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Agenda
• B a c k g r o u n d  o n  M T T F P A  a n d  C RC  e r r o r  p r o t e c t i o n
• Re v i e w  o f  P r e v i o u s M T T F P A  w o r k
• 4 0 G E  M T T P F A  A n a l y si s f o r  b a c k p l a n e s
• S u m m a r y
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M T T F P A and M L D
• E t h e r n e t ’s C RC 3 2  h a s t h e  f o l l o w i n g  e r r o r  d e t e c t i o n  c a p a b i l i t y

• A l l  1 ,  2  o r  3  b i t  e r r o r s  a r e  d e t e c t e d
• A l l  b u r s t  u p  t o  3 2  b i t s
• A l l  t w o  b i t  b u r s t  e r r o r s  u p  t o  8  b i t s
• T h e  a b o v e  i s  t r u e  f o r  a t  l e a s t  u p  t o  9 k  f r a m e s

• F o r  t h e  1 0 G B A S E R sc r a m b l e r ,  si n g l e  b i t  e r r o r s b e c o m e  3  b i t  e r r o r s
• T h i s w a s sh o w n  t o  n o t  d e g r a d e  t h e  e r r o r  d e t e c t i o n  c a p a b i l i t y  o f  t h e  
I E E E  C RC 3 2  f o r  1 0 G B A S E -R [ 5 ] ,  [ 1 ] ,  [ 2 ]
• N o  C R C  d e g r a d a t i o n  o c c u r s  i f  t h e  C R C  a n d  t h e  s c r a m b l e r  p o l y n o m i a l  d o  n o t  s h a r e  
c o m m o n  f a c t o r s

• I E E E  C R C 3 2  h a s  n o  c o m m o n  f a c t o r s  w i t h  t h e  X ^58 s c r a m b l e r
• I f  t h e  o r i g i n a l  e r r o r s  c a n  b e  d e t e c t e d ,  t h e n  t h e  m u l t i p l i e d  e r r o r s  a r e  a l s o  d e t e c t a b l e  

• T h e  P C S / M L D  d o e s m u x i n g  a n d  sc r a m b l i n g ,  d o e s t h a t  i m p a c t  
M T T F P A ?

• F o r  a d d i t i o n a l  b a c k g r o u n d  o n  t h e  C RC 3 2  d e t e c t i o n  p r o p e r t i e s se e :
g u st l i n _ 0 1 _ 0 1 0 8
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R ev i ew  o f  t h e P C S / M L D  P r o c es s i ng
• T h e  P C S / M L D  l a y e r s h a v e  t h e  f o l l o w i n g  f l o w  o f  f u n c t i o n a l i t y :

1 . E n c o d i n g  ( 6 4 B / 6 6 B )
2 . S c r a m b l i n g  ( x 58 + x 3 9 + 1 )
3 . S t r i p i n g  o f  t h e  d a t a  t o  m u l t i p l e  l a n e s f r o m  a n  a g g r e g a t e  st r e a m
4 . D e -st r i p i n g  o f  t h e  d a t a  f r o m  m u l t i p l e  l a n e s t o  a n  a g g r e g a t e  st r e a m
5 . D e sc r a m b l i n g  o f  t h e  d a t a
6 . D e c o d i n g   ( 6 4 B / 6 6 B )

• T h i s i s i m p o r t a n t ,  si n c e  t h e  p a c k e t  i s r e c o n st r u c t e d  b e f o r e  d e sc r a m b l i n g ,  
t h e  m u l t i p l i e d  e r r o r s a r e  r i g h t  w h e r e  t h e  sc r a m b l e r  p o l y n o m i a l  sa y s t h e y  
sh o u l d  b e .  T h i s l e a d s t o  M T T F P A  a n a l y si s si m i l a r  t o  t h a t  f o r  1 0 G B A S E -R.
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4 0 G E  S u m m ar y
• S a m e  e r r o r  d e t e c t a b i l i t y  a s i n  1 0 G B A S E -R
• N o  d e g r a d a t i o n  d u e  t o  t h e  sc r a m b l e r  e r r o r  m u l t i p l i c a t i o n
• C o r n e r  c a se s su c h  a s e r r o r  sp i l l  i n  a n d  sp i l l  o u t  a r e  t h e  sa m e  a s 
1 0 G B A S E -R so  t h e  a n a l y si s d o n e  f o r  i t  a p p l i e s h e r e  a s w e l l

• T h e  d a t a  b e l o w  a ssu m e s r a n d o m  a n d  i n d e p e n d e n t  e r r o r s

PCS/MLD PMD PMD PCS/MLD
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1 0 0 G E  ( 1 0 : 1 0 )  S u m m ar y
• S a m e  e r r o r  d e t e c t a b i l i t y  a s 1 0 G B A S E -R
• N o  d e g r a d a t i o n  d u e  t o  t h e  sc r a m b l e r  e r r o r  m u l t i p l i c a t i o n
• C o r n e r  c a se  su c h  a s e r r o r  sp i l l  i n  a n d  sp i l l  o u t  a r e  t h e  sa m e  a s
1 0 G B A S E -R so  t h e  a n a l y si s d o n e  f o r  i t  a p p l i e s h e r e  a s w e l l

• T h e  d a t a  b e l o w  a ssu m e s r a n d o m  a n d  i n d e p e n d e n t  e r r o r s

PCS/MLD PMD PMD PCS/MLD

MTTFPA

1.00E+00
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L i f e t i m e  o f  t h e  u n i v e r s e
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1 0 0 G E  ( 1 0 : 4 )  S u m m ar y
• S a m e  e r r o r  d e t e c t a b i l i t y  a s 1 0 G B A S E -R
• N o  d e g r a d a t i o n  d u e  t o  t h e  sc r a m b l e r  e r r o r  m u l t i p l i c a t i o n
• C o r n e r  c a se  su c h  a s e r r o r  sp i l l  i n  a n d  sp i l l  o u t  a r e  t h e  sa m e  a s
1 0 G B A S E -R so  t h e  a n a l y si s d o n e  f o r  i t  a p p l i e s h e r e  a s w e l l

• T h e  d a t a  b e l o w  a ssu m e s r a n d o m  a n d  i n d e p e n d e n t  e r r o r s

PCS/MLD PMD PMD PCS/MLD

MTTFPA

1.00E+00
1.00E+03
1.00E+06
1.00E+09
1.00E+12
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4 0 G E  and B u r s t  E r r o r s
• F o r  4 0 G E  B a c k p l a n e s,  w e  k n o w  t h a t  b u r st  e r r o r s a r e  l i k e l y  f o r  so m e  
b a c k p l a n e  t y p e s

• T h e  f o l l o w i n g  a n a l y se s t h e  M T T F P A  f o r  b u r st  e r r o r s f o r  a  4 0 G E  
b a c k p l a n e  a p p l i c a t i o n

PCS/MLD PMD PMD PCS/MLD
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Lane 3

Lane 2

Lane 1

Lane 4

Packet Before 
D es cram b l i n g

Packet A fter 
D es cram b l i n g

X

The packet has the original 
errors,  plu s the m u ltiplied  errors,  
5 8  and  3 9  b its aw ay .  These can 
all b e d etected .

4 0 G E  – B u r s t  E r r o r
MA C/PH Y PMD PMD MA C/PH Y

X
X

• T h e  o r i g i n a l  b u r s t  e r r o r ,  i f  ≤ 3 2  b i t s  a n d  c o n t a i n e d  i n  o n e  6 4  b i t  w o r d ,  i s  1 0 0 %  d e t e c t a b l e ;  t h e  m u l t i p l i e d  b u r s t  e r r o r  i s  a l s o  1 0 0 %  d e t e c t a b l e  
• S a m e  b e h a v i o r  a s  1 0 G B A S E -R

XX

XXX
XX

XXX
XX
XXX
XXXXX
XX
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Lane 3

Lane 2

Lane 1

Lane 4

Packet Before 
D es cram b l i n g

Packet A fter 
D es cram b l i n g

The packet has the original 
errors,  plu s the m u ltiplied  errors,  
5 8  and  3 9  b its aw ay .  These can 
all b e d etected .

4 0 G E  – B u r s t  E r r o r  - S p l i t
MA C/PH Y PMD PMD MA C/PH Y

• T h i s  i s  a  s p e c i a l  c a s e  w h e r e  t h e  b u r s t  e r r o r  c r o s s e s  a  w o r d  b o u n d a r y
• I f  t h e  e r r o r  b u r s t  c o r r u p t s  t h e  s y n c  b i t s  ( o n e  o r  b o t h ) ,  t h a t  e r r o r  i s  1 0 0 %  d e t e c t a b l e  d u e  t o  t h e  
i n h e r e n t  p a c k e t  b o u n d a r y  p r o t e c t i o n  a n d  s y n c  p r o t e c t i o n  t h a t  w e  h a v e  w i t h  6 4 / 6 6  e n c o d i n g

• I f  i t  c r o s s e s  t h e  b o u n d a r y ,  b u t  d o e s  n o t  c o r r u p t  e i t h e r  s y n c  b i t t h e n  i t  l o o k s  l i k e  t w o  e r r o r  
b u r s t s  n o w

• 1 0 0 %  d e t e c t a b l e  f o r  o n e  b u r s t  e r r o r  a t  l e a s t  u p  t o  3 2  b i t s ,  s h o w n  b y  s i m u l a t i o n s
• I f  t h e  o r i g i n a l  e r r o r  i s  d e t e c t a b l e ,  t h e n  t h e  m u l t i p l i e d  e r r o r s  a r e  d e t e c t a b l e

XXX
XX

XXX
XX

XXX
XX
XXX
XXXXX
XX

XX
X

XX
X XX

X
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X

XX
X

S im u lations show  these are 
1 0 0 %  d etectab le,  u p to 3 1  
b its in length
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4 0 G E  D o u b l e B u r s t  E r r o r s
• I f  D F E  o r  o t h e r  e q u a l i z a t i o n  i s u se d ,  t h a t  c a n  l e a d  t o  b u r st  e r r o r s,  a n d  i f  
w e  g e t  m u l t i p l e  e r r o r s t h a t  e a c h  b e c o m e  b u r st  e r r o r s,  c a n  w e  d e t e c t  
t h e m ?

• U se  f o r  n o w  t h e  B u r st  e r r o r  p r o b a b i l i t i e s f r o m  l i u _ 0 1 _ 1 1 0 5 ,  f o r  t h e  B 1 2  
c h a n n e l  ( r e l a t i v e l y  b a d  c h a n n e l )  w i t h  D F E

PCS/MLD PMD PMD PCS/MLD

Probability of 1 bit error propagation 1 8. 89E - 0 1
Probability of 2 bit error propagation 2 1. 0 0 E - 0 1
Probability of 3 bit error propagation 3 1. 0 0 E - 0 2
Probability of 4 bit error propagation 4 1. 0 0 E - 0 3
Probability of 5 bit error propagation 5 1. 0 0 E - 0 4
Probability of 6 bit error propagation 6 1. 0 0 E - 0 5
Probability of 7 bit error propagation 7 1. 0 0 E - 0 6
Probability of 8 bit error propagation 8 1. 0 0 E - 0 7
Probability of 9 bit error propagation 9 1. 0 0 E - 0 8
Probability of 10  bit error propagation 10 1. 0 0 E - 0 9
Probability of 11 bit error propagation 11 1. 0 0 E - 10
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Lane 3

Lane 2

Lane 1

Lane 4

Packet Before 
D es cram b l i n g

Packet A fter 
D es cram b l i n g

The packet has the original 
errors,  plu s the m u ltiplied  errors,  
5 8  and  3 9  b its aw ay .  

4 0 G E  – D o u b l e B u r s t  E r r o r s
MA C/PH Y PMD PMD MA C/PH Y

• T h e  m i n i m u m  d o u b l e  b u r s t  e r r o r s  t h a t  i s  n o t  1 0 0 %  d e t e c t a b l e  i s  a 2 b i t  a n d  a  4 b i t  b u r s t ,  g i v e n  
t h a t  t h e  4  b i t  b u r s t  c r o s s e s  t h e  6 6 b  b o u n d a r y

• T h i s  i s  n o t  1 0 0 %  d e t e c t a b l e  o n l y  i f  i t  d o e s  n o t  c o r r u p t  t h e  s y n c b i t s
I f i t d oes  corru p t th e s y n c fi el d  th en  i t i s  l i kel y  d etectab l e d u e to th e 4  b i t h am m i n g  p rotecti on  th at th e 

PC S  en cod i n g  h as
• I f  i t  c r o s s e s  t h e  b o u n d a r y ,  b u t  d o e s  n o t  c o r r u p t  e i t h e r  s y n c  b i t t h e n  i t  l o o k s  l i k e  t h r e e  e r r o r  
b u r s t s  n o w

X

X
XX

XX
X

Tw o b u rst errors b ecom e 3  
separate errors d u e to the 
packet d em u x ing

XXX

XX
X

X

O ne tw o b it b u rst error plu s 
a 4  b it b u rst error that 
crosses the sy nc f ield

XX

X
X

XX
XX
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4 0 G E  D o u b l e B u r s t  E r r o r s
• T h e  m i n i m u m  d o u b l e  b u r st  e r r o r s t h a t  i s n o t  1 0 0 %  d e t e c t a b l e  i s a  2 b i t  a n d  a  4 b i t  b u r st ,  g i v e n  t h a t  t h e  4  b i t  b u r st  c r o sse s t h e  6 6 b  b o u n d a r y
• W i t h  t h e  p r o b a b i l i t y  o f  e x t e n d i n g  b u r st  e r r o r s a s g i v e n  o n  t h e  p r e v i o u s p a g e ,  B E R =  1 0 -1 2 ,  a n d  a  p a c k e t  si z e  o f  1 5 0 0 B ,  t h e  p r o b a b i l i t y  o f  t h i s o c c u r r i n g  i s 8 x 1 0 -2 1
• T h i s t r a n sl a t e s t o  a n  M T T F P A  o f  3 . 4 x 1 0 1 7   y e a r s ( m u c h  g r e a t e r  t h a n  
t h e  l i f e t i m e  o f  t h e  u n i v e r se )

• O t h e r  d o u b l e  b u r st  e r r o r s sc e n a r i o s ( t h a t  a r e  n o t  1 0 0 %  d e t e c t a b l e )  a r e  
o r d e r s o f  m a g n i t u d e  l e ss l i k e l y

• A n y  t r i p l e  b u r st  e r r o r s t h a t  a r e  n o t  1 0 0 %  d e t e c t a b l e  a r e  m a n y  o r d e r s o f  
m a g n i t u d e  l e ss l i k e l y  t h a n  t h e  a b o v e  t w o  b u r st  sc e n a r i o

• T h e r e f o r e ,  t h e  2 , 4  b u r st  e r r o r  d o m i n a t e s t h e  M T T F P A

PCS/MLD PMD PMD PCS/MLD
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S u m m ar y
• F o r  r a n d o m  a n d  i n d e p e n d e n t  e r r o r s,  t h e  e r r o r  a n a l y si s i s t h e  sa m e  a s 
i t  w a s f o r  1 0 G B A S E -R

• T h i s p r o v i d e s f o r  v e r y  g o o d  M T T F P A ,  m a n y  t i m e  t h e  l i f e t i m e  o f  t h e  
u n i v e r se

• E v e n  w i t h  D F E  a n d  n o t  v e r y  g o o d  c h a n n e l s f o r  a  4 0 G E  b a c k p l a n e  
a p p l i c a t i o n ,  a n d  n o  F E C ,  t h e  M T T F P A  i s v e r y  g o o d  u si n g  M L D
• M a n y  t i m e s t h e  l i f e t i m e  o f  t h e  u n i v e r se


