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Abstract

In this thesis, we present the design and implementation of several smooth handoff
mechanisms for wireless real-time applications. Critical to the wireless real-time applications
is the handover process, which occurs when a mobile node (MN) moves its association from
one Access Point (AP) to another. Reassociated with a new AP, an MN may enter a new IP
subnet or even the service area of a new service agent (SA). Inter-subnet handoff will cause
delay or interruption to the ongoing connections. For real-time applications such as VolP
(Voice over IP) and VOD (Video on Demand), such delay or interruption usually leads to
perceivable fractured voice and smashed image.

In the base mobility support protocols, such as Mobile IP or SIP-based protocols, the
handoff latency includes the time for’a mobile'node (MN) to become aware that the current
access point (AP) is unreachable,'searchjand switch to a new AP, acquire network resources
(IP, etc.) or services from a new:SA; and inform the corresponding node (CN) to establish a
new connection, and the time for-the first-data packets:to arrives at the MN’s new location. In
order to reduce the handoff latency" perceivable by end-users, several researchers have
proposed some enhancement mechanisms to-achieve fast or smooth handoffs. However none
of them have resolved the handoff latency problem successfully, especially for the delays
caused by AP re-association, SA discovery, and resources allocation.

In this thesis, we first analyze the handoff delays, layer-by-layer, for the SIP-based VVolP
application, and then present fast or smooth handoff mechanisms to reduce the handoff
latency contributed by each of the link, network, and application layers. In the link layer, we
adopt an AP direct association scheme to eliminate the probe delay for candidate AP
discovery during handoff. In the network layer, we employ a Location Awareness Mobility
Management Protocol (LAMP) that can reduce the delays of AP and SA discovery and
resources allocation by using the network deployment information of APs and SAs. With the
deployment information, an MN can learn its own location and the neighboring APs and SAs
that it may visit next, and request resources and/or services beforehand. The pre-allocated
resources can be used by the MN before or after it enters the service area of a new SA. In the
application layer, we use a predicted multicasting mechanism to diminish the latencies for
the CN to update MN's new location and re-establish a new communication session to the
MN as well as to eliminate the delivery delay of MN-terminated packets to MN's new



location.

We have implemented the aforementioned fast handoff mechanisms on the SIP protocol
suit developed by ITRI, Taiwan. The handoff latency of the original SIP VVolP application is
about 7~9 seconds before applying our mechanisms. Using our design, the latency can be
reduced dramatically to about 130ms measured at MN and about 150ms at CN. Although
further reduction in handoff latency is possible, we have shown that the presented
mechanisms can achieve an unperceptive smooth handoff for wireless real-time applications.
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%2% Ay Feipib~7 (Related work)

2.1 SIP(Session Initiation Protocol)

2.1.1 Introduction
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2.1.2 Architecture
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2.1.3SIP Network Entities

& SIP % f#“f 3 w875 e server ¢ proxy server, redirect server, user

agent server, and registrar. o

. Proxy server :

#t SIP proxy server H {7 5 ¥ 3V i - AL o738 A e www 38 (T &0 proxy 4p
e W 2 MR T proxy o #F # proxy server It AT £ K- & foid
#3 HT server e

® 2-2 & - @ SIP proxy & it &) »  Caller & 3 Collins &7
ZpEd proxy server # + 3 &R 1Collins o @ % #& &_proxy server & iy
#% Collins ¢ pe & & 3 @ 7 L A1 i3 o

Caller@@work.com Proxy Server
Request

El @ Collinsi@work.com N
P Response o

ghallll!

— o |
2]
Request
Response Collinsi@home.net
od

—

Collins(@home.net

Bl 2-2 SIP proxy operation

.Redirect server :
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O Caller % redirect server % 4 & /i Collins@work
@®O Redirect server v & Collins ¢ FF =% Collins@home
OO =T %k Caller p 7% & F/1 Collins@home #i=ht {830 4, % &

Request Redirect &
- edirect Server
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Response %%
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B 2-3 SIP redirect operation

. User Agent server:
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2.1.4 SIP Call Establishment
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B 2-4 SIP Call establishment
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2.1.6 Application-layer mobility using SIP

Application-layer mobility ¥ 4 5 = #& :
.Terminal mobility
Ak % v 4 [P subnet B4 @ (Ri4Fid s
.Session mobility
@@**iﬁﬁ%fgwﬁﬁ?%%ﬁﬁﬁiﬁﬁ@ﬁ
.Personal mobility
FRPEQHEELEEG > DT B e R Y ¥
.Service mobility
B F{HEE S RRIRAREF LT KT G AP OIRS

AipEw i+ SIPdE % » L4 iz 8 application-layer mobility » @ 2% i

,,

AP ARG % - f8application layer mobility > » Tﬁai’é«_ [P subnet
#Hom %3 R Terminal mobility o 42 % 2 i -3 4o e 12 SIP i 3 Terminal
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Bl 2-b P SIP Term1na1 mob111ty
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B] 2-5 SIP-based handoff in call



2.2 Mobile IP

2.2.1 Overview

1996 = pF > IETF( Internet Engineer Task Force)# di— Mobile IP #is
FHRIPFHET D EE e A RERRE T TR o i Mobile [P 2 T 7
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a7 1 o HA 22 MN home network ™ eh— Biad B> Hr a5 88 MN R iz
¥ 2 4 MN & foreign network F¥ tunnel F#L% MN o FA #_#& MN & visited
network © en— BELd B o H g L3RR s‘%ﬁ PRF% %73 ¢t visited network
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T ¥R 7] MN o home [P address,e. & MN & foreign network p+ MN 7 & - 5
care-of address %35 1! MN 2 #7 o #ﬁ 5 ¥ € #-pt care-of address v home agent
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Bl 2-6 Mobile IP architecture
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2.2.2 Agent Discovery

Mobility agents(HAs % FAs) = v et @ 4 4 advertisement %
7+ H 3% AoMobility agents 3 #p 43+ ¢ * broadcast (& multicast /A 224.0.0.1)
4 Agent Advertisement 3t 4 0§ MNYzF|pt 2 4, pF i &

network & foreign network o ¥ ¢t/ +% //(“!‘\MN Zz 4 Agent Solicitation it 4 %
a & Rkt chagent ¥ MN % 0 Agent Advertisement o

mAvig 3474 i ¥ 5 home

2.2.3 Registration
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2.2.4 Tunneling
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2.2.5 Disadvantages of Mobile IP
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B 2-7 SIP Inter-domain handoff

4oB@ 2-8 #7F © Mobile IP fefiisiesst < vEPF FA 5 enii )™ A &
Z_wends (T o & 35— B 4eiE o~ FTes A #8F 4) router solicitation & < FA %
It Advertisement /2 & 17 3783 2. Care~of Address » 7% 1é 12 ¢t Care-of Address
¥+ home agent % 131f - fE - J% % ¥ CNAF 1 binding update 457t CN L MN &7

[ N N
ml:‘a}i‘»ﬂb .

MR R RS R zts + zth + ztmc

CN FA HA

Mﬁmutﬁr Sol.

2% [ >
Router Advy.
TP Reg. Requast
2«
MIP Reg. Reply

Bipding Update

"2t
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2.4
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B 2-9 Mobile IP Inter-domain handoff without FA
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wireless IP networks
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2.4.4 Summary
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Connections

Az & ¢ & 1 LAMP % 4c ¥ network-layer handoff =u& & - AP direct
association % “v- link-layer handoff & & > Foreseed Duplicated
Connections & *rP-application-layer handoff g & o IR fdcif -yt = 48 2 3¢
LA R e E (73 E i P B iF (2L handoff # & - H ¢ Foreseed
Duplicated Connections * 2w A MN Z 2 L2 (N H A k¥ L eniz ¥ >

izg¥ d LAMP @ ¥4 @ Foreseed Duplicated Connections “rs;g = R F R
Ay 0 7m¥ & AP direction association ¥ 77 FUEAe L RF < RS o

&= 467 3V {6 2 Ig % handoff & (FF § ] U T
% 3. 1.2 87 &I HLANP ;op 4] FFLF I Rl il T

6. MN22 CNB4oid - prpd aFsfte ini- i»d CNSAPL 2 MN TP
V.V.V.V. ©

7~9. ¥ MNFEamalk Sugdsmet tprd AP direction association
WA ERT @M pa s o e pEigd LANP 47 kg
Honper 2 B EPIPZziziz.z0 &% @ (N 5d AP2 i® Foreseed
Duplicated Connections & MN+x % IP z.z.z.z

10, % MNFliEmsmily SEd§ st tprd AP direction association
#4785 82 AP2 - link-layer i 4% - @ % link-layer & & 2_ (S f§ %
LAMP #84]2 % * ¢ g 2 [Pz z.zzo HFH L #* - [PHETF
BLA o d ON @ MN 2 T4 8 55
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N ext AP is AP2
S,ﬂ candidate TP
is z.7.7.7

-
e,

T LR L LI

Low Signal!l
Associate to

-------

I
o]

B 3-10 #& & LAMP, AP di‘r‘ect a‘s‘sociati‘on‘ y Fdreseed Duplicated Connections

euf (TEFE T L

Gt R fE NEEEE T ET R G LI A orhandoffa i 1 o A Foreseed
Dupllcated Connections$R > ¥ 12 iLAMPi AP direct associationfz*» 4rig T — it &

[l - k& G EIRER ?“EI ; 7 ¥ HForeseed Duplicated ConnectionsP#
ﬁﬁ{itﬂl’#&handofff.ﬁ‘j B de o dopt— & ni v %iwﬁfq‘—'@ﬁ]mfﬁﬁﬂﬁ‘v o
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¥ 4% LAMP = ;2 § (%t 28 #° SIP 0 VoIP & 5

G4
N oo

AR gtz ¢ & 5 2 SIP proxy ® AJZ R p MN (R LI 2 {9 e
FEIAFAL AT RO APf2 5 LAMP server; 1 2 & MN * 3 SIP User
Agent » FTes MN ¥ & p wit S AP A B H =8 W% FlpSFLap 2 LA RT
Fenfte o ALz o LAMP MManger (Mobility Manager) -

GAT P A PR F LAMP 3 — 2 % SIP %k st & #i eh VoIP sz 1 o

41 % vz g *
Pk sy TR e aE kit o ul i ! SIP proxy ~ SIP user agent % SIP
registrar - AT #-4 B4 4iee 3F 2 g B R R e 4 8
SIP proxy :
iT% % % ! Microsoft windows
ke Z R v § =¥ SIPRukgCCL SIP Proxy server
¥ 4% LAMP g £2ip & £ en LAMP server

SIP user agent :
iT% % %t ! Microsoft windows
RE RV R K ERT kA RKA T indis port driver
v g SIP 2 4 2 3= %% = RTP i s ¢ CCL SIP user agent
v & LAMP 3¢ £ zxp & fen LAMP MManager
SIP Registrar :
iT% % % ! Microsoft windows
k8 2 & ¢ 7 & SIP user agent iz 7 CCL SIP Registrar built-in proxy
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4.2 LAMP . j #& 5%

Bt st gt F 7Y LAMP 4t ¢ ¢ header # i 5 4- @] 4-1 :

0 8 31
[P header fields

TYPE OPTION
Identifier high bits
Identifier low bits

PAYLOAD LENGTH
PAYLOAD

Bl 4-1 LAMP packet header format

LAMP 3t ¢ ff = At
TYPE 1 3] & (Type) % 71 2+ LAMP 4t #

2 P Es B ek 3 e LAMP 3 4 )

BT g B % 42

OPTION i

Identifier *ORFEER LAMP U L e e 5
fPo XA : B kY
BSEGR o Bt iE L MN e MAC
address § F Identifier

PAYLOAD LENGTH *RA A N FAAPE RRT
BB A DER LR
PAYLOAD B LANP s iF2.¢ s P ERF - f&

fo o T AP B R TR R A o

% 4-1 LAMP packet ## =3
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Message Type description
LAMP_UAIPREG JE UA 8 1 endg L3 p 2 o fe [P 2
A& R 4o 5 header

w DA D enigLiap 2 2 e [P

Swk o e F 3 AP R F
TP 2 o

LAMP_UAIPREP

LAMP_PROXYIPREG J€ Proxy #&i% ehig L p 2 4 e [P
WAE R e @5 header

LAMP_PROXY IPREP % Proxy 4 ) en%f L 3Lp 2 A fe [P
RLwE - 3e F 5 APERRT
i ¥ PR 2

LAMP_UAIPREL FUA B D@ c [P i 8 R 44
¢ ¢ &5 MN & Proxy IP

LAMP_PROXYIPREL 7€ _PROXYUA % 41 08 2% [P 2
&R de ¢ A MN ATk o
Proxy IP #t# 3 header

# 42" LAMP 3t ¢ Al p

i et & feh LAMP MManager #-¢ § 73§ 40> CCL SIP User Agent 7147 -
F A€ 4% CCL SIP User Agent # % H 2 2 54 ip -y 18 LAMP »0 8 2459 ehiz
BoooRFAMPEALAIL LANP L Az 2 B4 % & el gy o

4.2.1 CCL SIP User Agent

A e LAMP = 2 #5172 1 27 e CCL SIP user agent 2+ » H 28 4 4e§]
4-2 > AP At R H D e d g 2 HAp s B enRd %ol

a. UAProfile
=48 UL i 49 *5 % user agent 3k Z_endi ;8 T ¥ 13 ¢t User agent 7%
& =

Lo & § A48 IP = » SIP Proxy IP i=st » SIP Registrar st » @& * &
WOGRETR O B MM E R 5 AR -
b. UACore

% SIP user agent eif% w0 ix » 3k iz = SIP@amend ;¢ o H % SPP
B kad » g Rendeit 0 & FARATR Y RTP 2k ~ B2 B IR 2 @
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ﬁis?l port % o * SIP TX #ire k AL MpF ek ik o

c. MediaManager

R Egm gz RIPgRaE 2@ty 295 - &
T AW AT S way B & RTP 3t 83 01 — B £ 842 3] H RTP
i @ik 5 wav B4 e

d. CallManager

o %] Ul L 2 et ka2 i@ ﬁ?@}ﬁwflﬁ UAProfile
¢k % kg * UACore ¥ SIP 4 24 o * MediaManager i = 8 /ni s %
B ehifcdndl e

UAPTrofile CallManager MediaManager

ccIRTP Codec

WavelO

B 4-2 CCL SIP UA architecture

kel CCL SIP User Agent ehZf 20 18 » 370 & /1 2 24 7% g 4o 30

BT s -

4o Bl 4-3 #1777

LAMP MManager ¥ & Link-Control fE# APif &30 * &k A 2§ =3 chg
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z_

%] & * Network-Control #F Network-layer # 3% Z_IP ™ % Gateway d>

o # ¢ Network-Control % ik £ % p >t LAMP g L zxp (5B 0" AP 22 it
TRERAT o

LINK Control #- ¥ i _Link layer B~ 4p R 33t chfice » ¢ 3% AP - RSSI ~
BSID ~ BSSID -

Network Control # - ¥ # Network-layer % ¢ ik & 3% %_[P-Gateway~
network mask °

UAProfile CallManager MediaManager
LAMP MManager

ccIRTP Codec

Link Network

WavelOQ
Control| | Control

B 4-3 LAMP MManger in CCL SIP UA architecture
4.2.2 LAMP = 4, A2 i 42

. LAMP Mobi lity Manager iz R -~ LAMP_UAIPREP iz M3t & > iz 4%

TEFAPET O FRAERANEMN A BT LA A KRBT RS TR E AT
b ehagent % o

TR 4-4 5 RP

% LAMP Mobility Manager fz 3|3 & % 5 ¥ chproxy (UAProfile ¢ 3 3e4%
Tt#rié % 2 proxy)i# %z LAMP_UAIPREP 2t 4 » %% it 44 & 15 g % %k { 37 AP
T TR A

I?
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Update Address
mapping table

B 4-4 EAMP=U & o2 w42 Bl — LAMP MManager

4.2.3 Handof f BJIZ 42

3.2& ¢ & P2 LAMP = ;2 12 Layer-2 trigger % #% fZ} & Link-layer handoff
gvE 4 o B TP APz (polling) e ;8 @ pFd MManager 2 34 B & B R &
Arif e AP 2 BSSID 5 @ 0 AV 10ms fs 38 B ik dp o

B 4-5 & o= LAMP MManager H $-i# 2 3feed? iE 47 ¢

% MManager 3 .t e AP © s s> i@ * A7 AP ¢HBSSID k A9 “AP &V
*FRERAT

FAVHEFER B IR AP ET Y TREELT AL
PRk L A7 IP 2 L AT proxy F i I ¢t network-layer handoff f @ = = -

FI AT BRSO ER ﬂgﬁ%ﬂi v1 CallManager # #ehre-invite ;8 M 7 £
#rdrs N s i¥12 44 17 application-layer handoff -

B fé ATt B dhproxy B IR AP L BT - iR > 0B i

2 7 e proxy fcz w Fp AL ik Bl R 6 MN ch [P imubo ot BF release 3t ¢
POEH G R ¥ proxy 0 [P R gt MN TR B o AR MN & A * i

F iR o
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B 4-5 LAMP MManager Handoff 7 42 B)
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4.2.4 Data structure in LAMP Mobility Manager

7 LAMP ¥ »MN 7f % i-AP B MRERE M AT B2 FRayp it
Gere £ Aap mF‘ B ¥R R ”“‘IL j\'f\—"ii% ¥ o agent RAFE L IEp o AT F_A

rﬁ_\ﬁu"f i3 oo

AP & e TR A

Wi AP ID % 7 #3u AP evi— %45 > At A ié * AP «9 BSSID

# = Candidate IP % 77 § =3t pt AP 2 T & # crsg L3xp 2 [P
# = subnet prefix # 7 ¢t AP =3t 3t chprefix

= Gateway # & fept edbz T AT 2 R B IP

Wi Life Time 27t [P Az 2 v @ % aafh 1> H =5 §)

13 4-3 5060 AP FTRY 3 - LI LEp BT HHR S F 2 AP
000D884BB49E i*id s ts 7 & * 2 [P & 140. 113. 216. 201 B 7 fchaie 38 &

140. 113.216. 0> p* 3¢ T @b fisg ¥ 140. 113. 216. 254 > ¢ 3¢ 4 SIP Proxy
140. 113. 216. 200 #7 g 3F - L Aimg.2 [P 5 > 15 3600 F)

AP 1D Candidate IP =|Subnet prefix|Gateway Proxy IP Life

Time
000D884BB49E(140. 113. 216. 201{140.113. 216.0[140. 113. 216. 254/]140. 113. 216. 200[3600

# 4-3 AP R TR A

4.3 LAMP Server in SIP proxy

4.3.1LAMP =2t & &2 jin 4z

LAMP Server module € /% 2 i = e ¥ LAMP 3 & > A %] 5 4% MN kendg £
IR OCE R Y B SIP =t et ¢ LAMP Server ko endg Liif 34 o

4B 4-6 7t o kP § LAMP Server module Jz 3] & LAMP 2t & e4p &
o iT
LAMP_UATPREG:
% LAMP Server module Jx 2 MN %k eh3g L3ip & FpF > ¢ 439 4837
Proxy ®PRE 7| & f& Ryt 3ip & REiX T kT HProxy e d *THEFFF ¥ a7
Hv MN ¢ iFRnp & ROrr i g & KRG F 2w 3 F EFT - B LAMP

-35-



MLk G oA w AT AR RIREF NE L TP - 2L LEFFR Y
B> F-B-BHFINLERELIFHrRRBETF A EFF o AT A AP
%3+ - i Collection pool ers4] > = f]}u—fd\g b S CE I b - S U
BEIRB2 552 £ FEw R v EFT- BLAP L ARG 281
FUEHRT PR B e P 5% X ¢ Collection pool’ 3] Collection pool
Seif g EARIT PR

B w iz MN ey & Fi8 £ #- Collection pool » >t 3% MN &0 “AP
HRBRTRHELT - ZEw N

LAMP_PROXYIPREG:

% LAMP Server module 4z 3| #5817 SIP Proxy ##% ¥ &k ehfp Lixp £ 'T‘»f;i ’
x’gx’z‘&fgLAMP’:‘%é P& A MNID kA pe [P FR o B A fe [P F RS A
SR eTE R R 1B IPE T M [PEeR oy B2 APA\ %L
o AP Z R FTIRER AT o2 1 E L HR A E v L iE gt LAMP FE Lo
& Fen SIP Proxy e

LAMP_PROXYIPREP:

% LAMP Server module e &]d. 7835 SIP Proxy w &R >t % MN evzzp » &4
Bt L A F S MN HE T e e AP R T IRER AT
Collection pool » & 7 #* Collection pool ¥ B *+pt NN chw Ji ik e 2.3 2
R eNHERIT proxy ‘r‘}'?b W*fl% S PTOHS AT proxy ‘r‘}'?b * & B &t Collection
pool ¥ 3 MZMN eh AP &2 e i iR £ 2 53% MN -

LAMP_UAIPREL:
% LAMP Server module 4z ¥|d MN % 11 & f#7c2 zxp [P en® fpF > fc
FMN A i rp R F R o 3B & R X G FIARiT e SIP Proxy e

LAMP_PROXYIPREL:

% LAMP Server module 4z ¥|d & _PROXY # S erf#x [P 4, & > xR H
¢ s lN 1D % #2754 fe iz MN ch [P et ap A el v N -
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¥ ¥ ¥ ¥

B 4-6 LAMP 3t & Ao =42 - LAMP Server
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4.3.2 Data structure

3.2 &7 I H > &— B SIP proxy 2 T ¥ av ¢ F B RS }H*
TemE- 15 BAPe A PR L ¢ 5 LAMP server & 3 & 4 fe [P
AP LAMP server ¥ F &3 TR BT AL AP HEL L P
A

Proxy 7 & 3 #c 4 $&:% MN e3g £ 22 30 4 % 3 v neighbor Proxy L E -2

)
d neighbor proxy v @R S MNP &2 2% [P i cn AP w2 (775 o 30 EJE & 12
TR SR T R RRESN A AP B RRTIRAERATEE -

7@}%

D

4
Bt & )0t SIP proxy 2 T RS et 2 H p R F

# = subnet prefix # 7 ¢* SIP proxy #7¢ #4e i 2 prefix

## = Gateway # 77 #* SIP_proxyr#t ¥ &4 35 ¥ ﬁ ‘bR E Ben [P mht
vdo4-4 Gk et SIP proxy 2. g 2 B e o B prefix140. 113. 216. 0
et @+ j g B 140, 113, 216. 2545 prefix 3 140. 113.2417. 0 et &
R iE B 140.113. 24. 254

Subnet prefix IGateway
140.113. 216. 0 140. 113. 216. 254
140.113.24.0 140. 113. 24. 254

44 R FTAL

AP %3

=+
I~
=+
L%

719t SIP proxy 2= T F ¥Rt AP 2 H jp B 3
AP ID % 78R AP - g > At A e * AP ¢H BSSID
+ Subnet prefix % 7% AP > vi— Bariz T
i Position # miZ AP en@4ti=% > NER, AR, ZR PN E
&k 4-5 5B
tpt SIP proxy ™ 7 2 & AP AP 000d884bb49d /& >+ 43 140. 113. 216. 0 »
Hiz® 525 AP 0005884bb49f At e 140, 113.24. 0
H =3+(100, 100, 6)enix®

¥

¥
i
i
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AP ID Subnet Position
prefix
000d884bb49d 140.113.17.0 NULL

000d884bb49f 140.113.24.0f (100, 100, 6)

% 4-5 AP iz %

IP TR+ :
gt £ 7t STP proxy ¥ fesf en [P F ik o
# - Candidate IP # 7t ¢+ SIP proxy ¥ # e [P F ik o
# = Subnet prefix % 7w 3% IP {3t vR— Baesiz T o
= MN_ID & & g+ TP ¢ & peigvRip MN > p % 5 MN 9 MAC address °
# = Life time ~ # ¢~ [P A pe & MN e I - ]2 2t [P TR 2w
BH=LH
14 4-6 3 b
fie st 140, 113, 216. 0 2= = e [P 140. 113. 216. 201 = 4 fe & MN
00:02:2D:50:D3:D0 » 33 4402143, 216. 0 2= ™ =3 [P 140. 113. 216. 202 B
P E AR e AT

Candidate IP = [Subnet prefixIMN_ID Life Time
140. 113. 216. 20114 0. 113. 216. ()|00022D50D3D0 3600
140. 113. 216. 202{140.:113. 216: OINULL 3600

4 4-6 1P Fm 4

AT R R E T 4

L
i

% 7| I #RiT ehneighbor proxy °
# = Neighbor Proxy # 7= ¢* SIP Proxy it 43¢0 SIP Proxy IP
M4 A4-T 5 6

+ SIP Proxy sk B4 = B SIP = g3 @ # 1 7 SIP Proxy A % £
140.113.24.130 2 % 140.113.17.130

Neighbor Proxy
140. 113. 24. 130
140.113.17.130

# 4-T AR IR PR B A £

¥
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AP & e e T TR £ T %

BoFr Ke g RE T MN LR PR kR e g A2 TR e
W= UA ID % 77 p* & % &< [dentifier » @& * MN <7MAC address °
Wi UA IP &7 MNR e [P address» 5 AP 2R FRER L jchE = =
P45 0t [P address 2w 2 MN -
#% = ReplyProxylndex # 7= — B o4 % i >t ¢ MN 2 & fehneighbor proxy
A/ ¥ S
## == AddressMapTable # & — Bz F >t MN 2P & R AP &2 B TR
EagiaE s
M4 4-8 5 6 -

~ SIP proxy sh AP 2 e R F AR AIZE R 77 - L0 3 F
neighbor proxy ¥ & AP & it TR $tR £ 5 H UAID 5 00022D50D3D0 - % 4
Braprg Ao [P 5 140.113.216. 201 - # ReplyProxylIndex ¥ ieék¥
neighbor proxy140.113.17.130 = w &t MN ézxp & 4> @ neighbor proxy
140.113.24. 130 & & % J3rp & F o % k5 3%hl >0 00 MN 0 AP &2 e e R $

B e - Ak

UAID UA [P ReplyProxylIndex |AddressMapTable

00022D50D3D0 |140. 113. 216. 201} ReplyProxyIndex|AddressMapTable
of 00022D50D3D0
00022D50D3D0

ReplyProxyIndex of 00022D50D3D0 :

Ne1ighbor ProxyIReplied?
140. 113. 24. 130 JFALSE
140. 113. 17. 130 JTRUE

AddressMapTable of 00022D50D3DO :
AP 1D Candidate IP [Subnet Gateway Proxy I[P Life
prefix Time
000d884bb49dj140. 113. 17. 126{140. 113. 17. 0]140. 113. 17. 254]140. 113. 17. 130{3600

2 A8 AP E R TR TR T
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7

TG 0|8 F 5|4 H7

e

5.1 @ * DHCP & fieie T kv B 252 VoIP % sk iv 9 )

5113k vk 8

4o@ 5-1 0 i AP et T ST RSN VoIP i FEREBE L As
BRARETEEFLS > AW E 140,113 17.0 33 (0™ @A 17 e 38) 2
140.113.24.0 e3¢ (0T A 24 33 ) o & 17 %™ 5 - 5 DHCP Server
140.113.17.6 *pe 1P > & 24 337 73 — 5 DHCP Server 140. 113. 24. 254 *
fead IP o f % pFeCN 140. 113.215. 200 feiz= Basmipsd2z o o 2 MN 2 CN 2 ¢
A 7 Sniffer Rdte T v a4 H P YrpE R o

140.113.24.7 5 — /

DH Server |[= g

140.113.24.251 [ CN 140.113.215.200

o
N J ]| DHCP Server
= 140.113.17.6
M1l
A |
140.113.24.180 ‘
AP,

140.113.216.%

B 5-1 i * DHCP & F 3 g ¥ ke & #F2 VolP i sidf T3kt

512 H e/ 4%
Bl 5-2a % ¢ * CCL SIP User Agent % CN 140. 113. 215. 200 #5echfes F o o

Bl H-2b 5 S FEpimieido > B5.2c 5 BhdzamfeiFa o
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Enter SiplURIL to dial

a. CCL SIP User Agent #%5.42: % o

b. CCL SIP Usér Agent, ¥ i £ #25" & &

{E!~

c. CCL SIP User Agent ##* f2:8F &

® 5-2 CCL SIP UA 3% o
BFAPALREY Gph R T A 24 BB T 1T 8 > 3 [TRB2{S¢ R

* DHCP #5414 48 chs 7 B @ 47en [P > 2% MN ¢ $ ON % 2 re-invite &

3
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513 PR A 17

d 3 MN 2528 CON =5 2. Eé?F"W B o At 2 ping 4258 K& MN &7 ON @ e pat
¥ (propagationdelay)® % 1ms> ™3 & #é-sniffer T4 %4k Ha 70
T@$%

B R G| 2 pF R fhdo B8] 5-3 0 MN 7 13bms FFqc B CN % e f8 — 1 RTP 4
g o4& k- 8 7| 83%4ms PF 1 = = itk L RH CN# I re-INVITE- 4 ¥ 3] 8921ms
44z 3 d CN keny - I RTP 34 - & q*{é_MNi%in#,mc‘ “rpF R % i 8786ms - CN
s i e dlend te - B RTP 3+ ¢ & 83ms P> < iRis 43| erd {5 — B RTP
it & _8661ms o ¢ SR g i 8578ms

MN CN .

>_<:* r Communication
135 83

Network layer-
Handoff

2394 Re-INVITE » 9305

3404‘_'1;11111.5—” 8349 > SIP re-invite

8409l O 8403

865 ——__ ,I8661
8916 Communication
8921l |

Bl 5-3 B L F# - DHCP

- LAMP FIi R ,i %‘—* Z_ VOIP /:‘4‘ %’J—Uiﬁ ﬁ;“? I/}IJ

521 F v i

4ol -4 i AR E e Rt bk (TS LAMP 2 E chVoIP k5 kB 5 &
S BAERBE TGRS A8 5 1400113, 17. 0 3 (0T A LT RE) 2
140.113. 216. 0 s (2™ 5 42 216 388 ) o 2 17 3387 5 - 5 SIP Proxy
140.113.17.130 p 7 5 2% i 7 LAMP Server» 2216 3¢ = 7~ 3 — & SIP proxy
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140. 113.216. 200 1 % 4 # i #7 4 LAMP Server » % & %1 CN 140. 113. 215. 200
hips BRARE Lo MNZ (N2 + A PHF Sniffer ®iadts T A 55
MATH Y SRR o

140.113.17.* S '
SIP PROXY, |2
=
B4t = CN 140.113.215.200
(]
1
'Y J =] PROXY,
s::mfm| P :! 140.113.216.200
' 1
M1l
oooo —
i By |
140.113.17.48 ' ]
AP,
140.113.216.*

® 554 LAMP for SIP# |4k iv3k 5t

5.2.23& ¥/ 42
5.2.2.1LAMP g & & 2837 e3¢ 2. SIP proxy & R F iR

— B AP MN 3t 17 3 b > hoB 55 MN n [P 2 4 17 8T o
140. 113.17.48 = MN — B 4ot 17 38 ™ oo > € $1/68 % UA ¥ X 297 & & % H1proxy
140. 113.17. 130 & J5p 2o & R > g VP F 2ER) 5.6 % B 5.7 k5 Hxp
AR

4o 5-6 a ¥ > 4 Proxyl40.113.17.130 J=®]d MN i# % LAMP_UAIPREG &
FAg AP o L PF 0 {95 ARIT A IE PR B 7] 4 35 ) neighbor proxy F
140. 113. 216. 200 » »>*&_Proxy #-* zxp ## 07| 5238 5 LAMP_PROXYIPREG f& 4
i¥ 3 140. 113. 216. 200 -

4@ 5-7 % Proxyl40.113. 216. 200 4= 3] # neighbor proxy 140.113.17. 130
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i LAMP_PROXYIPREG % % MN #g £ :xp IP en®& 415 > Proxyl40. 113. 216. 200 pe 2
- ¥ &% [P 140.113.216. 201 %t MNo & ® ¥ 3 £ 216 327 AP & % ~
peat X5 MN = IP140. 113. 216. 201 ~ A g = P 140. 113. 216. 254 2 Proxy IP

140. 113. 216. 200 2 & = AP £ e 3 i ¥ P £ £ 14 &) f& LAMP_PROXYIPREP i# w %
neighbor proxy 140.113.17.130 -

4@ 5-6b #% > » % Proxyl40.113.17.130 4= ] ¢ neighbor proxy
140. 113. 216. 200 3# % LAMP_PROXYIPREP w Ji& 38 - 2op et 4, pF > Bripat 3 & {8 en
AP &2 e e T R4 PR £ 73 ~ MN_ID % 00022D50D3D0 7 AP &2 e it B i ¥R 2 e ik & o
PUpEAP E R TR R A TR ® ¢ BT MN_ID 00022D50D3D0 s Rjc e o o
3+ H 3% 90 LAMP_UAIPREP w Ji7F L 3ap it & % 140.113.17.48 » st 46 p 5 &
MN_ID % 00022D50D3D0 2 AP £ & 3 R $Hpe % o

Fe
C:“Documents and Settings winXipconfig :j

Windows IP Configuration

Ethernet adapter HEIFFEEEEIE 4:

Connection—specific DNS Suffix . - czie.nctu.edu.tw
IP Address. & s & 5 -6 6 o6 -6 & 6 -5 &

Subnet Mask . . . . . . . . . . . = 255 255G _255.8
Default Gateway . . . . - . - . - = 148.113.17.254

C=“Documents and Settings>win>

® 5-5 CCL SIP User Agent with LAMP % 17 334 7 7 vl42:" & o
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writh LAME

CL SIF Proxy configuration loaded. -
LAMF Server: Load IP List....0K
LAMP Server: Load AP List....0K
LAMF Server: Load PRORY List....0K
LAMF Server: Load Subnet List..._0K a
Log file will be written to log.10A8682A515.10 Jun 2004 B6_35 15.txt

[LAMP Server] Receive LAMP_UAIPREG From 148.113.17.48, with MM_ID: 88:82:2D:58:D
3:D@

() " o = = () D DT DR A3 ElE
HH n.d HH ROA i 0 H b 5l5

LAMP Serwver] Heceive LAMP_PROXYIPREP From 148.113.216.2808. with MN_ID: #8:82:2D
58:D3:DA

AMF z z it A M 8 B 0 4/ 14 aith MN D HATA2:2NILMANT DA

B 5-6 CCL SIP Proxy with LAMP # i MN:i® 3u & a2 d sliEs & &

ot CAhongweilSIF Proxy With LAMP in 216\proxy exe

CCL SIP Proxy configuration loaded. -
LAMF Server: Load IP List....0K

LAMP Server: Load AP List....0K

LAMF Server: Load PROEY List....O0K

LAMPF Server: Load Subnet List....0K

Proxy Shell, $Log file will he written to log.1@8Revision: 1.3 5682056%9.18 Jun 2
BA4 B6_36_B7.txt

TLANE Server] Receive LA I i -, Wit

5A:D3:DA

[LAMP Server] Allocate IP:14@.113.216.281to MH_ID:BA:B2:2D:5A:D3:DA

[LAMP Server] Send LAMP_PROEYIPREP to 140.113.17.138. with MN_ID: B8:82:2D:58:D3
D@

® 5-7 CCL SIP Proxy with LAMP 4 fie IP F iR bf2s' & &
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5.2.2.2-:% 2 1%
FFAPHCON 140.113. 215, 200 i#3d 2 s 7 il
L

#5216 AP 2 T > b pF User Agent E;ax

ié%L"f e11140. 113. 216. 254 > 4] 5.8 LLEE User agent LR i ST o ]
SIP Proxy @ { = 5 140.113.216.200 -

e
C:“Documents and Settings*winX*ipconfig :j

indows IF Configuration

Ethernet adapter EFFFIEISIHEZE 4:

Connection—specific DNS Suffix .

IP Address. . . . - & o « = « = = 148.113.216_2681
Subnet Mask . . . . . . . . . . . 255.255.255.8
IPF Address. . - . - o« = =« = = = = A.8.8.8

ELTH AT Y F o A.8.8.8

Default Gateway . . . . . . . . = 148.113.216.254

C:“Documents and Settings“win>

B 5-8 CCL User Agent with LAMP &4 i= % 15 P 29 A2V & &

FUNA T 206 %2 it 2L N 3 & € 570 A3 F iR s 15
o pE MN 7= 22w FE LR A0 1T 38 % Bl iR o A b Lilm 18 0 MN
# 4 LAMP_UAIPREL %2 = & 17 $3¢ & * 9 Proxyl40. 113. 17. 130> #t¢ p F 7 ;R
ATie * 2 et TR 3 0 LAMP_UAIPREG X538 & 216 4 3 e proxy
140. 113. 216. 200 & FfasgLzzp o

4o®l 5. 9a %> > § Proxy 140.113.17.130 4=3]d4 MN % ' LAMP_UAIPREL & %
e g [P en® RpE o g A MN A 1T Ry SRR TR 2
LAMP_PROXYIPREL % neighbor proxy 140.113.216. 200 -

4@ 5. 10b $%i» » % Proxy 140.113.216. 200 4= 3]+4 neighbor proxy
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140.113.17. 130 i# % 2 LAMP_PROXYIPREL f#< IP 31 £ ¥ - Proxy140. 113. 216. 200
P e P2 MNID & #3500 B3N 2 1P ik & 44 p 5 INR &
i % 2 R TR LN 2 Proxy 140, 113, 216. 200 P % &t b 38 T 05
3N L AR Y TR

4@ 5. 10a 3% > > 4§ Proxyl40.113. 216. 200 4= ¥]4 MN i#¥ % LAMP_UAIPREG &
AP AP o L pF o AR ARIT IR PR B 5| £ 35 2 neighbor proxy 7
140.113.17. 130 %% #_Proxy #-pt 32 4+ 4] i s 5 LAMP_PROXYIPREG t& # %
% 140,113, 17.130 -

4@ 5. 9b %> » % Proxyl40.113.17.130 42 ¥] # neighbor proxy
140. 113. 216. 200 :# % LAMP_PROXYIPREG % MN g £ zxp [P e 448 »
Proxy140.113.17.130 e — B+ @& * e [P 140. 113. 17. 126 %+ MNo ¥ 2 3 ¥}
1T 83™ nAP & e B MN e 1P140. 113, 17. 126~ R i % 1P 140. 113.17. 254
% Proxy IP 140.113.17.130 =& = AP &2 it F R B & (& 1A &
LAMP_PROXYIPREP % w % neighbor proxy 140.113.216.200 -

4@ 5. 10c #% &> » 4% Proxy140.113.216. 200 4= ] ¢ neighbor proxy
140.113.17.130 ¥ % LAMP_PROXYIPREP = v i g L 2xp ez g, >
proxy140. 113. 216. 200 #tq3s3fe S e AP S FRER A 5~ MN_ID &
00022D50D3D0 -2 AP &2 e e 7" MR AT E® - AP R T hAER L IE T
v B>t MN_ID 00022D50D3D0: s ik &% = » »+ £3% 11 4] f5 & LAMP_UAIPREP
ehdt e % 140, 113, 216. 201 » 4+« 7% 5 MN_ID 00022D50D3D0 2. AP & 8 3 ik
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CL SIP Proxy configuration loaded.
AMP Server: Load IP List....0K
AMP Server: Load AP List....0K
AMP Server: Load PROXY List..._.0K
AMPF Server: Load Subnet List....0K

og file will he written to log_ 1086841368.10 Jun 2884 12_22 40 _txt

[LAMP Server]l Receive LAMP_UAIPREG From 148.113_17.48, with MH_ID: #A:A2:2D:58:D
:bAa

[LAMP Server]l Send LAMP_PROXYIPREG to 148.113.216_2688

[LAMF Server] Receive LAMP_PROXYIFPREFP From 148.113.216.208, with MN_ID: @88:82:2D
:58:D3:-DA

[LAMP Server] Send LAMP_UAIPREP to 14@.113.17.48. with MN_ID & 309:82:2D:58:D3:D8
F Server] Receive LAME _UAIPREL From 148.113.216.201, with HH_1D: BB:02:2D:60]
:D3:D8

[LAMP Server] Send LAMP_PROXYIPREL to 148.113.216.288, with MN_ID: 80:82:2D:58:D

» Wit

[LAMP Server] Allocate IP:140.113.17.126to MN_ID:80:82:2D:58:D3:D8
[LAMF Server] Send LAMP_PROXYIPREF to 148.113.216.28@8, with MN_ID: 88:82:2D:58:D

DA
b

B 5-9 Proxy ** VA P-ig R AT hE2 LFFLEIPL TRFA GRS E S -

v G Ahongwe\SIF Proxy With LAMP in 216%proxy exe

CL SIF Proxy configuration loaded. -
AMF Server: Load IP List....0K
AMP Server: Load AP List....0K
AMP Server: Load PROXY List....0K
AMP Server: Load Subnet List....0K
roxy Shell., 5Revision: 1.3 5. cLog file will he written to log.ompiled at 10868
1436.18 Jun 2884 12_23_56.txt
[LAMP Server] Receive LAMP_PROX¥IPREG From 148.113.17.138, with MN_ID: 88:82:2D:
a:D3:D8
[LAMP Server] Allocate IP:148_113.216.201to MN_ID:B8:82:2D:58:D3:D8
[LAMP Server] Send LAMP_PROEYIPREF to 148.113.17.138. with gﬂ_ID: BA:-@82:2D:58:D3
:D@a o
[[LAHPF Server] Receive LAMP_UAIPREG From 140.113.216.281, with MH_ID: 00:02:2D:58)
:D3:DA I
JLHHP_SEPUEPJLSEndM RHP_PROHTIPREG to_14ﬂ 113“17 3@ i

LAMP Server]l Send LAMP_UAIPREP to 140.113.216.281. with MN_ID: BB:P2:2D:58:D3:D

B 5-10 Proxy *t UA $-if L f TRz LI LR TRF o2 F 6 =
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5.2.3FF [ & 47

d 3 MN =528 CN =2 pFRF 2 e 4 > 2t 12 ping #2538 & 8 40 MN 22 CON B e o
¥ (propagationdelay)® % 1ms> ™3 & #-sniffer T4 %k Ha 70
= @%% °

T R 0|k T2 R Ao B 5. 11 0 MN A 39ms PFqI] CN ke s — B RTP 3¢
¢ > & FP 89Ims 4 Jx3|d CN keh% - B RTP 3t# o« fjﬁ»{é_MN iprpeny YrpE
% 802ms o CN A s 3| ehdefs — B RTP 3¢ & 44ms PF > R 18 a3 sk (4 -
® RTP #t# & 812ms p¥ » ¥ %7pF fF 5 T68ms

MN CN

>_<* - Communication
39 44

Network layer-
Handoff

631 Re-INVITE » 632

713 4_'1;111115_———’688 SIP re-invite

717 LK 697

— ,|3812
891 |

Communication

B 5-11 it 2 vEpEF oh — LAMP

5.3 LAMP :x & v % %52 VoIP % 5udk (7% b|-35 6 B 527 4 AP

Bt FR )5 @ % Direct Association *t#% i k%0 i3 3 & gL+ angpdAEst
FHREA TR AP At @ * Realtek RTL 8180 Wireless LAN adapter k4 (FipIE
F oo AP e %‘Q’I‘q%;ﬁapmAP MENEBPERFIIFLFEZ T - B AP
e ¥ % # * Direct Association H-z% FFpt ep+ 7 ity 3 3F ¥ [ AP %%i v 4 {*{ﬂ iz
7L R b (' 2N E T - AP direct association B & B kALY o @ §
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7 e &k g 4k AP e i

5.3.14% (v 7k 38
1 bl el R 5.2 H Ak -

5.3.24k 1T/ A2

K AP 2 48 3 2 37 AP @ 7 JdF % s 17 o

Bl o * 18 kriesh T APrdkivda M R AL [TRBT R
o gt B okapid AP v o A AARN P X4 BSSID 2 SSID 2 H v 4k
2 1583 connect 1T — BRRF > ,Tﬁii#%ﬁtﬂ,%%iéﬁﬂAP Hen 216 ®B T o

F_J.-'.. stainfo g|

BEE description

Save Profile B

Hetwork v Infrastooctoce I Adhoc :
T omeet | mE |
BESID [[o0606313035- |
21D [Larr-218 | Load Profile |
Channe 1—_]1 =

Beacon 100 Stop update
DTIM 11

Supported W IM W 2M v 55M W 11M
Diata [ Data encryption
Kew ]
-~ Etatug
Connection Connected
BasID: 0060b31 3035
231D LaMP-216
Hetwork Adhoc
Link 11

B 5-12 3k i 7 3kpa’d AP A3t
5.3.3F & 47
SMN3 2 CNB2Z PR 2 9 > gt 2 ping #4258 K7 30 MN &2 ON B e paf &

M
(propagation delay) % % 1ms > ™ g3t & #%-sniffer T4 g k4t m (84
Bl o

lall

TR G (T2 PR hdeB) 5-13 0 MN % 50ms P ¥ CN % ed {6 - B RTP 3t
¢ > ZEFF T00ms 1 Jc3d CN ke% - B RTP 3#t# - » fjﬁi’ﬁtMN Ty Y BTpER
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% 600ms o CN A E s e 3| ehdefs — B RTP 3¢ 2 62ms PF » R E 18 e 3] e {4 —
B RTP 3¢ & 628ms pF » # %7pF /¥ 5 H66ms

MN CN

>—<—::‘ ¢ Communication
50 62

Network layer-
Hando{t

471 Re-INVITE » 472

479 %mi_’ 474 SIP re-invite
492 | — 487

[ 628
700 [ |

Communication

B 5-13 Bpr 2 i@ a — LAMP with Direct association

5.4 5 LAMP :x & v % 52 VoIP i sudf 179 6]-30 18 8 3 AP ¥ 3L 1%
I i ]

5.4 14k iviL 4%
PR bR Fendk (IR AE 5.3 8- 0 2 & MN enUser Agent € A 74
CN e User agent 4 1 & JoM-F5 /g L MN 7 L A ifiT e a8 S L A feen [P 28 o

5.4.2P% FF & 47
LR b4 T2 pF A dhdo B 5-14 0 MN & 55ms P 3] CN k ehd t5 — B RTP 3¢
¢ > &% 7] 180ms 4 4z ¥ld CN ke% — @ RTP 4t¢ o » 328 & MN igxfonv g7
% 125ms o CN fe 2 ifw0 a3 end £ — 1 RTP 3¢ & 6Tms PF > 2 3R18 e Bl endfs -
i RTP 4+ ¢ % 230ms P » ¢ %7pFfF 5 163ms
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>_<:4 ¢ Communication
55 67

Network layer-
Handoff

—
180 — 730 Communication

B4 5-14 B 2L - LAMP with Direct association, Foreseed Duplcated Connections

55 £ g vt i
i g | Fend ST R SE AL BIO-18 0 g I LAMP e ETpE R ik o
& DHCP = s\ s e de £ (8 & PR 272 L © 3 jmi*’ﬁ se v A& DHCP & &
Afe [P enpE o> ¢ 08 (70 Srpe g AT 9000ms o & * LAMP = 5488 > v g 17
TR e 1T g AP L e i A paii B2 (Direct
Association)z s » ¥ 45 ¥9:200ms FOPE R o B fS B e b RIS S £ A
FTHREFTFRLI 200N U T A REFARRE T I Eu oo

10000
9000 8786 8578
8000
7000

€ 6000 O DHCP

S 5000 | & LAMP

g ® LAMP+DA

& 4000 O LAMP+DA+DC
3000 -
2000

852 o5 768
O I
MN CN

Bl 5-15 7 bl % v i)
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6.1

4

AAEBwHe P NP EY - kAa xR R} AR R B Ada R
SRR A THAR S ik NIEAE RS NG L B S
B IRTRER SRR E R o ¥ ARRENTH - B
LAMP(Location Awareness Moblllty Management Protocol) &t %0 3%4% 0 &
TR AR N RE S AR PIRER 2 JRIFAIEA e L F i g4
TR ‘@%%ﬁﬁhw¢4j¢ Fe® oodm Gl K oG o A TR
SERR | PHEMITREAR RSB ST AR T A o

——1§ X 3

S u##ﬁwmpﬁﬁiﬂ?ﬁwLMP«g,@ﬁﬁfa

L et & R A i 59 A SIP Proxy FF L - F BB AT R § 0 kM- e AT
ﬁ@g%;%ﬁ;WH MEZTERFEn EREY ZRBPLETHTRER
FEREE LAy P F o LAP sl i AR LANP B K s R
TR R EP R LAPHEBRR LR A etk o TR L A4
Rpier Ay S 2 A R BRI FEdREA LS EAT EER
B vEA & o

e F % LAMP <% Pii-ﬁ?f}ﬁ{é’ T ﬁi@?%?,&%ﬁ*&fﬁ;g’_ R TR A
R¥ L 4e b (3 ayﬁmWﬂ”#@?Eﬁ“Pu_%%mgﬁ'%é%& e
oo 7 A 45 User Agent feiB (FiEAR° chfsN 7 5 0 MEE B & FF T F 1

RNIp A EIE A ituf-&ﬂgnéi%f{ﬁ'@°
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