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IP + Optical in the 
N ex t G ener atio n N etw o r k

Rajiv Ram as w am i
G M  O p t ic al ,  C is c o  S y s t e m s
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Networks in Transition
Today: Service Specific Networks

Narrowband 
A c c e s s  
Ne t work

B roadband A c c e s s  Ne t work

R adi o 
A c c e s s  
Ne t work

S O NE T / S D H
A c c e s s  
Ne t work

H i g h  S p e e d ( E t h e rne t )
A c c e s s  Ne t work

V oi c e  Ne t work
( C i rc u i t )

T D M  Ne t work
( C i rc u i t )

F R / A T M  Ne t work
( P ac k e t )

P u bl i c  I P  Ne t work
( P ac k e t )

P ri v at e  I P / M P L S  Ne t work
( P ac k e t )

O p t i c al  Ne t work
( C i rc u i t )

Challenges:
• Cap ex
• O p ex
• S er v i c e V elo c i t y  



333

Networks in Transition
F u tu re: O n e Network,  M an y Services

B roadband A c c e s s  Ne t work

R adi o 
A c c e s s  
Ne t work

2 . 5 G / 3 G / 4 G / W L A N

S O NE T / S D H
A c c e s s  Ne t work

H i g h  S p e e d ( E t h e rne t )
A c c e s s  Ne t work

T D M  Ne t work
( C i rc u i t )

P u bl i c

P ri v at e

I P / M P L S  Ne t work  

O p t i c al  Ne t work  
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A c c ess and  c ore Networking :
End-End D a t a  D e l i v e r y

SONET/SDH Loop Et h e r n e t  C or e  / EoM P LS SONET/SDH Loop

Service End Point
(Customer, Enterprise, SMB)

Service End Point
(Customer, Enterprise, SMB)

C OC O

SONET/SDH Loop Et h e r n e t  C or e  / EoM P LS SONET/SDH Loop

Service End Point
(Customer, Enterprise, SMB)

Service End Point
(Customer, Enterprise, SMB)

C OC O

C ore  Ne t workA c c e s s  Ne t work A c c e s s  Ne t work

• Core networks:  IP+WDM
• A c c ess N etworks: N G  S DH  wi th  p a c ket i nteg ra ti on
• B ou nd a ri es b etween p a c ket a nd  op ti c a l  b l u rri ng
• Integ ra ti on of  m a na g em ent a nd  c ontrol  p l a nes

NG  S D H NG  S D HWDM

I P / MP L S
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I P + O p tic al  I nteg ration in th e C ore

• Packet layer convergence 
to I P/ M PL S  i s  s tarti ng to 
d eli ver C A PE X  and  O PE X  
s avi ngs  i n core netw orks

• S i gni f i cant ad d i ti onal 
C A PE X / O PE X  s avi ng can 
b e h ad  b y convergi ng th e 
I P layer and  th e op ti cal 
layer

F R AT M V o i c e I P

C C  I P  /  MP L S

T DM

DWDM

λλλλ s e r v i c e sS AN
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W h y  C onv erg e O v er a Tru e O p tic al  L ay er

• O n l y a tru e optical  l ayer can  accom m odate 
su ch  traffic g rowth ! ! !

Japan: Max/Min Traffic Volume � 1 0 0 x in 5  
y ears

S ou rc e :  h t t p : / / www. j p i x . ad. j p / j p / t e c h nc al / t raf f i c . h t m l
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I P+ O p ti cal B u i ld i ng b locks

1 . C olored  i nterf aces  
d i rectly on th e 
rou ter

2 . S w i tch ed  O p ti cal 
L ayer

3 . I ntegrated  
m anagem ent

4 . I ntegrated  control 
p lane

Router O p ti c a l  L a y er

U n i f i ed  C on trol  P l a n e

U n i f i ed  M a n a g em en t
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C A PE X  I s s u es  w i th  C u rrent A rch i tectu re
Many non-r e v e nu e  g e ne r at i ng  c os t l y i nt e r c onne c t i ons

WDM Transport

C ross
C onne c t
( E X C )

C ross
C onne c t
( E X C )

I P  S ourc e/ S i n k  N od es  T ra n s i t N od es  

WDM Transport

S R  ( W )  

S R  ( W )

S R  ( W )

W D M  ( W )

S R  ( W )   

S R  ( W )

W D M  ( W )

S R  ( W )   

S R  ( W )

S R  ( W )

W D M  ( W )

S R  ( P )  

S R  ( P )

W D M  ( P )

I s s u e s :
1 . H i g h  C AP EX  –

e s p e c i a l l y  a t  4 0 G !
2 . H i g h  OP EX :  p o w e r  

c o n s u m p t i o n  &  
f o o t p r i n t

3 . L o w e r  r e l i a b i l i t y
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C isco’s I P + O ptical  Strateg y:
S i m p l i f yi ng  t h e  N e t w or k  and  R e d u c i ng  i t s  C os t

O pe n S w i tc h e d  O pti c al  Me sh

I P  S ourc e/ S i n k  N od es  T ra n s i t N od es  

W D M  ( W ) W D M  ( W ) W D M  ( W )W D M  ( P )

O pe n S w i tc h e d  O pti c al  Me sh

I s s u e s  s o l v e d :
1 . R a c k s  o f  

t r a n s p o n d e r s  
e l i m i n a t e d

2 . R e d u c e d  n u m b e r  o f  
O-E-O c o n v e r s i o n s  
i n c r e a s e s  r e l i a b i l i t y

T r a n s p o n d e r -l e s s  
n e t w o r k :

1 . N o  c o n v e r s i o n  f o r m  
S R  t o  λλλλ

2 . N o  r e g e n s
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A d d res s i ng th e O p erati onal C h allenge ( 1 ) :
Mak i ng  D W D M op e r at i onal l y f r i e nd l y

R o u t e r

R o u t e r R o u t e r

• C on c ern :  A n  en d -to-en d  op ti c a l  l a y er m a y  b e h a rd  to m a n a g e
• S ol uti on :  

1 . I n s t r u m e n t a t i o n  i n  t h e  o p t i c a l  l a y e r  t o  m o n i t o r  t h e  s i g n a l  e v e r y w h e r e
2 . Au t o m a t e d  “a n a l o g  c o n t r o l  p l a n e ” t o  c r e a t e  a d a p t i v e  s y s t e m  t h a t  e a s e s  

i n s t a l l a t i o n  a n d  m a i n t e n a n c e
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L egacy D W D M  S ys tem s
Manu al  D W D M N e t w or k  L i f e -C yc l e

C o m p l i c a t e d
N e t w o r k  P l a n n i n g

Ma n u a l  i n s t a l l a t i o n ,  m a n u a l  p o w e r  m e a s u r e m e n t s  a n d  
V OA t w e a k i n g  a t  e v e r y  s i t e  f o r  e v e r y w a v e l e n g t h

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

Ma n u a l  p r o v i s i o n i n g  o f  e q u i p m e n t  
&  t o p o l o g y  i n t o  EMS / N MS

Ma n u a l  DWDM p r o c e s s e s :  l a b o r  i n t e n s i v e  a n d  e r r o r  p r o n e  
R e s u l t :  h i g h  Op Ex c o s t s

L a b o r -i n t e n s i v e
o p e r a t i o n
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N ex t G en O p ti cal L ayer
A u t om at e d  D W D M N e t w or k  L i f e -C yc l e

Au t o m a t e d  o p t i c a l  l a y e r  f o r  
e n d -t o -e n d  c o n n e c t i o n  s e t u p ;  
Ma n u a l  p a t c h i n g  o f  c l i e n t  a t  

e n d -p o i n t s  o n l y

Au t o m a t e d  p r o v i s i o n i n g  
o f  a l l  p a r a m e t e r s

EMS / N MS  l e a r n s  f r o m  t h e  
n e t w o r k  a n d  s t a y s  i n  s y n c

( Op t i c a l  OS P F )

Au t o m a t e d  DWDM:  s i m p l i f i e d  T DM-l i k e  i n s t a l l a t i o n  a n d  o n -g o i n g  o p e r a t i o n
R e s u l t :  R e d u c e s  Op Ex ,  f a c i l i t a t e s  w i d e  d e p l o y m e n t

Ea s y  p l a n n i n g  
w i t h  

s o p h i s t i c a t e d  t o o l
S i m p l i f i e d ,  g r a p h i c a l  A-Z  
l i g h t p a t h  p r o v i s i o n i n g  &  

t r o u b l e  s h o o t i n g

Ea s y  c h a n g e s  t o  d e s i g n  
b a s e d  o n  a c t u a l  f i b e r  p l a n t

Au t o m a t e d  e n d -t o -
e n d  l i g h t p a t h  s e t u p



131313

N ex t G en O p ti cal L ayer 
E nab l i ng  T e c h nol og i e s

Au t o m a t e d  o p t i c a l  l a y e r  f o r  
e n d -t o -e n d  c o n n e c t i o n  s e t u p ;  
Ma n u a l  p a t c h i n g  o f  c l i e n t  a t  

e n d -p o i n t s  o n l y

Ea s y  p l a n n i n g  
w i t h  

s o p h i s t i c a t e d  t o o l
S i m p l i f i e d ,  g r a p h i c a l  A-Z  
l i g h t p a t h  p r o v i s i o n i n g  &  

t r o u b l e  s h o o t i n g

P l a n n i n g  &  
s i m u l a t i o n  t o o l

S o p h i s t i c a t e d  
EMS

Au t o  
N o d e  
S e t u p

R OADM
Au t o  
P o w e r  
C o n t r o l

T r u e  p o w e r  
m e a s u r e m e n t

Op t i c a l  
OS P F
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O p erati onal E f f i ci ency: L egacy vs .  N G  D W D M
O p e r at i onal l y f r i e nd l y D W D M – r e ad y f or  c or e  ap p l i c at i ons

0

2 00

4 00

6 00

8 00

1 , 000

1 , 2 00

8  c h a n n e l s  1 2  c h a n n e l s 1 6  c h a n n e l s 2 4  c h a n n e l s 3 2  c h a n n e l s

N e x t  G e n  D W D M
T r a d i t i o n a l  “F i x e d ” D W D M

Op
era

tio
na

l W
or
k H

ou
rs

N e t w o r k  G r o w t h

An a l y s i s  d o n e  w /  1  R OADM – f u r t h e r  v a l u e  w i l l  e x i s t  w /  m o r e  R OADMs
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IP/MPLS

T h e S w i tch ed  O p ti cal L ayer:
T h e  c onv e r g e nc e  l aye r  f or  non-p ac k e t  t r af f i c  as  w e l l

O n e optical  l ayer for packet an d TD M  cl ien t,  as wel l  as 
fu tu re h ig h  b an dwidth  “λλλλ on  dem an d”

T u n a b l e  
WDM I / F

SO N E T /SD H

T u n a b l e  
T r a n s p o n d e rWa v e l e n g t h  

s e r v i c e

X F P
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Control and Management Planes

1 . I n teg rated M an ag em en t 
is n eeded for F C A P S 
fu n ction s,  specifical l y:
– P rov i s i on i n g  of  b ox es ,  

c a rd  a n d  c on n ec ti v i ty
– T roub l e s h ooti n g   f or 

c om p l ex  p rob l em s
2 . I n teg rated con trol  pl an e 

for:
– F a ul t i s ol a ti on
– A utod i s c ov ery
– Res tora ti on

Router O p ti c a l  L a y er

U n i f i ed  C on trol  ( G M P L S / U N I )

U n i f i ed  M a n a g em en t
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W h y d oes  th e O p ti cal L ayer need  a C ontrol 
Plane?

1 . T h ere i s  n o tri v i a l  a n s w er,  ta k i n g  i n to a c c oun t th e us a g e of  th e
op ti c a l  l a y er tod a y
• P r o o f  p o i n t :  n o  w i d e  s c a l e  d e p l o y m e n t  o f  c o n t r o l  p l a n e  d e s p i t e  

6  y e a r s  o f  d i s c u s s i o n s
2 . N etw ork  m a n a g em en t c a n  p rov i d e m a n y  of  th e s a m e f ea tures  

w / out a  C P :
• A-Z  c o n n e c t i o n  s e t u p  w i t h i n  s e c o n d s
• F a u l t  c o r r e l a t i o n

3 . H ow ev er,  th ere i s  s i g n i f i c a n t m om en tum  on  th e top i c :
• I S OC OR E/ MP L S  F o r u m  m u l t i -v e n d o r  i n t e r o p e r a b i l i t y  t r i a l s  
• OI F  m u l t i -v e n d o r  i n t e r o p e r a b i l i t y  t r i a l s  f o r  Op t i c a l  U N I
• On g o i n g  S e r v i c e  P r o v i d e r  l a b  t r i a l s

4 . W h a t a re N etw ork  O p era tors  h op i n g  to a c h i ev e?
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W h y d oes  th e O p ti cal L ayer need  a C ontrol 
Plane?

1 . Sim pl ifyin g  n etwork in teg ration : 
• I t i s  h a rd  to i n teg ra te n ew  tec h n ol og y  i n to m a n a g em en t s y s tem s
• O p era tors  a re h op i n g  th a t g etti n g  v en d ors  to i n terop era te a t th e C P  l ev el ,  w i l l  a l l ow  f or s i m p l er m a n a g em en t s y s tem s  a n d  f a s ter i n teg ra ti on

2 . O P E X  redu ction :
• A utom a ti c  d i s c ov ery  m ec h a n i s m s
• A l a rm  c orrel a ti on  a n d  red uc ti on

3 . C A P E X  redu ction :
• S h a red  m es h  res tora ti on

4 . I n creased reven u e via n ew services:
• C P  en a b l es  n ew  a p p l i c a ti on s  s uc h  a s  B oD
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R oles  of  th e C ontrol Plane ( 1 )
F au l t  L oc al i z at i on

• W / ou t fau l t l ocal iz ation : every n ode al arm s of th e fail u re

• W ith  fau l t l ocal iz ation : on l y adj acen t n odes al arm
• I m pl em en tation : forward an d b ackward defect in dicators via L in k M an ag em en t P rotocol  ( L M P )
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R oles  of  th e C ontrol Plane ( 2 )
A u t od i s c ov e r y

• W / ou t au todiscovery: A  
m iscon n ection  is h ard 
to detect

• W ith  au todiscovery: 
th e rig h t con fig u ration  
is detected

• I m pl em en tation : on / off 
test m essag es on  
in terfaces coordin ated 
b y L M P
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R oles  of  th e C ontrol Plane ( 3 )
E nd  t o e nd  i nt e l l i g e nc e

• O n ce th e rou ter an d optical  l ayer u n derstan d th e en d to en d topol og y,  com b in ed in tel l ig en ce can  b e b u il t in to th e n etwork
• U pon  fail u re in  th e optical  dom ain ,  th e rou ter can  sig n al  to set u p a b acku p path
• I m pl em en tation : G M P L S peer m odel  or b order m odel  to al l ow rou ter to participate in  optical  l ayer con trol  pl an e

W D M  I / F

W D M  I / F

RSVP setup

O SPF  upd a te
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V alu es of  I P+ O p ti c al I ntegrati on

F uture p roof :  l on g  term  us e f or 
i n v es tm en t

S c a l a b l e to m ore W L s  &  h i g h er 
b i t ra tes  ( 4 0 G )

O T N  i n c orp ora tes  tec h n ol og i es  f or 
ea s y  m g m t &  troub l es h ooti n g  ( O P E X )

O p era ti on a l  us a b i l i ty  
c om p a ra b l e to S O N E T / S D H

F uture p roof :  n o n eed  to ov erh a ul  
n etw ork  f or n ew  s erv i c e ty p es  ( C A P E X )

N ew  p rotoc ol s  tra n s p orted  
w / out c om p l ex  m ed i a ti on

Red uc e h um a n  l a b or a n d  h um a n  errors  
( O P E X )

F ul l  f l ex i b i l i ty  to c on f i g ure th e 
c ore w / out m a n ua l  i n v ol v em en t

1 . L ow er C A P E X :  n o tra n s p on d ers
2 . L ow er O P E X :  red uc e f ootp ri n t &  

p ow er
3 . H i g h er rel i a b i l i ty :  l es s  c om p on en ts

D i rec t c on n ec t of  I T U  on  router 
i n to a l l -op ti c a l  l a y er – m i n i m i z e 
O E O  c on v ers i on  i n  th e op ti c a l  
l a y er

B en ef i tF ea ture
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S u mmary

Y es terd ay
• O ptical  an d I P  separate

• Network m an ag em en t with  
l im ited in teg ration

• M an u al l y in ten sive W D M

T om orrow
• E th ern et/ M P L S in to 
optical

• W D M  in to rou ters

• F u l l y in teg rated con trol  
pl an e

• P l u g  an d pl ay,  
recon fig u rab l e W D M
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