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Top-of -m i n d  f or  N e t w or k  O pe r a t or s  Tod a y
� C o m pet it iv e/ Pr o f it a b le B u s in es s  m o d els
� T r a f f ic  G r o w t h,  N ew  S er v ic es ,  

Video, Voice, Over the Top, Peer-to-peer, 
M a n a g ed, Fix ed M ob il e C on verg en ce

� C o m pet it io n ,  R eg u la t io n  
� C u s t o m er s  

U s er E x perien ce, R es iden tia l , B u s in es s , 
Pers on a l iz a tion , D evice D iverg en ce 

� N et w o r k  E v o lu t io n  &  C o s t
I P im porta n ce, C a pE x  ( N G N  in n ova tion s ) , OpE x  
( l if ecy cl e)

World-w i de
R oa m i n g

S u p p ort i n g
i n t e g ra t e d v oi c e ,
v i de o a n d da t a  
s e rv i c e s

T e le p re s e n c e
S e rv i c e s

S e c u re
Con n e c t i on s
From  
a n y w h e re

Bu s i n e s s
V oi c e
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H ow  t o m e e t  t h e  r e q u i r e m e n t s ?
� I n t ellig en t  S er v ic e R o u t er s

I P a s  the u b iq u itou s  l a y er 
I P/ M PL S  R ou ters  provides  a  s in g l e en d-to-en d con trol  pl a n e a n d da ta  pl a n e f or

E thern et S ervices  ( Pt2Pt, Pt2M Pt, M Pt2M Pt)
L eg a cy  S ervices  ( A TM , FR , TD M )
I P S ervices  ( L 3 VPN , U n ica s t, M u l tica s t)

� I n c r ea s e C o r e L in k / W a v elen g t h C a pa c it y
4 0 G  a n d b ey on d ( 1 0 0 G )  a s  rou ter core l in k s  s ee in crea s ed f l ow  s iz e
C a n n ot /  n o l on g er rel y  on  a g g reg a tion  techn ol og y  on l y

� R em o v e U n n ec es s a r y  L a y er
S im pl if ied n etw ork  a rchitectu re w ith:
S ervice L a y er ( I P/ M PL S )
Tra n s port L a y er ( D W D M )
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W h y  C on v e r g e  a t  t h e  O pt i c a l  L a y e r  ?  
� O pt ic a l T r a n s po r t  L a y er  is  a  s t a n d a r d  – en a b les  in t er o p.

ITU-T G . 7 0 9  D i g i t a l  W r a p p e r
� O pt ic a l T r a n s po r t  L a y er  is  t r a n s pa r en t  a n d  f lex ib le

N a t i v e l y  su p p o r t s S y n c h r o n o u s a n d  A sy n c h r o n o u s se 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 sh  To p o l o g i e s

� O pt ic a l T r a n s po r t  L a y er  pr o v id es  O A M  f ea t u r es
S a m e  b e st -i n -c l a ss O A M  f e a t u r e s a s S D H / S O N E T

� O pt ic a l T r a n s po r t  L a y er  is  s c a la b le – c a n  ha n d le g r o w t h
S u p p o r t s 40 G b p s t o d a y ,  sc a l e  t o  10 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 .  80 C H  @  5 0 G H z  sp a c i n g  f o r  C -b a n d  D W D M )

� O pt ic a l T r a n s po r t  c a n  pr o v id e v er y  f a s t  pr o t ec t io n / r es t o r a t io 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 sw i t c h o v e r  t i m e s

� O pt ic a l T r a n s po r t  ha s  d em o n s t r a t ed  ec o n o m ic a l pr ic e po in t s
n o t  j u st  i n  c o r e ,  b u t  a l so  i n  a g g r e g a t i o n  &  a c c e ss 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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R o u t er s
- A g g r e g a t i o n  o f  IP  t r a f f i c  t o  10 G
- F a st  r e st 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 D M  C r o s s  C o n n ec t s
- G r o o m  l o w  sp e e d  c i r c u i t s 
- F a st  r e st 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

Tr a d i t i on a l  C or e  N e t w or k  A r c h i t e c t u r e

D W D M
- M u l t i p l e x i n g  λs o n t o  f i b e r

T r a n s po n d er s
- C o n v e r t  sh o r t  r e a c h  t o  c o l o r

Distinct IP and 
DW DM  M anag e m e nt 
Pl ane s

Co ntr o l

Co ntr o l

Distinct IP and 
DW DM  Co ntr o l  
Pl ane s

M u l tip l e  
T r ansp o nde r s p e r  
W av e l e ng th  ( O E O )

E x p e nsiv e  E l e ctr ical  
Cr o ss Co nne cts 
( O E O )

T r u ck  R o l l s f o r  
R e co nf ig u r atio n

Co ntr o l
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IP-o v e r -D W D M  A r c h i t e c t u r e
Simplifying the network to support IP efficiently

Control

Control

I P N et w o r k
- E f f i c i e n t i n t e r c o n n e c t i o n d i r e c t l y
a t 10 / 40 G  
- P e r f o r m a n c e M o n i t o r i n g
- F a st L 3  P r o t e c t i o n - F R R

D W D M  N et w o r k
Tr a n sp a r e n t M u l t i -S e r v i c e
Tr a n sp o r t
W D M  A u t o m a t i o n (h i d i n g
c o m p l e x i t y o f f i b e r  
t r a n sm i ssi o n ) 

M anag e m e nt and
Co ntr o l -p l ane
co o r dinatio n.  

L e ss e l e ctr ical
p r o ce ssing ( O E O ) .  

Inte l l ing e nt o p tical
ne tw o r k .  Po int and
cl ick p r o v isio ning

B e ne f i ts
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C i s c o  IPo D W D M  S t r a t e g y
Pla tform Integra tion

� E lem en t  I n t eg r a t io n
I n teg ra te tra n s pon der 
f u n ction a l ity  on to 
rou tin g  pl a tf orm s  ( 1 0 G E , 4 0 G )
I n teg ra tin g  photon ic s w itchin g  
in to D W D M  optica l  pl a tf orm s  
( R OA D M  /  W X C )

� C o n t r o l I n t eg r a t io n
G M PL S  f or 
provis ion in g  of  l a m b da s  driven  
b y  I P con trol  pl a n e

� M a n a g em en t  I n t eg r a t io n
S epa ra te or in teg ra ted 
m a n a g em en t 

CR S -1 X R  12 0 0 0
7 6 0 0

O N S  15 45 4 M S T P
w / R O A D M  &  W X C

IP LayerIP Layer
SP Benefits

S c al e &  Perf o rm an c e
Lo w er C A PE X / O PE X
In c reas ed  R el i ab i l i t y
S p eed  t o  S erv i c e

S erv i c e Pro v i d er C o re N et w o rkD W D M  LayerD W D M  Layer

Element 
I nteg r a ti o n
Element 
I nteg r a ti o n

C o ntr o l 
I nteg r a ti o n
C o ntr o l 

I nteg r a ti o n M a na g ement 
I nteg r a ti o n

M a na g ement 
I nteg r a ti o n
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4 0 G 
DWDM

4 0 G 
DWDM

T X
R X

T X
R X

T X
R X

T X
R X

T X
R X

4 0 G
DWDM

T X
R X

T X
R X

T X
R X

O C7 6 8 -S R

4 0 G
DWDM

O C7 6 8 -S R

O C7 6 8 -I T U O C7 6 8 -I T U

T ra n s p on de r T ra n s p on de r

1 2 3 5

1 2

4

Next Gen.: IPoDWDM

T r a d i ti ona l  Mod el : E xter na l  T r a ns p ond er

6

I P oD W D M
R ed ucing C omplex ity,  #  of E lements
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Immediate Benefits of IPoDWDM solution 

� L o w er  C a pE x
E l im in a tion  of  OE Os

� L o w er  O pE x
S pa ce, pow er, 
m a n a g em en t 

� E n ha n c ed  r es ilien c y
Few er a ctive com pon en ts

� I n v es t m en t  pr o t ec t io n
4 0 G  a n d b ey on d,  
in teropera b il ity  over 
ex is tin g 1 0 G  s y s tem s

Bef or eBef or e

R o u te rR o u te r R O ADMR O ADMT r ansp o nde rT r ansp o nde r

WDM T r a ns p ond er s  
Integ r a ted  i nto R ou ter
WDM T r a ns p ond er s  
Integ r a ted  i nto R ou ter

R o u te rR o u te r R O ADMR O ADM

DW
DM

 I/
F
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� M a in  F ea t u r es
- 1 0 G E  L A N PH Y  pa y l oa d over G . 7 0 9  
pa y l oa d ( over-cl ock ed)  
- OA M & P b a s ed G . 7 0 9  S ta n da rd 
( S D H -l ik e)
- FE C  en a b l ed tra n s m is s ion
G . 7 0 9  S ta n da rd m odes , a n d 
E n ha n ced-FE C >1500 km

1 0 GE  L ANPH Y

W D M P H Y :  C os t -E f f e c t i v e  1 0 G E  D W D M

� I T U  s t a n d a r d  r ef er en c es :
- I TU -T G . 7 0 9  
- Overcl ock in g :  G . s u p4 3 , s u b -
cl a u s e  7 . 1
- E n ha n ced FE C :   G . 9 7 5 . 1  
A ppen dix  I . 7

k m  o f  R e ach  ( in a ty p ical  W DM  sy ste m )

0
200
400
600
800

1000
1200
1400

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Number of spans

N o  F EC

F EC

E-F EC
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H o w  t o  e n a b l e  O A M P ( s u b s t i t u t e  T D M )  
f u n c t i o n s ?

1 . E a s y  o per a t io n s  ( O A M & P)
– G . 7 09  o v e r h e a d s  mi mi c  S O N E T / S D H  f u n c t i o n s
– G M P L S  a l l o w s  o p t i c a l  l a y e r  v i s i b i l i t y  i n t o  h a r d  t o  d e t e c t  f a i l u r e s
– I n t e g r a t e d  o p t i c s   a l l o w s  f o r  l o w  c o s t  o p t i c a l  mo n i t o r i n g

2 . F a s t  pr o t ec t io n  
• C o n t r o l  p l a n e  p r o v i d e s  f a s t  f a i l u r e  i n d i c a t i o n s  t o  o p t i c a l  s w i t c h e s
• R o u t e r  b a s e d  f a s t  r e r o u t e  ( F R R )  ma y  b e  mo r e  e c o n o mi c a l  a n d  a s  f a s t / r e l i a b l e  a s  S O N E T / S D H  p r o t e c t i o n

3 . S u b -w a v elen g t h g r o o m in g
• N o t  n e e d e d  – r o u t e r  t r u n ks  c a n  f i l l  10G  w a v e l e n g t h s
• M a n a g e  b a n d w i d t h  a t  t h e  w a v e l e n g t h  l e v e l  u s i n g  o p t i c a l  s w i t c h e s

Conclusion: MPLS + G.709 + DWDM allow for OAMP (similar to T DM)  
a nd a simp le r arch ite cture !
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R ou te r R ou te r

I P oD W D M  O A M & P  
G.709 Functionality

T r ansp o nde r s S p an o f  G . 7 0 9  O AM P

S p an o f  S DH  O AM & P
R e l y  o n S DH  O AM P f o r  

M o nito r ing  and F ast Pr o te ctio n

Can R e l y  o n G . 7 0 9  O AM P
E . g .  M PL S  F R R  – b u t T r ig g e r  m u ch  E ar l ie r  th an S DH  L O S

10 G E  L AN PH Y  Inside  
G . 7 0 9  o n a W av e l e ng th

N o  T r ansp o nde r s

S p an o f  G . 7 0 9  O AM P

Cu r r e nt S P Ar ch ite ctu r e

IPo DW DM  N G N  S P Ar ch ite ctu r e

PO S

R ou te rR ou te r
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I P -ov e r -D W D M  A d v a n c e d  P r ot e c t i on  
f e a t u r e    

O p ti c a l  i m p a i r m entsCo
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Sup e rior Prote ction Comp are d  to T ransp ond e r-B ase d  N e twork s 
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B e s t  Q u a l i t y  S u b s c r i b e r  E x p e r i e n c e
Measure and Ensure Video Quality End-to-End

V i d e o
<  1  a rtifa ct per 2  hr mov ie req uires 

low loss serv ice 1 0 -6  pa cket loss ra te ma x imum
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IPoDWDM Pr oduc ts  
� 10G WDMPHY: CRS, GSR (33s), 7600 
(CY08 )
- 4  port PL I M   in  C R S  a n d 1 -port S PA  G S R  w ith Fu l l  C -
B a n d Tu n a b il ity a n d E -FE C , a n d 4 -port in  7 6 0 0  w ith X FP 
w ith FE C  
- G . 7 0 9  OA M & P ( S D H -l ik e)  
- B en ef itin g  1 0 G E  price poin ts  

� 4 0G W D M P O S :  C R S  
- 1  port OC -7 6 8 / S TM -25 6  PL I M  in  C R S -1  w ith Fu l l  C -
B a n d Tu n a b il ity a n d E -FE C
- Optica l  D u ob in a ry  l in e code ( s pectra l  ef f icien cy ) , a n d 
com pa tib l e w ith 1 0 G  s y s tem s  
- D PS K  ( in  3 . 6 )  w ith en ha n ced dis ta n ce ( > 1 ,0 0 0  k m )

T u nab l e  40 G
co m p atib l e  w ith  10 G  
DW DM  +  S O N E T  

O AM P

T u nab l e  10 G E  
w ith  S O N E T  O AM P
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I P oD W D M  R oa d m a p
IP o D W D M

1. 5

IPo DW DM   
Intr o du ctio n:
W o r l d s F i r st  

IP o D W D M  40 G  
L i n k  i n  P r o d u c t i o n

20 0 6
20 0 8

IP o D W D M
1. 0

DPS K +  and 
M anag e m e nt 
Inte g r atio n:

D o u b l i n g  t h e  r e a c h  
o f  40 G

IP o D W D M
2 . 0

20 0 9
20 1 0 -20 1 1

10 0 G E  
IP o D W D M

Incr e ase d 
Bandw idth  and 
L e ading  E dg e  
T e ch no l o g y :

10 0 G  IP o D W D M  
a c r o ss e x i st i n g  10 G  

n e t w o r k s

C o l o u r l e s s a n d  
D i r e c t i o n l e s s  
I P + O p t i c a l  
N e t w o r ks

•S im p l if y ing  IP+ O p tical  
ne tw o r k s
•M ar k e t L e ading  
T e ch no l o g y

4 0 G  and  
4 x 1 0 G E  
W D M P H Y  
L aunc h ed

N e x t G e ne r atio n 
M o du l atio n and 
Cr o ss Pl atf o r m  
Inte g r atio n:
A l l o w s m o r e  

c u st o m e r s t o  d e p l o y  
IP o D W D M

CR S -1

O NS  1 5 4 5 4
S O N ET  a n d S DH



© 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 l
S e s s i o n  I D
P r e s e n t a t i o n _ I D 17

Op e n WDM Arch ite cture :

� T ra ns p a re nt T ra ns m i s s i on 
- H ig h-perf orm a n ce ( E FE C , a dv.  m od. )
- B it-ra te I n depen den t
- ‘A l ien  W a vel en g th’ ( em erg in g  
s ta n da rd)

� O p e ra ti ona lly  F ri e nd ly  
-G . 7 0 9  OA M P
- Tu n a b il ity
- G M PL S   

� N e tw ork  p la nni ng  f le x i b i li ty  
-R OA D M / W X C
- Pl a n n in g  tool s

M u lti -
d e g re e  
R O A D M

L e v e r a g i n g  t h e  I n t e l l i g e n t  W D M  l a y e r

I P oD W D M  i nte rop e ra b i li ty :   
�-S ta te-of -the-a rt perf orm a n ce over M S TP
- Fiel d tes ted ‘A l ien -W a vel en g th’ over ex is tin g  ( 3 rd 
pa rty )  W D M  S y s tem s

R O A D M R O A D M



© 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 l
S e s s i o n  I D
P r e s e n t a t i o n _ I D 18

E n a b l i n g  t h e  E x pe r i e n c e  P r ov i d e r  
Tr a n s f or m a t i on
M or e  S e r v ice s ,  Gr e ate r  E f f icie ncie s ,  B e tte r  C ontr ol

Dep end a b l e 
Per f or m a nc e 

E th er net-E na b l ed  
DWDM

I nf ra s tru c tu re  
F le x i b i li ty  a nd  
S c a la b i li ty

F i b er / R es ou r c e 
O p ti m i z a ti on

S e rv i c e  
F le x i b i li ty

C i s c o B r i n g s  I t  A l l Tog e t h e r

O p erationaliz e P ac k etiz e

Com p re h e ns i v e  
O p ti c a l S olu ti on

I nv estm ent 
P rotec tion 

Et h e r n e t  b e c o m e s  P e r v a s i v e
C i s c o  I n t e g r a t e s  Et h e r n e t  i n t o  
D W D M :
• C o s t  Ef f e c t i v e  Et h e r n e t  
A g g r e g a t i o n  a n d  t r a n s p o r t

• S u b -w a v e l e n g t h  A d d / D r o p  f o r  
L a m b d a  C o n s e r v a t i o n

R i n g  t o  M e s h  M i g r a t i o n  f o r :
• F i b e r  Ef f i c i e n c y ,  S c a l e  a n d  
F l e x i b i l i t y  

O A M  R i c h  F e a t u r e  s e t  t o  s i m p l i f y  
o p e r a t i o n s
C i s c o  D e l i v e r s  O p e r a t i o n a l  
I n n o v a t i o n  

L e v e r a g i n g  C i s c o  R O A D M ,  
Et h e r n e t  &  I P  L e a d e r s h i p
D r i v i n g  I n n o v a t i o n  f o r  T r a n s p o r t  
S o l u t i o n s  /  S t r o n g  R & D
En g i n e e r i n g  P r o c e s s e s  /  
C o m p o n e n t  Q u a l i f i c a t i o n  /  S u p p l y  
C h a i n  /  




