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Evolution of DWDM systems
� Concept first published in 1970 with first system 
a v a ila ble in 1978  in the la b

� E v olution is ha ppening  in ma ny a rea s:
– s u p p o r t ed  t o p o l o g i es
– n u m b er  o f  t r a n s p o r t ed c ha n n el s
– s u p p o r t  f o r  n ew  c l i en t  c ha n n el  t y p es
– s p eed  o f  t r a n s p o r t ed c ha n n el s
– r ea c h o f  t he s y s t em  ( a m p l i f i c a t i o n ,  F E C )
– f u n c t i o n a l i t y  a n d  f l ex i b i l i t y
– m a n a g em en t  a n d  i n t eg r a t i o n  w i t h o t her  eq u i p m en t
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C isc o O N S  1 5 4 5 4  MS T P

Platform introduction and overview
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C isc o O N S  1 5 4 5 4  MS T P  
Fully reconfigurable, intelligent DWDM platform

• Carrier Class DWDM Transport
• Combines TDM, E t h er net , S A N  a nd  v id eo ser v ic es ( f u l l y  
int eg r a t ed  w it h  Cisc o O N S  1 5 4 5 4  MS P P )
• O r ig ina l l y  int r od u c ed  in 2 0 0 3  a s a d v a nc ed  met r op ol it a n DW DM 
p l a t f or m ( br oa d  ser v ic es r a ng e, 8 0 0  k m r ea c h )
• Th r ou g h  sev er a l  r el ea ses ev ol v es int o p l a t f or m c ov er ing  a l l  
r eq u ir ement s f or  ent er p r ise B C/ DR  sol u t ions, met r op ol it a n DW DM 
net w or k s a nd  L H  a p p l ic a t ions ( 2 3 0 0 k m in r el ea se 8 . 5 )

• F lex ib le optic al netw ork ing  platf orm
• Cost  ef f ec t iv e R ec onf ig u r a bl e O p t ic a l  A d d / Dr op  Mu l t ip l ex er s 
( R O A DM)  w it h  su p p or t  f or  op t ic a l  mesh
• F u l l  ba nd  Tu na bl e 1 0 G  L a ser s, mod u l a r  c l ient  int er f a c es
• Tig h t  int eg r a t ion w it h  I P  c or e r ou t er s ( I P oDW DM st r a t eg y )

• F u tu re proof  ex tensib le platf orm
• U p  t o 1 1 2  w a v el eng t h s a v a il a bl e f or  t h e p l a t f or m t od a y
• Q u a l if ied  f or  4 0 G  Tr a nsp or t
• F u r t h er  d ev el op ed  t o ex t end  t h e r ea c h  a nd  f u nc t iona l it y
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•Hungarian PT T  N at io nal  
b ac k b o ne

B ul garian T e l e c o m  ( B T C )
N at io nal  B ac k b o ne

O S E ( Gre e k  R ail w ay s )
N at io nal  B ac k b o ne

D at ac o m - U k rainian C h al l e nge r
N at io nal  B ac k b o ne

U C o m L ine - U k rainian C h al l e nge r
N at io nal  B ac k b o ne

• C z e c h  R e p ub l ic  ( N R E N )

• K PS I  – R e gio nal  
Go v e rnm e nt  Po l and

K ie v S t ar - M o b il e  S P
N at io nal  B ac k b o ne

U M C – M o b il e  S P
N at io nal  B ac k b o ne

• U k rT e l e c o m - U k rainian PT T
N at io nal  B ac k b o ne• E l e k t o  M arib o r

S l o v e nia

C isc o O N S  1 5 4 5 4  MS T P  
Examples of installations in Central and Eastern Europe

•Hans ap ank  E s t o nia

• S l o ane  Park  C z e c h  
R e p ub l ic

• S l o v ane t  S l o v ak ia • C o m B rid ge - R o m ania

• E ne rgo t e l  S l o v ak ia
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C isc o O N S  1 5 4 5 4  MS T P

S y s tem p erformance,  top olog ies  and s up p orted 
interfaces
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Terminal Terminal

R O A D M

40 Nodes
2 3 00k m  

M a x .  D i st a n c e 
w / o O E O

S i n g l e S p a n :  3 7 dB  m a x  w / O S C
44 dB  m a x  w / o O S C

R O A D M

R O A D M

R O A D M

R O A D M

R O A D M

Terminal P as s iv e O A D ML ine A mp lif ier TerminalA mp lif ied  R O A D M

P oi n t -t o-P oi n t  2 3 00 k m  w / o O E O

C isc o O N S  1 5 4 5 4  MS T P  r elea se 9 . 0 :
N etw ork  T opologies  ( ex amples  w / o R A MA N )

• R i n g  
• S i n g l e sp a n  p oi n t  t o p oi n t
• M u l t i  sp a n  p oi n t  t o p oi n t ( bu s)
• O p t i c a l  m esh - ma nu a l l y   p a t c h ed  
( O I C)  or  u sing  W X C ( O X C)
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S c a ling  numb er  of c h a nnels
5 0  G H z  ch annel s pacing in C -band , L -band

� C-b and
U p t o  8 0  c h s  a v a i l a b l e  i n  C-b a n d
Sa m e a m p l i f i e r  s e t  a s  f o r  4 0  c h a n n e l s
I m p r o v e d  u n r e g e n e r a t e d  r e a c h  
l e v e r a g i n g  o n  O P T -A M P -C

I n -Se r v i c e  u p g r a d e a b l e  c o n f i g u r a t i o n  f o r  
l o w  d a y -1 c o s t

I n t e r l e a v e r / d e i n t e r l e a v e r
� L-b and

A d d i t i o n a l  3 2  c h s  a v a i l a b l e  i n  L -b a n d
D i f f e r e n t  s e t  o f  a m p l i f i e r s
C/ L  s p l i t t e r  c o m b i n e r
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Cisco ONS 15454 MSTP
2 . 5 G b ps S erv ic e Cards

� S i m p l e  p l a n n i n g ,  s p a r i n g ,  a n d  o r d e r i n g  w i t h  m u l t i -r a t e ,  m u l t i p r o t o c o l  a n d  p l u g g a b l e  o p t i c s
� O p t i c a l ,  G . 7 0 9 a n d  p a y l o a d  m o n i t o r i n g
� F E C  s u p p o r t  a t  2 . 5 G b p s  t r a n s p o n d e r
� G . 7 0 9  s u p p o r t ,  t r u n k  l a s e r s  4 0 0 G H z  t u n a b l e  i n  1 0 0 G H z  g r i d  
� C l i e n t  1 + 1 ,  Y-c a b l e  a n d  s p l i t t e r  p r o t e c t i o n

S O N E T/ S DH

2. 5 G M ul t i-R at e  T rans p o nd e r

8 x E S C O N
2x Gigab it  E t h e rne t 2x 1G F C / F I C O N

1x 2G F C / F I C O N

2. 5 G D at aM ux p o nd e r

O C -3/ S T M -1
O C -12/ S T M -4
O C -48 / S T M -16

E T R / C L O
1G F C / F I C O N
2G F C / F I C O N

1x Gigab it  E t h e rne t
S D I
D V 6 0 0 0
HD T V

E th ernet S A N V id eo
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10 Gb  E nh anc e d  T rans p o nd e r

4x S T M 16  → O T U -2

� A l l  1 0 G  a p p l i c a t i o n s  c o v e r e d  b y  1  t r a n s p o n d e r ,  
� A g g r e g a t i o n  c a r d s  r e d u c e  t h e  c o s t  o f  s e r v i c e  d e l i v e r y
� F u l l  C -b a n d  o r  L -b a n d  t u n a b i l i t y  - 8 0 c h a n n e l s  @  5 0 G H z  s p a c i n g  ( except crossponders)
� F E C  a n d  E F E C  s u p p o r t  ( G . 9 7 5 ,  G . 9 7 5 . 1 ) ,  G . 7 0 9  s u p p o r t  
� O p t i c a l ,  G . 7 0 9 a n d  p a y l o a d  m o n i t o r i n g ,  C l i e n t  1 + 1 , Y-c a b l e  p r o t e c t i o n  a n d  ' s p l i t t e r '  ( X P )

S T M -6 4 10 GE L A N  and  W A N  PHY

8 x GE

10 G F C
4x 2. 5 G M ux p o nd e r

8 x  1G F C / F I C O N / I S C -1
4x  2G F C / F I C O N / I S C -3
2x  4G F C / F I C O N

10 Gb  D at a M ux p o nd e r

S O N E T/ S DH / O TN E th ernet S A N

C is co O N S  1 5 4 5 4  M S T P
1 0 G bps  S erv ice C ard s

GE / 10 GE  C ro s s p o nd e rs
GE / 10 GE

S T M -6 4,  O T U -2 c l ie nt 10 GE L A N  and  W A N  PHY 10 G F C
O T U -2 C ro s s p o nd e r

M S PP o n t h e  B l ad e
S T M  1/ 4/ 16  and  GE
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� BENEFIT: High flexibility in system deployment, most of applications 
cov er ed

� BENEFIT: Br oad r ange of potential ser v ice offer ings
� BENEFIT: 4 0 G bps su ppor t allow s for  fu r ther  bandw idth scaling

Cisco ONS 15454 MSTP
W ide rang e of telc o and enterprise c lient interfac es

T DM/ O T N
•STM-1
•STM-4
•STM-16
•STM-6 4
•O TU -2
•STM-25 6
•E 1,  E 3  ( MSP P  
i n t e g r a t i o n )

S torage
•1G  F C / F I C O N
•2G  F C / F I C O N
•4G  F C / F I C O N
•10 G  F C
•E SC O N
•I SC  1
•I SC  3
•Sy s p l e x  C L O
•Sy s p l e x  E TR

Data
•F E
•G E
•10 G E  L A N  P H Y
•10 G E  W A N  P H Y

V id eo
•D V -6 0 0 0
•H D TV
•SD I
•D 1 v i d e o
•D V B  A SI

2 R
•A n y  r a t e  f r o m  
10 0  Mb p s  t o  
2. 5  G b p s
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S F P

10/100/1000BaseT for GE XponderM et al i c  c l i ent  S F P

1000BaseL X,  S D H  S R /I R  c l i ent s,  F C  S M F  c l i ent sGrey  opt i c s 13 10 nm  S F P
1000BaseS X,  M M F  F C  c l i ent sGrey  opt i c s 8 5 0 nm  S F P

GE,  1/2G F C ,  S TM -16  C W D M  c l i ent  opt i c s

Ex am pl eTy pe/c at eg ory

GE/10GE,  1/2/10G F C ,  S TM -16 /6 4 ,  O TU -2

10GBaseER /EW /Z R ,   S TM -6 4  L R
10GBaseL R ,  10G F C ,  S TM -6 4
1000BaseZ X,  S D H  L R  c l i ent s

D W D M  c l i ent  opt i c s

Grey  opt i c s 15 5 0 nm  XF P
Grey  opt i c s 13 10 nm  XF P
Grey  opt i c s 15 5 0 nm  S F P

P lug g a b le c lient inter fa c es
I ntegrating flex ible core w ith  cos t effectiv e ed ge

� BENEFIT: Lower opex through common sparing with other Cisco products
� BENEFIT: P er port reach and rate sel ection
� BENEFIT: Tight integration of  CW D M  and D W D M  f rom network  perimeter
� BENEFIT: H igh transponder reusab il ity  f or dif f erent serv ices

X F P
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40Gbps transport
Wh at is  th e mark et d emand ?

N ew  m o d u l a t i o n  f o r m a t s  a r e n eed ed !

Compatibility with e x is tin g  1 0 G s ys te ms .
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P a r a m e t e r 1 0 G  
N R Z

O D B
C R S
G e n 1

D P S K
C R S
G e n 2

M C
D W D M
O D B

M C
D W D M
D Q P S K

P M -
Q P S K

R e q u i r e d  O S NR  B 2 B  ( d B ) 5 1 3 7 . 5 1 1 7 . 5 4
R e a c h  ( k m ) > 2 000 < 500 > 1 000 < 1 000 > 1 000 > 2 000
50 G H z  C o m p a t i b l e Y Y Y N Y Y
C h r o m a t i c  D i s p e r s i o n  
R o b u s t n e s s  w i t h  1  /  2  d B  o f  
O S NR  m a r g i n  ( + / -p s / n m )

500/ 8 00 1 00/ 1 50 7 00
( w i t h  T D C )

2 000/ 3 00
0

500/ 8 00 2 0, 000

P M D  R o b u s t n e s s  w i t h  1  /  2  
d B  o f  O S NR  m a r g i n  ( p s )

1 0 /  1 4 2  /  2 . 8 2 . 5 /  3 . 5 /
8 *

1 0 /  1 4 1 0 /  1 4 2 0

C o m p l e x i t y L O W L O W M E D I U M L O W M E D I U M H I G H

* G +  D P S K  c a n  g et  t o  8  p s  P M D  a d d i n g  P M D C  a n d  w i t h 2 . 5  d B  o f  
O S N R  m a r g i n  ( P M D C  ha s  l i m i t ed  d y n a m i c  r ea c h)

40Gbps transport
T ech nology options
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� D u o b i n a r y  i s  a  t hr ee l ev el  
s i g n a l i n g  s c hem e ( -1 , 0 , + 1 )  t ha t  
u s es  c o r r el a t i o n  b et w een  a d j a c en t  
b i t s ,  i n t r o d u c i n g  i n t er s y m b o l  
i n t er f er en c e i n  a  c o n t r o l l ed  w a y

� T he 2 x  n a r r o w er  s p ec t r u m  b en ef i t s  
o p t i c a l  f i l t er  a n d  d i s p er s i o n  
c o m p en s a t i o n  r o b u s t n es s  –
a l l o w i n g  ea s i er  4 0 G b p s  
t r a n s m i s s i o n  o v er  1 0 G b p s  s y s t em

40Gbps transport
O ptical Duobinary ( O DB )

-40

-3 5

-3 0

-2 5

-2 0

-1 5

-1 0

-5

0

5

1 0

-1 00 -50 0 50 1 00
Relative Frequency (GHz)

Ra
lat

ive
 O
pti

ca
l P

ow
er 

(dB
)

40G  C S -R Z

1 0G  NR Z

40G  D u o b i n a r y

50G H z  f i l t e r

R elat iv e F req u enc y  ( G H z )
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� T r a n s m i t t ed  b i t  en c o d ed  a s  b i n a r y  d i f f er en t i a l  p ha s e s hi f t  0 o r  π, ea c h b i t  
i n t er f er es  w i t h p r ec ed i n g  b i t

� D P S K  t r a n s m i s s i o n  c a n  b e p er f o r m ed  ei t her  a t  c o n s t a n t  p o w er  o r  g o i n g  
t hr o u g h t he o r i g i n  o f  t he c o m p l ex  p ha s o r  p l a n e:

40Gbps transport
Differential P h as e S h ift K eying E ncod ing ( DP S K )

0

1req uires a phase 
modul ator

TXE
0

1can b e done with 
a conv entional
M Z  modul ator

TXE

� M u s t  b e m o d i f i ed  t o  f i t  i n t o  5 0 G H z  c ha n n el  s p a c i n g  - D P S K +
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40Gbps transport
Wh at is Multi-C arrier-DWDM tech nology?

� Mu lti-Carrier DWDM tec h nolog y  sq u eez es m u ltiple 1 0 G b ps sig nals 
in a sing le I TU -T c om pliant c h annel.

� A d v antag es of  th is tec h niq u e are:
- 10 G  e q u i v a l e n t  P M D  r o b u s t n e s s
- 10 G  b a s e d  t e c h n o l o g y  ( r e d u c e  e l e c t r o n i c  c o m p l e x i t y )
- A p p r o p r i a t e  t r a d e -o f f  b e t w e e n  c o s t  a n d  p e r f o r m a n c e s

� C ha l l en g e i s  t he f i l t er  p a s s -b a n d  a n d  t he a b i l i t y  t o  s q u eez e N x 1 0 G  
s i g n a l s  o r  N x 2 0 G  s i g n a l s  i n  t he d ep l o y ed  s y s t em .

Phase 1
10 0 G H z -sp ac ed

4 x O D B

100GHz

40 G
( 4 x 10G)

Phase 2
5 0 G H z -sp ac ed
2 x D Q PS K

40 G
( 2 x 2 0G)

5 0GHz
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40Gbps transport - P olMux  S olution
Dual P olariz ation Q P S K  w ith  C oh erent Detection

� Transm itter: T w o  Q P S K  s i g n a l s a r e m u x ed i n  p o l a r i z a t i o n

+ 4 0G b / s
‘1 0 ’

‘1 1 ’

‘0 0 ’

‘0 1 ’
2 0 G b / s

‘1 0 ’

‘1 1 ’

‘0 0 ’

‘0 1 ’
2 0 G b / s

L as e r

1 0 G b / s

Q PS K 1 M o d ul at o r
1 0 G b / s

S a m e o p t i c a l  b a n d w i t d h 
a s  a  1 0 G  N R Z

4 0 G b / s  =  10 G b a u d
1 0 G b / s

Q PS K 2 M o d ul at o r
1 0 G b / s

1 0 G b a u d  s i g n a l  p r o p a g a t e 
i n t o  t he f i b er  a s  a  1 0 G b / s  
s i g n a l
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P I N

P I N

P I N

P I N

L as e r

( ) tfPtE 02jj ee πΦ
= 9 0 ����

Hy b rid

9 0 ����
Hy b rid

i0
i1
i2
i3

� R ec eiv er: C o her en t  d et ec t i o n
• ej� :  i n f o r m a t i o n  t o  b e d et ec t ed
• L o c a l  O s c i l l a t o r  p r o v i d e a  p o l a r i z a t i o n  r ef er en c e
• 9 0 � H y b r i d :  
1. C o n v e r t s  p h a s e  m o d u l a t io n  in  a m p l it u d e  m o d u l a t io n
2 . p r o v id e s  in -p h a s e  a n d  q u a d r a t u r e  in f o r m a t io n  � (i0 ,  i1  )

40Gbps transport - P olMux  S olution
Dual P olariz ation Q P S K  w ith  C oh erent Detection
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D
1

W G 
B al l o t

S p o ns o r
B al l o t S T D ! ! !

� C i s c o  i s  w o r k i n g  c l o s el y  w i t h I E E E  a n d  I T U
� F i r s t  d em o  w i t h C o m c a s t  i n  J u n e 2 0 0 8  
http://newsroom.cisco.com/dlls/2008/prod_062608c.html

� I E E E f o c u s ed  o n  4 0 G i g  E  a n d  1 0 0 G i g  E  L R
� T a r g et  F C S  1 H C Y 1 0
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1 00Gi g  E  i n th e  I E E E
8 0 2 . 3 ba O bj ectiv es

• S u p p o r t  f u l l -d u p l e x  o p e r a t i o n  o n l y
• P r e s e r v e  t h e  8 02. 3 /  E t h e r n e t  f r a m e  f o r m a t  u t i l i z i n g  t h e  8 02. 3 M A C
• P r e s e r v e  m i n i m u m  a n d  m a x i m u m  F r a m e S i z e o f c u r r e n t  8 02. 3 s t a n d a r d
• S u p p o r t  a  B E R  b e t t e r  t h a n  o r  e q u a l  t o  10-12a t  t h e  M A C / P L S  s e r v i c e  i n t e r f a c e
• P r o v i d e  a p p r o p r i a t e  s u p p o r t  f o r  O T N
• S u p p o r t  a  M A C  d a t a  r a t e  o f  4 0 G b / s
• P r o v i d e  P h y s i c a l  L a y e r  s p e c i f i c a t i o n s  w h i c h  s u p p o r t :  4 0 G b / s

–a t  l e a s t  1 0 0 m  o n  O M 3  M M F
–a t  l e a s t  1 0 m  o v e r  a  c o p p e r  c a b l e  a s s e m b l y
–a t  l e a s t  1 m  o v e r  a  b a c k p l a n e

• S u p p o r t  a  M A C  d a t a  r a t e  o f  100 G b / s
• P r o v i d e  P h y s i c a l  L a y e r  s p e c i f i c a t i o n s  w h i c h  s u p p o r t :

–a t  l e a s t  4 0 k m  o n  S M F
–a t  l e a s t  1 0 k m  o n  S M F    ( l i k e l y  t o  b e c o m e  2 -4 k m )
–a t  l e a s t  1 0 0 m  o n  O M 3  M M F
–a t  l e a s t  1 0 m  o v e r  a  c o p p e r  c a b l e  a s s e m b l y
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1 00GE  and  th e  I T U
� I T U  a g r eed  t o  o p t i m i z e n ew  O T U 4  r a t e f o r  1 0 0 G E  t r a n s p o r t
� I n d u s t r y  a p p ea r s  t o  ha v e l ea r n t  i t ’s  l es s o n  f r o m  1 0 G E  ( i . e.  L A N / W A N  P H Y )

I d e a l l y  w a n t  o n e  m a p p i n g ,  o n e  F E C  a n d  o n e  m o d u l a t i o n  s c h e m e  ! ! !  
s o m e  r e s i s t a n c e  f r o m  t r a d i t i o n a l  t r a n s p o r t  v e n d o r s

� T r a n s m i s s i o n  r eq u i r em en t s  a r e t he s a m e a s  4 0 G :
M u s t  w o r k  o v e r  e x i s t i n g ,  i n s t a l l e d  D W D M  c o m m o n  e q u i p m e n t ;
S u p p o r t  5 0 G H z  D W D M  c h a n n e l  s p a c i n g ;
F u l l  b a n d  t u n a b l e  l a s e r s  o n  5 0 G H z  I T U  g r i d
O p t i c a l  r e a c h  o f  ≥ 1 , 5 0 0 k m ;
C h r o m a t i c  d i s p e r s i o n  t o l e r a n c e  o f  > ±8 0 0 p s / n m ;
P o l a r i z a t i o n  M o d e  D i s p e r s i o n  t o l e r a n c e  o f  >  1 0 p s  ( m e a n  D G D ) ;
M u s t  b e  “p l u g  a n d  p l a y ” a n d  i n s t a l l a b l e  b y  e x i s t i n g  f i e l d  t e c h n i c i a n s

� 4 0 G  w a s  t he f i r s t  c o m m er c i a l  a p p l i c a t i o n  f o r  a d v a n c ed  m o d u l a t i o n :  
1 0 0 G  w i l l  b u i l d  o n  s i m i l a r  a p p r o a c h e s
D Q P S K  a n d  D P -Q P S K  ( p r e f e r r e d )  a r e  t h e  f r o n t  r u n n e r s
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1. T e c h no l o gy :
• T rans m it t e r c h arac t e ris t ic s :

• M o d ul at io n f o rm at :  N R Z  /  O D B
• T rans m it t e r t y p e :  M Z  /  D M L  /  
E M L

• R e c e iv e r c h arac t e ris t ic s :
• R e c e iv e r T h re s h o l d :  O p t  /  A v g
• no -F E C  /  F E C  /  E -F E C
• 2R  /  3R

2. B it  R at e
3. S e ns it iv it y  B ac k -t o -B ac k  
4. T X  O p t ic al  O ut p ut  Po w e r R ange :  Pm in ÷

Pm ax [ d B m ]
5 . T X  W av e l e ngt h  S t ab il it y :  [ ±p m ]
6 . C h ro m at ic  D is p e rs io n R o b us t ne s s
7 . S c al e  F ac t o rs :  F -PPL ,  F -PO L ,  F -

O S N R PL ,  F -O S N R O L
8 . Gaus s ian X -T al k -p e nal t ie s
9 . S ingl e -int e rf e ring X -T al k  p e nal t ie s

C isc o O N S  1 5 4 5 4 MS T P  multivend or  inter op er a b ility
A lien w av elength  s upport
A v ailable options :

•Colored  plu g g ab les:
• DWDM X E NP A K ,  X 2 ,  X F P
• DWDM G B I C ,  S F P

• DWDM line c ard s ( e. g .  f rom  MS P P )
• I P ov erDWDM interf ac es
• G eneric  sig nal ( e. g .  f rom  3 rd party )

� B E N E F I T :  H ig h  d e g r e e  o f  in t e r o p e r a b il it y  w it h  3 r d p a r t y  e q u ip m e n t
� B E N E F I T :  L o w e r  c o s t  p e r  c h a n n e l  w h e r e  t r a n s p o n d e r  is  n o t  n e e d e d
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A d va nc ed  monitor ing  func tiona lities
Monitoring of multiple lev els  of communication
� Optical parameters

– s i g n a l  l ev el s
– l a s er  b i a s

� OT N
– G . 7 0 9
– F E C / E F E C  s t a t i s t i c s

� P ay lo ad  specif ic
– R M O N  l i k e i n f o r m a t i o n  f o r  et her n et
– 8 B / 1 0 B ,  r u n n i n g  d i s p a r i t y  f o r  F C
– S D H  s p ec i f i c
– o t her s  ( E S C O N ,  . . . )
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Enc a p sula tion for  op tic a l c h a nnels
O T N  G . 7 0 9  s upport on T rans pond er/ Mux pond er

� SW  s e l e c t a b l e  O T N  a n d  G CC O N / O F F  s u p p o r t  a v a i l a b l e  o n  10 G b  t r a n s p o n d e r s  a n d  
m u x p o n d e r s  a n d  2 . 5 G  M R  t r a n s p o n d e r  

� G . 7 0 9  u s e d  f o r  10 G E  a n d  10 G  F C i n  o v e r c l o c k i n g  m o d e

38
25

40
80

1 7 8 14 15 16 17 38
24

1
2
3
4

O P U  k P a y l o a d

O
PU

k
O
H

O P U k— O p t i c a l  C h a n n e l  P a y l o a d  U n i t

O D U k

O D U k— O p t i c a l  C h a n n e l  D a t a  U n i t

C l i e n t  S i g n a l
M a p p e d  i n

O P U k P a y l o a d

C l i e n t  S i g n a l

O T U k
F E C

O T U k
O H

O T U k— O p t i c a l  C h a n n e l  T r a n s p o r t  U n i t

A l i g n m

A l i g n m e n t

k I n d i c a t e s  
t h e  O r d e r :
1         2. 5 G
2         10 G
3         40 G

BENEFIT: O TN i s  ITU  s t a n d a r d  f o r  m a p p i n g  a n d  m a n a g i n g  W D M  n e t w o r k  w h i c h  
a l l o w s  f o r  i n t e r o p e r a b i l i t y  o f  e q u i p m e n t  a t  w a v e l e n g t h  l a y e r
BENEFIT: P r o v i d e s  p a y l o a d  a n d  s i g n a l  p e r f o r m a n c e  m o n i t o r i n g
BENEFIT: D i g i t a l  w r a p p e r  a l l o w s  FEC  t o  b e  a p p l i e d  i n  n o n -p r o p r i e t a r y  f a s h i o n
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Enh a nc ing  system r ea c h
S oftw are s electable FE C  configuration
� A l l  15 4 5 4  10 G  t r a n s p o n d e r s /
m u x p o n d e r s  o f f e r  SW  Se l e c t a b l e    
N o  F E C/ F E C/ E F E C

� 2 . 5 G  t r a n s p o n d e r s  o f f e r  SW  
Se l e c t a b l e  N o  F E C/ F E C

� F E C e x t e n d s  r e a c h  a n d  d e s i g n  
f l e x i b i l i t y

� G . 7 0 9  s t a n d a r d  i m p r o v e s  O SN R  
t o l e r a n c e  b y  6 . 2  d B  ( a t  10 -1 5 B E R )

� H i g h e r  g a i n s  ( 8 . 4 d B ) p o s s i b l e  b y  
e n h a n c e d  F E C ( w i t h  s a m e  G . 7 0 9  
o v e r h e a d )

log
 (B
ER

)

4 5 6 7 8 9 10 11 12 13 14 15
-15
-14
-13
-12
-11
-10
-9
-8
-7
-6
-5
-4
-3
-2
-1
0

S / N [ d B ]

Uncoded
G . 7 0 9

R S  ( 2 5 5 , 2 3 9 )

Raw Channel BER=1.5e-3

E F E C =  8. 4 d B

F E C =  6. 2 d B

BENEFIT: FEC / EFEC  Ex t e n d s  R e a c h  a n d  O f f e r s  1 0 -1 5 BER
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CO
M
 R
X

CO
M
 T
X

D C UD C U

D C  T X D C  R X

M
O
N

D C UDC U

O P T -P R E  a n d  O P T -A M P -C
(C-b a n d )  o r  O P T -A M P -L (L-b a n d ) Control

Control I nte rf a c e

Enh a nc ing  system r ea c h  
A mplifiers , Dual-s tage E DFA  amplifiers , R A MA N

• Du a l  s t a g e  E F DA  p r o v i d e s  
m i d s t a g e  a c c e s s  f o r  DC U  
p l a c e m e n t
• R A MA N e n h a n c e s  s y s t e m  
r e a c h  a n d  d e l i v e r s  
i m p r o v e m e n t  o f  O S NR

BENEFIT: D i s p e r s i o n  c o m p e n s a t i o n  d o e s  n o t  i m p a c t  o v e r a l l  s p a n  b u d g e t
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• K e e p  e i t h e r  p o w e r  o r  g a i n  c o n s t a n t  o n  
e a c h  a m p l i f i e r

• A v o i d  B E R  o r  n o n  l i n e a r  e f f e c t
• A P C  a u t o m a t i c a l l y  s t a r t s  w h e n  n e t w o r k  
d e t e c t s  n e e d s  f o r  a  g a i n  c o r r e c t i o n

• No  h u m a n  i n t e r v e n t i o n  r e q u i r e d
• C o r r e c t a m p l i f i e r  p o w e r / g a i n

• w h e n e v e r  t h e  #  o f  c h a n n e l s   c h a n g e s
• t o  c o m p e n s a t e  a g e i n g  e f f e c t s
• T o  c o m p e n s a t e  c h a n g i n g  i n  o p e r a t i n g  
c o n d i t i o n s  ( e . g .  t e m p e r a t u r e  i n c r e a s e )

 

Site E 

Site A Site F 

Site B 

Site C 

Site G 

AP C 
M es s a g e 

AP C 
M es s a g e 

Master node 

A utoma tic P ow er  C ontr ol
The tool for keeping the network operational and stable

BENEFIT: A u t o m a t i c  r e a c t i o n  o f  n e t w o r k  t o  f a s t  a n d  s l o w  c h a n g e s  i n  
t h e  n e t w o r k
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C isc o O N S  1 5 4 5 4  MS T P

Muxponding, crossponding and MSPP integration
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� BENEFIT: Better lambda capacity utilization
� BENEFIT: H ig h er s erv ice dens ity and f lex ibility

F lex ib le mux p ond ing
E ffec tiv e u se of bandwidth by  C isc o O N S  1 5 4 5 4  M S TP
10G Data Muxponder
•8  p o r t s
•G E
•1 / 2 / 4 G  F C
•1 / 2 / 4 G  F I C O N
•I S C -1 ,  I S C -3
•s i g n a l  m i x  s u p p o r t e d

2 . 5 G Data Muxponder
•8  p o r t s
•G E
•1 / 2 G  F C
•1 / 2 G  F I C O N
•E S C O N
•s i g n a l  m i x  s u p p o r t e d

4 xS T M-16  -> O T U 2  
Muxponder

•4  p o r t s
•S T M-1 6  c l i e n t s
•O DU 1  i n t o  O T U 2
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Wh a t is Eth er net Ena b led  WDM
� E n a b l ed  b y  X p o n d er c a r d s
� L 2  i n t el l i g en c e o n  W D M  – ex t en s i o n  o f  I P o D W D M
� E t her n et  s er v i c es  a r e s t a t i s t i c a l l y  m u l t i p l ex ed  t o  m a x i m i z e r i n g  u t i l i z a t i o n  
� A d d  a n d  d r o p  s u b  λ E t her n et  t r a f f i c
� S u b  5 0 m s  r es t o r a t i o n  t i m es  ( R R R )
� E L I N E  a n d  E L A N  s er v i c es
� M u l t i c a s t  w i t h d r o p  a n d  c o n t i n u e a p p r o a c h
� S c a l a b l e t o  c o n n ec t  m u l t i p l e s i t es  o r  p r o v i d e m u l t i p l e s er v i c es
� C o n f o r m a n c e t o  M E F  s er v i c e a n d  Q O S  d ef i n i t i o n s .

850nm 
1 3 1 0nm /  1 550nm

D W D M
�

…

N x G E i n t o  1 0 G  �

�
�

�

�

NxGE i n t o  1 0 G �

�
�

�

�

� �
� � 	 
 � � � 


D W D M
�

…

N x 1 0 G E  i n t o  1 0 G  �
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Ethernet enabled DWDM
S olution components  - G E / 1 0 G E  X P / X P E

GE  c ros s ponder
•2 0x  G E  p o r t s  ( U NI )
•2 x  1 0G E  p o r t s  ( NNI )

10GE  c ros s ponder
•2 x  1 0G E  p o r t s  ( U NI )
•2 x  1 0G E  p o r t s  ( NNI )

F eatures
•S m a r t  o p t i c a l  r i n g  p r o t e c t i o n  b a s e d  
o n  G . 7 09 o v e r h e a d  ( s u b  5 0 m s )
•C o n f i g u r a b l e  a s  m u x p o n d e r ,  
t r a n s p o n d e r ,  1 0G E  r e g e n e r a t o r  a n d  
i n  L 2  s w i t c h  m o d e
•S F P  f o r  G E  p o r t s
•X F P  f o r  1 0G E  p o r t s  ( DWDM o r  
' g r e y ' )
•C a n  i n t e r o p e r a t e  w i t h  I P o DWDM 
c a r d  i n  r o u t e r s
•E n h a n c e d  v e r s i o n  a v a i l a b l e  i n  
r e l e a s e  9 a t  l o w e r  p r i c e
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Eth er net c r ossp ond ing  - mod es of op er a tion
H ow C isc o O N S  1 5 4 5 4  M S TP  X ponder operates

GE  c ros s ponder 10GE  c ros s ponder

20x GE

1 0GE
( D W D M )

1 0GE
( D W D M )

1 0GE
( D W D M )

1 0x GE 1 0x GE

1 0GE
( D W D M )

1 0GE
( D W D M )

20x GE

1 0GE
( D W D M )

1 0GE 1 0GE

1 0GE
( D W D M )

1 0GE
( D W D M )

1 0GE 1 0GE

1 0GE
( D W D M )

1 0GE
( D W D M )

1 0GE
( D W D M )

20x GE muxponder

2x 1 0x GE muxponder

L a y er 2 s w i t c h

2x 1 0GE L A N  P H Y  t ra ns ponder

L a y er 2 s w i t c h

1 0GE L A N  P H Y  reg enera t or

1 0GE
( D W D M )

1 0GE

1 0GE
( D W D M )

1 0GE L A N  P H Y  prot ec t ed t ra ns ponder
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Eth er net c r ossp ond ing
E x am ple of L ay er 2  switc h m ode

1 0GE
( D W D M )

1 0GE 1 0GE

1 0GE
( D W D M )

1 0GE
( D W D M )

1 0GE
( D W D M )

1 0GE
( D W D M )

1 0GE
( D W D M )

1 0GE
( D W D M )

1 0GE
( Gr e y )

GE GE

1 0GE 1 0GE

1 0GE
( Gr e y )

GE

1 0GE
( D W D M )

Layer2
V LA N

P ro v i s i o n i n gLayer1
O C H C C  /  O C H N C
P ro v i s i o n i n g
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G E/ 1 0 G E X P ond er  L a yer 2  S w itc h  Mod e

� MAC Address
– Su p p o r t  a  M A C a d d r e s s  t a b l e  w i t h  u p  t o  16 k  e n t r i e s  ( X P )  o r  3 2 k  
e n t r i e s  ( X P E )

� V L AN  Ma n a g em en t
– V i r t u a l  B r i d g e d  L A N s  s u p p o r t  a c c o r d i n g  t o  t h e  I E E E  8 0 2 . 1Q
– V L A N  t a g g i n g  s u p p o r t  a c c o r d i n g  t o  I E E E  8 0 2 . 1Q  s t a n d a r d  
– U p  t o  4 0 9 6  V L A N -i d s  o n  a l l  p o r t s

� P o rt  S ec u ri t y
– P e r -p o r t  t r a f f i c  b l o c k  f o r  a  u s e r  p r o v i s i o n a b l e  p r e -d e f i n e d  s e t  o f  M A C 
a d d r e s s e s  ( M A C f i l t e r i n g  u p  t o  8  M A C a d d r e s s  p e r  p o r t )

� P ro v i der b ri dg es su p p o rt  a s def i n ed i n  I E E E  8 0 2 . 1 a d st a n da rd 
– S-T A G  ( o r  O u t e r  t a g ,  o r  Q i n Q )  s u p p o r t  
– U s e r  p r o v i s i o n e d  L 2  Co n t r o l  P r o t o c o l s  b e h a v i o r  ( D r o p  o r  T u n n e l )
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P r otec tion b a sic  c onc ep t
� P r o t ec t i o n  m ec ha n i s m  i s  a c hi ev ed  u s i n g  m i x  o f  L a y er  1  a n d  L a y er  2  
f u n c t i o n a l i t y

� F a u l t  d et ec t i o n  a n d  f a i l u r e p r o p a g a t i o n  i s  d o n e v i a  t he G . 7 0 9  b y t es .  
F a i l u r e p r o p a g a t i o n  i s  d o n e a t  H W  l ev el

� T r a f f i c  i s  f l o o d  f o r  ea c h p r o t ec t ed  V L A N  a r o u n d  a l l  1 0 G E  W D M  r i n g .  
� O n e n o d e i s  i d en t i f i ed  a s  m a s t er -d es i g n a t ed  n o d e/ p o r t .  T hi s  
n o d e/ p o r t  i s  r es p o n s i b l e f o r  o p en -c l o s e L 2  V L A N s  l o o p  i n  c a s e o f  
f a i l u r e 

� U p  t o  2 5 6  p r o t ec t ed  V L A N  c a n  b e c o n f i g u r ed
� 5 0 m s  r ec o v er y  t i m e
� I n  p o i n t -t o -p o i n t  a p p l i c a t i o n  i t  c a n  b e u s ed  a s  “s p l i t t er  p o r t ec t i o n  
m ec ha n i s m ” ( i , e.  1 + 1  p r o t ec t i o n )  o v er c o m i n g  t he 2 5 6  p r o t ec t ed  
V L A N  l i m i t a t i o n
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� BENEFIT: Better lambda capacity utilization
� BENEFIT: H ig h er s erv ice dens ity and f lex ibility
� BENEFIT: C ompact M S P P  integ ration

Cisco ONS 15454 MSTP flexible optical networking
MSPP on the blade

H W  f eatures
•16  SF P  B a s e d  Cl i e n t  ( G r e y  
a n d  CW D M  o p t i c s  a v a i l a b l e )
•Su p p o r t  o f  O C-3 / O C-
12 / O C-4 8  a n d  G E  c l i e n t  
s i g n a l s
•1 T r u n k s  X F P  B a s e d  
s u p p o r t i n g  E -F E C/ F E C a n d  
G . 7 0 9
•2  SR  X F P  s u p p o r t i n g  
r e d u n d a n c y  c o n n e c t i o n  w i t h  
p r o t e c t i o n  b o a r d  a n d  P a s s -
t h r o u g h  T r a f f i c
•G F P -F  M a p p i n g  

S W  f eatures
•O T N  P M  o n  T r u n k
•A  t o  Z  Ci r c u i t  p r o v i s i o n i n g  
( ST S l a y e r )  
•SD H  P M  ( B 1,  B 2  o n  T r u n k  
a n d  a g g r e g a t e )  a n d  A l a r m  
M a n a g e m e n t  ( L i n e ,  Se c t i o n  
a n d  P a t h )  
•E t h e r n e t  R M O N  s t a t i s t i c s
•SN CP  P r o t e c t i o n
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C isc o O N S  1 5 4 5 4  MS T P

Reconfigurable OADM and optical mesh implementation
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• BENEFIT: A ny-to-A ny protocol ag nos tics  ( S D H ,  IP ,  Eth ernet and S torag e)  w av eleng th  connectiv ity w ith  s of tw are prov is ioning  of  w av eleng th path s
• BENEFIT: Foundation f or dynamic,  intellig ent optical netw ork s  of  dif f erent topolog y ( linear,  ring  and mes h )

R ec onfig ur a b le O A DMs
K ey  for bu ilding fu tu re proof flex ible optic al networks

• T w o  m a i n  c o m p o n e n t s  – i P L C b a s e d  w a v e l e n g t h  s e l e c t i v e  
s w i t c h  ( WS S )  a n d  d e m u x ( DMX ) ,  2  p a i r s  f o r  d e g r e e  2  n o d e
• F u l l y  c o n t r o l l e d  b y  s o f t w a r e ,  f a s t  s w i t c h i n g  t i m e  ( <  5 m s )
• C  b a n d  ( 32  o d d ,  4 0 o d d ,  4 0 e v e n ) a n d  L  b a n d  ( 32 ) v e r s i o n s

What will be the traffic demand ?
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DROP (W)DROP (W)
1 3 2

32-DM X

S p l i t t e rS p l i t t e r

A DD (W)A DD (W)
1 3 2

A DD (E )A DD (E )
1 3 2

S p l i t t e rS p l i t t e r

DROP (E )DROP (E )
1 3 2

32-DM X

32-W S S

32-W S S

C i s c o  O N S  1 5 4 5 4  MS T P  R O A DM i m p lem entati o n
R ec onfigu rable O A D M s – princ iple of operation
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C isc o O N S  1 5 4 5 4 MS T P   O p tic a l mesh

W X C

W X C

R O A D M

Li n e

Li n e

Li n e

Li n e

R O A D M
R O A D M

R O A D MLi n e

Li n e

Li n e

W X C

Li n e

W X C

R O A D M

W X C

R O A D M  N E  s t i ll 
av ali lab le f o r c o s t -

s av y O A D M
W X C  N E  u s ed  
o n ly o n  h i g h  
c o n n ec t i v i t y 

n o d es
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Multi d eg r ee R O A DM nod e
K ey  elem ent f or  bu i ldi ng  op ti c al j u nc ti ons

A
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• U s e s  n e w  4 0 c h a n n e l  ME MS  b a s e d  
w a v e l e n g t h  c r o s s  c o n n e c t
• U p  t o  d e g r e e  8  
• I n t e r o p e r a t e s  w i t h  c u r r e n t  32  c h a n n e l  
R O A DM a n d  n e w  4 0 c h a n n e l  R O A DM

• B E N E F I T :  F u ll o p tical mes h netwo rk  with 
end-to -end wav eleng th p ro v is io ning
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Multi d eg r ee R O A DM nod e
B loc k  di ag r am

A

B

C

D P P -M E S H -4 W X CW X C

MUXMUX

D MXD MX

BB

PP

W
XCW
XC

M
UXM
UX
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X
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X

BB PP
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MUXMUX
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W
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M
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Multi d eg r ee R O A DM nod e 
Si ng le deg r ee detai l

WXCWXC

MUXMUX

D MXD MX

BB

PP

A

B

C

D P P -M E S H -4

1D 2D 3D 4D 40 D. . .

1A 2A 3A 4A 40 A. . .

1C 2C 3C 4C 40 C. . .

1 2 3 4 40. . .
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R O A DM evolution - nex t step s
� Directionless ROADM

– a b i l i t y  t o  d i r e c t / r e d i r e c t  w a v e l e n g t h  t o  d e s i r e d  d i r e c t i o n
� C olorless ROADM

– a b i l i t y  t o  c h o o s e  t h e  p o r t  w h e r e  w a v e l e n g t h  i s  d r o p p e d  i n  t h e  
n o d e  ( m a k e  s e n s e  w h e n  u s e d  w i t h  t u n a b l e  l a s e r s )

� I ntellig ent control p la ne - ' DW DM a w a re'  G MP L S
– a b i l i t y  t o  d y n a m i c a l y  f i n d  t h e  p a t h  i n  t h e  n e t w o r k  w i t h  v a l i d a t i o n  
o f  o p t i c a l  p a t h  p a r a m e t e r s  l i k e  O S N R ,  o p t i c a l  p o w e r ,  C D  
c o m p e n s a t i o n ,  P M D ,  N L E  e t c .
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Dir ec tionless A d d / Dr op  A p p lic a tions

Oakland

F r e m o nt

P le as ant o n
S an F r anc i s c o

B u r li ng am e

H ay w ar d

S ant a R o s a

F ai r f i e ld

A

B

CD

AB

C
D

• P h y s i c a l  c o n n e c t i o n s  
b e t w e e n  C l i e n t  a n d  
D W D M  e q u i p m e n t  d o  
n o t  c h a n g e

• T h e  D W D M  N o d e  i s  
a b l e  t o  u s e  a  d i f f e r e n t  
A d d / D r o p  d i r e c t i o n  a n d  
a  d i f f e r e n t  O p t i c a l  P a t h  
t o  d e s t i n a t i o n
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Dir ec tionless R O A DM
A v ai lable i n C i s c o O N S 1 5 45 4 MST P r eleas e 8 . 5
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O p e n  p o r t s  c a n  b e  u t i l i z e d  
f o r  a d d i t i o n a l  d i r e c t i o n l e s s  
a d d / d r o p  o r  t o  t e r m i n a t e  

a d d i t i o n a l  d e g r e e sD i r e c t i o n l e s s  
A d d / D r o p

• C u r r e n t  a r c h i t e c t u r e  
c a n  s u p p o r t  
D i r e c t i o n l e s s  
A d d / D r o p

• P P -M E S H  p o r t s  c a n  
b e  c o n f i g u r e d  a s  
L o c a l  A d d / D r o p  p o r t s  
o r  t o  s u p p o r t  a  
s p e c i f i c  d i r e c t i o n

• B r o a c a s t & S e l e c t
a r c h i t e c t u r e  a l l o w s  t o  
s u p p o r t  m o r e  t h a n  
s i m p l e  P 2 P  
c o n n e c t i o n s  i n  t h e  
o p t i c a l  d o m a i n
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• R ac k  D i ag ram s
• S t ep -b y-S t ep  I n t erc o n n ec t

• S m o o t h  T r a n s i t i o n  f r o m  De s i g n  
t o  I m p l e m e n t a t i o n

• T r a f f i c  r e q u i r e m e n t s :
• A n y-t o -A n y D em an d  p ro v i d ed  b y 
R O A D M
• P o i n t -t o -p o i n t  d em an d s

• C o m p r e h e n s i v e  A n a l y s i s  c h e c k s  
f o r :

• w av elen g t h  ro u t i n g  an d  s elec t i o n
• o p t i c al b u d g et  an d  O S N R
• C D ,  P M D ,  am p li f i er t i lt  et c .

• G U I -b a s e d  Ne t w o r k  De s i g n  E n t r y

• B i ll o f  M at eri als

C isc o O N S  1 5 4 5 4  MS T P :
C om p r ehens i v e des i g n tool - C i s c o T r ans p or t Planner

B E N E F I T :  F as t and co mp rehens iv e netwo rk  des ig n
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C isc o O N S  1 5 4 5 4  MS T P  flex ib le op tic a l netw or k ing
Automatic Node Setup

B E N E F I T :  F as t netwo rk  dep lo y ment and s etu p
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I P  over  DWDM

Architecture for converged NGN network
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R o u t e r s
Ag g r e g a t i o n  o f  I P  t r a f f i c  t o  10 G
Fa s t  r e s t o r a t i o n  a t  L a y e r  3
P e r f o r m a n c e  m o n i t o r i n g  L 2/ L 3

T DM  Cr o s s  Co n n e c t s
Gr o o m  l o w  s p e e d  c i r c u i t s  
Fa s t  r e s t o r a t i o n  a t  L a y e r  1
P e r f o r m a n c e  m o n i t o r i n g  L 1

T r a d itiona l C or e N etw or k  A r c h itec tur e

DW DM
M u l t i p l e x i n g  λ s  o n t o  f i b e r

T r a n s p o n d e r s
Co n v e r t  s h o r t  r e a c h  t o  c o l o r

Di s t i n c t  I P  a n d  
DW DM  M a n a g e m e n t  
P l a n e s

Co n t r o l

Co n t r o l

Di s t i n c t  I P  a n d  
DW DM  Co n t r o l  
P l a n e s

M u l t i p l e  
T r a n s p o n d e r s  p e r  
W a v e l e n g t h  ( O EO )

Ex p e n s i v e  El e c t r i c a l  
Cr o s s  Co n n e c t s  
( O EO )

T r u c k  R o l l s  f o r  
R e c o n f i g u r a t i o n

Co n t r o l
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I P -over -DWDM A r c h itec tur e
Simpl if y in g  th e n etw or k  to s uppor t I P  ef f icien tl y

C o n t ro l

C o n t ro l

I P  N et w o rk
• E f f i c i en t i n t erc o n n ec t i o n
d i rec t ly at 1 0 / 40 G  

• P erf o rm an c e M o n i t o ri n g
• F as t L3  P ro t ec t i o n - F R R

D W D M  N et w o rk
• T ran s p aren t M u lt i -S erv i c e
T ran s p o rt
• W D M  A u t o m at i o n (h i d i n g
c o m p lex i t y o f f i b er 
t ran s m i s s i o n )  

M a n a g e m e n t a n d
Co n t r o l -p l a n e
c o o r d i n a t i o n .  

L e s s e l e c t r i c a l
p r o c e s s i n g ( O EO ) .  

I n t e l l i n g e n t o p t i c a l
n e t w o r k .  P o i n t a n d
c l i c k p r o v i s i o n i n g

B en ef i t s
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Wh y C onver g e a t th e O p tic a l L a yer  ?  
� O p t i c a l  T r a n s p o r t  L a y e r  i s  a  s t a n d a r d – e n a b l e s  i n t e r o p .

ITU-T G . 7 0 9  D i g i t a l  W r a p p e r
� O p t i c a l  T r a n s p o r t  L a y e r  i s  n o t s o  b i t  r a t e  s e n s i t i v e

A c c o m o d a t e  d i f f e r e n t  s p e e d s  a n d  n e w  c o m m u n i c a t i o n  t e c h n o l o g i e s  w i t h o u t  f o r k l i f t  u p g r a d e
� O p t i c a l  T r a n s p o r t  L a y e r  i s  t r a n s p a r e n t a n d f l e x i b l e

N a t i v e l y  s u p p o r t s  S y n c h r o n o u s  a n d  A s y n c h r o n o u s  s e r v i c e s
P o i n t -P o i n t ,  R i n g  a n d  M e s h  To p o l o g i e s

� O p t i c a l  T r a n s p o r t  L a y e r  p r o v i d e s  t h e  s a m e O A M f e a t u r e s a s  S D H
� O p t i c a l  T r a n s p o r t  L a y e r  i s  s c a l a b l e – c a n  h a n d l e  g r o w t h

S u p p o r t s  4 0 G b p s  t o d a y ,  s c a l e  t o  1 0 0 G b p s +  p e r  c h a n n e l  ( w a v e l e n g t h )
M u l t i p l e  w a v e l e n g t h s  p e r  f i b r e  ( e . g .  8 0 C H  @  5 0 G H z  s p a c i n g  f o r  C -b a n d  D W D M )

� O p t i c a l  T r a n s p o r t  c a n  p r o v i d e  v e r y f a s t p r o t e c t i o n / r e s t o r a t i o n
1 + 1  p r o t e c t i o n  a c h i e v e d  w i t h  a  f e w  m s  s w i t c h o v e r  t i m e s

� O p t i c a l  T r a n s p o r t  h a s  d e m o n s t r a t e d  e c o n o m i c a l p r i c e p o i n t s n o t  j u s t  i n  
c o r e ,  b u t  a l s o  i n  a g g r e g a t i o n  &  a c c e s s  n e t w o r k s

M u l t i -h a u l  c a p a b i l i t y
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I n v es t  i n  H i g h  C ap ac i t y S D H
1 0  t ran s p o n d ers  n eed ed
4-1 4 S h o rt  R eac h  o p t i c s
E v ery Lam b d a O E O
A d d t ’l t ran s p o n d er &  S R  f o r eac h  λ
E x p en s i v e s w i t c h  w / ac t i v e elec t ro n i c s

Traditional Solution

S h o r t  R e a c h
O p t i c s  I / F

Cross 
Con n e c t
( X C)

T r a n s p o n d e r s
o r  DW DM  I / F

R o u t e r

IP over DWDM
I mpact on  in v es tmen ts

C o n t i n u e t o  I n v es t  i n  X C s &  T ran s p o n d ers

I n v es t  i n  I P o D W D M
0  t ran s p o n d ers  n eed ed
2 T u n ab le D W D M  i n t erf ac es  i n  ro u t er
A ll p as s -t h ro u g h  t raf f i c  s t ays  o p t i c al
R O A D M  f u ll p ro v i s i o n ed ,  n o  t ru c k  ro lls
E x p en s i v e s w i t c h  eli m i n at ed

C is c o’s  I P oD W D M  Solution

R O ADM s

T u n a b l e
DW DM  I / F

CR S -1

E li m i n at e U n n ec es s ary O E O  X C  &  T ran s p o n d ers
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E lem en t  i n t eg rat i o n  allo w s  ro u t er 
v i s i b i li t y i n t o  t ran s m i s s i o n  layer 
p erf o rm an c e,  en ab li n g  s u p eri o r 
p ro t ec t i o n  c o m p ared  t o  t ran s p o n d er 
b as ed  n et w o rk s

Fa s t  R e -R o u t e  ( FR R )

R O ADM s

S i g n a l  De g r a d a t i o n

Cisco’s I P oD W D M  S ol u t ion

T u n a b l e
DW DM  I / F

Tr
igg

ere
d

DW DM  h i d e s  s i g n a l  
d e g r a d a t i o n  ( FR R  o n l y  
a c t s  w h e n  r e a l  f a i l u r e )

P a t c h  P a n e l
or

Cross Con n e c t

M P L S  
Fa s t  R e -R o u t e  ( FR R )S h o r t  

R e a c h
O p t i c s  I / F

T r a n s p o n d e r s

C om p e titors  Solution
O p tic al-E le c tric al-O p tic al ( O E O )

H i t l e ss

IP over DWDM 
I mpact on  r el iab il ity



© 20 0 7  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d . C i s c o  C o n f i d e n t i a lP r e s e n t a t i o n _ I D 56

Pre-F E C  R es u l t s  f or IP F R R
� Te s te d m anual/f as t c ut  v s .  s low  O SN R  and P M D  de g radations
� Te s te d M P L S F R R ,  I P  F R R ,  I SI S c onv e rg e nc e
� I n all c as e s ,  ac h ie v e  ne ar z e ro outag e  f or s low  f ailure s
p r e -F E C  F R R  F a u l t P a c k e t  L o s s  ( m s )

H i g h e s t L o w e s t A v e r a g e
Y O p t i c a l -s w i t c h 1 1 . 5 0 1 1 . 1 8 1 1 . 37
Y No i s e -i n j e c t i o n 0. 02 0. 00 0. 00
Y F i b r e -p u l l 1 1 . 05 0. 00 3. 2 3
Y P MD-i n j e c t i o n 0. 08 0. 00 0. 02
N O p t i c a l -s w i t c h 1 1 . 4 7 1 1 . 5 4 1 1 . 37
N No i s e -i n j e c t i o n 7 4 04 . 00 1 1 93. 00 4 305 . 00
N F i b r e -p u l l 2 8 . 8 1 1 8 . 5 2 2 1 . 8 6
N P MD-i n j e c t i o n 1 2 9. 6 2 1 2 2 . 5 1 1 2 5 . 90
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Pre-F E C  R es u l t s  f or IS IS  F a s t  C on verg en c e

P r o t e c t i o n  
t y p e

F a u l t
Ma x .  P a c k e t  L o s s  ( m s )

C ( 5 00) C ( 1 000) C ( 1 )
P r o a c t i v e O p t i c a l -s w i t c h 1 7 0 2 2 0 1 6 3
P r o a c t i v e S l o w  n o i s e -i n j e c t i o n  ( 0. 1 d B / 1 000m s ) 3 1 2 0
P r o a c t i v e F a s t n o i s e -i n j e c t i o n ( 0. 5 d B / 5 00m s ) 3 9 0
S t a n d a r d O p t i c a l -s w i t c h 1 8 0 2 05 1 5 9
S t a n d a r d S l o w  n o i s e -i n j e c t i o n  ( 0. 1 d B / 1 000m s ) 2 990 3035 2 8 8 0
S t a n d a r d F a s t n o i s e -i n j e c t i o n ( 0. 5 d B / 5 00m s ) 5 96 6 2 0 5 4 0
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Co n t r o l

Co n t r o l

Co n t r o l

I P  
Co n t r o l

IP over DWDM
I mpact on  man ag emen t - in teg r ated man ag emen t
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I PC o n t ro l

C o n t ro l

IP over DWDM
I mpact on  man ag emen t - s eg men ted man ag emen t

Co n t r o l

Co n t r o l

Co n t r o l

* )

* )  O p t i o n s  f o r  i n t e g r a t i o n  w i t h  O S S :
CL I ,
X M L ,
SN M P
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� V irtual trans p onde r p rotoc ol
S e c u r e  s e s s i o n  b e t w e e n  r o u t e r  a n d  o p t i c a l  N E
S u p p o r t s  f u l l  F C A P S  f o r  W D M  i / f
X M L  b a s e d

� Th e  W D M  N E  c onv e rts  V TX P  inf o to 
its  le g ac y  inf orm ation m ode l to th e  
E M S
R o u t e r  r e f l e c t e d  a s  a  t r a n s p o n d e r  s h e l f
W D M  i / f r e f l e c t e d  a s  a  t r a n s p o n d e r

� N o c h ang e  to N M S/O SS
W D M  
N E

I P  m a n a g e r T ra n sp ort  m a n a g e r

W D M  i / f s
W D M  
N E

W D M  i / f sW D M  i / f sT ra n sp on d e r

V T X P

IP over DWDM
T h e V ir tual  T r an s pon der  ( V T X P )  C on cept

R ou t e r
W D M  i / f sW D M  i / f sW D M  i / f sW D M  i / f s
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L MP  a nd  a la r m c or r ela tion d eta ils
E M S /  N M S

L M P
I n d i c a t or A l a rmN on -

Cri t i c a l

� G o a l :  e n s u r e  o n l y  o n e  s y s t e m  m u s t  a c t  u p o n  a  f a i l u r e
� V a l u e :

D o w n s t r e a m  i n d i c a t o r  a l l o w s  r o u t e r  a l a r m  t o  b e   d o w n g r a d e d  �a v o i d  L 3  c r a f t  a c t i o n
U p s t r e a m  i n d i c a t o r  a l l o w s  t r a n s p o r t  a l a r m  t o  b e   d o w n g r a d e d  �a v o i d  L 0  c r a f t  a c t i o n

E M S /  N M S

A l a rm N on -
Cri t i c a l

L M P
I n d i c a t or

MS T PMS T P
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Cisco CRS-1
O C -7 6 8 C /ST M-2 5 6 C  T u nable W D MPO S I nter f ac e Modu le ( 1 . 0 )
� F u l l  C -B a n d  t u n a b l e ,  5 0 G H z  s p a c i n g ,  E n h a n c e d  F E C  
� D u o -b i n a r y l i n e  c o d e  f o r  s p e c t r a l e f f i c i e n c y  ( 4 3  G b / s  
b a n d w i d t h -c o m p r e s s e d  s i g n a l  o n  5 0 G H z  g r i d )

� 4 0 G  r e t r o f i t  o n t o  e x i s t i n g  1 0 G  D W D M s y s t e m s
� L i n e -s i d e  i n t e r o p e r a b i l i t y  w i t h  O N S 1 5 4 5 4  M S T P  
� O S N R  1 3 d B ,  C D  + / - 1 5 0  p s / n m ,  P M D  2 .5  p s ,  ~ 5 0 0  k m  ( t y p i c a l ,  
b u t  m o r e  t h a n  9 5 0  k m  d e p l o y e d )

Re(E)

I m (E)

OOK



© 20 0 7  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d . C i s c o  C o n f i d e n t i a lP r e s e n t a t i o n _ I D 63

Cisco CRS-1
O C -7 6 8 C /ST M-2 5 6 C  T u nable W D MPO S I nter f ac e Modu le ( 1 . 5 )
� F u l l  C -B a n d  t u n a b l e ,  5 0 G H z  s p a c i n g ,  E n h a n c e d  F E C  
� D P S K + l i n e  c o d e  f o r  s p e c t r a l e f f i c i e n c y  ( 4 3  G b /s   b a n d w i d t h -
c o m p r e s s e d  s i g n a l  o n  5 0 G H z  g r i d )

� 4 0 G  r e t r o f i t  o n t o  e x i s t i n g  1 0 G  D W D M s y s t e m s
� L i n e -s i d e  i n t e r o p e r a b i l i t y  w i t h  O N S 1 5 4 5 4  M S T P  
� O S N R  7 .5 d B ,  C D  + / - 7 5 0  p s / n m ,  P M D  2 .5  p s ,  >  1 0 0 0  k m

Re(E)

I m (E)

D P S K
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Cisco CRS-1
4-Por t 1 0 G E  T u nable W D MPH Y  I nter f ac e Modu le

� F u l l  C -B a n d  t u n a b l e ,  5 0 G H z  s p a c i n g
� E n h a n c e d  F E C  ( u p  t o  1 0 0 0 k m )
� S O N E T / S D H  l i k e  O A M P
� A l s o  s u p p o r t s  u n a m p l i f i e d
s i n g l e  c h a n n e l  4 0 k m / 8 0 k m  
a p p l i c a t i o n s

� F u t u r e  1 0 G  W D M P O S  s u p p o r t
� E t h e r n e t  E n c a p s u l a t i o n

I E E E  8 0 2 . x  F l o w  c o n t r o l
8 0 2 . 1 q  V L A N  S u p p o r t ,  j u m b o  f r a m e s
I E E E  8 0 2 . 1 p  T a g g i n g
S o u r c e / d e s t i n a t i o n  M A C  a c c o u n t i n g
V L A N  A c c o u n t i n g  
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� C urre nt 1 0 G E  SP A  +  U T2  +  E . F E C  ( v e ry  s im ilar to 
th e  C R S 4 x 1 0 G E  P L I M )

� P lanne d in 1 2 . 0 . 3 3 S in 1 2 K  w ith  SI P -6 0 0  &  SI P -
6 0 1

� D oub le  W ide  SP A  tak ing  th e  e ntire  s lot of  
SI P -6 0 0 /SI P -6 0 1

� M aj or F e ature s  
T u n a b i l i t y → 5 0 G h z I T U  g r i d  s p a c i n g  w i t h  8 0 
l a m b d a s
Di s t a n c e  → E n h a n c e d  F E C  ( E . F E C )  i m p l e m e n t a t i o n
O A M → S O NE T  c h a r a c t e r  /  G . 7 09 P e r f o r m a n c e  
m o n i t o r i n g  a n d  A l a r m s

Cisco 12 0 0 0  
1 0 G E  D W D M SPA
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I P oDWDM P r od uc t p or tfolio - summa r y

C R S -1 C i s c o  12 0 0 0 C i s c o  7 6 0 0

1 x  4 0  G b p s  - O D B
1 x  4 0  G b p s  - D P S K +

4 x  1 0 G E

1 x  1 0 G E  S P A 2  a n d  4 x  1 0 G E
( p l a n n e d  f o r  Q 1 C Y 0 9 )
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�R e c o n f i g u r a b l e  OA D M
Su p p o r t i n g  a n y  t r a f f i c  p a t t e r n  a t  w a v e l e n g t h  g r a n u l a r i t y
M i n i m i z e s  i m p a c t  o f  h u m a n  e r r o r  &  R e d u c e s  t r u c k -r o l l s

�T u n a b l e  t r a n s p o n d e r s ,  c l i e n t  p l u g g a b l e  m o d u l e s
�A u t o m a t e d  n e t w o r k  p l a n n i n g

Si m p l i f i e d  t o o l  t h a t  d e s i g n s  d a t a ,  T D M  a n d  D W D M  l a y e r s
�A u t o m a t e d  n o d e  s e t u p

P l a n n i n g  d a t a  d r i v e s  a u t o m a t i c  c o n f i g u r a t i o n  s e t u p
I n t e l l i g e n t  c o n t r o l  p l a n e  a u t o m a t e d  c o n n e c t i o n  s e t u p

�A u t o m a t i c  p o w e r  c o n t r o l
P r o t e c t s  a g a i n s t  a g i n g  e f f e c t  a n d  f a s t  t r a n s i e n t s

�a n d  m a n y  m a n y m o r e  . . .

Customer Value: Reduce impact of human 
error,  increase reliab ility ,  increase flex ib ility ,  
cov ers more potential applications and 
serv ices,  reduce O P E X ,  etc.

S yner g ic  effec t of a ll a d va nc ed  DWDM fea tur es
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Q  &  A
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