2007 F2FZHZUFSd 3 =24 Vol. 34, No. 1(D)

A0IE=Z0UAS IPveOl CHet A+

[m]

OHEI A, E

—/

rt
A
oo

e 2
4 ol
0

HH
F

ct OI%%&DI%)IE‘%‘

Al

OO

]

2HYSHARA 0]

[ [

{jsahn, spsont, hjlee04, mtkim}@etri.re.kr
A Study on IPv6 Deployment over WiBro

Jinsub Ahn, Juhang Sohn, Hyo Jun Lee, Mintaig Kim
Mobile Telecommunication Planning Team, ETRI

2 o
WiBro= IEEE 802.1601 Ols&dE FIIet A2 M &M IPv4BtE XI&ASt=0, IPvEE
2 F2 LU 4 = BWHSES U200 SN0 01201 €D A
I.

@2 XO0IEO0l Z=IHEHCY. TEHRASO

)
T2EZ2 HHAl JI20 THe oyl 2
219 HEIHAE 2IH=s0=2 Qlg HAFOl |p

(point—to—multipoint) o1& HEWQF /c\;cgt

. WiBro MAC2

AY/B AR S&H0| Dl ME0ICH &£& olfY ) 20| 48HIE MAC F=AE
= A0l OtLiet 16HIE CIDE Ar&ot)l HEZ0l IPv6E HEZE ZS IPv6 Address Auto-

Configuration, Neighbor Discovery, Duplicate Address Detection, Multicast

Discovery S0HA H&XO SH0| 2Jtsotth 0l 2 =22 WiBro2l IPveUlM MLD =2

EZ NSt RHNEE 2UHLE MEdtes &= MAIECH

1. M8 o] MAC/PHYE EUZ IP HS0H A2
Ol JFXl o Z2ot=0l ol =<2lotl)

WiBro(Mobile WiMax)E SWM&EatHE AKX HCIAMLE
OlSotE M =1H HAE 0188 = Us MHIAZ
gt=0l =M HE3E F=8 AU R4 AHY A4
2010 =& xH A2 8% 4o 1FHE, 0
SHs R4 HUEZ2 Y2 55 M AAZ2es
. SMet D2 QYIS ol2E

HZ0 et 2ot of Z2et=0l

ST WiBro2l IPve ES0AM JHE

ZX %S'ZOH Chst

16ng WG=2 IEEE 802.16 UESIA0 IPv6 HE /\I

09 Hn

=1, internet—draft 4210l CHst AIHEQ A
H 200749 122NHK HES 242 E EEE o
2 =MdEZ2 RAS

212 ds &t =
C o = - 2 PSSl sS4l 2 2HO0 jqEHIZP(Domt to multipoint)
U= 4—7*4 MefoletE ©&EO0l &= &ttt wiBroz 0l SElicte 01T 22X oty YEIWAED I}
JIE eI AMHIASl HES 22l MSH S C 1o
ol

sot2z 0l 20l 2= &=

HHI&OIEP. A% 120Km/hel D&0Is S0E
&£0| Jtsoty, E‘—.ﬂijf Mgt OIE‘:’/d O|E1

Do s
ME O ror T

o IP ZEIHAE/
E2EAE sH0l SJtsotH, 48HIE MAC
ArZet S4lS oKl ‘BJQEE IPv6ot &

STt SAES Link-local Unicast Address @ Global Uni-

WlBro HZE2 “IEEE 802.16e draft 127[1]E JIE2 = A o]
|

cast AddressE Ats A&EE £ Use

ot “2.3GHz &UICIHY EZ= - 22l HAS
HIEEHIOi HE"[2] 0] 20054 1280l 2= RULCH
IEEE 802.16 WG=2 2006¥ 12&=H JIE IEEE
802.16 & Jlgtol &2 2 J|X 2 ZHIY 4S5S4
S ®AotEAM ITU-ROIAM E2/Z IMT-Advanced2 Al = A of

NDP[5]2 RS(Router Solicitation),

EIHAE =42 M WiBro MAC HIS

RA(Router Adverti—
sement)E AFZECE RS2 RASI SHEX IP
ol A E“EIJH*EDP
NREX 2=0H IPv6 SAEJF network prefix® &

2 £ 9 20 SAEE= Link-local Unicast Add-

AH QIAANEE EAII|E= IEEE 802.16m[3] E=
A s &ME S0l RUCEH.

0|t HHBIH 2UUHA= IEEE 802.16m0ll ol
WiBro Evolution2 ETRINIAM 2008ENtAl &=
22 N8 =0|CH WiBro Evolution2 WiBro AlAE
MElg/DE&2e 1% 0ls 24w MulA HS0l It
otCt. JI&E WiBro 20+ & BtZ0l 31, 2 300 Km
o 1Nx0ls4 XA, 400Mbpsz d&E5%, TDD
FOD ZAal2 SAl M3 = U= NS 2 AIAEO0IC

WiBro 28 Jl=2 IHEZS 2S5°2=2= IETF
16ng WG[4]0] 2006 7=22E |EEE 802.162F WiBro

OICt.

I " o
v S © Jg i

J

CHet HE2 ZEE0 AKX AL

8= MAlStCE.

310

ress@t Global Unicast AddressE &8 & % gl

oleist WiBroOlAM 2l IPV6 ZHES0
“QAOIEZUAS IPv6 Jl="[6]01 &
IPv6 Address Auto—Configuration, Neighbor Discovery,
IPv6 Prefix model, Duplicate Address Detection =
2 ICMPvBI9]OI CHEt 2HSZ A MLDI10]

SIRAX G HEE

Ol0fl CHolt =2 E_E‘:’OH/\-IL WiBro2| IPv6OIlA MLD
SEZ Mo RHNESE HEHOE MEots

0% K



2007 AZHFEIFTHGEAE =EF Vol 34, No. 1(D)

2. AR
2.1. WiBro & 32Zx9o E&

WiBro= JI2&92 AW CHpoint-to—multipoint) ™
A EHds 2D QUL =, otUe ACROI = 2=

PSS=2 BIEAl ACRE HAM M2 S42 6HAH &M,

& HZU £8 02! PSSEUHAH SAlI0
HIOIHE BY &% QUCH M2td 22 ACRO ExE0f

=2 prefix® JHALD U= A=2
AE SAS & £ QU IEEE 802.16/WiBro E=2 of
stel3 HEIHAEDH Hlgtn AUI| =0l PSS>ACR
o AstzEld HEIHAEE= =2Jtsotlh. 12422 PSSOt
HET HEHAE W22 ACROl RLIHAE Aoz

XelolfOF StCt.
]
PSS

( >)W

X PSS

Service Provider
IP Network

8 1. WiBro2l point-to—multipoint &# =X

2.2. WiBro2 Convergence Sublayer

IEEE 802.161F WiBro2l Convergence Sublayerffl=
ATM, IPv4, IPvB, Ethernet CS S 115 &It QULH “20|
B2 M2 IPve Jl="[6]0A WiBro= &4 IPve CS
E Mol 2oz A6 LY.

Convergence Sublayer?l =2 Jls2 & 2% 20|
IP & TCP/UDP dliuiel ZEES= 0/256H0 Flow
Classification & CID(Connection ID)2l mapping 2= &
Ol Ct.

. UDP/IP “ . TCP/IP .
T ver [ HL [ TOS Length ver [HL | TOS Length
[ 3F [ 13Flag Offset D 3F [ 13Flag Offset T
H TTL [ PROTO HCS TTL [ PROTO HCS 5
Destination IP Address Destination IP Address
l Source IP Address Source IP Address i
é Source Port [ Destination Port Source Port [ Destination Port T
v Length | CheckSum Sequence Number
Acknowledgement Number a
) HL [reserved[UAPRISF]  Rev Win Size I
CheckSum | PrtUrgent Data
— [ PROTO |
| P2 | RN Destination IP Address 1]
Source iP Address
Source Port T Destination Port ' |
Packet Classifier
cpi1  cD2 CD3  CID4  ODS Packet Classifier

[ T ET r——

18 2. Packet Classification Example: TCP/IP &
UDP/IP

Jdeldd, JIX=3 &2 A0l fH22H0 A point-

311

to—multipoint E4AIS otH, ol 20| 48HIE MAC
FAE AIESt= A0l OtLiet 16HIE CIDE AE6H(d
PSS~RASS| RHFZ2ZUA S& HZ 22lE &S
8 32 WiBroOlA IPve CSE A2 [ PSS~ACR
22AUAN FHEE=E IPve D212 24 FEHE LIEFUHCE.

PSS 1

PSS 2

ACR

VA

PSS 3

5 j
9012345

Ethernet Header
(Source MAC, Destination
MAC)

—

0
01234567

112

3 4|5’ 6 7‘ 8

9 10

IPv6 Header

(Source IP, Destination IP)
IPv6 Header

RE H:
(Source IP, Destination IP) ¢ eader

IPv6 Header
(Source IP, Destination IP)

1 12

DATA Payload

10 CID MSB
11 CIDLSB
12 HCs

DATA Payload

18 3. WiBroOllAl IPv6 CS HEAI THA e SEH

2.3. WiBroOll M2l IPv6 & E

WiBro 2H0ilA IPv6 EE22 PSS, RAS(optional), ACR
S IPv4/IPv6 FEAEHOZ A 0|E oFH =CH RAS
= JI2&82ez L2 Jls2 M3ot= Bridge modeg &=
Aot2 2 IPve X3ot=0l BHZaoli0F & Jd2 QiCt. oret
RASOI 2tel/8d SHOZ |Pv4lt SESHHIH BHEA|
IPvez & dI0IE ollOF SHCF.

olgl 2.10lM o328 2dKHE WiBro 22 native
multicast X0l 8JIsollt. =2 2MEES WIiBrog
IPv6OIIM  Neighbor Discovery, Duplicate Address
Detection, Address Resolution § =2 ICMPveOl O &t
20104, “A0IEZ0U A2 IPv6 JI="0 H2AZN UCH

| ICMP || IGMP | [ICMPv6 || MLD |
N2 N7 N2 NG

IPv4 IPv6

ARP

8 4. IPv42t IPv62l Protocol Stack

otXlgt Ipve= 18 42 20| IPve, ICMPvE, MLDZ
“d& 0 MetA WiBroWlA ACRIF PSS2 IPveIt &
H4HMOZ SAHGHHH ICMPve #EB OtLlct MLD 22 &
S0 et A0 Fot2 2ot

2.4. WiBro2| IPv6 Link model

WiBro2l IPv6 Prefix Model2 LA Wet per—
PSS Prefix Modellt Shared Prefix Model2l & JHXl &
AOZ LHCEH,



2007 AZHFEIFTHGEAE =EF Vol 34, No. 1(D)

@ per—PSS Prefix Model

“Recommendations for IPv6 in Third Generation
Partnership Project (3GPP) Standards 3GPP”[11]0I A

Me ZAZESO Jbs4S FAANO2 HMIGHI ol
2t2to| PSS OHCH SEXQI IPv6 PrefixE® BT 2

A&l & A LSl ACRDF PSSEHOI IPv6 neighbor2
N E=TstCt 2= FASE2 Iisd2 JIE2Z Xt
Sol22 A Neighbor Discovery Z2EZ2 S&S 2tA

3t A2 = UL

IPv6 Subnet
PSS 1
|Pv6 Link based on Per-PSS Prefix Model
@ \ 'WS‘ GRE Tunnel
IPv6 Subnet Wireless Connection ACR
PSS 2
L2 m GRE Tunnel
= IPv6 Link based on Per-PSS Prefix Model
18 5. per—PSS Prefix Model
® Shared Prefix Model
Ol ¥ PueHel FATIAD HI=H MEL0l
otLt2l ACRIM Oded JHel RAS ¥ PSsz 24E&ECH M
ctM S8t IPv6 Prefix€ 22 30 A& =2
PSSOl 570t ArEote 28 0ICH.
IPv6 Subnet
i PSS
| |Pv6 Link based on Shared Prefix Model
@ [RAS | GRE Tunnel
Wireless Connection ACR

GRE Tunnel

RAS

IPv6 Link based on Shared Prefix Model

& 6. Shared Prefix Model

Shared Prefix Model2 per—PSS Prefix Modelt &2l
IPv6 Address Auto—configuration DFEOUA ODuplicate
Address Detection & Address ResolutionOl EtE= Al Z

ottt delld, s HEY WA Pssztel mHal2
BIEAl ACRE HAEM HEE=0, 0128 22 Hop
limitel 2¥4 8101 ZoH&l PSSO &L EI010F &Y.

2 Mg

3. WiBrollA2l MLD Z2&

010l 230l ™M&E MLD Z2&E22 IPv6Y JI2+4
LA0ICH otXISH &M WiBro2l IPve 2&2 =2 WE
2 WRE ICMPveOl thet AO0ICH [etd 2 =&2
WiBro0ll IPv6E HEE H2 MLD Z2E=2 X0
2 2ME=S metotl), 0 CHE cHZZets MAlISH

Ct.

312

3.1. 2EIHAE H& AIF/E=
PSSOt ZHEIHAE HMES AlZoEAHLE ZotdH
Multicast Listener2 A MLDOI &Aol= EXE WMat0
Ct. PSSE ZEIMAE HA AIEE M O 710 20|
Current State Report, A& Al State Change
Report& M &8HC.
(g)

=2 tos o
RAS

=

=

(=)

o 12

=2
[

N

PSS

&

ACR

|
Start Listening
(EXCLUDE)

Current State Report
(All MLDv2-Capable Rou

ers, FF02::16)

Cache update

Stop Listening
(INCLUDE)
State Change Report
(All MLDv2-Capable Roy

ters, FF02::16)

Cache update

O 7. HEIHAE MHIA AIE/ZEZ Al Multicast
Listener Report

=2
==

PSSo| ZEIHAE HIE A= 220 A HBO
. otXIBF ACRE2 21349l BE HE|INA
Multicast Listenerg2 =M S/RE Ut
QUCH [etA ACR2 a9 2 o
G)2t Source Specific Multicast[12]E
I8t (S,G) MY FEII ELEtE Authoritative

Multicast Address CacheE 2claollOF &tCt.
Je2l1, Authoritative Multicast Address Cachee=

ol

m 1o |m n

MLDOIA R=Fote JI280 Jls 2l FIEez 2
HEIHAE F=A2 Multicast Listener S22 |AlotL,

Multicast Listener Reportdl 2t Ol S UHIO0IE GIES
&tC,

Ole48t Authoritative Multicast Address Cache2| J&
Z sS&82 3.2~340M HAZE MLD General Query,
Multicast Address Specific Query, Multicast Address

and Source Specific QueryE &2&°2=2 Hclotd| <
&0l Ct.

3.2. General Query

HEIHAE 2tRBE = MEYUH M Multicast Listener2
Z=ME &olot)| foll FIIH2Z General QueryE &

ESICH, UBIROZ AlAT 2tREHS MLD General
Query Interval® J|22t2 60=x0]|Ct.

WiBroOllAd MLD General Query= Prefix ModelOil &t
280l ACROl HZ& ZE PSSHH SLIMHAEZR
General QueryS & &oll0F olE22 24AXAS HEE2H
o=z AIEZ6tAH &lCh £8F PSS2l Active/lnactive mode
Ol A220] M&5I22 PSSO =2Rs 2otE2 =2

(il = IO e

A

=
ferng
(=)

=



2007 AZHFEIFTHGEAE =EF Vol 34, No. 1(D)

StCH. olXI2 ACROl 3.10HAM oZ&t
Multicast Address CacheE S XI&tCHH
General Queryet 2 d&& Z It SiC

(©)
i

PSS RAS

Authoritative
ACR2l MLD

=1
C

&

ACR

(@ General
(Link-local all nodegs address, FF02::1)

@ Current §
(Al MLDv2-Capable|

Query

tate Report
Routers, FF02::16)

Cache look-up

18 8. MLD General Query2t Multicast Listener
Report

Xl Authoritative Multicast Address CacheE &9l

Ao Z General Query2t Current State ReportE
1&g %= UI| WHEO0ICt.

ot
CH

FIF

3.3. Multicast Address Specific Query

HEIMAE cIRHE LS
(G)OIl Al Multicast Listenerel ZME
Multicast Address Specific QueryE 25 49
EINAE ctRHEI HEIHAE FAE AXGH] &l
Multicast Address Specific QueryE & &8HCH WiBroOll
MLD Multicast Address Specific Query & = ZalJI0l
&AM CHSH 201 MLDOI CHE&t J12Ael olaliot &2 ol

Ct.

ST YEIHAE F4
S

SOIGH A & [
Mzsi(h BE o

=
e
b

7=

as
—

-MLDE YHE|IHAE =A(G)E Multicast Listener
Mo 9/2 22 &

-2 HEIHNAE F=A(G)0l CH8H Multicast Listener
S22 SXotAl ¢S
SubnetA Multicast address
e ) specific query
Q ) () o
\ N, N
\PSS ' ‘\‘ 1 7 A\
e AR/ 0 &)
/ RAS RAS PSS~
Subnet C
Subnet B

g 9. WiBroUlA MLD Multicast Address Specific
Query 8 &

313

(tetA WiBroOll MLDE QU2 =& [ Multicast
Address Specific QueryE 6liOF SO HEIIHAE =

A(G)0 230l A= PSSOHIAE QueryE MEdt= A
2 2282 EJtsothh.

[ —— [

ol XI8 ACRO| Authoritative Multicast Address Cache

E QXNSUH EF HEIHAE FAG)M HE PSSIH
Multicast Listener@l X & = U222 S &2l Query

M0l Jl=36tCt.
3.4. Multicast Address and Source Specific Query

MLD Multicast Address and Source Specific Query
= EF AAN HE HEIMAE =A(S,G)S Multicast

== T4

Listener =ME &0I5tJ| <ol ®SSHCE. 01 Query<l
DP“ Z SH2 Source—-Specific MulticastE Xl & 6tJ|

O

St 2101CH. 3.32] Multicast Address Specific Query 2t
?E*OI ACRO!| Authoritative Multicast Address Cache&

SX&CH Cachell &olez [HAE %= AUALB=F
Multicast Address and Source Specific Querye 22
olC}.
3.5. Querier Election

AEBY c2tREIF 201 0la /U2 ZER0= MLD
Querier Election &2 HAH QueryE EHYole 2tH

£ Hd=ollok stCh. ol X2 WiBro=
210l PSSOIA &ta & BHLE2l ACRE
Querier Election0ll ol LS 2=

= I

Preﬂx Model0fl &zt
FZMal22 MLD
AL

4. 28

&M WiBroe= IPv4E 0|20l Z2HeE 24HoIH4Y A
BIA Z=0IXI2t M=ol IPveItXl XI&& ol &0ICH
WiBroOllA IPv6 H& =ZH2 SHtE 22 E=2 WiBro
9| |Pv6é Convergence Sublayer& H&AGIH Aot
IPv6, ICMPv6, Neighbor Discovery, MLD S22 T 2&EZ2
b AS0l & OIR XA dt= AH0ICH X WiBro2l
/SQE OIaH JI= IPvB, ICMPv6, NDP, MLD &2
= A2 gayoz EJtsot)| ME0ICt.

=22 WiBro2el S =S

2| S

@]

-

I

0l ol 2 =22 SdZ
WiBro0ll MLD E2E2S H3IsS 20 O
=92 H2| & ofjZeet=s MAISHALCH
1 Z1 PSS~ACR F2IUIAM EEZR
Multicast Listener Report &M, 2
AE, PSSl battery saving S0l Jtso
PSSe| REZdst HEIHAE A AS
WiBroQ| HEIHAE & EOoHy
20| C.

=

S
[metd

o

n
st
=

WE O Mr r2 4

[=3]
=
2

—

Xl
(=]

o
ror

UE2E

[1] “IEEE 802.16e/D12, Draft IEEE standard for Local
and metropolitan area networks, Part 16 : Air
Interface for Fixed and Mobile Broadband
Wireless Access Systems”, October 2005

[2] “2.3GHz SU2HY & - 225 £ HHE2



2007 AZHFEIFTHGEAE =EF Vol 34, No. 1(D)

Mo HE", SI=2FESANII=83E, TTAS.KO-
06.0082/R1, 20054 12€

[3] IEEE 802.16 Task Group m (TGm),
http://www.ieee802.org/16/tgm/

[4] IP over |IEEE 802.16 Networks (16ng),
http://www.ietf.org/html.charters/16ng—
charter.html|

[5] T.Narten, E. Nordmark, W. Simpson, “Neighbor
Discovery for IP Version 6 (IPv6)”, RFC 2461,
December. 1998

[6] “QAOIEZU A IPve Jlz”, St=HEBEAI|I&E
3|, TTAS.KO-10.0210, 2006 12&

[7] R. Vida and L. Costa, “Multicast Listener
Discovery Version 2 (MLDv2) for IPv6”, RFC 3810,
June. 2004

[8] T. Narten, E. Nordmark, W. Simpson, “Neighbor
Discovery for IP Version 6 (IPv6)”, RFC 2461,
December. 1998

[9] A. Conta, S. Deering, “Internet Control Message
Protocol (ICMPv6) for the Internet Protocol
Version 6 (IPvB) Specification”, RFC 2463,
December. 1998

[10]R. Vida, L. Costa, “Multicast Listener Discovery
Version 2 (MLDv2) for IPv6”, RFC 3810, June.
2004

[11]M. Wasserman, “Recommendations for IPv6 in
Third Generation Partnership Project (3GPP)
Standards”, RFC 3314, September. 2002

[12]S. Bhattacharyya, “An Overview of Source-
Specific Multicast (SSM)”, RFC 3569, July. 2003

1

314





