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SP Deployment 
Activities

• Several Market segments
IX, Transit Carriers, Regional ISP, Wireless/Mobile Operators

• SPs have to get an IPv6 prefix from their Regional 
Registry, e.g. ARIN

• Today, many trials but few commercial services
largely driven by customer demand

• Regional ISP focused on their specific markets
Japan is leading the worldwide commercial deployment

Target is Home Networking services (dial, DSL, Cable, Ethernet-
to-the-Home,…)

• Business model evolution to focus on end-point and 
associated services
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IPv6 Deployment Scenario for ISP

YesDual StackCore is IPv6 aware – Native IPCore

Yes6PE/6VPECore is IPv6 unaware – MPLS 

YesDual StackDedicated circuits – IPv4 – IPv6

YesDual StackNative IPv4-IPv6 services between 
aggregation and end-users

YesTunnels

Few customers, no native IPv6 
service form the PoP or Data link is 

not (yet) native IPv6 capable, ie: 
Cable Docsis

Access

Cisco 
IOS 

support
ScenarioEnvironment
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SP Core 
Infrastructure 
Deployment
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Dual Stack IPv4-IPv6 Infrastructure

• Early trials, e.g. 6Bone were initially deployed using IPv6 over
IPv4 tunnels.

• As IPv6 implementations mature,”  Dual Stack network”  is the 
normal evolution to deliver IPv6 services for native IP 
infrastructures

• Dual Stack may not necessarily apply to the entire 
infrastructure.  One may begin on network’s portion such as 
Access or Core

An alternative is to associate dedicated L2 circuits to each IP 
protocol, eg. Over ATM or FR PVC, dWDM Lambdas,…

• Network design requirements
Selection of a routing protocol, ie: OSPFv3 or IS-IS

Decision on topology alignment or not, eg. Configuring MT IS-IS

Instrumentation and Management

Services, i.e. Multicast, QoS,…
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Dual Stack IPv4-IPv6 Case Study

802.11 Hot-Spot

DualDual--Stack CoreStack Core

IPv6 Broadband UsersIPv6 Broadband Users

IPv6 IX

PeeringPeering

DSLDSL, Cable, Cable
FTTHFTTH

Aggregation

ISP’s

6to4 Relay
Courtesy Service

Enterprise
DualDual--Stack orStack or
Dedicated L2 circuitsDedicated L2 circuits

• IPv6 IX Peering

• IPv6 Transit services

• IPv6 enabled on Core Routers

• IPv6 services to Enterprise customers

• IPv6 services to Home Users

• Additional Services

6to4 relay courtesy service

IPv6 Multicast for streaming
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IPv6 over MPLS 
Deployment Scenarios

• Many ways to deliver IPv6 services to End Users
Most important is End to End IPv6 traffic forwarding 

• Many Service Providers have already deployed 
MPLS in their IPv4 backbone for various reasons

MPLS/VPN, MPLS/QoS, MPLS/TE, ATM + IP switching, L2 
services (AToM, EoMPLS)

• MPLS can be used to facilitate IPv6 integration

• Multiple approaches for IPv6 over MPLS:
IPv6 CE-to-CE IPv6 over IPv4 Tunnels

IPv6 over “ Circuit_over_MPLS”  

IPv6 Provider Edge Router (6PE) over MPLS

Native IPv6 MPLS
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Circuit_over_MPLS 
(eg. ATM VC, FR PVC, Ethernet,…)

IPv6 
routers

IPv6 
routers

P

P

P

P

“ Circuit”

IPv6 IPv6

IPv6

v6

v6

v6

v6
IPv6 IPv6

• No impact on existing IPv4 or MPLS Core (IPv6 unaware)
• Edge MPLS Routers need to support “ Circuit_over_MPLS”
• Mesh of “ Circuit_Over_MPLS”  PE-to-PE
• PE routers can also be regular IPv6 Routers (IPv6 over ATM, IPv6

over FR, IPv6 over Ethernet,…) to aggregate Customer’s IPv6 routers

IPv6 over “ Circuit_over_MPLS”

GSR

Cat6K

PE

PE
PE

PE

7200-NPE-G1
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IPv6 Provider Edge Router (6PE)

GE

GE GE

IPv6 Server

6PE router

Cisco 7600
Sup.720 as 6PE

Data Center IPv6 Network

MPLS/IPv4

MPLS Core
up to OC-192

GE

IPv4 Server

NAT-PT
Only IPv6 
segment

• MPLS/IPv4 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
• 6PE – a Cisco proposal

•<draft-ooms-v6ops-bgp-tunnel>, co-authored by Cisco

FTTH

MP-iBGP session
6PE router v6

v4/v6

v4

CE

POP
DSL

POP
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P

P

P

P

Native IP or 
MPLS 6PE 
networks?

MP-iBGP sessions

VPN B

VPN A

VPN B

VPN B

VPN A

V4 and v6 VPNVPN A

• Customer Connectivity Deployed on a Shared Infrastructure with 
the Same Policies as a Private Network

• VPN created for IPv4 get IPv6 services added
– same coverage 

• 6VPE is configured only when and where IPv6 service is required

<draft-ietf-l3vpn-bgp-ipv6>, co-authored by Cisco

Adding IPv6 to MPLS/VPN Services - 6VPE

V6 only

V6 only

V6 only

V4 and v6 VPN

V4 and v6 VPN
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IPv6 on Broadband 
Access

111111© 2003, Cisco Systems, Inc. All rights reserved.Presentation_ID

121212© 2004 Cisco Systems, Inc. All rights reserved.

IPv6 over Broadband Access

• IPv6 deployment solutions over 
Cable, Dial, DSL, Metro Ethernet, 
WiFi Hot Spots access

• Encapsulations
ATM RFC 1483 Routed or Bridged (RBE)

PPPoA, PPPoE

Tunnel (Cable)

• IPv6 prefix pools

• IPv6 AAA attributes
Cisco VSA

RFC 3162 

• Plug & Play

DHCPv6 Prefix Delegation for CPE

Stateless DHCPv6

Generic Prefix

ADSL

FTTH

IPv4 Servers
Radius, NMS,…

/48

/64

IPv4/v6 Servers
DNS, Web, E-mails, News,…Telecommuter

Residential
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IPv6 Address Allocation Guidelines

“ …recommends the assignment of /48 in the 
general case, /64 when it is known that one 
and only one subnet is needed…”

RFC3177 
IAB/IESG Recommendations on IPv6 Address Allocations to Sites

• Give Home/SOHO a permanent /64 – single link

• Give Home/SOHO a permanent /48

• Temporary assignment – short-lived /64 or /128 – available for 
services such as Dial
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IPv6 on Broadband Infrastructure 
Requirements

CPEPE
ISP

Host

ISP provisioning system

How do we get the configuration information and prefixes from the ISP 
provisioning system, to the PE, from the PE to the user CPE, and from 
the CPE to the end user hosts?
Routes for delegated prefixes/addresses also need to be injected into 
the ISP’s routing system.

??? ??????

PrefixPrefix DelegationDelegation
Assignment of variable length prefixes
Independent of end user topology 
Media independent
Additional Informations (DNS, NTP, SMTP, POP, etc)
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Large Scale Deployment Suggested solution

CPEPE
ISP

Host

ISP provisioning system

The PE can also send RA’s on the PE-CPE link, and the CPE can auto-
configure an “ uplink”  address. Prefix should be different from the prefix 
assigned to the user.

DHCP ND/DHCPAAA

(3) CPE sends 
DHCP solicit, 

with ORO = PD

(1) PE sends 
RADIUS request 
for the user

(2) RADIUS 
responds with 

user’s prefix(es)

(4) PE sends 
DHCP REPLY, 

with Prefix 
Delegation 

options

(5) CPE configures addresses 
from the prefix on its 

downstream interfaces, and 
sends an RA. O-bit is set to 

on.
(6) Host configures addresses based 
on the prefixes received in the RA. As 
the O-bit is on, it send a DHCP 
INFORMATION-REQUEST message, 
with an ORO = DNS

(7) CPE sends a DHCP REPLY 
containing request options. Note that 
the CPE is configured as a DHCP 
client upstream, and as a DHCP 
server downstream. The DHCP 
downstream server acts as a cache, 
and uses the options received on the 
upstream interface.
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IPv6 on a DataCenter
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IPv6 on a Campus – Data Center

Dual Stack 
Mainframe

IPv4 ServerNAT-PT

• L3 switches to connect Servers (up to 10GE)
•Including IPv6 Multicast support for streaming applications

• DNS Server(s) upgrade to support IPv6 (AAAA records & IPv6 Xport) 
•Cisco IOS NAT-PT : to enable IPv6 clients to access an IPv4 server that can’t 
be upgraded to dual stack – examples, DNS & FTP ALG

Dual Stack Server

Ethernet 10Mb/s to 
10GE connectivity

Internet
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IPv6 in Mobile 
Wirleess
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ApplicationsApplications
& Services*)& Services*)

3GPP/UMTS Example

Gf
Gi

Iu

GiMr

Ms

Gi

Gc

Gr

GGSN

EIR

MGCF

R-SGW

MRF

Mm

Mw

Mc

Cx

R Um

TE MT BSS/GRAN

Mh

CSCF

CSCF

Mg

T-SGW *)

HSS *)

SCP

CAP

Gi

R Uu
MGW

Gn

Signalling and Data Transfer Interface
Signalling Interface

TE MT UTRAN

T-SGW *)

HSS *)

GMSC server

*) those elements are duplicated for figure
layout purpose only, they belong to the same
logical element in the reference model

McMc

D

C

MGW
Nb

Nc

Iu 1

Iu

2

R-SGW *)

Mh

MSC server

SGSN

MS Circuit 
Switch 
Access 
Network

GPRS 
Access 
Network

IM Domain 

CS Domain 

PS Domain

Iu

A

CAP

CAP

Gb

IPv6 Mandated

MPLS offersMPLS offers
ATM + IP + IPv6ATM + IP + IPv6
switchingswitching

Alternative
Access
Network

MultimediaMultimedia
IP NetworksIP Networks

Legacy mobile Legacy mobile 
signaling signaling 
networknetwork

PSTN/PSTN/
Legacy/ExternalLegacy/External

ApplicationsApplications
& Services*)& Services*)
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3GPP2 Mobile Wireless IPv6 Framework

PSTN/PCS/
PLMN

Internet/
IPv4

HLR/
AUC

Server

R

AAA

Carrier’s
IPV4 Intranet

HA
PDSN2

BTS
BSC2/
PCF

IMT-2000

IMT-2000

BSC3/
PCFBTS

Abis

A3/A7

A3/A7

BSC1/
PCF

BTS

BTS Abis

Abis

Abis

3G-IOS
A1/A2

R-P I/F

R-P I/F

MSC/
VLR

ANSI-41

Data Link - PPP (IPv4 or IPv6 ) 

PDSN1

R-P I/F

IWF

L

AAA

Carrier’s
IPV6 Intranet

HA

NAT/PT

R

R

NAT/PT

R

IPv6 
Internet

IPv6

IPv6

IPv4

IPv4

ANTS ANC/
PCF

R-P I/F

1x EV-DO  MS

POA

AN-AAA

A12

• Reference from 3GPP2 TSG-P R.0005 IP Framework Document

Dual-mode handsets now available and tests 
underway!
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Moving IPv6 to Production …

Telecommuter

Residential

Dual Stack or MPLS & 6PEDual Stack or MPLS & 6PE

IPv6 over IPv4 tunnels or IPv6 over IPv4 tunnels or 
Dedicated data link layersDedicated data link layers

Cable

IPv6 over IPv4 TunnelsIPv6 over IPv4 Tunnels

IPv6 IX

IPv6 over IPv4 tunnels or IPv6 over IPv4 tunnels or 
Dedicated data link layersDedicated data link layers

DSLDSL,,
FTTHFTTH,,
DialDial

Aggregation

IPv6 over IPv4 tunnels IPv6 over IPv4 tunnels 
or Dual stackor Dual stack

ISP’s

6Bone

6to4 Relay

Dual StackDual Stack

ISATAPISATAP

Enterprise

Enterprise

WAN: 6to4, IPv6 WAN: 6to4, IPv6 
over IPv4, Dual Stackover IPv4, Dual Stack
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Questions?
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