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Outline

Introduction

Four recent results

1. Layer-2 Handoff
o DeuceScan: Deuce-based fast handoff scheme in IEEE 802.11
wireless networks (IEEE Trans. on VT, 2008, IEEE VTC 2006-fall)
2. Cross-Layer Handoff

o (Layer 2 + 3) Cross-layer partner-based fast handoff mechanism for
IEEE 802.11 wireless networks (IEEE VTC, 2007-fall)

o (Layer 2 + 3) A Cross-Layer Partner-Assisted Handoff Scheme for
Hierarchical Mobile IPv6 in IEEE 802.16e Systems (is submitted to
IEEE ICC, 2008)

o (Layer 4 +7) SmSCTP: SIP-based MSCTP scheme for session
mobility over WLAN/3G heterogeneous networks (IEEE WCNC,
2007)

Conclusion
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Introduction =

Cross-layer design methodologies hold great promise
for providing reliable and high quality end-to-end
performance in wireless communications.

Cross-layer design for mobility

o The 1dea of cross-layer Is to use the low-layer
Information to assist mobility management.

o To minimize the packet loss and handoff delay time
during switching different access networks.
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Part |. Layer-2 Handoff:

DeuceScan: Deuce-Based Fast Handoff
Scheme In IEEE 802.11 Wireless
Networks

|[EEE Trans. on Vehicular Technology, March, 2008.
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Background
Related work

DeuceScan: Deuce-based fast handoff scheme using
spatiotemporal graphs

Spatiotemporal graphs

Deuce procedure with signal strength

Deuce procedure with variation of signal strength
Simulation results

Summary
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Background o

The entire delay time of a handoff is divided into probe,
authentication, and re-association delay time. The probe
delay occupies most of the handoff delay time.

In IEEE 802.11 Std., MH needs to perform a full scan

(11 channels) operation during a handoff procedure, and
It wastes much time.

C Az 28 (EATERRA 11
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Layer-2 handoff procedure in WLAN
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Motivation

In this paper, we proposed a fast handoff scheme, called
DeuceScan, to reduce the probe delay (MAC layer) for
802.11-based WLAN:S.

o Our DeuceScan scheme utilizes spatiotemporal graph to
provide the spatiotemporal information for making better
handoff decisions to exactly search for the next AP.

o Our DeuceScan scheme is a pre-scan approach, and two factors
of signal strength and variation of signal strength are both
considered in our DeuceScan scheme.
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Related Works

For reducing the probe delay time scheme

o Partial scan scheme
M. Shin et al., ”Improving the Latency of 802.11 Hand-offs using
Neighbor Graphs”, ACM MobiSys, Jun. 2004.
S. Shin et al., "Reducing MAC Layer Handoff Latency in IEEE 802.11

Wireless LANs”, ACM MobiWac, Sep. 2004.

o Pre-scan scheme
|. Ramani et al., ”SyncScan: Practical Fast Handoff for 802.11
Infrastructure Networks”, IEEE INFOCOM, Mar. 2005.

o Location-based scheme
C. C. Tseng et al., ” Location-based Fast Handoff for 802.11 Networks”,

IEEE Communication Letters, Apr. 2005.
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Related Works

Partial scan scheme (selective scanning)

o By using a dynamic channel mask in the selective scanning
algorithm, scanning a subset of eleven channels can be used
as a generic solution.

Pre-scan scheme
o MH continuously scans the channel before handoff.

Caching scheme

o The AP cache consists of a table which uses the MAC
address of the current AP as the key.

o This list is automatically created while roaming.

Az fi‘itﬁ.?‘u ﬂnﬂI& 15
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Comparisons of different methods

2

IEEE Neighbor Selective scan SyncScan | Location | DeuceScan
Standard graph based
Cache hit | Cache miss
Pre-scan No No No Yes No Yes
Probe Full scan Partial No Partial scan No No No
action scan
Handoff Slow Medium Fast Medium Fast Fast Fast
latency
Extra No No No No No Yes No
device
Memory 1 O(n x M) O(n) O(n) O(N) ONxM)| O(nxM)
cost
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'DeuceScan: Deuce-based fast handoff
scheme using spatiotemporal graphs

= Spatiotemporal graphs
= Deuce procedure with signal strength
= Deuce procedure with variation of signal strength

E Az Eae s L EAAITESRR 18
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Spatiotemporal graphs

Composed of a lot of spatiotemporal triangles which
are established at distinct time and places.

Each MH will possess its own individual
spatiotemporal graph.

.P.I|H1| AP CHs . .P.I|H1| AP CHs ' .Amm -.m.nh APs, CHs .

MV/\\/

.P.I'-:{H*-: F.IlllHll. .P.I'-H.H'-: .P.I'-:lH": P.I||{H|| P.I||{H||
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Spatiotemporal graphs

The current triangle presents the first three closest
APs near an MH

MH’s moving direction is known by variation of RSS

,;‘LF‘-,L"H- -’I.?1.{:H'-.

..w CH ' AP1,CHI ,.m*.,['rr. .w-.,['rr-..
V move T possible g
i direction next A
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‘ Example of construction of
spatiotemporal graphs

= The full pre-scanning operation needs to be
performed if an MH enters a new location.

,API,CHI AP3,CH: @)

1 2 3 4 5 6 7 8 9 10 11

|

N " ‘ --"—.
association- ! _---
£ \.\

e H

.APB,CHS APH,CHH. o full pre-scan

time —

-~ .
association
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‘ Example of construction of
spatiotemporal graphs

= A triangle Is constructed by three APs, AP, APg, and
APll.

’AP|,CH| AP3,CH: @)

.APS,CHS APH,CHH.

- *’. -
FAZEN B (EATESR 22
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‘ Example of construction of
spatiotemporal graphs

= Construct a new spatiotemporal graphs

,AP|,CH| AP3,CH3 @)

-

@ rscs ArucHI@ @ArsCH: APuCHn

- _". -
FAZEN B (EATESR
NTPU, Department of Computer SClence and Information Engineering
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DeuceScan fast handoff scheme

To reduce the layer-2 handoff latency which utilizes
spatiotemporal graphs to provide spatiotemporal
Information for making better handoff decisions to
exactly search for the next AP.

Adopting two factors of received signal strength and
variation of received signal strength.

A AS F e p B L EAAITESRR 24
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Deuce procedure with signal strength =

The deuce procedure is used for confirming whether
the RSS received from an MH at some place are
stable by continuously probing nearby APs and
judges If it needs to change the current spatiotemporal
triangle.

We denote a deuce procedure with signal strength as

Ds(a, B).

C Az 28 (EATERRA 25
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Deuce procedure Ds( ., 3)

We select the APs which have the larger ¢ +3 strong
RSS receiving from the MH to form a scan cycle, and
this presents that there are still a APs for selecting if
the full scan has a mistake.

o o +3 <11 (partial pre-scann)

Successive B scan cycles form a deuce window.

o It 1s stable means that the RSS magnitude order in each scan
cycle of a deuce window are the same.

C Az 28 (EATERRA 2
N Jepartment of Computer Science and Information Engineering
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‘ Example of D¢(1,2)
’AP]CHL

El‘-.‘-.-DClElllﬂl’l 1 -

@ APs,CH:

2

AP1,CH

@ AP:,CHs

NTPU, Department of Computer SClence and Information Engineering
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Deuce procedure with variation of =

signal strength

When the variation of successive two RSS of an AP
IS positive, the MH moves away from this AP.

An MH can be aware of its moving direction (to be
close to or to be distant from some APs) and
determine which Is the next AP when handoff.

We denote a deuce procedure with variation of RSS
as Dy(a, /3).

C Az 28 (EATERRA 28
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Example of D,,(1,2)

AP CH AP CH:

APe CHe APe CHe

# T v
¥ [ Mo ve
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fi Il 6 6 11 | 6 11 1
e o el e
[ -2
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DeuceScan procedure

Step 1: When the MH turns on, it performs a full scan, and selects a
best AP (with the strongest RSS) to associate with, denoted as AP,
and S,p.,- Then the MH enters deuce procedure with ¢ and 5.

Step 2: Set integer i = 1. The MH probes AP, to get S,p,, IN @ Scan
cycle C;, and judges whether S, < Sy, Where S, Is a pre-defined
threshold for handoff. If “NO” then jump to Step 2, and if "YES” then
jump to Step 3.

Step 3: Let 1 = i+1. The MH probes AP to get Syp.,, IN @ scan cycle
C,, and determines whether Syp. r < Sy, It "NO” then jump to Step 2,
else jump to Step 4.

Step 4: If i = 5, the MH decides to handoff and jump to Step 5, else
jump to Step 3.

C Az i LS (EATESSR “
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DeuceScan procedure

Step 5: Here denotes the two best APs with the first two strongest RSS
In a scan cycle C; as AP, and AP, 4, and their RSSs are Sxpist = Sapong -
Besides, the symbol SD is a pre-defined small constant used for
computing the variation of two RSSs. If SAP1st - SAP2nd < S, then
jump to Step 7, else jump to Step 6.

Step 6: The MH reassociates to AP, . Jump to Step 2.

Step 7: If A ppie @Nd A ppong DOth Increase, the MH reassociates with
AP . If A ppie @nd A ppong DOth decrease, the MH reassociates with the
AP, 4. If A spyg INCrease and A 5p,,q decrease, the MH reassociates with
the AP, . If A »py decrease and A ,p,,q INCrease, the MH reassociates
with the AP, 4. Jump to Step 2.

"- ﬁ]..--%jtf-?'h gnﬂI*E%'f" 31

NIJLLlnul ompit e and Information Eng



Simulation results

o Simulator: NCTUns 3.0
o The simulation parameters

Parameter Value
Number of mobile hosts 500
Number of access points 100~200

Network region

1000 m <1000 m

Radio propagation range

100 m

Mobility of mobile hosts

5~30 m/s

Pause time of mobile hosts

10 sec

= # 2 %jt;‘:%‘ \._ ﬂnﬂﬂz%’é-ﬁ
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Performance metrics

Handoff latency

o A delay time between an MH moving its association from one
AP to another.

Packet loss
o The number of all lost packets during handoff of an MH.

Link quality

o The average received signal strength of an MH during a period
of time.

= &z %jtﬁ:.%lu ﬂnﬂﬂz 33
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‘ Handoff latency
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‘ Handoff latency
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‘ Handoff latency

(ms)
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‘ Handoff latency

(ms)
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‘ Packet loss
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‘ Packet loss
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‘ Link quality
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'Windows CE Platform
(Hardware-BenQ P50)

= Processor : Intel PXA 272 416 MHz

= RAM: 64MB Flash ROM % 64MB Mobile
SDRAM

= OS: Microsoft Windows Mobile 2003 Pocket
PC Phone Edition Second Edition

= Connectivity: Bluetooth, WLAN, USB1.1,
IrDA, GPRS, and SDIO

= GSM/GPRS 850/900 /1800 /1900 MHz)
smart phone > Wi-Fi 802.11b
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Summary

This paper presents a new fast handoff scheme, called
DeuceScan, to reduce the probe delay for WLANS.

A spatiotemporal approach is developed in
DeuceScan scheme to utilize spatiotemporal graph to
provide the spatiotemporal information for making
petter handoff decisions to exactly search for the next
AP.

F Az E 28 (CERTEESR 42
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Part I1: Cross-Layer Partner-Based
Fast Handoff Mechanism for IEEE
802.11 Wireless Networks

IEEE Vehicular Technology Conference 2007 Fall
(VTC2007-Fall), Baltimore, Maryland, USA, 1-3 October,
2007.
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Outline

Background

Related work

Partner-based HMIPv6 (PHMIPVG6)
Mathematical analysis and simulation results
Brief summary
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Background =

Mobile IPv6 (MIPv6) is used to inform the binding of
Its home address and current care-of-address (CoA)
to Its home agent.

o MIPv6 suffers a long delay latency and high packet losses
because that MIPv6 not support the micro-mobility.

Hierarchical Mobile IPv6 (HMIPv6) is proposed by
providing micro-mobility and macro-mobility to
reduce handoff latency by employing a hierarchical
network structure.

C Az 28 (EATERRA 4
NTPU, Department of Computer SClence and Information Engineering



‘ System archltecture (HMIPv6)

l‘iim

Internet

e & e

3ffe:3600:2000:2100::/64 3ffe:3600:2000:2000::/64
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Related work
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Motivation

HMIPvG6 still suffers a long latency

o The DAD time for LCoA and RCoA represent the the main
time of layer-3 handoff

o Cross-layer fast handoff mechanism is more efficient.

The handoff procedure of layer-3 can be pre-handoff
by PN.

o Cooperative works by PN

= A Z %;tﬁ.ﬁu ﬂnﬂﬂz 48
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Partner based HMIPV6 (PHMIPVE)

To provide an cross-layer partner-based fast handoff
mechanism for the 802.11 networks, based on
HMIPv6 (PHMIPVG).

To improve the handoff delay time by using the
Information of different layer and partner-node.

o The layer-2 fast handoff (Deucescan) provides the
efficiency scanning utilization.

o The partner-based fast handoff (PHMIPv6) provides for

assist mobile host to perform the pre-handoff procedure by
partner node.

G Az g r B2 EATRESR 4
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'Handoff of HMIPV6

MH :Mobile Host AR:Acorss Router
MAP:Mobile Achor Point  MAA:Network  CN<Comespondent Mode  HA:Home Agent

J- Link Layer IP Layer Link Layer TP Layer

xr-2 handoff

La

Total hando!T latency

= RCoA
E BA |4
$
= BU
FH
BAe— | _—
— |

Az Eats
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'Handoff of SHMIPV6

MH:Mobile Host

F Az Fatr

NTPU, Department of Computer
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Laver-2 hand off

Layer-3 handolf
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'Handoff of HMIPV6+
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‘ ours
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MAP:Mobile Achor Po

= Cross-layer partner based
fast handoff

AR:Access Router | | :Ad-hoc Mode
PN:Paj ode  CN:Corresponder
Link Layer IP LayerLink Layer Link Layer
I I

Partner based HMIPV6 (PHMIPV6)
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Definition

Partner Node (PN):

o A neighboring node of the MN, denoted as PN, where MN
and PN are located in different MAP domains.

o The PN can directly connects with IP network through AP
(access point) and can directly communicate with the MN
by the using ad hoc network.

o The main task of PN is to perform the pre-handoff
procedure for the MN before MN reach to a new MAP
domain.

= A Z %;tﬁ.ﬁu ﬂnﬂﬂz .
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Basic 1dea

Using the Deucescan scheme in layer-2.
o Collecting all information of the neighbor APs.
o Using layer-2 information to detect MH’s moving.

Using partner-based mechanism in layer-2/3.
o Using the deucescan information to find partner node

o Pre-handoff by partner-node for LCoA and RCoA
DAD time.

C Az 28 (EATERRA 57
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Deucescan procedure

The Deuce procedure 1s used for confirming
whether the RSS received from an MH at some
place are stable by continuously probing nearby
APs and judges If It needs to change the current
spatiotemporal triangle.

We denote a deuce procedure with signal strength
asD,(a, ).

2

Y.-S. Chen and C.-K. Chen and M.-C. Chuang, "DeuceScan: Deuce-Based Fast
Handoff Scheme in IEEE 802.11 Wireless Networks,” IEEE Trans. on Vehicular
Technology, March 2008.
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‘ Cross-layer idea

Link layer IPlayer Link layer Link layer IP layer Link layer
| :
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Partner-based HMIPV6 (PHMIPVE)

Our key i1dea Is to utilize the PN in new MAP domain and
uses layer-2 + layer-3 approach.

The approach has been divided into following cases:

o Successful case: MH finds a PN in nMAP domain, and
then MH switches to the same nMAP domain.

o Unsuccessful case: MH finds a PN in nMAP domain,
but MH switches to a different nMAP domain.

o Others: If no PN is existed in the nMAP domain, MH
performs the original HMIPv6 handoff protocol.

C Az 28 (EATERRA 61
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Partner-based HMIPV6 (PHMIPV6)

AR:Access Router |:| :Ad-hoc Mode

MH:Mobile Host

MAP:Mobile Achor Point  PN:Partner Node

MH

CN:Correspondent Node

HA:Home Agent

IP Layer Link Layer

MAP

—_—

1123456 78 91011 1

DeuceScan

Link Layer IP LayerLink Layer Link Layer
- _-__-_-_'_'_".'
scan
LI —> |
< L
‘______._.—.—-—-—'—'_-_-_-_-—_'_"’
‘_._-—-—-—'_'_-
]
4——’j
B |
[ Lz 1 > RS Rendezvous
h Pre-Handgff| Request | pAaD& tune
9 ,.-—-"‘""# form LCoA
] RA
BU Registration
DAD & for lime
RCoA
BA
~ Handoff|Response

183116 183116 18 3116

AT §

full scan

F Az ks (&

NTPU, DEparL|11EI]L of ':.IQI'I"IJL.'.ET Science and INfo s o Ry

WM

64



MH:Maohile Host AR Access Router |:| :Ad-hoe Mode \ f"

MAP:Mobile Achor Point  PN:Partmer Node  CN:Coerespondent Node  HA:Home Agent SUCCQSSful case %/H
Link Layer IP Layer Link Layer Link Laver 1P Layer Link Laver
— D
| ——
i » scan
J‘— ]‘\\

—————»

“— e Partrjer awargness

= 4 Rrocedure
.
- " .
— T
low L RS Rendezvous
_ ———p DAD & time
Pre-Handoff Request || omrcon ||« [I)_A?\:DA&
RA 0]
|
BU p—ouo_ Registration
/ [:| -___———--—_______-.. DAD & for time
RCoA
Pre-handoff requegt = L — W DAD &
RCoA

Pre-Handoff|Response
|

Start
handoff

=
‘—‘—_——__________...—--"""""——.-#—

(= &> - ac

"\— @;%jtﬁ. f_______...-—-—'"'""——— Packet

NTPU, Department of Compute



‘ Unsuccessful scenario
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Pre-handoff req.

MH handoff to other

MH:Mobile Host

MAP:Mobile Achor Point PN:Partner Node ~ CN:Correspondent Node HA:Home Agen

Link Layer

AR:Access Router D :Ad-hoc Mode

IP Layer Link Layer

Link Layer

IP Layer Link

Layer

e———
JP—

scan

[

L]‘\

MAP

rtner a
Proc

Unsuccessful case

wareng
cdure

(o

PSS

»

Pre-Handoff

Request

RS

RA

DAD &
form LCoA

Rendezvous
time

DAD &

LCoA

AP

Pre-Handoff]

F
T
sl

BU H
BA

]
‘/

—

/

BU to CN

E Az Faer s (¢

NTPU, Department of Computer SClence ar

1

BU

BA
BU

Response |

DAD & for
RCoA

Registration
time

\

DAD &
RCoA

DAD &
form RCoA

Packet

68




:
=

Mathematical analysis/simulation

results

Mathematical analysis and simulation
o Mathematical analysis the handoff latency

MIPv6, HMIPv6, SHMIPv6, PHMIPv6, U-PHMIPVG6
o Handoff latency

o Handoff packet lost rate

o Handoff jitter

{

N
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Mathematical analysis

S

LE

Notations
Network parameter | Field description
BW,, Bandwidth of the wired backbones
BW,, Bandwidth of the wireless link
L, Latency of the wired link
L, Latency of the wireless link
Sctr Average size of the control message
n Number of hops between the MH and the router
tb internet Average delay of that a packet traveling in the Internet
b dad Average delay of the DAD time

= Az %jtﬁ:%‘\._ ﬂnﬂﬂz%’é-ﬁ
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‘ Mathematical analysis

HMIPv6
Start handoff End handoff
Layer2 handoff [¢——————=—=————m———— Layer3 handoff -————————==———————— >
Scan Phase " Rendezvous time DAD & LCoA DAD & RCoA H
e S i Total handoff time ==—=——————————————————— —»

m Auth. & Re-association Binding update Binding Ack

Total handoff time of HMIPv6
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‘ Mathematical analysis

= tymipvs IS the handoff latency of HMIPVG.

IHMIPv6 =  layer2 T lrendezvous + IDAD_LCoA +IDAD_RCoA 7 Ubinding.CN

ctr

BW,,

ctr

BW,1

—_ tlayer_z + 6 |:( _I_LwZ) _I_ n( _l_LW) _l_ tD_z'nternet

S
+2 [(B;IZZV + Lw) + [D_internet:| +2tp_dad
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‘ Mathematical analysis

= tspvipve IS the handoff latency of steal-time HMIPVG.

ISHMIPv6 = layer2 + lrendezous T IDAD_LCoA min (7 pmap tbu_HA)

ctr

ctr

BW,,

+ min(tpmapa IHA) + D _dad

— t]ayer_z + 4 ( + Lwl) + n( + LW) + rD-im‘emet

r’ﬂé%itﬁf‘{; ﬂ‘ﬂIF@-f" 73

NIJL|.l nt of Comput



‘ Mathematical analysis

Let ¢ A be the time difference between sy r7pvs and tgarpys.

In, = tHMIPv6 — ISHMIPv6
= Ibinding.CN +1DAD_RCod — MIN(?pmap,tH4)

< binding_CN +DAD_RCoA

S, S, S,
= 2 (B;;:JI ‘|‘Lwl) + n(B;IZ; +LW) _|—tD_z'ntemet] + 2 [(B;ZV _|—Lw) + ID_internet

+ID_dad
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Mathematical analysis

tormipys 1S the handoff latency of our cross-layer
partner-based mechanism (successful case)

/
IPHMIPv6 — tlayer Pian zlaryer_?a — Ztm/erlaiz:v

/
tlayer ot tbinding_MAP + tbz’ndz’ng_CN - tbindfng_MAP

S
‘|_wa) +n (B;;Zv ‘|‘L ) +ID_internet
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‘ Mathematical analysis

Let¢? As be the time difference between 751/7p,6 and tpga7pvs.

I, = THMIPv6 — IPHMIPV6

!
= (Yayer2 — tayer2) +tDAD_LCo4 +IDAD_RCoA

Sctr

BW.,;

ctr

— (tlayer_Z - Z(layer_2) +4 [( +Lwl) + n( ‘I'Lw) + D internet

S
+2 [( B;V +Ly) ‘|‘tD_intemet] +21p_dad
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‘ Mathematical analysis

tn, —ta, means that PHMIPVG is better than HMIPv6
and SHMIPVG.

!
+L ) +ID_internet | 1 (rlayer—Z — tlayer—2) =+ 2ID_dad >0
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Mathematical analysis

tu prHmipye 1S the hando_ff latency of our cross-layer
partner-based mechanism (unsuccessful case).

!
ty_paMIPVG = layer2 T layer3

!
tlayer_2 +IDAD_RCoA T !binding .CN

ctr

BW,,

layer 2 +2 |: wi) + n( + Lw) + ID_internet

BW

S
i) [(B;;;w —|—Lw) ‘|‘fD_;-:‘nternet] +ID_DAD
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‘ Mathematical analysis

Let 253 be the time difference between ;7,75 and pr71,7p.6-

I, = tHMIPv6 — Yy PHMIPYG

/
— (tlayer_Z T tlayer_Z) + ZLDAD_LCOA

ctr ctr

— (tZayer_Z _ ZL;ayer_Z) +2 [(BW l ‘l‘LwZ) _l_n(BW ‘|‘Lw) + ID_internet
w w

S
+2 [(B;;/; ‘|‘Lw) +t£nternet] +Ip_DAD
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‘ Mathematical analysis

IA; —IA, means that U-PHMIPVG is still better than
SHMIPVG.
tA3 — tAl = [( el ‘|‘L )“‘ID_imemet] -+ (tlayerl o tlayer_Z)

/ Scr
If tlayer_Z < {( =+ Ly )‘I‘ID_internet} T layer2
INy — TN, > 0
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PHMIPV6 test-bed
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Performance metrics

Handoff latency (HL): The handoff latency is the time
that MH received last packet from the old base station and
the first packet from the new base station.

Packet loss rate (PLR): The packet loss rate Is the
percentage of the lost packets in the total packets that CN
sent to MH.

Handoff jitter (HJ): The handoff jitter is the variation in
delay between the packets.

C Az 28 (EATERRA 82
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‘ Handoff latency
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Handoff latency
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‘ Handoff latency
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Handoff latency (analysis)
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‘ Handoff latency
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Seguence number
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‘ Packet loss rate
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‘ Handoff jitter

6000

5500

5000
4

4500

)

s

[

L]

[o]
T

|98 ]

n

]

(]
I

3000 -

2600

HandoffT jitter (ms

=]

Q

(=]

(]
T

—&— U-PHMIPvé6

—2— PHMIPv6-2-hop
—&- PHMIPv6-1-hop

Distance between ARs (hops)

(

NTPU, Department of Computer SClence and Information Engineering

& &z Faexp (O @RI doff jitter vs. hops

90



2005
iﬁﬁﬂ:ﬁﬁ

mOR A

G Azinrg ((CEATESSR

NTPU, Department of Computer SClence and Information Engineering

Y fiaE
BREL R SRR IO bR

fRERD Bl
{8 418 Layer-2/3 Fast Handoft

Mechanism for ‘.l"-".‘nl'l Fi :

A PRIRIT G -
mﬁ#ﬁmpﬂ:‘ﬂfﬂﬂ L4

Wi over LR B
e A |







= To provide useful information to
cross layer-2/3 handoff scheme

o DeuceScan
o HMIPvV6 + P2P

= To identify possible candidate APs

o To utilize signal strength (variation)
and moving history

Layer 213 WoWWi-Fi Radar
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(a) DeuceScan (b) Cross-layer partner-based
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Comparisons of Handoff Latency
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Part I11: A Cross-Layer Partner-Assisted
Handoff Scheme for Hierarchical Mobile
IPv6 in IEEE 802.16e Systems

Is submitted to IEEE ICC 2008, May 19-23,
2008. Beijing, China.
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Outline

Introduction

Related Work

Basic Idea and System Architecture
Partner-Assisted HMIPv6 (P HMIPv6)
Mathematical Analysis and Simulation Results

Conclusions
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‘ Outline

= Introduction

m Related Work

m Basic Idea and System Architecture

m Partner-Assisted HMIPv6 (P_HMIPV6)

m Mathematical Analysis and Simulation Results
m Conclusions
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Introduction

Worldwide Interoperability for Microwave Access
(WIMAX)
o |EEE 802.16-2004 standard

High bandwidth
Large transmission range

o |EEE 802.16e standard

Support mobility for mobile station (MS)

Channel information and Mobile stations’ handoff parameters
are exchanged by BSs.

& 2 %jtﬁ.?‘u ﬂn:ﬂ.I& 101

NTPU, Department o o



. <
Introduction

Mobile IPv6 (MIPVv6) is used to inform the binding of its home address
and current care-of-address (CoA) to its home agent.

o  MIPv6 suffers a long delay latency and high packet loss because MIPv6
doesn’t support the micro-mobility.

Hierarchical Mobile IPv6 (HMIPVv6) is proposed by employing a
hierarchical network structure to provide micro-mobility for reducing
handoff latency.

{__ & 2 %jtﬁ‘g‘h ﬂnﬂI&#—ﬂ}g‘-ﬁ 102
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‘ Introduction

Micro mobi

4
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Introduction

Providing a cross-layer partner-assisted handoff
mechanism based on HMIPv6 in IEEE 802.16e
systems

o The IEEE 802.16e provides an efficiency handoff
mechanism by exchange some useful handoff
parameters over the backbone network.

o The partner-assisted handoff (P_HMIPv6) defines a
partner station (PS) to assist mobile station (MS) to
perform the layer 3 pre-handoff procedure.

N~ A F e LB L EBHTERR 104
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‘ Outline

m Introduction

= Related works

m Basic idea and System Architecture

m Partner-Assisted HMIPv6 (P_HMIPV6)

m Mathematical Analysis and Simulation Results
m Conclusions
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Existing Handoff Results

C
=

HMIPV6 (RFC 4140)

a

Q

F A3

provide a hierarchical architecture to reduce the time of binding update

H. Soliman, C. Castelluccia, K. E. Malki, and L. Bellier. "Hierarchical Mobile
IPv6 Mobility Management (HMIPV6)". Internet Engineering Task Force
(IETF), RFC-4140, August 2005.

Adding MAP (Mobile Anchor Poit
for local mobility management

Two Care-of address: LCoA ~ RCo
Suffering large handoff latency in maci
mobility because of two DAD procedu

\ \
Local BU
\ NN /
AR \. AR A\ AR /)
%\ X/
P
.......................... N ) R
MS MS MS
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Existing Handoff Results

Existing cross-layer (layer 2 + layer 3) handoff
approach in IEEE 802.16e system

o H.-J. Jang, J.-H. Jee, Y .-H. Han, and J. Cha. "Mobile IPv6
Fast Handovers over IEEE 802.16e Networks". Internet
Engineering Task Force (IETF), Internet-draft, January 2007.

layer 2 trigger defined in IEEE 802.21
o M. Shim, H. Kim, and S. Lee. "A fast handover mechanism
for IPv6 based WiBro system". IEEE International

Conference on Advanced Communication Technology,
February 2006.

Integrating layer 3 message into the layer 2 messages
Reducing the out-of-order problem
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Existing Handoff Results

Existing cross-layer (layer 2 + layer 3) Handoff
Approach

In IEEE 802.16e system

o Y.-W. Chen and F.-Y. Hsieh. "A Cross Layer Design for
Handoff in 802.16e Network with IPv6 Mobility". IEEE
Wireless Communications and Networking Conference.

Integrating some FMIPv6 messages into the layer 2 messages

Overlapping the layer 2 handoff time and the time of the tunnel
establishment

o J. Park, D.-H. Kwon, and Y.-J. Suh. "An Integrated Handover
Scheme for Fast Mobile IPv6 Over IEEE 802.16e Systems".
IEEE Vehicular Technology Conference 2006 Fall , pp. 1 - 5,
September 2006.

Solving the problems of the imprecise L2-trigger generation time

The L3 handoff is always Initiated at the network side.
N~ &2 %jtﬁ.?‘&_ ﬂn:ﬂ.I& 108
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Existing Handoff Results

Other layer 3 handoff approach

o Goal: pre-executing layer 3 handoff procedure to reduce handoff
latency and packet loss

o H.-C. Chao and C.-Y. Huang. "Micro-Mobility Mechanism for
Smooth Handoffs in an Integrated Ad-Hoc and Cellular IPv6

Network Under High-Speed Movement". IEEE Transactions on
Vehicular Technology, pp. 1576 - 1593, November 2003.

o Y.-S. Chen, W.-H. Hsiao, and K.-L. Chiu. "Cross-Layer Partner-
Based Fast Handoff Mechanism for IEEE 802.11 Wireless
Networks". IEEE Vehicular Technology Conference 2007 Fall ,

October 2007.

N~ Az %jtﬁ.?‘\._ ﬂnﬂI& 109

NIJL|.l nt o o



Motivation

HMIPv6 suffers a long latency for real-time service Iin
macro mobility

o DAD time for LCoA and RCoA occupies the the main time
of layer-3 handoff

Partial handoff procedure of layer-3 can be pre-
executed before the layer 2 handoff.
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‘ Outline

Introduction

Related Work

Basic Idea and System Architecture
Partner-Assisted HMIPv6 (P_HMIPV6)
Mathematical Analysis and Simulation Results
Conclusions
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|EEE 802.16e Handoff Procedure

Cell reselection

Handoff decision and initiation
Synchronization to target BS
Handoff ranging

Termination of MS context

C Az 28 (EATERRA
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‘ Cell Reselection

without association

B e

Scanning with association

WM

4MOR_NBR_ADV EMOB_NBR_ADV
MOB_SCN_REQ
MOB_SCN_REQ R
Ll
MOB SCN RSP
« MOB SCN_ RSP
B S SyReboUiZaUON. o e e el > R Synchorization ___ >
DCD,UCD, DL_MAP, UL _MAP
< < DCD, UCD, DL MAP, UL MAP
Associatign: Initial Ranging >
R R Synchorization_| ______ > RNG=RSP
d DCD,UCD, DL MAP, UL MAP
0 I Synchorization | ____________________ >
< DCD,UCD, DL _MAP, ULl MAP
Association: Initial Ranging
< RNG_RSP
. .
A% B (5 gs o7
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‘ Handoff Procedure

m Cell reselection

s Handoff decision and
Initiation

m Synchronization to target

BS

s Handoff ranging

WM

)

F Az En 8 EATRERR

NTPU, Department of Computer Science and Information Engineering

P MOB_NBR_ADV
Scanning to Neighbor BSs
MOB_MSHO KEQ
HO notification >
HO notification >
< HO notification-RSP
P HO notification-RSP
-
. MOB_BSHO_RSP
MOB HO IND
OB_HO >
SV Synchonization__________________ N
< DCD,UCD, DL _MAP, UL _MAP
Contention resolution
P RNG_RSP(success)
-
RNG REQ o
P RNG RSP
114



System Architecture
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Assumption and Definition

Assumption

o PSs have the functionality of the relay station (RS) defined in
IEEE 802.16] relay task group

o PS can directly connect to IP network through a base station (BS)
and can directly communicate with the MS.

Partner Station (PS):

o A neighbor MS of the MS, denoted as PS, where MS and PS are
located in different MAP domains.

o Main task of PS is to perform the pre-handoff procedure for the

MS before MS perform actual layer 2 handoff to a new MAP
domain.

= A2 %jtﬁ‘g‘h ﬂn:ﬂ.I& 116
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Challenges

Partner discovery

o Before the layer 2 handoff
decision

o Handoff decision by PSs

o With assistance of multiple
PSs

Pre-handoff procedure

o Process of multiple local
binding update messages
for the same MS in nMAP

C Az g (O ARTESR 0
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Basic ldea

Using the IEEE 802.16e scanning procedure in layer-2.

o Through the backbone network to get the neighbor BSs’ and
PSs’ channel information and some layer 3 handoff
parameters

o Finding the multiple appropriate PSs to initial the pre-
handoff procedure.
Using partner-assisted handoff mechanism in layer-3.

o Pre-handoff by partner station for LCoA and RCoA DAD
and binding with LCoA and RCoA.

N~ &2 %jtﬁ.?‘u ﬂn:ﬂ.I& 118
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Conditions to Become a PS

The MS is static.

The RSSI of the BS downlink to the MS must less than

RSSI, . to ensure that the MS is nearly in the boundary of
the neighbor BS's coverage.

The MS must perform neighbor BS scanning to ensure its
locality and to report the scanning result to its serving BS.

119
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‘ Becoming a PS

Backbone Network

Neighbor Information \
(BSy, PSy, PS;)

PS»(MS;)

/ Psa(Msa)

(s
_ADV ps (MS) ,,,,,,,,, \
N § o 2B R
BSZW

- Az L E
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Partner-Assisted Handoff
Mechanism

2/'@

(2R)
~ DAD for RCoA
(2 (2R
& E
PMAP /. Local BL/J// MAP
() 7,0 ()
(2% I S| (2R
0 (§-8 0
AR1 BS MS P5 BS AR2
() DAD for LCoA )
) )
BS BS
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‘ Outline
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Related Works

Basic Idea and System Architecture
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"
Partner-Assisted HMIPv6 (P HMIPv6)

Our key idea Is to get the assistance of the PS in new MAP
domain by combining layer 2 + layer 3 messages.

o Partner discovery

o P_HMIPVG

Successful case: The MS finds PSs in nMAP domain, and then
the MS switches to the nMAP domain.
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‘ Target BS Selection with
Assistance of PSs’ RSSI

N SIS R AR ST Rl AT SN
NTPU, Department of Computer SClence and Information Engineering
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Partner Discovery

Neighbor advertisement
(MAP address and AR’s prefix

information of neighbor PSs and BSs )

s

MAP domain 0

| re—

MAP domain 1

AR/BS,

MAP domain k
AR,/BS,

BS scanning

Partner discovery

G Azinrg ((CEATESSR
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2) i
_MOB_SCN_RSP
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Scanning
interval ”
forallBSs f | = Synchprization failgre __ __ _ -
—qata fraflic
(4) ‘ data traffic
PRI 1 Synchorization failace.. Lo o oo »
Scanning
interval bynchorization
e i e o e »
forall PSs DCD, UQD, DL MAP, UL_MAP
inAR, RNG_RHQ(pre-handoff fequest) Il L
RNG_RSP(pre-handoff rgsponse) A\ssociatipn procedure f-------
(5)
' Synchorizafion failure
e B s e ] e >
Scanning
interval P T o Bynchorization] - ool b M
forall PSs M DCD, U¢D, DL_MAP, UL_MAP
in AR, N RNG_REQ(pre-handofl fequest) 1
RNG_RSP(pre-handoff rgsponse) ]
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data traffic .
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Successful Scenario

&“E‘
-
pPMAP (& GW &) nMAP
AR, (& AR, ) AR;
Pre-handoff request
(with Old LCoA) vy P
¢ RERR |
;
BSo
(o)
BS;
T R
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 MOB NBR ADV

I

-

partner discovery

RNG_REQ(pre-handoff request)

Layer3

Layer2

"
Scanning

forall PSs
inAR

Biar |

& association — - >
P RNG_RSP(pre-handoff response)
|| DAD for LCoA| (2
Scanning with associagfon| ( 4 _ LBU
to Neighbor BS = LBU -
L/‘(OB MSHO REQ & 3 |DAD forRCoA|
MAP domain | MAFP domain k
MAP domain® Al AR, 5
— _ SN = | MOB BSHO RSP : < LBack
w B EE EE R LBack o
—— MOB_HQ IND
e Synchoijization
_______ G
DCD, UCD, DL_MAP, UL_MAP
{Fast_ra‘ifing_lE
with Pre-handoff response)
RNG [REQ ”
wnchorization RNG‘ RSP “
::\:\I I': :;III M, ill'.l —
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] BU >
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Successful Scenario

DAD for LCoA,
A)

\K
BS

DAD for LCoA, | X

0
MS

0
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Two local
binding update to
the same RCoA

B
Internet
HA
PMAP GW
ARy N




‘ Modified local binding update message

o Pflag

= This binding update message is sent by PS.
= The binding Is temporary.
= Tosupport multiple LCoA bind the same RCoA

o Old LCoA of the MS in mobility option
= Check multiple binding update message is sent for the same MS

Sequence #

A/H LIKIMP Reserved

Lifetime

Mobility options

2

F Az g re (@RISR
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‘ Successful case

Total handofflatency

Gl
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‘ Successful case

=

e

Layer3|Layer2

_MOB_NBR_ADV
-

partner discovery 1

RNG REQ(pre-|

iandoff request)

-
>

& association

RNG_RSP(pre-

andoff response)

A

Total handoff latency

- DAD for LCoA| (2
Scanning with association | ( 4 LBU
to Neighbor BSs LBU =
»
MOB_MSHO REQ 3 DAD for RCoA
] ] 5 LBack
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Successful Scenario
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‘ Successful case

Total handoff latency
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‘ Outline

= Mathematical analysis and simulation results
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Mathematical Analysis and

Simulation Results

HMIPv6, P HMIPv6, U P HMIPV6 case 2
Mathematical analysis

o Handoff latency

Simulation results

o Handoff latency

o Handoff packet loss
o Handoff jitter

A B F ey LW EATESR 136
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Mathematical Analysis (1)

« Network parameters

BW e Bandwidth of the wired backbones

BW imax Bandwidth of the wimax link

Lopired Latency of the wired link

L oimax Latency of the wireless link

St Average size of the control message

n Number of hops between the MS and the access router

tDointernct_viap | Average delay of that a packet travelling in the Internet

between AR and MAP.

tDnternet A | Average delay of that a packet travelling in the Internet

between AR and HA.

tDonternet.cn | Average delay of that a packet travelling in the Internet

between AR and CN.

to_paD Average delay of the DAD time
C Az 38 ERATRSR .
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Mathematical Analysis (2)

The tmovement_detection IS the time of the MS
detects the target AR’s subnet.

t-m.m:e-;rr:r..e-n.t_detechﬁo-n — tS{)E rcitation + t(l-d-'t?t?'PfiSt?'?Tl-Ef'f?.-t

Agctr ‘SFCIL.?‘
tqc- icitation — . L-u.: Tl - L-u.:
solicitat ( BV + L) + BV, + L)

- -
b ctr b ctr

ta, vertisement — — + L-u:. +n — + Lus
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Mathematical Analysis (3)

t gy IS the time of the PS or MS performs the local
binding update to the MAP, which includes the DAD
time of RCoA.

{DAD_LCoA = tDAD_RCoA = TD_DAD
tLBU = tvinding MAP + Chinding MAP_ack + tD_DAD
ﬁbz’ndz’-n..g__-"\,-f AP — ﬁbz’ndz’-n..g__-"\,-f AP _ack

—f Rl
b ctr ‘5 ctr

= (4 T L) +1( o

+ Lu:) + tD_z'-n..te-r-n..et_ﬂ-f AP
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Mathematical Analysis (4)

tBU HA = tbinding HA + Tbinding HA_ack

tbiﬂdz’n.g_H A — tbz’n.ding_H A_ack

etr

BW,,

:( ~ctr

L., "
B IiTuI * J[) N n(

+ Lu) + tD_mternet_HA

tBU_CN = tbinding.CN ~+ Cbinding_CN _ack

Chindin g CN — Lhindin g_-CN _ack

_ ( Sctr Sctr

Lu‘ 7 LU UD internet.CN
BV, + L) + 1 BV, + L) + tD internet CN



Mathematical Analysis (5)

tps be the time of PS performing the pre-handoff
procedure.

tps =tpAD LCoA + TLBU

=1DAD _LCoA T+ Cbinding M AP + Thinding M AP_ack + tD_DAD

’Scti" 9
(BI—L-;,, + L) + (BH

N~ A %jtﬁ.?‘\._ ﬂnﬂI&

NTPU, Department o o
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Mathematical Analysis (6)

CHMIPv6 = Ciayer2 + Tmovement_detection + TDAD_LCoA +ToBU +TBU_HA + TBU.ON

tlayer2+b ( +L)

+ L) + n(

B U wl B U
+2tD_z'n.ternet_flJAP + QtD_z'nternet_HA JV 2tD_z'nte:r‘net_CN + 2tD_JDAJD

tP_ HMIPv6 — tla.ye:r‘_Q + IL'la,g,ue;r"_B — t'm.mreme-n.t_detection. - tPS
— tla.ye:r‘_Q + tbindz’ng_H A tbz’-n.dz'n.g_CN

’*gc T *gc.r
— tayers + 4 | ( BI_{, -+ Lut) + 1 BI{ -+ L)

+2tD_7Lnternet_HA + QtD_jn_ternet_Cj\T
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Mathematical Analysis (7)

Ian, =tgmipres — TP HMIPWE

tmm:ement_detection + tDAD_LC’oA + IL'LBU

Scf:r‘
_ I L.
[(BHM + L) 4 ”(Bn + L)

+ 2tD_internet_f\JAP + QtD_DAD .

t[.r_P_H_.?\,fIPtrG — ifE.ufcug,rre-ir°_2 + tiayt“-r_:i — t-m.o-ue-m.ren.t_detrection — IED_JDAD

—fiaytr 2+8[(BH ) +Lu£)+n(BH +LLL)]

+QtD_m.ter-;rz.et_‘M AP + 2tD_z'nternet_H A + ZtD_zfn,ternet_C-’N + tD_DAD

ta, =tgmipve — tu_pP_HMIPWE

—] t?nO’E-‘E'??EETlf_dEtECﬁOH _|_ Iﬁd-’_j_DfLD
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Handoff Latency Comparison

I I Handover
. . . Latency
Hierarchical Mobile IPv6 I I ’ )
Layer 2 | Movement o Local Binding Update & | Binding Update to
Handover | Detection DAD for LCoA

——————

perform DAD for RCoA

HA & CN

- Time

Partner assisted hierarchical
Mobile IPv6 (successful case)

forwarding
Packets

S Local Binding Update & Layer 2 | Binding Update to
=  DADforLCoA perform DAD for RCoA | Handover | HA & CN
X K ¥ KX ¥ h- R S S —.
Partner assisted hierarchical
Mobile IPv6 (unsuccessful case2)
s Local Binding Update & Laver 2 S Binding Update to
— DAD for LCoA perform DAD for RCoA Handover DAD for LCoA LEU

o Time

forwarding
Packets

HA & CN

------h
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P HMIPv6 Network Scenario

Ns-2 2.29 + mobiwan 2.28 + NIST wimax module (802.16e)
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‘ Our Testbed environment
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Seqguence Number vs. Time

3000 T T T T T
P_HMIPV6
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« Network parameters

BW ired Bandwidth of the wired backbones

BW imax Bandwidth of the wimax link

Loired Latency of the wired link

L oimax Latency of the wireless link

St Average size of the control message

n Number of hops between the MS and the access router

tD_z'nter-net_ﬂ-j’AP

Average delay of that a packet travelling in the Internet

between AR and MAP.

tD_z'n-ternet_HA

Average delay of that a packet travelling in the Internet

between AR and HA.

tD_z'nternet_CN

Average delay of that a packet travelling in the Internet

between AR and CN.

tp_pap

Average delay of the DAD time

FAZEn28 EATRSRA
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'Handoff Latency vs. DAD time

'4{10[} T T T T T T T T T
—&— HMIFPvEG &
—=— P_HMIPvE __E--f
3500+ —=— U_P_HMIPvVE - g |
_--—"E--
-
_'_'___,_,_EI-—'___
. 3000F ____fE*'f _
[ -
3 [ e o
= e <
z 2500 _______43-""'___ _
[ = -
= B P |
:E 2000 e
I
0
=
1500 n
1000 n
. —ih = £ o — —h
50[} 1 1 1 1 1 1 1 1 1
1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000

LCoA DAD time (msec)

4{10[] T T T T T T T T T
—&— HMIPvE &
—&— P_HMIPVE —
e
ook =5 U_P_HMIPvE e |
_--'—"E--
-t
_,-'—"'-'_E-______
3000+ I -
) -
2 [
E
=, 25001 1
)
=
a
o
v 20001 1
o
= i o o : = £ 3 o —
L]
£
15001 1
10001 1
g — = i I —— —ih
EDD 1 1 1 1 1 1 1 1 1
1000 1100 1200 1300 1400 1500 1800 1700 1B0OO 1500 2000

RCoA DAD time (msec)

F Az i r8 ((EATESR

NTPU, Department of Computer SClence and Information Engineering

(

149



handoff latency (msec)

Handoff Latency vs. Distance to HA

and CN
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number of packet loss

Packet Loss vs. Distance to HA
and Packet Loss vs. RCoA DAD
Time
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handoff jitter (msec)

Handoff Jitter vs. Distance to HA
and Handoff Jitter vs. RCoA DAD

Time
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‘ Outline

m Introduction

m Related Work

m Basic Idea and System Architecture

m Partner-Assisted HMIPv6 (P_HMIPV6)

m Mathematical Analysis and Simulation Results
= Conclusions
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Conclusions

We propose

2

a handoff mechanism, cross-layer partner-

assisted handoff mechanism, for HMIPv6 in IEEE
802.16e system.

With the assistance of the PSs, the MS can confirm the
validation of the LCoA and RCoA before finishing the

layer 2 hanc

The P_HMI
latency and
802.16e.

= __". =,
CAzEnx2(HE
NTPU, Department of Computer SClence and Inf

off procedure.
Pv6 can substantially reduce the handoff

packet loss compared to HMIPv6 in IEEE
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Part IV: SmSCTP: SIP-based MSCTP
Scheme for Session Mobility over
WLAN/3G Heterogeneous Networks

IEEE WCNC 2007, 11-15 March 2007, Hong Kong.

4G U1 (WLAN-UMTS) fl1, 555F 11T SIP-based
MSCTPfTF‘EL?J/ SEREET (Bl e sl g A1) p
i [ fpa= %fﬁﬂ I'| 3 %[Jsession mobility over 4G networks
Iy
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Outline

Introduction

Related Work

aSIP re-INVITE Mechanism

aMobile SCTP Re-Configure Mechanism

SmSCTP Mechanism over Heterogeneous
Network

Performance Analysis
Conclusion
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Introduction

The fourth-generation network Is proposed a
heterogeneous network

o GPRS, UMTS, WLAN, HSDPA, and WIMAX

The handoff problem is became a important issue In
the heterogeneous network.

o Long delay time may makes the connection
unstable

Lots of signaling message may cause the system
overhead

Fleeting-Location-Collapse (FLC) problem

N~ A F e LB L EBHTERR 157
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 Fleeting-Location-Collapse (FLC) =7

Problem?

= Incoming message be forwarded to incurrent location
when the MN is handing off to new location.

o £ ocF
Sip. w g ﬂ\]\’i @Q%C
4 A CN 2
I’VL Ay, A\ L
CSC
ya
*

' INVITE

' - SIP: CN@CSCF.UMTS SIP/2.0

: . P>
NG N < Q
/ R 200 OK o

i SIP: CN@CSCF.UMTS SIP/2. % oyt
200 OK
Q ACK
o,
( . -, _Ugéﬂﬁ%%?gsw treaming —
NC B ZEFE ] ;9
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Contribution

By cross layer design, we can provide a stable, low
delay time and low signaling message cost model.

a2SmSCTP Is layer 4+layer 7

2 Uses new signaling message to control handoff
procedure

Our solution can also solve fleeting-location-collapse
(FLC) problem
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Two Traditional Approach-

SIP re-INVITE Scheme

2

In 3GPP TS 23.228 VV7.0.0, SIP has been selected
to be the main signaling protocol

In pure SIP environment
aThe re-INVITE scheme IS adopted to solve

session mobility
aSignal IP mode
aHas FLC problem

“WLAN N

Y

= Az fi‘jtﬁ.?‘h ﬂnﬂI&

U
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Two Traditional Approach- =

Mobile SCTP Re-Configure Mechanism

An alternative new transport layer protocol is proposed
by IETF standard transport protocol (RFC2960)

o Stream Control Transmission Protocol

Multihoming- allows each pairs end-point to set up a set of
connections that can be thought different interface.

Heartbeat message
Mobile SCTP
o Dynamic Address Reconfig
2 Also has FLC problem

& WLAN N

N~ A %jtﬁ.?‘h ﬂnﬂI&
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System Model

E Az r% (

NTPU, Department of Computer Sclence

Dual mode
UE
UE: User Equirement GGSN: Gateway GPRS support node
SGSN: Serving GPRS support node PDN: Packet Data Network
RNC: Radio Network Controller WAG: WLAN Access Gateway
PIDG: Packet Data Gateway CSCF: Call Session Control Function

RNS: Radio Network System CN: Correspondent Node
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SMSCTP Mechanism over Heterogeneous
Network

2 Cross layer design
Layer 7 SIP and layer 4 MSCTP
Concise handoff procedure

2 SMSCTP adopts active mode to quickly notify the
CN about the network status.

2 Two new signaling message
ANNEXIP

SWITCHSESION
0 Solving FLC problem

N~ A F e LB L EBHTERR 164
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Message Flow for SmSCTP

UMTS PDP Context

D —— RNS/ GGSN/ P-CSCF/ ]
um_i.:..dc SGSN DHCP S-CSCF (\‘\
, I
PL,.> W .
*0 SIP r¢-INVITE needs nine
> () .
> messages
Procedure ),3) )
i | MSCTP needs eleven
(a) messages
Dual mode / WLAN \
ANNEXIP
o
N : X SIP ANNEXIP &
: 3N _ SWITCHSESSION , —
N > ver==andil
e
i SIPANNEXIP &
Ty ¥ SWITCHSESSION =
(0]
SWITCHSESSION g
Dual mode UE
UE@UMTS.CSCF
- e _ = m
E AZFe LB (G EATLF - UMTS
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Signaling Message Cost

= SIP re-INVITE
Wsrp & nCMER* [5Cheq + 4Ces)

= MSCTP
Virsorp &= nCMR¥|[TCreg + Cres + 3costpy)

#SMSCIP, sorp = 2CMR+ (n+1) # (Creg + Cres)
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N]JL‘J|.l ent of Comput d Information Engin

166



Dual mode
MN

Delay Time Analysis

o n 7

- ‘ RN/ GGSN/
SGSN DHCP

| |
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5
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Delay time

= SIP re-INVITE

Df;fp ' ME (4211 -+ 4212 -+ 4213 + ST:;
+Dppp)

= MSCTP
Dysorp & nCMRAT, + 4T, + 4T}]

WSMSCEE corp = nCMRT, + 21 + 4T5)
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SMSCTP Testbed

= UMTS

o Chunghwa Telecom Co. in Taiwan
o 384kpbs

= WLAN
o WiFI
= UE
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Performance Analysis-
Signaling Cost (CMR=0.5)

CMR=0.5
E I I 1 I |
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- % SIP re=|NVITE
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‘Performance Analysis- 2
Signaling Cost (implementation results vs. Avg. CI\/IR)

Awg, CMR vs, Feal Implementation

5 | | ] ] | ] ] ] ]
+ resl MSCTP
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Performance Analysis-
Handoff Latency (CMR=0.5

CMR=0.5
E I T I I I
-4 SIP redNVITE
-3 MSCTP
= SmSCTP
1.5
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 Performance Analysis- R
Handoff Latency (lmplementatlon results vs. Avg. CMR)

Avg. CMR vs, Real implementation

2.5 T T T T T T T I I
+ real SIP redMNVITE
real MSCTP
real SmSCTP
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Conclusion

We introduce our cross layer scheme, SmSCTP,
over WLAN and 3G UMTS heterogeneous network.

By new signaling (SWITCHSESSION), our scheme
can solve FLC problem

In the mathematical analysis and implementation
result, we verify that our SmSCTP scheme offers a
low latency and signaling message cost
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All-IP Cross-Layer Mobility and Session Management;L 3 = 5
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Q&A

= Prof. Yuh-Shyan Chen
o My e-malil
= yschen@mail.ntpu.edu.tw

o URL:
= http://www.csie.ntpu.edu.tw/~yschen/
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