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Cu s tom er  P r ofil es  &  Tr a ffic M ix  is  Cha ng ing
New Demands, New Opportunities

2004 2008

24,500 TB/ m o n t h 6 54,000 TB/ m o n t h

93% CAGR

1 7 2,000 TB/ m o n t h 1 ,1 9 0,000 TB/ m o n t h

4 7 % CAGR
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( T B /  mont h )

Busi ness D SL
I P  V P N
P ri v at e L i ne ( I P  P ort i on)

Et h ernet
A T M  /  F R  ( I P  P ort i on)

S o u r c e :  C i s c o  Es t i m a t e s ,  O v u m ,  B e r n s t e i n ,  P u b l i c  C o m p a n y  D a t a
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Agenda
� I P  N G N  C a r r i e r  E t h e r n e t  D e s i g n  – I n t r o d u c t i o n
� S y s t e m  A r c h i t e c t u r e  O v e r v i e w  
� C o n s u m e r  / R e s i d e n t i a l  S e r v i c e s
� B u s i n e s s  S e r v i c e s
� W h o l e s a l e  S e r v i c e s
� H i g h  A v a i l a b i l i t y
� Q u a l i t y  o f  S e r v i c e
� V i d e o  t r a n s p o r t  o v e r  I P  ,  V i d e o  q u a l i t y
� E t h e r n e t  O A M  
� C i s c o  7 6 0 0  N e w  F e a t u r e s
� C u s t o m e r  S u c c e s s  / C a s e  S t u d i e s
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I P  N G N  Carrier Ethernet
D es ig n - I ntro d u c tio n
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W h at  i s  C ar r i er  E t h er net  ab o u t  ?  
� P r o v i d e  e n d -t o -e n d  s y s t e m  c o n t e x t ,  a r c h i t e c t u r e  a n d  s e t  o f  
h a r d w a r e  a n d  s o f t w a r e  e l e m e n t s   f o r  E t h e r n e t -b a s e d  a g g r e g a t i o n  
n e t w o r k s . .

� I t  i s  b a s e d  o n  M E F ,  I E E E ,  I E T F  a n d  D S L  F o r u m  s t a n d a r d s
� S u p p o r t  c o n v e r g e d  r e s i d e n t i a l ,  b u s i n e s s  a n d  w h o l e s a l e  s e r v i c e s  
o v e r  a  s i n g l e  C a r r i e r  E t h e r n e t  i n f r a s t r u c t u r e

� L e v e r a g e  M P L S -b a s e d  a g g r e g a t i o n ,  E t h e r n e t  V i r t u a l  C i r c u i t  ( E V C ) ,  
I n t e l l i g e n t  S u b s c r i b e r  G a t e w a y  ( I S G )  a n d  s e r v i c e  o p t i m i z e d  
t r a n s p o r t  t e c h n o l o g i e s  t o  p r o v i d e  s c a l a b i l i t y  a n d  r e s i l i e n c y .

� D e l i v e r  s y s t e m  l e v e l  g u i d a n c e  a l i g n e d  c l o s e l y  w i t h  F C S  o f  
c o m p o n e n t  h a r d w a r e  a n d  s o f t w a r e  t h a t  i n c l u d e s  m a n a g e m e n t  
s y s t e m  c a p a b i l i t i e s .

� C o n t i n u o u s  d e v e l o p m e n t  f o r  h i g h e r  s c a l a b i l i t y  a n d  o t h e r  s e r v i c e  
m o d e l s  (  l i k e  E q u a l  A c c e s s  N e t w o r k s  )  
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I P  N G N  C ar r i er  E t h er net  D es i gn
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Key Carrier Ethernet System Enhancements 
� S u p p o r t  f o r  D S L  F o r u m  a n d  M E F  w i t h  a  f l e x i b l e  U N I  a n d  c o n n e c t i v i t y  
m o d e l s ,  d e l i v e r i n g  f l e x i b l e  V L AN  t r a n s l a t i o n ,  p u s h  a n d  p o p  
o p e r a t i o n s .

� Gr e a t e r  s c a l a b i l i t y  b y  l e v e r a g i n g  E t h e r n e t  V i r t u a l  Ci r c u i t  s e r v i c e  
i n s t a n c e s ,  r a t h e r  t h a n  e x i s t i n g  I D B  a p p r o a c h e s  t h a t  e x t e n d  t h e  
n u m b e r   a c c e s s  i n t e r f a c e s   u p  t o   32 0 0 0  a n d  b e y o n d  p e r  s y s t e m .

� S u p p o r t s  D S L ,  F i b e r ,   h u b / s p o k e  a n d  r i n g  b a s e d  e t h e r n e t  a c c e s s ,  a s  
w e l l  a s  W i M a x a c c e s s  o p t i o n s

� Co n v e r g e d  r e s i d e n t i a l ,  b u s i n e s s ,  a n d  w h o l e s a l e  s e r v i c e s  o n  s a m e  
i n f r a s t r u c t u r e

� 5 0  m s e c s e r v i c e  r e s t o r a t i o n  t a r g e t  f o r   s e r v i c e s  o n  l i n k  f a i l u r e s
� F u l l  v a l i d a t i o n  o f  a l l  m o d e l s  a n d  s e l e c t e d  a c c e s s  o p t i o n s  d e s i r e d  b y  
t h e  c u s t o m e r s .

� S u p p o r t  o f  E -O AM  p r o t o c o l s  l i k e  8 0 2 . 1 a g ,  8 0 2 . 3a h ,  E -L M I ,  Y . 1 7 31
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I P  N G N  Carrier Ethernet System D esig n
M ark et and  Serv ice M ap p ing

A g g r e g a t e d  b a n d w i d t h  o n  I S P  l e v e l ,  d i f f e r e n t i a t e d  s e r v i c e s  s u p p o r t ,  
t r a n s p a r e n t  Et h e r n e t  t r a n s p o r t  P 2P  a n d  M P  ( m u l t i c a s t  o p t i m i z e d )T r a n s p o r tD S LL 2 ( P 2P ,  M P )

A g g r e g a t e d  b a n d w i d t h  o n  I S P  l e v e l ,  d i f f e r e n t i a t e d  s e r v i c e s  s u p p o r t ,  w i t h  
s u b s c r i b e r  m a n a g e m e n t  a t  I S PT r a n s p o r tD S LL 3 ( P 2P ,  M P )W h o l e s a l e

A c c e s s  b a n d w i d t h ,  d i f f e r e n t i a t e d  s e r v i c e s  s u p p o r t ,  m u l t i p o i n t  t r a n s p o r t ,  
t r a n s p a r e n c yT r a n s p o r t

Et h e r n e t ,  P O N ,  
D S L ,  W I M A X *E-L A N

A c c e s s  b a n d w i d t h ,  d i f f e r e n t i a t e d  s e r v i c e s  s u p p o r t ,  t r a n s p a r e n c y  T r a n s p o r t
Et h e r n e t ,  P O N ,
D S L ,  W I M A X *E-L i n e

A c c e s s  b a n d w i d t h ,  d i f f e r e n t i a t e d  s e r v i c e s  s u p p o r t ,  L 3 V P N  t o p o l o g y ,  
m a n a g e d  s e r v i c e s  ( M P L S / M u l t i c a s t  V P N )T r a n s p o r t

Et h e r n e t ,  P O N ,  
D S L ,  W I M A X

L 3 V P N  
M P L S / M u l t i c a s tB u s i n e s s

T h e  n u m b e r  o f  S T B s ,  t y p e  o f  T V  p a c k a g e s ,  S D  v s H D  c o n t e n t   a n d  d e l i v e r y  
q u a l i t yA p p l i c a t i o n

Et h e r n e t ,  P O N ,  
D S LT V  

T h e  n u m b e r  o f  S T B s ,  s t r e a m  q u a l i t y ,  c o n t e n t  f l a v o r s ,  c h a r g i n g  m o d e l sA p p l i c a t i o n
Et h e r n e t ,  P O N ,  
D S LV o D

T h e  n u m b e r  o f  V o I P  a p p l i a n c e s ,  S I P  U R L s / P S T  P h o n e  n u m b e r s ,  a c t i v e  
c a l l s ,  V o I P  c a l l  q u a l i t yA p p l i c a t i o n

Et h e r n e t ,  P O N ,  
D S L ,  W I M A XV o I P  T e l e p h o n y  

D y n a m i c  a c c e s s  b a n d w i d t h ,  s e s s i o n / i d l e  t i m e o u t ,  a d v e r t i s e m e n t s ,  p o s t  
p a i d / p r e p a i d  ( t i m e  a n d  v o l u m e )T r a n s p o r t

Et h e r n e t ,  P O N ,  
D S L ,  W I M A XI n t e r n e t  A c c e s sR e s i d e n t i a l

S L A  E x a m p l eQ o E T y p eA c c e s sS e r v i c e sM a r k e t

*  E t h e r ne t  R e la y  P o int  t o  P o int  a nd  M u lt ip o int  o nly

Cisco Passes IPTV test:
http://w w w . l i g htr e a d i n g . c o m /d o c u m e n t. a s p? d o c _ i d = 1 2 6 4 7 5 & s i te = n x tc o m m
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I P  N G N  Carrier Ethernet
D es ig n – S y s tem   
A rc hitec tu re O v erv iew
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C i s c o  I P  N G N  Ar c h i t ec t u r e
What is Cisco Carrier Ethernet? 

Ci sc o 120 0 0   
( M S E )

Ci sc o 10 0 0 0 /  
A SR  10 0 X
( BR A S / BN G )

Ci sc o 760 0
( N -P E )

Ci sc o 720 0 /
Ci sc o A SR  10 0 X

( D -BR A S )
Corp orat eD SL

W i rel ess

ET T x

CR S-1 /
C12K -X R

760 0 ,
650 0 ,  450 0

( U -P E )

A c c e ss
• M edi a and A c c ess     
T ec h nol og y  A g nost i c
• Et h ernet  ov er A ny t h i ng
• Consi st ent  Serv i c e L ev el  
A g reement s
• R ap i d D ep l oy ment  V el oc i t y

A g g r e g ati o n 
Conv erg enc e :

• Busi ness &  Consumer
• W i rel i ne &  M obi l e

• P ersonal i z ed Serv i c e D i st ri but i on
• P ol i c y  Enf orc ement

Se r vi c e  Ed g e  
Cent ral i z ed Serv i c es 

• Busi ness V P Ns
• P ol i c y  M anag ement

• F l ex i bl e Busi ness M odel s

M et ro 
A g g reg at i on

Co n s i s t e n t  M a n a g e m e n t  a n d  P r o v i s i o n i n g

CSI5



Slide 11

CSI5 A few comments on this slide:
Please update BRAS to BNG, to be consistent with the Design Guide and the rest of this presentation.
Why is the uBR shown both in the access and aggregation area?  I would just put Cisco uBR 
Why are the arrows in the center of the graphic only pointing in the downstream direction?
Cisco Systems, Inc., 6/6/2007
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Carrier Ethernet  A g g reg atio n System

� R e s i d e n ti a l  S L A s E n f o r c e d  a t B N G .  B N G  c a n  b e  c e n tr a l i z e d  / d i s tr i b u te d  
� B u s i n e s s  S e r v i c e s  C e n tr a l i z e d  a t M S E  / d i s tr i b u te d  o n  A g g .  N o d e s
� V i d e o  S e r v i c e s  B y pa s s  B R A S /B N G  
� A c c e s s  A g n o s ti c  E the r n e t U N I  M o d e l s
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L 3L 3

EoM P L SEoM P L S
V P L SV P L S

L oc al  c onnec t  ( P 2P )L oc al  c onnec t  ( P 2P )
L oc al  Bri dg i ng  ( M P )L oc al  Bri dg i ng  ( M P )

F l ex i b l e E t h er net  U N I  - E V C
Technology enabler of Carrier Ethernet Aggregation S e r v i c e  i n s t a n c e /E F P  

(E t h e r n e t  F l o w  P o i n t )

Fl e x i b l e  
V L A N
tag

m atc h i ng

Fl e x i b l e  
V L A N
tag

m atc h i ng

H-Q o S
p e r  V L A N
H-Q o S
p e r  V L A N

Fl e x i b l e  
V L A N
T ag  

r e w r i te

Fl e x i b l e  
V L A N
T ag  

r e w r i te

F l ex i bl e V L A N t ag  mat c h i ng ,  one EF P  c an 
mat c h
• uni q ue si ng l e or doubl e V L A N t ag s
• mul t i p l e or rang e or any  si ng l e V L A N t ag
• uni q ue out er V L A N t ag  w i t h  mul t i p l e or 
rang e or any  i nner V L A N t ag s
• def aul t  V L A N t ag

P er V L A N  eg ress H -Q oS

F l ex i bl e V L A N t ag  mani p ul at i on
� P op  ex i st i ng  1 or 2 V L A N t ag s
� P ush  1 or 2 new  V L A N t ag s
� V L A N t ag  t ransl at e ( 1:1,  1:2,  2:2, 2:1)

F l ex i bl e L 2/ L 3 serv i c e map p i ng
� O ne or g roup s of  EF P s c an be map p ed t o 
same L 2/ L 3 serv i c e,  w i t h  sp l i t -h ori z on 
op t i on bet w een EF P s
� V L A Ns on t h e same p h y si c al  p ort s c an be 
sel ec t i v el y  map p ed t o di f f erent  L 2/ L 3 
serv i c e

F l e x i b l e  S e r v i c e  M a p p i n g
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V L A N  
p o p
p u s h
x l a t e

1: 1,  2: 2
1: 2

E V C  – F l ex i b l e F o r w ar di ng M o del

V P L S

EoM P L S P W

EoM P L S P W

EoM P L S P W

L 3

L 2/ L 3

EF P s:
V L A N 
( 8 0 2. 1q
/ Q i nQ )

E S 20, S I P -400

X
L 2,  M P

EoM P L S

P 2P  
L oc al  Connec t

Bridging

Bridging

Bridging

R o u t ing

R o u t ing

EF P s: V L A N 
( 8 0 2. 1q / Q i nQ )

S u p p o r t  1 6 K  P 2P  
x c o n n e c t s e r v i c e

Sp l i t  h ori z on 
f orw ardi ng  di sabl ed
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I nt el l i gent  S er v i c es  G at ew ay
Technology enabler of Carrier Ethernet Aggregation

ISG

R A D I US P ort al

L 4 R

S e lf -p r o -
v is io ning
/  S e lf c a r e

R A D I U S  /  A A A
p u s h / p u ll
P e r  S u b / S e r v ic e  
A c c o u nt ing

I nt e r ne t

I S G
S e s s io ns

P P P o E o X

I P o E

D H CP� Identifies sessions and service flows
T r a f f i c  c l a s s i f i c a t i o n  f o r  a l l   a c c e s s  
a r c h i t e c t u r e s
S e s s i o n  a n d  f l o w  p r o v i d e s  p e r  u s e r  
g r a n u l a r i t y

� D y nam ically  assig ns th e session to a 
config u red Q O S  p olicy  ( M Q C )  via 
R adiu s

� E stab lish es V irtu al R ou te p er 
S ession

� P rovides P olicing ,  A ccess C ontrol,  
A ccou nting ,  via R adiu s P u sh / P u ll

A u t h e n t i c a t i o n
L o g o n
C h a n g e  o f  A u t h o r i z a t i o n  (P o l i c y  
P u s h )
L 4  r e -d i r e c t i o n
A c c o u n t i n g  d e t a i l s

� L im itations of S S G  are rem oved
E . g .  m a p p i n g  t r a f f i c  t o  V R F ,  v a r i o u s  
r o u t i n g  t a b l e s
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Consumer / Residential 
S erv ic es
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R etail  R esid ential  Serv ices (  Central iz ed  B N G  )

A c c e s s  N o d e  U N I a n d   c o n n e c t i v i t y  m o d e l s :
• N o n  T r u n k  U N I,  N : 1  V L A N
• T r u n k  ( M u l t i  V C )  U N I,  N : 1  Se r v i c e  V L A N
• T r u n k  ( M u l t i  V C )  U N I,  1 : 1  In t e r n e t  A c c e s s  V L A N
T h e s e  m o d e l s  a r e  t h e  b a s e  l i n e  i n  T R -1 0 1  a n d  
p r e s e n t  i n  e x i s t i n g  A c c e s s  N o d e s  i m p l e m e n t a t i o n s

VOD data plane: MPLS LSPs, signaled by LDP or RSVP-
T E  in c ase MPLS-T E  F RR protec tions is req u ired
T V date plane:  I P m u ltic ast ov er MPLS T E  link  protec ted 
E oMPLS  pseu dow ires

Large Scale
A g g r e g ati o n

I n t elli gen t
Ed g e M u lt i s erv i ce

C o r e
E f f i ci en t  
A c c e ss

A ggr e ga t io n N o d e
BN G

P P P ,  I P ,  M P L S M PL SM P L S /  I PD SL ,  W i M A X ,  Et h ernet

I P  M o d e l
V o D ,  I P T V ,  V o I P

N : 1 ,  1 : 1  V L A N  m o d e ls EoM P L S P seudow i re
HS I ,  V o I P

A c c e s s  N o d e

N : 1  V L A N  m o d e l

BN G

D is t r ib u t io n N o d e

P IM  a n d  IGP  c o n t r o l  p l a n e
IP  u n i c a s t / m u l t i c a s t   d a t a  p l a n e

EoM P L S P W
HS I  I P  s e r v ic e  s u b ne t

3 P la y  I P  s e r v ic e  s u b ne t

S ingle  P W  p e r  A ggr e ga t io n N o d e

IP / M P L S N N I

E t h e r n e t  U N I

M P L S / I P  M o d e l
V o D ,  I P T V ,  V o I P
N : 1  V L A N  m o d e l M P L S/ IP  d a t a  p l a n e

V o D  c o n t r o l  p l a n e :  L D P ,  R SV P -T E
T V  c o n t r o l  p l a n e :  P IM ,  2 nd IGP3 P la y  I P  s e r v ic e  s u b ne t

� � �� � �� � � � �

	�
� 
� � 
 
 ���

M P L S  N N I
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R etail  R esid ential  Serv ices (  D istrib u ted  B N G  )

A c c e s s  N o d e  U N I a n d   c o n n e c t i v i t y  m o d e l s :
• N o n  T r u n k  U N I,  N : 1  V L A N
• T r u n k  ( M u l t i  V C )  U N I,  N : 1  Se r v i c e  V L A N
• T r u n k  ( M u l t i  V C )  U N I,  1 : 1  In t e r n e t  A c c e s s  V L A N
T h e s e  m o d e l s  a r e  t h e  b a s e  l i n e  i n  T R -1 0 1  a n d  
p r e s e n t  i n  e x i s t i n g  A c c e s s  N o d e s  i m p l e m e n t a t i o n s

VOD data plane: MPLS LSPs, signaled by LDP or RSVP-
T E  in c ase MPLS-T E  F RR protec tions is req u ired
T V date plane:  I P m u ltic ast ov er MPLS T E  link  protec ted 
E oMPLS  pseu dow ires

Large Scale
A g g r e g ati o n M u lt i s erv i ce

C o r e
E f f i ci en t  
A c c e ss

D is t r ib u t e d  E d ge  N o d e

M PL SM P L S /  I PD SL ,  W i M A X ,  Et h ernet

I P  M o d e l
V o D ,  I P T V ,  V o I P

N : 1 ,  1 : 1  V L A N  m o d e ls EoM P L S P seudow i re
HS I ,  V o I P

A c c e s s  N o d e

N : 1  V L A N  m o d e l

D is t r ib u t io n N o d e

P IM  a n d  IGP  c o n t r o l  p l a n e
IP  u n i c a s t / m u l t i c a s t   d a t a  p l a n e

HS I  I P  s e r v ic e  s u b ne t

3 P la y  I P  s e r v ic e  s u b ne t
IP / M P L S N N I

E t h e r n e t  U N I

M P L S / I P  M o d e l
V o D ,  I P T V ,  V o I P
N : 1  V L A N  m o d e l M P L S/ IP  d a t a  p l a n e

V o D  c o n t r o l  p l a n e :  L D P ,  R SV P -T E
T V  c o n t r o l  p l a n e :  P IM ,  2 nd IGP3 P la y  I P  s e r v ic e  s u b ne t

M P L S  N N I

I P  o r P P P o E a c c e s s .  I S G  is  dis t rib u t e d
o n t h e  A ggre ga t io n N o de s

I S G  S e s s io ns
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B usiness S erv ic es
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Large Scale
A g g reg at i on

I n t elli gen t
Edg e M u lt i s erv i ce

Core
E f f i ci en t  
A c c ess

I P ,  M P L S M P L SM P L S /  I PD SL ,  W i M A X ,  Et h ernet

Busi ness 
E-L I NE

Busi ness 
E-L A N

H-V P L S

Busi ness
L 3  V P N

M P L S -V P N

A ggr e ga t io n N o d eA c c e s s  N o d e D is t r ib u t io n N o d e

E o M P L S

M P L S  N N I
I nt e r A S ,  P W  s w it c h

P o r t ,  1 q ,  Q i n Q

P o r t ,  1 Q ,  Q i n Q

P o r t ,  1 Q ,  Q In Q

A g g reg atio n N etw o rk  Serv ice Ed g e
B u siness Ethernet Serv ices A rchitectu re

I m plem ents serv ic e   
netw ork  f orw arding and 
ac c ess SLA  enf orc em ent

M P L S N N I
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M SE Serv ice Ed g e 
B u siness Ethernet Serv ices

E t h e r n e t  U N I

MSE  im plem ents serv ic e   
netw ork  f orw arding and 
ac c ess SLA  enf orc em ent
MSE  im plem ents serv ic e   
netw ork  f orw arding and 
ac c ess SLA  enf orc em ent

A ggregation N etw ork  im plem ents a transport 
f u nc tion based on E oMPLS pseu dow ires

Large Scale
A g g reg at i on

I n t elli gen t
Edg e M u lt i s erv i ce

Core
E f f i ci en t  
A c c ess

I P ,  M P L S M P L SM P L S /  I PD SL ,  W i M A X ,  Et h ernet

Busi ness 
E-L I NE

Busi ness 
E-L A N

E o M P L S  P WE o M P L S  P s e u d o w ir e
V P L S

Busi ness
L 3  V P N

E o M P L S  P W
M P L S -V P N

A ggr e ga t io n N o d e

M S E

A c c e s s  N o d e

M S E

D is t r ib u t io n N o d e

E t h e rne t  
Q inQ

E t h e rne t  
Q inQ

E t h e rne t  
Q inQ

� � �� � �� � � � �

	
� 
� � 
 
 ���

P o r t ,  1 Q ,  Q In Q

P o r t ,  1 Q ,  Q i n Q

P o r t ,  1 Q ,  Q i n Q

MSE  im plem ents serv ic e   
netw ork  f orw arding and 
ac c ess SLA  enf orc em ent
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W h olesale S erv ic es
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W h o l es al e S er v i c es  D ep l o y m ent s

M P L S N N I

M P L S N N I

E t h e r n e t  U N I

E t h e r n e t  U N I

E t h e r n e t  U N I

Large Scale
A g g reg at i on

I n t elli gen t
Edg e M u lt i s erv i ce

Core
E f f i ci en t  
A c c ess

A g g -node
BNG

I P ,  M P L S M P L SM P L S /  I PD SL ,  W i M A X ,  Et h ernet

A c c e s s  N o d e

BNG

D i st -node

L 2 H andof f
P 2P  and M P

3P l ay
L 3 H andof f

E o M P L S  P s e u d o w ir e

H SI
L 3 H andof f

E o M P L S  P W

M P L S  V P N

M P

L 2 T P v 2

R F C 2 5 4 7 b is  ( U nic a s t  &  
M u lt ic a s t )  M P L S  V P N

I S P  p e e r ing p o int

N : 1 ,  1 : 1  V L A N

N : 1  V L A N

N : 1 ,  1 : 1  V L A N

N : 1  V L A N

P P P o E

P P P o E / I P o E

I P o E

E o M P L S  P W

P 2 P

M P L S  V P NI P o E

� � � � � � � � � � �

M P L S N N I
E t h e r n e t  U N I
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H ig h  A v ailab ility
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B asel ine N etw o rk  A v ail ab il ity M echanism

Large Scale
A g g r e g ati o n

I n t elli gen t
Ed g e M u lt i s erv i ce

C o r e
E f f i ci en t  
A c c e ss

A ggr e ga t io n N o d e
M S E

PPP,  IP,  M PL S M PL SM PL S /  IPD SL ,  Eth e r ne t

A c c e s s  N o d e

BN G

D is t r ib u t io n N o d e

IP Services:
• F a s t  I G P / BF D  c o n v e r g e n c e
• M u l t i c a s t  F a s t  C o n v e r g e n c e

M PL S Services:
• P s e u d o w i r e  r e d u n d a n c y  
• M P L S  TE -F R R  L i n k  a n d  N o d e  p r o t e c t i o n  w i t h  I P  s e r v i c e s , P W / V P L S  P W  t u n n e l
s e l e c t i o n

M P L S / I P  S e r v i c e s  u s e  a  c o m b i n a t i o n  o f  M P L S  TE -F R R  a n d  f a s t  I G P / P I M  c o n v e r g e n c e
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R esid ential  Serv ices
A ctiv e/ B ack u p  A g g reg atio n N o d e R ed u nd ancy

• A c t i v e / S t a n d b y  r e d u n d a n c y
• U s e s  E o M P L S  P W  r e d u n d a n c y
• P P P o E  s e s s i o n s  w i l l  r e -e s t a b l i s h  o n  b a c k u p  B N G  
• D o e s  n o t  a p p l y  t o  I S G  I P o E  b r i d g e d  s e s s i o n s ;  I P o E  
c l i e n t  i s  n o t  a w a r e  a b o u t  t h e  I S G  c o n n e c t i v i t y  f a i l u r e
• M a c  L e a r n i n g  r e q u i r e d  o n l y  o n  t h e  A g g r e g a t i o n  N o d e

T h i s  n e t w o r k  a v a i l a b i l i t y  m o d e l  d o e s  n o t  a p p l y  t o  t h e  b u s i n e s s  L 3 
V P N ,  E-L i n e / E-L A N  a n d  w h o l e s a l e  s e r v i c e  a g g r e g a t i o n  m o d e l s

V L A N  10

V L A N  10

V L A N  10

�� � � � � � �

�	� 
��
 � � �

A g g reg at i on BNGA c c ess D i st ri but i on

20 x G E 2x 10 G E 2x 10 G E 20 x G E

G a t e w a y  f o r V O D / I P T V

P P P o E s e s s i o n s
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R esid ential  Serv ices
A ctiv e/ B ack u p  A ccess N o d e R ed u nd ancy

A g g r e g a t i o n  N o d e
• A c t i v e / B a c k u p  A c c e s s  N o d e  r e d u n d a n c y
• T h i s  n e t w o r k  a v a i l a b i l i t y  m o d e l  a p p l i e s  t o  a l l  R e s i d e n t i a l  s e r v i c e  
a g g r e g a t i o n  m o d e l s  p r o p o s e d  b y  t h e  s y s t e m  w i t h  t w o  r e s t r i c t i o n s :

• O n e  p s e u d o w i r e  r e q u i r e d  p e r  A c c e s s  N o d e
• I P  n u m b e r e d  u s e d  f o r  T V / V O D  S V I s  i n  t h e  A g g r e g a t i o n  N o d e s

• A g g r e g a t i o n  N o d e s  T V / V O D  S V I s  r u n  V R R P / H S R P ;  T h e  e x a m p l e  s h o w s  
t h e  N o n  T r u n k  U N I ,  N : 1 V L A N

B N G
• I S G  P P P o E s e s s i o n s  a r e  l o a d  s h a r e d  a c r o s s  B N G s

•P P P o E s e s s i o n s  a f f e c t e d  w i l l  r e e s t a b l i s h
• T h e  m o d e l  d o e s  n o t  a p p l y  t o  I S G  I P o E s e s s i o n s .
T h i s  n e t w o r k  a v a i l a b i l i t y  m o d e l  d o e s  n o t  a p p l y  t o  t h e  b u s i n e s s  L 3 
V P N ,  E-L i n e / E-L A N  a n d  w h o l e s a l e  s e r v i c e  a g g r e g a t i o n  m o d e l s

P P P o E s e s s i o n s

V L A N  10

G a t e w a y  f o r V O D / I P T V

�� �� � � � �

V L A N  10

G a t e w a y  f o r V O D / I P T V
�� � � � � � �

A g g reg at i on BNGA c c ess D i st ri but i on

20 x G E 2x 10 G E 2x 10 G E 20 x G E

� � 	

 � �


 � � 

� � �

��������� ��� � �!#" �

Eo
M
PL

S 
PW

BN G
P P P o E  l o a d s h a ring

A ggre ga t io n N o de
V R R P / H S R P
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R esid ential  Serv ices – Ethernet A ccess R ing  
R ed u nd ancy w ith M ST

P P P o E s e s s i o n s

BN G
P P P o E  l o a d s h a ring

G a t e w a y  f o r V O D / I P T V

�� �� � � � �

G a t e w a y  f o r V O D / I P T V
�� � � � � � �

A ggre ga t io n N o de
V R R P / H S R P

A g g reg at i on BNGA c c ess D i st ri but i on

2x 10 G E 2x 10 G E 2x 10 G E 20 x G E

E T T H  S T P  N o de

E T T H  S T P  N o de

E T T H  S T P  N o de
Eo

M
PL

S 
PW

V F I

V F I

Eo
M
PL

S 
PW

M S T / R S T
N a t i v e  V L A N

N : 1  V L A N  [ 1 0 ]  
w i t h  N o n  T r u n k  
U N I  A c c e s s

S T P  
R o o t

B l o c k e d  
P O R T

X

•M S T  P r o to c o l  i s  r u n n i n g  i n  the  E the r n e t a c c e s s  r i n g
•A n  e x tr a   E o M P L S P W  i s  s e t u p b e tw e e n  a g g r e g a ti o n  n o d e s  f o r  
B P D U  tr a f f i c
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P P P o E a n d  I P  b r i d g e d

G a t e w a y  f o r V O D / I P T V

�� �� � � � �

G a t e w a y  f o r V O D / I P T V
�� �� � � � �

A g g reg at i on BNGA c c ess D i st ri but i on

2x 10 G E 2x 10 G E 2x 10 G E 20 x G E

Eo
M
PL

S
PW

V F I

V F I

Eo
M
PL

S
PW

RE P  B PDU s
N ativ e VLA N

I n g r e s s  
P O P   T A G  1 0  s y m m e t r i c

RE P  segm ent 
port

RE P  segm ent 
port

R esid ential  Serv ices – Ethernet A ccess R ing  
R ed u nd ancy w ith R EP

•M S T  P r o to c o l  i s  r u n n i n g  i n  the  E the r n e t a c c e s s  r i n g
•A n  e x tr a   E o M P L S P W  i s  s e t u p b e tw e e n  a g g r e g a ti o n  n o d e s  f o r   R E P   
tr a f f i c
•R E P  / A g g r e g a ti o n  N o d e  i n te g r a ti o n  w i l l  b e  s u ppo r te d  i n  2 0 0 9
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R esid ential  Serv ices
MPLS/IP TV Broadcast Service High Availability

• Eo M P L S  p s e u d o w i r e s  
a r e  p r o t e c t e d  f r o m  l i n k   
f a i l u r e  w i t h  M P L S  T E-
F R R  w i t h  n o  i m p a c t  o n  
t h e  P I M  c o n t r o l  p l a n e  
a n d  f a s t  r e -c o n v e r g e n c e  
( < 50 m s ) o n  t h e  I P  
m u l t i c a s t  d a t e  p l a n e

•S h o u l d  
c o n v e r g e  i n  l e s s  
t h a n  50  m s

• A g g r e g a t i o n  N o d e  
f a i l u r e s  a r e  a d d r e s s e d  
b y  P I M  f a s t  
c o n v e r g e n c e

• S h o u l d  
c o n v e r g e  i s  l e s s  
t h a n  30 0  m s  
w i t h  50 0  g r o u p s

T w o  r o u t i n g  t o p o l o g i e s  b a s e d  o n  M T R  ( o r  t w o  I G P  p r o c e s s e s )
• U N I C A S T  t o p o l o g y ,  c o n f i g u r e d  o v e r  t h e  p h y s i c a l  t o p o l o g y  i n t e r f a c e s
• M U L T I C A S T  t o p o l o g y ,  c o n f i g u r e d  o v e r  t h e  p s e u d o w i r e  t o p o l o g y  i n t e r f a c e s  ( S V I s )
• T h e  D i s t r i b u t i o n  N o d e s  h a v e  t o  r e d i s t r i b u t e  t h e  m u l t i c a s t  s o u r c e  n e t w o r k s  f r o m  t h e  U N I C A S T  
t o p o l o g y  t o  t h e  M U L T I C A S T  t o p o l o g y  a n d  t h e  R ED  S V I s  n e t w o r k s  i n  t h e  o p p o s i t e  d i r e c t i o n .  
T h e  A g g r e g a t i o n  N e t w o r k  U n i c a s t  t o p o l o g y  ( I G P ) h a s  t o  b e  a  s t u b b y  a r e a

CoreA c c ess

20 x G E 20 x G E

A g g reg at i on D i st ri but i on

2x 10 G E 2x 10 G E

�� �� � � � �

2 n d I G P ,  P I M -S S M  r o u t i n g

Eo M P L S  p s e u d o w i r e  ( f o l l o w i n g  t h e  p h y s i c a l  
t o p o l o g y ) f o r  e a c h  p h y s i c a l  l i n k . ,  M P L S  T E-
F R R  f o r  l i n k  p r o t e c t i o n

S V I  w i t h  Eo M P L S  P W  x  c o n n e c t  +
P I M  S S M

C o r e  M P L S / I P  
I n t e r f a c e

A c c e s s  N o d e  S V I ,
I n t e r f a c e  w i t h
I P  u n i c a s t  a n d  m u l t i c a s t
c o n f i g u r a t i o n  f o r  T V / V O D  Ed g e

M P L S / I P  A g g r e g a t i o n  N e t w o r k
a n y  p h y s i c a l  t o p o l o g y

EoMPLS PW s w i t h  T E-F R R  l i n k  p r ot e c t i on
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Q uality  of  S erv ic e
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V o ice a n d  V id eo  t ra f f ic U t il iz e Per-Service
D if f -Serv Q o S M o d el  in  A ccess,  A g g reg a t io n a n d  C o re

C o n su m er a n d  B u sin ess T ra f f ic U t il iz e Per-Su b scrib er o r Per Service 
Q o S M o d el  in  A ccess,  A g g reg a t io n a n d  C o re

Bu s ine s s
Corporate

R e s ide nt ia l

S T B

Bu s ine s s
Corporate

Bu s ine s s
Corporate S I P

D S L  
A c c e s s  N o de

D is t rib u t io n 
N o de

BR A S

M P L S  P E

S C E

A ggre ga t io n N o de

A ggre ga t io n 
N o de

C o r e  N e t w o r k
IP / M P L S 

V oD

Cont ent  Net w ork

T V

A ggre ga t io n 
N o de

SiSi

SiSi

SiSi

SiSi

SiSi

E t h e rne t  A c c e s s  
N o de A g g r e g a t i o n  N e t w o r k

M P L S,  E t h e r n e t ,  IP

D is t rib u t io n 
N o de

A c c e ss L 2/ 3  Ed g e

A c c e s s  N o de

I de nt it y A ddre s s  
M gm t

P o rt a l S u b s c rib e r 
D a t a b a s e

M o nit o ring P o l ic y  
D e f init io n

Bil l ing

P o lic y  C o nt r o l P la ne  ( P e r S u b s c rib e r)

In t e r n e t

Bu s ine s s

Corp orat e

QOS Architecture Direction
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r t P SV B R -r t
5 
o r  
7

5 a n d  7546E FR e s i d e n t i a l  V o i c e

W i M A XD S LD S L ,  E T T XE t h e r n e tM P L S / I PTraffic Class

0

2
1

4

( 6)

802. 1P

U N IA c c e s sC o r e  / E d g e /  A g g r e g a t i o n

n r t P SV B R -n r t( 6)648A FC o n t r o l  P r o t o c o l s
N e t w o r k  M a n a g e m e n t

0

2
1

3
4
7

M P L S  E X P

U B R

V B R -n r t

V B R -n r t

A T M

B e s t  E f f o r t00B ER e s i d e n t i a l  H S I
B u s i n e s s  B e s t  E f f o r t  

n r t P S2 a n d  116
8A FB u s i n e s s  C r i t i c a l  I n  C o n t r a c t

B u s i n e s s  C r i t i c a l  O u t  o f  C o n t r a c t

N A

802. 16

24A FR e s i d e n t i a l  D -S e r v e r  V i d e o 4 a n d  332A FR e s i d e n t i a l  T V  a n d  V o D
56E FB u s i n e s s  R e a l -t i m e

D S C PP H B 802. 1P

D if f erentiated  Serv ices Q O S D o main
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Video Transport over IP  
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H ig h Sp eed  I nternet ( H SI )  &  V id eo  are d if f erent
Transport Services vs. Managed Application 
Services

� Service = CIR/PIR pipe with applications hosted  b y  third  parties
� SL A  d ef ined  b y  transport param eters
� Resid ential HSI = 5 M b ps d own,  1 M b ps u p,  no g u arantee f or stream ing  q u ality
� B u siness V PN = CIR &  PIR,  j itter,  d elay ,  loss g u arantees,  no app.  g u arantees

� A pplication hosted  b y  provid er
� SL A  is d ef ined  b y  Q u ality  of  E x perience (Q oE )  ex pectation
� V id eo = 1  artif act per 2  hou r m ovie
� V oice =  no sou nd  q u ality  im pairm ents,  b lock ed  calls rare

N etwork  Q oS Req u irem ents 
� Shape &  d rop pack ets over CIR,  leverag e 

T CP b ack -of f
� Q oS can chang e d y nam ically  per su b  

(tu rb o b u tton,  b and wid th on d em and )
� T ransport SL A  m u st b e enf orced  per 

su b scrib er

N etwork  Q oS  Req u irem ents
� Q oE m apped  to network  Q oS req u irem ents
� V id eo (1  artif act per 2  hou r m ovie)

1 0 -6 lo ss,  can n o t  sh ap e / d ro p  v id e o  p ack e t s
V O D  CA C so  1 0 0 1 s t st re am d o e sn ’t  fo rce  d ro p s 
fo r all u se rs

� Q oS sam e f or all su b s of  a particu lar app
� N o need  to enf orce transport SL A  per su b ,  

u ser per-service SL A  instead

Tran sp ort ServiceTran sp ort Service Man aged Ap p lication  ServiceMan aged Ap p lication  Service

HSI &  Bu sin ess VPN SHSI &  Bu sin ess VPN S R esiden tial R esiden tial VoIPVoIP &  Video&  Video
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V QE  Ap p l ia nce
� Fast Channel Change: I m p r o v es c hannel c hange ex p er i enc e  v i a 
d i r ec ted  U D P  str eam i ng d u r i ng I G M P  leav e /  j o i n (  si m i lar  
ap p r o ac h li k e M i c r o so f t A  /  D  ser v er ,  b u t i ntegr ated  i nto  the 
aggr egati o n netw o r k  )

� E r r o r  R ep ai r : I m p r o v es P ac k et L o ss R ati o  v i a the selec ti v e 
r esend i ng o f  lo st v i d eo  f r am es (   b ased  o n analy z i ng R T CP  
si gnali ng b etw een S T B  and  V Q E  ap p li anc e )

� V i d eo  Q u ali ty  M o ni to r i ng: G ener ates p er -S T B  stati sti c s b ased  o n 
the analy si s o f  R T P  d ata
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V isu al  Q u al ity Ex p erience - N etw o rk  D iag ram

S T B

V Q E-S

R G

P C

M et ro Net w ork
E d g e  R o u t e r

C o r e D S L A M

V Q E-C i nt eg rat i on op t i ons

� Co n sist s o f a se rv e r sid e  co mp o n e n t  ( V QE -S) ,  an d  clie n t
sid e  co mp o n e n t  ( V QE -C)

� V QE -S
J o i n s  M u l t i c a s t  G r o u p s ,  I G M P  c l i e n t
C a c h e s  f e w  s e c o n d s  o f  e a c h  c h a n n e l ,  D R A M
S t a t i s t i c s ,  R T P
Not i n  d a t a  p a t h  b e t w e e n  H e a d -e n d  a n d  C l i e n t

� V QE - C
C o n t r o l s  n e t w o r k  J i t t e r  b u f f e r
R T P  e n c a p s u l a t i o n ,  R T C P  c o n t r o l -p l a n e ,  s t a t i s t i c s
S e l e c t i v e  r e t r a n s m i s s i o n

ST B

V Q E -S  “lo o k -a s id e ”

2 2 4 . 1 . 1 . 2 5 0  – C h a nne l  2 5 0

RT P Mu ltic ast f rom  Sou rc e

2 2 4 . 1 . 1 . 1  – C h a nne l  0 0 1
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VoD  C AC  
Aggregation  N etw ork  D if f serv R SVP

Interface VLAN 10
! D S LAM  tru nk ,  2 5 0M b  al l o cated  fo r Vo D ;  s tream  4 M b
i p rs v p b and w i d th  2 5 0000 4 000
i p rs v p l i s tener o u tb o u nd  rep l y  
i p rs v p d ata-p ack et cl as s i fi cati o n no ne

A ggr e ga t io n N o d e
Interface G i g ab i tE th ernet 1/ 0/ 1. 1
! Ag g reg ati o n T ru nk ,  10G b  al l o cated  fo r Vo D ;  s tream  4 M b
i p rs v p b and w i d th  10000000 4 000
i p rs v p d ata-p ack et cl as s i fi cati o n no ne

D is t r ib u t io n N o d e

Large Scale
A g g r e g ati o n V o D  Serv ers  

an d  M i d d lew are
E f f i ci en t  
A c c e ss

A ggr e ga t io n N o d e

I PM P L S or I PD SL ,  Et h ernet

A c c e s s  N o d e D is t r ib u t io n N o d e

I P U nic ast &  Mu ltic ast PI M SSM

1 .  ST B  H T T P  GE T ( U R L )  r e q u e s t s  V o D  s t r e a m  

2 .  R SV P  P A T H ,  V o D  s t r e a m  B W  3 .  R SV P  P A T H ,  V o D  s t r e a m  B W  

R S V P  R e c e iv e r  C A C
R S V P  R e c e iv e r  P r o x y  C A C 4 .  R SV P  R E SV ,  V o D  s t r e a m  B W

Ba ndw idt h  P o o lBa ndw idt h  P o o l

5 .  R SV P  R E SV ,  V o D  s t r e a m  B W
6 .  H T T P  2 0 0  O K  ( R e s p o n s e  t o  SE T U P  ( U R L ) )
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L 3
P E-A G G

D SL A M

D SL A M

B enef its o f  D istrib u ted  L 3  Ed g e f o r M u l ticast:
Enables Efficient & Flexible A ny cast fo r  B r o ad cast 
R eliability

� Cisco  h as imp le me n t e d  P I M  A n y cast-- re d u n d an t  so u rce s g e t  same  ad d re ss
� L 3  in  ag g u se s rin g  e fficie n t ly  w it h  se t  t o p  se le ct in g  clo se st  so u rce
� F ailu re  o f lin k ,  so u rce ,  N -P E ,  P E -A G G  w ill re su lt  in  fast  P I M  co n v e rg e n ce  fo r o u t ag e  < 1 s

� H-V P L S can  su p p o rt  A n y cast at  t h e  L 3  e d g e  if v e n d o rs h av e  imp le me n t e d
� Bu t  u se s rin g  v e ry  in e fficie n t ly ,  all m’cast t raffic t rav e rse s rin g
� Se t  t o p  can n o t  co n n e ct  t o  clo se st  so u rce  b e cau se  mcast t raffic o n ly  e n t e rs t h ro u g h  D e sig n at e d  R o u t e r
� I f D R  failu re ,  n o n -D R  w ait s fo r t ime  o u t  t o  t ak e  o v e r &  e n t ire  P I M  t re e  mu st  b e  re b u ilt  – man y  se co n d s
� H-V P L S lin k failu re  u se s F R R  fo r 5 0 ms failo v e r,  b u t  n o d e failu re  is in  se co n d s

D SL A M

D SL A M
HH--V P L SV P L S

P I MP I M

192. 1. 1. 1

192. 1. 1. 1

192. 1. 1. 1

L 3
L 3

L 3

L 3
N-P E

L 2

L 2
L 2

L 2
L 3 P I M  D R

L 3 P I M  Non-D R
( not  ac t i v e)

192. 1. 1. 1

HH--V PL SV PL S

L ay e r  3L ay e r  3

L 3
N-P E
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B enef its o f  D istrib u ted  L 3  Ed g e f o r M u l ticast:
S o u r ce S p ecific M u lticast ( S S M )  Enh ances S ecu r ity  

� A tta c k  l a u n c he d  f r o m  s po o f e d  m u l ti c a s t g r o u p c a n  c r e a te  o u ta g e  o n  r i n g
� L 3  a t P E -A G G  e n a b l e s  S o u r c e  S pe c i f i c  M u l ti c a s t
� S S M  i n s e r ts  a  s pe c i f i c  I P  s o u r c e  a d d r e s s  i n to  I G M P v 3  j o i n  r e q u e s t
� L e v e r a g e s  f a c t tha t b r o a d c a s t s o u r c e s  ha v e  pr e d e te r m i n e  I P  a d d r e s s
� M i n i m i z e s  a b i l i ty  to  s po o f
� M a n y  S T B  o n l y  s u ppo r t I G M P v 2  s o  C i s c o  pr o v i d e s  S S M  m a ppi n g  o f  v 2  to  I G M P v 3  a t P E -A G G
� W i th C i s c o s i m pl e m e n ta ti o n  A n y c a s t w o r k s  w i th S S M !

L 3 D SL A M

D SL A M

D SL A M

D SL A M
HH--V P L SV P L S

P I MP I M -- S MS M
A n y c a stA n y c a st
+  S S M+  S S M

192. 1. 1. 1

192. 1. 1. 1

192. 1. 1. 1

192. 1. 1. 1

L 3
L 3

L 3

L 3

L 3

L 2

L 2
L 2

L 2

L 3 D R

L 3

Sp oof  M c ast G roup
L aunc h  A t t ac k

I G M P  V 2 
t o v 3 map

Sp oof i ng  not  p ossi bl e

HH--V PL SV PL S

L ay e r  3L ay e r  3

M ul t iM ul t i -- G i g  at t ac k  G i g  at t ac k  
f l oods ri ngf l oods ri ng
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C onv erg ence I s s ues
� L 3  M u lticast with Cisco’s f ast IG P

P ro v id e s co n sist e n t  co n v e rg e n ce  < 1 s in  all sce n ario s
� B road cast Sou rce Red u nd ancy

Bro ad cast  re liab ilit y  is crit ical d u e  t o  
L 3  so lu t io n  su p p o rt s A n y cast  fo r d u al re d u n d an t  h e ad e n d s
B’cast h e ad e n d  failu re  co u ld  affe ct  millio n s o f u se rs

� H-V PL S transport of  vid eo
M P L S F R R  fo r lin k  failu re s fo r < 5 0 ms
F ailu re  o f A g g N o d e ,  D e sig n at e d  R o u t e r,  So u rce ,  o r He ad e n d  re su lt  in  
slo w  STP  o r I G P  b ase d  co n v e rg e n ce
M an y  o u t ag e s can  b e  in  t h e  se co n d s

C i s c o

V P L S  
s o l u ti o n

< 1 s

2-3 s
Sou rceN od eL ink

< 1 s< 1 s

2-3 s< 1 s

SH E

V H O

V SO

P E-A G G

D SL A M

M i l l i o n s

1 0 0  t h o u s a n d s

1 0  t h o u s a n d s

t h o u s a n d s
h u n d -
r e d s

P ot ent i al  out ag e due t o f ai l ure 
at  v ari ous l oc at i ons

I f  l e ss t h a n  1 s c a l l s t o  I f  l e ss t h a n  1 s c a l l s t o  
c u st o m e r  se r v i c e  c u st o m e r  se r v i c e  
w i l l  b e  a v o i d e d .w i l l  b e  a v o i d e d .
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Ethernet OAM 
P ro to c o l  Ov erv i ew
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Driv ers  f or E thernet OAM
� O A M  b enc h m ark s

S et b y  T D M  and  ex i sti ng W A N  tec hno lo gi es
� O perational  Ef f ic ienc y

R ed u c e O P E X ,  av o i d  tr u c k -r o lls
D o w nti m e c o st

� M anag em ent C om pl ex ity
L ar ge S p an N etw o r k s
M u lti p le c o nsti tu ent netw o r k s b elo ng to  d i sp ar ate 
o r gani z ati o ns/ c o m p ani es
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Ap p l ica tion of  E thernet OAM
F a u l t  M a n a g em en t

Fau l t d e te c ti o n
Fau l t ve r i f i c ati o n 
Fau l t i so l ati o n
Fau l t r e c o ve r y
Fau l t no ti f i c ati o n

C o n f ig u ra t io n  M a n a g em en t
Se r vi c e  Pr o vi si o ni ng

Perf o rm a n ce M a n a g em en t
Fr am e  l o ss m e asu r e m e nt 
D e l ay  m e asu r e m e nt 
D e l ay  var i ati o n m e asu r e m e nt 
A vai l ab i l i ty  m e asu r e m e nt

C arrier
E thern et
Services
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Fault
M an ag e m e n tFault

M an ag e m e n t
P e r f o r m an c e
M an ag e m e n tP e r f o r m an c e

M an ag e m e n t

C o n f i g ur ati o n
M an ag e m e n tC o n f i g ur ati o n

M an ag e m e n t
C o nf igu r a t io n
M a na ge m e ntC o nf igu r a t io n
M a na ge m e nt

Fault
M an ag e m e n tFault

M an ag e m e n t
P e r f o r m an c e
M an ag e m e n tP e r f o r m an c e

M an ag e m e n t

C o n f i g ur ati o n
M an ag e m e n tC o n f i g ur ati o n

M an ag e m e n t

P e r f o r m a nc e
M a na ge m e ntP e r f o r m a nc e
M a na ge m e nt

Fault
M an ag e m e n tFault

M an ag e m e n t
P e r f o r m an c e
M an ag e m e n tP e r f o r m an c e

M an ag e m e n t

C o n f i g ur ati o n
M an ag e m e n tC o n f i g ur ati o n

M an ag e m e n t

F a u lt
M a na ge m e ntF a u lt
M a na ge m e nt

� I E E E  8 0 2 . 1 a g :  C o n n e c t i v i t y  F a u l t  M a n a g e m e n t  ( C F M )
� I T U -T  Y . 1 7 3 1 :  O A M  f u n c t i o n s a n d  m e c h a n i sm s f o r  E t h e r n e t  b a se d  n e t w o r k s 
� I E E E  8 0 2 . 3 a h :  E t h e r n e t  L i n k  O A M  ( E F M  O A M )
� M E F  E -L M I :  E t h e r n e t  L o c a l  M a n a g e m e n t  I n t e r f a c e
� C i sc o  I P  S L A ’s:  P e r f o r m a n c e  M a n a g e m e n t  u si n g  C F M  a n d  Y . 1 7 3 1  m e c h a n i sm s

Ethernet O A M
Building Blocks
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Ethernet O A M
P r ot ocol p osit ioning

Access AccessC o r eC u st o m er C u st o m er

Provider
B ridg es

B a c k b on eB ridg es
Provider
B ridg es

B a c k b on eB ridg es

I P/ M PL S

Business

R esid ent ia l

Business

R esid ent ia l

U N I U N IN N IN N IN N I

Et h ern et
L in k  O A M

E-L M I
C on n ec t ivit y

F a u l t  M a n a g em en t

� E-L M I:  U ser to N etw ork  Interf ac e ( U N I)
� L ink  O A M :  A ny  point-point 8 0 2 . 3  l ink
� C F M :  End-to-End Eth ernet virtu al  c onnec tion



© 2 0 0 6  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 47

T he C is co 7 6 0 0  F a m il y

Eng i ne s
Supervisor 32
Supervisor 7 20

R out e Sw it c h  P roc essor 7 20
R out e Sw it c h  P roc essor 7 20  -1 0 G

Enh anc e d  Fl e x W A N
7 5 0 0  P a rit y  a n d  

P A  I n vest m en t  P rot ec t ion

Hi g h -D e nsi ty  Eth e r ne t M o d u l e s
H ig h -D en sit y  G E  a n d  1 0 G E

w it h  D ist rib ut ed ,  L in e-ra t e P erf orm a n c e

Eth e r ne t Se r vi c e s M o d u l e s
G E  a n d  1 0 G E

w it h  R ic h  Q oS,  D ist rib ut ed ,  
L in e-ra t e P erf orm a n c e

E S20 ,  E S4 0

Se r vi c e s M o d u l e s
D ist rib ut ed  Sec urit y ;  
I P SE C ,  F irew a l l ,  I D S,  

D oS P rot ec t ion

SPA  Inte r f ac e  Pr o c e sso r s
M od ul a r C a rriers C a rd s
f or W A N  a n d  M et ro 
Sh a red  P ort  A d a pt ers

N e w

S C h assi s
7 6 0 9 -S,  7 6 0 6 -S,
7 6 0 3-S,  7 6 0 4
T r ad i ti o nal  
C h assi s
7 6 0 6 ,  7 6 0 9 ,

7 6 1 3
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Sh i p p i ngSh i p p i ng7 6 0 3 S7 6 0 3 S
Sh i p p i ngSh i p p i ng7 6 0 47 6 0 4
Sh i p p i ngSh i p p i ng7 6 0 6 S7 6 0 6 S
Sh i p p i ngSh i p p i ng7 6 0 9 S7 6 0 9 S

A v a i l a b i l i t yA v a i l a b i l i t yS  C h a ssi sS  C h a ssi s

C isco  7 6 0 9C isco  7 6 0 9 --SS

22212199

R ac k  R ac k  
D ensi t yD ensi t y

R ac k  R ac k  
Uni t sUni t sSl ot sSl ot s

C isco  7 6 0 6C isco  7 6 0 6 --SS

667766

R ac k  R ac k  
D ensi t yD ensi t y

R ac k  R ac k  
Uni t sUni t sSl ot sSl ot s

“S” C l a s s  C ha s s is
• Hig h  A va il a b il it y

• Enab l e s f ast f ab r i c  sy nc  ( < 1 0 0  m s 
sw i tc h o ve r )
• R e d u nd ant c h anne l s f o r  
i nte r -l i ne  c ar d  c o ntr o l  p l ane  
c o m m u ni c ati o n
• R e d u nd ant f an tr ay s i n 7 6 0 9 -S

• 8 0 G / sl o t  rea d y
• Po w er a n d  C o o l in g

• Po w e r  &  c o o l i ng  c ap ac i ty  o f  o ve r  
6 0 0 W  p e r  sl o t to  su p p o r t ne w
h i g h -d e nsi ty  Eth e r ne t l i ne c ar d s

•• Hig h  A va il a b il it yHig h  A va il a b il it y
•• Enab l e s f ast f ab r i c  sy nc  ( < 1 0 0  m s Enab l e s f ast f ab r i c  sy nc  ( < 1 0 0  m s 
sw i tc h o ve r )sw i tc h o ve r )
•• R e d u nd ant c h anne l s f o r  R e d u nd ant c h anne l s f o r  
i nte ri nte r --l i ne  c ar d  c o ntr o l  p l ane  l i ne  c ar d  c o ntr o l  p l ane  
c o m m u ni c ati o nc o m m u ni c ati o n
•• R e d u nd ant f an tr ay s i n 7 6 0 9R e d u nd ant f an tr ay s i n 7 6 0 9 --SS

•• 8 0 G / sl o t  rea d y8 0 G / sl o t  rea d y
•• Po w er a n d  C o o l in gPo w er a n d  C o o l in g

•• Po w e r  &  c o o l i ng  c ap ac i ty  o f  o ve r  Po w e r  &  c o o l i ng  c ap ac i ty  o f  o ve r  
6 0 0 W  p e r  sl o t to  su p p o r t ne w6 0 0 W  p e r  sl o t to  su p p o r t ne w
h i g hh i g h --d e nsi ty  Eth e r ne t d e nsi ty  Eth e r ne t l i ne c ar d sl i ne c ar d s

C isco  7 6 1 3C isco  7 6 1 3 --SS

2218181313

R ac k  R ac k  
D ensi t yD ensi t y

R ac k  R ac k  
Uni t sUni t sSl ot sSl ot s

C isco  7 6 0 3C isco  7 6 0 3 --SS

11114433
R ac k  R ac k  

D ensi t yD ensi t y
R ac k  R ac k  
Uni t sUni t sSl ot sSl ot s

C isco  7 6 0 4C isco  7 6 0 4

995544

R ac k  R ac k  
D ensi t yD ensi t y

R ac k  R ac k  
Uni t sUni t sSl ot sSl ot s
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7 6 0 0  E ng ines  C om p a ris on 

20 M pps
30 M pps
32k

8 0 k / 9 6 k
P F C 3C ,  P F C 3C X L

5 1 2M B y t e
4 M B y t e

U p t o 4 G B y t e (D D R 2)
1 . 2G H z P ow erP C

M SF C 4
R SP 7 20

5 1 2M B y t e6 4 M B y t e B oot f l a sh / b oot d isk
4 M B y t e2M b y t eN V R A M

20 M pps20 M ppsM P L S F orw a rd in g
30 M pps30 M ppsI P  F orw a rd in g
32kxI P  Sub sc rib er 

T erm in a t ion

8 0 k / 9 6 k32k / 6 4 kM A C  (C A M )  T a b l e Siz e 
(pra c t . / t h eor. )

P F C 3C ,  P F C 3C X LP F C 3B ,  P F C 3B X LF orw a rd in g  P l a n e

U p t o 4 G B y t e (D D R 2)1 G B y t e (D D R )D R A M
1 . 2G H z P ow erP C6 0 0 M h z  M I P SC t rl  P l a n e C P U

M SF C 4M SF C 3C on t rol  P l a n e
R SP 7 20 -1 0 G ESU P 7 20
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E thernet Serv ices  2 0 G  M od ul es

2-p o r t 1 0 G E X FP ( b al d u r )

20 -p o r t G E SFP ( l o k i )

�Service-R ich  E t h ern et  L in eca rd s
Tw o  20  G b p s ( fu ll-d u p le x )  lin e card  o p t io n s:

2-p o rt  1 0  G ig ab it  E t h e rn e t ,  X F P  L A N -P HY  o p t ics
Future support for X FP  W A N -P H Y  opti c s

20 -p o rt  G ig ab it  E t h e rn e t ,  SF P  o p t ics
U p  t o  4 8  M p p s d ist rib u t e d  p e rfo rman ce  p e r lin e card

L in e  rat e  fo r 6 4 -b y t e  p ack e t s,  L 2 o r L 3
5 1 2 M B p ack e t  b u ffe rin g  ( 20 0  ms)  p e r 1 0 G  p o rt s
F u ll su p p o rt  fo r o n lin e  in se rt io n  an d  re mo v al ( O I R )
Ch o ice  o f h ard w are -b ase d  scale  fo r L 2 &  L 3  se rv ice s:

D F C-3 C d au g h t e r-card  
TCA M  e n t rie s:  25 6 K  I P  F I B &  1 28 K  N e t flo w

D F C-3 CX L  d au g h t e r-card  
TCA M  e n t rie s:  1 M  I P  F I B &  25 6 K  N e t flo w

� F l ex ib l e C a rrier E t h ern et  Service O p t io n s
L ay e r 2 Sw it ch e d  E t h e rn e t  Co n t ro l P lan e

Q-in -Q w it h  R ap id  Sp an n in g  Tre e
L ay e r 2 M P L S Co n t ro l P lan e

E t h e rn e t  o v e r M P L S an d  H-V P L S p se u d o -w ire s
M P L S F R R  w it h  p se u d o -w ire  re d u n d an cy

L ay e r 3  I P  /  M P L S Co n t ro l P lan e
I P  M u lt icast  fo r e fficie n t  v id e o  d e liv e ry
L ay e r 3  M P L S V P N  fo r b u sin e ss se rv ice s
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Cisco Carrier Ethernet Evolution
ES40 Line Cards

� C a r r i e r  E t h e r n e t  C o n v e r g e n c e  w i t h  
S c a l e :

L 2 &  L 3  Eth e r ne t se r vi c e s to  40  G b p s
( ISG + EV C  c o e x i ste nc e )

Su p p o r t f o r  f u l l  su i te  o f  L 2+ L 3  f e atu r e s:
H-Q o S:  1 28 k  q u e u e s w i th  5 -l e ve l  
h i e r ar c h y  c ap ab l e  h ar d w ar e

M PL S:  Eo M PL S,  H-V PL S,  25 47  V PN
N ati ve  Eth e r ne t:  8 0 2. 1 ad ,  8 0 2. 1 ah  
( M A C -i n-M A C ),  V L A N  tr ansl ati o n

E-O A M :  8 0 2. 1 ag  ( C C M  i n h ar d w ar e ),  
8 0 2. 3 ah ,  E-L M I,  IP SL A

Inl i ne  V i d e o  M o ni to r i ng

� P r o d u c t  d e t a i l s
4-p o r t 1 0 G E &  40 -p o r t G E
2-p o r t 1 0 G E &  20 -p o r t G E al so  avai l ab l e
C o m b o  C ar d :  2x 1 0 G  +  20 x 1 G E p o r ts o n th e  

sam e  c ar d

Intelligent Subscriber ServicesIntelligent Subscriber Services
8 0 2 . 1 a h8 0 2 . 1 a h H-Q O SH-Q O SV id eoV id eoISGISG

C om es in
Q 3  2 0 0 8
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Customer Success
Ca se Stud i es 
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I P  N G N  C a rrier E thernet Des ig n
End -to -End  Co nsu mer and  B u siness Serv ices

M ul t i -T enant
Uni t  ( M T U)

M E340 0 /
3750  M et ro

A c c ess A g g reg at i on
Cat 450 0  /  M E4924 
M E340 0  /  M E6524

450 0  E-F T T H

R e si d e nc e
Sc i ent i f i c  
A t l ant a  
O NT  90 60 0

10 G
Nx G
10 G

M E 650 0

x D SL / P O N

10 G

C o n su m e r  S e r v i c e s
B u si n e ss S e r v i c e s

R e si d e nc e

ISR

ISR

I P / M P L S 

1G
760 0
N-P E

760 0 / 650 0
450 0  P E-A G G

120 0 0
Busi ness Edg e

BR A S/ BNG
10 0 0 0

CR S-1
Core

Id e n t i t y A d d r e s s  
M g m t

P o r t a l Su b s c r i b e r  
D a t a b a s e

M o n i t o r i n g P o l i c y  
D e f i n i t i o n

B i l l i n g

Se r vi c e  L ay e r

C on verged Bu sin ess &  
R esiden tial Services

C on verged Bu sin ess &  
R esiden tial Services

M E 340 0

SCE

L i nk sy s 
W A G 52

Sc i ent i f i c  
A t l ant a
Set  T op

S-A  ST B

M E340 0

M obi l e /  W i M ax

C P E

ISR

C P E

M obi l e /  W i M ax

Et h ernet
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Am ericas E ME A Asia-Pacif ic 

H ong  K ong
Broadband

Cisco ’s Carrier Ethernet L ead ership  
Continued Customer Success Worldwide
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C is co C a rrier E thernet Sol ution
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C is co C a rrier E thernet Sol ution

National
M e tr o I P /  E th e r ne t C or e

R e g ional I P
M e tr o E th e r ne tED SL A MED SL A M

F T  P oPF T  P oP

neuf boxneuf box

ST BST B

• D i g i t a l  q u a l i t y  T V  o v e r  D S L
• Q o S  e n a b l e d ,  I n t e l l i g e n t  V i d e o  d i s t r i b u t i o n

Cisco 3550

Cisco 7600
� C u s to m e r  D S L A M  tr a f f i c  w a s  a g g r e g a te d  i n  e v e r y  C O  w i th 

tw o  C 3 5 5 0 .  T he n  tr a f i c  w a s  r o u te d  o n  the  I P /M P L S  b a c k b o n e  
b a s e d  o n  C 7 6 0 0  to  f i n a l l y  r e a c h the  i n te r n e t n e tw o r k .

� 1 2  P o P  w i th 2  C i s c o  7 6 0 0  e a c h d e pl o y e d  n a ti o n w i d e .
� B a s i c  c o n f i g u r a ti o n  i s  C i s c o 7 6 0 6  ( D C ) ,  s i n g l e  S U P 7 2 0 -3 B XL  

( M P L S  P ) ,   W S -X6 7 2 4 -S F P  l i n e  c a r d s .
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C is co C a rrier E thernet Sol ution

C isco  
B a sed  

M P L S C o re

7 6 0 0  
U PE

6 5 24 
U PE

7 6 0 0  
PE-A G G 7 6 0 0

N PE

7 6 0 0
N PE7 6 0 0  

PE-A G G
C E

C E

C E

C isc o 7 6 0 0  S eries R ou ters x  5 0  ( M PL S  to th e edg e)
C isc o M E 6 5 2 4  Eth ernet S w itc h  x  3 8 6  ( L 2 / L 3  VPN )
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C is co C a rrier E thernet - E F T T H  Sol ution

C a ta ly st 4 5 0 0  o r M E 3 4 0 0
F T T x  A ccess Sw itch es

C isco  7 6 0 0
M P L S P E

N x  1 G EN x  1 G E

N x  1 0 G E

M P L S
C o re
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Questions ?
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