂﬁ'l&»fj*usb B o Foaw Hw ) Case Il eIk 5t > H#-7 1L D 3~4 F)ennt J pE
o
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3x1f% o A Intra ESS fFinT » *K{D-Llnkﬁi@ﬂ*ﬁﬂ“fy »> Cisco » 2 f Inter ESS sk i 55
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Table 4-15 Intel-four cases Handover Delay Time (unit: seconds)

INTEL Case | Case I Caselll CaselV

L2H Detection 0.01985 5.50419 1.32400 8.47086
Probing 0.00280 4.49449 0.52244 3.25502
Authentication 0.02930 0.12812 0.02523 0.11456
Association 0.00320 0.00316 0.00327 0.00297
L2H total 0.05515 10.12996 1.87494 11.84341
L3H Detection 0.11698 7.96944 0.05392
DHCP 0.01124 0.00790 0.00823
DAD 1.63497 1.55550 1.46491
IP Configuration 1.59174 1.44316 2.37327
L3H total 3.35493 10.96700 3.90033
Total 0.05515 13.48489 12.84194 15.74374
Table 4-16 D-Link-four cases Handover Delay Time (unit: seconds)

D-Link Case I Case I Caselll CaselV

L2H Detection 0.01520 19.70751 0.00736 13.38449
Probing 0.00281 3.04720 0.00299 2.88379
Authentication 0.00168 0.00164 0.00167 0.00168
Association 0.00266 0.00262 0.00271 0.00263
L2H total 0.02235 22.75897 0.01473 16.27259
L3H Detection 0.08339 8.74722 0.08807
DHCP 0.00848 0.00606 0.00609
DAD 1.51914 1.55965 1.62548
IP Configuration 1.49348 1.50094 1.59969
L3H total 3.10449 11.81387 3.31933
Total 0.02235 25.86346 11.8286 19.59192
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Table 4-17 Cisco- four cases Handover Delay Time (unit: seconds)

Cisco Case | Case I Caselll CaselV
L2H Detection 5.55300 17.48994 0.75439 10.27809
Probing 1.22055 2.95177 1.15731 2.99506
Authentication 0.00174 0.00167 0.00168 0.00167
Association 0.00257 0.00262 0.00263 0.00259
L2H total 6.77860 20.44600 1.91601 13.27741
L3H Detection 0.09209 8.40254 0.08334
DHCP 0.00611 0.00610 0.00601
DAD 1.49573 1.26847 1.46415
IP Configuration 1.55931 1.70022 1.55167
L3H total 3.15324 11.37733 3.10517
Total 23.59924 13.29334 16.38258
Table 4-18 Linksys- four cases Handover Delay Time (unit: seconds)

Linksys Case I Case I Caselll CaselV
L2H Detection 0.00641 15.96238 0.00425 8.88134
Probing 0.03657 7.56473 0.33420 7.49115
Authentication 0.07202 0.08108 0.07259 0.30974
Association 0.03765 0.00285 0.00292 0.00285
L2H total 0.15265 23.61104 0.41396 17.13508
L3H Detection 2.95134 7.94659 1.45806
DHCP 0.00820 0.00632 0.00847
DAD 1.16675 1.45838 1.61748
IP Configuration 1.50632 1.63407 1.43755
L3H total 5.63261 11.04536 4.52156
Total 0.15265 29.24365 11.45932 21.65664
4.3 %%

RPE b R SR S o KR Table 4190 4 B F A e 25 A LA A
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Be TR BT 3% g AR & o Table 4-19 @ o Link down ~ Link up f= IP ChangeHandler & /% 4
At BBt 425N 0% % o Case [ fr Caselll ¥ # ¢ 3 Link down 13 > 7 3 Linkup
F i o

Table 4-19 Handover Procedure of four cases

Case I Case Il Caselll CaselV
L2H Detection ® ® ® [
Link down ® o
Probing o o o o
Authentication o o ® o
Association o o o o
Link up o o o o
L3H Detection o ® [
DHCP o o o
DAD [ o [
IP Configuration o ® o
IP ChangeHandler o o o
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