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Agenda

• Triple play application requirements
• Triple play transport A rch itecture
• H ome A ccess G atew ay
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Application Services
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M u l t i -S er v i c e N et w o r k

• B and w id th
• Delay
• J itter

P a c k et
Cl a s s i f i er
P a c k et

Cl a s s i f i er Voice
Vid eo
I n t er n et

W R E DL L Q

I n t er n et

P S T N

Satellite C or e
N e t w or k

• P ack et L oss
• O ut of  S equence P ack et



555© 2 0 0 3  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 .P r e s e n t a t i o n _ I D

0,01

0,1

1

10

100

1000

10000

� � � � � � � � � �

Distance (km)

Bi
tra

te 
(M

bit
/s)

G i g a b i t E t h e r n e t
F a s t E t h e r n e t
G P O N  a g g r e g a t e
G P O N  p e r  u s e r
A D S L
A D S L 2 +
V D S L
C a b l e  a g g r e g a t e
C a b l e  p e r  u s e r
W i M a x  a g g r e g a t e
W i M a x  p e r  u s e r
P L C  a g g r e g a t e
P L C  p e r  u s e r
L o w e r  l i m i t

Ac c es s  T ec h no l o gy  - B andw i dt h

20M b it / s  t u r n s  ou t  t o b e a  
con s en s u s  f ig u r e a m on g  S P s  
a s  t h e b it r a t e t o b e p r ov id ed  in  
t h e m id  t o l on g  t er m  t o s a t is f y  
n eed s  of  cu s t om er s  (Heavy 
R ead i n g )



666© 2 0 0 3  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 .P r e s e n t a t i o n _ I D

x D S L  s u b s c r i b er  l i ne

AD S L 2 +

0.00

1 0.00

2 0.00

3 0.00

4 0.00

5 0.00

6 0.00

� � � � � � � � � � �

km

M
bi
t/s

A D S L
A D S L 2
A D S L 2 +
V D S L  ( 4 )



777© 2 0 0 3  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 .P r e s e n t a t i o n _ I D

V o i c e Q u al i t y  v s .  B andw i dt h

• M ea n  O p in ion  S cor e ( M O S ) q u a n t if ies  t h e p er f or m a n ce of  t h e s p eech  C O D E C .  
5 = ex cel l en t = n o im p a ir m en t ,  4= g ood = j u s t  p er cep t a b l e im p a ir m en t  ( n ot  a n n oy in g ),  
3= f a ir = p er cep a b l e a n d  s l ig h t l y  a n n oy in g ,  2= p oor = a n n oy in g  b u t  n ot  
ob j ect ion a b l e, 1= b a d = a n n oy in g  a n d  ob j ect ion a b l e

Compression              Bit Rate         Processing         MOS Compression
Meth od                        ( k b ps)            ( MI Ps)                 Score     D el ay  ( msec)
G . 7 1 1   PCM                 6 4                  0 . 34               4 . 1             0 . 7 5
G . 7 2 6  A D PCM             32                  1 4                    3. 8 5          1
G . 7 2 8  L D -CE L P           1 6                  33                       3. 6 1  3-5
G . 7 2 9  CS-A CE L P         8                   2 0                        3. 9 2   1 0
G . 7 2 9 a CS-A CE L P       8                   1 0 . 5                    3. 7       1 0
G . 7 2 3. 1  MPML Q           6 . 3                1 6                     3. 9              30
G . 7 2 3. 1  A CE L P           5. 3                 1 6                   3. 6 5          30
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V i deo  B andw i dt h  R eq u i r em ent

• M P E G -2 – 4  M b ps per ch annel
• M P E G -4  – 1 . 5  M b ps per ch annel
• H . 26 4  – 1  M b ps per ch annel 
• H DTV  – 6  M b ps per ch annel
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Video Broadcast vs. On Demand Requirements
• Broadcast B/W  < On Demand in Distribution Network
• Broadcast B/W Based on  #  C h annel s

3 0 0  MP E G -2  Ch a n n el s  ~ =  1  G i g a b i t
• On Demand B/W Based on #  S ubscribers

2 0 , 0 0 0  V i d eo S u b s c ri b ers  *  1 0 %  P ea k  ~ =  7 . 5  G i g a b i t
• Broadcast A v ail abil ity  >  H ig h er T h an On Demand
• Broadcast M ust Not Be A f f ected in E v ent of  L ink F ail ure

E n g i n eer L i n k s  f or >  2 X  Ma x  Broa d c a s t B/ W
• V oD M ay  Be A f f ected in E v ent of  L ink F ail ure

Ma y  E n g i n eer L i n k s  f or <  2 X  Ma x  V oD B/ W
• Drop  V oD F irst in E v ent of  L ink C ong estion

Mu s t D rop  S u b s et of  a l l  V oD F l ow s
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D el ay  – R eal -T i m e Ap p l i c at i o n

Network

tN etw ork  
Tra n s i t D el a yP roc es s i n g

D el a y
P roc es s i n g

D el a y
E nd -to-E nd  Delay

T im e ( m s ec)
0 100 200 300 400

C B  Z on eC B  Z on e
S a t el l it e Q u a l it yS a t el l it e Q u a l it y

F a x  R el a y ,  B r oa d ca s tF a x  R el a y ,  B r oa d ca s tH ig h  Q u a l it yH ig h  Q u a l it y

D el a y  T a r g et
5 00 600 700 8 00
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C al c u l at e D el ay  B u dget
C od er  
D el a y
25  m s

D ej it t er B u f f er
5 0 m s

Q u eu in g
D el a y
?  m s

P r op a g a t ion
D el a y  

T ot a lT ot a l ?  ?  m s ecm s ec
DejitterDejitter B u f f erB u f f er 5 0  5 0  m s ecm s ec
N etw o rk  Del a y  N etw o rk  Del a y  

S eria l iz a tio n  Del a yS eria l iz a tio n  Del a y
?  ?  m s ecm s ecQ u eu in g  Del a yQ u eu in g  Del a y

5  5  m s ecm s ec

P a c k etiz a tio nP a c k etiz a tio n Del a yDel a y ——I n c l u d ed  in  C o d er Del a yI n c l u d ed  in  C o d er Del a y

C o d er Del a y  G . 7 2 9  ( 5  C o d er Del a y  G . 7 2 9  ( 5  m s ecm s ec l o o k  a h ea d )l o o k  a h ea d )

P ro p a g a tio n  Del a yP ro p a g a tio n  Del a y

F ix ed  F ix ed  
Del a yDel a y

V a ria b l e V a ria b l e 
Del a yDel a y

C o d er Del a y  G . 7 2 9  ( 1 0  C o d er Del a y  G . 7 2 9  ( 1 0  m s ecm s ec p er f ra m e)p er f ra m e) 2 0  2 0  m s ecm s ec

33
1086_03F8_c1
N W 9 8_U S _309

25 m s e c
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D el ay

P r op a g a t ion  
D el a y ;  6 u s  
P er  K M

Serialization 
D elay

W F Q

PQ

F W F Q

Q u eu ing  
D elay

D ej it t er
B u f f er  
D el a y

H ard w are 
Q u eu e
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F i x ed F r am e S er i al i z at i o n D el ay

Frame Size
1 byte 6 4  byte 12 8  bytes 2 5 6  bytes 5 12  bytes 10 2 4  bytes 15 0 0  bytes

5 6  k bp s 14 3  u s 9  m s 18  m s 3 6  m s 7 2  m s 14 4  m s 2 14  m s
6 4  k bp s 12 5  u s 8  m s 16  m s 3 2  m s 6 4  m s 12 8  m s 18 7  m s

L in k 12 8  k bp s 6 2 . 5  u s 4  m s 8  m s 16  m s 3 2  m s 6 4  m s 9 3  m s
Sp eed 2 5 6  k bp s 3 1 u s 2  m s 4  m s 8  m s 16  m s 3 2  m s 4 6  m s

5 12  k bp s 15 . 5  u s 1 m s 2  m s 4  m s 8  m s 16  m s 2 3  m s
7 6 8  k bp s 10  u s 6 4 0  u s 1. 2 8  m s 2 . 5 6  m s 5 . 12  m s 10 . 2 4  m s 15  m s
15 3 6  k bp s 5  u s 3 2 0  u s 6 4 0  u s 1. 2 8  m s 2 . 5 6  m s 5 . 12  m s 7 . 5  m s
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L o w  L at enc y  Q u eu i ng

W F Q
33 3

2

44 4

PQ

E x h a u s t iv e
Q u eu in g1 1

VVP riority  
Q u eu e

C l a s s  1

C l a s s  2 

C l a s s  3
5 6  7  8c l a s s -d ef a u l t

4
F W F Q

43

H ard w are 
Q u eu e
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W o r s t  c as e del ay  – L L Q  

• F r a gme nt a t ion s c h e me  is  ne e d e d  t o mit iga t e  s e r ia l is a t ion d e l a y
PQ max latency: SNAP Constant Load - 60 byte  packet [dm t 8]
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L o w  L at enc y  Q u eu i ng +  M L P / L F I
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E x a mp l e  :  P r ior it y  q u e u e  2 5 %  of  t h e  V C  B a nd w id t h
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S h a p e d  V C
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Worst case delay – L L Q  +  F rag m en tati on / I n terleav i n g

827 -> 7200: MLP/LFI constant load max PQ delay [dmt 8]
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Fragment size  [bytes]

De
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S C R :  6 4 0
S C R :  8 00

H ome G ateway  to BR A S

U p l i nk  L at enc y
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Worst case delay – L L Q  +  F rag m en tati on / I n terleav i n g
7200 - 12.2(8)T4 -> 1720 : MLP/LFI constant load - LLQ max latency - 

tx-r i ng  3

0
5
1 0
1 5
2 0
2 5
3 0
3 5
4 0
4 5
50

0 2 00 4 00 6 00 8 00 1 000 1 2 00 1 4 00 1 6 00

Fr ag ment si z e [ b ytes]

De
lay

 [m
s]

S C R :  6 4 0
S C R :  7 6 8
S C R :  1 02 4
S C R :  1 53 6
S C R :  2 04 8
S C R :  4 09 6

BR A S  to H ome G ateway

D o w nl i nk  L at enc y
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J i t t er  – D el ay  V ar i at i o n

S en d er
R ec ei v er

Network

CC

D2 D1

D3 ≠ D4D3 ≠ D4

• A d aptiv e j itter b uf f ers ( 20 -5 0  msec)  in end  points

BB AA CC BB AA

D3D4

D 2  = D1D 2  = D1
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Jitter – D el a y  V a ria tio n  c o n t.

• V ideo
A l l owed J itter ~ =  2 0 0  M sec
L arg e S T B de-j itter buf f er
U se Dif f S erv A F  P H B

• V oice
A l l owed J itter ~ =  6 0  M sec
U se Dif f S erv E F  P H B;  P riority  Q ueue
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• V id eo is compressed
E a c h  P a c k e t  C a r r ie s  M u l t ip l e  F r a me s ,  a ny  l os s  l ik e l y  c a u s e s  

v is ib l e  a r t if a c t  f or  a  v a r y ing a mou nt  of  t ime
• L oss of  1  P ack et C auses V arious A rtif acts

( B -F r a me  H it )  =  P ix e l iz a t ion F or  1  f r a me  – min 
( P -F r a me  H it )  =  A  F e w  F r a me s  A f f e c t e d  ( 1 0 0  ms e c )  –

int e r me d ia t e  
( I -F r a me  H it )  =  S c r e e n F r e e z e s  f or  U p  t o 1  S e c  – B a d  
S ome  C od e c s Loos e  S y nc  D u e  t o P a c k e t  Los s ,  S c r e e n F r e e z e s  

f or  M a ny  S e c ond s  – V e r y  b a d
R u l e  of  t h u mb  is  no mor e  t h a n one  a r t if a c t  p e r  2  h ou r  mov ie

A l l ow e d  P a c k e t  Los s  R a t io ~ =  1 0 * * -6

P a c k et L o s s  – V id eo
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• C auses f or P ack et L oss
S e t  T op  B ox  J it t e r  B u f f e r  O v e r f l ow ,  U nd e r f l ow

Q oS in R ou t e r s  P r e v e nt s  T h is
R ou t e r  B u f f e r  O v e r f l ow

A d mis s ion C ont r ol  +  Q oS P r e v e nt s  T h is
• B it E rrors on P h ysical L ink s

1 0 -6 P a c k e t  Los s  R a t io ≈ 1 0 -10 B it  E r r or  R a t e
• O ptical L ink s – E ng ineered  to 1 0 -14 B E R

I ns ignif ic a nt  S ou r c e  of  Los s  
• DS L  L ine – G uarantees 1 0 -7 B E R  > > 1 0 -6 P LR

N ois e  in C op p e r  Loop
M od e m R e t r a ins  if  B E R  >  1 0 -7
B E R =  1 0 -7 – O ne  v id e o G l it c h  E v e r y  2  M inu t e s  ;  not  A c c e p t a b l e  

f or  C omme r c ia l  V id e o S e r v ic e

Packet Loss – B i t E r r or s i n  D S L
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C o n s e c u t i v eC o n s e c u t i v e
F r a m e s  L o s t :             1           2            3           4   F r a m e s  L o s t :             1           2            3           4   55

M . O . S .  :                    4. 2          3. 2        2 . 4        2 . 1 M . O . S .  :                    4. 2          3. 2        2 . 4        2 . 1 1. 71. 7

P ac k et  L o s s  – V o I P

• A llow ed  Drop R ate ~ =  1 0 * * -2
• U se P riority Q ueue
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P ac k et  L o s s  – D at a

Ti m e

Q u eu e 
U ti l i z a ti on1 0 0 %

Ta i l  D rop
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V i d eo Q u eu e R ecom m en d ati on s
• U se Weig h ted Q ueue and P rov ide M ax imum Buf f ering
• P rov ide 2 0 0  msec of  buf f er f or worst case f l ow
• P rov ide 2 0  msec of  buf f er f or av erag e v ideo f l ow
• V ideo Q ueue S iz e =  L ink S p eed *  2 0  msec *  V ideo L ink U til

F or 1  G ig E and 7 0 %  V ideo L ink U til
V ideo Q ueue S iz e =  1  G ig E *  2 0  msec *  . 7  =  1 . 7 5  M by tes
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Q oS R ecom m en d ati on
• Q ueue R ecommendations I n A g g reg ation / Distribution

V oi c e =  CO S  5  =  P ri ori ty  Q u eu e
V i d eo =  CO S  4 ,  CO S  2 ,  CO S  1  =  W ei g h ted  Q u eu e

W ei g h t =  8 0 %  L i n k  U ti l
V i d eo U ti l Mu s t b e <  7 0 %  of  L i n k
Q u eu e S i z e ( By tes )  =  L i n k  S p eed  *  2 0  m s ec *  V i d eo L i n k  U ti l
Th res h ol d s  F rom  P rev i ou s  S l i d e

V oi c e /  V i d eo S i g n a l i n g  =  CO S 3  =  W ei g h ted  Q u eu e
W ei g h t =  5 %  L i n k  Ba n d w i d th

I n tern et Ac c es s  =  W ei g h ted  Q u eu e
W ei g h t =  1 5 %  L i n k  Ba n d w i d th

• Q oS R ecommendations On A ccess L inks using  A T M  C oS
V oi c e =  CBR
Broa d c a s t +  O n  D em a n d  V i d eo =  V BR
I n tern et Ac c es s  =  U BR
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Agenda

• Triple play application requirements
• Triple play transport A rch itecture
• H ome A ccess G atew ay
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• I nternet A ccess is of f ered  as Transport S erv ice
M a x  B a nd w id t h ,  La t e nc y ,  d r op  e t c .
P P P oE ,  8 0 2 . 1 x ,  D H C P  op t ion 8 2 ,  p e r  s u b s c r ib e r  V LA N
S u b s c r ib e r  D e v ic e  ( P C )  is  U nma na ge d

• R esid ential V id eo Typically S old  as an A pplication 
S erv ice

M a x  V id e o S t r e a ms ,  B a s ic  v s .  P r e miu m C h a nne l s ,  e t c .
A A A  – V id e o M id d l e w a r e
S u b s c r ib e r  D e v ic e  ( S e t  T op )  M a na ge d  b y  P r ov id e r

Ap p l i c at i o n v s .  T r ans p o r t  S er v i c es
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I nt er net  Ac c es s  T r ans p o r t

A A A

I P / M P L S

R G

H ome
A u t h e n t i c a t i o n  /  A u t h o r i z a t i o n

A u t h e n t i c a t i o n  /
A u t h o r i z a t i o n

P o l i c e

P o l i c e

P o l i c e

S u b s c r i b e r  /
S e r v i c e
C l a s s i f y

B r o n z e
Q u e u e

S i l v e r
Q u e u e

G o l d
Q u e u e

P h y s i c a l
I n t e r f a c e

S L A
E n f or cem en t Q oS

A g g r e g a t ion
R ou t e r

D S L A M

B R A S

S h a p e
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V i deo ov er B roadb an d C om p on en ts

Vid eo 
P u m p

S es s i on
Ma n a g er

As s et
D i s tri b u ti on

Con ten t
S ou rc e

S u b s c ri b er 
D a ta b a s e

N a v i g a ti on
S erv er

E n c ry p ti on
R es ou rc e
Ma n a g er

E n ti tl em en t 
S y s tem

R ea l  T im e
E n cod er

O n  D em a n d   
R es ou r ce 
M a n a g er

E n c ry p ti on
E n g i n e

M id d l e  Wa r e

C ond it iona l  A c c e s sV oD S e r v e r

S et Top  Box

Broa d c a s t
Cl i en t

V i d eo
D ec od er

M id d l e  Wa r e

Con d i ti on a l
Ac c es s

O n  D em a n d
Cl i en t

V i d eo
D ec ry p ti on

E l ec tron i c
P rog ra m  
G u i d e
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or

I P / M P L S  
C or e

S u p e r
H e a d
E n d

L iv e
B r oa d ca s t
&  VoD
A s s e t

D is t r ib u t ion
V i d e o
H e a d e n d
O f f i c e

V S O

M e t r o  B r o a d b a n d  N e t w o r k

V i d e o
S w i t c h i n g
O f f i c e

V S OVoD S e r v e r s

C o r e D i s t r i b u t i o n A g g r e g a t i o n H o m e  N e tA c c e s s

+ S T B

CPE
( g a t e w a y )

CPE
( g a t e w a y )

CPE
( g a t e w a y )

local broadcast insertion

V i deo ov er B roadb an d T ran sp ort A rch i tectu re

+ S T B

+ S T B

+ S T B

+ S T B
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T h e C o m b i ned Ar c h i t ec t u r e ?

H ome

O n  D e m a n d
C l i e n t

S e t  T o p  B o x

H om e  A cce s s  G a t e w a y

L 2  
A g g r e g a t ion

D S L A M

M e t r o  
E t h e r n e t

V i d e o  
S w i t c h i n g  

o f f i c e
S u p er  

Vid eo H ea d  
en d

I n t er n et

? ?

? ?

? ?
M u l t i c a s t
R e p l i c a t i o n
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S u p er  
Vid eo H ea d  

en d

I nt er net  Ac c es s  &  V i deo  o v er  N at i v e I P

N a t iv e I P  
I n t er n et  &  Vid eo 

M e t r o  
E t h e r n e t  
A c c e s s

V i d e o  
S w i t c h i n g  

o f f i c e

L 3 ed g e f or  
v oice,  v id eo 
a n d  d a t a

M e t r o  
B r o a d b a n d

I n t er n et

D S L
a c c e s s
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S u p er  
Vid eo H ea d  

en d

I nt er net  Ac c es s  &  V i deo  o v er  N at i v e I P

M e t r o  
E t h e r n e t

M e t r o  
E t h e r n e t  
A c c e s s

V i d e o  
S w i t c h i n g  

o f f i c e

L 3 ed g e 
f or  d a t a  &  
v id eo

• E f f icient use of  core b and w id th
• G ood  S erv ices isolation

I n t er n et

D S L
a c c e s s

F ew er  I G M P  
J oin s / L ea v es ,  

im p r ov e C h a n n el  
S u r f in g  ex p er ien ce

I n t er n et  &  Vid eo  ov er  N a t iv e I P
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S u p er  
Vid eo H ea d  

en d

I nt er net  Ac c es s  &  V i deo  o v er  P P P o E

B R A S

M e t r o  
B r o a d b a n d

I n t er n et

P P P oE
Vid eo 

M e t r o  
E t h e r n e t  
A c c e s s

M u l t ica s t  
R ep l ica t ion

• I ne f f ic ie nt  u s e  of  c or e  b a nd w id t h
• S u b s t a nt ia l l y  inc r e a s e  nu mb e r  of  M A C  a d d r e s s e s  on t h e  ne t w or k ,  p ot e nt ia l  s w it c h  M A C  t a b l e  ov e r f l ow

D S L
a c c e s s
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S u p er  
Vid eo H ea d  

en d

I n tern et A ccess ov er P P P oE +  V i deo ov er N ati v e I P

B R A S

M u l t i c a s t
R e p l i c a t i o n

M e t r o  
E t h e r n e t  
A c c e s s

V i d e o  
S w i t c h i n g  

o f f i c e

M e t r o  
E t h e r n e t

I n t er n et

L 3 ed g e 
f or  v id eo

D S L
a c c e s s

F ew er  I G M P  
J oin s / L ea v es ,  

im p r ov e C h a n n el  
S u r f in g  ex p er ien ce

L 3 ed g e 
f or  

I n t er n et

Vid eo ov er  N a t iv e I P  

I n t er n et  ov er  P P P oE
• E f f ic ie nt  u s e  of  c or e  b a nd w id t h
• G ood  S e r v ic e  I s ol a t ion
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R ec o m m endat i o ns
• S eparate V L A N s f or V id eo /  I nternet A ccess
• V L A N s Terminated  at Dif f erent L ayer 3  E d g e N od es

I nt e r ne t  A c c e s s  =  B R A S
V id e o B r oa d c a s t  +  V id e o O n D e ma nd  =  A ggr e ga t ion R ou t e r

• S implif ies S et Top I mplementation
S ingl e  E nc a p s u l a t ion ( N a t iv e  I P )  f or  A l l  V id e o S e r v ic e s

• S implif ies Q oS A rch itecture
B R A S  H ie r a r c h ic a l  Q oS N ot  U s e d  f or  B a nd w id t h  G u a r a nt e e s
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E d g e T r an sp or t

A g g r e g a t ion
R ou t e r

D S L A M

S T B s

H om e  A cce s s  G a t e w a y 

O L T

S e t  T op  B ox  
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D i str i b u ti on  A r ch i tectu r e – H u b  &  S p oke

G E
D S L A M  

G E
D S L A M  

G E
D S L A M  

G E
D S L A M  

S e r v ice  R ou t e r

VoD
S e r v e r ( s )

S u p e r  H e a d  E n d  +
Vid e o H e a d  E n d  O f f ice  

I R T

I R T

A s s e t
D i s t r i b u t i o n

M PEG -2
M u x

T I U

V o D Ca t c h e r

S a t  R x T I U

L a ye r  3
PE -A g g
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D i str i b u ti on  A r ch i tectu r e – G E  R i n g

L a y e r  3  V i d e o  A g g r e g a t i o n  @ P E -A g g
P a t h  R e d u n d a n c y  f o r  A l l  S e r v i c e s

G E
D S L A M  

G E
D S L A M  

G E
D S L A M  G E

D S L A M  

G E
D S L A M  

S e r v ice  R ou t e r

VoD
S e r v e r ( s )

S u p e r  H e a d  E n d  +
Vid e o H e a d  E n d  O f f ice  

I R T

I R T

A s s e t
D i s t r i b u t i o n

M PEG -2
M u x

T I U

V o D Ca t c h e r

S a t  R x T I U

L a ye r  3
PE -A g g L a ye r  3

PE -A g g
L a ye r  3
PE -A g g
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Poten ti al  V i d eo Lay er  3  E d g e C h oi ces

G E
D S L A M  

S e r v i c e  R o u t e r

A g g r e g a t i o n
R o u t e r S e t  T op

R e s id e n t ia l
G a t e w a y

L a y e r  3  E d g e  a t  a c c e s s :
• R e q u i r e s  I P  C a p a b l e  e d g e  d e v i c e
• C o m p l i c a t e s  I P  A d d r e s s  M g t

L a y e r  3  E d g e  a t  A g g r e g a t i o n  R o u t e r :
B e t t e r  A R P  &  M A C  s c a l i n g
C a n  s u p p o r t :
S e c u r e  M u l t i c a s t  ( S S M )  i n  D i s t r i b u t i o n  N e t w o r k
M u l t i c a s t  L o a d  B a l a n c i n g  i n  D i s t  N e t w o r k
F a s t  F a i l  O v e r  o f  V i d e o  E n c o d e r s
U n i -D i r e c t i o n a l  T r a n s p o r t  i n  D i s t r i b u t i o n  N e t w o r k

I R T

I R T

A s s e t
D i s t r i b u t i o n

M PEG -2
M u x

T I U

V o D Ca t c h e r

L a y e r  3  E d g e  a t  S e r v i c e  R o u t e r :
• A R P  /  F o r w a r d  T a b l e  S c a l i n g  I s s u e s
• M a c  T a b l e  S c a l i n g  I s s u e s
• P o t e n t i a l  i s s u e s  w i t h  m u l t i c a s t  p a t h  f a i l  
o v e r

R e c omme nd a t ion =  La y e r  3  E d ge  A t  A ggr e ga t ion R ou t e r
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M u lti cast T raf f i c F low  w i th  L ayer 2  D i stri b u ti on
S p a nning T r e e

R ec ov ery  Af ter S p a n n i n g  Tree R oot N od e F a i l u re =  1 2  s ec s > >  1 2 0  s ec s
S erv i c e D i s ru p ti on

P I M  D es ig n a t ed
R ou t er

S p a n n in g  T r ee R oot
B r id g e

S T B S T B

A g g r eg a t ion
S w it ch 1

P r im a r yP r im a r y
S ou r ceS ou r ce

B a c k u pB a c k u p
S ou r ceS ou r ce

A g g r eg a t ion
S w it ch 2

I G M P
Q u e r y

I G M P
Q u e r y

I G M P
Q u e r y

XX

S p a n n i n g  T r e e
P o r t  B l o c k e d

I G M P
Q u e r y

XX

I G M P
R e s p o n s e

I G M P
R e s p o n s e

E d g e R ou ter2
E d g e R ou ter1
D es ig n a t ed
Q u er ier

P I M  D es ig n a t ed
R ou t er

Ti m e = T-F a i lT-F a i l  +
I G MP  Q u ery  I n terv a l
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L 2  R i n g  – V i rtu al P ri v ate L A N  S erv i ce ( V P L S )

VPLS
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L 2  R i n g  – V i rtu al P ri v ate L A N  S erv i ce  con t.

• S ame ch annel w ill transv erse th e ring  multiple 
times

VPLS
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L 2  R i ng – D ai s y  C h ai n P s eu do -w i r es  

• Logic a l  or  P h y s ic a l  r ing
• D a is y  c h a in p s e u d o-w ir e s
• M P LS  +  T E  F R R  +  P W

Ma rk eted  a s  V P L S
3  l a b el s  – c om p l i c a ted  

• T E  F R R  f or  l ink  f a il u r e  
p r ot e c t ion

• S e r v ic e  R ou t e r  A R P  
t a b l e / M A C  t a b l e  s c a l ing 
is s u e s PW

PW

PW

PW

PW

����

� � ���� 	 	�
�


�� � ��� � �� � � � ��� �
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L 2  R i ng – D ai s y  C h ai n P s eu do -w i r es  c o nt .

• Link  F a il u r e  – M P LE  T E  F R R  
5 0 ms  r e -c onv e r ge nc e

• S a me  c h a nne l  w il l  
t r a ns v e r s e  t h e  r ing t w ic e  
u nd e r  l ink  f a il u r e  c ond it ion

PW

PW

PW

PW

PW

����

� � ���� 	 	�
�


�� � ��� � �� � � � ��� �PW
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L 2  R i ng – B o x  f ai l u r e

• A s s u me :  R 1  I G M P  q u e r ie r :  
I f  R 2  d oe s  not  s e e  I G M P -
q u e r ie s  f r om R 1  a ny  mor e  
it  u s u a l l y  s t a r t s  b e ing a  
q u e r ie r  a f t e r  2  x  q u e r y -
int e r v a l  ( d e f a u l t  1 2 0 s )

• R e d u c ing Q u e r y  I nt e r v a l  
I nc r e a s e s  I G M P  T r a f f ic  in 
A ggr e ga t ion ( N e t w or k  
B e c ome s  Le s s  S c a l a b l e )

IGMP

R1

R2

MPLS-FRR, backup LSP

PW

PW

PW

PW PW PIM

Logical view

R1

R2

IGMP

Distribution 
Node 2

Distribution 
Node1

Aggregation 
Node1

Aggregati
on 

Node2
Aggregati

on 
Node3

Aggregation 
Node4

IGMP query

IGMP query
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F or w ar d i n g  A r ch i tectu r e 
V i d eo V LA N  C on f i g

G E
D S L A M  

G E
D S L A M  

G E
D S L A M  

V o D
S e r v e r ( s )

Super Head End +
V i deo  Head End O f f i c e 

I R T

I R T

A s s e t
D i s t r i b u t i o n

M PEG -2
M u x

T I U

V o D Ca t c h e r

S a t  R x T I U

Physical Link
A g g r e g at io n V id e o  V LA N
D ist r ib u t io n V id e o  V LA N

A g g r e g a t i o n
R o u t e r

D i s t r i b u t i o n
Ed g e

R o u t e r 2

V o D
S e r v e r ( s )

VideoI n t

� � � � �
� �

�
� � 	


 � � 
 �
� � � V id e o

V LA N  I nt

D i s t r i b u t i o n
Ed g e

R o u t e r 1
A g g r e g a t i o n

R o u t e r

A g g r e g a t i o n
R o u t e r

G E
D S L A M  1  

G E
D S L A M  2 

G E
D S L A M  3

G E
D S L A M  1  

G E
D S L A M  2 

G E
D S L A M  3

� � � � �
� �

�
� � � �

��
�

�
� � �

 ! " # $
 %

&
' ( )Video

VL A N  I n t

VLAN1 VLAN2 VLAN3

(Multi S V I s )
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A n y cast B ased  Load  S h ar i n g

1 . 1 . 1 . 1 1 . 1 . 1 . 1

I G MP  R ep ort I G MP  R ep ort

I  w i l l  s end j o i n
t o  t h e neares t
1 . 1 . 1 . 1 / 3 2

I  w i l l  s end j o i n
t o  t h e neares t
1 . 1 . 1 . 1 / 3 2

P I M j oi n P I M j oi n

STB STB

S ou rc e 1S ou rc e 1 S ou rc e 2S ou rc e 2

S erv i c e R ou ter 2S erv i c e R ou ter 1

Ag g R ou terAg g R ou ter
L a y er 3
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E n cod er  F ai l  O v er  U si n g  A n y cast

1 . 1 . 1 . 1 1 . 1 . 1 . 1

I G P  R ec a l c > >
P I M j oi n

STB STB

S ou rc e 1S ou rc e 1 S ou rc e 2S ou rc e 2XX

S erv i c e R ou ter 2S erv i c e R ou ter 1

Ag g R ou terAg g R ou ter L a y er 3

<  1  s ec  f a i l  ov er ti m e
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M u l ti cast F or w ar d i n g

G E
D S L A M  

G E
D S L A M  

G E
D S L A M  1  

G E
D S L A M  

V o D
S e r v e r ( s )

Super Head End +
V i deo  Head End O f f i c e 

I R T

I R T

A s s e t
D i s t r i b u t i o n
M PEG -2
M u x

T I U

V o D Ca t c h e r

S a t  R x T I U

Physical Link
A g g r e g at io n V id e o  V LA N
D ist r ib u t io n V id e o  V LA N

V o D
S e r v e r ( s )

G E
D S L A M  2

V id e o  V LA N

� � � � �
� � � � 	 
 �Video

S u b -I n t

VideoI n t

� � � � �
�
 � � � � 	


 � � 
 �
� � �

V id e o
S u b -I nt

S S M
M u l t i c a s t  F o r w a r d i n g
PI M  S p a r s e  M o d e

D N S  B a s e d  S S M  M a p p i n g
S t a t i c  M u l t i c a s t  G r o u p

I G M P S n o o p i n g
S t a t i c  I P M u l t i c a s t  J o i n

I G M P L i m i t

S S M
M u l t i c a s t  F o r w a r d i n g
PI M  S p a r s e  M o d e

I G M P S n o o p i n g
w /  R e p o r t  S u p p r e s s i o n

o r

I G M P F a s t  L e a v e
Pr o c e s s i n g

D i s t r i b u t i o n
Ed g e

R o u t e r 2

A g g r e g a t i o n
R o u t e r

D i s t r i b u t i o n
Ed g e

R o u t e r 1

A g g r e g a t i o n
R o u t e r

A g g r e g a t i o n
R o u t e r
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S o u r c e S p ec i f i c  M u l t i c as t

• Ideal for one source to many receivers applications
B r oa d c a s t  V id e o,  a u d io a nd  s t oc k  ma r k e t  d a t a

• C ontent identified b y b oth  source and g roup 
address instead of g roup address alone.

E l imina t e s  s h a r e d  t r e e
• S olves address allocation prob lem

S inc e  e a c h  ( S , G )  f l ow  is  u niq u e ,  c ont e nt  p r ov id e r s  c a n u s e  
t h e  s a me  gr ou p  r a nge s

• M ulticast from a w ell-k now  S ource
H e l p s  p r e v e nt  D oS a t t a c k s  f r om “B ogu s ” s ou r c e s
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R e c e i v e r  1

So u r c e

O u t -o f -b a n d  So u r c e  
Di r e c t o r y

Eg .  P r o g r a m  g u i d e

R ec ei v er l ea rn s  of  s ou rc e,  g rou p / p ort

I G M P v 3  ( S,  G )  J o i n

R ec ei v er s en d s  I G MP v 3  ( S , G )  J oi n

( S,  G )  J o i n

F i rs t-h op  s en d  P I M s , g  j oi n  d i rec tl y  tow a rd
S ou rc e

BA C D

FD

P I M  S o u r c e S p ec i f i c  M o de
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P I M  S o u r c e S p ec i f i c  M o de

R e c e i v e r  1

B

F

A C D

E

R es u l t:  S h ortes t P a th  Tree rooted
a t th e S ou rc e,  w i th  N O  S h a red  Tree.

So u r c e
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C h annel  C h ange D el ay  – S T B  

• M ulticast L eave for old C h annel ( 5 0  msec)
• D elay for M ulticast S tream to S top ( 1 5 0  msec w /  

F ast L eave)
D e l a y s  D u e  t o I G M P  Q u e r ie s  /  T ime ou t s  on A c c e s s  Link
F a s t  Le a v e  P r oc e s s ing on D S LA M  R e mov e s  T h is  D e l a y

• M ulticast J oin for N ew  C h annel ( 5 0  msec – 2 0 0  
msec)

• J itter B uffer F ill ( 2 0 0  msec)
• E ncrypted frame – T ime for th e C A C  k eys to arrive
• I-F rame D elay ( 5 0 0  msec – 1  sec)
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Agenda

• T riple play application req uirements
• T riple play transport A rch itecture
• H ome A ccess G atew ay
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DSL
R G

Su b s c r i b e r  1

V i d e o  
B r i d g e
G r o u p

Po r t  1

Po r t  z

V i d e o  V C

V i d e o  V C

D a t a  V C

D a t a  V C

G E  U p link DSL
R G

+ST B

+ST B

+ST B

VoIP
B r i d g e
G r ou p

V o i c e  V C

V o i c e  V C
G
E 
DS

LA
M

Su b s c r i b e r  2

T r i p l e Pl ay  A r ch i tectu r al  M od el
Se r v i c e  
R o u t e r

8 0 2 . 1 Q
E n c a p s

A g g r e g a t i o n  
R o u t e r

V i d e o  V L A N
D a t a  V L A N ( s )
V o i c e  V L A N

B R A S

D at a 
V C  /   
V LA N  

M ap p ing
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R ec o m m endat i o ns B as ed o n W T -1 0 1
• D istrib uted M ulticast R eplication
• M ulti V C  or S ing le V C  M odel
• V L A N  A rch itecture

1 : 1  or  N : 1  V LA N s f or  I nt e r ne t  A c c e s s  ( N : 1  M od e l  P r e f e r r e d )
N : 1  V LA N s f or  V id e o

R e q u ir e d  f or  D is t r ib u t e d  M u l t ic a s t  R e p l ic a t ion
D S LA M  P e r f or ms  A l l  V LA N  T a gging

L2  A ggr e ga t ion P r ov id e s  S -T a g F or  N on WT -1 0 1  C omp l ia nt  
D S LA M s

• E ncapsulation
P P P oE or  I P  f or  I nt e r ne t  A c c e s s
I P  f or  V id e o - S imp l e r  D is t r ib u t e d  M u l t ic a s t  R e p l ic a t ion
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H om e D ev i ce B ased  S er v i ce M ap p i n g

V i deo
B ri dg
e

G ro up P o r t  2

G E U pl i nk
D SL
R G

8 0 2 . 1 Q
Enc aps

V i deo  V L A N
D at a V L A N ( s )

P o r t  1

D SL
R G

8 0 2 . 3  Enc aps
I P  Q o S

D at a =  P P P o E,
V i deo  =  I P

V o i c e =  P P P o E o r I P

V i deo  
B ri dg
e

G ro upD at a 
V C  /   V L A N  
M appi ng

P o r t  2 V i deo  V C
D at a V C

G E U pl i nk
D SL
R G

V o I P
B ri dg e
G ro up

V o i c e V C

G E D SL A M
8 0 2 . 1 Q
Enc aps

V i deo  V L A N
D at a V L A N ( s )

V o i c e V L A N

P o r t  1 V i deo  V C
D at a V C

V o i c e V C

D SL
R G

8 0 2 . 3
Enc aps

Mu l ti  V C Mod el

E th erTy p e Mod el G E D SL A M

I P
Et h erT y pe

P P P o E
Et h erT y pe

D at a 
V C  /   V L A N  
M appi ng
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DSL 
R e s i d e n t i a l  
G a t e w a y

V i d e o
T r a f f i c  
T a g g i n g

Da t a  
T r a f f i c
T a g g i n g

V o I P
T r a f f i c
T a g g i n g

V o i c e
G a t e w a y

V i d e o  V C
Da t a  V C

V o i c e  V C

R F C  2 6 8 4  B r i d g e d
8 0 2 . 3
E n c a p s

P h o n e  Li n e

C a t -5

M o CA

M o CA

C a t -5
C o a x

C a t -5

C o a x

L ayer 2  R G  P h ysical P ort B ased S ervice M apping
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V i d e o  V C

Da t a  V C

V o i c e  V C

DH C P
C l i e n t

DH C P  /
P P P o E
C l i e n t
DH C P
C l i e n t

MAC
L a y er

Bri d g i n g

D H CP
S erv er

N AT +
S erv i c e
Ma p p i n g

E x t e r n a l
V i d e o

E x t e r n a l
Da t a

E x t e r n a l
V o i c e

I G MP
P rox y -R ou ti n g

L oc a l  AR P

Lay er  3  /  N A T  F u n cti on al i ty  i n  th e R G

H o m e
De v i c e
B a s e d
Se r v i c e
M a p p i n g

DH C P
C l i e n t

De s t i n a t i o n
B a s e d
Se r v i c e
M a p p i n g

M u l t i  P V C

DH C P
O p t i o n  6 0

DH C P
O p t i o n  6 0

DH C P
C l i e n t
P P P o E
C l i e n t

E t h e r T y p e

R TS P
S ta tef u l

I n s p ec ti on
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