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Internet IP-Based
IP IPversion 4 ( |Pv4)
IP Internet
|Pv4 2005 2010 IPv4
I[ETF 1995 IP IPversion 6 ( IPv6) IPv6
128 |Pv4 IPv6
IP
IPv6

HiNet IPv6



|Pv6

91 11 3 91 11 16
91/11/3
o Introduction to IPv6 Technology and IPv6
91/11/4~ Cisco Transtion Methods
91/11/6 o Introduction to Cisco Gigabit Switch Router
Technology
o Introduction to IPv6 Technology and IPv6
9V/11/7~ Junioer Transtion Methods
91/11/8 P o Introduction to Juniper Network Router
Technology
91/11/11~ AT&T .
91/11/14 e Implementation of 1Pv6 Technology
91/11/15~
91/11/16




3. IPv6

311P
| P(Internet Protocol)
(ADSL) (Cable Modem) (Ethernet)
(3G) IP
(Always-on)
(Access-independent)  IP
IP IPversion 4 ( |Pv4)
IP
Internet
-32 IP
IPv4
(Internet Engineering Task Force |ETF)
(Ipng  Ngtrans) 1995 IPv6 (1P
\ersion 6) IPv6
3.111Pv4
Internet 1968 ARPANET ARPANET
IP ARPANET
IP 32 8
24 ARPANET IP
Classless InterDomain Routing CIDR Network

Address Trandation, NAT

(@) Classess InterDomain Routing CIDR
IP (Classical) CIDR
C(ClassC) B (Class B)
1,500 8



C 192.56.0.0 192.56.7.0 255.255.248.0
21 11 CIDR
B IPv4
(2 Network Address Trandlation NAT Internet
P (Private IP) Internet IP (Public IP)
NAT IP
Private IP Internet NAT
Public IP IP
I nternet A B
NAT NAT
NAT NAT Internet IP
NAT IP
IP FTP  WINS
3.121Pv4  IPv6
IPv6 |IETF IPv6 IPv4 IPv6
IPv4 IPv6 IPv6
(options) IPv4
IPv4
(1) IPv4
IP (IP Header)
IP IPv4
1
Ve (Version) P
o (IPHeader Length) 1P Header
20 bytes
o (Type of Service)
o5 (Total Length) IP (Header)
(Payload) byte
oo (Identification) Sequence Number
oo (Flag)
oo (Fragment Offset)
oo (Time to Live)



o (Protocol)

e (Header Checksum)
o (Source Adress) IP
o (Destination Address) IP
o (Option) IP
a5 (Padding) IP 32
(2) IPv6
IPv6 IPv4 1 IPv6
(Source Address)
(Destination Address) 16 IPv4
IPv6
(Traffic Class) (Flow Label) (Payload Length)
(Next Header)
(Hop Limit) IPv4  Time-to-Live
IPv6 (Source Address)
(Destination Address) 32 128
6 IPv4
oo (Header Length) IPv6
oo (Type of Service)
oo (Identification) IPv6 (end-to-end)
ot (Flags)
o (Fragment Offset)
oo (Header Checksum) (MediaAccess)
e (Length) IPv6 IPv4 IPv6
(Payload Length)
o (Protocol Type) (Next Header)
IP UDP TCP
(Extension Header)
Voo (TimeTo Live) (Hop Limit)

(Real Time)
7



ot (Traffic Class)
ot (Flow Label)
(Option)
IPv6 (Transport Layer)
PDU
ez Hop-by-Hop Hop-by-Hop
o (Destination Option Header)
Ve (Routing Header) IPv4
o (Fragment Header) IPv4
oo (Authentication Header)
o5 (Encapsulating Security Payload)
|Pv4 & 1Pv6 Header
IPv4 Header IPv6 Header
Version IHL = Typeof Service Total Length
Version Treffic Class Flow Label
I dentification Flags g’f-:’f“;etem
TimetoLive Protocol Header Checksum Payload Length Header Hop Limit
Source Address
Destination Address
Options Peclding Source Address
- - field’s name kept from IPv4 to IPv6 . .
- - fields not kept in IPv6 De§| nat| on Addl‘eSS
- - Name & position changed in IPv6
- - New field in IPv6
1 IPv4 IPV6
3.13I1Pv4 IPv6
IPv4 32 IPv4 8
10 IPv4 2




|Pv4 Address Format

IPv6
16

32 Bits R

Networ k

Host

« 8Bits —

« 8Bits> <« 8Bits - <« 8Bits —

108 . 122 . 204

IPv4

16

3FFE:3600:0000:2F00:02AA:00FF:FE31:5A9C

|Pv6

3FFE:3600:0:2F00:2AA:FF:FE31:5A9C

3FFE:3600::2F00:2AA:FF:FE31:5A9C

3.141Pv4  1PV6

|Pv4
C(ClassC)

Center NIC)
B (Class B)

|Pv6

A (ClassA) B (ClassB)

(Network Information
(Internet Service Provider 1SP)
C(ClassC) ISP



|Pv4 Address Classes

?Class A: N H H H
?Class B: N N H H
?Class C: N N N H

N = Network number assigned by NIC
H =Host number assigned by network administrator

3 IPv4
IPv6
Aggregatable Global Unicast Address 4 3
13 Top-Level Aggregator Identification (TLA ID) 13
SUb-TLA Identification (Sub-TLA ID) 16 Next-Level Aggregator
Identification (NLA ID) 16 Site-Level Aggregator Identification (SLA ID) 64
InterfaceID  TLA
Internet IANA NLA ISP TLA
SLA SLA Subscriber

ISP SLA SLA

1C



IPV6
(Multicast)
(1)

()

3

Global Address Structure

RFC 2460: being obsoleted

'3 1 13 18! 24 | 16 ! 64 bits
FP |TLAID NLA ID| SLAID Interface 1D
Reﬂlerved
New Format
137 13 | 13 |3 |16] 16 | 64
FP|TLA ID| Sub-TLA RES"NLA SLA Interface ID
Site

Public Topology

Jopol oy,

Interface |dentifier

48 16 64
FP = Format Prefix ( =001for globally aggregated unicast addresses)
TLA ID =Top-level aggregation identifier
NLA ID = Next-level aggregation identifier
SLA ID = Site-level aggregation identifier
4 1Pv6
(Unicast) (Anycast)
IPv6
IPv6

1




3.1.51Pv6

IPv6 128 IPv4 IPv6
IPv6
IPv6 IPv6
IPv6 IPv6
IPv6 (Fragmentation)
MTU
QoS IPv6 (Source Address) (Flow Label)

(Flow) RSVP
(Auto-configuration) |Pv6 (Dynamic Host Configuration
Protocol DHCPV6) Statel ess Auto-configuration IPv6
1)
|Pv4 32 2% 20

IPv6 128
2% 32bits 128 bits
IP PDA CD
IP
(2)
IPv4 IPv4
Internet
20
|Pv4 (IP Security  1PSec)
IPv6
IPv6 Next

Header Authentication Header ~ Encrypted Security Payload Header

VPN



3)

IPv6 Top Level Aggregator Identifier Next Level
Aggregator Identifier Site Level Aggregator Identifier IP
IPv6

anycast ( )
(4)
IPv6 Flow Label Multiple Protocol Label Switch (MPLS)

Flow Label
IP
IPv6 (Traffic Class) (Flow Label)
(5
IPv6
P IPv4 IPv4  1Pv6
(Neighbor Discovery) (Auto-configuration)
IP |Pv6 IP
IPv6 Next Header
(Auto-configuration) Stateful Auto-configuration

Statel ess Auto-configuration

a5 P
IP IP
|Pv4 Dynamic Host Configuration Protocol DHCP
IP DHCP IP
DHCP IP Gateway DNS

IP |Pv6 IPv4



Stateful Auto-configuration

IPv6
Stateless Auto-configuration 5
MAC
|EEE MAC 48 64
MAC 48 IPv6 |EEE
48 MAC 64 MAC
Neighbor Discovery
ID
Router Solicitation
Interface
ID IPv6 Internet
IP
Internet ISP ISP ISP
IP IP

Statel ess Auto-configuration

* Procedure

— Node starts by appending itsinterface ID (EUI-64) to the link-
local network prefix, fe80::/64

— Sends router solicitation

— Receives prefix from router advertisement

By i

Host IP S sl ¥

information [ egie == r= s=xmsmansvnmune cne e naa

n

outer Advertisemeftt via N

configured =
dynamically

5 |1Pv6 Stateless Auto-configuration

14



(6)

IPv4

|Pv4 IPv6 (Auto-configuration)
(Multi-Homing)
(7)
IPv6 |Pv4 IP 32 128
IPv6 IP
(Checksum)
IP
(8)
IPv4 IPv6 (Next Header)
(Next Header)
IPv6
IPv6
3.2 IPv6
IPv6
ISP 2001
IPv6
IPv6 IPv6 (EC IPv6 Task
Force) IPv6 IPv6
IPv6
2000 7 HiNet IPv6 TANet (NBEN)
IPv6
321
IPv6 IPv6
2000 IPv6 Council IPv6
2005 IPv4 IPv6 80
IPv6 NTT  Hitachi IPv6



ISP

NTT Communications  11J

IPv6
|Pv6-over-1Pv4 Tunnd NTT Communicetions  11J Native |Pv6
|Pv4-1Pv6 trand ator IPv4 IPv6
IPv6 ADSL WWW
DNS FTP TELNET NTT IPv6 Forum TV conference
Music Distribution with 1PSec 1999
KDDI Otemachi IPv6 NSPI X P6 |SPs
IPv6 I1X
322
|Pv6 (6Bone-KR)  KorealPv6 Forum
IPv6 6NGIX |Pv6 IPv6
ISP IPv6
2006 2010 IPv6 IPv4 2011
IPv6
1994 IPv6
IPv6 2001 IPv6
2000 ISP KRNIC ISP
2000 9 IPv6 2 13
ISP IPv6 LG
Hitachi Opicom i2Soft
IPv6
3.23
IPv6 China
Netcom China Telecom
IPv6 ISP
CERNET IPv6
IPv6 IPv6

1€



IPv6

IPv6
3.24
IPv6
IPv6
3.25
3G IPv6
Euro6l X ISP
[Pv
Native |Pv6
3.26
NICI
IPv6
IPv6
IPv6
20 ISP HiNet
IPv6
92 IPv6 94
95 IPv6 96 ISP
IPv6
IPv6
IPv6 10 TWNIC
ISP IPv6
Block 2001 238 /35) 2002 7
Service |IPv6 Tunne Service IPv6 TWIX Service
2001 288 /35) IPv6

|Pv6

IPv4
IPv6
6
IPv6
IPv6
IPv4  |Pv6
2000 2 APNIC
TANet IPv6
(IPv6 Address
IPv6 Native

TANet(IPv6 Address Block

IPv6 Router



1997 IPv6

IPv6 IPv6
6Bone 1999 2 6Bone (Backbone Site)
IPv6 Conformance Test IPv6
NBEN IPv6 IPv6
6Ren APAN IPv6 IPv6
IPv6 (TWNIC) IPv6 IPv6
TWNIC IPv6 IPv6
IPv6 Forum IPv6 IPv6
3.31Pv6
3.3.1 Cisco I Pv6
Cisco
IPv6 Cisco |IETFIPv6 Working Group ~ Ngtrans
Working Group ~ Co-chair 6-bone  Cisco Router Cisco
6bone 70 Cisco
IPv6 Forum Cisco CCO IPv6 WWW.Cisoc.com/ipv6
Cisco IOS EFT 500
Cisco 10S Early Adopter Deployment
Phase Production Backbone Deployment Phase Enhanced IPv6

Services Phase 6

1€



Cisco IOS Roadmap:
The Confluence of IPv4/IPv6

T Cisco.com

Cisco 10S

el aEse Market Target

osiomr  Early Adopter Deployment

Done

Cisco I0S

U ens Phase || Production Backbone

Free IPv6 oy Deployment

Phase IlI
H2 CY 2002 & later

Enhanced IPv6 Services

Presentation_ID ©2001, Cisco Systems, Inc. All rights reserved. 1

6 Cisco |OS Roadmap

Cisco Router RFC-2460 IPv6 Basic
Specifications ICMPVv6(RFC 2463) Neighbor Discovery(RFC 2461)  Stateless
Auto-configuration RIPng (RFC-2080) MP-BGP4 (RFC-2545 & RFC-2858) Configured &
Automatic Tunnels 6to 4 Tunnels (RFC 3056) GRE Tunnels [IPv6 over Ethernet  1Pv6 over
FDDI [Pv6 over PPP 1Pv6 over HDLC IPv6 over ATM PVC [Pv6 over Frame Relay PVC
Ping/Traceroute/Telnet/ TFTP/IDNS AAAA over IPV4/HTTP  Standard AccessList

IS ISfor IPv6 CEFv6/dCEFv6 Extended Access Control
List IPv6 over MPLS-6PE NAT-PT (RFC-2766) IPv6 MIBs CDP IPv6 Address Family on
Neighbor Static ND Cache Entry Link-local Adressfor BGP4+ Peering Broadband Access
DNSAAAA over IPv6 SSH over IPv6

OSPFV3(RFC-2740) Multi-Topology IS-IS  1Pv6 QoS  ISATAP
Multicast 1Psec DPT Encapsulation Netflow IPv6 Record Mobile IPv6 DHCPV6 Prefix
Delegation SNMP over IPv6

Cisoc IPv6 IPv6
IPv6 Cisco
End-to-end IPv6
IPv6 over
Ipv4Tunnel Dedicated Data Link Layers for native IPv6  1Pv6 over [pv4Tunnel
1¢



IPv6 over IPv4 Tunnd

-
o Core Router Configured Tunnel

oo Edge Router  IPv6 Configured Tunnel
ot MP-BGP4 Peering

%S |Pv6

e%5 6to4 IPv6

o IPv6 Relay Service

IPv6 over IPv4 Tunnels

T T Cisco.com

Several Tunnelling

mechanisms defined by IPv4 Header | IPv6 Header Data

IETF

Configured Tunnels,
Automatic Tunnels using
IPv4 compatible IPv6
Address, 6to4

Leverages 6Bone

experience

No impact on Core Trans

. port
infrastructure Y6 Heager Data

Either IPv4 or MPIP

Presentation_ID © 2001, Cisco Systems, Inc. All rights reserved 1

7 |IPv6 over IPv4 Tunnd

IPv6 over MPLS 6PE
8
£ |Pv6 Tunnels configured on CE (no impact on MPLYS)
% |Pv6 over Circuit_over MPLS (no impact on |Pv6)
% |Pv6 Provider Edge Router (6PE) over MPL'S (no impact on MPLS core)
e Native IPv6 MPLS (require full network upgrade)

2(



IPv6 Provider Edge Router (6PE) over MPLS

[ Cisco.com

= .2001:0420::

CE

| MP-BGP sessions |
IPv4-1Pv6 —
routers

T,

: e IPv4-1Pv6
2001:0621:: 6= . *Xé‘ P routers

....

192.76.10.0

*|Pv4 or MPLS Core Infrastructure is IPv6-unaware

* PEs are updated to support Dual Stack/6PE
* IPv6 reachability exchanged among 6PEs via iBGP (MP-BGP)
* IPv6 packets transported from 6PE to 6PE inside MPLS

Presentation_ID ©2001, Cisco Systems, Inc. All rights reserved.

8 |Pv6 over MPLS 6PE

Dual Stack Networks (IPv6 over MPLS or |Pv4-1Pv6 Dual Stack Router)
9
£ Access technologies may have |Pv4 dependencies, eg. Cable for network management
&5 Transparent |Pv4-1Pv6 access services
& Core may not go dual-stack before sometimes to avoid afull upgrade

Dual Stackg#Pv4-IPv6 Case Study

[T Cisco.com

Campus scenario

Upgrade all layer 3 devices
to allow IPv6 hosts

| deployment anywhere,
% similar to IPX/IP environment
3 ISP

\ % Access technologies may
_— have IPv4 dependencies, eg.
.’N/J Cable for network

/ management

Enterprise
Leased Line

ENT/SOHO
Residential
Dial, ADSL,

FTTH
Transparent IPv4-IPv6
* access services
‘ I Core may not go dual-stack
before sometimes to avoid a
SOHO full upgrade
Residential
Cable

Pual Stack Paths-/

Presentation_ID © 2001, Cisco Systems, Inc. All rights reserved.

9 Dud Stack IPv4-1Pv6
21



3.3.2 Juniper 1Pv6

Juniper Networks

Juniper Networks
JUNOS

IPv6

M

JUNOScript API

Juniper Networks

Juniper
%
%
Discovery
e
ot
ot

IPv6

|Pv6
|Pv6
IPv6
IPv6
IPv6
IPv6  1Pv4
IP
ASIC
|Pv6
|Pv6
IPv6
10

Global Link/Site local address

IS1S BGPv6 RIPng Static
Ping telnet
Configured Tunnel/Dua Stack

|Pv6 IP

Internet Processor I ASIC 5.5
Juniper Networks XML

IPv6
Juniper Networks M

Statel ess Auto-configuration  Neighbor



IPv6 Available Features

- @

« Available on all M-series and T -series platforms

| — | — —_— P__ | —
Addressing & Routing Operations &
‘ Forwarding Protocols Transition
= Forwarding ~ IS-1S = Common support
in hardware . ICMPv6
= Addressing & BGPVG ~ 1P applications
= Link, site, global = RIPNg ~ Ping, telnet, etc.
y esxfﬁgifr??iguration = Static = Transitiqn
: . = Configured tunnels
= Neighbor discovery Dl stack
FORUM
9/23/02; v2.2 Juniper Networks, Inc. Copyright © 2002 — Proprietary and Confidential 1

10 Juniper IPv6 Available Features

Juni per IPv6 IPv6
over MPLS IPv6 Multicast IPv6 Class-based Forwarding
IPv6 over MPLS |IPv6 over MPLS 1 MPLSVPN
Domain IPv6 Idand IPv4

IPv6 Static

IPv6 IPv6
IPv6 IPv4
IPv6 MPLS
IPv6 MPLS

-
28
Z

IPv6

IPv6

BGP
BGP

MPLS



IPv6 over MPLS @

= |ETF Draft as defined in draft-ietf-ngtrans-bgp-tunnel-04.txt
= Connecting IPv6 Islands across IPv4 Clouds with BGP
= Also known as “6PE”

« PEs run Dual Stack MP-BGP over IPv4
= PE and CE exchanges IPv6 routes
= MPLS LDP/RSVP LSPs are set up using IPv4

= Benefits
= Leverages existing MPLS infrastructure
= Requires IPv6 support only gn B

9/23/02; v2.2 Juniper Networks, Inc. Copyright © 2002 — Proprietary and Confidential

11 Juniper IPv6 over MPLS

IPv6 Multicast 1Pv6 Multicast 12 Multicast Listener Discovery (MLD)
Multicast IGMP
MLD ICMPVv6 Message Type IGMP Message Type
Muticast Group
IPv6 Multicast @
Forwarding, MLD, PIMv2-SM

« Multicast Listener Discovery

= Discovers multicast listeners on a directly
connected link

= Discover multicast addresses of interest
= Derived from IGMP v2

= Uses ICMPv6 message type instead of IGMP
message types

= PIMv2 (RFC 2362) addresses IPv6 routing
= Requires vendors to supportlPv6 addresses
= Not all PIMv2 implementations support IPv6
= Benefits

= Multicast applications over IPv6

9/23/02; v2.2 Juniper Networks, Inc. Copyright © 2002 — Proprietary and Confidential 1

12 Juniper IPv6 Multicast

24



IPv6 Class-based Forwarding 1Pv6 Class-based Forwarding
|Pv4 Class-based Forwarding
Flow Label

Traffic Class

13

IPv6 Policy-based Routing

= Value Proposition

=

= How it Works

s

¥t
¥t
s

« Benefits

=

e

9/23/02; v2.2

3.3.36WIND IPv6

Policy-based routing for IPv6

Map IP precedence to a queue
Map queue to a next hop
Next hop = IP address or interface

Load balancing works if multiple
next hops

Extra revenue stream
Support time sensitive applications

Juniper Networks, Inc. Copyright © 2002 — Proprietary and Confidential

13 Juniper IPv6 Class-based Forwarding

6WIND IPv6
IP xDSL
|Pv6
IP
|Pv6
IP  peer to peer 6WIND
(POP)
xDSL IPv6 6WINDEdge
(ATM  L2TP)
6WINDGate IPv6 (VPN Ipsec Qos P
IPv4/IPv6 ) 6WIND xDSL |Pv6
|Pv6 IPv4/IPv6 6WIND IPv6
2003
3.4 1Pv4/IPv6



IPv6 IPv4 IETF Internet
IPv4 IPv6 IPv6  IPv4
I nternet IPv6 IETF
IPv4  IPv6
(1)IPv4/IPv6 (Dual Stack)
2) IPv4 IPv6 (Tunnel)
(3) IPv4  IPv6 (Tranglation)
?
3.4.1 Dual Stack
IPv4  |IPv6 Dua Stack Dual Stack  1Pv4/IPv6
IP 14 IPv4/IPv6 IPv4
IPv6  Protocol Stack |Pv4 (IPv4-only) |Pv4 |Pv6
(IPv6-only) |Pv6
IPv4  IPv6
IPv4 IPv6 IPv4d  IPv6 P
IPv4 IPv6 Stacks IPv6  IPv4
Dual Stack
| “Old” Application | | “New” Application |
A A A A
\ 4 4 4 \ 4
[ ter | [Luop | [ter | [Luop |
A A A
\ 4 / \ 4 X [
[ ipva | | ipve | [ Lipva | [Lipve |
Frame
0x0800 0x86dd 0x0800 0x86dd 1= “Protocol ID
I Data Link (Ethernet) I I Data Link (Ethernet) I
» Dual stack node means:
— Both IPv4 and IPv6 stacks enabled and applications talk to both
— Choice of the IP version is based upon name lookup and
application preference
14 Dua Stack
3.4.2 Tunnd
IP IPv4 IPv6 IPv6

2€



IPv4 IPv4 Internet IPv6 IPv4
IP IPv4 IPv6
|Pv4 |Pv6 IPv4
|Pv4 IPv6
MTU |Pv6
IPv4
|Pv4 IPv6 |Pv4
IPv4
IPv6 |Pv4 IPv6 |Pv4
IPv4 |Pv4 |Pv6/IPv4
IPv4 Configured Tunnel
Automatic Tunnel
(1) Configured Tunnel
Configured Tunnel 15
IPv6

IPv6

Configured Tunnel
| IPv6 Headelrl IPv6 Datal | IPv6 IHeaderl IPv6 Datal
/_4 Dual-stack Dual-stack /
Router Pva Router
& =

IPv4: 192.168.30.1
IPv6: 3ffe:b00:c18:1::2

IPv4: 192.168.99.1
IPv6: 3ffe:b00:c18:1::3

Tunnel: IPv6 in IPv4 Packet

_ IPv6 Header | IPv6 Datal

» Configured tunnels require:
— Dual stack end points;
— Both IPv4 and IPv6 addresses configured at each end



15 Configured Tunnel

(2) Automatic Tunnel

(Automatical Tunnel) IPv4 IPv6
IPv4  1Pv6
IPv4  1Pv6 32
IPv4 Automated Tunnel
IPv6 IPv4
|Pv4/IPv6 IPv4
IPv6
IPv4 IPv4
IPv6 MTU
IPv4 IPv4 IPv6
Automatical Tunnel
£ |Pv4 Compatible Tunnel
£# 6 over 4 Tunne
£% 6104 Tunnd
&5 Intra-Site Automatic Tunnel Addressing Protocol (ISATAP)
IPv4 Compatible Tunnel
IPv4  1Pv6 IPv6 IPv6
IPv4 96 0
IPv4 IPv4 192.56.1.1

0:0:0:0:0:0:C038:101  IPv4 Compatible Tunnel 16

2€

|Pv6
IPv6
IPv6
|Pv4
32
IPv4  IPv6



IPv4 Compatible

Dual-stack
Router

S

IPv4: 192.168.99.1
IPv6: ::192.168.99.1

Dual-stack

/\/_\ﬂ Router

IPv4: 192.168.30.1
IPv6: ::192.168.30.1

* IPv4-compatible addressing is an

16

6 over 4 Tunnd

Site IPv6

IPv4

IPv4

easy way to auto-tunnel, but it:
— Doesn't scale;
— Is deprecated

IPv4 Compatible Tunnel

6 over 4 Tunnd

IPv6 Over IPv4 Tunneling

IPv6 packet

|Pv4 IPv6
|Pv6
17

IPv6

Extension
headers

Upper layer PDU

v

IPv4 (multicast)

IPv6

Extension
headers

Upper layer PDU

le

I

IPv4 packet

2¢

17 6 over 4 Address Format



6 over 4 Tunnd 18

oover4

Gover4 IPv4 6overs
Hogst I:I Router
\ IPv6 in IPv4 Tunnel &T IPv6

f— Network

Multicast
6over4 Interface

e bover4:
— Is an automatic tunnel method;

— Maps IPv6 multicast addresses
into IPv4 multicast addresses;

— |Pv4 becomes a “virtual Ethernet” for IPv6
— Needs an IPv4 Multicast-enabled network

18 6over 4 Tunnd

6to 4 Tunne
6to4 IPv4 IPv6 64 IPv6
IPv4 |Pv4 ( IPv6 IPv4 )
6to4 RFC 3056 6to4
IPv6 6to4 6to4 IPv4 IPv6
IPv6
OO1[TLA ID]:[NLA ID]:[SLA ID]:[Interface D]
001 6to4
20022WWXX:YYZZ::148 0x002 6to4 TLA ID WWXX:YYZZ
NLA ID IPv4 (wxy.z) 16 6to4
20022WWXX:YYZZ:[SLA ID]:[Interface ID]  6to 4 Tunnel
19
IPv6 IPv6 20022WWXX:YYZZ:[SLA ID]::/64

6to4 IPv6 64 6to4
3C



2002::/16 IPv6

6tod 6tod IPv6
6to4
Address Prefixfor 6tod
- 128 2|

S b e ® —*—15—*— 4 —

2002::148
r
2002 | |Pvd Address | SLA Interface |dentifier
« 16=2¢ 3Zhbits =24 1624« 84 bits =

O Site creates a 48 bit prefix using its gateway rouler’s public IPv4
address

¥ 2002AB:C.D:M48 for IPv4 address AB.C.D

19 6to4 Address Format

6to4 6to4 IPv4
IPv4 ( IPv6 NLA ID IPv4 ) IPv4
(6tod ) 6to4 IPv6
IPv6 6bone
ISP IPv6 6to 4 Tunnd 20

31



6to4 Tunnel

6to4 6to4
D Router ~ Router
IPv6 @ @ IPv6
twor etwor

192.168.99.1 192.168.30.1
/ \
\ 2002:c0a8:1e01::/48

T N >
= ~— 7

Network Prefix:
2002:c0a8:6301::/48

Network Prefix:

e 6t04:
— Is an automatic tunnel method;
— Gives a prefix to the attached IPv6 network

20 6to4 Tunnd

ISATAP (Intra-Site Automatic Tunnel Addressing Protocol)

ISATAP  Internet draft ISATAP
ISATAP ISATAP IPv4 |Pv6/IPv4
ISATAP :0:5EFE:w.X.y.Z 0:5EFE
Internet Assigned Numbers Authority (IANA) (00-00-5E) Organizationa

Unit Identifier (OUI) IPv4 (FE) W.XY.Z

IPv4 ISATAP Pv6

64 ( 6to4 )

IPv6 IPv4
ISATAP FE80::5EFE:w.x.y.z ISATAP FE80::/64
ISATAP IPv4
ISATAP |Pv4 IPv6/IPv4
IPv6 IPv6
ks ( )
% ISATAP ( )
6bone
6to4
ISATAP



6bone ( IPv4 10.40.1.29)

3000::/64 ISATAP 3000::5EFE:10.40.1.29
6bone 6tod |Pv4
6to4 6to4 6bone 6to4
2002:836B:1:5::/64 ( 131.107.0.1 SLAID5) ISATAP
2002:836B:1:5:0:5EFE:10.40.1.29 ISATAP 21
ISATAP
= Uses IPv4 compatible IPv6 address
= Format: ::5efe:W.X.Y.Z
= W.X.Y.Z = IPv4 address mapped to last 32 bits
= 5efe = IANA-reserved identifier
Example:
IPv4 address: 65.114.168.91
Global IPv6 prefix: | 2001:468:1100:1/64
Link-local address: fe80::5efe:65.114.168.91
Global IPv6 address:|2001:468:1100:1::5efe:65.114.168.91
21 |ISATAPAddress Format
3.4.3 Trandation
Trandation
IPv6 IPv4  1PV6
NAT-PT (Network Address Trandation Protocol Protocol Tranglation)
NAT-PT(Network Address Tranglation-Protocol Trandation) |Pv4-only
IPv6-only Tunnding
NAT-PT ( IPv4 IPv6 IPv6
IP ( TCP/UDPportno ICMPqueryid ) Header Checksum
IPv4  1Pv6
NAT-PT
IPv6-Only  IPv4-Only Site

38
i
<

IPv4)
Payload

|Pv4



|Pv6 NAT-PT Application
Layer IPv4  IPv6 DNS NAT-PT 22

NAT-PT

* |[Pv6 node communicates to |Pv4 node. IPv4 node
IPv6 node
NAT-PT 132.146.243.30
FEDC:BA9S::

7654:3210
Pool .dress

| FEDC:BA..« £120.130.26.10
m

IPv6 IPV6 & IPv4
header header
Src: FEPC:BA98:7654:3210 20.130.26
Des: [pr€fix]::132.146.243.30 1B2.146.243.30
Payload Payload
22 NAT-PT
35
351 |Pv6
I nternet Internet
ISP
IPv6
IPv4 IPv6
IPv6
Cisco Juniper
IPv6
|Pv4 IPv6

34



IPv6

IPv6
IPv6
IPv6
3.5.21Pv6
Cisco IPv4
IPv6
(1) IPv6
IPv4
(2 IPv6
)
IPv6
3 IPv6
— 6bone IPv6
IPv6
IPv4

|Pv6

IPv6

IPV6
(dual-stack)

IPv6

IPv6

(

IPv6
Mobile P

IPv6
IPv6
IPv6
NICI IPv6
IPv6 Cisco IPv6
IPv6
IPv6 (
IPv6
IPv4  IPV6)
IPv6
IPv6
IPv6

(QoS)



(1)

(2)

(1)

(2)

3)

(4)

IPv6 IPv6
|Pv6 IPv6 IPv6
IPv4 Cisoco 10
IPv6
IPv4 IPv6
|Pv4 (tunnel) IPv6 IPv4
IPv4 IPv6
IPv6 IPv4
Reay ATM (PVC)
(DWDM)
MPLS |Pv6 MPLS IPv4 |Pv6
MPLS (label)
(dual-stack) IPv6 IPvd  IPv6
IP IPv4
IPv4 IPv6 IPv6
IPv4 IPv6
IPv6 IPv4
IPv6 IPv4 IPv6
IPv6
IPv6 IPv6
IPv4  |Pv6 IPv6

3€

- 6bone

|Pv6

|Pv6

Frame

IP

NAT-PT
IPV6
IPv4

IPv4

IPv4



IPv6 IPv6
Cisco Nokia Ericsson Sony HP NEC NTT British Telecom
Matsushita Microsoft IPv6
IPv6
IPv6
IP IP NAT
NAT I nternet IPv6
IP IPv6 IPv4
Header IPv6
| P Address Auto-configuration IPv6 IP
Foreign Agent Auto-configuration Plug-and-Play
IP
Internet IPv4  32-bit
IPv4
IPv4 IP IP
NAT NAT IP
70% NAT NAT IPv4
IPv6
NAT NAT Always-on
Equally-Connected Peer-to-Peer NAT QoS \WolP
Real-Time Peer-to-Peer
Killer Application |Pv6
IPv4

Flow Control Mobility Support Improved Management Large Address Space

IPv6 IPv6 ISP
IPv4 IPv6
IPv6



|Pv4 |Pv6 (Killer Application) |Pv6

HiNet IPv6 NICI IPv6
IPV6 ISP IPv6
IPV6 IPv4  IPV6 (flag-day)
IPv4 IPv6 IPv4  IPV6
NAT-PT  IPV6 IPv4
IPV6
HiNet IPv6 IPV6

|Pv6

3€



