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Managing Voice 
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Agenda
� Recognizing Voice Quality Issues
� C lassif ying Voice Quality A ttr ib utes to Root C ause
� A d d r ess Voice Quality b y Im p lem enting Quality 
of  S er v ice ( QoS )

� P r oactiv e P lanning—IP  S er v ice L ev el A gr eem ent ( S L A )
� E ch o
� P r oactiv e A p p r oach  to F ix  E ch o and  Voice 
D istor tion P r ob lem s—N etw or k  T r ansm ission L oss 
P lanning ( N T L P )

� Reactiv e A p p r oach —T r oub lesh ooting
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R ecogniz ing 
and  C at egor iz ing 
S y m p t om s  of  Voice 
Q u al it y  P r ob l em s
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C at ego r i z i ng and D ef i ni ng t h e S y m p t o m s
� N oise

Conversation is still Intelligible; presence of static, hum, 
crosstalk  intermittent popping

� Voice d istor tion
P roblem that affects the voice itself

E choed  voice
G arbled  voice
V olume d istortion

• N o i s e
• T h i s  i s  t y p i c a l l y  a n y  n o i s e  o n  t h e  l i n e  o r  i n  a  v o i c e m a i l  m e s s a g e  i n  a d d i t i o n  t o  t h e  v o i c e  
s i g n a l .  N o i s e  w i l l  t y p i c a l l y  l e a v e  t h e  c o n v e r s a t i o n  i n t e l l i g i b l e b u t  s t i l l  f a r  f r o m  e x c e l l e n t .  
S t a t i c ,  h u m ,  c r o s s t a l k ,  a n d  i n t e r m i t t e n t  p o p p i n g  t o n e s  a r e  e x a m p l e s  w h e r e  t h e  c a l l i n g  a n d  
c a l l e d  p a r t i e s  c a n  u n d e r s t a n d  e a c h  o t h e r ,  b u t  w i t h  s o m e  e f f o r t .  S o m e  n o i s e s  a r e  s o  
s e v e r e  t h a t  t h e  v o i c e  b e c o m e s  u n i n t e l l i g i b l e .  O n e  s u c h  e x a m p l e  a m o n g  t h e  s a m p l e s  
p r o v i d e d  i n  t h i s  d o c u m e n t  i s  o n e  d e s c r i b e d  a s  a  m o t o r  s o u n d .

• V o i c e  d i s t o r t i o n
• T h i s  i s  t y p i c a l l y  a n y  p r o b l e m  t h a t  a f f e c t s  t h e  v o i c e  i t s e l f .  T h i s  c a t e g o r y  w a s  f u r t h e r  d i v i d e d  
a s  f o l l o w s .

• E c h o e d  v o i c e - E c h o  i s  w h e r e  t h e  v o i c e  s i g n a l  i s  r e p e a t e d  o n  t h e  l i n e .  I t  c a n  b e  
h e a r d  a t  e i t h e r  e n d  o f  t h e  c a l l ,  i n  v a r y i n g  d e g r e e s  a n d  w i t h  m a n y  c o m b i n a t i o n s  o f  
d e l a y  a n d  l o s s  w i t h i n  t h e  e c h o e d  s i g n a l .

• G a r b l e d  v o i c e - A  g a r b l e d  v o i c e  s i g n a l  i s  o n e  w h e r e  t h e  a c t u a l  c h a r a c t e r  o f  t h e
v o i c e  i s  a l t e r e d  t o  a  s i g n i f i c a n t  d e g r e e  a n d  o f t e n  h a s  a  f l u c t u a t i n g  q u a l i t y .  O n  s o m e  
o c c a s i o n s  t h e  v o i c e  b e c o m e s  u n i n t e l l i g i b l e .

• V o l u m e  d i s t o r t i o n - V o l u m e  d i s t o r t i o n  p r o b l e m s  a r e  a s s o c i a t e d  w i t h  i n c o r r e c t  
v o l u m e  l e v e l s ,  w h e t h e r  c o n s t a n t  o r  i n  f l u x .

• Note: T h e  c a t e g o r i z a t i o n  o f  t h e  s y m p t o m s  i s  t o  a  l a r g e  d e g r e e  d e p e n d e n t  o n  t h e  s e v e r i t y  
o f  t h e  s y m p t o m ,  p e r c e p t u a l  f a c t o r s  a n d  c u l t u r a l  f a c t o r s .  T h e r e f o r e ,  t h e  p l a c e m e n t  a n d  
g r o u p i n g  o f  s y m p t o m s  w i t h i n  c a t e g o r i e s  i s  i n  m a n y  c a s e s  a r g u a b l e .  I n  a d d i t i o n ,  t h e r e  c a n  
b e  s i t u a t i o n s  w h e r e  t h e  c a t e g o r i e s  w i l l  o v e r l a p ,  f o r  e x a m p l e  s t a t i c  o n  t h e  l i n e  m a y  c a u s e  
s o m e  f o r m  o f  v o i c e  d i s t o r t i o n .  T h i s  i s  a  b e s t  a t t e m p t  t o  g i v e  s o m e  s t r u c t u r e  t o  t h e s e  t e r m s  
a n d  d e f i n e  t h e  v o c a b u l a r y .
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N o i s e

Clicking
Cause: Clock Slips or Other Digital Errors

Cr a ckling
Cause: P oor Electrical Con n ection ,  Electrical I n terf eren ce

Cr o s s t a lk
Cause: Sign al L eakage Due to W ires L ocated  in  Close P rox im ity

A b s o lu t e  S ile nce
Cause: A ggressiv e V oice A ctiv ity  Detection  ( V A D)

• A b s ol u te S i l en c e 
• S y m p t o m —T h i s  t y p e  o f  s i l e n c e  b e t w e e n  s p e e c h  c a n  b e  u n d e r s t o o d  i f  y o u  h a v e  e v e r  h a d  
t h e  e x p e r i e n c e  o f  n o t  k n o w i n g  w h e t h e r  t h e  o t h e r  p e r s o n  i s  s t i l l  t h e r e  b e c a u s e  t h e r e  i s  n o  
s o u n d  o n  t h e  l i n e .

• C a u s e —A  c o m m o n  c a u s e  f o r  t h i s  p r o b l e m  i s  V o i c e  A c t i v i t y  D e t e c t i o n  ( V A D )  w i t h o u t  
c o m f o r t  n o i s e .  T o  e x p e r i e n c e  t h i s  s y m p t o m ,  u s u a l l y  t h e  b a c k g r o u n d  n o i s e  i s  l o u d  e n o u g h  
f o r  t h e  s i l e n c e  i n s e r t i o n  t o  b e  n o t i c e a b l e  b u t  s o f t  e n o u g h  s o  t h a t  V A D  w i l l  b e  e n g a g e d .

• C l i c k i n g  
• S y m p t o m —C l i c k i n g  i s  a n  e x t e r n a l  s o u n d  s i m i l a r  t o  a  k n o c k  t h a t  i s  i n s e r t e d  u s u a l l y  a t  
i n t e r v a l s .  

• C a u s e —A  c o m m o n  c a u s e  i s  c l o c k  s l i p s  o r  o t h e r  d i g i t a l  e r r o r s .

• C r a c k l i n g  
• S y m p t o m —C r a c k l i n g  i s  a n  i r r e g u l a r  f o r m  o f  v e r y  l i g h t  s t a t i c ,  s i m i l a r  t o  t h e  s o u n d  a  f i r e  
m a k e s .  

• C a u s e —A  c o m m o n  c a u s e  i s  p o o r  e l e c t r i c a l  c o n n e c t i o n s ,  i n  p a r t i c u l a r  p o o r  c a b l e  
c o n n e c t i o n s .  O t h e r  c a u s e s  a r e  e l e c t r i c a l  i n t e r f e r e n c e  a n d  a  d e f e c t i v e  p o w e r  s u p p l y  o n  t h e  
p h o n e .

• C r os s ta l k  
• S y m p t o m —C r o s s t a l k  i s  a  f a m i l i a r  c o n c e p t  w h e r e  y o u  c a n  h e a r  s o m e o n e  e l s e ' s  
c o n v e r s a t i o n  o n  t h e  l i n e .  C o m m o n l y  t h e  o t h e r  p a r t i e s  c a n n o t  h e a r y o u .  T h e r e  a r e  a l s o  
f o r m s  o f  c r o s s t a l k  w h e r e  a l l  p a r t i e s  c a n  h e a r  e a c h  o t h e r .  

• C a u s e —W i r e s  i n  c l o s e  p r o x i m i t y ,  w h e r e  t h e  s i g n a l  o f  o n e  i s  i n d u c e d  i n t o  t h e  o t h e r ,  i s  a  
c o m m o n  c a u s e  o f  t h i s  p r o b l e m .
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N o i s e ( C o nt . )
H is s ing
Cause: V A D

S t a t ic
Cause: Cod ec M ism atch;  En han ced  b y  V A D

• Crackling 
• S y m p t o m —C r a c k l i n g  i s  a n  i r r e g u l a r  f o r m  o f  v e r y  l i g h t  s t a t i c ,  s i m i l a r  t o  t h e  
s o u n d  a  f i r e  m a k e s .  

• C a u s e —A  c o m m o n  c a u s e  i s  p o o r  e l e c t r i c a l  c o n n e c t i o n s ,  i n  p a r t i c u l a r  p o o r  
c a b l e  c o n n e c t i o n s .  O t h e r  c a u s e s  a r e  e l e c t r i c a l  i n t e r f e r e n c e  a n d  a  
d e f e c t i v e  p o w e r  s u p p l y  o n  t h e  p h o n e .

• H is s ing 
• S y m p t o m —H i s s i n g  i s  m o r e  d r i v e n  a n d  c o n s t a n t  t h a n  s t a t i c .  W h i t e  n o i s e  i s  
a  t e r m  o f t e n  a s s o c i a t e d  w i t h  s t r o n g  h i s s i n g .  P i n k  n o i s e  i s  a  l e s s  c o n s t a n t  
h i s s i n g  n o i s e  a n d  b r o w n  n o i s e  e v e n  l e s s  c o n s t a n t  s t i l l .  

• C a u s e —A  c o m m o n  c a u s e  o f  h i s s i n g  i s  V A D .

• S t at ic
• S y m p t o m —S e v e r e  s t a t i c  i s  a n  e x a m p l e  o f  s t a t i c  t h a t ,  i n  a d d i t i o n  t o  
c r e a t i n g  b a c k g r o u n d  n o i s e ,  a f f e c t s  t h e  d i a l  a n d  r i n g  t o n e s  a n d  t h e  v o i c e  
i t s e l f .  A n o t h e r  n a m e  f o r  t h i s  s y m p t o m  m i g h t  b e  s c r a t c h y  o r  g r a v e l  v o i c e .

• C a u s e —A  c o m m o n  c a u s e  i s  A -l a w / M u -l a w  c o d e c  m i s m a t c h .  F o r  e x a m p l e ,  
C o m p a n d -t y p e  A -l a w  m i s t a k e n l y  a d d e d  t o  a n  a n a l o g  v o i c e  p o r t .

• h t t p : / / w w w . c i s c o . c o m / w a r p / p u b l i c / 7 8 8 / v o i c e -q o s / s y m p t o m s . h t m l # c l i p
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E c h o ed V o i c e
L is t e ne r  E ch o
Cause: L on g Echo T ail;  Echo Can celler I s ( ECA N )  N ot Ef f ectiv e

T a lke r  E ch o
Cause: L on g Echo T ail;  ECA N  I s N ot Ef f ectiv e

T u nne l V o ice
Cause: T ight Echo w ith Som e L oss

• L i s ten er  E c h o 
• S y m p t o m —L i s t e n e r  a n d  t a l k e r  e c h o  s o u n d  s i m i l a r  a l t h o u g h  t h e  s i g n a l  s t r e n g t h  o f  l i s t e n e r  
e c h o  m a y  b e  l o w e r .  T h e  e s s e n t i a l  d i f f e r e n c e  b e t w e e n  t h e m  i s  w h o  h e a r s  t h e  e c h o  a n d  
w h e r e  i t  i s  p r o d u c e d .  L i s t e n e r  e c h o  i s  t h e  c o m p o n e n t  o f  t h e  t a l k e r  e c h o  t h a t  l e a k s  t h r o u g h  
t h e  n e a r -e n d  h y b r i d  a n d  r e t u r n s  a g a i n  t o  t h e  l i s t e n e r  c a u s i n g  a  d e l a y e d  s o f t e r  e c h o .  T h e  
l i s t e n e r  h e a r s  t h e  t a l k e r  t w i c e .

• C a u s e —C o m m o n  c a u s e s  a r e :
• I n s u f f i c i e n t  l o s s  o f  t h e  e c h o  s i g n a l .
• L o n g  e c h o  t a i l .
• E c h o  c a n c e l l e r s  i n  t h e  g a t e w a y  a d j a c e n t  t o  t h e  n e a r -e n d  h y b r i d  n o t  a c t i v a t i n g .

• T a l k er  E c h o 
• S y m p t o m —T a l k e r  e c h o  i s  t h e  s i g n a l  w h i c h  l e a k s  i n  t h e  f a r -e n d  h y b r i d  a n d  r e t u r n s  t o  t h e  
s e n d e r  ( t a l k e r ) .  T h e  t a l k e r  h e a r s  a n  e c h o  o f  h i s  o w n  v o i c e .

• C a u s e —C o m m o n  c a u s e s  a r e :
• I n s u f f i c i e n t  l o s s  o f  t h e  e c h o  s i g n a l .
• E c h o  c a n c e l l e r s  i n  t h e  g a t e w a y  a d j a c e n t  t o  t h e  f a r -e n d  h y b r i d  n o t  a c t i v a t i n g .
• A c o u s t i c  e c h o  c a u s e d  b y  t h e  l i s t e n e r ' s  p h o n e .

• T u n n el  V oi c e 
• S y m p t o m —T u n n e l  v o i c e  i s  s i m i l a r  t o  t a l k i n g  i n  a  t u n n e l  o r  o n  a  p o o r  q u a l i t y  m o b i l e  p h o n e  
c a r  k i t .

• C a u s e — A  c o m m o n  c a u s e  i s  t i g h t  e c h o  w i t h  s o m e  l o s s .  F o r  e x a m p l e ,  1 0  m s d e l a y  a n d  
5 0  p e r c e n t  l o s s  o n  t h e  e c h o  s i g n a l .
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G ar b l ed V o i c e
Ch o p p y  V o ice
Cause: Con secutiv e P ackets L ost or Ex cessiv ely  Delay ed  
Disab lin g DSP  P red ictiv e I n sertion  W here Silen ce I s 
I n serted  I n stead

S y nt h e t ic ( R o b o t ic)  V o ice
Cause: Sin gle P acket L oss or Delay  B ey on d  the B oun d s of  the 
De-J itter B uf f er P lay out P eriod

U nd e r w a t e r  V o ice
Cause: A  Com m on  Cause of  T his P rob lem  I s G 7 2 9  I ET F  an d  
P re-I ET F  Cod ec M ism atch

• C h op p y  V oi c e 
• S y m p t o m —C h o p p y  v o i c e  d e s c r i b e s  t h e  s o u n d  w h e n  t h e r e  a r e  g a p s  i n  t h e  v o i c e .  
S y l l a b l e s  a p p e a r  t o  b e  d r o p p e d  o r  b a d l y  d e l a y e d  i n  a  s t a r t  a n d  s t o p  f a s h i o n .  

• Note: O t h e r  t e r m s  u s e d  t o  d e s c r i b e  t h i s  s o u n d  a r e  " c l i p p e d  v o i c e "  o r  " b r o k e n  v o i c e . "  
• C a u s e —C o m m o n  c a u s e s  a r e  c o n s e c u t i v e  p a c k e t s  b e i n g  l o s t  o r  e x c e s s i v e l y  d e l a y e d  
s u c h  t h a t  D S P  p r e d i c t i v e  i n s e r t i o n  c a n n o t  b e  u s e d  a n d  s i l e n c e  i s i n s e r t e d  i n s t e a d .  F o r  
e x a m p l e ,  d e l a y  i n s e r t e d  i n t o  a  c a l l  t h r o u g h  c o n t e n t i o n  c a u s e d  b y a  l a r g e  d a t a  p a c k e t s .

• S y n th eti c  V oi c e 
• S y m p t o m —T h e  t e r m  " s y n t h e t i c "  m e a n s  t h a t  t h e  s o u n d  o f  t h e  v o i c e  i s  a r t i f i c i a l  a n d  w i t h  a  
q u i v e r  o r  f u z z .  P r e d i c t i v e  i n s e r t i o n  c a u s e s  t h i s  s y n t h e t i c  s o u n d b y  r e p l a c i n g  t h e  s o u n d  
l o s t  w h e n  a  p a c k e t  i s  d r o p p e d  w i t h  a  b e s t  g u e s s  f r o m  a  p r e v i o u s  s a m p l e .  S y n t h e t i c  a n d  
c h o p p y  v o i c e c o m m o n l y  o c c u r  t o g e t h e r .

• C a u s e —A  c o m m o n  c a u s e  i s  s i n g l e  p a c k e t  l o s s  o r  d e l a y  b e y o n d  t h e  b o u n d s  o f  t h e  d e -
j i t t e r  b u f f e r  p l a y o u t  p e r i o d .  D S P  p r e d i c t i v e  i n s e r t i o n  c a u s e s  t h e  s y n t h e t i c  q u a l i t y  o f  t h e  
v o i c e .  F o r  e x a m p l e  w h e n  a  c a l l  w a s  p r o v i d e d  i n s u f f i c i e n t  b a n d w i d t h  ( s u c h  a s  G 7 1 1  c o d e c  
a c r o s s  6 4 K b p s ) .

• U n d er w a ter  V oi c e
• S y m p t o m —U n i n t e l l i g i b l e  u n d e r w a t e r  v o i c e  d e s c r i b e s  a  d i s t o r t i o n  t h a t  m a k e s  i t  i m p o s s i b l e  
t o  u n d e r s t a n d  t h e  v o i c e .  D e s c r i p t i o n s  o f  t h i s  s o u n d  i n c l u d e  t h e  s o u n d  o f  a  c a s s e t t e  t a p e  
b e i n g  f a s t  f o r w a r d e d ,  a  g u l p i n g  s o u n d ,  a n d  a  w i s h y -w a s h y  s o u n d .

• C a u s e —A  c o m m o n  c a u s e  o f  t h i s  p r o b l e m  i s  G 7 2 9  I E T F  a n d  p r e -I E T F  c o d e c  m i s m a t c h
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V o l u m e D i s t o r t i o n
F u z z y  V o ice
Cause: T oo M uch G ain  on  the Sign al

M u f f le d  V o ice
Cause: Ov erd riv en  Sign al or Som e Other Cause T hat Elim in ates 
or R ed uces Sign al L ev el at F req uen cies I n sid e the K ey  R an ge 
f or V oice ( B etw een  4 4 0  an d  3 5 0 0 )

S o f t  V o ice
Cause: A tten uated  Sign al

T inny  V o ice
Cause: Ov erd riv en  Sign al that Elim in ates or R ed uces Sign al 
L ev el at F req uen cies Outsid e the K ey  R an ge f or V oice ( B etw een  
4 4 0 H z  an d  3 5 0 0 H z )

• F u z z y  V o ice  
• S y m p t o m —F u z z y  v o i c e  s o u n d s  s i m i l a r  t o  t h e  r a d i o  b e i n g  t u r n e d  u p  t o o  
l o u d  a n d  t h e  v o i c e  i s  s h a k y .  T h i s  m a y  o n l y  o c c u r  a t  c e r t a i n  s i g n a l  l e v e l s  
w i t h i n  t h e  s e n t e n c e  d e p e n d i n g  o n  t h e  l e v e l  o f  g a i n  a p p l i e d .  

• C a u s e —T h i s  i s  o f t e n  c a u s e d  b y  t o o  m u c h  g a i n  o n  t h e  s i g n a l ,  p o s s i b l y  
i n t r o d u c e d  a t  o n e  o f  a  n u m b e r  o f  p o i n t s  i n  t h e  n e t w o r k .  F o r  e x a m p l e ,  t h e  
s i g n a l  m a y  b e  o v e r d r i v e n  f r o m  t h e  P B X  o r  h i g h  g a i n  t h r o u g h  t h e  C i s c o  
U n i t y  T a g -s w i t c h e d  P a t h  ( T S P )  s e t t i n g .

• M u f f le d  V o ice  
• S y m p t o m —M u f f l e d  v o i c e  s o u n d s  s i m i l a r  t o  s p e a k i n g  w i t h  y o u r  h a n d  o v e r  
y o u r  m o u t h .

• C a u s e —A  c o m m o n  c a u s e  i s  a n  o v e r d r i v e n  s i g n a l  o r  s o m e  o t h e r  c a u s e  
t h a t  e l i m i n a t e s  o r  r e d u c e s  s i g n a l  l e v e l  a t  f r e q u e n c i e s  i n s i d e  t h e  k e y  r a n g e  
f o r  v o i c e  ( b e t w e e n  4 4 0  a n d  3 5 0 0 ) .

• S o f t  V o ice  
• C a u s e —S o f t  v o i c e  i s  u s u a l l y  c a u s e d  b y  t o o  m u c h  a t t e n u a t i o n  o n  s i g n a l  
p o s s i b l y  i n t r o d u c e d  a t  o n e  o f  a  n u m b e r  o f  p o i n t s  i n  t h e  n e t w o r k  ( s u c h  a s  
v o i c e  g a t e w a y  w h e n  t r y i n g  t o  r e d u c e  e c h o  o r  C i s c o  U n i t y  A G C  s e t t i n g s  f o r  
3 . 1 ( 3 ) ) .  

• T inny  V o ice  
• S y m p t o m —T i n n y  v o i c e  i s  s i m i l a r  t o  l i s t e n i n g  t o  a n  o l d -f a s h i o n e d  w i r e l e s s  
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Agenda
� Recognizing Voice Quality Issues
� C lassif ying Voice Quality A ttr ib utes T o Root C ause
� A d d r ess Voice Quality B y Im p lem enting Quality 
of  S er v ice ( QoS )

� P r oactiv e P lanning—IP  S er v ice L ev el A gr eem ent ( S L A )
� E ch o
� P r oactiv e A p p r oach  to F ix  E ch o and  Voice 
D istor tion P r ob lem s—N etw or k  T r ansm ission L oss 
P lanning ( N T L P )

� Reactiv e A p p r oach —T r oub lesh ooting
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Classifying Voice 
Q u alit y A t t r ib u t es 
t o t h e R oot  
Cau se
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P r o b l em  and R o o t  C au s e As s o c i at i o n

Gain Adjustment

P ac k et L o ss
D el ay
E c h o  R etur n L o ss

J itter
V AD

Ab so l ute S il enc e
F uz z y  V o ic e

S y nth etic  V o ic e

S o f t V o ic e
M uf f l ed V o ic e

C h o p p y  V o ic e

S tatic  and H issing

L istener  E c h o
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C l as s i f y i ng V o i c e Q u al i t y  At t r i b u t es  
t o  R o o t  C au s e

� Loss
� J i t t e r
� D e l a y
� S y n t h e t i c  v oi c e
� R ob ot i c  v oi c e
� C h op p y  v oi c e
� P e r i od s of  si l e n c e

Quality of 
S e r v ic e

N e tw or k
T r an s m is s ion
L os s  P lan

V A D ,  C od e c s

S yn c h r on iz ation ,  
C ab lin g

� G a i n  a d j u st m e n t
� E R L
� T a l k e r  e c h o
� Li st e n e r  e c h o
� T u n n e l  v oi c e
� F u z z y  v oi c e
� M u f f l e d  v oi c e
� T i n n y  v oi c e

� A b sol u t e  si l e n c e
� C l i p p i n g
� S t a t i c  a n d  h i ssi n g
� U n d e r w a t e r  v oi c e

� C r a c k l i n g
� C l i c k i n g
� C r osst a l k
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P r o ac t i v e v s .  R eac t i v e Ap p r o ac h es
� Proactive approach solves most problems
� Proactive approach d oes n ot solve all the problems
� Proactive method olog y

P l a n n i n g ,  D e si g n ,  I m p l e m e n t a t i on ,  O p e r a t i on s,  O p t i m i z a t i on  ( P D I O O )
N e t w or k  r e a d i n e ss a u d i t ,  I P  S LA ,  N e t w or k  T r a n sm i ssi on  Loss P l a n n i n g  
( N T LP ) ,  Q u a l i t y  of  S e r v i c e  ( Q oS )

� R eactive approach—too late in  the g ame
� A  f ix  to a specif ic problem call may  ad versely  ef f ect the 
en tire n etw ork

� R eactive tools
“sh ow  v oi c e  c a l l  a c t i v e ”
G a i n  a d j u st m e n t s,  t a i l  c ov e r a g e  a d j u st m e n t s,  V A D  t u n i n g ,  e t c .
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Agenda
� Recognizing Voice Quality Issues
� C lassif ying Voice Quality A ttr ib utes to Root C ause
� A d d r ess Voice Quality b y Im p lem enting Quality 
of  S er v ice ( QoS )

� P r oactiv e P lanning—IP  S er v ice L ev el A gr eem ent ( S L A )
� E ch o
� P r oactiv e A p p r oach  to F ix  E ch o and  Voice 
D istor tion P r ob lem s—N etw or k  T r ansm ission L oss 
P lanning ( N T L P )

� Reactiv e A p p r oach —T r oub lesh ooting
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A d d r ess Voice 
Q u alit y b y
I m p lem ent ing 
P r op er  Q oS
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Basic Guidelines for of Voice over IP

� Transmit voice traffic the fastest w ay  p ossib l e 
Delay is bad (worsens echo, awkward conversations, etc.)
M inim iz e as m any sou rces of  delay as p ossible 
G oal:  keep  delay to less than 1 5 0 m s

� Transmit V O I P  p ack ets as a stead y ,  smooth stream
A ny delay shou ld be consistent
I nconsistent delay is called “J itter”
C om p ensating  f or J itter creates additional delay

� D rop  any  p ack ets received  ou t of ord er 
V oice does not tolerate delays…it’s better to drop  the p acket
C O DE C  log ic can com p ensate f or som e drop p ed p ackets

� A b ove al l …it’s g otta sou nd  g ood  ( su b j ective)

• L o s s  m u s t  b e  c o n s t r a i n e d  t o  l e s s  t h a n  1 %  p a c k e t  l o s s  t o  k e e p  f r o m  
a f f e c t i n g  q u a l i t y .
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Elements that Affect End-to -End D elay

IP WAN

Campus B r an c h  O f f i c e

Ci sc o  Cal l M an ag e r
Cl ust e r

B r an c h
R o ut e r

PSTN

G . 7 2 9 A :  2 5  m s

CODEC

V a r i a b l e
( Can  B e  R e d uc e d

U si n g  L L Q )

Q u e u i n g

V a r i a b l e
(Can  B e  R e d uc e d

U si n g  L F I )

S e r i a l i z a t i o n

Ne t w o r k  D e l a y
( V a r i a b l e )

P r o p a g a t i o n
a n d  N e t w o r k

2 0 –5 0  m s

J i t t e r  B u f f e r

End-t o -End D e l a y  ( S h o u l d B e  <  1 5 0  m s )
A s  p e r  I T U  G . 1 1 4  Re c o m m e n d a t i o n s

• 6 . 3  µs / K m  +
N e t w o rk D e lay
( V ariab le )
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~ 6 m s e cQ u e u i n g  D e l a y  64  k b p s  T r u n k
3 m s e cS e r i a l i z a t i o n  D e l a y  64  k b p s  T r u n k

P a c k e t i z a t i o n  D e l a y —I n c l u d e d  i n  C o d e r  D e l a y
2 0 m s e cC o d e r  D e l a y  G . 7 2 9  ( 1 0  m s e c  p e r  F r a m e )
5 m s e cC o d e r  D e l a y  G . 7 2 9  ( 5 m s e c  L o o k  A h e a d )

~ 1 1 6 m s e cT o t a l :
~ 50 m s e cD e -J i t t e r B u f f e r

N e t w o r k  D e l a y  ( e . g . ,  P u b l i c  F r a m e  R e l a y  S v c )
32 m s e cP r o p a g a t i o n  D e l a y  ( P r i v a t e  L i n e s )

Variable 
D elay

F ix ed  
D elay

C o d e r  
D e l a y  2 5 m s

S e r i a l i z a t i o n  D e l a y  3 m s

D e -J i t t e r  B u f f e r
50  m s

Q u e u i n g
D e l a y  6 m s

L o s  A n g e l e s M u n i c h

P r o p a g a t i o n  D e l a y
32  m s  

(Private Line Network)

G o al:
L es s  t h an
1 5 0  m s
D elay

Calculate Delay Budget

N / A —P r i v a t e  L i n e
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D e-J i t t er  B u f f er  O p er at i o n

� When voice call starts, the de-j itter b u f f er f ills u p  to the 
q u iescent p oint

As voice frames arrive too fast, the queue fills
As voice frames arrive too slow ly , the queue emp ties

� D ep th of  q u eu e varies w ith netw ork  op eration
O ver-/-un d er flow  w ill cause g ap s in  sp eech an d  un d erw ater voice

Voice Frames
From N et w ork

Over Flow:
Q u eu e Fi lls  I f  
V oi c e Fra m e 

A rri ve T oo Fa s t

V ar i ab l e
A r r i v al  R at e
=  C od ec  Fra m e
R a t e + / – ∆

V VV VV V V VV V VV

F i x e d  
P l ay o ut  R at e
=  C od ec  Fra m e

R a t e
U n d er Flow:

Q u eu e E m p t i es  I f  
V oi c e Fra m e 

A rri ve t oo S low

Voice Frames
t o D S P  d ecod e

Q u i es c en t  P oi n t : 
S p ec i f i ed  i n  m S ec

N o r mal  O pe r at i n g
Q ue ue  D e pt h

V V V V V 
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Pr o v i s i o n i n g : A c c u r a t e l y  C a l c u l a t e  t h e  R e q u i r e d  B a n d w i d t h  
f o r  A l l  A p p l i c a t i o n s  Pl u s  E l e m e n t  O v e r h e a d

Enab li ng  Q o S  i n the W AN
QoS Approach Summary

Campus B r an c h  O f f i c e

Ci sc o  Cal l M an ag e r
Cl ust e r

S R S T
R o ut e r

IP WAN

PSTN

C l a s s i f i c a t i o n : M a r k  t h e  Pa c k e t s  w i t h  a  Sp e c i f i c  Pr i o r i t y  D e n o t i n g  a  
R e q u i r e m e n t  f o r  C l a s s  o f  Se r v i c e  f r o m  t h e  Ne t w o r k

Tr u s t  B o u n d a r y : D e f i n e  a n d  E n f o r c e  a  Tr u s t  B o u n d a r y  a t  t h e  Ne t w o r k  E d g e

Sc h e d u l i n g : A s s i g n  Pa c k e t s  t o  O n e  o f  M u l t i p l e  Q u e u e s  ( B a s e d  o n  
C l a s s i f i c a t i o n )  f o r  E x p e d i t e d  Tr e a t m e n t  Th r o u g h  t h e  Ne t w o r k
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S R S T
R o ut e r

Enab li ng  Q o S  i n the W AN
O v e ral l  QoS D e s i g n  Summary

IP WAN

Campus
B r an c h  O f f i c e

Ci sc o  Cal l M an ag e r
Cl ust e r PSTN

� I n l i n e  po w e r
� M ul t i pl e  Q s
� 8 0 2 . 1 p/ Q
� F ast  l i n k
c o n v e r g e n c e

Ca m p u s
A c c e s s

� M ul t i pl e  Q s
� 8 0 2 . 1 p/ Q
� Cl assi f i c at i o n
� R e c l assi f i c at i o n

Ca m p u s  
Di s t r i b u t i o n

� M ul t i pl e  Q s
� 8 0 2 . 1 p/ Q  
� T r af f i c  sh api n g
� L i n k  e f f i c i e n c y
( L F I ,  c R T P )

� Cl assi f i c at i o n
� R e c l assi f i c at i o n

W A N  
A g g r e g a t i o n

� M ul t i pl e  Q s
� 8 0 2 . 1 p/ Q
� L i n k  e f f i c i e n c y
( L F I ,  c R T P )

� Cl assi f i c at i o n
� R e c l assi f i c at i o n

B r a n c h  Ro u t e r

� I n l i n e  po w e r
� M ul t i pl e  Q s
� 8 0 2 . 1 p/ Q

B r a n c h  S w i t c h

Bandwidth
P r o v is io ning
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Voice

CBWFQ Fragment

I n t e r l e a v e

WFQ

Link Fragmentation
and  I nterl eav e

Low  Latenc y  Q u eu ing

P a c k e t s
O u t

P a c k e t s
I n

P o l i c e

Vid eo

Network Infrastructure and QoS
Scheduling in the WAN

Be s t  E f f o r t

S i g n a l i n g
T X
R i n g

Cr i t i c a l  D a t a

L a y er  3  Q u eu in g  S u b s y s t em L a y er  2  Q u eu in g  S u b s y s t em

P Q

Y ou  C a n n ot  P u t  L a rg e ( i . e. ,  V i d eo)  P a c k et s  i n  t h e P Q  
wi t h  V oi c e P a c k et s  S i n c e T h ey  W i ll B e D i s c a rd ed  
a n d  S u b s eq u en t ly  R ec ei ve “B es t  E f f ort ” T rea t m en t .

R ec om m en d a t i on : P u t  L on g er V i d eo/ M ed i a  P a c k et s  i n t o C B W FQ

• M i s l e a d i n g !  W h e n  y o u  h a v e  V i d e o ,  w e  d o n ’t  r e c o m m e n d  r u n n i n g  a t  b e l o w  
7 6 8 K b p s ,  s o  t h e r e  i s  n o  n e e d  f o r  L F I ! ! !
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c l a s s -m a p  c l a s s -d e f a u l t
m a t c h  a n y  
c l a s s -m a p  m a t c h -a l l  v o i c e
m a t c h  i p  d s c p  e f
Cl a s s -m a p  m a t c h -a l l  v o i c e -c o n t r o l
m a t c h  i p  d s c p  a f 3 1  ;  o r  CS 3
!
p o l i c y -m a p  W A N
c l a s s  v o i c e
p r i o r i t y  p e r c e n t  3 3

c l a s s  v o i c e -c o n t r o l
b a n d w i d t h  p e r c e n t  2

c l a s s  c l a s s -d e f a u l t
f a i r -q u e u e

!
i n t e r f a c e  S e r i a l 0 / 1
i p  a d d r e s s  1 0 . 1 . 6 . 2  2 5 5 . 2 5 5 . 2 5 5 . 0
b a n d w i d t h  1 2 8
n o  i p  d i r e c t e d -b r o a d c a s t
s e r v i c e -p o l i c y  o u t p u t  W A N
!

Enab li ng  Q o S  i n the W AN
L L Q E x ampl e

L L Q

Cl assi f y

D e -
q ue ue

2 2

3 3

c l a s s -m a p  De f a u l t  =  Re m a i n i n g

3 2 1 2 11 1 2 8
k b ps

c l a s s -m a p  V o i c e  =  1 7 %

11P r i o r i t y  
Q ue ue

CB W F Q

A n y  P a c k e t  w i t h  DS CP  =  4 6  
( P H B = EF )  G e t s  A s s i g n e d  
t o  a  Cl a s s  t h a t  W i l l  G e t  a  
H i g h  P r i o r i t y  Q u e u e  w i t h  
3 3 %  B a n d w i d t h

• C Q  v s  C B W F Q :
• s p e c i f y  t h e  a c t u a l  r a t e s  ( K b p s )  f o r  C B W F Q ;  C Q  s p e c i f y  t h e  # b y t e s t o  s e n d  ( e x t r a  
m a t h  f o r  c o n f i g )

• C Q  1 6  q u e u e s ;  C B W F Q  6 4
• W R E D  n o t  s u p p o r t e d  w i t h  C Q ;  i t  i s  w i t h  C B W F Q
• R S V P  o n l y  s u p p o r t e d  w i t h  C B W F Q
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C e n t r a l
Si t e

F r a m e  R e l a y
o r  AT M

T1

T1 T16 4k b p s T1

CI R  =
6 4  k b psR e m o t e  Si t e s

Enab li ng  Q o S  i n the W AN
T raf f i c Shapi n g

L i n eRa t e
R

Tr a f f i c  Sh a p i n g  L i m i t s  t h e  Tr a n s m i t
R a t e  t o  a  V a l u e  ( R )  L o w e r  t h a n  L i n e  R a t e

W i t h o ut  T r af f i c  S h api n g

W i t h  T r af f i c  S h api n g

Why Is It Needed
L ine  s p e e d m is m atc h
R e m o te  to  c e ntr al  s ite  
o v e r -s u b s c r ip tio n
T o  p r e v e nt b u r s ting  
ab o v e  ‘s u s tainab l e  r ate ’

1
2
3

21 3
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E nab l i ng  QoS i n th e W A N
L ink  F r a gm enta tio n a nd I nter lea v ing ( L F I )

Mechanisms:
P t  t o P t  L in k s :   M L P P P
F r a m e R el a y :   F R F . 1 2  
A T M :   M L P P P  ov er  A T M
A T M / F r a m e-R el a y  S I W :   M L P P P  ov er  A T M  a n d  F R

E l as tic  T raf f ic  M T UR e a l -T i m e  M T U
2 1 4  m s  S er ia l iz a t ion  D el a y

f or  1 5 0 0  B y t e F r a m e a t  5 6  k b p s

B ef ore

E l a s t i c  M T U R e a l -T i m e  M T UE l a s t i c  M T U E l a s t i c  M T UA f ter

Fragmentation and Interleave not Needed on Links Greater Than 768  kb p s
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B andw i dth U sag e G . 7 2 9  Ex amp le

6 0  b y t e s / p a c k e t  x  5 0  P P S  x  8  b i t s / b y t e  =  24  K b p s
22 b y t e s / p a c k e t  x  5 0  P P S  x  8  b i t s / b y t e  =  8 . 8  K b p s

No cRTP: IP U D P R T P P a yl o a d
20 +      8     +    12    +      20        =  6 0  B y t e s

c R T P P a yl o a d
2     +      20        =  22 B y t e s

W i t h  cRTP:

140.8 Kbps
7 0.4 Kbps
2 6 .4 Kbps
c R T P

39 8 Kbps16L a r g e
19 2  Kbps8M e d i u m
7 2  Kbps3S m a l l
R T PV o I P  T r u n k sB r a n c h  S i z e
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2 5 6  Kbps
2 5 6  Kbps
12 8 Kbps

A v a i l a bl e  B W

140.8 Kbps
7 0.4 Kbps
2 6 .4 Kbps
c R T P

39 8 Kbps16L a r g e
19 2  Kbps8M e d i u m
7 2  Kbps3S m a l l

L o c a t i o n s B WM a x  C a l l sB r a n c h  S i z e

C all Admi ssi o n C o ntr o l ( C AC )  L o cati o ns
W h y  C A C ?

B o a t  C a p a c i t y  =  5  P e r s o n s

W h e n  t h e  S i x t h  P e r s o n  
C l i m b s  A b o a r d  
E v e r y b o d y  G e t s  W e t  
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Enabling QoS in the WAN
� Use LLQ anytime VoIP over the WAN is involved
� T raf f ic  shap ing  is a req u irement f or F rame R elay/
AT M  environments

� Use LF I tec hniq u es f or all link s b elow  7 6 8 K b p s
Don’t  u s e  L F I  f or  a ny  v i d e o ov e r  I P  a p p l i c a t i ons

� Prop erly p rovision the WAN b andw idth
� C all admission c ontrol is a req u irement w here VoIP 
c alls c an over-su b sc rib e the p rovisioned B W 

� Use c R T P c aref u lly
� M ap  QoS  f rom L3  ( IP Prec  or D S C P)  to L2  ( 8 0 2 . 1 p )  
at remote b ranc hes if  sw itc h is L2  only

Sum m a r y
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M or e  I n f or m a t i on  on  Q oS
� QoS Design Guide:

http://www.cisco.com/go/srnd
� N et w or k er s 2 0 0 8 :

http://www.cisco.com/we b /e u rope /cisco-
ne twork e rs/2 0 0 8 /inde x .html
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A g e n d a
� R ec ogniz ing V oic e Qua l it y  I ssues
� C l a ssif y ing V oic e Qua l it y  A t t r ib ut es t o R oot  C a use
� A ddr ess V oic e Qua l it y  b y  I m p l em ent ing Qua l it y  
of  Ser v ic e ( QoS)

� P r oa c t iv e P l a nning—I P  Ser v ic e L ev el  A gr eem ent  ( SL A )
� E c h o
� P r oa c t iv e A p p r oa c h  t o F ix  E c h o a nd V oic e 
Dist or t ion P r ob l em s—N et w or k  T r a nsm ission L oss 
P l a nning ( N T L P )

� R ea c t iv e A p p r oa c h —T r oub l esh oot ing
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Proactive Planning
I P S L A
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I P  H o s t

H o w  D o es C i sco  I P  S L A W o r k ?
M a n a g e m e n t
A p p l i c a t i o n

C o n f i g u r e

SNM P  Tr a p
C o l l e c t  D a t a

R e c o n f i g u r e
T r i g g e r  Ot h e r  Op e r a t i o n s  

B a s e d  o n  T h r e s h o l d s / T i m e o u t s  

I P  S L A

���
�����

�

M e a s u r e

Measure Performance

I P  S L A  R e spo n d e r
Ta r g e tSo u r c e
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IP SLAs End to End Measurements

IP SLAs N etw ork  to Serv er Measurements

PST N

IP
W AN

H eadq uarters B ranc h

IP SLAs W AN  Measurements

C i s co I O S  I P S L A f or  V oI P  
� Measurements between any two network points on any path
� C ontinuous,  rel iabl e,  pred ic tabl e perf ormanc e monitoring
� C isc o I O S ® I P  S L A s threshol d s and  hop-by-hop d etail s isol ate probl ems

AA
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I P S L A  V oI P M e a s u r e m e n t s

Headquarters

D ata C en ter

Seattle
S al es O f f i c e

L . A .
S al es O f f i c e

San  J o s e
S al es O f f i c e

N ew  Y o r k
S al es O f f i c e

B o s to n
S al es O f f i c e

C i sc o  
C al l M an ag er

C l uster

C lev elan d D etr o i t

Gatekeeper

IP SLAIP SLA

R eg i s tr ati o n
D elay

D i s c o v er y
D elay

P o s t D i al  D el ay
IP SLA

R esp o n der
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2

D S P -B ased I P  S L A M easu r ements
� Call setup with Session Initiation Protocol (SIP) and establish R T P 
session between two end points (D SP to D SP)

� A lso m easure f rom  D SP based source to any  Cisco end point
� M easure V oIP statistics f rom  the D SP,  so that it can be presented 
to the user (v ia com m and-line interf ace (CL I) and SN M P)

� V oIP statistics f rom  Cisco A S5 X X X ,  2 6 0 0 ,  2 8 0 0 ,  3 6 0 0 ,  3 7 0 0 ,  
3 8 0 0 ,  and 7 2 0 0  Series

I P  S L A

Co d e c  S i mul at i o n
D S P  

I n t e r f ac e
D S P  

I n t e r f ac e

R e spo n d e r  
1 Cal l  S e t up

R T P  S t r e am

• K e y  m e s s a g e s :
• A  s u m m a r y  o f  t h e  s e r v i c e s  w e ’v e  l o o k e d a t —a n d w h e r e  i n  t h e  n e t w o r k  t h e y  
w o u l d b e  m o s t  u s e f u l

• A v a i l a b i l i t y  m u s t  b e  e n d-t o -e n d b u t  N O T  n e c e s s a r i l y  t h e  s a m e  f u n c t i o n a l i t y  i n  
e a c h  p a r t  o f  t h e  n e t w o r k .

• D i f f e r e n t  n e e ds  w i t h i n  t h e  b o x ,  b e t w e e n  E N T  a n d S P ,  w i t h i n  S P
• N o t i c e  c e r t a i n  f e a t u r e s  s p a n  m u l t i p l e  de m a r c a t i o n s  – f a s t  c o n v e r g e n c e ;  N S F -
a w a r e n e s s  a n d N S F / S S O  w o r k  t o g e t h e r

• T h i s  i s  p a r t i c u l a r l y  w h a t  g i v e s  u s  t h e  a b i l i t y  t o  p r o t e c t  y o u  e n d-t o -e n d t h e  N e t w o r k  
o f  N e t w o r k s

• T h e  s e r v i c e s  t h a t  e a s e  o p e r a t i o n s  a r e  a l s o  u s e f u l  a c r o s s  t h e  b o a r d,  a s  c a n  b e  
e x p e c t e d
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Responder

� Responder factors out destination processing time 
mak ing resul ts h igh l y  accurate

� Responder al l ow s for one-w ay  measurements for 
l atency ,  j itter,  pack et l oss,  and M O S

The Responder Takes Two Timestamps (T2 and T3) 

S ou rc e Rou ter
Responder

Targ et Rou ter

T 1

T 4
T 3

T 2

∆ =  T 3  - T 2

• Control Sequence Open up UDP ports.
• I P  S L A  u s e s  a  c o n t r o l  m e s s a g e  o n  U D P  p o r t  1 9 6 7  b u t  t h e  r e s p o n de r r e p l i e s  b a c k  
t o  t h e  c o n t r o l  p o r t  o n  a n o t h e r  U D P  p o r t  n u m b e r .   D o n ’t  k n o w  w h a t  i t  i s  b u t  i t  i s  a  
h i g h  p o r t  n u m b e r .

• T h e  c o n t r o l  p r o c e s s  i s  a s  f o l l o w s .   I P  S L A  s e n ds  c o n t r o l  w i t h  t y p e ,  a n d u dp  p o r t  
a n d du r a t i o n  o f  p r o b e s ,  f o r  t h i s  c y c l e .

• R e s p o n de r  A c k  c o n t r o l  p r o b e  b u t  o n  a n o t h e r  p o r t .  D o n ’t  k n o w  w h a t  t h e  n u m b e r  i s  
b u t  i t  i s  h i g h .

• R e s p o n de r  t h e n  o p e n s  u p  u dp  p o r t  f o r  t h e  du r a t i o n  a s  i n s t r u c t e d i n  c o n t r o l  p a c k e t .
• R e s p o n de r  r e c e i v e d p r o b e s  a n d t h e n  c l o s e s .
• R e s p o n de r  i s  a c k n o w l e dg i n g  p r o b e s  a s  i t  r e c e i v e s  t h e m .

• I P SL A  R esponse Ca lcula ti on
• S o u r c e  R o u t e r  I P  S L A  p r o c e s s i n g  de l a y  = T 5 -T 4
• R e s p o n de r  p r o c e s s i n g  de l a y  =  T 3 -T 2
• R T T  i s  T 5 -T 1  m i n u s  I P  S L A  a n d r e s p o n de r  p r o c e s s i n g  de l a y s .
• R T T  =  T 5 -( t 1 -dS + dT )
• dT  =  D e l t a  o n  T a r g e t  R o u t e r ,  dS  i s  de l t a  o n  s o u r c e .
• P o i n t s  t o  m a k e  a b o u t  t h i s  s l i de .
• I P  S L A  p r o b e  e n t e r s  o u t p u t  i n t e r f a c e  q u e u e s  a s  a n y  o t h e r  p a c k e t  i f  y o u  s e t  
p r e c e de n t  b i t s  i s  w i l l  g o  t o  t h e  b a c k  o f  t h e  a p p r o p r i a t e  q u e u e .

• T h e  dt  a n d ds  t i m e s  a r e  R o u t e r  p r o c e s s i n g  t i m e  t h e s e  a r e  t h e  r e m o v e d f r o m  a l l  
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C i sco  I P  S L A O p er ati o n w i th 
R esp o nder  C o ntr o l P r o to co l

IP SLA Sender IP SLA R es p o nderC o nt ro l  M es s a g e As k  R ec ei v er t o  
O p en Po rt  2 0 2 0  o n U D P)

Sendi ng  T es t  Pa c k et s
St a rt  Li s t eni ng  o n
U D P Po rt  2 0 2 0

U D P,  2 0 2 0

D o ne:  St o p  Li s t eni ng

C o nt ro l
Ph a s e

Pro b i ng
Ph a s e

R es p o nder Sa y s  O K
R es p o nder C a n D eny

• T h e  r e s p o n de r ,  b a s e d o n  t h e  t y p e  o f  o p e r a t i o n ,  p u t  t i m e s t a m p s  o n t h e  r e t u r n  
p a c k e t s  f o r  a c c u r a c y .

• T h e  S o u r c e  R o u t e r  c o m p u t e s  a l l  t h e  r e s p o n s e  t i m e  m e a s u r e m e n t s .  
• U s e s  U D P ,  de f a u l t  p o r t  i s  1 9 6 7  b u t  i s  c o n f i g u r a b l e  >

• i s  t h e  p o r t  n u m b e r ,  1 9 6 7 ,  u s e d i n  t h e  c o n t r o l  p r o t o c o l  b e t w e e n  s o u r c e  a n d 
• >  t a r g e t  r o u t e r  ( r e s p o n de r  e n a b l e d)  p o s s i b l e  t o  c o n f i g u r e ?  i f  s o h o w ?
• N o ,  i t ' s  f i x e d.

• >  a c l  n e e ds  t o  b e  o p e n  f o r  t h a t  p o r t  i n  t h e  r o u t e r ,
• >  t h a t  c o u l d b e  a  p r o b l e m  f o r  s o m e  c u s t o m e r s ,

• T r u e  - b u t  h a v i n g  t h e  a b i l i t y  t o  c h a n g e  t h e  c o n t r o l  p r o t o c o l  p o r t  n u m b e r
• w i l l  n o t  c h a n g e  a n y t h i n g .  A c c e s s -l i s t s  s t i l l  n e e ds  t o  b e  o p e n .

• O n  t h e  o t h e r  s i de ,  y o u  c a n  r e s t r i c t  o n  t h e  de s t i n a t i o n  r o u t e r  w h o  c a n
• a c c e s s  t h a t  p o r t .  T h i s  i s  w h a t  I  r e c o m m e n de d i n  m y  p r e s e n t a t i o n .

• E .
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Source #
l og g i n g  on  
i p  s l a  m on i t or 1 0  
t y p e j i t t er d es t -i p a d d r 2 0 9 . 1 6 5 . 2 0 0 . 2 2 5  d es t -p ort  1 6 3 8 4  

cod ec g 7 1 1 a l a w a d v a n t a g e-f a ct or 2  
ow n er a d m i n
t a g  j i t t er-w i t h -v oi ce-s cores
i p  s l a  m on i t or s ch ed ul e 1 0  s t a rt -t i m e n ow  
i p  s l a  m on i t or rea ct i on -con f i g ura t i on  1 0  rea ct m os

t h res h ol d -t y p e i m m ed i a t e t h res h ol d -v a l ue 4 9 0  2 5 0  a ct i on -
t y p e t ra p O n l y  

i p  s l a  m on i t or l og g i n g  t ra p s     

s n m p -s erv er h os t  1 0 . 1 0 . 1 0 . 1 0  v ers i on  2 c p ub l i c 
s n m p -s erv er en a b l e t ra p s  s y s l og  

S e t  D e f aul t  V al ue s f o r :
• c o d e c -n umpac k e t s,  
• c o d e c -si z e ,  an d
• c o d e c -i n t e r v al  

c o n n e c t i o n L o s s ,
j i t t e r A v g ,
j i t t e r D S A v g ,  
j i t t e r S D A v g ,  
M o s ,
P a c k e t L o s s D S ,  
P a c k e t L o s s S D
R t t ,  
T i m e o u t ,  
v e r i f y E r r o r

V o I P  U D P  J i tter  O p er ati o n Ex amp le
� Sim ulating  G . 7 1 1  A -L aw codec (6 4  k bps T ransm ission) V oIP Call

T o  T r an sl at e  S y sl o g  i n t o  T r aps

E n a b l e  S p e c i f i c  I P  S L A  S y s l o g  M e s s a g e s

N o t e :  “L o g g i n g  o n ” c o n t r o l s  ( e n a b l e s  o r  d i s a b l e s )  s y s t e m  m e s s a g e  l o g g i n g  g l o b a l l y
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U D P  J i tter  O p er ati o n:  O u tp u t ( 1 / 3 )
Router#sh ip sla monitor op 1

C urrent O perational S tate
E ntry  N umb er:  1
M od if ic ation T ime:  0 8 : 2 2 : 3 4 . 0 0 0  P D T  T hu A ug  2 2  2 0 0 2
D iag nostic s T ex t:  
L ast T ime this E ntry  w as Reset:  N ev er
N umb er of  O c tets in use b y  this E ntry :  15 9 4
N umb er of  O perations A ttempted :  1
C urrent S ec ond s L ef t in L if e:  5 7 4
O perational S tate of  E ntry :  ac tiv e
L atest O peration S tart T ime:  0 8 : 2 2 : 3 4 . 0 0 0  P D T  T hu A ug  2 2  2 0 0 2
L atest O per S ense:  ok
RT T  V alues:
N umO f RT T :  9 9 7    RT T S um:  4 5 8 111  RT T S um2 :  2 3 8 13 5 9 7 3
P ac k et L oss V alues:
P ac k etL ossS D :  3  P ac k etL ossD S :  0
P ac k etO utO f S eq uenc e:  0   P ac k etM I A :  0     P ac k etL ateA rriv al:  0
I nternalE rror:  0         B usies:  0
( c ont…)

T h ree Pa c k et s  Lo s t  
S → D  O u t  o f  1 , 0 0 0  Sent

Av era g e R T T  W a s  
4 5 8 1 1 1 / 9 9 7  =  4 5 9 m s
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U D P  J i tter  O p er ati o n:  O u tp u t ( 2 / 3 )

(…c o n t )
J i t t e r  V a l u e s :
M i n O f P o s i t i v e s S D :  1      M a x O f P o s i t i v e s S D :  2 4 9
N u m O f P o s i t i v e s S D :  1 9 7    S u m O f P o s i t i v e s S D :  8 7 9 2   S u m 2 P o s i t i v e s S D : 7 9 4 8 8 4
M i n O f N e g a t i v e s S D :  1      M a x O f N e g a t i v e s S D :  1 5 8
N u m O f N e g a t i v e s S D :  7 6 1    S u m O f N e g a t i v e s S D :  8 8 1 1   S u m 2 N e g a t i v e s S D : 1 3 9 2 9 9
M i n O f P o s i t i v e s D S :  1      M a x O f P o s i t i v e s D S :  2 7 3
N u m O f P o s i t i v e s D S :  3 1 7    S u m O f P o s i t i v e s D S :  7 5 4 4   S u m 2 P o s i t i v e s D S : 5 8 1 4 5 8
M i n O f N e g a t i v e s D S :  1      M a x O f N e g a t i v e s D S :  1 8 3
N u m O f N e g a t i v e s D S :  6 0 3    S u m O f N e g a t i v e s D S :  6 9 6 7   S u m 2 N e g a t i v e s D S : 3 3 6 1 3 5
I n t e r a r r i v a l  j i t t e r o u t :  1 6       I n t e r a r r i v a l  j i t t e r i n :  3 5
O n e  W a y  V a l u e s :
N u m O f O W :  0
O W M i n S D :  0       O W M a x S D :  0       O W S u m S D :  0       O W S u m 2 S D :  0
O W M i n D S :  0       O W M a x D S :  0       O W S u m D S :  0       O W S u m 2 D S :  0

D es t i na t i o n t o  So u rc e J i t t erSo u rc e t o  D es t i na t i o n J i t t er

N o  Sy nc h ro  B et w een 
C l o c k s :  Al l  Z ero es

S e e  N e x t  S l i d e
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Source# show ip sla monitor operation-state 5
C urren t  O p era t i on a l  St a t e

…
Voice Scores:
I C P I F V a l ue:  2 0  M O S s core:  3 . 2 0
R T T  Va l u es:
N um O f R T T :  1 1     R T T A v g :  2 5 8 3     R T T M i n :  7 1 1      R T T M a x :  4 6 9 9
R T T Sum :  2 8 4 2 2    R T T Sum 2 :  9 2 6 4 4 2 7 2
P a ck et  L oss Va l u es:
P a ck et L os s SD :  0  P a ck et L os s D S:  0
P a ck et O ut O f Seq uen ce:  0   P a ck et M I A :  9 8 9   P a ck et L a t eA rri v a l :  5 6
I n t ern a l E rror:  0         B us i es :  0
J it t er Va l u es:
M i n O f P os i t i v es SD :  1      M a x O f P os i t i v es SD :  2 4 9
N um O f P os i t i v es SD :  1 9 7    Sum O f P os i t i v es SD :  8 7 9 2   Sum 2 P os i t i v es SD : 7 9 4 8 8 4
M i n O f N eg a t i v es SD :  1      M a x O f N eg a t i v es SD :  1 5 8
N um O f N eg a t i v es SD :  7 6 1    Sum O f N eg a t i v es SD :  8 8 1 1   Sum 2 N eg a t i v es SD : 1 3 9 2 9 9
M i n O f P os i t i v es D S:  1      M a x O f P os i t i v es D S:  2 7 3
N um O f P os i t i v es D S:  3 1 7    Sum O f P os i t i v es D S:  7 5 4 4   Sum 2 P os i t i v es D S: 5 8 1 4 5 8
M i n O f N eg a t i v es D S:  1      M a x O f N eg a t i v es D S:  1 8 3
N um O f N eg a t i v es D S:  6 0 3    Sum O f N eg a t i v es D S:  6 9 6 7   Sum 2 N eg a t i v es D S: 3 3 6 1 3 5
I n t era rri v a l  j i t t erout :  1 6       I n t era rri v a l  j i t t eri n :  3 5
O n e W a y  V a l ues :
N um O f O W :  0
O W M i n SD :  0       O W M a x SD :  0       O W Sum SD :  0       O W Sum 2 SD :  0
O W M i n D S:  0       O W M a x D S:  0       O W Sum D S:  0       O W Sum 2 D S:  0

V o I P  U D P  J i tter  O p er ati o n:  O u tp u t ( 3 / 3 )
SD :  So u rc e t o  D es t i na t i o n
D S:  D es t i na t i o n t o  So u rc e
O W :  O ne-W a y  D el a y

N o t e :  N e w  C L I  s h o w n  a s  e x a m p l e  w i l l  b e  a v a i l a b l e  i n  R e l e a s e  1 2 . 3 ( p i 6 ) T  ( Q 1  C Y ’0 5 )
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Agenda
� Recognizing Voice Quality Issues
� C lassif ying Voice Quality A ttr ib utes to Root C ause
� A d d r ess Voice Quality b y Im p lem enting Quality 
of  S er v ice ( QoS )

� P r oactiv e P lanning—IP  S er v ice L ev el A gr eem ent ( S L A )
� E ch o
� P r oactiv e A p p r oach  to F ix  E ch o and  Voice 
D istor tion P r ob lem s—N etw or k  T r ansm ission L oss 
P lanning ( N T L P )

� Reactiv e A p p r oach —T r oub lesh ooting
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Echo
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Talker Echo
� Talker echo occurs when a talker’s sp eech energ y ,  transm i tted  
d own the p ri m ary  si g nal p ath,  i s coup led  i nto the recei v e p ath f rom  
the f ar end ;  the talker then hears hi s/ her own v oi ce,  d elay ed  b y
the total echo p ath d elay  ti m e;  i f  the ‘echoed ’ si g nal has suf f i ci ent 
am p li tud e and  d elay ,  the result can b e annoy i ng  to the custom er 
and  i nterf ere wi th the norm al sp eech p rocess;  talker echo i s 
usually  a d i rect result of  the 2 -wi re to 4 -wi re conv ersi on that 
takes p lace throug h ‘hy b ri d ’ transf orm ers 

John
S a n Jos e

Ja ne
N e w  Y or k

Jane’s  V o i c e

E c h o  o f  Jo h n’s  V o i c e

Talker Echo (Most Common)
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L i s t en er Echo
� L i stener echo occurs at the f ar-end  b y  ci rculati ng  v oi ce energ y ;  
ag ai n,  li stener echo i s g enerally  caused  b y  the 2 W / 4 W  ‘hy b ri d ’
transf orm ers;  caused  b y  the “echo b ei ng  echoed ”;  the talker’s 
v oi ce i s echoed  b y  the f ar end  hy b ri d  and  when the echo com es 
b ack to the li stener,  the hy b ri d  on the li stener’s si d e echoes the 
echo b ack toward s the li stener;  the ef f ect i s the p erson li steni ng  
hears the talker and  an echo of  the talker

John’s  V oi c e

D el ay ed  E c h o  o f  Jo h n’s  V o i c e

John
S a n Jos e

Ja ne
N e w  Y or k

L i stener Echo (L ess Common)
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S o u r c es  o f  E c h o

S1 S2

H Y B R I D H Y B R I D

F o u r - w i r e  T r u n k
T w o - w i r e
Su b s c r i b e r

l o o p
T w o - w i r e
Su b s c r i b e r

l o o p

E c h o

E c h o

+
-

Tx

R x

2-W i r e  S u b s c r i b e r  L o o p
X f m r

4-W i r e  T r u n k R sR s
ZL

Z ?  

S c h e m a t i c  o f  a  H y b r i d  C i r c u i t

A n y  M i s m a t c h  o f  
I m p e d a n c e  v s .  ZLW i l l  C a u s e  t h e  T x  
S i g n a l  t o  A p p e a r  
o n  R x ,  T h i s  I s  
H y b r i d  E c h o

H y b r i d E c h o

Earpiece

M icro ph o n e

Ech o

Ac o u s t i c
E c h o
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Eli m i n at i n g  Echo
L ev erag i ng  Echo Canceller

� So, how do I get rid of echo? 
� G iv e the echo ca n cel l er en ou gh in form a tion  to dis tin gu is h b etween  echo 
a n d n orm a l  con v ers a tion ;  the on l y  p a ra m eters  y ou  ha v e con trol  ov er a re:

Input level (input gain)
O utput level (o utput attenuatio n)
E c h o  c anc eller  c o ver age

T a i l  C i r c u i t

IP Network

R i n R o u t

S i nS o u t -

ACOM

ERLE

E R L

O u t p u t  A t t e n u a t i o n

I n p u t  G a i n

• Output Attenuation o f  a  s i g n a l  i s  p e r f o r me d  A F T E R  t h e  e c h o  
c a n c e l l e r  h a s  ‘s e e n ’ t h e  o r i g i n a l  o u t p u t  s i g n a l .

• I nput G ain o f  a  s i g n a l  i s  p e r f o r me d  B E F O R E  t h e  e c h o  c a n c e l l e r  
h a s  ‘s e e n ’ t h e  e c h o .  

• E c h o C anc el  C ov er ag e i s  t h e  a mo u n t  o f  t i me  t h e  E c h o  C a n c e l l e r  
w i l l  ‘R e me mb e r ’ a  s i g n a l  t h a t  h a s  b e e n  o u t p u t .  T h i s  p a r a me t e r  mu s t  
b e  s e t  t o  a  v a l u e  g r e a t e r  t h a n  t h e  t i me  i t  t a k e s  t h e  e c h o  t o  r e t u r n  
b a c k  t o  t h e  g a t e w a y .  

• E c h o R etur n L os s  E nh anc em ent ( E R L E )  r e f e r s  t o  t h e  a d d i t i o n a l  
e c h o  l o s s  o b t a i n e d  t h r o u g h  t h e  o p e r a t i o n  o f  t h e  e c h o  c a n c e l l e r .  A n  
e c h o  c a n c e l l e r  i s  n o t  a  p e r f e c t  d e v i c e ,  a n d  t h e  b e s t  i t  c a n  d o  i s  
a t t e n u a t e  t h e  l e v e l  o f  t h e  r e t u r n i n g  e c h o .   E R L E  i s  a  me a s u r e  o f
t h i s  e c h o  a t t e n u a t i o n  t h r o u g h  t h e  e c h o  c a n c e l l e r .   I t  i s  t h e  
d i f f e r e n c e  i s  l e v e l  ( i n  d B )  b e t w e e n  t h e  s i g n a l  a r r i v i n g  f r o m t h e t a i l  
c i r c u i t  a t  t h e  S i n  t e r mi n a l  o f  t h e  e c h o  c a n c e l l e r  a n d  t h e  l e v e l  o f  t h e  
s i g n a l  l e a v i n g  t h e  e c h o  c a n c e l l e r  ( a n d  e n t e r i n g  t h e  n e t w o r k )  a t  t h e  
S o u t  t e r mi n a l .

• AC OM  ( ak a Ac om b ined )  i s  s i mp l y  t h e  t o t a l  e c h o  r e t u r n  l o s s  s e e n  
a c r o s s  t h e  R i n  a n d  S o u t  t e r mi n a l s  o f  t h e  e c h o  c a n c e l l e r ,  a n d  i s  t h e  
s u m E R L  +  E R L E .   I t  i s  t h e  e c h o  r e t u r n  l o s s  s e e n  b y  t h e  n e t w o r k .

• ERL = Echo return loss through tail = Rout - S in ( d B )  
• ERLE = Echo return loss enhancem ent through echo 
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D ef i ni t i o ns
� Output Attenuation of  a s ig nal  is  per f or m ed  af ter th e ec h o c anc el l er  h as  ‘s een’ th e 

or ig inal  output s ig nal
� I nput G ain of  a s ig nal  is  per f or m ed  b ef or e th e ec h o c anc el l er  h as  ‘s een’ th e ec h o
� E c h o C anc el  C ov er ag e is  th e am ount of  tim e th e E c h o C anc el l er  w il l  ‘R em em b er ’ a 

s ig nal  th at h as  b een output;  th is  par am eter  m us t b e s et to a v al ue g r eater  th an th e 
tim e it tak es  th e ec h o to r etur n b ac k  to th e g atew ay

� E c h o R etur n L os s  E nh anc em ent ( E R L E )  r ef er s  to th e ad d itional  ec h o l os s  ob tained  
th r oug h  th e oper ation of  th e ec h o c anc el l er ;  an ec h o c anc el l er  is  not a per f ec t 
d ev ic e,  and  th e b es t it c an d o is  attenuate th e l ev el  of  th e r etur ning  ec h o;  E R L E  is  
a m eas ur e of  th is  ec h o attenuation th r oug h  th e ec h o c anc el l er ;  it is  th e d if f er enc e is  
l ev el  ( in d B )  b etw een th e s ig nal  ar r iv ing  f r om  th e tail  c ir c uit at th e S in ter m inal  of  th e 
ec h o c anc el l er  and  th e l ev el  of  th e s ig nal  l eav ing  th e ec h o c anc el l er  ( and  enter ing  
th e netw or k )  at th e S out ter m inal

� AC OM ( a. k . a.  Ac om b ined )  is  s im pl y  th e total  ec h o r etur n l os s  s een ac r os s  th e R in 
and  S out ter m inal s  of  th e ec h o c anc el l er ,  and  is  th e s um  E R L  +  E R L E ;  it is  th e 
ec h o r etur n l os s  s een b y  th e netw or k
E R L  =  E c h o r etur n l os s  th r oug h  tail  =  R out - S in ( d B )  
E R L E  =  E c h o r etur n l os s  enh anc em ent th r oug h  ec h o c anc el l er  =  S in - S out ( d B )  
AC OM  =  C om b ined  ec h o r etur n l os s  th r oug h  s y s tem  =  R in - S out ( d B )  
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W hat  M akes  Echo a P rob lem ?
F or Echo to B e a P rob lem,  
A ll of  the F ollow i ng  Cond i ti ons Mu st Ex i st:
� A n analog  leakag e p ath b etw een analog  Tx  and  
R x  p aths

� S u f f i ci ent d elay  i n echo retu rn f or echo to b e 
p ercei v ed  as annoy i ng

� S u f f i ci ent echo amp li tu d e to b e p ercei v ed  as annoy i ng
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Agenda
� Recognizing Voice Quality Issues
� C lassif ying Voice Quality A ttr ib utes to Root C ause
� A d d r ess Voice Quality b y Im p lem enting Quality 
of  S er v ice ( QoS )

� P r oactiv e P lanning—IP  S er v ice L ev el A gr eem ent ( S L A )
� E ch o
� P r oactiv e A p p r oach  to F ix  E ch o and  Voice 
D istor tion P r ob lem s—N etw or k  T r ansm ission L oss 
P lanning ( N T L P )

� Reactiv e A p p r oach —T r oub lesh ooting
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Proactive 
A p p roach  to 
F ix in g  E ch o an d  
V oice D is tortion

Network Transmission Loss Plan
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N et w o r k  T r ans m i s s i o n L o s s  P l anni ng

I P  N e t w o r k

PSTN

 
N e a r  t o  F a r F a r  t o  N e a r
MOS 4 . 4 MOS 4 . 3
N o i s e d B r n C 1 4 . 5 N o i s e d B r n C 1 4 . 9
( - ) F S m s 0 ( - ) F S m s 0
( + ) F S m s 0 ( + ) F S m s 0
G a i n d B 3 G a i n d B 9 . 5
B W % 9 8 . 1 B W % 9 9 . 3
C o d e c P C M C o d e c P C M
D e l a y m s 8 3 D e l a y m s 8 3
B R L  ( c a l c u l a t e d ) d B 2 6 . 5 B R L  ( c a l c u l a t e d ) d B 2 6 . 5

E R L d B 1 4

T e s t  P r o b e s

T e s t  P r o b e s

V V 
2 w -4 w  
H y b r i d

TDMTDM
2 w -4 w  
H y b r i dV V 

2 w -4 w  
H y b r i d

• U s e  * * 3  o n  7 9 6 0 / 4 0  t o  u s e  t h e  b u i l t -i n  1 0 0 4  H z  t o n e  g e n e r a t o r
• #  o r  *  D T M F  t o n e s  a p p r o x i ma t e  1 0 0 4 H z  @  0 d B  t o n e s  
• ( i f  t e s t  g e a r  i s  n o t  a v a i l a b l e )

• I T U  R e c o mme n d a t i o n  G . 1 6 5  - d e f i n e s  c h a r a c t e r i s t i c s ,  p e r f o r ma n c e ,  a n d  
t e s t s  f o r  e c h o  c a n c e l l e r s .

• I T U  R e c o mme n d a t i o n  G . 1 6 8  - d e f i n e s  c h a r a c t e r i s t i c s ,  p e r f o r ma n c e ,  a n d  
t e s t s  f o r  e c h o  c a n c e l l e r s  i n  d i g i t a l  n e t w o r k s .

• I T U  R e c o mme n d a t i o n  G . 1 3 1  - c o n t r o l  o f  t a l k e r  e c h o .
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L o u dnes s  R at i ngs
T er m inology

� Send Loudness Rating (SLR): th e l oudness b etw een th e M outh  
Ref er enc e P oint (M RP ) and th e el ec tr ic al  inter f ac e 

� Rec eiv e Loudness Rating (RLR): th e l oudness b etw een th e 
el ec tr ic al  inter f ac e and th e E ar  Ref er enc e P oint (E RP )

� O v er al l  Loudness Rating (O LR): th e total  l oudness l oss b etw een 
th e M RP  and E RP  in a c onnec tion;  O LR is c al c ul ated as f ol l ow s: 

OL R  =  S L R tal k er  +  [ s um ] attenuations  +  R L R l is tener
� T al k er  E c h o Loudness Rating (T E LR): th e l oudness l oss b etw een 
th e tal k er ’s m outh  and th e ear  v ia th e ec h o p ath .  T E LR is 
c al c ul ated as f ol l ow s: 

TELR(A) = SLR(A) + loss in top path +ERL(B) or TCLw(B) + loss in
b ottom  path + RLR(A)=ERLE,  whe re  ERL is the  e c ho re tu rn loss of  the  
hy b rid  or e c ho c anc e lle r,  and  TCLw is the  we ig hte d  te rm inal c ou pling  
loss of  the  d ig ital phone  se t
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O n-N et  t o  O n-N et  C al l

SiSi SiSi

I P Ne t w o r kC G 4 5 0 1 C G 4 5 0 1

SLR=8dB

SLR=8dB

4 d B 4 d B

4 d B 4 d B
E RL=2 6 dB

E RL=2 6 dB

OLR(A) = 8 d B +  4d B +  4d B – 6 d B =  1 0 d B

T E LR (A) = 8 d B +  4d B  +  4d B +  26 d B +  4d B  +  4d B – 6 d B =  4 4 d B

RLR=–6 dB

RLR=–6 dB

O n e  W a y  D e l a y

T a l k e r  E c h o  L o u d n e s s  R a t i n g  ( T E L R )
O v e r a l l  L o u d n e s s  R a t i n g  ( O L R )

V V 
2 w –4 w  
H y b r i d

V V 

2 w –4 w  
H y b r i d

C a l l e r  A C a l l e r  B

• Send Loudness Rating (SLR)—t h e  l o u d n e s s  b e t w e e n  t h e  M o u t h  
R e f e r e n c e  P o i n t  ( M R P )  a n d  t h e  e l e c t r i c a l  i n t e r f a c e .  

• Rec eiv e Loudness Rating (RLR)—t h e  l o u d n e s s  b e t w e e n  t h e  e l e c t r i c a l  
i n t e r f a c e  a n d  t h e  E a r  R e f e r e n c e  P o i n t  ( E R P ) .  

• O v er al l  Loudness Rating (O LR)—t h e  t o t a l  l o u d n e s s  l o s s  b e t w e e n  t h e  
M R P  a n d  E R P  i n  a  c o n n e c t i o n .  O L R  i s  c a l c u l a t e d  a s  f o l l o w s :  

• O L R  =  S L R t a l k e r  +  [ s u m] a t t e n u a t i o n s  +  R L R l i s t e n e r  

• T al k er  E c h o Loudness Rating (T E LR)—t h e  l o u d n e s s  l o s s  b e t w e e n  t h e  
t a l k e r ' s  mo u t h  a n d  t h e  e a r  v i a  t h e  e c h o  p a t h .  T E L R  i s  c a l c u l a t e d a s  
f o l l o w s :  

• T E L R ( A )  =  S L R ( A )  +  l o s s  i n  t o p  p a t h  + E R L ( B )  o r  T C L w ( B )  +  l o s s  i n
b o t t o m p a t h  +  R L R ( A ) ,  w h e r e  E R L  i s  t h e  e c h o  r e t u r n  l o s s  o f  t h e  h y b r i d  o r  
e c h o  c a n c e l e r ,  a n d  T C L w  i s  t h e  w e i g h t e d  t e r mi n a l  c o u p l i n g  l o s s  o f  t h e  
d i g i t a l  p h o n e  s e t .  

• Note: Standard SLR/RLR for analog phone is 8dB and -6 dB respec tiv ely .   
See sec tion 6 . 4  item  7  of T I A  9 1 2  for m ore details.
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O n-N et  t o  O f f -N et  C al l

SiSi

I P Ne t w o r k SLR=1 1 dB
6 d B

0 d B

C a l l e r  A C a l l e r  B

OLR(A) = 1 1 d B - 6 d B+  0 d B +  0 d B =  1 0 d B

T E LR (A) = 8 d B +  4d B  +  0 d b  +  6 d B +  1 4d B +  0 d B  +  0 d B  +  4d B - 6 d B =  4 9 d B

PSTN0 d BRLR=–6 dB

+  4d B

0 d B

O n e  W a y  D e l a y

+  1 9 d B

4 d B

E RL=2 6 dB

4 d B RLR=–3 dB

E RL=1 4 dB

2 w –4 w  
H y b r i d

V V 
2 w –4 w  
H y b r i d

SLR=8dB

C G 4 5 0 1

TDMTDM

E C AN  
E n h a n c e m e n t
E RLe  = 1 9 d b

• Send Loudness Rating (SLR)—t h e  l o u d n e s s  b e t w e e n  t h e  M o u t h  
R e f e r e n c e  P o i n t  ( M R P )  a n d  t h e  e l e c t r i c a l  i n t e r f a c e .  

• Rec eiv e Loudness Rating (RLR)—t h e  l o u d n e s s  b e t w e e n  t h e  e l e c t r i c a l  
i n t e r f a c e  a n d  t h e  E a r  R e f e r e n c e  P o i n t  ( E R P ) .  

• O v er al l  Loudness Rating (O LR)—t h e  t o t a l  l o u d n e s s  l o s s  b e t w e e n  t h e  
M R P  a n d  E R P  i n  a  c o n n e c t i o n .  O L R  i s  c a l c u l a t e d  a s  f o l l o w s :  

• O L R  =  S L R t a l k e r  +  [ s u m] a t t e n u a t i o n s  +  R L R l i s t e n e r  

• T al k er  E c h o Loudness Rating (T E LR)—t h e  l o u d n e s s  l o s s  b e t w e e n  t h e  
t a l k e r ' s  mo u t h  a n d  t h e  e a r  v i a  t h e  e c h o  p a t h .  T E L R  i s  c a l c u l a t e d a s  
f o l l o w s :  

• T E L R ( A )  =  S L R ( A )  +  l o s s  i n  t o p  p a t h  + E R L ( B )  o r  T C L w ( B )  +  l o s s  i n
b o t t o m p a t h  +  R L R ( A ) ,  w h e r e  E R L  i s  t h e  e c h o  r e t u r n  l o s s  o f  t h e  h y b r i d  o r  
e c h o  c a n c e l e r ,  a n d  T C L w  i s  t h e  w e i g h t e d  t e r mi n a l  c o u p l i n g  l o s s  o f  t h e  
d i g i t a l  p h o n e  s e t .  

• Note: Standard SLR/RLR for analog phone is 8dB and -6 dB respec tiv ely .   
See sec tion 6 . 4  item  7  of T I A  9 1 2  for m ore details.
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E c h o  L o u dnes s  R at i ng v s .  D el ay
( I T U  G . 1 3 1 )

• T h e  l o n g -t e r m g o a l  f o r  T E L R  i s  8 -1 2  d B ,  b u t  b e c a u s e  o f  t h e  mi x  o f  
t e c h n o l o g i e s ,  t h e  s h o r t -t e r m g o a l  i s  8 -2 1  d B .   T h e  d i f f e r e n c e  b e t w e e n  
O L R  i n  b o t h  d i r e c t i o n s  s h o u l d  b e  n o  mo r e  t h a n  8  d B .

• N T L P  ( N e t w o r k  T r a n s mi s s i o n  L o s s  P l a n )  r u l e  o f  t h u mb :
• O n e  w a y  l o s s  =  1 0 -1 2 d B
• A b o u t  2 / 3  o f  t h e  l o s s  a t  t h e  R X

• T a l k e r  E c h o  L o u d n e s s  R a t i n g  ( T E L R )  — t h e  l o u d n e s s  l o s s  b e t w e e n  t h e  
t a l k e r ' s  mo u t h  a n d  t h e  e a r  v i a  t h e  e c h o  p a t h .  T E L R  i s  c a l c u l a t e d a s  
f o l l o w s :  

• T E L R ( A )  =  S L R ( A )  +  l o s s  i n  t o p  p a t h  + E R L ( B )  o r  T C L w ( B )  +  l o s s  i n
b o t t o m p a t h  +  R L R ( A ) ,  w h e r e  E R L  i s  t h e  e c h o  r e t u r n  l o s s  o f  t h e  h y b r i d  o r  
e c h o  c a n c e l l e r ,  a n d  T C L w  i s  t h e  w e i g h t e d  t e r mi n a l  c o u p l i n g  l o s s  o f  t h e  
d i g i t a l  p h o n e  s e t .  

• T h e  d e g r e e  o f  a n n o y a n c e  o f  t a l k e r  e c h o  d e p e n d s  b o t h  o n  t h e  a mo u n t  o f  
d e l a y  a s  w e l l  a s  o n  t h e  l e v e l  d i f f e r e n c e  b e t w e e n  t h e  v o i c e  a n d  e c h o  
s i g n a l s
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T es t  f o r  Al l  t h e E ndp o i nt s

I P  N e t w o r k

Don’t  A s s u m e  L os s  P l a n W or k s  A c r os s  A l l  P os s i b l e  C a l l s

8 0 2. 1 1 a / b / g  D e v i c e I V R  S y s t e m s V o i c e  M a i l s V a r i o u s  I P  P h o n e s

V V 

2 w –4 w  
H y b r i d

P L M N

TDMTDM

SiSi

SiSi

2 w –4 w  
H y b r i d
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Rules of Thumb
� Echo observed on one end is typically generated at other end
� B its don’t leak —Echo is not introdu ced on digital link s
� ER L  m u st be greater than 6 dB  f or EC A N s to engage
� I ntrodu ced by 2  to 4  w ire conversion in hybrid and im pedance 
m ism atch or via acou stic f eedback

� B e caref u l setting echo-cancel coverage;  longer coverage yields 
longer convergence tim e;  conf igu re the coverage so that it is 
long enou gh to cover the w orst-case f or you r environm ent,  
bu t no higher

� U se * * 3  on 7 9 6 0 / 4 0  to u se the bu ilt-in 10 0 4  H z  tone generator
� #  or *  D T M F  tones approx im ate 10 0 4 H z  @  0 dB  tones 
( if  test gear is not available)
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C ab l i ng
� C ab ling is th e num b er  
one cause of  issues 
in analog connections

� C ab ling testing m ust 
b e a p ar t of  
im p lem entation p lan

� N T L P  is a good  
sour ce f or  v er if ying 
cab ling issues

Anal o g G at ew ay s

P S T N

PBX

Ph o n e

F a x

M o d e m
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Agenda
� Recognizing Voice Quality Issues
� C lassif ying Voice Quality A ttr ib utes to Root C ause
� A d d r ess Voice Quality b y Im p lem enting Quality 
of  S er v ice ( QoS )

� P r oactiv e P lanning—IP  S er v ice L ev el A gr eem ent ( S L A )
� E ch o
� P r oactiv e A p p r oach  to F ix  E ch o and  Voice 
D istor tion P r ob lem s—N etw or k  T r ansm ission L oss 
P lanning ( N T L P )

� Reactiv e A p p r oach —T r oub lesh ooting
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Reactive 
A p p r o ach

Troubleshooting
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“s h o w  c al l  ac t i v e v o i c e” C o m m and i n 
C i s c o  I O S
� Inf or m ation ab out P O T S  and  VO IP  d ial p eer s
� Inf or m ation ab out noise lev el,  outp ut,  and  inp ut 
signal lev els

� Inf or m ation ab out ech o ( A C O M  and  E RL )
� Inf or m ation ab out j itter ,  d elay,  and  p ack et d r op s
� Inf or m ation ab out C O D E C s and  VA D

• h t t p : / / w w w . c i s c o . c o m/ w a r p / p u b l i c / 7 8 8 / v o i p / s h o w _ c a l l _ a c t _ v o i c e . h t m
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General Level Adjustment Guidelines
� Map out your network loss plans
� A v oi d  ad d i ng  lev el ( g ai n)  on th e i nput si d e

It amplifies noise
� T ry to red uc e attenuati on at th e output i nstead  
� T o rai se an output lev el

F ir st,  d ec r ease th e attenu ation at th e ou tpu t sid e
If y ou  ar e apply ing  0  d B m of attenu ation,  and  th e sig nal is still too soft,  
th en g o to th e inpu t sid e and  inc r ease th e g ain
W or k ing  th is w ay  av oid s ov er -d r iv ing  th e inpu ts on th e fir st pass

� T o lower an output lev el
A d j u st th e inpu t sid e fir st
T h en ad j u st th e ou tpu t sid e 
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E li mi n a t i n g  E c ho 
Leveraging Echo Canceller (repeated slide)

� So, how do I get rid of echo? 
� G iv e the echo ca n cel l er en ou gh in form a tion  to dis tin gu is h b etween  echo 
a n d n orm a l  con v ers a tion ;  the on l y  p a ra m eters  y ou  ha v e con trol  ov er a re:

Input level (input gain)
O utput level (o utput attenuatio n)
E c h o  c anc eller  c o ver age

T a i l  C i r c u i t

IP Network

R i n R o u t

S i nS o u t -

ACOM

ERLE

E R L

O u t p u t  A t t e n u a t i o n

I n p u t  G a i n

• Output Attenuation o f  a  s i g n a l  i s  p e r f o r me d  A F T E R  t h e  e c h o  
c a n c e l l e r  h a s  ‘s e e n ’ t h e  o r i g i n a l  o u t p u t  s i g n a l .

• I nput G ain o f  a  s i g n a l  i s  p e r f o r me d  B E F O R E  t h e  e c h o  c a n c e l l e r  
h a s  ‘s e e n ’ t h e  e c h o .  

• E c h o C anc el  C ov er ag e i s  t h e  a mo u n t  o f  t i me  t h e  E c h o  C a n c e l l e r  
w i l l  ‘R e me mb e r ’ a  s i g n a l  t h a t  h a s  b e e n  o u t p u t .  T h i s  p a r a me t e r  mu s t  
b e  s e t  t o  a  v a l u e  g r e a t e r  t h a n  t h e  t i me  i t  t a k e s  t h e  e c h o  t o  r e t u r n  
b a c k  t o  t h e  g a t e w a y .  

• E c h o R etur n L os s  E nh anc em ent ( E R L E )  r e f e r s  t o  t h e  a d d i t i o n a l  
e c h o  l o s s  o b t a i n e d  t h r o u g h  t h e  o p e r a t i o n  o f  t h e  e c h o  c a n c e l l e r .  A n  
e c h o  c a n c e l l e r  i s  n o t  a  p e r f e c t  d e v i c e ,  a n d  t h e  b e s t  i t  c a n  d o  i s  
a t t e n u a t e  t h e  l e v e l  o f  t h e  r e t u r n i n g  e c h o .   E R L E  i s  a  me a s u r e  o f
t h i s  e c h o  a t t e n u a t i o n  t h r o u g h  t h e  e c h o  c a n c e l l e r .   I t  i s  t h e  
d i f f e r e n c e  i s  l e v e l  ( i n  d B )  b e t w e e n  t h e  s i g n a l  a r r i v i n g  f r o m t h e t a i l  
c i r c u i t  a t  t h e  S i n  t e r mi n a l  o f  t h e  e c h o  c a n c e l l e r  a n d  t h e  l e v e l  o f  t h e  
s i g n a l  l e a v i n g  t h e  e c h o  c a n c e l l e r  ( a n d  e n t e r i n g  t h e  n e t w o r k )  a t  t h e  
S o u t  t e r mi n a l .

• AC OM  ( ak a Ac om b ined )  i s  s i mp l y  t h e  t o t a l  e c h o  r e t u r n  l o s s  s e e n  
a c r o s s  t h e  R i n  a n d  S o u t  t e r mi n a l s  o f  t h e  e c h o  c a n c e l l e r ,  a n d  i s  t h e  
s u m E R L  +  E R L E .   I t  i s  t h e  e c h o  r e t u r n  l o s s  s e e n  b y  t h e  n e t w o r k .

• ERL = Echo return loss through tail = Rout - S in ( d B )  
• ERLE = Echo return loss enhancem ent through echo 
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M ea sur i n g  E c ho i n  C i sc o I O S

� N otice the O u tS ignalL evel is -16  becau se w e attenu ated the –15  
dB  signal by 1 dB ;  the I nS ignalL evel is –17  dB  du e to the inpu t 
gain of  –1

� A t this point ou r real ER L  is 2 dB ,  how ever the Echo C anceller still 
does not ack now ledge the inpu t signal as echo 

Gateway# sh call active voice 
- sn ip  -
O u tS ig n alL evel= -16
I n S ig n alL evel= -17
E R L L evel= 11
- sn ip  -

T he R esu lting Levels A re as F ollow s:

voice-p or t 1/ 1: 23
in p u t g ain  -1
ou tp u t atten u ation  1

I f  W e Conf igu re 1  dB  of  A ttenu ation in Each 
D irection as F ollow s:
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Gateway# sh call active voice 
- sn ip  -
O u tS ig n alL evel= -17
I n S ig n alL evel= -19
E R L L evel= 4
- sn ip  -

A d j ust i n g  S i g n a l S t r en g t h i n  C i sc o I O S

� N otice the O u tS ignalL evel is -17  becau se w e attenu ated the –15  
dB  signal by 2  dB ;  the I nS ignalL evel is –19  dB  du e to the inpu t 
gain of  –2  

� O u r ex pected ER L  of  4 dB  is now  correct

T he R esu lting Levels A re as F ollow s:

voice-p or t 1/ 1: 23
in p u t g ain  -2
ou tp u t atten u ation  2

I f  W e Conf igu re 2  dB  of  A ttenu ation in Each 
D irection as F ollow s:
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VISM8.a > cnflngain
E R R  :  i n c o r r e c t  n u m b e r  o f  p ar am e t e r s  ( n o t  e n o u g h )
Sy n t ax  :  c n f l n g ai n  " l i n e _ n u m b e r  i n p u t _ g ai n  o u t p u t _ at t e n u at i o n "

l i n e _ n u m b e r   -- v al u e s :  1  - 8.
i n p u t _ g ai n  -- Val u e :  -6 ..1 4  ( d B )
o u t p u t _ at t e n u at i o n  -- Val u e :  0 ..1 4  ( d B )

M ea sur i n g  a n d  A d j ust i n g  E c ho i n  V I S M

VISM8.a > d s p lngain 1
L i n e N o / D s 0 N o       In p u t  G ai n       O u t p u t  A t t e n u at i o n
------------ ---------- ------------------
1 /  1                 0                   0
1 /  2                 0                   0

VISM8.a > cnfe cant ail
E R R  :  i n c o r r e c t  n u m b e r  o f  p ar am e t e r s  ( n o t  e n o u g h )
Sy n t ax  :  c n f e c an t ai l  " l i n e N u m  m ax i m u m T ai l "  

l i n e _ n u m b e r   -- v al u e s :  1  - 8.
Max i m u m  T A IL  -- Val u e s :  2 4 ,  3 2 ,  4 8,  6 4 ,  80 ,  9 6 ,  1 1 2  an d  1 2 8 m i l l i s e c s
p o s s i b l e  e r r o r s  ar e  :
a)  In c o r r e c t  n u m b e r  o f  p ar am e t e r s
b )  Il l e g al

I f  W e Conf igu re 2  dB  of  A ttenu ation in Each 
D irection as F ollow s:
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If the Input Gain Is Too High

� If the gain is to high, the analog sample is out of the acceptable 
P C M  r ange, the r esults ar e unpr ed ictable:

Nailed to the rail
O rig in al s am p le
S ilen c e c ode

� T his w ill r esult in both 
C on f u s ion  in  the v oic e c oder
D is tortion  at the rec eiv in g  en d
S ou n ds  lik e f u z z y ,  dis torted,  c lip p ed s y llab les  

Analog Sample Coding 
I n v a l i d

D i g i t a l
I n p u t  t o  D S P

Analog 
I npu t

D igit al I npu t  t o
Codec

R a n g e  o f  P C M  S a m p l e s
3 . 1 4 d B m

I n v a l i d

A/ D  C o n v e r t e r

Conv er t s  Clipped Analog t o P CM
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C om for t N oise and  V A D
Troubleshooting Hissing, Static, Clipping

IP Cloud

Background Noise 
A ttenuation C om f ort Noise 

A ttenuation

T0 T1 T2

T2T1

tH
D ev ic e A

D ev ic e B

Po
w
er

Po
w
er

36 40 -6 ( c o n f i g ) # v o i c e -p o r t  3/ 0 / 0  
36 40 -6 ( c o n f i g -v o i c e p o r t ) # m u s i c -t h r e s h o l d  ?  W O R D  E n t e r  
a  n u m b e r  b / w  ( -7 0  t o  -30 )  
36 40 -6 ( c o n f i g -v o i c e p o r t ) # m u s i c -t h r e s h o l d -5 0

3640-6( c o n f i g ) # v o i c e  v a d -t i m e  ?  
< 2 5 0-65 5 36>  m i l l i s e c o n d s  
3640-6( c o n f i g ) # v o i c e  v a d -t i m e 7 5 0

36 40 -6 ( c o n f i g ) # v o i c e -p o r t  3/ 0 / 0  
36 40 -6 ( c o n f i g -v o i c e p o r t ) # n o  c o m f o r t -n o i s e

• D u r i n g  a  c a l l  b e t w e e n  d e v i c e  A  a n d  d e v i c e  B ,  d e v i c e  A  r e a c h e s  a  s i l e n c e  i n t e r v a l  ( F i g u r e  
2 ) .  T h e  v o i c e  a c t i v i t y  d e t e c t o r  u s e s  a n  a l g o r i t h m  t o  d e t e r m i n e  i f  a  s i l e n c e  i n t e r v a l  h a s  
b e e n  r e a c h e d .  T y p i c a l l y ,  t h e  v o i c e  a c t i v i t y  d e t e c t o r  h a s  a  h o l d o v e r  p e r i o d  o f  t i m e  t 1  a t  t h e  
e n d  o f  e a c h  s p e e c h  b u r s t .  D u r i n g  t h i s  t i m e  i t  c o n t i n u e s  t o  s e n d  p a c k e t s  t o  t h e  f a r -e n d .  
T h i s  h e l p s  t o  a v o i d  e x c e s s i v e  s w i t c h i n g  a n d  c h o p p y  s p e e c h .  I f  a d d i t i o n a l  s p e e c h  i s  
d e t e c t e d  d u r i n g  t h i s  h o l d o v e r  i n t e r v a l ,  t h e  v o i c e  s t r e a m  b e t w e e n t h e  d e v i c e s  c o n t i n u e s  
u n i n t e r r u p t e d .  A f t e r  a  p e r i o d  o f  l e n g t h  t 1  ( T 2  i n  F i g u r e  2  )  h a s e l a p s e d ,  I P  v o i c e  d e v i c e  A  
s t o p s  s e n d i n g  p a c k e t s  i f  n o  a d d i t i o n a l  v o i c e  i s  d e t e c t e d .  

• A t  t i m e  T 1  ( T o p  f i g u r e ) ,  a n  i n d i c a t i o n  i s  s e n t  t o  d e v i c e  B  t h a t  a l e r t s  i t  t o  t h e  f a c t  t h a t  t h e  
V A D  h o l d o v e r  i s  s t a r t i n g .  T h i s  a l s o  c o n t a i n s  t h e  d u r a t i o n  o f  t h e V A D  h o l d o v e r .  W h e n  t h i s  
m e s s a g e  i s  r e c e i v e d ,  d e v i c e  B  s t a r t s  t o  a t t e n u a t e  d o w n  t h e  v o i c e s i g n a l  t h a t  i t  r e c e i v e s  
f r o m  d e v i c e  A  a n d  m i x e s  i t  w i t h  t h e  g e n e r a t e d  c o m f o r t  n o i s e  t h a t i t  s h o u l d  a t t e n u a t e  u p  
( a s  i n  B o t t o m  f i g u r e ) .  

• T h i s  a t t e n u a t i o n  p r o v i d e s  a  s m o o t h  t r a n s i t i o n  b e t w e e n  r e a l  b a c k g r o u n d  n o i s e  a n d  
g e n e r a t e d  c o m f o r t  n o i s e .  I t  m a k e s  t h e  t r a n s i t i o n s  f r o m  e n v i r o n m e n t s  w h e r e  t h e  
c h a r a c t e r i s t i c s  o f  t h e  b a c k g r o u n d  n o i s e  a r e  m u c h  d i f f e r e n t  f r o m  t h o s e  o f  g e n e r a t e d  
c o m f o r t  n o i s e  s m o o t h e r  a n d  m u c h  l e s s  n o t i c e a b l e .  T h e  l e n g t h  o f  t h e  V A D  h o l d o v e r  
i n t e r v a l  ( t h )  d e t e r m i n e s  h o w  e f f e c t i v e  t h i s  t e c h n i q u e  i s .  L o n g e r i n t e r v a l s  r e s u l t  i n  
s m o o t h e r  s o u n d i n g  t r a n s i t i o n s .  

• I f  t h e  v o i c e  s i g n a l  c u t s  i n  b e f o r e  t i m e  T 2  ( t o p  f i g u r e ) ,  t h e  a t t e n u a t i o n  i s  h a l t e d  i m m e d i a t e l y  
a n d  t h e  f u l l  s c a l e  i n c o m i n g  a u d i o  i s  p l a y e d .  S u c h  a  c u t -i n  s h o u l d  b e  s i g n a l e d  t h r o u g h  
a n o t h e r  i n d i c a t i o n  f r o m  d e v i c e  A  t o  d e v i c e  B .  S i n c e  t h e  v o i c e  s i g n a l  i s  s i g n i f i c a n t l y  l o u d e r  
t h a n  t h e  b a c k g r o u n d  n o i s e ,  i t  m a s k s  t h e  t r a n s i t i o n  b a c k  a n d  i s  n o t  a s  n o t i c e a b l e .  

• h t t p : / / w w w . c i s c o . c o m / w a r p / p u b l i c / 7 8 8 / v o i c e -q o s / h i s s i n g . h t m l
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S y nc hr oniz ation
� N ot all gatew ay s hav e ind epend ent P L L  circuitry  
� P B X  integration req uires clock  relay
� L 2  param eters m ust m atch w ith SP

F r a m i n g

P R I  L a y e r  3
L a y e r  2

Q . 9 3 1  B a c k h a u l  O v e r  T C P

Cisco 
Ca l l M a n a g e r

PSTN M G C P  O v e r  U D P

Ca l l  
S ig n a l in g    
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S y nc hr oniz ation 
Troubleshooting Click ing Sound

P r i m a r y  ( 1 )

S e c o n d a r y  ( 2)
I n t e r n a l  ( 3 )

L E C

I X C

Branch2-3745# show controller t1 3/0
T1 3/0 is up.

Applique type is Channelized T1
Cablelength is long gain36 0db
Transmitter is sending remote alarm.
Receiver has loss of frame.
alarm-trigger is not set
Version info Firmware: 20040202, FPGA: 11
Framing is ESF, Line Code is B8ZS, Clock Source is Line.
Current port master clock:local osc on this network module

Data in current interval (103 seconds elapsed):
0 Line Code Violations, 0 Path Code Violations
398 Slip Sects, 0 Fr Loss Secs, 0 Line Err Secs, 0 Degraded Mins
0 Errored Secs, 0 Bursty Err Secs, 0 Severely Err Secs, 103 Unavail Secs

S l i p

TDMTDMTDMTDM
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D r op,  D el ay ,  and  J itter
� L ateP ac k ets : T he n u m b er of  p ac k ets  arriv in g  ou ts ide the de-j itter b u f f er p lay b ac k  

delay  p eriod;  thes e p ac k ets  are dis c arded
� L os tP ac k ets : T he n u m b er of  p ac k ets  that n ev er arriv e at the rec eiv in g  I P  p hon e or 

g atew ay
� G ap F illW ithP redic tion : T he am ou n t of  p ac k et p redic tion  in  a c all;  div ide this  n u m b er 

b y  the p ac k et s am p le tim e to determ in e the n u m b er of  p ac k ets  af f ec ted
� G ap F illW ithS ilen c e: S ilen c e is  p lay ed ou t in  the f ollow in g  s itu ation s :  

When a packet is lost and there is no audio sample available to play ;  f or ex ample,  w hen tw o or 
more packets are lost in seq uence;  this situation may  result in an audible click or g ap being  heard 
by  the user
When the play out buf f er is adapting  to a larg er value by  inserting  silence betw een buf f ered voice packets;  
this situation does not result in an audible loss in q uality

� H iW aterP lay ou tD elay : F irs t-I n ,  F irs t-O u t ( F I F O )  j itter b u f f er hig h m ark  in dic atin g  the 
m ax im u m  dep th to w hic h the de-j itter b u f f er has  adap ted f or this  c all

� L oW aterP lay ou tD elay : F I F O  j itter b u f f er low  m ark  in dic atin g  the m in im u m  dep th to 
w hic h the de-j itter b u f f er has  adap ted f or this  c all 

� R ec eiv eD elay : C u rren t p lay ou t F I F O  delay  p lu s  dec oder delay  f or the c all

Proper QoS Planning and Implementation Is the Solution

Troubleshooting G arbled , Sy nthetic, Choppy  V oice

• h t t p : / / w w w . c i s c o . c o m / w a r p / p u b l i c / 7 8 8 / v o i c e -
q o s / t r o u b l e s h o o t _ q o s _ v o i c e . h t m l
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D e-J itter  B uffer  A d j ustm ent

If Y ou’r e G etting U nd er w ater  V oice, or  G aps in S peech, T r y
� Monitoring the de-j itter b u f f er f or ov er/ u nder f l ow
� I nc rea s e the s iz e of  the de-j itter b u f f er

P r o :  A c c o m m o d a t e s  l a r g e r  f l u c t u a t i o n s  i n  d e l a y  v a r i a b i l i t y
C o n :  A d d s  t o  o v e r a l l  e n d -t o -e n d  d e l a y

� C hec k  netw ork  f or p rop er op era tion/ c onf igu ra tion
Y o u  m a y  h a v e  e x c e s s i v e  d e l a y  i n  t h e  n e t w o r k  d u e  t o  b u r s t i n g  a b o v e  C I R  a n d  
n e t w o r k  d i s c a r d s

Voic e F r ames
f r om N et w or k

O v e r  F l o w :
Q u e u e  F i l l s  

i f  V o i c e  F r a m e  
A r r i v e  T o o  F a s t

V a r ia b l e
A r r i v a l  R a t e
= C o d e c  F r a m e
R a t e  + / – ∆

V VV VV V V VV V VV

F ix e d  P l a y ou t
R a t e

= C o d e c  F r a m e
R a t e

U n d e r  F l o w :
Q u e u e  E m p t i e s  
i f  V o i c e  F r a m e  
A r r i v e  t o o  S l o w

Voic e F r ames
t o D SP  D ec ode

Q u i e s c e n t  P o i n t :  
S p e c i f i e d  i n  m S e c

N or m a l  O p e r a t in g
Q u e u e  D e p t h

V V V V V 
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Compression Methods:
Keep Consistency

WAN

R e g i o n :  H Q

R e g i o n :  B R 1

G.711

G.711

G.72 9

R e g i o n :  B R 2

G.711

R e g i o n :  B R 3

G.711

Router# show call active voice 
[ sn ip ]
L ateP ack ets= 0  
V A D  =  en ab led  
CoderTypeRate=g729r8
C od ecB y tes= 2 0  
S ig n alin g T y p e= ex t-sig n al 
[ sn ip ]

• For a more comprehensive CODEC table, see the CCO 
d ocu ment titled , “V oice Over I P  - P er Call B and w id th 
Consu mption“
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F ax  R el ay  Tr oub l eshooting ( 1 / 2 )
� V er ify  nor mal v oice calls complete
� V er ify  cor r ect d ial peer  is being matched

S how  c all ac tiv e v oic e b rief
V erif y  dial p eers  are c orrec tly  c on f ig u red
F ax  relay  is  dis ab led w hile a low  b an dw idth c odec  has  b een  in  u s e
O n e s ide is  c on f ig u red w ith f ax  relay  b u t other s ide is  s et f or T . 3 8   
( A S 5 3 5 0 / 5 4 0 0  on ly  s u p p ort T . 3 8 )  otherw is e the n eg otiation  w ill f ail
D ef au lt dial p eer is  b ein g  u s ed in b ou n d on  the term in atin g  g atew ay  an d 
thes e do n ot m atc h w ith the ou tb ou n d dial p eer on  orig in atin g  g atew ay

� V er ify  the fax  machine w or k s cor r ectly  ov er  P S T N  lines
� V er ify  er r or  on d igital T 1 / E 1  contr oller s and  pack et d r ops ov er  
IP  netw or k

Show controller  T1/E1

Show interface <interface number>

• T.30 Message Descriptions
• C E D ( C a l l e d  t e r m i n a l  i d e n t i f i c a t i o n )  - a  210 0  H z  s i g n a l  t h a t  i s  t r a n s m i t t e d  b y  t h e  t e r m i n a t i n g  f a x  d e v i c e  u p o n  
a n s w e r i n g  a  f a x  c a l l .  T h i s  s i g n a l  t e m p o r a r i l y  d i s a b l e s  e c h o  c a n c e l l e r s  t h a t  a r e  p r e s e n t  o n  t h e  c o n n e c t i o n  t o  
p r e p a r e  t h e  l i n e  f o r  d a t a  t r a n s m i s s i o n .
C F R ( C o n f i r m a t i o n  T o  R e c e i v e )  - a  r e s p o n s e  c o n f i r m i n g  t h a t  t h e  p r e v i o u s  m e s s a g i n g  a n d  t r a i n i n g  h a s  b e e n  c o m p l e t e d  a n d  t h a t  f a x  p a g e  t r a n s m i s s i o n  c a n  b e g i n .
C N G ( C a l l i n g  T o n e )  - a n  110 0  H z  t o n e  t h a t  i s  o n  f o r  h a l f  a  s e c o n d  a n d  t h e n  o f f  f o r  3 s e c o n d s .  T h i s  s i g n a l  i d e n t i f i e s  t h e  f a x  t e r m i n a l  a s  b e i n g  a  n o n -s p e e c h  d e v i c e .  T h e  s i g n a l  a l s o  i n d i c a t e s  t h a t  t h e  i n i t i a t i n g  f a x
t e r m i n a l  i s  a w a i t i n g  t h e  D I S  s i g n a l  f r o m  t h e  t e r m i n a t i n g  f a x  t e r m i n a l .
C R P ( C o m m a n d  R e p e a t )  - a  r e s p o n s e  t h a t  i n d i c a t e s  t h a t  t h e  p r e v i o u s  c o m m a n d  w a s  r e c e i v e d  i n  e r r o r  a n d  n e e d s  t o  b e  r e p e a t e d .  ( O p t i o n a l )
C S I ( C a l l e d  S u b s c r i b e r  I d e n t i f i c a t i o n )  - m a y  b e  u s e d  t o  p r o v i d e  t h e  s p e c i f i c  i d e n t i t y  o f  t h e  c a l l e d  f a x  t e r m i n a l  t h r o u g h  i t s  i n t e r n a t i o n a l  t e l e p h o n e  n u m b e r .  ( O p t i o n a l )
DC N ( D i s c o n n e c t )  -e n d s  t h e  f a x  c a l l  a n d  r e q u i r e s  n o  r e s p o n s e .

• DC S ( D i g i t a l  C o m m a n d  S i g n a l )  - t h e  r e s p o n s e  t o  t h e  c a p a b i l i t i e s  i d e n t i f i e d  b y  t h e  D I S  s i g n a l .  T h i s  w h e r e  t h e  c a l l i n g  f a x  t e r m i n a l  m a t c h e s  i t s  c a p a b i l i t i e s  w i t h  t h e  o n e s  p r o v i d e d  i n  t h e  c a l l e d  f a x  t e r m i n a l ' s  D I S  m e s s a g e .
DI S ( D i g i t a l  I d e n t i f i c a t i o n  S i g n a l )  -i d e n t i f i e s  t h e  c a p a b i l i t i e s  o f  t h e  c a l l e d  f a x  t e r m i n a l .  

• E O M ( E n d  O f  M e s s a g e )  - i n d i c a t e s  t h e  e n d  o f  a  c o m p l e t e  p a g e  o f  f a x  i n f o r m a t i o n .
• E O P ( E n d  O f  P r o c e d u r e )  - i n d i c a t e s  t h e  e n d  o f  a  c o m p l e t e  p a g e  o f  f a x  i n f o r m a t i o n  a n d  n o  f u r t h e r  p a g e s  a r e  t o  b e  s e n t .  P r o c e e d  t o  t h e  d i s c o n n e c t  p h a s e  o f  t h e  f a x  c a l l .
F TT ( F a i l u r e  T o  T r a i n )  - u s e d  t o  r e j e c t  a  t r a i n i n g  s i g n a l  a n d  r e q u e s t  a  r e t r a i n  ( t h e  r e t r a i n s  u s u a l l y  o c c u r  a t  l o w e r  m o d u l a t i o n  s p e e d s ) .
MC F ( M e s s a g e  C o n f i r m a t i o n )  - i n d i c a t e s  t h a t  a  m e s s a g e  h a s  b e e n  s a t i s f a c t o r i l y  r e c e i v e d .

• MP S ( M u l t i P a g e  S i g n a l )  - i n d i c a t e s  t h e  e n d  o f  a  c o m p l e t e  p a g e  o f  f a x  i n f o r m a t i o n  a n d  t h a t  t h e  r e c e i v e r  i s  r e a d y  
f o r  a d d i t i o n a l  p a g e s .
N S F ( N o n -S t a n d a r d  F a c i l i t i e s )  - m a y  b e  u s e d  t o  i d e n t i f y  s p e c i f i c  c a p a b i l i t i e s  o r  r e q u i r e m e n t s  t h a t  a r e  n o t  
c o v e r e d  b y  t h e  T -s e r i e s  s p e c i f i c a t i o n s .  ( O p t i o n a l )

• N S S ( N o n -S t a n d a r d  F a c i l i t i e s  S e t u p )  - m a y  b e  u s e d  a s  a  r e s p o n s e  t o  t h e  i n f o r m a t i o n  c o n t a i n e d  i n  t h e  N S F  
s i g n a l .  ( O p t i o n a l )

• P P R ( P a r t i a l  P a g e  R e q u e s t )  - i n d i c a t e s  t h a t  a  p r e v i o u s  m e s s a g e  h a s  n o t  b e e n  s a t i s f a c t o r i l y  r e c e i v e d  a n d  t h a t  t h e  f r a m e s  s p e c i f i e d  a r e  t o  b e  r e t r a n s m i t t e d .
• P P S ( P a r t i a l  P a g e  S i g n a l )  - i n d i c a t e s  t h e  e n d  o f  a  p a r t i a l  p a g e  o r  a  c o m p l e t e  p a g e  o f  f a c s i m i l e  i n f o r m a t i o n .
• R TN ( R e t r a i n  N e g a t i v e )  - i n d i c a t e s  t h a t  a  p r e v i o u s  m e s s a g e  h a s  n o t  b e e n  s a t i s f a c t o r i l y  r e c e i v e d .  R e t r a i n i n g  i s  n e e d e d  t o  p r o c e e d  ( u s u a l l y  a t  a  l o w e r  m o d u l a t i o n  s p e e d ) .
R TP ( R e t r a i n  P o s i t i v e )  - i n d i c a t e s  t h a t  a  c o m p l e t e  m e s s a g e  h a s  b e e n  r e c e i v e d  a n d  t h a t  a d d i t i o n a l  m e s s a g e s  m a y  f o l l o w  a f t e r  r e t r a i n i n g .
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F ax  R el ay  Tr oub l eshooting ( 2 / 2 )
� Verify that fax 
p as s thro u g h w o rk s

voice-port 2/1:23

no echo-cancel enable

dial-peer voice 3

fax rate disbale

Codec g711ulaw

no vad

� T ro u b l es ho o tin g
debug fax relay t30 all

• T R A C E  O F  A  G O O D  C A L L "
540 0 _ c #540 0 _ c #
540 0 _ c #
* D e c  17 0 9: 55: 55. 158:  7/ 2: 0  ( 120 25)  679738623 f r -e n t e r e d  ( 20 m s )* D e c  17 0 9: 56: 0 5. 562:  7/ 2: 0  ( 120 25)  67979630 9 s t a t e _ c o d e :  f r -m s g -d e t  V 21,  t 30 _ m s g :  N S F
* D e c  17 0 9: 56: 0 5. 562:  7/ 2: 0  ( 120 25)  67980 2285 s t a t e _ c o d e :  f r -m s g -d e t  V 21,  t 30 _ m s g :  C S I* D e c  17 0 9: 56: 0 5. 562:  7/ 2: 0  ( 120 25)  67980 5269 s t a t e _ c o d e :  f r -m s g -d e t  V 21,  t 30 _ m s g :  D I S
* D e c  17 0 9: 56: 18. 578:  7/ 2: 0  ( 120 25)  67990 1290  s t a t e _ c o d e :  f r -m s g -d e t  V 21,  t 30 _ m s g :  N S F
* D e c  17 0 9: 56: 18. 578:  7/ 2: 0  ( 120 25)  67990 7261 s t a t e _ c o d e :  f r -m s g -d e t  V 21,  t 30 _ m s g :  C S I* D e c  17 0 9: 56: 18. 578:  7/ 2: 0  ( 120 25)  679910 251 s t a t e _ c o d e :  f r -m s g -d e t  V 21,  t 30 _ m s g :  D I S
* D e c  17 0 9: 56: 22. 578:  7/ 2: 0  ( 120 25)  679933477 s t a t e _ c o d e :  f r -m s g -t x  V 21,  t 30 _ m s g :  T S I* D e c  17 0 9: 56: 22. 578:  7/ 2: 0  ( 120 25)  679936365 s t a t e _ c o d e :  f r -m s g -t x  V 21,  t 30 _ m s g :  D C S
* D e c  17 0 9: 56: 26. 578:  7/ 2: 0  ( 120 25)  679976421 s t a t e _ c o d e :  f r -m s g -d e t  V 21,  t 30 _ m s g :  F T T* D e c  17 0 9: 56: 30 . 578:  7/ 2: 0  ( 120 25)  680 0 0 0 211 s t a t e _ c o d e :  f r -m s g -t x  V 21,  t 30 _ m s g :  T S I
* D e c  17 0 9: 56: 30 . 578:  7/ 2: 0  ( 120 25)  680 0 0 310 9 s t a t e _ c o d e :  f r -m s g -t x  V 21,  t 30 _ m s g :  D C S
* D e c  17 0 9: 56: 35. 578:  7/ 2: 0  ( 120 25)  680 0 43173 s t a t e _ c o d e :  f r -m s g -d e t  V 21,  t 30 _ m s g :  C F R* D e c  17 0 9: 57: 20 . 578:  7/ 2: 0  ( 120 25)  680 412789 s t a t e _ c o d e :  f r -m s g -t x  V 21,  t 30 _ m s g :  E O P
* D e c  17 0 9: 57: 24. 578:  7/ 2: 0  ( 120 25)  680 431755 s t a t e _ c o d e :  f r -m s g -d e t  V 21,  t 30 _ m s g :  M C F* D e c  17 0 9: 57: 25. 578:  7/ 2: 0  ( 120 25)  680 447565 s t a t e _ c o d e :  f r -m s g -t x  V 21,  t 30 _ m s g :  D C N
* D e c  17 0 9: 57: 25. 646:  7/ 2: 0  ( 120 25)  680 462580  f r -e n d
540 0 _ c #540 0 _ c #
540 0 _ c #" T R A C E  O F  A  B A D  C A L L "
540 0 _ c #540 0 _ c #
540 0 _ c #
* D e c  17 0 9: 57: 55. 190 :  7/ 2: 0  ( 120 27)  681135390  f r -e n t e r e d  ( 20 m s )* D e c  17 0 9: 58: 0 4. 578:  7/ 2: 0  ( 120 27)  681193124 s t a t e _ c o d e :  f r -m s g -d e t  V 21,  t 30 _ m s g :  N S F
* D e c  17 0 9: 58: 0 4. 578:  7/ 2: 0  ( 120 27)  68119910 1 s t a t e _ c o d e :  f r -m s g -d e t  V 21,  t 30 _ m s g :  C S I* D e c  17 0 9: 58: 0 4. 578:  7/ 2: 0  ( 120 27)  68120 20 93 s t a t e _ c o d e :  f r -m s g -d e t  V 21,  t 30 _ m s g :  D I S
* D e c  17 0 9: 58: 0 8. 578:  7/ 2: 0  ( 120 27)  681225469 s t a t e _ c o d e :  f r -m s g -t x  V 21,  t 30 _ m s g :  T S I
* D e c  17 0 9: 58: 0 8. 578:  7/ 2: 0  ( 120 27)  681228365 s t a t e _ c o d e :  f r -m s g -t x  V 21,  t 30 _ m s g :  D C S* D e c  17 0 9: 58: 13. 578:  7/ 2: 0  ( 120 27)  681268493 s t a t e _ c o d e :  f r -m s g -d e t  V 21,  t 30 _ m s g :  F T T
* D e c  17 0 9: 58: 17. 578:  7/ 2: 0  ( 120 27)  681292239 s t a t e _ c o d e :  f r -m s g -t x  V 21,  t 30 _ m s g :  T S I* D e c  17 0 9: 58: 17. 578:  7/ 2: 0  ( 120 27)  6812950 95 s t a t e _ c o d e :  f r -m s g -t x  V 21,  t 30 _ m s g :  D C S
* D e c  17 0 9: 58: 36. 578:  7/ 2: 0  ( 120 27)  681447597 s t a t e _ c o d e :  f r -m s g -t x  V 21,  t 30 _ m s g :  T S I* D e c  17 0 9: 58: 36. 578:  7/ 2: 0  ( 120 27)  681450 495 s t a t e _ c o d e :  f r -m s g -t x  V 21,  t 30 _ m s g :  D C S
* D e c  17 0 9: 58: 51. 578:  7/ 2: 0  ( 120 27)  681562381 s t a t e _ c o d e :  f r -m s g -t x  V 21,  t 30 _ m s g :  T S I
* D e c  17 0 9: 58: 51. 578:  7/ 2: 0  ( 120 27)  681565490  s t a t e _ c o d e :  f r -m s g -t x  V 21,  t 30 _ m s g :  D C S* D e c  17 0 9: 59: 0 0 . 578:  7/ 2: 0  ( 120 27)  681641789 s t a t e _ c o d e :  f r -m s g -t x  V 21,  t 30 _ m s g :  T S I
* D e c  17 0 9: 59: 0 0 . 578:  7/ 2: 0  ( 120 27)  681644692 s t a t e _ c o d e :  f r -m s g -t x  V 21,  t 30 _ m s g :  D C S* D e c  17 0 9: 59: 14. 578:  7/ 2: 0  ( 120 27)  681756564 s t a t e _ c o d e :  f r -m s g -t x  V 21,  t 30 _ m s g :  D C N
* D e c  17 0 9: 59: 14. 594:  7/ 2: 0  ( 120 27)  681770 956 f r -e n d
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O ther  Tool s

vdtl-Cat6k-PBX1> (enable) sh port voice active 4/8
Port  4/8 :

Channel #23:
Remote IP address                       : 172.18.104.74   
Remote UDP Port                         : 24876
ACOM Level Current                      : 45
Call State                              : voice
Codec Type                              : G711 ULAW PCM
Coder Type Rate                         : 20
ERL Level                               : 61
Voice Activity Detection                : disabled
Echo Cancellation                       : enabled

[snip]

Cisco Catalyst 6608
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R efer enc es
� E c ho

http://www.cisco.com/univercd/cc/td/doc/cisintwk/intsolns/voipsol/ea _ is
d.htm# 9 1 6 0 1

� Vo ic e Q u al ity D eg rad atio n  S ym p to m s
http://www.cisco.com/wa rp/pub lic/7 8 8 /voice-q os/sy mptoms.html# clip

� Q u al ity o f S erv ic e
http://www.cisco.com/wa rp/pub lic/7 3 2 /T ech/q os/
http://www.cisco.com/g o/srnd/q os/

� I P  S L A
http://www.cisco.com/en/U S /products/sw/iosswrel/ps5 2 0 7 /products_ co
nf ig ura tion_ g uide_ b ook0 9 1 8 6 a 0 0 8 0 2 b 2 a 6 c.html

� Vo I P  T ro u b l es ho o tin g  U s in g  “s ho w  c al l  ac tiv e v o ic e”
http://www.cisco.com/wa rp/pub lic/7 8 8 /voip/show_ ca ll_ a ct_ voice.html
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Q and A

Darko Z l at i c
d arko@ c i s c o. c om
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Special thanks to

G oran O b rad ov i c
&

T al al S i d d i q u i
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Recommended Reading
� Cisco IP Telephony: Planning, 
D esign, Im plem ent at ion, 
O per at ion, and  O pt im iz at ion
ISBN:  1587051575
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Recommended Reading
� Tr ou b leshoot ing Cisco 
IP Telephony
ISBN 1-58705-075-7
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N e z ab orav i t e d a s e  p ri j av i t e n a C i s c o 
N e t w orke rs 2 0 0 8 !

h t t p : / / w w w . c i s c o. c om / w e b / e u rop e / c i s c o-
n e t w orke rs / 2 0 0 8 / i n d e x . h t m l
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