©) NTT AP

FO=FNKT. RO R0 .
SEERE B B

2004.3. 9
NTT | (PIL)

E-mall : okamoto.satoru@Ilab.ntt.co.jp

©2004 NTT Network Innovation Laboratories Page 1



©) NTT A P

FO=FNKT. RO R0 .
R B B

2.
3. Peer vs. Overlay

4.

©2004 NTT Network Innovation Laboratories Page 2



) (ITU-T :

FO-FIAKET. RAOEE. )

TERE N W W

. Transport Network Is constructed with 3 planes.
— Data Plane

— Control Plane

— Management Plane

Control Plane

.

‘F’Q

PIL

Photonie Internet Lab,

’—\/\ CE
CE PE | M~
e UNI Data Plane T UNI e
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PE
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Management Plane

0

CE: Customer’s Equipment, PE: service Provider’s Equipment
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User-Network Interface (UNI):

operations between user and
service provider control
domains

. . Exterior Network-to-Network
SEVIEE PIOVICED [ Interface (E-NNI):
Admin Domain . . :
NN inter-control domain operation.
(@) multi-domain operation for

Provider A has divided network a single service provider

into multiple control domains \_)\ (b)  multi-domain operation
(e.g., vendor, geographic among different service
, : ) . providers

Service Provider A
Admin Domain

.....
o*

= ENING @) Interior Network-to-Network

*
*

Interface (I-NNI):

Provider B’s intra-control domain operation
network is a single
control domain

©2004 NTT Network Innovation Laboratories

Page 4



©) NTT o | A P
FO-KI KT, REOAEA, Standard|zat|0n BOC“ES and FOI’umS [ ]

TERE N W W

...... OPTICAL INTERVETWORRING - FORUM

ITU International Telecommunication Union
IETF Internet Engineering Task Force

OIF Optical Internetworking Forum

TMF TeleManagement Forum
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e |ITU-T (SG13, SG15)
— UNI, I-NNI, E-NNI(b) Requirements, Architecture (ASON)

o ITU-T

« IETF GMPLS, OIF OUNI, ATMF PNNI
 |[ETF (CCAMP, IPO)

— |-NNI (GMPLYS) UNI
— (RSVP-TE) (OSPF, 1S-1S)
(LMP)
e OIF
— UNI Requirements, Architecture
— UNI 1.0, UNI1.0R2 UNI 2.0 Intra-carrier E-NNI,
E-NNI(a)
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* Different focus
— |TU focuses on architecture
« ASON architecture
— |IETF focuses on building blocks
« GMPLS protocol specs.

— OIF focuses on applications and interoperability

« Implementation Agreements (IAs) and Interoperability Test
Events

¥ ( )
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o o e

Optical Internetworking Forum (OIF) [USA]
— http://www.oiforum.com/
— UNI, E-NNI(a)
« [ISOCORE [USA]
— http://www.isocore.com/
— |-NNI, UNI
« UNH [USA]
— http://www.iol.unh.edu/
— UNI, I-NNI
* Photonic Internet lab. (PIL) [JPN]
— http://www.pilab.org/

— I-NNI, (UNI)

 CRL WG [JPN]
— http://www2.crl.go.jp/jt/al30/bunkakai-gw/nw-gaiyo/gw-info.htm
— |-NNI, E-NNI(b)
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- o -m

e [UNIJOIF-2001 6 SuperComm2001

— 25 (Agilent, Alcatel, Avici, CIENA, CISCO, Corvis, Juniper, Lucent,
Nortel, Sycamore, Tellium )

[I-NNI] UNH (MPLS Forum) —2002 10 NGN2002

— 7 (Agilent, CISCO, DataConnection, Juniper, Netplane, NetTest,
Sycamore)

[E-NNI(a)/UNI] OIF — 2003 3 OFC2003

— 12 (Alcatel, Avici, CIENA, DataConnection, NEC, Netplane, Nortel,
Sycamore, Tellabs, Tellium )

[I-NNI] PIL —2002 12 /2003 10 /2004 1

— 6 (NEC, NTT, : )
* [I-NNI/UNI] ISOCORE/PIL — 2003 10 MPLSZOO4
— 12 (Avici, Cisco, , , Juniper, , Movaz, NEC,
NTT, Sycamore, Tellabs
 [I-NNI] CRL - 2003 9
— 8 (CRL, NEC, NTT, KDDI , : , )
NDA
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==« m Peer Model and Overlay Model [

|
e Peer Model

— Flat network
 |IP routers and photonic network systems fully peered
« from the view point of C-plane, all network equipments
are categorized with IP routers.

* Overlay Model

— Hierarchical network
 routers are clients of the photonic network

 Clients of the photonic network are not limited to IP
routers: e.g. SDH box, ATM box, ...

GMPLS protocols are commonly used
In Peer Model and Overlay Model.
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Packet-Switch Capable (PSC) : MPLS Router
Time-Division Multiplex Capable (TDM) : SDH (VC)-
XC

Lambda-Switch Capable (LSC) : OXC, PXC

— Include both single wavelength switch and multi-wavelength
(waveband) switch

Fiber-Switch Capable (FSC) : PXC

L2SC

— Defined. But not implemented.
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Same Control Protocol: i.e. GMPLS

«— |IP Network >

A
A

Photonic Network « |IP Network —»

A 4
4

| —

C-Plane <]GMPLS GMPLS| |GMPLS| |GMPLS| |GMPLS GMPLS| |GMPLS

]

GMPLS

 Only one C-plane

* In the C-plane network, IP network element

controllers and Photonic network controllers do not
have a client-server relationship.
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| IP network Control Protocol

/ Photonic network Control Protocm\)

y
A

«— |IP Network —»

«— IP Network > Photonic Network

A 4
4

|———— I E———

C-Plane <|GMPLS GMPLS GMPLS GMPLS
N o T~

Inter-layer signaling protocol
e.g. OIF UNI signaling

C-Plane (GMPLS| |GMPLS| |[GMPLS GMPLS

e Multi C-Planes.
* Photonic network control protocol can alter from IP
network control protocol.

— It is possible to adapt centralized management system.
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. GMPLS
. LSP edge

— Peer LSCregion edge =PSC/TDM
« PSC-LSC-LSC-LSC-LSC-PSC
« TDM - LSC -LSC —LSC - LSC - TDM

— Overlay LSCregion edge =LSC
e« LSC-LSC—-LSC-LSC-LSC
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Peer Model

7

(=

LSP

PIL

Photonie Internet Lab,

Legend:

SO0 m fiom a
Gigabit Eret

— -2

— -G
m Filer

Router acting
as an IP L5R

_l SOMET
switch/mix

Dptical

0 ED switch
Photonic
switch

LSP4

3" Fiber (FSC) LSP,4 » :

g A (LSC)LSPy ——

- Packet (PSC) LSPy -

Ayan Banerjee, et al., “Generalized Multiprotocol Label Switching: An Overview of Signaling Enhancements and

Recovery Techniques”
IEEE Communication Magazine, Vol. 39, No. 7, July 2001.
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—LSP Ingress EgQress Switching
Capability
. (SDH VC ) LSP
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 RFC
— RFC
. I-D
— AND (Mandatory) OR (Optional)
* Mandatory OR
— Ex. G-PID (PSC Ethertype (0x800) IANA 0-1500 )
. Option
— RFC
« RFC

Ex. RRO, PROTECTION

e RFC
— RFC +a
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« MPLS RSVP GMPLS RSVP

— MPLS RSVP
router alert option
o IP destination  egress
— GMPLS IP destination
* Router alert option
e MPLS GMPLS RSVP
e OSPF
— Multicast Address Hello
— P-MP
. neighbor
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e C-Plane IP

— LMP

 GRE IP over IP IPSec MPLS
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e« GMPLS C-Plane, D-Plane

— C-Plane IP
« C-Plane IF (IP )
— D-Plane ID (IP )
« D-Plane IF-ID (IP )

(IP )
e Numbered vs. Unnumbered
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|-
LEEE FURUKAWA B aum

‘ ELECTRIC ELECTRIC

IP/MPLS IP/MPLS
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- SDH/SONET, GhE OK
WDM
° OIF E-
NNI (a)
e GMPLS
— XC OXC
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Thank you !
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