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Abstract

In this thesis, we present the experimental results and analysis of the handover behaviors
of the IEEE 802.11 wireless network (WLAN) and the cross-layer interaction between
WLAN adapters and Microsoft Windows operating systems during handoffs using SIP-based
VoIP applications. In wireless networks when+a mobile node (MN) detects poor link
performance (e.g., low received-signal strength or. signal-to-noise ratio, or high frame error
rate), the MN may have to change its point.of attachment to the Internet from one access point
(AP) to another in order to retain its'connection: The link-switch process is called a link layer
handover, and involves AP probe, authentication, and association phases in 802.11 WLANsS.

Mishra et al. have conducted an empirical study on link layer handover and shown that
probe delay constitutes most of the link layer handover latency. However, they did not
explore the handover delays caused by different WLAN adapters implementations and
network deployments, and the effects of the link layer handovers on the behaviors of the
upper layer protocols.. The link layer handover behaviors may vary with different WLAN
adapters, resulting in different handover delays. Even worse, a link layer handoff may further
cause a layer-3 network layer handover if the new AP is situated in another subnet. Such
handover delays may disturb or even break an ongoing session, especially for real-time
services, such as Voice over Internet Protocol (VoIP) applications, Furthermore, the

implementation of the application software itself also affects the handover delays. Therefore,

il



in this thesis, we conduct a layer-by-layer analysis of handovers and investigate,
systematically, the cross-layer effects of WLAN adapters, network configurations and
application software on handover delays.

Our experimental study discovers several interesting results. First, link layer handover
detection has a significant effect on handover delays and different WLAN adapters adopt
different heuristic approaches to link layer handover detection. Second, different WLAN
adapters employs different probe behaviors, and most WLAN adapters first look for the APs
in the same extended service set (ESS) as the AP the adapter currently associates with during
handovers. The adherence to the same ESS may contribute a significant amount of probe
delay when a WLAN adapter makes an inter-ESS movement, that is, from the coverage area
of an AP to the one of another AP in a different ESS. Third, different configuration tools,
such as Windows Zero-configuration or Intel PROSet, of WLAN adapters have different
probe behaviors. Fourth, the -probe-before-associate of WLAN adapters makes direct
connection inefficient, especially-when-WLAN- adapters do not support unicast probes. Fifth,
the most interesting observation, link layer event triggers have both their pro and con if not
accompanied by sufficient information. Finally, the capability for applications to receive/send
data from/to the new IP address of a corresponding node  will shorten the overall handover

latency.
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Figure 2-4 SIP call flow



2.4 Ap M 3

S} ST BT UER R LAY AL

|
h
&
&=
4
p3
=
TR
N
&
T4
|
N

B3GR R BT RS2 AR U R LA B 4T
Application-Layer Mobility Using SIP

[7] # *] Application -Layer Mobility » # * SIP ¥ 12 if ] Terminal mobility ~ Session
mobility ~ Personal mobility - Service mobility - H # 2\ i #rff .o eh % Terminal mobility o
2 mobility # F| # (7 # & BRI 3 R3S P (9 AR i 49 I 4F @ Ao & 4o 1 SIP i 3| Terminal
mobility » #% i# 12 Figure 2-5 1% 5 3P -

@O {7# & 8L (Mobile Node, MN) £74p %t & 8 (Correspondent Node, CN) J

>

=

KUY o
@ § 78 @A B DATR S ( §w DHCP (Dynamic Host Configuration
Protocol) Server & f 37 e [P = 4k

She

@ &g i S ELg A nvite 21 & R 2

®

to & By R i Bk 200 OKU 4 & 7 B3R

® R SRS BRI FR R

Figure 2-5 SIP Re-Invite Message Flow



PR ? 7RI - BEAL—R* RTP Support mobility - $f>* RTP i& 1 @ #ij1% €5

T 032 RAIP iy kR AEES g R AL o 7 1258 RTP header  #99 SSRC f = %
a3E > SSRC fff = &_* k3% RTP Session > 4p [¢ c73 Session %73 4p 77 SSRC & © w4
FE SRS R D AT AR H S B S - BE 3 3¢ (RTP packets) > 40 % & 2t
¥ j$_IP Header p {8 {78 § 8370 P 2ht s i&8m { T F e p EAFH SN IP

Ph o @A EEFIRY SRR P A B E

An Empirical Analysis of the IEEE 802.11 MAC Layer Handoff Process
[3] #HE een L7 5 S ur Bpr T4 47 > RGNS g enut & 4 G probe delay -
authentication delay ~ re-association delay » & * 7 I f W e 0 F 38 e+ 2 APs:iE 7 £ p) >

o geT &%

it

(1) probe delay it 4%, %8 2f V& pF FFF e80%7¢ @ Hi ¥, ~ 12 probe-wait time e [ % #5 ¥+ probe
delays@. 58 < > 7 o Ui end S I J probe-wait time~ 7 & o

(2) # Ip B cPAPsZ (76 & Bh2 P ek 0 g A B F o

(3) &4 (channel) ! crtraffic 24 3T <probe responseit £ # #cs ¢ B Fprobe delay P+

FE'P o

Reducing MAC Layer Handoff Latency in IEEE 802.11 Wireless LANs

#L7£[10] i * selective scanning ;% & ;* % caching #%#1]4 g EAARL K LR o H P
X 12 probe fdt ks TiCf R S MR 90% 0 ki * selective scanning i & % 5
TEAFIE e B AR R o RAARL Kt B> d R k343 0 F M T 130 4 o i & VoIP

1T E MR (seamless handoff) » £ B PFRF 2 T A2 150 ms > i@ * 7 AP

Wi

A2

caching %4 o #-2f J& pF Fé"‘ﬂ”ﬁts’:i 3% F o



Techniques to reduce IEEE 802.11b MAC layer handover time

[4] 2 H-{7H &gkt 2 dEpFt4ape b A 4 chuf 24 = = B phase 4 %] 5 detection
search ~ execution °

detection phase : W P2 F 7 & (T 3f o HAndn g2 R F 5 B Aw R ACK
frames > iZ % 1 i¥ £ pred frames €74 & B detection phase FFRF & ®eh Fl o @ ¥ % e
BB NERFBEIETS A4k Bl g o fe g - Xl g 1 AR R R
E= R BNt %Jxﬁ » 2 % frames @ % 4 prpFié * RTS/CTS 8+ 50 PR ¥ ic &_fading <
BT A g o

search phase @ B~ {83 L {LpF#78 F 0 F 3 > 77 W {7 active scan o iTEPFR S A%
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4.3.1.1 Intel & % F 5 3+

Figure 4-5% Figure 4-63. 7 fIntelsrE 40 % 32 e+ 42 > % Inter ESSZ Intra ESSeE 4
RRIEHE T > 7 Fphaseit * pFRF 2 LeventtTH 2 pF R EL o

v Figure4-55 6 Bpenx S5 A7 B E g LBk S Beom LT LERAATRE

E-

et ik 2 Aot o 2 4, — Probe Req (SSID=WL1) — ch11-b (86 times) » % 7 #* 3 4 3
i % probe request > 4 p eHSSIDH = 5 WL » chll £ gt 3 X aripag 511> b
broadcast?} ;% &3 4, » 86 times % i 4, T 35 di% =t #ic o
» Inter ESS (Figure 4-5)
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SSID, » 4 ¥ w % probe response o {i% - i ¢ probe request 32k fTF|iX @ probe
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Probe Req(SSID=WL1) -ch11-b (70 times)

- Probe Req(SSID=NULL) -ch6-b (3 times) — »X

Probe Req(SSID=NULL) -ch11-b (2 times)
Probe Res
ACK >

Probe Req(SSID=WLI) -ch6-b (54 times)X

Probe Req(SSID=WL1) -ch11-b (44 times)

Probe Req(SSID=ANY) -ch6-b (54 times)X

ddrChangeNoti Probe Req(SSID=ANY) -ch11-b (43 times)
1P=0.0.0.0

‘ 4 Probe Res (2 ~ 3 times)
11 903 ‘ ——Probe Req(SSID=WL2) -ch6-b (2 times)»X

i Probe Req (SSID=WL2) -ch11-b (2 times)
‘ RTP stop. ¢ Probe Res (2 times)
12.025

\ ACK

A 4

Y

A

12. 140 Auth & Assoc

12.143 1 ffffffffffffffffffffffffff

Figure 4-5 Intel - Inter ESS (power off)
» Intra ESS (Figure 4-6)
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Figure 4-11 Cisco — Inter Ess (power off)

I - L2 handoff detection phase :

p* phase # > H:Z 3 3¢ & By RTS i =0 #ic¥? % Inter ESS shie ek 8

W BEPER S 3.013 4) -

II - Search phase :

F]#7% ¢ probe 3 g

4,398 2 unicast 253" Bi¥E > @ A EREA SRS

44

i

e



IR LB Ap e ESS (h APs 3 7R o ¥ 4 i - & U L2 handoff detection {5 -
FEIREIRIAA S D@23 R AT AR S0 - = probe request 34
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Figure 4-12 Cisco — Intra Ess (power off)

4.3.1.5 o} %

L2 Total Latencies

Link down event

12.123

8.820

13.856
10.583

Phase / NIC Intel Z-Com| D-Link| Cisco

L2 handoff detection 0.818 10.313 3.018 18.479
Search 11.195 3.302 13.924 13.946
Authentication % Association phase 0.110 0.241 0.108 0.099

17.050
13.856

32.524

29.417

Table 4-1 Inter ESS - Link layer handoff latency for different WLAN Cards
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B4 B W] 5 13.924 4547 13.856 F) > Cisco £ % % 32 =+ probe & link down % #
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Figure 4-13 Link layer latencies: decrease the tx power for intra ESS
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+ LERTRRREFERERPFRT

L2 handoff Detection| Search| Authentication| Reassociation
D-Link 0.510 0.228 0.002 0.004
Cisco 0.210 0.516 0.003 0.004
Intel 0.682 0.164 0.015 0.005
Z-Com 1.152 0.115 0.002 0.112

Table 4-2 Link layer latencies: decrease the tx power for intra ESS
»> Inter ESS

At L TR B AT > Intel & AT 2+ L2 handoff detection %t & § 58 41 M B PRI AL

h

o RRAOPER > KRBT e A 1 AN ELILF AR o Intel AR T H T E Do
3@ & RTS 2 4 » 3078 g lé;%]siﬁ {60 3 IV ARRIRIFAE 53] > & B JTF] R PRGR
A LB EEROE P ERFTERET NS RIRBAR ST R 5 A ?ﬁ@ﬁ%ﬁ
FPEE - ARG €T R R dhes, FIU e p ARERRIS AR 5 R
T AR B RN FIRBAE 5 R

HE Figure 4-14 32 » 7| ) fim RF B+ 40t L4 T e BpER 2 5 ) Cisco
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Figure 4-14 Link layer latencies: decrease the tx power for inter ESS
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+ LERTRRREFERERPFRT

L2 Hand off Detection |Search Authentication |Reassociation
D-Link 11.643 8.210 0.046 0.065
Cisco 9.157 14.046 0.032 0.066
Intel 2.560 6.303 0.047 0.064
Z-Com 6.626 3.477 0.208 0.064

Table 4-3 Link layer latencies: decrease the tx power for inter ESS

4.3.2.2 Method 2 — 3 #| Rk B PRF: ¥ o 7 IR (Power off the current AP)

» Intra ESS

J€ Figure 4-1572+ % Intel @ M BB e+ S WEAPFT AT 28 L 2P A L2
handoff detection> F] 5 R EFRIF AP ST RAERRAT L Intel EM T+ FF L@
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Figure 4-15 Link layer latencies: power off for intra ESS

51



>

+ LEMFBEFUHBEEFR

L2 Hand off Detection | Search | Authentication | Association
D-Link 2.984 0.668 0.051 0.069
Cisco 3.004 0.018 0.034 0.064
Intel 0.815 0.235 0.049 0.069
Z-Com 4.108 0.150 0.076 0.004

Table 4-4 Link layer latencies: power off for intra ESS

Inter — ESS

FHwshiT R 4311 ~ 4314 ] & -

e G REPET

+ LERTRREFUARET

40.0

30.0
— 20.0

second)

10.0

Latency

0.0

D-Link  Cisco

Intel Z-Com

Figure 4-16 Link layer latencies: power off for inter ESS

L2 Hand off Detection | Search | Authentication Association
D-Link 3.018 13.924 0.038 0.071
Cisco 18.479 13.946 0.034 0.064
Intel 0.819 11.195 0.046 0.064
Z-Com 10.313 3.302 0.176 0.065

Table 4-5 Link layer latencies: power off for inter ESS
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4.3.2.3 Method 3 ¥ 2 3% 8 3 4 % (Direct Association)

» Intra ESS
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Figure 4-17 Link layer latencies: direct association for intra ESS

t LEARTFREFUERFETAG

Disassociation Search | Authentication | Association
D-Link N/A 0.010 0.003 0.004
Cisco N/A 0.009 0.002 0.004
Intel 0.010 0.166 0.016 0.003
Z-Com 0.008 0.665 0.041 0.006

Table 4-6 Link layer latencies: direct association for intra ESS
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> Inter-ESS
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Figure 4-18 Link layer latencies: direct association for inter ESS

 LEARTFRREFIUABETLG

Deauthentication/ o o
) o Search | Authentication |Association
Disassociation
D-Link 0.011 0.005 0.034 0.065
Cisco 0.008 0.002 0.038 0.071
Intel 0.024 6.122 0.051 0.066
Z-Com 0.007 3.816 0.068 0.004

Table 4-7 Link layer latencies: direct association for inter ESS
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Figure 4-19 Link layer latencies of search phase for intra ESS

Decrease Tx DA
Intra-ESS(Search)Power off i o
(Decrease the Tx power) |(Direct Association)
D-Link 0.668 0.228 0.010
Cisco 0.018 0.516 0.009
Intel 0.235 0.164 0.166
Z-Com 0.150 0.115 0.665

Table 4-8 Link layer latencies of search phase for intra ESS
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4.4.2 Inter ESS — Search phase
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Figure 4-20 Link layer latencies of search phase for inter ESS

Decrease Tx DA
Inter-ESS(Search) Power Off . o
(Decrease the Tx power) | (Direct Association)
D-Link 13.924 15.618 0.005
Cisco 13.946 14.046 0.002
Intel 11.195 6.303 6.122
Z-Com 3.302 3.477 3.816

Table 4-9 Link layer latencies of search phase for inter ESS

59



45 AP Ei i E1 EHPRIFE L2 B

AR EAUD ERRPRFIZLE LGy TR ERE S L HRRFALF
(search phase) & #74 4 &2 BB Nypg 7L g2 Hplies 21247 FHFH

TR LA EFIL L AW L WindowsXP i e wireless zero configuration 2 &
REFRETRPFRE R EERT g RERE KT 255 (WLAN utility) -
441 % 442 ] &7 %% 12 Inter ESS £2 Intra ESS 4 472 +* # wireless zero configuration %
WLAN utility ¥} search phase [4] af 38 82 58 ¥4 25475 7 WLAN utilty 35 2 2 Inter ESS
13 ¥R 0 W4 Intra ESS £2 Inter ESS 3524 3 ehutility (F3flmenzilP o @ A EfEH 7 5
v AREEIRIAAE 5 (Method 1) 2255 4B BFPRARAE 5 T kR (Method2) £ 5 {7 4
grrey
4.5.1 Intra ESS
Intel WLAN card —
» Method 1 :

fot LR i 5 T 0 @ * zero. configuration 1T 2 WLAN 2 ‘e fi ¥ 121 & #{EL%

5

i
ETIS

DEFTEIRIR AR S AT A AR R D) 0 B E M E B e 0 a0 probe request 3
W E2~35F > BERFRFL 01634 o @ ¥ WLAN utility “TELZ S % 5 I L EARAFE
Pt EHATEAR SUTRMEE & WE J - X probe request » — F A 5w R B O E D
probe request > 4 & FFREF L 0.022 F) o

» Method 2 :

fot LR 5 5 T 0 & * zero configuration T 2 WLAN 2 '8 fi ¥ 121 & #{EL%

S5 5 UAFTEMRIAAR SOT A AR > M E AT B e % 0 e probe request 3
W Z2~55 BRI 02354 - @ @ ¥ WLAN utility “TELZ 8% 5 | L AR
et ¢ HATEAR ST AN & Wi d - =X proberequest 0 — F A F 5w R E O E D

probe request > £ EPERF 5 0.025 ) o

60



d Method 1 &2 Method2 % % ¥ 7+ » WLAN m? 72 1 F 433 search phase (4t & € i3

B 38 o zero configuration € & & & ¥ ¥ %+ i 0§ =0 i probe request & L ¢ £ tool

&

R RLAM e A RERBER S 2 BN E T :—I;’fgd P NI AR
R EFE S A 3o m & WLANutility 3 & > 5 7 2 3|4 Pid 22 5P B o A

Ve H B AR S hw RSP R R R AIE S -
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% B % 10~15 £ §) > probe request 31 L 4 == p 1 SSID @ % it & A & 5 AP &4 ~NULL -
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zero configuration 3 i - iz % Inter ESS 13k 3542 » WLAN utilty ¥+ 22 % probe request
2 4 A557% (sequence number reset £2 SSID {8 e 1Y) A2 PF R+ 358 zero configuration
BA B REIRR R NEFR O AR Bl R RK DR FRR R AL R RIS o

Table 4-10, Table 4-11 4 %]3] 1 Zero Configuration £ Intel wireless utility % L2 handoff

detection ¥ search phase =%t Y& pF F 2220 & T fic 2 SSID ff (= en% it & o

Zero Configuration Intel Pro Set
Intra ESS Inter ESS Intra ESS Inter ESS

L2 handoff detection 0.815s 0.819 s 0.365 s 4.557 s
Probe times 2~5 160 ~ 199 1 20 ~24
Probe delay 0.235 s 11.195's 0.025 s 13.586 s
SSID Variation (1) Old AP, (1) Old AP,

(2) NULL (2) NULL and old

(3) Old AP AP interleaving

(4) ANY (3) New AP

(5) New AP

Table 4-10 Intel — Power off the current AP for zero configuration v.s. wireless utility
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Zero Configuration

Intel Pro Set

Intra ESS Inter ESS Intra ESS Inter ESS

L2 handoff detection 0.682 s 2.560 s 0.363 s 4.132 s
Probe times 2~3 14 ~22 1 16 ~19
Probe delay 0.163 s 6.303 s 0.022 s 9.395s
SSID Variation (1) Old AP (1) Old AP

(2) NULL and old (2) ANY

AP interleaving (3) New AP

(3) New AP

Table 4-11 Intel — Decrease the Tx power of current AP for zero configuration v.s. wireless

utility
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4.6 3 - ¥ Authentication % (Re)Association 2. af ¥& g2 5
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Figure 4-21 Intra ESS: Authentication'latency —Z-Com AP vs. Cisco AP
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Figure 4-22 Intra ESS: Association latency —Z-Com AP vs. Cisco AP
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Figure 4-23 Inter ESS: Authentication latency —Z-Com AP vs. Cisco AP
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Figure 4-24 Inter ESS: Association-latency —Z-Com AP vs. Cisco AP

Z-Com AP Cisco AP
NIC Authentication |[(Re)Association|Authentication|(Re)Association
Intra SSID 0.041 0.006 0.065 0.002
Z-Com
Inter SSID 0.068 0.004 0.040 0.002
Intel Intra SSID 0.021 0.005 0.015 0.004
nte
Inter SSID 0.051 0.066 0.013 0.004
. Intra SSID 0.003 0.004 0.002 0.002
D-Link
Inter SSID 0.034 0.065 0.001 0.002
Ci Intra SSID 0.002 0.004 0.001 0.002
isco
Inter SSID 0.038 0.071 0.002 0.002

Table 4-12 Authenticaiton , (Re)Association latencies : Z-Com AP vs. Cisco AP
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Event trigger :
1. link down ¥ i* §_%4 probe — ELpFRF {8 4 % 4

2.linkdown % 2 g 4 Brjd 3t Rt 2 3L
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Figure 5-2 Network layer latencies : Inter Subnet — Intra ESS
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5.1.1.2 4 & pE Ry

PR B B A 4R R e YRS B IP AR TR A o fi_case 2,3,4 42 -

AP EE

down %

TiEw REVW DR R TS+ o driver layer i Ao b B 2 N gt 4250 F link

R PEEAE SR ST REE AR ¢ Gk AR AR 0 R g

;? 14"\?!{'?’?'3"14 1P lf_'.zh_mp

Table 5-1 5 R 2 B ahE M FEF R+ A

™

DHCP 3t & 2 497 1= F cpF [ o case2 &

case 4 e TR - H P g % - St ¥ % = = e DHCP Discovery P R PR £ o
PR 5 3~44) » MR BEE B DHCP i 4 2 #pr At £ - @ case 3 & network handoff
detection & > {6 7 DHCP ¥ § » et L 231 ¥ v fenut A i’—:lfﬁ—’rfv_’ F @ f
S T HR T 22 IP e o

© case4 A2 7%

i+ case2 & 12, DHCP U 4 R 2 A PF P 425 2 o R M en| S B e+

DHCP & < - pF R 5 2 fic L B 7 i ot 3§ 32 = = v DHCP Client e0pF fFF o {5 7

e g A L B

NIC Case2 Case4 Case 3
(Intra subnet - Inter ESS) .|(Inter subnet - Inter ESS) (Inter-subnet - Intra ESS)
Intel 3.601 4.396 0.582
Z-Com 3.849 3.856 0.879
D-Link 2.937 3.572 1.007
Cisco 3.249 3.633 0.408

Table 5-1 DHCP Time of different WLAN cards

Figure 5-4 R M LRV R T+ 27 b REBE T RRE ORUEBREFRT o 17

"2 case3 R IRB T 0 BB DUBPRF L4042 o d Figure5-57 g8 0 # Y

=% & % hut & & network handoff detection » & {7 & & Bh % = 4aBE R chL 31 > 7 Are

iR ZF TR CER R oA FARERZRET

) ““‘I(,“J‘r'l»é]\a

PIEA B Y
Kl e

ﬁ"ﬁ"% AR PR ERRR BT E o
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Figure 5-4 Case 3 :Network layer latencies for different WLAN cards

Case 2 Case 4 Case 3

Intel 6.285 6.646 41.654
Z-Com 6.175 6.175 40.884
D-Link 5.386 6.012 41.277
Cisco 5858y, 6.322 42433

Table 5-2 Case 3 : Network layer latencies for different WLAN cards

50 p@MND E DHCP
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o
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2
810 [
<
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O oo |
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Figure 5-5 Latencies of network handoff detection and DHCP for case 3
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DHCP Time [Network handoff detection
Intel 0.582 38.832
Z-Com 0.879 37.689
D-Link 1.007 37.834
Cisco 0.408 39.437

Table 5-3 Latencies of network handoff detection and DHCP for case3

VE 5

P~

51.13 L2

LR

NetworkLayerLatency(ty,, ) = tyw_to + toner + toao + Lipcont

[P S

FI A d EEE A e R B TR T IS R R VRRE 5 307 e PEEAT

tNW-HD tbaep tbAD tipconf
Intel 0.010 4396/ 1.229| 1.011
Z-Com 0.003 3.856/ 1.308| 1.008
D-Link 0.005 3.572| 1.428| 1.008
Cisco 0.010 3.724| 1.578| 1.010

Table 5-4 Case4 - network layer latencies

INW-HD tbHCP tbAD tipCont
Intel 0.015 3.601| 1.661| 1.008
Z-Com 0.010 3.849| 1.308| 1.008
D-Link 0.013 2937 1428 1.008
Cisco 0.016 3.249, 1.578 1.010

Table 5-5 Case 2 - network layer latencies

INW-HD tbHCP tbAD tipCont
Intel 38.832 0.582| 1.229| 1.011
Z-Com 37.689 0.879] 1.308| 1.008
D-Link 37.834 1.007| 1.428| 1.008
Cisco 39.437 0.408) 1.578 1.010

Table 5-6 Case 3 - network layer latencies
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Figure 5-6 Network!layer: latencies after improving

NIC Network Handoff Detection ' [ IP Configuration total
intel 3 ms 10 ms 13 ms
Z-Com 2 ms 10 ms 12 ms
Dlink 2'ms 10 ms 12 ms
CiSco 8 ms 10 ms 18 ms

Table 5-7 Network layer latencies after improving
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1:CNApp = tRe Init + tMNUpdate + tProgationAck + thpMNSend
tenapp = (100 /211 ms) + 85 ms +'5 ms + 5 ms = 195 ~ 306 ms

L2, L3 Handoff
¥ Completes

tRrelnit
(100 ~211 ms)

— — —f — — —SIP Re-Invite—
tvNUpdate 100 Trying
(85ms) 200 OK—

S ’7tProgatiunACK—'7 7T7 -
—tRTPMNSend—
—tRTPCNSena—— T — — —

Figure 5-7 Application layer latencies (SIP Re-Invite)
A tRelnit FREFREPN > FHSBIEZXAHIIFIBR & 7 » FABIES ¢ B
Pl 3 ok ~ 2 0%aE afcdy ~ UA library 60 € 3747 4014 2 £ 2% Invite 30 4, - Table 5-8 71 1}

t*— tRelnit )/\.E' V"Ji i+ ’:’Li_%;" %‘d’ ‘fhfﬁ o
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Media stop (if not stopped) 111 ms
Profile init 3 ms

Stop event dispatch 87 ms

UA library re-init 6 ms

Start event dispatch 1 ms
Construct re-invite message 2 ms

Other event 1 ms

(Update the location profile, Reconfig data for va library re-init)

Total 100 ~ 211 ms

Table 5-8 tremit latencies

B ARSI AP E B f 0 200 OK 3 A (8 - FATuiE S e £ i a

Foxmats] g0 ACKAU Ly BApf & 2 R PFF -3 85 mse 4r Table 5-9 #1771 -

Start Play sound 1 ms

Construct RTP connection to peer 43 ms
Enable Wave 1/O stream‘and start playing/recording 41 ms
Total 85ms

Table5-9 tunupdate latencies

P SRR AR SR B ACK L » " F AR e 22 aphia (7 v %

e EENFRHe I FH G SRPFFTF 66ms o 4 Table 5-10 #7757 o

Get information from MN’s SDP 29 ms
Construct connection to peer 19 ms
Enable Wave 1/O stream and start playing/recording 11 ms
Other event 7 ms

Total 66 ms

Table 5-10 tenupdate latencies
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5.2.2 IP Not-aware scheme

3

i
N

®

e

=
E]

4 #

e

A L =

Gt 2 E Y s TR S BRI R AY WL B &7 ¢ 3 SIP 3 i Update

21N

TREEAPE S Ul o & 27 T ARHE BT ] (78 6 BRE )

te o RS2 FHE 0 RS EEAREE BT LT PRI R DB o
tCNApp = Uynconstruartp T TRTPMNSEnd

tCNApp =20 ms + 5Sms = 25 ms

1:MNApp = tCNApp + tCNUpdatePeerAddr + tCNConstru(IRTP + tRTPCNSend

tMNApp =25ms +2ms+20ms + 5 ms =52 ms

L2, L3 Handoff CN
Completes \
t K ;_ = N _{taI:IRecvRtp
MNRCCVRtp * ( 25 ms)
(5%ms) [ CRTPMNSend ™~~~
----- tRTPCNSend ]

Table 5-11 Application layer latencies (IP Not-aware)
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5.3 A5 hark

B AETAREE A~ R B K A LR 75 44T RS 0 A2 VoIP #
Whe R R HW AT FORRERT > FH RO RS LG & Qg & iy
BL w7

Table 5-12 ¥2 Table 5-13 & %] 7| 4
EE AR R B e+ 4 w50 o Method 1 ~Method 3 5 R yEf 8 > 3% 0 & B 5 S FI R B IRIR A
BOTR S pARERIRIA AR 5~ Ak S E2 - Method 1 22 Method 2 3, #8 2t &

PR RERES Y K LS

Y

Fh B A S B R L BT R R T

5w en™ 2 o i Method 3 enih §8 2 V& pF et

HAL o R B QAR e 2 v S R 2 et Raed 2 R or ccasel B §

4L R crut V& o case 2 ¥ case 4 i€ * Method 3 * 2 2

I - MN perceivable handoff laténcies

REURI Yl o

Environment Intra ESS — Intra ESS — Inter ESS— Inter ESS—
INIC Intra subnet Inter subnet Intra subnet Intra subnet
(case 1) (case 3) (case 2) (case 4)

Method 1 0.865 42.649 15.519 15.881
Intel Method 2 1.168 43.083 18.668 19.030

Method 3 0.235 0.269 6.303

Method 1 0.220 41.758 25.910 26.237
D-Link |[Method 2 3.772 45.310 22.697 23.323

Method 3 0.017 0.056 0.153

Method 1 0.733 43.427 29.415 29.772
Cisco  |Method 2 3.116 45.810 38.415 38.772

Method 3 0.015 0.060 0.164

Method 1 1.453 42.598 16.810 16.811
Z-Com |Method 2 4.367 45.512 20.292 20.293

Method 3 0.721 0.760 3.934

Table 5-12 MN perceivable handoff latencies
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II - CN perceivable handoff latencies

. Intra ESS — Intra ESS — Inter ESS— Inter ESS—
Environment
/NIC Intra subnet Inter subnet Intra subnet Intra subnet
(case 1) (case 3) (case 2) (case 4)
Method 1 0.865 42.649 15.453 15.815
Intel Method 2 1.168 43.083 18.602 18.964
Method 3 0.235 0.267 6.335
Method 1 0.220 41.692 25.844 26.171
D-Link |Method 2 3.772 45.24 22.631 23.257
Method 3 0.017 0.091 0.185
Method 1 0.733 43.361 29.349 29.706
Cisco  |Method 2 3.116 45.744 38.349 38.706
Method 3 0.015 0.094 0.198
Method 1 1.453 42.598 16.744 16.745
Z-Com |Method 2 4.367 45.512 20.226 20.227
Method 3 0.721 0.792 3.966
Table 5-13;CN perceivable handoff latecies
- e {7 5 T (Method'l, Method 2) » {7 &5 & L2 4p 44 & BL G B 30 4 B2 BT 4R chpr

B FIRRBER R TR 0 TR TR fpl o B¢ case | SRR IRE N G 4d

3
“k
[
&
=
s
)

R WEH R PRERBRT N TARAE IR K iR o FlRER
BREBRLDLE > LARFHE RS ERDSE > AR OERT 3240402 -

Fl* B perde e 22 (Method 3) » &7 {28 3 TR ST 3 e+ b 4250 o

# 7 > Cisco & D-Link @ S F 32 e+ 3217 ITU 12 R en Rt B 5 150 T ) o B-ppt i

PR E AL R EEATEEF L AL R BPFET A R > @ 4R

Rpenut el 47 Pg MEPRET €5 73 ek > B¢ Cisco &2 D-Link & 8 F 32 e+ 7]

£ 4% unicast probe request > F B * LT d B2 {5 0 AT R ERPIETR BN J B B 2T

$11200 F 5L p e
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Table 5-14 7] 4
s+ 5 (Normal) % direct association (Proposed) == ;% ff# = 1f - 71 !

e phase » & # e dfaf &

2=

1 ;}i&% » ¥y

ht 2 H AT R B AT PR o @ it

78 & 2L A Inter-ESS ¥ Inter Sunbet s70p |38 TR 542 > 11 B 2R 3% PR A

A % layer 42 > 7

224

ERGEY

Table 5-14 ¢ >k * Proposed 117 ;2 » L2 handoff detction

#ll 45 Probe PERF oo/ IP fnksy FIELIFE R T L tpds e B IP
B e Lt s F] session 2 EEE 0@ K

BT T EATECe T ek o ¥ Cisco M T B R+ 7 00 A7 H S

RN FRT 5 R R ITU 18 3F e X LB o

Intel D-Link Cisco Z-Com
Stage Action Normal |Proposed |Normal [Proposed |Normal |Proposed |[Normal |Proposed
L2 Handoff
Detection/ 2.560 0.024 3.908 (0.011 9.157 0.008 6.626 0.007
Link Layer |Disassociation
Handoff Probe Time  |6.303 [6.122 15.618 ..]0.005 14.046  |0.002 3.477 3.816
Authentication |0.047  0.051 0:046 0.034 0.032 0.038 0.208 0.068
Association  |0.064  [0.066 0.065 10.065 0.066 0.071 0.064 0.004
L3 handoff
0.010 ]0.003 0.005 |0.002 0.010 0.008 0.003 0.008
Detection
DHCP 4.396 3.572 3.724 3.856
Network
Duplicate
Layer
Address 1.229 1.428 1.578 1.308
Handoff
Detection
1P
1.011 |0.010 1.008 |0.010 1.010 0.010 1.008 0.010
Configuration
Application
SIP Reinvite 0.027
Layer 0.261 ]0.027 0.261 0.027 0.261 0.261 0.027
/RTP Issue 0.027
Handoff
total 15.881 6.303] 25911 0.154] 29.884 0.137|  16.811 3.94

,L ‘&‘Fé}bﬁj}@q’. )élm\‘lLL‘

1. 4R g

Table 5-14 Overall latencies of Inter-ESS, Intra subnet
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