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6-4 Mobile Ring Network for Large-Scale Mobile Internet

FHEEE ESNgE ~<»~AF ALVF #AERE £ OB
Fxonrsxy AR BEER AL il
INOUE Masugi, HASEGAWA Mikio, MAHMUD Khaled, RYOKI Nobuo,

PYO Chang Woo, TRAN Ha Nguyen, KUBO Takeshi, YOKOTA Hidetoshi,
IDOUE Akira, TAKEUCHI Kazunori, and YAMAMOTO Shu

A

ZE5

F—IV IPEECRBROENAIVZ Y T =V Tld, KEBHOLI—YHEETY 7 (3FKE100 5
BLE) THATREEFRBWENSMILS > 2—2 v PBERTIFAROONZ, Thbb. KEDKER
KEWRI[AREM & BERRDPITOBEZRUN BRI EI[ERNFF-—NIDPEETH
%, AFRTIE., mADMEBEEFEEL /N v MEX %1 S HIfH#EEE LMA (Localized Mobility Agent) %
PHEBLTIY > ITRICERT 27T I7F v+ E2REL. N7 v MaXAROERMEETE R EH
TFTAMNYRNZYy T =V &2RAWERERBREIT o, HROBEREORY 77 ERBEL T, 10
FHREOREERZNET 2%y N7V TREFRDPBMHELE LD EAEEZRAS LICL I,

Mobile networking technologies for use in metropolitan areas are needed to realize IP-based
new-generation mobile networks. For this purpose, provision of high scalability in the number of
mobile devices to be accommodated and the volume of traffic they receive and transmit as well
as low latency in switching connection from one access point to another while accommodating a
huge volume of traffic is of great importance. We proposed a new mobility management
architecture where multiple Localized Mobility Agents (LMA) are interconnected on a flat ring to
de-centralize location information of the visiting mobile nodes and packet forward processing.
Performance evaluations of the packet forwarding and outdoor experimental demonstration
using testbed network were carried out. The proposed Mobile Ring has an advantage in a large-
scale network that accommodates tens of thousands of mobile nodes against conventional
hierarchical network.
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Metro Mobile Ring

" Optical metro ring with LMAs

Interworking with outer 8 ¥

Millions of users in a
metropolitan area like Tokyo
can be accommodated.
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LMAs placed along roads, railroads,
J and highways.

Fast handover between LMAs
can be supported.



o
= _"-——-...______. Home Agent
: I (HA)

Node (CN) The Internet

,

Mobile Core Network

\

Mabile Node
(MN) C

ENAIWUYFDRI—T

2.3 RIRET;SEVS

AW % B3 5124725 Ty BN VY V7
PINETREINT Ly 7BOHEZZH572DKD
T ZAT- 72, FOEHOMEHI X B &, KD
HURCIX Hh o AT R OMEA L OGRS
10km UMD BXZF B0 HTATHLEI LD,
10 km PUJ52472 0 100 T3 5D EN A Wik % e
L7z 2001 AEONEHOBB AHIC X % L &¥ATE
OB EE 04 %HEEHRTHLI LMD, HE
T 1 %EME LT, BET AL LT, &
PO IBEIEZ b o2 e L7z 100 kbps &
R ML 55 2 A2 L7z 100 Mbps? 2 @ ) %%
Zho COEE, 10km Mj% H/N—F 5HENAL
W) Y THPNETRE P Ty 7mIE, WMEDOR
2 b5y 728100 kbps ® & &I2#EF 1 Gbps.
100 Mbps ® & & IZ#EF 1 Thps LM TE %5, ¥
FUNOKA BTF—F T TV r—varboey
I OHFEDEETH L, AR HIAL Y ALE—
K 1Gbps DENA VY ¥ ZHUETH 5,

A Mobile Core Network =\
1 Gbyps to 1 Ths agoregated traffic ==

= S
~~ 886...800. e
N N 5 B B one percent active

10 Km? 3,
. Matile Nbdﬂ//
- -
~—____ OneMilion Mobile Nodes S

EN EXAILU VS DORSE NSE y o DlEE

3 LEIVITBELDY

A ZBEEY) T4 2EBTHDICTEITTD
DT Tu—FHHPH N5 2],
FYANR—ZAT7TU—F | E¥ YT 4 I—Vx
YIMEHTET FLADPHA Y bT—2 RS %
W7 Y MEEETAZDICN VA NVERET
bo MUYANOIEFYFET T IV EHKR— |
LTWBHRY, Hfk ) — Fi3ehz &Rk 0%
A7\, Regional Registration 3] X* Hierarchical
MIPv6 H%%%%43 %,
FRAMN—=T 4 VI R=ZAT7Tu—F . <vAf 70
E¥VT 4Ry PTI—=FHNDOELY T4 -
Y MIMNASTy MRk 5720DREy S
ZEHL. MNHTORTry bz IhbDT—
VP TY)V—F5b, PUYANMITEDEF—IN—
ANy F>BWwds, §XTHJ — FHFHE—7ae b2
WaHKR— T EBEND S, Cellular IPM4] R
HAWAIB] A%%49 %,

FREE A BNEZ T SR 7 B AR B &
WTW DA, RFTIGBEE B 21T ) 720 IR 8
Wty b7 —7fl%x L > T ERDTDH
%o BEEIOT7 FTu—FI13K 4 \RT L H I,
PENOFEHEHH DM HTDH D . MN ORBEHV/N
KWHAICEHEA v — Y2 R/METE BF0
BHbo LaL. MN ONESFEROEDOBIN
Tid. /= FO R TH 513 ERENERE L R
FLELSTERSRv, T4bb, Kk LOREE
DNV—FZZDORTFITHLET HTXTDENL N
WMARDNV—T 4 ¥ TR B 5 LEDH 57
WDIT, V=T 4 Y TUHEARIEE Y, AFr—3F
Y T4 MK L08R H 5,

/Node A RFA‘I-\-
Node B: RFA1
Node C: RFA2 |
Node D: RFA2 )
= = GFA = _
( Node A: FA1 = Node C: FA3
Node B: FAZ o e 0 Node D: FA4
\"—H-\___\__ ' 1
RFA1 | RFA2
-~

| Fa1| | Fa2 | [Fas| | Fas
Q‘«_ f:;ae a) %}[dxue 8] Q{ [Nodec | qk fiuuda D]

Node A Node B Node C Node D

L1+ 30D H0EEUF 1R b
I~ O]

113

B H—J7 e NNT— I

=
=

SASrHEA N

QA

e

A=A

QU EE



L) FEHEE I ILEEISE

B4 TlE W EV—F BB T OEE 40 AD
BEWMEKON—T 4 ¥ 7 IGMEBEHT LI L 2R
LTWwa, FlEF Ly vOHTEREESHL.,
4n BHEOHTHREROF D SN T 2 HHE N
DI 2720 DMEEATI o T DI HME L
bho THIIHLTRELIATIEZ, 77 v M &
2y NI — k() Y IRIPPT TR T4 M
LU ICE Y V—F 4 ¥ 7IERZ L CER
THIET, AF—8 T4 2 L3ghrI L
BTED, M4ATHEZWE kA y by —27 Ll
RSN TOwL 7 — 7 = A TR S 3%
L7284 v FEZENA VY ¥ T NEANTEET 5
WMPDART, RFUHIZ Ve ZOMDINr b
LA SEE LMA Tld. B33 2 BEm K EK23%
LMA THiiE N5 70 (2 2 TIIBEm AR —
AT B EAE) s 2D LMA TR
nBATHEL. BB, EAXAL VY U FTIRIDT
Fy MEEEENL Ty P2 T4 Y AE—-F
THEE LMA ISR A 1CHR% T 5 2 E TR#AN Y F
F—=NHEBT L,

FREBIEIP LA Y20 RICL Tz, KIS
F=F ) Y IRBIIOWTER D, T—FY VI
TOXRA 7)) 74 FHOFIZX 5 IR
To AN YY) —Fa a4y
2 24 v FIEEBMICAEE R D, MACT R
L ADFEBREIC I ) MN HTOD 37y MIshsR
M7 A VE ) v rEhbd, ShIZKYF—1t
Y4 7 —FRELCEZ AV MZERSRTWS
MN BOBEBENEHREFFOLEN LR, LA
Y3 WXBMRT FO—F LD H Ay —FTNT
HHEINCHZS, LEALTFY =724 DB MN H
TOr v b RERET BYE21E MNO MAC 7
FLAZMEY L. Zh%E ARP 7— 7 VIR
BPUERDLH, L7zAo>T. ARP Y M) O
JHEE 7 2 7 MZERENTW5EfEH o MN
DB U THIMY %,

BADOEESR Yy bT—2 Tk, 7 FLAKRH
29 PT—ZDFRUIE—HTH L) IHEHL
NTWwb, 2O, Ay b7 —7 ZREEALIHE
3R R R E 473 - & S S e p S A I
ERY . WMABKMMLIZSEAEDAr =5
TALBOWTRELGARE o TEI2e —H. Ui
ERHBCBETA2ENL VA Y T =2 T,
WARDPFEOT FUANBAERE R L TwbH 4 v b

114 FREEM7REES®RV0.52 No.4 2006

[MG' [ Ma | 1Px | IPa |
[MR [ MG | IPx | IPa
|

ARP Re Request |
ARP Reques! |
P niic

“lGW—*— R
gt [MG[MG] [MR]——
L

7 IP packet [ =
i m | IPa Ma
i IPb | Mb
{1Pb.Mb] m ARP cache = =

Switched-LAN

LA P20/ 0EEUF 1Ry b

77— Dl

T—=2DT7 FLAKRRELT L L Twi
Vo Thwz., BEERO MR VIREER Y b
7 — 27 DY EARTHIFEAVNE L ioEY
V74—V Y FBZORT OFTRTOBH
KROMEBSEMEET LI L% 5,

4 ENANW)TOEADZXL

FROR VA Y 7 Z2fHHT 572012, KHIBL
BYAZBECY T4 R v bT—=21IBITAHL
WIEEH TR ZRE L6, A7 7 u—FTid.
S 2 UL S 2572012, K6 I1RTE)
BRIy bty VI—=0T7—=FF77F ¥ EHH
T 5. WP Y74y FT7—21F, MN 2D
HHI)THICAZE, —ElHZo) 7HT
BETLREORBL, AW TIEX baRYy ¥~
L) TREOBEZMET 5, MN OB 5§k
$tix Localized Mobility Agent (LMA) & WX 5
HHADEL)F4 -V ¥ MIBEENS,

rginal Packet
Privvicass TPe ) —| fast forward
MA,
T

-
| Copeod Packat
Buftter et
-~ B p—
i;;\sj destined iy | YES
— e f
| Binding Liat | s
b -
) I NO

Daolota

EINA VY VD DIER



LMA . Y ¥ 7 ECTE#EIC ST v Mk & AT
) BERE B OB Sk S 7z MN 23l ShTwab 7
XA Ry b=~y MR AR
oo, £72LMA &, ThHFIZEHRIN TS
MN O EBSREROAEZRFEFT S, ThdD
LMA O—23MEExy bI—2~\DF -7z
4 (GW) & LTEMEL. AR Y =22 5F
HLEMNHTONry b)Y TRy b T—2
JilN, 72202 MN 50 88% v b7 —2
ED =Dy FERIEER Y N T — 7 L
BT HMBELT) . 2y MY v 7 EE K
Rk SN, H5 LMA 2588 LMA 225787 v
FNEZETHE. TOry D EETH OB
LMA ~N§£3%3 % LIRS, Z0HTHET FL A
PEFHFINTENE I DERET 5. HTET
FLADPEBGE SN TOVAEAIZIE. MN 258k &
NTVWET7T7EA%Ry b7 =27 FRNDHE%ET
bo TRTONr v MIIEMI KT 5 X 9 IZHE
EHHI b,

BEnABE L TEHT S LMA 28l h
2HACd. RRTHBLZE STy b
V=T 4 YT ELELETIZ) T %y b
7= WEERMIZERINS 720, BEED
LMA 226287y b EZETHIENTE S, B
R A Y T —27 TIEr v Mk OZ HAL
BPLEL LD, ZOXHIC, Ay bT—
7 LWL THY FE =2 RmEICETTE HF)
Hbd s,

FROFHREIWREINS X HIZ. LMA L
GW 123 TH MN® MAC 7 FL A 2L Tw
TV, CHIZRPROELIHIIC, V¥ 7 kou—9
WAT—=varR, A7—=Ya /il 7)v v
ENBVE—D 72 FA TV MBHTEFAID
MACT7 FLRAZRELTEZLAY 20D ¥
39 MI—27 LORHENGETH L. AREHX
2L D, GW HTH MNO MAC 7 FL R %2 f#
WL72ZDOMACT7 FLAFRTEF vy Y2t
B BN . MN OIS 512> THFE
ERBRIMNVAY 7 ERBRBTAHIENREE 2
bo B, Lo =Fr X MlfFITNA. N1
VTFALYTYAPMIHLTINFFXYAMNT L
AR TELLHIWETH LTI, WD
AHZALTINFF v X MBEOYFR—-TFH
L%,

5 i

5.1 UYJLREBRDLLE

WMZE DB R Tld. LMA% Linux PC LiZY
7 b oo 7 FEE U CTHARRRE O BGE K VR 8 A
Fv bT—2 L ORI Z AT > 7261 7], Wi v
b= O ER 7 L 8ITRT . M—5effLd
5720, ENANY Y ZIE 4 (50 LMA, BEER
X 465D FATHKLEZ EXA V) V7D
LMA RUREREM Ay b7 —27® GFA, RFA,
FA O£ 1R BRMAY bU—2T
& HUT Dynamics[8] # £/ — FIZ9E L CTRE
74 Mobile TP ZHEE L 720

N |

forwarding
throughput

FES' FES'
@ access
throughput

(2) end-to-end latency
r )

1) =

ENAIVY VI DRIER

latency

IR s i |
[Fa1] [Fa2| [Fas]
Usm ©w ®w W
_________________________ —I—
(access)
throughput

HESIROBERR Y NT— 5 DRIER

FAl VI MY I PREVRT LOHHE

Components Specifications
CPU Intel Xeon 2.8GHz
Memory 1 GBytes
(O Linux 2.4.18
LMA <> LMA, GW 1000Base-SX
LMA €< Access NW 100Base"TX

115

B A7 HNT -

rHIBID \ =%

A=

QUESAEAHATO T 7 e N—IUA



T D) HttHREIN A EEEE

Frame Size = 1,500 Byte

Improvement

Throughput [Mbps]
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Specifications
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