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F o c u s

T h is  p re s e nta tion is a b out tra ns p orting b roa dca s t v ide o
a nd v ide o on de m a nd s e rv ice s  a n ov e r IP  ne tw ork  
inf ra s tructure  incl uding a  b roa db a nd l a s t m il e .

D ue  to tim e  cons tra ints ,  de ta il s a b out v ide o e ncoding ,  
m iddl e w a re  inte ra ction,  s e t top  b ox  de s ig ns ,  h om e  
ne tw ork ing ,  us e r inte rf a ce s ,  e tc.  a re  not cov e re d in th is
s e s s ion.
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I nt r o du c t i o n

• I P TV  i s hap p eni ng :   4 M  su b sc ri b ers at  t he end  of  2 0 0 5
Enhanced customer experience driven by IP

• I P TV  serv i c es mad e p ossi b l e b y  Broad b and  ac c ess l ev erag i ng  
on C arri er E t hernet  arc hi t ec t u re

F oundation f or 3pl ay services
U ses N G N  architecture f or service scal abil ity

• I P TV  i s an i nnov at i v e t ec hnol og y  t hat  b orrow s many  t hi ng s 
f rom y ears of  D V B/ ATS C  ex p eri enc e

M PEG  dig ital  video compression and transport f or compatibil ity
IP f or service f l exibil ity
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I P T V  i n p er s p ec t i v e

T ransport S tream

DVB/ATSC DVD

PES

A / V  C ompression

M u l t i p l e x i n g
Sy st e m  Cl o c k

P a c k e t i z a t i o n
Ti m e st a m p s

C omp ressi on

S y st ems

0 1 0 1 0 1 0 1 0 1

0 1 0 1 0 1 0 1 0 1 0 1

0 1 0 1 0 1 0 1 0 1 0 1

E S

P E S R T P

R TP

I n t e r n e t

Prog ram S tream

M P E G

PSI/SI, Scrambling
N e t w o rk  ad ap t at io n

TS

U DPM u lt ip le x ing
C h e ck s u m

Int e llige nt  Pack e t
Se rv ice s
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IP T V  a nd s ta nda rds

777



8© 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 .
S e s s i o n  N u m b e r
P r e s e n t a t i o n _ I D

I P T V  S t andar di z at i o n

H . 2 62 ,  H . 2 64

R TP ,  R TSP ,  I G M P  

DVB-I P I  A0 8 6 CO P -3 R 2

TS 1 0 2  0 34

A/53C VSB

DVB-T
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I E T F  ( s i gnal i ng)

• M ul tica s t-b a s e d s e rv ice s
R F C -3 3 7 6   I G M P v 3  

• O n-de m a nd s e rv ice s
R F C -2 3 2 6   R TS P

• O th e r IE T F  s ta nda rds  re l e v a nt:  D H C P ,  D N S ,  …
• H ow e v e r,  IG M P v 2 is  b y  f a r th e  m os t com m on 
s ig na l ing  p rotocol  us e d toda y
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I E T F  ( t r ans p o r t )

• T ra ns p ort S e rv ice  p rov ide d j ointl y  b y
U D P :  c hec k su m and  mu l t i p l ex i ng
R TP :  seq u enc i ng  and  t i mest amp i ng

• D e f ine d in R F C -225 0   “R T P  P a y l oa d f or 
M P E G -1 / 2 s tre a m s ”

S ec t i on 2 .  M P E G  TS  enc ap su l at i on ( M P 2 T p ay l oad  t y p e)
S ec t i on 3 .  M P E G  E S  enc ap su l at i on ( M P V )

• H ow e v e r,  indus try  k e e p s  on us ing  th e  “de -f a cto”
M P E G -T S / U D P  e nca p s ul a tion
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E nc ap s u l at i o n o f  M P E G -2  T S  o n I P

2-3 %  L 3  ov e rh e a d,  1 3 1 6  b y te s  M P E G 2 +  28  ( 40  w /  R T P )  IP
4-5 %  L 2+ L 3  ov e rh e a d,  1 3 1 6  +  5 4 ( 6 6  w /  R T P ) b y te s

MPEG-2  
1 8 8  B

R T P
H e a d e r

(12)

MPEG-2  
1 8 8  B

MPEG-2  
1 8 8  B

MPEG-2  
1 8 8  B

MPEG-2  
1 8 8  B

MPEG-2  
1 8 8  B

MPEG-2  
1 8 8  B

MPEG-2  
1 8 8  B

R T P
H e a d e r

(12)

MPEG-2  
1 8 8  B

MPEG-2  
1 8 8  B

MPEG-2  
1 8 8  B

MPEG-2  
1 8 8  B

MPEG-2  
1 8 8  B

MPEG-2  
1 8 8  B

U D P
H e a d e r

(8 )

MPEG-2  
1 8 8  B

R T P
H e a d e r

(12)

MPEG-2  
1 8 8  B

MPEG-2  
1 8 8  B

MPEG-2  
1 8 8  B

MPEG-2  
1 8 8  B

MPEG-2  
1 8 8  B

MPEG-2  
1 8 8  B

U D P
H e a d e r

(8 )

I P
H e a d e r

(20 )

MPEG-2  
1 8 8  B

R T P
H e a d e r

(12)

MPEG-2  
1 8 8  B

MPEG-2  
1 8 8  B

MPEG-2  
1 8 8  B

MPEG-2  
1 8 8  B

MPEG-2  
1 8 8  B

MPEG-2  
1 8 8  B

U D P
H e a d e r

(8 )

I P
H e a d e r

(20 )

L 2
H e a d e r

(26 )

R TP
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M P E GM P E G -- 2  T r ans p o r t  S t r eam  D et ai l s2  T r ans p o r t  S t r eam  D et ai l s

•• E ac h 1 8 8  b y t e Transp ort  S t ream p ac k et  c ont ai ns d at a f rom one E ac h 1 8 8  b y t e Transp ort  S t ream p ac k et  c ont ai ns d at a f rom one 
el ement ary  st ream or P S I / S I  d at a as d ef i ned  b y  t he 1 3  b i t  P I D  v ael ement ary  st ream or P S I / S I  d at a as d ef i ned  b y  t he 1 3  b i t  P I D  v al u el u e

4 bytes4 bytes

Sync
b yt e
0 x 47

T r a ns p o r t
e r r o r

I nd i ca t o r
P a yl o a d
u ni t  s t a r t
I nd i ca t o r

T r a ns p o r t
Scr a m b l i ng
C o nt r o l

T r a ns p o r t
P r i o r i t y P I D A d a p t a t i o n

F i e l d  C o nt r o l
C o nt i nu i t y
C o u nt e r

8 bits8 bits 11 11 2211 1313 22 4  bits4  bits
PacketPacket
HeaderHeader

188 188 by te sby te s
e a m  p a c k e te a m  p a c k e t M P E GM P E G -- 2  Tr a2  Tr a

St u f f ing
by t e s
0 x F F

D is co nt inu it y
Ind icat o r F lags

R and o m
acce s s
Ind icat o r

E le me nt ary
St re am
Prio rit y

1 bit1 bit 55
A d ap t at io n

f ie ld
le ngt h

Pack e t  Pay lo ad
( PE S o r PSI d at a)

St art  co d e  0 x 0 0 0 0 0 1 yy

P CR O P CR A d ap t at io n
f ie ld  e x t .

Sp l i ce
co u nt d o w n T S p riv at e

d at a

4 2 +  6  4 2 +  6  resres 8 bits8 bits
AdaptationAdaptation

FieldsFields

4 2 +  6  4 2 +  6  resres

. . .. . .. . .. . .

8 bits8 bits
O p t io nal

A d ap t at io n
F ie ld s

v a r ia bl ev a r ia bl e

1 bit1 bit 1 bit1 bit

M P E GM P E G -- 2  Tr a n sp o r t  St r e a m  p a c k e t2  Tr a n sp o r t  St r e a m  p a c k e t
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D V B -I P I    An ar c h i t ec t u r e f o r  t h e del i v er y  o f  
D V B  s er v i c es  o v er  I P  net w o r k s

• D V B-I P I  Bl u eb ook  A0 8 6  – E TS I  TS  1 0 2  0 3 4  1 . 1 . 1  ( 2 0 0 5 -0 3 )
• S erv i c e d el i v ery

M PEG -2 T S  encapsul ation
U se of  R T P and R T S P f or V oD

• S erv i c e d i sc ov ery
U sing  D V B  PS I/ S I inf ormation and D N S

• S erv i c e sel ec t i on
U sing  IG M P and R T S P

• S TB au t hori z at i on ( D H C P )
• Tot al  j i t t er <  + / - 2 0  msec
• P ac k et  l oss <  1  not i c eab l e art i f ac t  p er hou r

http: / / w ebapp. etsi. org / w ork prog ram/ R eport_ W ork Item. asp? W K I_ ID = 1516 4
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P r o -M P E G

• P rof e s s iona l  V ide o T ra ns p ort f ocus
• T ra ns p ort of  M P E G -2 ( C O P -3 ) a nd uncom p re s s e d 
S M P T E  29 2M  ( H D T V ) ( C O P -4)

• U s e  of  R T P
• G e ne ra l l y  m ore  s trict in p a ck e t l os s ,  l e s s  in j itte r
• J itte r <  + / - 6 0  m s e c
• F E C  s ch e m e  f or e rror re cov e ry

http: / / w w w . pro-mpeg . org / publ ications/ pdf / V id-on-IP-C oP3-r2. pdf
http: / / w w w . pro-mpeg . org / publ ications/ pdf / H B R S S -on-IP-C oP4-r1. pdf
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P r o -M P E G  C O P -3  2 D -F E C  s c h em e
• Based  on R F C 2 7 3 3 , X O R  F E C  p ac k et s 
• F E C  st reams sent  on U D P  p ort s R TP + 2  ( c ol ) , R TP + 4  ( row )
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IP T V  B uil ding  b l ock s

1 61 61 6



17© 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 .
S e s s i o n  N u m b e r
P r e s e n t a t i o n _ I D

“T r adi t i o nal ” I P T V  H E  c o m p o nent s

V ideo M atrix

Sc r a m b l e

C A  S ystem

R e c e i v e  &  De c o d e  &  
De sc r a m b l e

I P  Ad a p t e r I P  Ad a p t e r

Q P SK

SD I
I R D

R e -e n c o d eE n c o d e r

I P  E n c a p su l a t i o n
w / o p t i o n a l sc r a m b l i n g

I P

I R D* *

* *

( * ) DVB Co m m o n Sc r a m b l i n g

M u x M u x
A SI

E n c o d e r

Sm a r t Ca r d

M u x &  Ad a p t  r a t e

I P  N e t w o r k

R o u t e  st r e a m s
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I P  C ent r i c  H E

Q P SK

I R D

E n c o d e r

I R D* *

I P  N e t w o r k

E n c o d e r

Sc r a m b l e r

R a t e  Ad a p t e r

Sc r a m b l e r

R a t e  Ad a p t e r
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M a s t e r  H e a d  E n d  - K e y  C o m p o n e n t s  ( SA  e x a m p l e )

AD
S e r v e r

AS I

B B V

B B V

B B V

I P
3 . 7 5  M B s

10 G bs  D W D M
O p t ical 

B ack bo ne
SCTE-3 5

M o d e l  6 2 7 5  L o c a l
O f f -Ai r  De m o d u l a t o r s

S a t e l l i t e  R X
[ Di g i t a l  O u t ]

S a t e l l i t e  R X
[ An a l o g  O u t ]

P E G  C h a n n e l  
S o u r c e s

L o c a l  Ad  E n c o d i n g

I P

D9 9 0 0  DC M

D9 0 3 2  M P E G
E n c o d e r

D9 0 3 2  M P E G
E n c o d e r

D9 0 3 2  M P E G  
E n c o d e r

D9 0 3 2  M P E G  
E n c o d e r

AS I  o r  I P

AS I  o r  I P

AS I  o r  I P

I P

In T he H eadend:
• M u x in g /  G r o o m in g  o f  
a c q u ir e d  sa te l l ite  &  l o c a l  c o n te n t

• T r a n sr a tin g  /  R a te sh a p in g
a n d  a sse m bl y  o f  Q A M  m u l tip l e x e s

• C e n tr a l iz e d  D P I
• S w itc h e d  D ig ita l  V id e o

AD
S e r v e r

I P

I PD9 9 0 0  DC M
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S er v i c e/ C o nt ent  P r o t ec t i o n:  C AS  and D R M

• C ond i t i onal  Ac c ess S y st em ( C AS )  c omes f rom 
Broad c ast i ng  w orl d

F ocus on protecting  the service ag ainst thef t
Protects content at the transport l evel
M oving  f rom H / W  based (S martC ard) to S / W  based

• D i g i t al  R i g ht s M anag ement  ( D R M )  c omes f rom I T w orl d
F ocus on the contractual rig hts betw een the content ow ner and 
the consumer
W hen and how  many times the content may be accessed and 
eventual l y recorded
Protects content at the appl ication l evel
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C o ndi t i o nal  Ac c es s .  D V B -C S A

M U X

E ncr yp t E ncr yp t

C o nt r o l  W o r d
G e ne r a t o r

Su b s cr i b e r
I nf o r m a t i o n

Scr a m b l e r

C WE C M
E M M

D e s cr a m b l e r D E M U X

D e cr yp t D e cr yp t

E C M E M M

Se cu r i t y
P r o ce s s o r

Se r v i ce
K e y

C W

Su b s cr i b e r  M a na g e m e nt
Sys t e m  ( SM S) Sm a r t

C a r d

U p d a t e
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M i ddl ew ar e

• S erv i c e D i sc ov ery  ( E P G )  and  S el ec t i on
• I nt erf ac e t o S u b sc ri b er M anag ement  and  Bi l l i ng
• Ab st rac t i on l ay er t hat  hi d es t he ac c ess net w ork  t o t he S TB
• P ort al

T andberg  T V ,  M inerva
• C ommerc i al

M yrio,  O rca,  N D S ,  Envivio,  M otorol a
• H ome mad e

F astw eb,  Imag enio (now  L ucent)
• V ert i c al

M icrosof t T V
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S et -T o p -B o x

• L inux based (S A ,  A mino,  K reatel )
Portal Middleware
C om m erc ial ( O rc a,  My rio)
H om e m ade ( T elef on ic a,  F as tweb )

• M S T V  (S A ,  K iss)
• R ecent trends to support 

H D
A V C  dec oders

• S til l  no g eneral  support f or
I G MPv 3  with  th e S S M A PI  in  th e S T B
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S T B  o p er at i o n

• Transp ort  b u f f er
D e-j itter and PC R  synchroniz ation (+ / - 100 msec)

• D e-mu l t i p l ex  b u f f er
S eparate audio,  video ES  and other prog ram components

• D ec od i ng  b u f f er
S tore ref erence f rames
R eorder and decode f rames

D ispl ay f rames

L ook  at the PC R

L ook  at the PID

L ook  at the D T S / PT S  in the PES

T S

PES

ES

T V
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V i deo  S er v er s
CP EDe l i v e r y  N e t w o r k

S TBA cce s s
Ne t w o r k

C o nt e nt
A cq u i s i t i o n

C o r e
M e d i a
Se r v e r

VI DE O  H E ADE N D

C o nt e nt
So u r ce s

C o nt e nt
D i s t r i b u t i o n
M a na g e r

D H C P
Se r v e rQ P M

P r o v i s i o ni ng
Se r v e r

Su b s cr i b e r
D a t a  B a s e

B i l l i ng

ST B
A p p l i ca t i o n
Se r v e r s

Ne t w o r k
M a na g e m e nt

M e d i a  
A s s e t  

M a na g e m e nt

H e a d e nd
Ne t w o r k C o r e  Ne t w o r k

V o D
Se r v e r
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P u b l i s h i ng c o nt ent

• Asset =  C ont ent  +  M et ad at a d esc ri b i ng  t he c ont ent
• D esc ri p t i on u ses X M L  l ang u ag e
• C ab l eL ab s sp ec i f i c at i ons av ai l ab l e

• Bu i l d i ng  and  assoc i at i ng  M et ad at a w i t h c ont ent
• L i nk i ng  M et ad at a w i t h E P G
• Asset  M anag ement

Pushing  titl es (media +  metadata) to the edg e servers (C D N )
M ak ing  titl es avail abl e/ unavail abl e (publ ishing )
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IP T V  s e rv ice s

2 72 72 7
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I P T V  B r o adc as t
• D i st ri b u t ed  u si ng  I P  M u l t i c ast
• D i mensi oned  ac c ord i ng  t o b i t rat e ( C BR )
• C ab l e

D istribution onl y:  F rom C H E to R H Es
M ul tipl e prog rams per mul ticast g roup/ channel .  D V B  S I f or EPG

• D S L
End to end del ivery:  F rom V ideo H E to IP S T B
S ing l e prog ram per mul ticast g roup/ channel .  B asic PS I (PA T / PM T )
S ervice sel ection w ith IG M P

• E TTH / F TTH
L ess bandw idth constraints f or V B R  and H D
M ul tipl e concurrent streams
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T V  B r o adc as t  i n AD S L

I G M P

L E

P o P

Vi d e o  H E

V i d e o  P u m p

Se s s i o n
M a na g e r

P I M

I P
Di st

E t h e rne t

L o ca l  C o nt e nt I ns e r t i o n



30© 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 .
S e s s i o n  N u m b e r
P r e s e n t a t i o n _ I D

I P T V  V i deo  o n D em and

• D i st ri b u t ed  u si ng  I P  U ni c ast
• D i mensi oned  ac c ord i ng  t o p eak -hou r c onc u rrenc y
• C ab l e

10G E R A N  D istribution:  F rom R H E to H ubs
U ses O ut-of -band channel s or D O C S IS  f or sig nal ing

• D S L
End to end del ivery:  F rom C ity PoP to IP S T B  or distributed
S ervice sel ection w ith H T T P or R T S P

• E TTH / F TTH
N o constraints f or V B R  and H D
M ul tipl e concurrent streams
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V i deo  o n dem and

R T SP

L E

P o P

Vi d e o  H E

V i d e o  P u m p

Se s s i o n
M a na g e r

I P
Di st

A s s e t
M a na g e m e nt

SM S,  O SS,  R M

L o ca l  C o nt e nt I ns e r t i o n

E t h e rne t
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I P T V  S w i t c h ed D i gi t al  V i deo
• D i st ri b u t ed  u si ng  I P  M u l t i c ast
• S erv i c e i s ov ersu b sc ri b ed  f or a c ert ai n g rou p  of  p rog rams
• Ad mi ssi on C ont rol  req u i red
• C ab l e

O ptimiz ation of  H F C  bandw idth on a per S ervice G roup basis
O nl y w atched prog rams are sent
S ervice discovery throug h EPG
A dmission C ontrol  based on avail abl e edg e-Q A M  resources (R M )

• D S L / E TTH
O versubscribed broadcast service
A dmission C ontrol  based on IG M P (L H R ) and/ or PIM  (ag g reg ation 
points)
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S w i t c h ed D i gi t al  V i deo

I G M P

L E

P o P

Vi d e o  H E

V i d e o  P u m p

Se s s i o n
M a na g e r

P I M

I P
Di st

P e r f o r m A d m i s s i o n C o nt r o l  h e r e f o r I G M P  a nd P I M

P I M
I G M P

L o ca l  C o nt e nt I ns e r t i o n

E t h e rne t
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V ide o ov e r B roa db a nd a rch ite cture

343434
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N ex t  G ener at i o n B r o adb and Ar c h i t ec t u r e

DSL 
A c c e s s  N o d e

B R A S

L 3 V PN  PE

Se rv ice  
C o nt ro l

B u s i n e s s

R e s i d e n t i a l

STB

A g g r e g a t i o n

A g g r e g a t i o n

C o r e  Ne t w o r k
I P  / M P L S 

B u s i n e s s

A g g r e g a t i o n

SiSi

SiSi

SiSi

SiSi

SiSi

E t h e r n e t  A c c e s s  
N o d e

A g g r e g a t i o n Ne t w o r k
M P L S a nd /O R  E t h e r ne t ,  
I P /I P  m ca s t / P I M /SSM

L 2 A cce s s L 2/3  E d ge

I d 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  
Da t a b a s eM o n i t o r i n g P o l i c y  

De f i n i t i o nB i l l i n g

Po licy  C o nt ro l Plane  ( p e r  s u b s c r i b e r )

Di s t r i b u t i o n

R e s i d e n t i a l

STB V o D

C o n t e n t  N e t w o r k

TV SI P

V o D

C o n t e n t  N e t w o r k

TV SI P

Di s t r i b u t i o n
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I P T V  Ar c h i t ec t u r e H i gh l i gh t s
• P er-serv i c e op t i mi z ed  i nf rast ru c t u re

S ervice-oriented vs.  T ransmission-oriented
L 3 pref erred to L 2 f or IPT V

• D i st ri b u t ed i nj ec t i on p oi nt  mod el
D istributed vs.  central iz ed
V ideo is an A ppl ication S ervice
V oD and B roadcast separated f rom B -R A S

• H omog eneou s Q oS  mod el
• P I M  S S M f or mu l t i c ast
• C AC f or u ni c ast  and  mu l t i c ast
• S erv i c e sep arat i on/ P er-serv i c e t op ol og i es
• Asy mmet ri c  net w ork i ng
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L 2  I P T V  Ar c h i t ec t u r e m o del

L 3 Di st r i b u t i o n  ( I P /M P L S N e t w o r k )

N o n -r e d u n d a n t  Vi d e o  H E

L 2  Ag g r e g a t i o n  N e t w o r k
( N a t i v e  E t h e r n e t  o r  VP L S)
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R ec o m m ended I P T V  Ar c h i t ec t u r e

L 3 Di st r i b u t i o n  &  Ag g r e g a t i o n  N e t w o r k

F u l l y  r e d u n d a n t  Vi d e o  H E
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L 2  f o r w ar di ng i n r i ngs  ( nat i v e E t h er net )

• F orw arding  mechanism is constrained 
f l ooding

B y  MA C  learn in g  ( U n ic as t)
B y  I G MP or PI M S n oop in g  ( Mu ltic as t)

• L ink  and node f ail ures impl y topol og y 
chang e

C on v erg en c e dep en ds  on  S T P
• L 2 reverts to f l ooding  w hen M A C  
f orw arding  tabl es are f l ushed

S T P top olog y  c h an g es  or MA C  ag in g
V ideo is  u n i-dir.  MA C s are n ot learn t 
f as t!
R eq u ires  b loc k in g  of  u n k n own  u n ic as t 
traf f ic  to work

X
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L 2  f o r w ar di ng i n r i ngs  ( M P L S )
• M ul ticast must be depl oyed in daisy-chain (ring -V PL S ) topol og ies

T otally  in ef f ic ien t oth erwis e
• U nicast cannot be depl oyed in ring -V PL S  topol og ies

U n les s  S T P is  u s ed
O th erwis e th e rin g  c an  b e s p lit in to two s eg m en ts :  D is c on tig u ou s s u b n et p rob lem
E ac h  s eg m en t will on ly  rec eiv e wh at its  attac h ed rou ter was  in j ec tin g  b ef ore
Mas s iv e traf f ic  b lac k ou t

• If  S T P is run,  
L 2  rev erts  to f loodin g  wh en  MA C  f orwardin g  tab les  are f lu s h ed

N e e d s u n k n o w n -u n i c a st -b l o c k i n g !
N o t  r e c o m m e n d e d !

X

Incong ruent unicast and mul ticast topol og ies!
T w o dif f erent V PL S  instances needed!
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L 2  m u l t i c as t  f o r w ar di ng

• S ing l e inj ection point (D R )
D R  f ailu re af f ec ts  all s u b s c rib ers

• A l l  content sent to N on-D R ,  w here it is 
dropped

N on -op tim al f orwardin g  ( b roadc as t)
• Pervasive user (IG M P) sig nal ing  in 
A g g reg ation N etw ork

S ec u rity  an d s c alab ility  is s u es
Man y  s u b s c rib ers  dep en d on  s in g le 
Q u erier

• Inconsistent w ith L 3 V oD S ervice
C A C  req u ires  L 3  ( s eg m en ted addres s  
alloc ation  in  s u b n ets )

D R Q uerier
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L 3  f o r w ar di ng

• M u l t i p l e i nj ec t i on p oi nt s
F ail ures do not af f ect al l  subscribers

• C ont ent  sent  onl y  t o w here i s 
req u est ed

O ptimal  f orw arding  (mul ticast)
• N o u ser si g nal i ng  i n ag g reg at i on

M ore secure and scal abl e
• F u l l y  c onsi st ent  w i t h L 3  V oD

N o  blu e
re ce iv e rs
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L i nk  p r o t ec t i o n
• L S P is protected by F R R

C arried p s eu do-wires  are rerou ted
I n  th eory ,  les s  th an  5 0  m s ec ou tag e

• H ow ever,  topol og y is f ixed
N o L 2  redu n dan c y  with ou t S T P

• N ode f ail ures must be deal t w ith at 
hig her l ayers

D R  f ailov er is  at L 3  ( PI M h ellos )
Mu s t b e tu n ed v ery  ag g res s iv ely  ( m an y  
h ellos ) f or f as t f ailov er
Mis s in g  h ellos  du e to c on g es tion  c an  
res u lt in  du p lic ates

• S ame f or D R  and Q uerier f ail ures
N o f as t m es s ag es  in  I G MP
Q u erier f ailov er tak es  2 0 -1 2 0  s ec on ds

D R Q uerier

X
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P I M  F as t  H el l o s  and c o nges t ed l i nk s

D R D R

C o nge s t e d  link  d ro p p ing co nt ro l p lane
p ack e t s  ( PIM  H e llo s )  in o ne  d ire ct io n

• D upl icates due to missing  hel l os
I n  c as e of  c on g es tion
O r u n idirec tion al lin k

• F ast hel l os increase the probabil ity of  this 
scenario

• H el l os shoul d be used as L 3 k eepal ives
onl y,  not f or sol ving  L 2 def iciencies

• H el l o interval  shoul d be l ong
E x p erien c e with oth er p rotoc ols ( O S PF )

XD

D

D
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I m p ac t  o f  net w o r k  f ai l u r es

3-60  se c sSTPN o d e  f a i l u r e
( r e d u n d a n t  t o p o l o g y )

So u r c e  f a i l u r e

N o d e  f a i l u r e
( n o n -r e d u n d a n t ,  e . g .  
R i n g -VP L S)

L i n k  f a i l u r e

L 3  I P  M u l t i c astL 2  V P L S

<  30 0  m sM c a st f a st  
c o n v e r g e n c e

3-60  se c s
( * )

DR  f a i l o v e r

<  30 0  m sM c a st f a st  
c o n v e r g e n c e

3-60  se c s
( * )

DR  f a i l o v e r

<  30 0  m sM c a st f a st  
c o n v e r g e n c e

<  50  m sM P L S-TE  
F R R

( * ) N e e d  t o  a c t i v a t e  L 3 P I M  F a st  H e l l o s f o r  su b -se c o n d
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Ap p l i c at i o n v s .  T r ans p o r t  S er v i c es

Ap p l i c at i on S L A
V ideo:  #  of  S et T ops
B asic vs.  Premium T ier

Transp ort  P aramet ers
B andw idth,  M ax D rop,  
M ax L atency,  etc.

S erv i c e L ev el  
Ag reement

Ap p l i c at i on Based
B ased on A pp S ig nal ing

N et w ork  Based
Per S ubscriber S haping  /  
Pol icing

S L A 
E nf orc ement

Q oS

S u b sc ri b er 
Au t hent i c at i on /  
I d ent i f i c at i on

S erv i c e Ty p e

Ag g reg at e
S ing l e Q ueue f or V ideo
Integ ration w ith N etw ork  
C A C

P er S u b sc ri b er Q oS
G ol d,  S il ver,  B ronz e
Per subscriber 
cl assif ication,  q ueuing

Ap p l i c at i on Based
V ideo M iddl ew are
N etw ork  M ay A l so 
A uthenticate

N et w ork  Based
PPPoE,  8 02. 1X
Per subscriber V L A N s,  
D H C P O ption 8 2

M anag ed  Ap p l i c at i on S erv i c eTransp ort  S erv i c e
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I nt er net  Ac c es s  T r ans p o r t
A A A

IP/M PL S

R G

H ome
A u t h e nt icat io n / A u t h o riz at io n

A u t h e nt icat io n /
A u t h o riz at io n

Po lice

Po lice

Po lice

Su bs cribe r /
Se rv ice
C las s if y

B ro nz e
Q u e u e

Silv e r
Q u e u e

G o ld
Q u e u e

Ph y s ical
Int e rf ace

SL A
E n f o r c e m e n t Q o S

A g g r e g a t i o nR
o u t e r

D SL A M

BR AS

Sh ap e
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V i deo  Ap p l i c at i o n S er v i c e T r ans p o r t

H ome
V o D Se s s io n +
B ro ad cas t  E PG

V id e o
Q u e u e

Ph y s ical
Int e rf ace

V i d eo H ead  E nd
C omp onent s

O n D e mand
C lie nt

Se t  T o p  B o x

Se r v i c e
E n f o r c e m e n t

R GD SL A M

V id e o
C las s if y

Q o S

Ad m i ssi o n
Co n t r o l

Vi d e o  Co n t e n t
P r o v i d e r

Tr a n sp o r t
P r o v i d e r

Vi d e o  Co n t e n t
P r o v i d e r
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M u l t i c as t  t r ees

A p p l ica tions  S p e ctrum

O ne to M any M any to M any

S S M B i-dirS parse

IP T V V ide o C onf e re ncing
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Adv ant ages  o f  S S M

• S im p l e r
S ou rc es are k now n i n ad v anc e
N o R P
S i ng l e ( S hort est  P at h or S P T)  t ree

• M ore  s e cure
O nl y  one sou rc e c an send  t o S S M  c hannel
P rev ent s D oS b y  mal i c i ou s at t ac k s or mi sc onf i g u rat i ons

• M ore  s ca l a b l e
Bet t er u se of  ad d ress sp ac e
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L 3  t o o l s  f o r  s ec u r i ng t h e U N I
• D ata pl ane

F ilter u p s tream
m u ltic as t in j ec tion

• C ontrol  pl ane
PI M 
I G MP

Prevent
P I M  A d j a c e n c i e s (h e l l o s )
P I M  R e g i s t e r s
P I M  A s s e r t e l e c t i o n
D R  e l e c t i o n
U n a u t h o r i z e d S A  m e s s a g e s
U n a u t h o r i z e d A c c e s s
F l o o d i n g o f c o n t r o l  m e s s a g e s (D o S )

I G M P  Sno o p i ng

I G M P  ( * , G )I G M P  ( * , G )

U N I

SP Su b s cr i b e r
I G M P  ( * , G )

U sing
N e i g h b o r f i l t e r s
M S D P  M D 5  A u t h e n t i c a t i o n
A d m i n i s t a t i v e B o u n d a r i e s
M r o u t e l i m i t s
M e s s a g e A u t h o r i z a t i o n
A c c e s s  C o n t r o l  L i s t s
F i l t e r i n g
T h r o t t l i n g
R a t e l i m i t
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Q o S  G u i del i nes  f o r  V i deo

• N e tw ork  S L A s
D el ay :  not  c ri t i c al .  M ost  ap p l i c at i ons u naf f ec t ed
J i t t er:  not  c ri t i c al .  S TBs c an b u f f er 2 0 0  msec
P ac k et -l oss:  c ri t i c al .  P ac k et  l oss rat e <  1 0 -6 ( one not i c eab l e 
art i f ac t  p er hou r of  st reami ng  @  4 M b p s)

• P a ck e t l os s  due  to q ue ue  drop s  b y  b urs ts  a t 
a g g re g a tion p oints  f rom  m ul tip l e  s ource s  ( a l s o num b e r 
of  h op s ,  l ink  occup a tion)

• S iz e  th e  q ue ue  de p th  us ing  p rob a b il ity  a na l y s is  s o 
p a ck e t l os s  ra te  ( e . g .  1 0 -6) is  b e l ow  ta rg e t 

• If  drop  ne e de d,  drop  V oD  p a ck e ts  f irs t ( th re s h ol d)
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S er v i c e O v er s u b s c r i p t i o n

V oice
V oD

S w itched D ig ital  V ideo

W i t h Ad m i ssi o n Co n t r o l

Internet A ccessO v e r su b sc r i b e d

B roadcast V ideoN o n  
o v e r su b sc r i b e d

W i t h
P e r -su b sc r i b e r  Q o SN o t c o n d i t i o n e d

2) C apacity pl anning

1) W hat needs to be oversubscribed

3) D ef ine traf f ic cl asses and assig n resources to them
4) A ppl y C A C  (of f -path g eog raphical or on-path C A C )
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T r af f i c  c l as s es  and net w o r k  b eh av i o r

Po lice  o n 
e x ce e d ing 
w e igh t

W e igh t e d  
q u e u e

N o n o v e rs u bs cribe d  
clas s3C S 3Vi d e o  Si g n a l i n g

W R E DW e igh t e d  
q u e u eB e s t  e f f o rt0B EI n t e r n e t  Ac c e ss

D ro p  o n 
e x ce e d ing 
t h re s h o ld

A s s u re d  f o rw ard ing, 
lo w  d ro p1A F 42Vi d e o  o n  De m a n d

W e igh t e d  
q u e u e

A s s u re d  f o rw ard ing, 
v e ry  lo w  d ro p4A F 41Vi d e o  Br o a d c a st

Po lice  o n 
e x ce e d ing 
w e igh t

W e igh t e d  
q u e u e

L o w  lat e ncy , 
H igh  p rio rit y5EFVo i c e  a n d  v o i c e  

si g n a l i n g

O t h e rQ u e u i n gBe h a v i o rP r e cDi f f Se r v
DSCP
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R S V P  C AC  f o r  V o D

ST B
H G

R TSP  SE TU P ( u r l )

R SVP  P ATH P ATH P ATH

R E SVR E SVR E SV

2 0 0  O K

P L AY
2 0 0  O K

St r e a m i n g

R SV P  P r o x yV o D Se r v e r
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P o l i c y  S er v er  C AC  f o r  V o D

ST B
H G

R TSP  SE TU P ( u r l )

2 0 0  O K

P L AY
2 0 0  O K

St r e a m i n g

V o D Se r v e r

Po licy  Se rv e r

? C O P S
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C AC  f o r  M u l t i c as t  ( S w i t c h ed B r o adc as t )

ST B
H G

P E -A g g

I G M P  j o i n  ( G )

N-P E

Po licy  Se rv e r

Ch e c k  #  o f  a c t i v e  I G M P  j o i n s i n  i n t e r f a c e  ( * )
Ad m i t  o r  d e n y

P I M  j o i n  ( S, G )

Ch e c k  #  o f  a c t i v e  m r o u t e s w i t h
a r r i v i n g  i n t e r f a c e  i n  O I L  ( * * )
Ad m i t  o r  d e n y

( * )    ip igmp limit <limit> [exclude <acl>]              1 2 . 2 ( 1 5)T
( * * )   ip multicast limit out|rpf|connected <acl> <limit> 1 2 . 3( 1 4 )T

M a y  u se  P o l i c y  Se r v e r  i n  t h e  f u t u r e  t h r o u g h  M u l t i c a st  AAA i n t e r f a c e
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S er v i c e S p ec i f i c  R o u t i ng ( M u l t i -V R F )

• M u l t i -V R F  al l ow s f or 
mu l t i p l e rou t i ng  
t op ol og i es sep arat ed  
b y  i nt erf ac es

• E ac h i nt erf ac e 
( V L AN , su b i nt erf ac e)  
c an b el ong  t o onl y  
one t op ol og y

• O ne I G P  sessi on p er  
t op ol og y

VOD

Cisco
CMTS

N on -
Cisco
CMTS

VOD
Q A M s VOD

Q A M s
U E T
Q A M s

Da t a
VOI P

U E T  m c a s t
M g m t

VOD

U E T

VOD topology links shown in red
R em a ining links in H S D/ VOI P / U E T
topology

VOD

VOD Servers U E T  Servers

H S D
VOI P

DS G  m c a s t

C M
M T A
S T B

C M
M T A
S T B

U E T
Q A M sU E T

N O
M A R K



59© 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 .
S e s s i o n  N u m b e r
P r e s e n t a t i o n _ I D

D e s ig n conce p ts



60© 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 .
S e s s i o n  N u m b e r
P r e s e n t a t i o n _ I D

H o m e N et w o r k
• B ridg ed H ome G atew ay option

STB o b t a i n s I P  a d d r e ss f r o m  r e m o t e  DH CP  se r v e r
• R outed H ome G atew ay option

L o c a l  DH CP  se r v e r  w i t h  N AT f o r  Vo D o r  R e m o t e  DH CP  se r v e r  w i t h  DH CP  r e l a y
M a y  u se  DH CP  o p t i o n  1 2 1  f o r  r o u t e  t o  L 3 e x i t  p o i n t  t o w a r d s se r v e r s
Al w a y s u se  I G M P  P r o x y  o n  f o r  M u l t i c a st  t r a f f i c

• V ideo upstream traf f ic sent in non-oversubscribed cl ass

8 0 2 . 3

I G M P

ST B  B o o t Se r v e r
D H C P  Se r v e r

D H C P ,  I G M P  P r o x y

8 0 2 . 3

I G M P
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Ac c es s  N et w o r k
• N : 1 S ervice model  (D S L  F orum T R -101)

Mu lti-V C m ode with  A T M C oS
S in g le-V C m ode with  . 1 p  C oS ,  s erv ic e s ep aration  with  . 1 q  ( tru n k  U N I )

• B ridg e (R F C 26 8 4-bridg ed) or R outer (26 8 4-bridg ed/ routed) H G
• N ative Ethernet encapsul ation w ith V D S L

G E

R F C 2 68 4 b r i d g e d

N : 1 Se rv ice mo d e l

G E

R F C 2 68 4 b r i d g e d

Si ng l e  V C

M u l t i -V C

R F C 2 68 4 b r i d g e d /r o u t e d

M a p V C  t o V L A N
R F C 2 68 4 b r i d g e d /r o u t e d

M a p . 1 q  o r . 1 p  t o V L A N

I G M P  Sno o p i ng

I G M P  Sno o p i ng
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Ac c es s  Aggr egat i o n
• L 3 PE-A g g as distributed service inj ection point f or V oD &  B roadcast
• L ayer 3 Q oS  (per cl ass) mapped into . 1p C oS on . 1q  trunk s
• S S M  M apping  (static or D N S ) f unction at PE-A g g
• IG M P S nooping  and R eport S uppression at the D S L A M
• D H C P option 8 2 at D S L A M

. 1 p  C o S.  P a ck e t q u e u i ng
. 1 q

L 3  P e r cl a s s Q o S

I G M P  Sno o p i ng

I G M P

P I M
SSM  M a p p i ng

D H C P  O p t i o n 8 2
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M er gi ng M u l t i c as t  V L AN
• A l ternative U N I model  w ith no service separation (e. g .  H G  N A T  router)
• S ervice separation stil l  req uired by A g g reg ation devices
• M erg e M ul ticast V L A N  using  C isco’s M V R

A t L 2  ag g reg ation  s witc h
A t D S L A M 

M V R
M u l t i ca s t

P I M

I G M PI G M P

M V R
I G M P
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Aggr egat i o n N et w o r k
• Ethernet based
• A l ternative ag g reg ation option (not pref erred) using  L 2 technol og y
• IP/ Ethernet or IP/ Ethernet/ PW / M PL S / Ethernet
• . 1q  C oS
• V L A N  based service separation/ virtual iz ation

ST P

C i t y P o P
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Aggr egat i o n N et w o r k  ( c o nt )
• Ethernet based
• L 3 option (pref erred)
• IP/ Ethernet
• Per-cl ass Q oS
• V R F  based service separation/ virtual iz ation

V R F
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Aggr egat i o n N et w o r k  ( c o nt )
• Per-V R F  T opol og ies f or f urther service separation (unicast,  mcast)
• O ptional  A symmetric N etw ork ing  f or cost reduction

I n teg rated D W D M op tic s
R ec eiv e-on ly  G B I C  an d X en p ak
U D L R / R F C -3 0 7 7  f or retu rn  p ath

V R F
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D i s t r i b u t i o n N et w o r k

• S P runs its ow n V ideo H eadend
• M PL S  core netw ork
• B G P based M V PN  f or M ul ticast service separation/ virtual iz ation

C e nt r a l  V i d e o  H e a d e nd
M V P N
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I nt er -D o m ai n N et w o r k

• C ontent provided by external  C P or daug hter company
• Inter-A S  M ul ticast D istribution
• M B PG  peering  betw een S P and C P
• M V PN  in C ore N etw ork

M B G P
M V P N

CP 1

CP 2
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R e dunda ncy
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R edu ndanc y  m o del s

• D u al  st reams ( 1 + 1  R TP  sessi ons)
L et the receiver decide w hich one to tak e

• H eart b eat
A ctive sends periodic hel l o to standby (muted) source

• R ec ei v er d ri v en
S ame g roup w ith tw o sources.  S T B  decides w hich one to j oin 
using  IG M Pv3

• Any c ast -S ou rc e
T w o (or more) sources activel y sending  w ith same orig in IP 
address
N etw ork  decides w hich one to use using  its metrics
D isaster-recovery and redundant headend appl ications
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St r e a m  r e d u n d a n c y
wit h  p a t h  s e p a r a t io n

A  s ol u t i on t h a t  c a n g u a r a nt ee 0  l os s  u p on s i ng l e net w or k  ou t a g es
w i t h ou t  a d d i ng  l a t enc y

• D u p l i c at e c op i es of  mu l t i c ast  d at a 
• L ong -t i me u se i n f i nanc e mark et  d at a f eed s

S ource and receiver hosts handl e creation and el imination of  
dupl icates
T w o netw ork s buil t:
N o sing l e netw ork  f ail ure w il l  impact both f l ow s

• Al so st art i ng  t o see i nt erest  i n b road c ast  i nd u st ry
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Stream redundancy with path separation
Candidate exampl e f rom broadcast-T V  in cabl e

• E nco d e r/M u lt ip le x e rs  ge ne rat e  t w o  co p ie s  o f  IP mu lt icas t  f lo w s
• N e t w o rk  u s e s  me t h o d s  o f  p at h  s e p arat io n

M u l t i p l e  I G P  i ns t a nce s ,  t o p o l o g i e s ,  t w o  ne t w o r k s ,  V R F -l i t e ,  R SV P -T E ,  …
• E ach  re ce iv e r co ns u me s  bo t h  co p ie s

R e m o v e  d u p l i ca t e s  b y s e q u e nce  nu m b e r s  ( e g :  M P E G  t i m e s t a m p ) .
A ny s i ng l e  f a i l u r e  i n ne t w o r k :  0  p a ck e t  l o s s .  0  a d d e d  l a t e ncy

• Same  band w id t h  allo cat io n ne e d e d  as  in t rad it io nal SD H  rings , 
bu t  s o lu t io n e v e n be t t e r:  0  lo s s  ins t e ad  o f  < =  5 0  ms e c.

R e d u nd ant
E nco d e r/M u lt ip le x e r

R e d u nd ant
E d ge  Q A M

H F C

STBs
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Stream redundancy with path separation
S o m e I G P  detail s

C an  s h are lin k s  f or two c op ies  in  rin g s  !
U s e as y m m etric  m etric s !
May  n eed in f in ite m etric  if  rec on v erg en c e is  n ot wan ted

A v ailab le in  I S -I S ,  in  draf t on ly  f or O S PF

R e d u nd ant
E nco d e r/M u lt ip le x e r

R cv r R cv r

R cv r

R cv r

R cv r
R cv r

IGP cost in different
T op ol og ies:
U nica st tra ffic fl ow s in
th e rev erse direction
of u nica st

Sm a l l  m e t r i c

I n f i n i t e /l a r g e
m e t r i c

�� � � � � � � � �� � 	 	 � � 	 �
 �

� � � � � � �� � 	 	 � � 	 �
 �

I n f i n i t e /l a r g e
m e t r i c

Sm a l l  m e t r i c � � � � � � � � � �� � 	 	 � � 	 �
 �

� � � � � � �� � 	 	 � � 	 �
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S o u r c e R edu ndanc y
A nycast - P rioritycast pol icies

• P ol i c i es
Any c ast :  c l i e n t s c o n n e c t  t o  t h e  c l o se st  i n st a n c e  o f  
r e d u n d a n t  I P  a d d r e ss
P ri ori t y c ast :  c l i e n t s c o n n e c t  t o  t h e  h i g h e st -p r i o r i t y  
i n st a n c e  o f  t h e  r e d u n d a n t  I P  a d d r e ss

• Al so  u se d  i n  o t h e r  p l a c e s
E g:  PIM -SM  and  B id ir-PIM  R P re d u nd ant , D N S

• P o l i c y  si m p l y  d e t e r m i n e d  b y  r o u t i n g  a n n o u n c e m e n t  a n d  
r o u t i n g  c o n f i g

A ny cas t w e ll u nd e rs t o o d
Prio rit y cas t :  e ngine e r me t rics  o f  anno u nce me nt s  o r u s e  
d if f e re nt  p re f ix  le ngt h . 

S rc B
sec ond ary

1 0 . 2 . 3 . 4 / 3 2

R cvr 2R cvr 1

S rc A
p ri mary

1 0 . 2 . 3 . 4 / 3 1

Example: P r i o r i t y c as t w i t h
P r ef i x len g t h  an n o u n c emen t
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Any c as t -S o u r c e w i t h  R I P v 2  P o i s o n R ev er s e

s s/32, m=11

r e d i st r i b u t e
s/32 ,  m e t r i c 1 0

• T he tw o sources are active and sending
• s/ 32 routes are g enerated by both source using R IPv2 updates
• H ost routes f or anycast source are redistributed into IG P w ith variabl e metrics
(optional )

• N etw ork sel ects source (PIM  j oin messag es) based on metric
• U pon video f ail ure,  sources w ithdraw s/ 32 routes using Poison R everse 
(inf inite metric) updates

E NC A D P

s s/32, m=12
E NC A D P

r e d i st r i b u t e
s/32 ,  m e t r i c 5 s s/32, m=161

E NC A D P

s s/32, m=12
E NC A D P

X
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L o c al  c o nt ent  i ns er t i o n w i t h  s p l i c i ng

S
N at io nal So u rce
Se nd s  o n ( S,G )

S

IP M u lt icas t  bo u nd ary

IG M P ( S,G )

R e gio nal So u rce
Sp licing p o int  
R e ce iv e s  ( S,G )  f ro m N at io nal So u rce
Se nd s  lo cally  o n ( S,G )  u s ing s p licing inf o
A nno u nce s  ( S/3 2, m= 1)  u s ing R IPv 2

IG P me t ric 10 0

N at io nal B ack bo ne

R e gio nal N e t w o rk

A d d s
L o cal co nt e nt
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IP T V  Q ua l ity  of  E x p e rie nce  ( Q oE )
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Q u al i t y  o f  E x p er i enc e ( Q o E )

• Q oS  rel at es t o p ac k et p erf ormanc e f rom a net w ork p ersp ec t i v e
S L A s based on pack et metrics:  del ay,  j itter,  pack et l oss

• Q oE rel at es t o serv i c e p erf ormanc e f rom a u ser p ersp ec t i v e
S L A s based on view er perception:  imag e q ual ity,  easiness of  use

• Q oE req u i rement s mu st  b e map p ed  t o net w ork  req u i rement s at  t he 
d i f f erent  l ay ers

Q oE req uirement:  l ess than 1 visibl e artif act per hour of  streaming
Eq uival ent to a Pack et L oss R ate (PL R ) <  10-6 f or a 4 M bps stream
Eq uival ent to a B it Error R ate (B ER ) <  10-1 0

• D ef i ned  b y  D S L  F oru m W T-1 2 6
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Q o E m et r i c s

• R esp onsi v eness ( c ont rol )
– C hannel  chang e time f or B roadcast T V
– T rick  mode del ay f or V oD
<  200 msec considered interactive,  <  2 sec considered responsive

• R esi l i enc y  ( med i a)
– A mount and F req uency of  pack et l osses and its impact
F rom minor disturbance (pixel s) to screen bl ack out

• O t her su b j ec t i v e asp ec t s
Easiness of  use of  EPG
Q ual ity of  content
. . .
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R es i l i enc e t o  i m p ai r m ent s

• L ost  p ac k et s hav e a v i si b l e i mp ac t
– N o appl ication-l evel  conceal ment mechanisms f or IPT V

• P ac k et  l osses are d u e t o
– N etw ork f ail ures (l oss proportional  to re-converg ence time)
– Excessive q ueuing at ag g reg ation points (many sources,  many hops,  
l ink / node cong estion)

– L ink transmission errors (common in access l ines,  e. g .  D S L .  
uncommon in core optical  l ink s)

• V i si b l e i mp ac t  of  an i nd i v i d u al  p ac k et  l oss i s v ari ab l e
– D epends on w here you hit the V ideo S eq uence (I,  P or B  f rame)
– D epends on the structure of  the V ideo S eq uence (G O P siz e)
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L i nk  er r o r s  and c o nc eal m ent  t ec h ni q u es

• D S L  u ses F E C  and  i nt erl eav i ng  t o c orrec t  f rom i mp u l se and  
st at i onary  noi se

• D S L  mod ems re-t rai n w hen BE R  >  1 0 -7

T his resul ts in PL R  > >  10-4 or >  1 artif act per 2 min.
U nacceptabl e.  V ideo req uires PL R  <  10-6

• Bi t  errors c au se p ac k et  l osses ( U D P  c hec k su m)
• N eed  a mec hani sm t o moni t or p ac k et  l osses
• M ec hani sms t o rec ov er f rom p ac k et  l oss

S ource B l ock  repetition
Pack et F EC  (Pro-M PEG  F orum C O P-3)
R T P retransmission

• Al l  t hese req u i re R TP  t ransp ort
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Summary
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I P T V  i s  ab o u t

• I P TV  i s ab ou t  BB su b sc ri b er serv i c es
B roadcast T V ,  V oD ,  S w itched D ig ital  V ideo (today)
F uture interactive video services

. . .  ov er a D V B/ ATS C  ap p l i c at i on ( M P E G )  l ay er p rov i d i ng
C ompression,  Pack etiz ation,  M ul tipl exing ,  S crambl ing ,  . . .

. . .  ov er an R TP / U D P  sessi on l ay er p rov i d i ng
S eq uencing ,  T imestamping ,  M ul tipl exing ,  C heck sum

. . .  ov er an I P  p ac k et  net w ork  l ay er p rov i d i ng
Intel l ig ent pack et operations,  Q oS ,  C A C ,  F EC ,  retransmission,  IC C ,  
. . .
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I P T V  i s  no t
• I P TV  i s N O T ab ou t  t ransmi ssi on

It is IPT V ,  not V PL S -T V
• E f f i c i ent  t ransmi ssi on i s al w ay s d esi rab l e and  p rov i d es f or 
f ast  c onv erg enc e b u t  d oes not  c u re p ac k et  l oss

O ne sing l e pack et l oss (5 msec impairment) may resul t in a 
visibl e ef f ect l asting  f or more than 500 msec
O T O H ,  g ood L 3 q ueuing  and F EC  techniq ues prevent and recover 
f rom pack et l osses

• The t ransmi ssi on l ay er d oes not  p rov i d e i nt el l i g ent  serv i c es 
t o TV .  Those are p rov i d ed  at  t he I P  l ay er and  ab ov e

Pack et F EC ,  pack et retransmission,  bl ock  transmission may 
actual l y recover f rom pack et l osses

• I P TV  S erv i c e S L As are p ac k et b ased  ( d rop , j i t t er, d el ay )
A nal yz e and M onitor pack ets.  D o not j ust S noop them
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Q  an d  A
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