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ransport Architecture Today-1

SONET/SDH “Digital” Layer

punk

WDM “Photonic” Layer

 To Optical Transport TteptAapBavel eva SONET/SDH
“digital” layer kot €va “photonic” layer ye WDM



Transport Architecture Today-2

Sub-A grooming & switching (STM-1, etc...)

Sub-A muxing & add/drop

<50ms protection

Path Monitoring (SONET/SDH overhead)

Xwpntuikotnta 10Gb/s ava urkog KOPOTOoC

o O O 0O O O

OTTTIKN HETAOOON METAEL “NAEKTPOVIKWV”
WDM “Photonic” Layer KOMBwWV

U

Low transport cost ($ per bit-km)

O Transparency for “wavelength” services
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TDM vs. WDM

= 40.000 channels
TDM MUX

160 (Gb/s 1s on the research level.
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! Number of channels:
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- o 2 - Lxample: 40 Gb/s at 1 Mb/s
i /

B bfe

1.000 channcls reported (difticult)
e.g. 5 GIlz channel separation.

Potential still unexplored.
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15t generation networks

Point-to-point WDM

(==

1 Increase point-to-point capacity

4 Single-hop. All traffic is terminated
at the receiving end

O Onward progress is decided either locally
via a centrally controlled mechanism




ITEKTOVIKI] TWV KOUBWV
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Signal Cleanup & PMs Protection

Digital Performance Monitoring « Optical layer protection
SONET/SDH and/or G.709 O/H * Dedicated or shared protection
Section, line, path BIP-8 | LY NI I Robust fault detection based on
BER monitoring from FEC E= digital PM data

Muxing & Grooming Add/Drop

Sub-lambda grooming

0% to 100% add/drop at any node
Sub-lambda muxing In-service re-configuration
OC-3/STM-1 to OC-192/STM-64 » Sub-lambda addidrop

GbE., 10GE, Fibre Channel Trib optics only for add/drop

‘Etol Ba €ival Kol 01O PHEAAOV?



Optical Bypassing

 Reconfigurable optical WDM layer with optical bypass
O/E/O minimized---capex/opex reduction
Switching for automated connection provisioning
SDH/SONET-like look and feel

1 Direct connections between routers

4 Framing remains from SDH/SONET
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The principle of operation is the same with SDH networks.

Rings are constructed with A/D filters
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Optical network elements
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Optical Line Terminal (OLT)

Transpondei
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)tical Line Amplifier (OLA)

Recetver




tical Add/Drop Multiplexer

Add/Drop



tical Add/Drop Multiplexer

Add/Drop



tical Add/Drop Multiplexer




Optical Add/Drop Multiplexer

Node B
Band 4

Band 2

rr}

Add/Drop




dtical Add/Drop Multiplexer

?Add/Drop

Q—IH = P




dtical Add/Drop Multiplexer




Generic OXC functionality

ok

NXN
OXC ( Jumpers
(static)
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Generic OXC functionality-2

/— Fiber Cross-connect (FXC)

r OEOQ, or
— NXN —

OXC = < > where oxc | = 7 Purely
_______ - . optical
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Optical Crossconnect
= — HHTH- - - \— (wavelength or waveband)



Various Bandwidth Granularities

Cables

Hbers

Wavelegnths
Bands

Wavelengths

L O U
Packets TimeSlots - r
oorrooooacacyY ) ) |




Granularity management

Higher I

granularity / ATM or IP
A One packet/cell at a time | p———
n Etherri_\
One SONET tributary at a time/é S
XC

¥
One SONET line-rate at a time \
-

One WDM lightpath at a time

per O v
One fiber at a time/ Node # 2

Node # 3 |———

v —|Node # 11— —
Higher - = OXC
speed , I

J
]
Electronic layers

Optical layers

e\‘,oordinated mknagem*nt s\/stem \




SONET/SDH

Synchronous Networking
Synchronous Digital Hierarchy



H lotopia tov SONET/SDH-1

d 1988- 'Eykpion TN¢ IIPOTOONC ATTO TIOYKOO I
Kolvotnta

— KabBopiopog tou BaoikoL pubuoL tov SDH ota
155.52 Mb/s

[ 1990 - Acitovpyia tovu Ttpwtov (Multi-vendor) SONET
OlKTUOL ota OC-1 and OC-3

d Three Phase process

— Phase I: Addressed issue of passing bits between
two equipment (1988)

— Phase |l: Addressed issue of multivendor
Interoperability (1990/91)

— Phase lll: Addressed issue of OAM&P (still ongoing)



otopia tou SONET/SDH-2

Billions of Dollars

148
128
108
At |
4% - . .
25 I .
0% - . . . .
1968 1990 1992 1824 1996 19886 2000
PDH v. SDH S S
B2 poH

(Source: Dataquest)

Kuplapxia tov SDH/SONET o€ didotnua Jlag OEKAETIOC



To SONET/SDH onuepa

d H SONET/SDH texvoAoyia oto 95% twv Service
Provider Ttaykoopia

O Multiple, global equipment makers

— Alcatel-Lucent, Siemens-Nokia, Cisco, Fujitsu,
Ericsson, Nortel, etc.

d YynAoi puBpoi
— STM-64 kuplapxei = 10 Gb/s.
— Ep@aviletal to STM-256 = 40 Gb/s



O1 1010TNTEC VOC dIKTLOL SONET/SDH



STM-N

AU-4 [¢=--4 VC-4

11x3

X3

AU-3 d=4 VC-3 (&

pointer processing

multiplexing
aligning
mapping

SONET specific options

ETSI specific options

X 4

C-4

TU-3 VC-S
C-3
TU-2 [#=4 VC-2 Cc-2
VC-12 Cc-12
. VC-11 C-11

SDH - Transparency

140 Mbit/s

45 Mbit/s
34 Mbit/s

6 Mbit/s

2 Mbit/s

1.5 Mbit/s

Encapsulation diagpopetikwv clients



SDH transport network

PSTNASDON ATM IF
1 The SDH layer model Ll b ¥
VC-4 layer

Multiplex section

Regenetalor section

Physical interface

POH
ATM
P

FLIH
ATM

Regenerator | Regenerator
section section
Multiplex section Multiplex section

 Path section designations




SDH - OA&M

270 bytes
1 9 10 11 14 270
1
5 Section AU
3 L
L
4 AU Pointer E
5 - STM-1 PAYLOAD 9 bytes
L
6 =
. Section H
Overhead
8
9
125 uS

d Performance monitoring,
d Bandwidth management
d Network management



H etuiwoipotnta tov SDH

0 10s of ms protection E—
0 Simple restoration
0 AVO ivecg (dual fiber ring) |




H etuiwoipotnta tov SDH
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* Traffic
Quicily Rerouted
"After Failure



)XITEKTOVIKEC V1A ETTIRIWCIUOTNTA

Network Survivability Architectures

Restoration Protection
Self-healing Re-Configurable Protection
Network Network Switching
Mesh Restoration  Linear Protection Ring Protection

Architectures Architectures Architectures




twork Availability & Survivability

ovopadetal n
EVOC OUOTHMOTOC VA EKTEAECEL TNV AEITOLPYIO TOV PE TO
OTTIAITOUEVO ETTITIEDO ATIOO0O0NC, OTIC OUYKEKPIUEVEC
OUVONKEC KAl TO OUYKEKPIUEVO TIEPIBAAAOV TTOU
OTTAITEITAL VO AEITOVPYNOEL. AnAadn

Reliability
Availability =
y Reliability + Recovery



OTIKOTTOINON TNG AlBECIUOTNTOC

Percent Availability N-Nines Downtime Time

Minutes/Year

99% 2-Nines 5,000 Min/Yr
99.9% 3-Nines 500 Min/Yr
99.99% 4-Nines 50 Min/Yr
99.999% 5-Nines 5 Min/Yr
99.9999% 6-Nines 5 Min/Yr




SDH - Synchronization

External Reference
Timing (Master Mode)

Timing for
outgoing 0C-n

Incoming OC-n provides
timing for intemal clock
and outgoing 0C-n

Customer Premises



AANEC ONUOVTIKEC IOIOTNTEC

d E&aipeTikn €TTid00N WC TIPOC TO jitter

d ArtAn diadikaoia oe Add/Drop Multiplexing
Digital Crossconnect (DCS)

1 Standardization



YOl avTtikataotaonc SONET/SDH

O Kuplapxio Twv 0ed0HEVWVY. ADO POPEC TIEPICOOTEPO
OTTO TNV OUVOAIKI] KUKAO@OPIO TNC PWVINC

O MeyaAog apiBuog arto dIa@OPETIKA oCLUOTHUATA VIa
Ola@OpPETIKA clients: ADM, DCS, Ethernet switch,
ATM switch, IP switch/router, DWDM transport
terminal

[ O1 Carriers gaxvouv Jiov artavinon ota Tio TTavow
TIPOBANUATO KPATWVTAC OUWCE TA BETIKA TOU
synchronous networking



SONET/SDH Limitations-1

4 With SDH DCS, the node has to process the aggregate
capacity. Apparently, every node has to cope with
both domestic AND transit traffic.

1 Despite the fact that the transmission cost is
going down, the cost of switching is very high
because SDH allows granularity down
eventually to 64Kb/s (more likely 45 Mb/s).
High speed electronics are used

 Engineered for voice, not data. SDH needed to provide
grooming for all possible clients i.e. to accommodate
dissimilar types of traffic. Planning and grooming
complexity. Delivery measured in weeks



SONET/SDH Limitations-2

JAKauTITO
0 Static not dynamic bandwidth
o Granularity — yiati 0x1 5.5 Gb/s ?

d Little interoperability at “control plane”(ettirtedo
EAEYXOUL)

0 O1 operators gival avaykaouevol va ayopalouv
QTTO Mia pipua
0 ATTOTPETIEL TNV dLVATOTNTA VA AyopACOoLV TA

KOAUTEPA UTTO-CUCTNMATA ATIO OIAPOPETIKEC
ETAIPIEC.



To peANov Tov SONET/SDH

Q Xpetadovtal HeYAAUTEPEC TAXVTNTEC OTIO TO LTTAPXOVTA
SONET ovotniuata

0 To STM-256 gppawviletal
Qd Kuplapxei oe MAN kot WAN

d Multi-Service Provisioning Platforms (MSPP)

o0 Ta MSPPs givat SONET/SDH ocuvotrjpata
TIPOCOPUOCHEVA VIO OEDOUEVA

o To combine various functionalities into one chassis
ADM and DCS + non-TDM functionality (IP + Layer 2
switching, DWDM). This is the “digital wrapper”
called NG-SONET. IP + SONET/SDH Integration
(RPR, GFP, VCAT). Data & SAN interfaces.



AANAGCel 0 TuTtoC ToL Networking



al IP Backbone (Late 1990’s)

AR Core Core A&
| e Router === Router ‘gl

Ul ATM T ATM [0
¢ ), Switch Switch  Eass
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| SONET/SDH
ADM

SONET/SDH

SONET/SDH
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DCS

SDH
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ADM —A—
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stm) COre Core A5y
w7 Router Router “glww

d Data packed over traditional voice/TDM transport



Why So Many Layers?

O Router a MUX
O Packet switching O Speed match router/ switch
O Mux and statistical gain interfaces to transmission
network

O Any-to-any connectivity

0O Restoration (several seconds)
a ATM/Frame switches

a forwarding

Q Traffic engineering

O Restoration (sub-second)

Q SONET/SDH
O TDM oriented
O Aggregation-grooming
O Standardized Transportation
O Restoration (50msec)

o DWDM
O Raw bandwidth
O Defer new construction

O Result
a Duplication of functionalities
a Multiple Network Management Systems
a Increased capital and operational costs



SDH - WDM duplication

d P-t-P Links

0 One SDH connection between Terminals

o Many fiber or WDM lightpaths between Terminals
d Rings

o SONET/SDH ADMs, vs. Bare fiber or WDM

0 equivalents (OADNS)
 Mesh, interconnected rings, etc.

o SONET/SDH DCSs

o Bare fiber or WDM OXCs



Network De-Layering

WDM / OTN
Pt to Pt WDM “-networking



End-End Data Delivery

Ethernet/WDM SONET/SDH Loop

(ains ‘esudisiu3 ‘aswoisn))
1Ul0d pu3 92IAISS
(gNs ‘esudiaau3 ‘aswoisn))
1UlI0d pu3 32INISS

Core networks: Ethernet (L2) + WDM (+ optical
technology in the switch)

Access Networks: NG SONET/SDH for PoS

Boundaries between packet and optical networks
are blurring...

Consistent interworking across optical and packet
layers

U OO0 O



Metro/Access AIKTUWV




Yesterday
1 Optical and IP separate

L NG SONET with L1
Ethernet

4 Manually intensive WDM

Summary

Tomorrow
d Ethernet into optical
J WDM into routers

d NG SONET with L2

Ethernet, SAN, RPR,
WDM

4 Plug and play,
reconfigurable WDM



