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• Different distribution models

• The White Gaussian case - Why can’ t we make the bandwidth as narrow as 

we want?

• The ‘ truncated’ distribution (Ethernet switch model) – Can it be exploited 

for improving clock recovery performance?
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( )0Ê kT
interpolation
curve

sequence
number

Time 
function 
error



master.ppt  Slide 10

&
 � � � � � ' � 
 
 �# � " � �


 � � " � � � � " � � � � � " � � � 	� 
 ��� � � 	
 � � 	� � � � " � ( � � � )0

 &
 � � � � � �� 
 
 � 
 � 
 � � � � � � � � � � �
 � � "

 ; 	� � " � ( � � � � � � 	# � ) � �� 
 � � � � � � 
 � 	�	� � � (p)

 <2
 � 
 � � � , 
 � � � � � , � " � �0


 � 
 � � �=�$ � 
 � � � � � � � � � 	� � " � 
 � � � � 
 
 � � ���


 � 
 � � �>�$ � 
 � � � � � � � � � 	� � " � � 	� � 	� � 
 � � � � 
 �


 � 
 � � �?�$ � 
 � � � � � �� 
 � � � 	� � 	� � 
 � � � � 
 �


 � 
 � � �<�$ � 
 � � � � � �� 
 � � � 	� � 	� � 
 � � 
 � �



master.ppt  Slide 11

<2
 � 
 � � � , 
 � � � � �# � " � �� ( � � � � ) �

' � 
 
 �&
 � � � � � 0�@@@@@==@@=@=@=@==@==@@@@@@@@@@@@@@=@@@

� � 
 � � � � � � � � � � � �0�=====??>>?>?>?>??>??==============<===

� �" � � � �
� � � � � � � 	 � � �
� 	 � � � � � � � � �
# �� � � � � 	 � 
 	 �

A typical
‘scatter diagram’

25
%

 ty
pic

al

Bur
st 

los
t



master.ppt  Slide 12

&
 � � � � � ' � 
 
 � � � � � � � �$ � 	# � �
 � 	� � �
� � 
 � �� 
 � (A/ %�	� � � � � � �
 � 	� � )



master.ppt  Slide 13

&
 � � � � � � � �
 � �
+
 � 	
 � 	� �



master.ppt  Slide 14

&
 � � � � � � � �
 � �+
 � 	
 � 	� � � � � � � 


 	� � � � � � � � 
 � � �# 
 � � �


 � 	� � � � 
 � ( � � � � � � 
 ) � 	� �

 � � 	� 
 � � � � � � � � � � .�
 � � � � �
�
 � � � � � � # � � � 
 * 	# � �	� 
 �

� � 
 � � � � � �&� +�
" 	
 � � 	� � � 	� � � � 	��� � � �
� 
 � 
 
 	
 �

 � � � � � � � � � � � # � � � �

 � 	� � � � 
 � � 
 
 � 
 " � " � 	
 �
�� � 0� � � � � � 
 � 	� � � � 
 � 
 � " �

� � �B� � � � " � �
 � � : � � � 	� � �
� � � � � 
 � 	
 � � � 	" � � �

s

delay

m s3+s3-

Zero Queuing delay 
(The ‘ truncation’ )

6� � �� 	� 	� � � � � 	
 � .� � � � � 
 � 	� � * � 
 � � � � 	� � �# 
 � � � " �� � � � � � � � � � � � � � � # 
 � � �



master.ppt  Slide 15

! � 
 	# � �	� 	� " �&' ' �# � " � �

Loop filter
( )fG

( )fq

( )fq̂

( )fy

( )fj

+ -+

+

+

+

PDV

Local ref. noise

source
clock
phase

( ) ( ) ( ) ( ) ( ) ( ) ( )ffHffHffHf yjqq 222
1ˆ -++=

recovered
clock
phase

( ) ( )
( )fG
fG

fH
+

=
1



master.ppt  Slide 16

&
 � � � � � � � �
 � �+
 � 	
 � 	� � �$ � � 	� � �
� 
 � 
 
 	
 � �# � " � �� ( � � � � � � � � �� � 
 ��3 � � -)

s

delay

m s3+s3-

p5.0 R

p

22
R
s

f

��
	


�
�

Hz
sec2

cf

Rp=packet rate

( ) 2
fH

( )fj



master.ppt  Slide 17

5 � 
 � � � � � � � � # 
 � � � � � 	� � � � � 	� � �
� 
 � 
 
 	
 � # � " � �� ( � � � � � � � � �� � 
 ��3 � � -)

( ) 0=fy

cf

Meeting G.823 
traffic interface 
mask requires:

C@-=?

C==

C=@@-?

C=@@@-=

� �

$� � %&

� � � � �

$� � � � &



master.ppt  Slide 18

� � 
 � � � 
 � � � � 
 � � � � � � � � � � �� � 
 �� � � � -� 	
 �
� � � � � � � � � � � �

Rp=packet rate

p5.0 R

p

22
R
s

f

��
	


�
�

Hz
sec2

cf

( ) 2
fH ( )2

1 fH-

( )fj

( )fy

! 
 �! 
 � � 
 � " � 	" � �� 
 � " � 	" � � 	
 �# 
 " � � � 
 � � � � � � �	
 �# 
 " � � � 
 � � � � � � � �� &� +� � � 	
 � � � � � � � � � " � � � � 
 
 � 
&� +� � � 	
 � � � � � � � � � " � � � � 
 
 � 


' � � 
 �� � � � � � � � � � � � � � � � � � 	� � � � 
 
 � 
' � � 
 �� � � � � � � � � � � � � � � � � � 	� � � � 
 
 � 




master.ppt  Slide 19

� � 
 � � � 
 � � � � 
 � � � � � � � � � � �� � 
 �� � � � -� 	
 �
� � � � � � � � � � � � ( � � D/ ) � � ( � � � � )

turnaround points
cf

( ) 0>fy Meeting G.823 
traffic interface 
mask requires:

� � � �
� � 
 
 	� ��

?

C=

E F @-=

=

C=@

E F @-=

@-?

C=@@

E F @-=

@-=

� �

$� � %&

� � � � �

$� � � � &



master.ppt  Slide 20

.� � � � � 
 � � " * &� +�2 � � � �G
 	� � �� � 
 � 	� � � �
1
 	� � �� � : � � � � H� 
 
 �

Classification
Admission control

Switching
Queuing

timing flow

background flow

‘ truncated’
PDV

distribution

Constant Intr insic 
Propagation delay 
through switch

Queuing delay

Zero Queuing delay (The ‘ truncation’ )

• Intrinsic propagation delay depends mainly on the switch processing capacity

• Queuing delay depends mainly on background traffic and queuing policies
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