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I P  N G N ar c h i t ec t u r e :   single network - a ll serv ic es
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Service P ro vid ers  & V id eo
Why?

� F u l l  p ac k ag e 
Voic e 
D a t a
Video (H ig h  Q u a l it y  H D ,  VoD )

� M ak es S P  of f er ‘c omp l ete’ w ith additional  mob il ity
� C onv erts S erv ic e P rov ider to E x p erienc e P rov ider

W hy ?
$ $ $ $ € € € € € ...
k eep  c u stomers,  
c onq u er new  mark ets
inc rease A R P U ……..
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S P  4 P l ay  r eadi nes

Mobility

W i r eles s  G SM

P oin t  of  f oc u s

W i r eles s  
B r o ad cas t er s

W i r eli n e

C ab le

V id e oD a taV oic e
S er v ic e 

S P
Most advanced. Infrastructure  
needs to b e di g i ti z ed. 
H F C  rang e i s th e b i g g est i ssue
A ccess sy stem s cap aci ty . 
IP T V  servi ces dep l oy m ent. 
Mob i l i ty ?
S aturati on i s cl ose. R adi o netw ork  
cap aci ty . N ew  servi ces needed 
D V B -H ?
A nal og  T V  sy stem s sw i tch -off. 
Introducti on of D V B -T . 
May b e D V B -H ?



Service P ro vid ers  & V id eo
V i d e o S e r v i c e s

S er v ic e P r ov ider  ----- Video

B u s in es s R es iden t ia l O t h er  S P / C P

B r o ad cas t  
HD  T V

I n t e r n e t
V id e o
( O T T )

C o n t r i b ut i o n
D V B -T / D V B -H

T r a in in g
P r om ot ion  
e t c

M o v i e
s h o p

T i m e 
s h i f t i n g

Scr een  
s h i f t i n g

T ar get ed
A d v er t .

H ig h  Q u a l it y
V id e o
=

Ca r r ie r  Cl a ss V id e o

B r oa d ca st e r s

T V  o n  
D em an d
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V i deo  Ap p s  Ap p r o ac h  t h e Z et t ab y t e E r a
G l o b a l  C o n s u m e r  IP  T r a f f i c  G r o w t h
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nth VoI P
Video C om m u n ication s
G am in g
W eb  /  E m ail
P2P - O th er
P2P - Video
I n tern et Video to T V
I n tern et Video to PC
C om m ercial  VoD

Without Video, Consumer IP doubles by 2012
With Video, Consumer IP q ua drup les by 2012

V i d e o re ac h e s 8 7 %  of  
C on su m e r I P i n  20 12



I P  is  a l m o s t  id ea l  f o r V id eo  d is t rib u t io n   
� I P  enab l es E thernet

S c a l a b l e 1 0 / 1 0 0 / 1 0 0 0 / 1 0  0 0 0 /  …..
P r ic e f or  b a n dw idt h ! !  N o ot h er  t ec h n ol og y  c ou l d m a t c h

� E asy  to distrib u te ( I P  rou ting )
� M U L TI C A S T! ! !

B u il d in  m ec h a n is m s  f or  r ep l ic a t ion
� O P E X / C A P E X  sav ing s w hen ru nning  on I P  N G N
� A l most ….

VideoVideo

SPSP

I PI P



Tra n s p o rt in g  vid eo
M P E G  T S

� I P / U D P / R TP  p a c k et s  c a r in g  M P E G  
TS . R TP  is  op t ion a l .

� C om p r es s ed v ideo is  s en d u s in g  
M P E G  TS  (Tr a n s p or t  S t r ea m )

� M P E G  TS  c a n  c a r r y  a ddit ion a l  
in f or m a t ion  a n d m a n y  s u b -s t r ea m s

I P
N e t w ork

HDTV
S et T op  Box

V i d eo
p u m p

I P
UD P
R TP

MP
EG

St
rea

m

I P
M P E G  

Tra n s p ort St rea m 1 8 8  B y t es

P I D
H ea d .

I P B P I P

V i d e o F ram e
G O P ( G rou p  of  Pi c t u re s)



Video
A u dio 1
A u dio 2
P C R
E C M

P r og r a m  N o 1
0 x 0 0 24
0 x 0 0 25
0 x 0 0 26
0 x 0 0 24
0 x 0 0 27

PM T  :  0 x 0 0 23

Video
A u dio 1
T X T
P C R
E C M

P r og r a m  N o 2
0 x 0 0 3 6
0 x 0 0 3 7
0 x 0 0 3 8
0 x 0 0 3 6
0 x 0 0 3 9

PM T  :  0 x 0 0 35

E M M  2
E M M  3
E M M  1 0 x 0 0 6 0

0 x 0 0 6 1
0 x 0 0 6 2

C A T  :  0 x 0 0 0 1

P r og r a m  0
P r og r a m  1
P r og r a m  2

. . .
P r og r a m  n

Prog ram  N o PI D
0 x 0 0 10
0 x 0 0 23
0 x 0 0 3 5

. . .
0 x 0 0 4 7

PA T  :  0 x 0 0 0 0

P M T  1
0 x 0 0 23

P M T  2
0 x 0 0 35

CA T
0 x 0 0 0 1

V id e o 1
0 x 0 0 24

A u d io 2
0 x 0 0 37

E M M  1
0 x 0 0 6 0

PAT
0x0000P I D ’s :

Transport Streams:
Components - T a b l e S eq u enc e



V id eo  & I P ( E t h ern et )
A l m o s t  p e r f e c t  m a r r i a g e

� The most imp ortant thing  is to b ring  a l l v ideo p ac k ets to 
the destination on time.

� L ost of  sing l e p ac k et is v isib l e on the sc reen
� I P  and E thernet netw ork s are not desig n to b e “Z ero 
L oss”

� P ac k et l oss reasons
D el a y / C on g es t ion  (b u f f er in g / dr op s )
P H Y -L a y er  E r r or s  (n ois e)
N et w or k  R ec on v er g en c e E v en t s

� H ow  to manag e the l osses? VideoVideo

SPSP

I PI P
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) S D - l o w - w o r s t
S D - l o w - b e s t
S D - h i g h - w o r s t
S D - h i g h - b e s t
H D - l o w - w o r s t
H D - l o w - b e s t
H D - h i g h - w o r s t
H D - h i g h - b e s t

M P E G  –P ac k et  L o s s  i m p ac t

� J a s on  G r een g r a s s ,  J oh n  E v a n s ,  A l i C .  B eg en ,  
“N o t  A l l  P a c k e t s  A r e  E q u a l :  T h e  I m p a c t  o f  
N e t w o r k  P a c k e t  L o s s  o n  V i d e o  T r a n s p o r t ” – t o 
b e p u b l is h ed in  I E E E  I n t er n et  C om p u t in g ,  N ov  
0 8 I P B P I P B P

V i d e o F ram e
G O P ( G rou p  of  Pi c t u re s)



V id eo  & I P ( E t h ern et )
T o o l s  t o  i m p r o v e  Q o E ( Q u a l i t y o f  E x p e r i e n c e )

� N etw ork  L ay er
F a s t  I P  C on v er g en c e (s u b  s ec on d)
M P L S  Tr a f f ic  E n g in eer in g  w it h  F a s t  
R er ou t e (p r e-c a l c u l a t ed b a c k  u p  TE  
t u n n el s ,  1 0 0 m s ). 

� A p p l ic ation L ay er
F E C  (F or w a r d E r r or  C or r ec t ion ). 
R et r a n s m is s ion  of  m is s in g  p a c k et s
A c t iv e/ A c t iv e. Tw o s im u l t a n eou s  
s t r ea m s .

Si m ples t  m et h o d .  

M o r e co m plex  t o  m an age.
B an d w i d t h  r es er v at i o n

A d d ed  b y  C i s co  D C M 9 9 0 0
A v ai lab le o n  C i s co  V Q E -S



V id eo  SL A  R eq u irem en t s :
M a n a g i n g  L o s s

� A number of technological 
ap p roaches  to achiev e req uired  
S L A 

Recommendation for IPTV is to 
h av e sing l e artefact p er 1 h ou r

� N umber of netw ork  d ep loy ment 
mod els  to s up p ort each ap p roach

� Ap p lication lev el ap p roaches  may  
als o imp os e req uirements  on the 
netw ork

� D ifferent combinations  of mod els  
and  ap p roaches  hav e d ifferent 
p ros  /  cons  and  cos t v s .  
comp lex ity  trad e-offs

L oss
(Impairments/Time)
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R e -e n g in e e r in g
R e q u ir e d

Po
ten

tia
l O
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r-

En
gin

ee
rin
g V ia ble -

E n g in e e r in g

N u m be r  of  p os s ible  
a p p r oa c h e s ,  or  
c om bin a tion s  of  
a p p r oa c h e s .

R a n g e  of  v ia ble  
e n g in e e r in g  op tion s  
m a y v a r y by typ e  of  
v id e o d is tr ibu tion ,  
s e r v ic e  or  c on te n t



M u l t im ed ia Services  A rch it ect u re
O p t ion s :  “N a t iv e I P ” t r a n s p or t   or  M P L S  t r a n s p or t

IGMPv2/IGMPv3

L arg e  S c al e
A g g re g at i on I n t e l l i g e n t

E d g e
M u l t i se rv i c e  

C ore
E f f i c i e n t
A c c e ss

A g g re g at i on  
N od e P

M PL S  PE M PL SM PL S  /  I PD S L ,  E t h e rn e t
B N G

D i st ri b u t i on  
N od e

PI M  S S M  an d  I G P c on t rol  p l an e
I P u n i c ast / m u l t i c ast   d at a p l an eN:1 V L A N

V o D ,  T V

M PL S / I P d at a p l an e
V oD  c on t rol  p l an e :  L D P,  R S V P-T E
T V  c on t rol  p l an e :  PI M ,  2n d  I G P

N:1 V L A N

V O D  d at a p l an e :  M PL S  L S Ps,  
si g n al e d  b y  L D P or R S V P-T E  
i n  c ase  M PL S -T E  F R R  
p rot e c t i on s i s re q u i re d
T V  d at e  p l an e :   I P m u l t i c ast  
ov e r M PL S  T E  l i n k  p rot e c t e d  
E oM PL S   p se u d ow i re s



I P  f o r  V i deo  and I P T V  S er v i c e D el i v er y
K ey  C harac teristic s and B enef its
� S imp l ified O p erations

I G MP / P I M on ly r e q u ir e d ,  n o s n oop in g  n e c e s s a r y in  
A g g r e g a tion  n e tw or k ;  s n oop in g  c on ta in e d  in  D SL A M  
Sin g le  p oin t of  L 3  te r m in a tion  f or  I P T V  ( n o V R R P  r e q u ir e d )

� O p timal  and S cal ab l e forw arding
SSM m u ltic a s t d is tr ibu tion  m od e l f or  op tim a l tr e e  c r e a tion  
u n d e r  a ll c on d ition s
D yn a m ic  loa d  ba la n c in g  on  e q u a l c os t p a th s ( ! ! )
O p tim iz e d  A R P  a n d  I G MP  ta ble s  th r ou g h  d is tr ibu tion
F le x ible  c on te n t in j e c tion ,  in c lu d in g  loc a liz e d  c on te n t
Sc a le s  in  te r m s  of  n e tw or k  n od e s  a n d  s u bs c r ibe r s  in  a n y 
top olog y d u e  to d is tr ibu te d  L 3
A llow s  f or  on -p a th  C A C

� Resil iency
C on s is te n t c on v e r g e n c e  in  a ll f a ilu r e  c a s e s :  Sou r c e -,  N od e -,  
L in k -F a ilu r e .
A n yc a s t-Sou r c e  m od e l f or  e n h a n c e d  r e d u n d a n c y
SSM s e c u r ity &  a d d r e s s -s p a c e  e f f ic ie n c y p r ov e n  a r c h ite c tu r e  in  
m a n y 3 P la y p r od u c tion  n e tw or k s  tod a y

� F u tu re Ready
P os s ibility to a d d / d is tr ibu te  v id e o m on itor in g  a n d  e r r or  
c on c e a lm e n t te c h n iq u e s  e a s ily

L 3
I P M cast

L 3 -C ore
I P M cast

L 3
I P M cast

L 3 -C ore
I P M cast

L 3
I P M cast

L 3 -C ore
I P M cast

IP: 1.1.1.1

IP: 1.1.1.1

O p tim a l R e p lic a tion

L oa d -ba la n c in g
E f f ic ie n t U s e  of  A c c e s s  B a n d w id th

A n y-C a s t Sou r c e s
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SP  vid eo  a rch it ect u res

� V ideo B roadc ast transp ort
� V ideo on D emand introdu c tion ( c ab l e)
� I P TV  sy stems f or w irel ine/ c ab l e
� I P TV  su p er u nif ic ation w ith W irel ess



TV  B ro a d ca s t  D V B -T
E v e r yt hi n g  d i g i t a l

U p t o 30 M b p s 
f or 8 M H z  c h an n e l

U si n g
O rt h og on al f re q u e n c y -d i v i si on

m u l t i p l e x i n g ( O F D M ) 
M PE G  T S

M u l t i  Prog ram  
T ran sp ort  S t re am

Headend

O p t i on s:  M PE G 2,  M PE G 4 ,  S D ,  H D  
L i m i t at i on :  B an d w i d t h

Hi g h  Q u al i t y
V i deo

S e v e ral  A u d i o/ V i d e o
C h an n e l s i n  on e  st re am



TV  B ro a d ca s t
D V B -T

R ad i o F re q u e n c y
C ari n g  

D i g i t al  S t re am
( M PE G  M PT S )

M u l t i p l e  Prog ram  
T ran sp ort  S t re am

S e v e ral  A u d i o/ V i d e o
C h an n e l s i n  on e  st re am

I P
N e t w ork

N e t w o r k Ma n a g m e n t
R O S A

D C M9 9 0 0
S t a t .  MU X
S p l i c i n g

H i g h Q u a l i t y
E n c o d e r s
D 9 0 32
D 9 0 34
D 9 0 5 4

L o g i c a l
IP S t a t Mu x
C o n t r o l

Mu l t i c a s t
r e p l i c a t i o n

D C M

Mu l t i p l e  T r a n s p o r t  
R e c e i ve r  ( MT R )

2 x  D V B -S 2
T ran sp ort  st re am s
C ari n g  ( 6 x D V B -T )

D i g i t a l  
T r a s p o r t
F o r m a t e r



I P TV  D ef in e
E n c oder s  in  H ea den d � Th e D 9 0 5 4  p r ov ides  

u n p a r a l l el ed h or s ep ow er  
r eq u ir ed f or :

S ingle-s lice H D  encod ing 
A N D
F uture v id eo q uality  
imp rov ements
M any  H . 2 6 4 -tools  are s till to be 
imp lemented

� F u l l  f l ex ib il it y in t o ev er y  
c or n er  of  t h e en c odin g  
im p l em en t a t ion :

I mp rov e alread y  imp lemented  
tools
Ad d  all remaining tools
Ad ap t to ev entual lack  of 
interop erability  



T i m e

O r i g i nal  b i t  r at e i s  2 . 1  M b p s
T ar g et  b i t  r at e i n Q 4 / 0 7  i s  1 . 3 0  M b p s  !    ( ~ 4 0 %  r edu c t i o n)

AV C  E nc o di ng

Bit rate

January 06

2 . 1  M b p s

June  06 I B C  06 Q 4 /  06

1 . 8  M b p s

1 . 6 M b p s
1 . 5   M b p s

1 . 3 0  M b p s Q 4 /  07

H .2 6 4  E n c oder  Video Q u a l it y  I m p r ov em en t s (M P E G  s t r a m )

Bit rate

A p ri l  06

8 . 5  
M b p s

June ’ 06 Q 4 /  06 Q 1 /  07

7 . 5  M b p s
7  M b p s
6. 5  M b p s
6 M b p s

Q 4 /  07
5   M b p s

I B C ’ 06

T i m e

O r i g i nal  b i t  r at e i s  8 . 5  M b p s
T ar g et  b i t  r at e i n Q 4 / 0 7  i s  5  M b p s  !    ( >  4 0 %  r edu c t i o n)

D 9 0 5 4

D 9 0 3 4



I P TV  D ef in e
H ea den d R el ia b il it y

� F in din g  &  F ix in g  E r r or / F a il u r e                       – c r it ic a l  f or  9 9 .9 9 9
� R O S A  m a n a g em en t  s y s t em  of f er s  f u l l  c on t r ol  ov er  v ideo p a t h
� D if f er en t  f a il u r e s c en a r ios  c a n  b e p r og r a m m ed

Ma
na

ge
me

nt

T r an s m i t t i n g

9 9 . 9 9 9  U p t i m e  
5  m i nu t es

D o w n t i m e  p e r  y e a r

A cq ui s i t i o n

P r o ces s i n g

E n co d i n g



I P
N et w o r k

H ea d en d
R O S A  - M a n a g in g  Video P a t h

SIRUS

SIRUSSI
RU

S

Video S w itch
1 28  x  1 28  S D I

R O S A  C op ern icu s
R O S A  E M

S D I
S ou rces

S D I
Patch  Pan el

Passiv e
S p l itters

2-W ay
S w itch

Prim ary  E n coders

S tan db y  E n coders

1 0/ 1 00
M g m t.

S D I
Back u p

S D I
Prim ary

Prim ary  I P

Back u p  I P

P o r t  
U P / D O W N  
i nf l u enc e I P  
t o p o l o g y .



Video & IP & SP
a r c h it ec t u r es

VideoVideo

SPSP

I PI PVideo On Demand
I nt r odu c t ion



V o D  in  p ro d u ct io n  n et w o rk  
O n e  o f  t he  b i g g e s t  C a b l e  o p e r a t o r  i n  U S

M i l l i o ns  o f
o p eni ng s  p er
m o nt h

D e c e m b e r  
20 0 4 D e c e m b e r

20 0 5
D e c e m b e r

20 0 6
D e c e m b e r

20 0 7

1 4 0
1 8 0

27 5

7 5

� I n av erage s ingle s ubs criber is  
us ing V oD  s erv ice 2 7  times  p er 
month.  

30 0 h

1  6 0 0 h

4  5 0 0 h

6  0 0 0 h

C o nt ent  s t o r ed
[ h o u r s ]



� „V i d e o  s h o p ”
F l ex ib l e b il l in g  a n d p r om ot ion s  (f l a t  r a t e,  p a y  p er  v iew ,  s p ec ia l  of er s ,  
m a r k et in g  dep a r t m en t  l ov es  t h a t )

Tr a in in g  a n d edu c a t ion  m a t er ia l s ,  
P r om ot ion s  m a t er ia l s
S p ec ia l  (A du l t s ) m a t er ia l s …

W h a t  s ervices  w e ca n  o f f er u s in g  V o D
It  i s  o b v i o u s …. .



� N-P V R ,  ( Ne t w o r k -P r i v a t e  V i d e o  R e c o r d e r ) .  
D ig it a l  r ec or din g  – n o q u a l it y  l os s . 
C on t en t  p r ov ider s  do n ot  l ik e t h a t  (s k ip p in g  a dv er t is em en t s ) 

� S tart-O v er ( TimeS hif ting )
S u b s c r ib er  h a v e c ou p l e of  h ou r s  w in dow  t o w a t c h  a n y  s h ow .
N o f a s t  f or w a r din g  – a dv er t is em en t s  del iv er ed ☺ (�)

� Targ eted A dv ertisement
S y s t em  t r a c es  s t a t is t ic s  a n d del iv er s  a dv er t is em en t  w h ic h  r ef l ec t s  
s u b s c r ib er  p r ef er en c es

M o re V o D  a p p l ica t io n s



V id eo  o n  D em a n d
A p p l i c a t i o n s

� Th e m os t  dis t in c t  a p p l ic a t ion  of  I P  v ideo.
� “O n  dem a n d” w il l  b e dom in a n t  m et h od 
of  a c c es s  t o m u l t im edia  c on t en t  ! !

� W e w il l  c h os e c on t en t ,  t im e a n d p l a c e! !
� B a s ic  a p p l ic a t ion s :

V id eo s hop  (mov ies ,  trainings ,  
p romotions )

� A dv a n c ed a p p l ic a t ion s
N etw ork  P V R
O ther T imes hifting (S tartO v er)
T argeted  ad v ertis ement 

I P
N e t w ork

HDTV
S et T op  Box

V i d e o
p u m p

V o D  s y s t e m



V id eo  o n  D em a n d .  B ig g es t  p ro b l em .  
B a n d w i d t h v s r e d u n d a n c y.   Wha t  i s  b e t t e r ?

HDTV S T B
S e t  T o p  B o x

S y s t e m  V o D

N x 1 0 G b / s

C ent r al i z ed A r c h i t ec t u r e
8 M b p s /  S t r eam  

=  1 2 0 0  s t r eam s  / 1 0  G E

I P
N etw ork

HDTV

S y s t e m  V o D

S y s t e m  V o D

����
��
���

	��

D i s t r i b u t ed A r c h i t ec t u r e
N x V o D  s y s t em



A n s w er is  C D S ( C o n t en t  D el ivery  Sy s t em )

HDTV

I P
N etw ork

S T B

C ac h i n g
&
S t re am i n g

S t orag e
V au l t

S t r eam er

� Va u l t
S tores  content
I nges ting content to S treamers  
(w hen need ed ! ! )

� S t r ea m er  
S treaming the content
C aching for later us e

� M a n a g er

M ang er



C is co  C D S TV

� C on t en t s  is  a u t om a t ic a l l y  
dis t r ib u t ed w h er e is  n eeded.

HDTV

I P
N etw ork

S T B

Ma g a z y n o w a n i e
V au l t

S tream

����

����
1 0 0 %

M a x
5 %

In g e s t

S t r eam  C ac h e M i s s  R at e ( % )  
s nap s h o t  f r o m  p r o du c t i o n 
C D S  V O D  dep l o y m ent

0 %

4 . 5 %

6 : 0 0 22: 0 022: 0 0 14 : 0 0

� B a n dw idt h  s a v in g s  9 5 %  



CDS - H a r d w a r e  A p p l i a n c e s
H ig h  E n d C on f ig u r a t ion s  f or  C on t en t  D el iv er y

C D E 1 0 0 C D E 2 0 0 C D E 3 0 0 C D E 4 0 0
Rack Space 1 RU 2 RU 3 RU 4 RU
P r o ces s o r s 1 x  D u al  C o r e 2 x  D u al  C o r e 2 x  D u al  C o r e 2 x  D u al  C o r e
St o r ag e 2 9 0 G B  

[ 4 x  7 3 G B  SC SI ]
6 T B
[ 1 2 x  5 0 0 G B  
SA T A ]

1 .1 5 T B
[ 1 6 x  7 3 G B  SC SI ]

1 2 T B
[ 2 4 x  5 0 0 G B  
SA T A ]M em o r y  ( D RA M ) 4 G B 8 G B 1 6 G B 4 G B

I / O 2  T X  G E C o pper :  4  T X  G E  
F i b er :  4  SX  G E

C o pper :  1 2  T X  G E  
F i b er :  8  SX  G E

C o pper :   6  T X  G E  
F i b er :       6  SX  G E

M ax i m um  P er f o r m an ce
M ax  St r eam s N / A  ( M an ag er ) 7 5 0  SD 2 5 0 0  SD N / A  ( V au l t )
M ax  I n g es t  H r s N / A  ( M an ag er ) 3 0 0 0  H r s  ( SD  E q ) N / A  ( St r eam er ) 6 0 0 0  H r s  ( SD  E q )
M ax  I n g es t  C h . N / A  ( M an ag er ) 2 0 0  SD  E q . N / A  ( St r eam er ) 2 0 0  SD  E q .



C is co  C D S TV  A rra y s
S c a l a b i l i t y &  H i g h A v a i l i b i l i t y

� A r r a y s
C D E  elements  could  be group  in 
Array s .  V is ible as  s ingle nod e
H igh av ailability

� Va u l t  A r r a y s
I ncreas e S torage

� S t r ea m er  A r r a y s
N umber of generated  s treams

� A ddin g  n ew  C D E  does  n ot  r eq u ir ed 
t o s t op  t h e s ev ic e.

N u m b e r  o f  s t r e a m s  

St
or
ag

e

2 0 0 0 h In t e g r a t e d  V a u l t  & S t r e a m e r
C D E 20 0

5 0  0 0 0 h



V i d e o  I P  i n  c a b l e  e n v i r o n m e n t
� I P  f or  v ideo dis t r ib u t ion  is  u s ed in  
c a b l e en v ir on m en t  s in c e m a n y  y ea r s  

� D ig it iz a t ion  in  H F C  p a r t  is  n eeded
� I P  is  u s ed t o t r a n s p or t  B TV a n d VoD  
t o Q A M . 

� Q A M s a r e s en din g  M P E G  M P TS  (l ook  
D VB -T) s t r ea m s  t o H F C  s eg m en t

HDTV

I P
N e t w ork

S T B

Q A M

H F C
H F C H F C

Q A M
Q A M

Upstream D o w n stream
an al o g  T V

D o w n stream
d i g i tal  T VG

u
a
r
d
b
a
n
d

F
M

B
a
n
d

MHz7 507 0 05505 4 2 50

M u l ticast
D istrib u tion

H e a d e n d

Q A M ( q u a d r a t u r e
a m p l i t u d e  m o d u l a t o r )



V i d e o  I P  i n  c a b l e  e n v i r o n m e n t
� C D S  TV s y s t em  c ou l d b e ea s il y  
a dded t o dig it iz ed C a b l e en v ir on m en t

� S t r ea m er  is  s en din g  I P  v ideo t o Q A M  
s u p p or t in g  s p ec if ic  S TB

� S TB  n eeds  t o in t er a c t  w it h  VoD  
c on t r ol  s of t w a r e t o g et  in f or m a t ion  
w h er e t o ‘t u n e”

� “C is c o Va l ida t ed D es in g ”

HDTV

I P
N e t w ork

S T B

Q A M

H F C
H F C H F C

Q A M
Q A M

Upstream D o w n stream
an al o g  T V

D o w n stream
d i g i tal  T V Data, VoD,

T e l e p h on yG
u
a
r
d
b
a
n
d

F
M

B
a
n
d

MHz7 507 0 05505 4 2 50

M u l ticast
D istrib u tion

H e a d e n d

Q A M ( q u a d r a t u r e
a m p l i t u d e  m o d u l a t o r )



Video & IP & SP
a r c h it ec t u r es

VideoVideo

SPSP

I PI P
IPTV systems



I P TV  Sy s t em
Why i t  i s  d i f f e r e n t ?

I P
N et w o r k

� B idirec tional  c ommu nic ation w ith al l  
su b sc rib ers ov er I P

S ec u r it y ,  c u s t om er  p r ef er en c es  et c .
� A c c ess tec hnol og y  ag nostic :  x D S L ,  
F TTx ,  C ab l e-D oc sis3 .0 ,  ...



I P TV  E n d  t o  E n d
V i d e o  c e n t r i c

V Q E

IP 
N e t w o r k

A c c e s s
N e t w o r k

H o m e
N e t w o r k

B T V
Head en d

V o D
C D S

B SS/ O SSM i d lew ar e

HDTV

� D ef ine
B TV - H ea den d
VoD  – C on t en t  D el iv er y  S y s t em

� P reserv e
M et r o a n d A c c es s  N et w or k
VQ E  - Video Q u a l it y  E x p er ien c e 

� R eal iz e
H om e N et w or k
I P  S et  Top  B ox

� M anag ement
M idl ew a r e,  B S S / O S S

C o n t en t



I P T V  - T H E  N e t w o r k

M e t r o
N e t w o r k

A c c e s s
N e t w o r k

H o m e
N e t w o r k

B T V
Head en d

V o D
C D S

B SS/ O SSM i d lew ar e

HDTV

C o n t en t

V Q E



0.0%

5.0%

10.0%

15.0%

20.0%

25.0%

30.0%

35.0%

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time of Day

Pe
rce
nt 
of 
No
rm
al 
Da
y

1 S i g m a 2 S i g m a 3 S i g m a A v e r a g e  B u y  R a t e

I n t er n et  T r af f i c

M ult i m ed i a

D o w n  S t r e a m

U p  S t r e a m

Peak rate examples
• Mo vi e s  o n  D e m a n d  / Pa y  Pe r  V i e w  ~ 3-1 0  %
• S u b s c r i p t i o n  V o D  ( H B O  m o d e l ) ~ 1 5 -20  %
• N e t w o r k  PV R  ~ 30 -4 0  %

M u l t i m e d i a  s e r v i c e s
T r a f f i c  p a t t e r n s � Traditional IP networks are 

p lanned f or av er age
us age b ased on p ac ket 
statistic al g ain

� W h en co n ges t i o n oc c u rs 
packet s  ar e b uf f er ed  an d  
d r o pped ac c ording  to 
def ined p olic es

� In order to keep  h ig h  Q oE
( Q u ality  of  E x p erienc e)     
m u ltim edia traf f ic  can  
N O T  b e d r o pped  an d  
b uf f er ed  ( j i t t er )

� Th is req u ires to p lan th e 
network f or th e peak
ut i li z at i o n in worse c ase 
sc enario ( e. g .  L ink 
f ailu res)

O n  D eman d  serv i c es c o u ld  b e plan ed  b ased  o n  
teleph o n y  n etw o rk ru les. E rlan g an aly si s f o r g i v en  
n u mb er o f  u sers an d  expec ted  G o S .
B u sy  si g n al – v ery  u sef u l, w e n eed  B an d w i d th  C o n tro l



C A C  – C a l l  A d m is s io n  C o n t ro l
S i m p l e  “O f f  P a t h”

� H ow  t o p r ot ec t  n et w or k  a g a in s t  
c on g es t ion ?  E s p ec ia l l y  on  A c c es s  
S y s t em s ?

� U s er s  a r e a s s ig n ed t o ‘S er v ic e/  
S u b n et s  g r ou p s ”. Th er e is  m a x im u m  
b a n dw idt h  a s s ig n ed p er  g r ou p

� A f t er  r ea c h in g  m a x im u m  n o ot h er  
s er v ic e is  a dm is ion ed

I P
N etw ork C a c h i n g

&
S t r e a m i n g

V a u l t

A c c e s s  S y s t e m s
D S L ,  F T T H ,  e t c

1 GE

S erv i c e G ro u ps E . g .  m ax  5 0  st re am s p e r g rou p

S i mple so lu ti o n  w i th o u t kn o w i n g  n etw o rk state( „o f f path ”)



C A C  – C a l l A d m is s io n C o n t ro l
Is  “o f f -p a t h” o p t i m u m ?

� I P  n et w or k  is  n ot  c l ou d w it h  u n l im it ed 
c a p a c it y

� I t  is  n ec es s a r y  t o p l a n  w or s e-c a s e 
s c en a r io. 

H ow m u c h  b andwidth  network c ou ld 
c arry  du ring  th e f ailu re?

� R ec a l c u l a t e t h a t  a f t er  t op ol og y  c h a n g e!
I P

N etw ork

A c c e s s  S y s t e m s
D S L ,  F T T H ,  e t c

1 GE

S erv i c e G ro u ps

R e d u n d a n t
L i n k  f a i l e d

T o p o l o g y
C h a n g e ?

1 0 GE

I n  c ase o f  „O f f Path ”, w h ere V o D  sy stem d o es 
n o t kn o w  n etw o rk state - aro u n d 5 7 %  o f  
b an d w i d th  i s u su ally  lo st

5 7 %  lo st

V o D  sy stem
d o es n o t 

see n etw o rk
state.



L 3 I P/ M PL S  
C ore  

V o D

BR A S

� � ��
�

� �

Ethernet/IP/MPLS Aggregation

Business

C o r p o r a t e

C i s c o  7 6 0 0
(U-P E )

I P o E

R esid ent ia l

R S V P Pat h

R S V P R e sv

I P o E
I P o E

I P o E

R S V P
U n aw are

R S V P
U n aw are

( C A C  n o t req u i red )

C A C  f o r u n ica s t ( V id eo  o n  D em a n d )
O n  P a t h C A C

R S V P o v erD i f f serv
( w h ere C A C  req u i red )R S V P

R ec ei v er Pro xy

R S V P o v erD i f f serv
� O n Path  C A C  p rov ides op tim u m  resou rc e 
m anag em ent 

� S c alab ility :  5 0 k sessions tested with  1 0 % C PU  
( 1 9 0 G b / s V oD )

C i s c o  7 6 0 0



I P TV  E n d  t o  E n d
V i d e o  Q u a l i t y E x p e r i e n c e

V Q E

IP 
N e t w o r k

A c c e s s
N e t w o r k

H o m e
N e t w o r k

B T V
Head en d

V o D
C D S

B SS/ O SSM i d lew ar e

HDTV

C o n t en t

� H ow  to assu re hig h 
q u al ity  f or v ideo u sers?

� M onitor Q u al ity
� R ep air E rrors
� I mp rov e serv ic e



C is co  7 6 0 0  V Q E  ( V is u a l  Q u a l it y  E x p erien ce)
Video Error Repair

In t e l l i g e n t
E d g e

Mu l t i s e r vi c e
C o r e

E f f i c i e n t  
A c c e s s

STB detects 
p a ck et l o ss

Sen ds sta n da r ds-b a sed m essa g e to  V Q E
V Q E  r etr a n sm i t m i ssi n g  p a ck et

� W H Y ?
QoE R u l e :      1  a r t i f a c t  p e r  m ov i e  ( 2  h ou r s )- b e t t e r  t h a n  1 0 -6 P a c k e t  L os s  R a t i o
O n  t h e  w a y  w e  h a v e  F O ,  D S L A M,  C P E a n d  D S L  l i n e .
D S L  l i n e  w i t h  B ER  1 0 -6 c ou l d  l e a d  t o 1 0 -3 P L R  ( 1  a r t i f a c t  p e r  m i n u t e )

� H O W ?
Me c h a n i s m of  r e t r a n s m i s s i on  f or  R T P

E r r o r  r epai r  d o n e i n   
les s  t h an  1 0 0  m s

R T P       3          4        5         6          7          8       9 R T P       3          4        5         6          7          8      



C is co  7 6 0 0  V Q E  ( V is u a l  Q u a l it y  E x p erien ce)
S c al ab l e S t an dard-b as ed Rapid C h an n el  C h an g e

In t e l l i g e n t
E d g e

Mu l t i s e r vi c e
C o r e

E f f i c i e n t  
A c c e s s

� W H Y ?
M ost of  th e waiting  tim e f or c h annel c h ang e ( 8 0 % )  c om e f rom      
nex t I-F ram e delay   ( g ood c om p ression)  and M PE G  b u f f ering  ( j itter 
resistanc e)

I P B P I P B P

O l d  C h an n e l
V i d e o S t re am

N e w  C h an n e l
R e q u e st

< 10 0 m s

N e w  C h an n e l  U n i c ast f rom  V Q E

I P B P

1 t o 3+  se c on d s 
w i t h ou t  V Q E

I P B P

N e w  C h an n e l  M u l t i c ast  Joi n
( V Q E  S t op s  U n i c ast )

N e w  C h an n e l  M u l t i c ast  Joi n
( V Q E  S t op s  U n i c ast )

C u rre n t l y  ( 20 0 7 )
E x t e rn al  ap p l i an c e



V Q E  ( V is u a l  Q u a l it y  E x p erien ce)  t ech n o l o g y
S u m m ary

� O p en  t ec h n ol og y  
V Q E  solu tion doc u m ented to enab le 
integ ration with  3 rd p arty  C E ,  
m iddleware,  p rov isioning  and 
m anag em ent sy stem s

� VQ E -S   S er v er
D edic ated serv ic e m odu le or ex ternal 
ap p lianc e
C D E 1 1 0  ( C ontent D eliv ery  E ng ine)

� VQ E -C  C l ien t
Pu b lish ed v ia op en-sou rc e p rog ram
( B S D  lic ense) .  A v ailab le on C C O

� VQ E M on it or in g  Tool s

C D E 1 1 0



STB

STB

Video H ead-E n d C ore/ D istrib u tion E dg e A ccess

7 6 0 0  Se r i e s

E n c o d e r s

C R S-1

C R S-1

V Q E -S

V Q E -S

D SL A M

D SL A M
C P E

C P E

S A  D C M

V Q E -C  

V Q E -C  

V Q E  – H i g h  L e v e l  A r c h i t e c t u r e

• R TP su p p ort at h ead-end
- R e a l -T i m e  En c od e r s  or  C i s c o D C M ( D i g i t a l  C on t e n t  Ma n a g e r ) – R T P  e n c a p s u l a t i on  

• V Q E -S erv er at network edg e j oins m u ltic ast c h annels
- P r i m a r y  f u n c t i on :  C a c h e s  c h a n n e l  c on t e n t  a n d  r e s p on d  t o V QE S e r v i c e  r e q u e s t s  
( R ET ,  R C C ) f r om  C l i e n t s  ( S T B s )

- G e n e r a t e  p e r -c h a n n e l  r e a l -t i m e  r e c e p t i on  q u a l i t y  r e p or t s  ( l os s ,  d e l a y ,  j i t t e r , . . . )
• V Q E -C lient em b edded in S et-Top  B ox  j oin dif f erent c h annels

- P r i m a r y  f u n c t i on :  f a c i l i t a t e  e r r or  r e p a i r  a n d  R C C  r e q u e s t s
- G e n e r a t e  p e r -c h a n n e l ,  p e r -c l i e n t ,  t r a n s p or t  q u a l i t y  r e p or t s  ( l os s ,  d e l a y ,  j i t t e r )



I P T V  - A t  H o m e

M e t r o
N e t w o r k

A c c e s s
N e t w o r k

H o m e
N e t w o r k

B T V
Head en d

V o D
C D S

B SS/ O SSM i d lew ar e

HDTV

C o n t en t



I P TV  R ea l iz e
Home Network

� C P E  C u stomer P remise E q u ip ment – c onnec tion to ac c ess netw ork
L in k s y s ,  S c ien t if ic  A t l a n t a ,  3 rd
P a r t y
B u l id in VoI P g a t ew a y s a n dW iF i

� S et Top  B ox  – c onnec tion to I P TV  serv ic es
S c ien t if ic  A t l a n t a
L on g  l iv e t im e 7  y ea r s
2 0 m l n  dig it a l  S TB  del iv er ed

H o m e
N e t w o r k

HDTV

H i g h  D e f i n i t i o n
IPP330 H D

D i g i t a l  V i d e o  R e c o r d e r
IPP4 30 MC

Mu l t i -S t r e a m  D V R  Ga t e w a y
IPN 6 0 3MC G

Fan les s
Si n gle SD  &  HD

+  H D  ( 1 6 0 G B ) D V R

+   3  d ec o d ers ( 3 xT V )

C P E
C IS  20 0 0



Set  To p  B o x – Sil ico n p erf o rm a n ce
M o s a i c  C a p a b i l i t y

� A b il ity  to dec ode u p  to 1 2  streams
� U ser-g enerated mosaic  c hannel s u sing  I P -del iv ered v ideo



I P TV  M a n a g em en t
M i d l e w a r e

D ef i n e

P res erv e

R ea l i z e

Ma
na

ge
me

nt
� M idl ew are f u nc tions

S ec u r it y ,  E l ec t r on ic  P r og r a m  G u ide,  b il l in g ,  
c on t en t  m a n a g em en t ,  dig it a l  r ig h t s  
m a n a g em en t ,  s u b s c r ib er s  m a n a g em en t ,  
s of t w a r e,  c on f ig u r a t ion  m a n a g em en t  ……

� C isc o w ork s w ith many  M idl ew are v endors
M y r io
M in er v a
M edia R oom (M ic r os of t )
..



I P TV  E n d  t o  E n d
4 P l a y S c r e e n  s hi f t i n g

V Q E

IP 
N e t w o r k

Access
N et w o r k

B T V
Head en d

V o D
C D S

B SS/ O SSM i d lew ar e
� B y  adding  C D S  I S  ( I nternet 
S treaming ) it is p ossib l e to 
hav e tru e 4 P l ay .

U s er  is  w a t c h in g  VoD  s h ow
U s er  p r es s  “P a u s e”
U s er  c a n  R es u m e on  a n y  ot h er  
t er m in a l  

� I nf ormation ab ou t session 
state is stored in S erv ic e 
rou terW i r el ess

N et w o r k

C o n t en t

HDTV
1 2 3

S e rv i c e
R ou t e r
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� T h e  w or l d ’s  l a r g e s t  I P T V  n e t w or k s  r u n  
on  t h e  c om b i n e d  c om p a n y ’s  i n f r a s t r u c t u r e

� Ex p e r t i s e  f r om  l a u n c h i n g  2 7 0  i n t e r a c t i v e  
v i d e o n e t w or k s

� I m p l e m e n t i n g  on e  of  l a r g e s t  I P T V  p r oj e c t s  
Engineer-f u rnis h -ins t a l l  ( EF & I )  
2  S H Es a nd  4 0 +  V H O s
V id eo  O p era t io ns  C ent ers  a nd  o p era t io ns  o u t s o u rc ing

� 5  ou t  of  T op  6  I P T V  p r ov i d e r s  u s e  C i s c o 
e q u i p m e n t

� C om p l e m e n t a r y  s ol u t i on s  f or  b r oa d c a s t e r s
� O v e r  3 0  m i l l i on  Ex p l or e r  D i g i t a l  S T B s

O v er 4  M il l io n D V R  u nit s  s h ip p ed
O v er 3  M il l io n H D  S T B s  s h ip p ed

� O v e r  2 4 0  v i d e o h e a d -e n d s  d e p l oy e d  g l ob a l l y
� O v e r  on e  b i l l i on  I P / T V  V oD  s t r e a m s  
w i l l  b e  c a r r i e d  on  C i s c o n e t w or k s

B u i l d i n g  o n  U n m a t c h e d  E x p e r i e n c e
C i s c o  a n d  S c i e n t i f i c -A t l a n t a
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