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 Abstract 
 
     D O C S I S  3 . 0  an d  M o d u l ar C M T S  p ro m i se  
to  p ro v i d e  te n  ti m e s th e  ban d w i d th  at o n e  
te n th  o f  th e  co st,  co m p are d  to  e x i sti n g  C M T S  
te ch n o l o g y .  W i th  th e se  f o rw ard -l o o k i n g  
tre n d s,  i t i s be co m i n g  i n cre asi n g l y  v i abl e  to  
co n si d e r a ch an n e l -bo n d e d  D O C S I S  n e tw o rk  
as a f u l l y -co n v e rg e d  n e tw o rk  to  tran sp o rt 
v i d e o ,  v o i ce  an d  d ata.  A bo n d e d ,  co n v e rg e d  
an d  asy n ch ro n o u s d ata p i p e ,  m arri e d  w i th  
v ari abl e  bi t rate  ( V B R )  v i d e o  co d i n g ,  can  
d e l i v e r th e  f u l l  p o te n ti al  o f  I P T V  o v e r cabl e .  
 
     T h i s p ap e r e x am i n e s th e  te ch n i cal  an d  
e co n o m i c i m p l i cati o n s o f  V B R  o v e r D O C S I S .  
I t p ro p o se s an  I P -l e v e l  V B R  n e tw o rk  statm u x  
to  d e l i v e r V B R  v i d e o  o v e r ch an n e l -bo n d e d  
D O C S I S  an d  q u an ti f i e s th e  e f f i ci e n cy  o f  th e  
n e tw o rk  statm u x  w i th  th e  re su l ts o f  l ab te sts.  
I t p ro v i d e s i n si g h ts i n to  v ari o u s arch i te ctu re  
i ssu e s re l ate d  to  V B R  d e l i v e ry .  F i n al l y ,  i t 
e x p l o re s m e ch an i sm s to  i m p ro v e  ro bu stn e ss 
an d  e n h an ce  th e  su bscri be r v i e w i n g  
e x p e ri e n ce .  
 

I N T R O D U CT I O N  
 

Cabl e n etw or k s ar e ex p er ien cin g  an  
ex p l osion  in  deman d f or  in cr eased 
ban dw idth .  A  sig n if ican t amoun t of  
ban dw idth  p r essur e comes f r om H ig h  
D ef in ition  T el ev ision  ( H D T V )  ser v ice 
ex p an sion , w h ich  M SO s h av e used as a 
str ateg ic mov e to comp ete w ith  satel l ite an d 
tel co v ideo ser v ice p r ov ider s.  T oday, th e 
10 0 +  H D  ch an n el  ser v ice is on  th e h or iz on  as 
mor e H D  con ten t is of f er ed.   M ean w h il e, 
con ten t p er son al iz ation  an d tar g eted 
adv er tisemen t ar e g r adual l y tr an f or min g  th e 
v ideo del iv er y v eh icl e f r om br oadcast to 
un icast.  Y et ov er -th e-top  v ideo ser v ices an d 
user -g en er ated v ideo con ten t simul tan eousl y 

dr iv e ban dw idth  deman d w ith  mil l ion s of  
v ideo assets str eamed or  dow n l oaded to P Cs.  

 
Cabl e op er ator s h av e man y tool s to 

addr ess th e ov er w h el min g  ban dw idth  cr un ch  
p r obl em.  Some of  th ese ap p r oach es in  th e 
M SO  tool k it in cl ude:  an al og  ch an n el  
r ecl amation , sw itch ed dig ital  v ideo, n ode 
sp l ittin g , p l an t up g r ades to 1G H z , an d 
M P E G -4  p ar t 10  v ideo codin g .  A l th oug h  
cabl e op er ator s can  dr il l  f or  addition al  
ban dw idth  in  H F C n etw or k s w ith  maj or  
cap ital  ex p en ditur e, th er e is w or k  th at can  be 
don e to el imin ate an y ban dw idth  in ef f icien cy 
in  H F C n etw or k s f ir st.  

 
Star tin g  w ith  v ideo sour ces, it is common  

k n ow l edg e th at v ar iabl e bit r ate ( V B R )  
en codin g  of  v ideo is sig n if ican tl y mor e 
ef f icien t th an  con stan t bit r ate ( CB R )  
en codin g .  I n  M P E G  v ideo en codin g , w h il e 
th e CB R  v ideo k eep s th e bitr ate con stan t, th e 
V B R  v ideo attemp ts to k eep  th e v ideo 
q ual ity con stan t.  T h e n atur e of  M P E G  v ideo 
en codin g  al l ow s en coder s to use f ew er  bits 
f or  simp l e scen es an d mor e bits f or  
comp l icated an d motion  r ich  scen es.  W ith  
comp ar abl e v ideo q ual ity, V B R  can  yiel d 4 0  
p er cen t or  mor e ban dw idth  sav in g s ov er  
CB R  [ 1] .   A s a r esul t of  its codin g  ef f icien cy, 
V B R  v ideo is w idel y used in  D V D  an d in  
br oadcast v ideo ap p l ication s such  as dig ital  
satel l ite an d cabl e.  

 
T h e in tr oduction  of  br oadcast-or ien ted 

M P E G  statmux es p av ed th e w ay f or  del iv er y 
of  V B R  str eams in  br oadcast v ideo.  Sin ce 
most tr an smission  ch an n el s h av e f ix ed 
ban dw idth , M P E G  statmux es combin e a 
n umber  of  V B R  str eams in to a sin g l e 
ag g r eg ated con stan t bitr ate ch an n el .  T h e 
statistical  distr ibution  of  bitr ate p eak s an d 
v al l eys al l ow s th e combin ed str eams to use 
l ess ban dw idth  th an  w h at is n eeded if  each  



V B R  str eam is sen t in div idual l y.  A t an y 
g iv en  p oin t in  time, if  th e ban dw idth  of  a 
V B R  bun dl e ex ceeds th e cap acity of  an  
M P E G  tr an smission  ch an n el , th e M P E G  
statmux  ap p l ies r eq uan tiz ation  at th e M P E G  
l ev el  to r educe th e in stan tan eous bitr ate of  
v ideo str eams to f it th e tr an smission  p ip e.  
T h is action  does come at th e ex p en se of  a 
n on -z er o imp act to v ideo q ual ity.  
 

I r on ical l y, in  adv an ced v ideo ser v ices 
such  as Sw itch ed D ig ital  V ideo ( SD V )  an d 
V ideo on  D eman d ( V O D )  w h er e th e l ast mil e 
ban dw idth  ef f icien cy is n eeded th e most, 
CB R  in stead of  V B R  v ideo is dep l oyed 
un iv er sal l y today.  T h is is because SD V  an d 
V O D  p r esen t a ch al l en g in g  case f or  
tr adition al  br oadcast or ien ted M P E G  
statmux es:  

 
1)  M P E G  statmux es ar e comp utation al l y 

in ten siv e an d costl y.  M P E G  statmux es 
ach iev e r ate r eduction  by tr an sr atin g  sel ected 
M P E G  f r ames.  T r an sr atin g  is an  ex p en siv e 
op er ation  as macr obl ock s in  p ictur es ar e r e-
q uan tiz ed an d r e-en coded at th e M P E G  l ev el .  
A l th oug h  th e cost of  M P E G  statmux es is n ot 
a con cer n  in  a br oadcast n etw or k  as th e p er  
str eam statmux  cost is sh ar ed amon g  al l  th e 
subscr iber s in  th e n etw or k , q uite th e con tr ar y 
is tr ue in  th e SD V  an d V O D  w or l d.  I n  an  
in cr easin g l y un icast-based v ideo del iv er y 
n etw or k , th e p er  str eam statmux  cost n ow  
becomes a p er -subscr iber  cost, w h ich  mak es 
cur r en t M P E G  statmux es econ omical l y 
imp r actical  to dep l oy at th e n etw or k  edg e.   

  
I t is al r eady a comp l icated op er ation  to 

statistical l y mul tip l ex  M P E G 2  en coded V B R  
str eams;  it is an  ev en  mor e daun tin g  task  to 
p er f or m statmux  on  M P E G 4  en coded V B R  
str eams because of  th e in cr emen tal l y 
in ten siv e v ideo comp utation s in v ol v ed.  

 
2 )  M P E G  statmux es ap p l y ex ten siv e 

str eam an al ysis in  or der  to mitig ate th e v ideo 
q ual ity deg r adation  caused by th e tr an sr atin g  
op er ation .  T h e str eam an al ysis as w el l  as th e 

tr an scodin g  op er ation  in tr oduces del ays, 
typ ical l y on  th e or der  of  1 secon d.  T h is l on g  
l aten cy is mor e n oticeabl e an d un desir abl e 
f or  on -deman d an d in ter activ e v ideo ser v ices.  

 
3 )  I t is al so n o sur p r ise th at tr adition al  

M P E G  statmux es h av e dif f icul ties deal in g  
w ith  en cr yp ted con ten t con sider in g  th at th e 
r ate r eduction  tech n iq ues in v ol v ed n eed to 
an al yz e an d r e-en code th e str eam con ten t.  
F or  ex amp l e, p r e-en cr yp ted V O D  con ten t 
mak es th e el emen tar y M P E G  str eam 
in accessibl e f or  tr an sr atin g .    

 
T h e busin ess an d tech n ical  issues p oin ted 

out abov e h av e f or ced cabl e op er ator s to g iv e 
up  V B R  ef f icien cies an d op t in stead f or  CB R  
v ideo del iv er y in  sw itch ed an d on  deman d 
v ideo ser v ices.   

 
T h ese assump tion s ch an g e as v ideo ov er  

D O CSI S becomes a r eal ity.  N ot on l y does 
w ideban d D O CSI S p r ov ide an  I P  tr an sp or t to 
M P E G  v ideo, it al so br in g s al on g  a 
p r omisin g  n ew  w ay of  V B R  statistical  
mul tip l ex in g .    

 
D O CSI S 3 . 0  A N D  N E T W O R K  

ST A T M U XE S 
 

D O CSI S 3 . 0  is p er h ap s th e most 
an ticip ated tech n ol og y of  th e year  in  cabl e 
in dustr y.  D O CSI S 3 . 0  tak es th e D O CSI S 
beyon d j ust an  I P  tr an sp or t f or  data an d v oice 
ser v ices.   I P  v ideo ov er  D O CSI S is r ap idl y 
g ain in g  tr action  w ith  D O CSI S 3 . 0 .  I n  f act, 
some M SO s al r eady h av e star ted mar k et 
tr ial s an d dep l oymen ts of  I P T V  ov er  
D O CSI S ar e in  th e p l an n in g  stag es.  

 
P ar tl y because of  D O CSI S 3 . 0  ch an n el  

bon din g  an d D O CSI S 3 . 0  en h an ced 
mul ticast, I P  v ideo ov er  D O CSI S becomes a 
f easibl e tech n ical  p ossibil ity.  Ch an n el  
bon din g , th e most imp or tan t f eatur e of  
D O CSI S 3 . 0 , mak es th e ch an n el  ban dw idth  a 
mag n itude h ig h er  th an  bef or e by al l ow in g  
CM T Ss to bon d mul tip l e dow n str eam an d/ or  



mul tip l e up str eam R F  car r ier s in  or der  to 
del iv er  h ig h er  ban dw idth  to th e h ome.  
T oday, eig h t ch an n el  bon ded cabl e modems 
ar e al r eady av ail abl e in  th e mar k et, en abl in g  
dow n str eam ban dw idth  r ates of  ar oun d 
3 0 0 M bp s.  T h is in cr eased ban dw idth  cap acity 
is essen tial  to ban dw idth -h un g r y ap p l ication s 
such  as stan dar d def in ition  ( SD )  an d h ig h  
def in ition  ( H D )  v ideo.  

 
D O CSI S 3 . 0  en h an ced mul ticast adds 

sour ce-sp ecif ic mul ticast ( SSM )  an d I n ter n et 
g r oup  man ag emen t p r otocol  ( I G M P v 3 )  
sup p or t.  I n  addition , mul ticast session s can  
al so be man ag ed w ith  q ual ity of  ser v ice 
( Q oS)  g uar an tees.  Sw itch ed mul ticast in  an  
I P / D O CSI S tr an sp or t in cr eases ban dw idth  
util iz ation  ef f icien cy in  th e same w ay as 
sw itch ed dig ital  v ideo does in  an  M P E G  
tr an sp or t.   

 
E q ual l y imp or tan t in  ter ms of  th eir  

p oten tial  tech n ol og ical  imp acts on  th e 
in dustr y ar e modul ar  CM T S ( M -CM T S)  an d 
un iv er sal  q uadr atur e amp l itude modul ation  
dev ices ( Q A M s) .  T h e sep ar ation  of  th e 
D O CSI S media access con tr ol  ( M A C)  an d 
p h ysical  l ayer  p r otocol  ( P H Y )  al l ow s 
in dep en den t scal in g  of  up str eam an d 
dow n str eam ban dw idth .  E con omics of  scal e 
w il l  dr iv e dow n  th e costs of  un iv er sal  Q A M s, 
l ow er  th e ov er al l  sol ution  cost of  M -CM T S 
an d mak e D O CSI S econ omical l y v iabl e f or  
I P  v ideo del iv er y.  
 
I P  T r an sp or t v s.  M P E G  T r an sp or t 
 

I P  tr an sp or t distin g uish es itsel f  f r om 
M P E G  tr an sp or t in  a n umber  of  w ays.  I P  
tr an sp or t is asyn ch r on ous p ack et-or ien ted 
tr an sp or t.  I P  n etw or k s al so in tr oduce j itter .  
M P E G  tr an sp or t, on  th e oth er  h an d, is 
syn ch r on ous tr an sp or t.  W h en  M P E G  
tr an sp or t str eams ar e del iv er ed ov er  I P  
n etw or k s, r eceiv er s must r emov e n etw or k  
j itter  in  or der  to r ecov er  th e or ig in al  v ideo 
sour ce cl ock .  I P  set-top  box es ( ST B s)  

n or mal l y h av e dej itter in g  buf f er s th at can  
tol er ate 10 0 ms of  n etw or k  j itter .   

 
I P / D O CSI S 3 . 0  tr an sp or t sup p or ts 

w ideban d tr an smission  w ith  ban dw idth  up p er  
cap acity l imited on l y by cabl e modem 
tech n ol og ies.   D ow n str eam ban dw idth  
sp eeds of  3 0 0 M bp s ar e en abl ed by today’ s 
eig h t-ch an n el  cabl e modems.  I t is on l y a 
matter  of  time bef or e much  h ig h er  
ban dw idth s ar e av ail abl e as M oor e’ s Law  
k eep s br in g in g  dow n  th e cabl e modem cost.  
M P E G  tr an sp or t, on  th e oth er  h an d, w h ich  
does n ot sup p or t ch an n el  bon din g , h as a 
ban dw idth  l imitation  of  a sin g l e Q A M  
ch an n el .  I n  N or th  A mer ica, th e ban dw idth  of  
a sin g l e Q A M  ch an n el  is cap p ed at 3 8 . 8 M bp s 
w ith  Q A M 2 5 6  modul ation .  T h e Law  of  
Lar g e N umber s imp l ies th at statistical  
mul tip l ex in g  ef f icien cy imp r ov es as th e 
n umber  of  V B R  str eams in  th e tr an smission  
ch an n el  in cr eases.  T h e p r ol if er ation  of  
H D T V  in  h ouseh ol ds an d th e in cr easin g  
n umber  of  H D  str eams in  th e n etw or k  mak e 
w ideban d tr an sp or t much  mor e attr activ e f or  
th e p ur p ose of  statistical  mul tip l ex in g .  W h il e 
th e n ar r ow ban d M P E G  tr an sp or t str ug g l es to 
p r ov ide ef f icien t statistical  mul tip l ex in g  of  
H D  str eams w ith out comp r omisin g  th e v ideo 
q ual ity, th e bon ded D O CSI S 3 . 0  tr an sp or t 
can  easil y sup p or t statistical  mul tip l ex in g  of  
H D  str eams w ith  g ood statistical  
mul tip l ex in g  g ain s an d v ideo q ual ity.  

 
I P  n etw or k s al so h av e buil t-in  q ual ity of  

ser v ice ( Q oS)  cap abil ities.  Cabl e modem 
ter min ation  systems ( CM T Ss)  imp l emen t 
adv an ced D O CSI S Q oS f eatur es such  as 
admission  an d p ol icy con tr ol , p r ior ity 
q ueuin g , tr af f ic p ol icin g , tr af f ic sh ap in g  etc.  
T h ese I P  n etw or k  f eatur es ar e r eadil y 
ap p l icabl e f or  V B R  v ideo del iv er y.   

 
I P  n etw or k s al so ar e con v er g ed n etw or k s.  

T h ey al l ow  data, v oice an d v ideo to be 
simul tan eousl y del iv er ed th r oug h  th e 
n etw or k .  Con v er g ed n etw or k s p r ov ide g r eat 
ban dw idth    sav in g s   j ust   by   en abl in g    al l   



 
 
 
 
 
 
 
 
 
 

F ig ur e 1 T h e V B R  N etw or k  Statmux  A r ch itectur e 
 
 

ser v ices to sh ar e a sin g l e ban dw idth  r esour ce 
p ool .  I f  th e sl ig h tl y dif f er en t p eak  h our s of  
th ese dif f er en t ser v ices ar e al so con sider ed, 
th e ban dw idth  sav in g s ar e ev en  g r eater .  F iel d 
data in dicates th at ban dw idth  sav in g s of  2 0  
to 3 0  p er cen t ar e ach iev abl e w ith  a tr ul y 
con v er g ed n etw or k .  E v en  better  is th e f act 
th at th ese sav in g s ar e r eal iz ed on  top  of  th e 
V B R  ov er  CB R  ban dw idth  sav in g s.  I n  a 
con v er g ed I P  n etw or k , if  at a cer tain  in stan t 
th er e is l ef tov er  ban dw idth  af ter  al l  th e V B R  
v ideo tr af f ic, th en  l ow er  p r ior ity data tr af f ic 
can  con sume th e un used ban dw idth .  I n  oth er  
w or ds, n ot a sin g l e bit of  ban dw idth  is 
w asted!  M P E G  tr an sp or t n etw or k s, h ow ev er , 
ar e sp ecial -p ur p ose n etw or k s used f or  v ideo 
del iv er y ex cl usiv el y.  I n  an  M P E G  tr an sp or t 
n etw or k , eith er  due to M P E G  v ir tual  buf f er  
con str ain ts or  l ow  in stan tan eous v ideo 
bitr ate, M P E G  statmux es must in ser t N U LL 
p ack ets to f il l  th e M P E G  tr an smission  
ch an n el .  T h e N U LL p ack et f il l ed ban dw idth  
is simp l y w asted.  

 
V B R  N etw or k  Statmux es 
 

T h e ch ar acter istics of  I P  tr an sp or t mak e it 
a p er f ect match  f or  V B R  statistical  
mul tip l ex in g .  T h e essen ce of  an  I P -l ev el  
V B R  n etw or k  statmux , or  simp l y n etw or k  
statmux , is to av oid tr an sr atin g  at th e M P E G -
l ev el  in  an  attemp t to sol v e th e ban dw idth  
ov er subscr ip tion  p r obl em.  I n stead, q ueuin g  
an d buf f er in g  ar e used at th e n etw or k  edg e.  

F ig ur e 1 dep icts a h ig h  l ev el  system diag r am 
of  n etw or k  statmux es.  

 
I n  th is ar ch itectur e, al l  I P  v ideo sour ces 

tr an smit V B R  str eams.  V O D  ser v er s stor e 
an d str eam V O D  con ten t in  sin g l e p r og r am 
tr an sp or t str eam ( SP T S)  V B R  f or mat 
dir ectl y.  T h e codin g  ef f icien cy imp r ov emen t 
of  V B R  ov er  CB R  bodes w el l  f or  V O D  as it 
br in g s 4 0  p er cen t or  mor e stor ag e an d 
str eamin g  cap acity sav in g s to V O D  ser v er s.  
Local  en coder s en code r eal  time v ideo an d 
sen d out SP T Ss w ith  desir ed V B R  mean  
r ates an d p eak  r ates.  Lin ear  v ideo sour ces 
f r om satel l ite ar e con v er ted f r om mul ti-
p r og r am tr an sp or t str eam ( M P T S)  to SP T S 
an d I P  en cap sul ation  is added at th e same 
time.   

 
T h e I P  v ideo str eams th en  tr av el  f r om th e 

v ideo sour ces th r oug h  th e n etw or k  an d ar r iv e 
at th e cabl e n etw or k  edg es w h er e th e l ast 
mil e is th e D O CSI S p ath .  T h e CM T S, be it 
modul ar  or  in teg r ated CM T S, is th e star tin g  
p oin t of  th e D O CSI S p ath .  P ow er ed w ith  
Q oS con tr ol  an d adv an ced q ueuin g  f eatur es, 
th e CM T S is an  ideal  can didate to imp l emen t 
V B R  n etw or k  statmux in g .   A t th e CM T S, if  
th er e is n o con g estion , i. e.  w h en  th e 
combin ed V B R  str eam ban dw idth  is l ess th an  
th e ban dw idth  l imitation  of  th e I P / D O CSI S 
p ip e, al l  v ideo str eams p ass th r oug h  p ack et 
buf f er s in side th e CM T S w ith  min imum 
del ays.  W h en  con g estion  occur s, th e bur sty 
V B R  str eams w il l  be q ueued up  at th e CM T S 
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temp or ar il y.   I n  th e ex tr eme case th at th e 
CM T S buf f er  is f ul l , p ack ets w il l  be dr op p ed 
by th e CM T S, th oug h  th e p r obabil ity of  such  
dr op  to occur  is con tr ol l ed by an  admission  
con tr ol  f un ction  th at l imits th e n umber  of  
v ideo f l ow s admitted to a sin g l e p ip e.  T h e 
CM T S q ueuin g  w il l  be f ur th er  discussed in  
mor e detail s.  

 
T h e I P  v ideo str eams ev en tual l y 

ter min ate at I P  ST B s.  T h e I P  ST B  can  eith er  
be a stan dal on e I P  ST B  beh in d a cabl e 
modem, or  a h ybr id ST B  w ith  an  embedded 
cabl e modem.  A s a r esul t of  CM T S q ueuin g , 
addition al  n etw or k  j itter  is in tr oduced to 
v ideo str eams.  T h is j itter  is absor bed by th e 
I P  ST B  as it dej itter s an d buf f er s p ack ets 
bef or e v ideo is sen t to v ideo decoder s.  I n  
or der  f or  V B R  n etw or k  statmux in g  to w or k , 
th er e must be a l imitation  of  th e j itter  
in tr oduced by th e CM T S q ueuin g  so th at th e 
en d-to-en d n etw or k  j itter  is tol er abl e to th e 
I P  ST B .  I n  today’ s w el l  man ag ed ser v ice 
p r ov ider  n etw or k , en d-to-en d n etw or k  j itter  
is a mag n itude l ow er  th an  th e dej itter in g  
cap abil ity of  I P  ST B s.  T h is l eav es a big  j itter  
budg et f or  th e CM T S to imp l emen t V B R  
statmux in g .  F or  in stan ce, th e CM T S 
in tr oduced j itter  can  be l imited to 6 0 ms.  T h e 
j itter  l imitation  is en f or ced on  th e CM T S by 
r estr ictin g  th e CM T S q ueue buf f er  siz e.  T h e 
buf f er  siz e is ch osen  so th at p ack ets w il l  stay 
in  th e buf f er  f or  l ess th an  th e j itter  l imit time.  
T h e CM T S q ueue can  be dr ain ed at th e 
max imum ban dw idth  of  th e bon ded D O CSI S 
ch an n el .   

 
T h e V B R  v ideo tr af f ic sh oul d be mar k ed 

w ith  h ig h er  p r ior ity th an  data tr af f ic eith er  by 
dif f er en tial  ser v ices con tr ol  p oin t ( D SCP )  
mar k in g , or  v ideo f l ow s sh oul d be ex p l icitl y 
iden tif ied th r oug h  f l ow  sp ecs.  I n  a con v er g ed 
I P / D O CSI S p ip e, an y un der util iz ed 
ban dw idth  r esour ces af ter  th e V B R  v ideo 
tr af f ic can  be con sumed by l ow er  p r ior ity 
data tr af f ic.  

 

B esides th e n umber  of  str eams 
p ar ticip atin g  in  statistical  mul tip l ex in g , 
an oth er  cr ucial  f actor  th at af f ects th e 
statistical  mul tip l ex in g  ef f icien cy is th e V B R  
p eak  ( ban dw idth )  to mean  ( ban dw idth )  r atio.  
T h e h ig h er  th e p eak  to mean  r atio, th e l ess 
ef f icien t th e statistical  mul tip l ex in g  is.  E ar l y 
r esear ch  [ 2 ]  h as sh ow n  th at th e M P E G -2  
en coded br oadcast q ual ity V B R  v ideo h as a 
typ ical  p eak  to mean  r atio f r om 1. 3  to 2 . 4 .  I P  
n etw or k  statmux  desig n  assumes v ideo 
sour ces h av e p eak  to mean  r atios w ith in  th e 
l imit of  2 . 4 .  T h is p eak  to mean  r atio sh oul d 
be en f or ced at th e v ideo en coder  f or  best 
v ideo q ual ity.  A l th oug h  ser v ice p r ov ider s can  
use r ate cl amp er s al on g  th e v ideo 
tr an smission  p ath , th e meth od of  r ate 
cl amp in g  at th e n etw or k  is in f er ior  to th e 
en coder  p eak  r ate en f or cemen t sol ution  as a 
con seq uen ce of  addition al  v ideo p r ocessin g  
cost an d deg r aded v ideo q ual ity.   

 
T h e buf f er in g  an d q ueuin g  sch eme br in g s 

sig n if ican t adv an tag es to I P  n etw or k  
statmux es ov er  tr adition al  M P E G  statmux es.  
F ir st, n etw or k  statmux es p r eser v e or ig in al  
v ideo q ual ity k eep in g  th e v ideo un ch an g ed at 
M P E G  l ev el .  V ideo is p r oduced by v ideo 
sour ces an d con sumed at ST B  r eceiv er s.  N o 
n etw or k  comp on en ts w ith in  th e tr an smission  
p ath  r e-en code th e v ideo con ten t betw een  
v ideo sour ces an d ST B s.  F or  th e same 
r eason , p r e-en cr yp ted con ten t can  n ow  be 
easil y mul tip l ex ed by n etw or k  statmux es.  
Secon d, n etw or k  statmux es in tr oduce del ays 
boun ded by th e n etw or k  j itter  l imit, w h ich  
mak e th em ideal  f or  l ow  l aten cy v ideo 
ser v ices such  as V O D  an d in ter activ e T V .  
Lastl y, by av oidin g  th e ex p en siv e tr an sr atin g  
op er ation  an d by l ev er ag in g  th e buil t-in  Q oS 
cap abil ities of  I P  n etw or k s, n etw or k  
statmux in g  tur n s out to be a cost ef f ectiv e 
ap p r oach  to V B R  v ideo del iv er y.   

 
A s a summar y, T abl e 1 bel ow  h ig h l ig h ts 

th e k ey dif f er en ces betw een  n etw or k  
statmux es an d tr adition al  M P E G  statmux es.




