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VD S L  P H Y  fo r E F M  c o p p e r

Pre s e n te d  b y :
S te v e n  H a a s , In fin e o n
J o h n  E g a n , In fin e o n
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S ta n d a rd iz e d  VD S L  a s  E F M -C o p p e r P H Y  

T h is  p re s e n ta tio n  p ro v id e s  th e  d e ta ils  a n d  o p e n  is s u e s :
• H o w  s ta n d a rd s -b a s e d  V D S L  c a n  b e  th e  8 0 2 .3 a h  PH Y
• W h a t la y e rs  c a n  b e  ta k e n , a s  is , fro m  A N S I/E T S I/IT U  s ta n d a rd s  

fo r V D S L
• W h a t c h a n g e s /a d d itio n s  n e e d  to  b e  d e fin e d  b y  th e  E F M  in  o rd e r 

to  c re a te  a  d e fin itio n  th a t m e e ts  p u b lic  n e tw o rk  s ta n d a rd s  a n d  
IE E E  PA R  o b je c tiv e s

• V D S L  is  s ta n d a rd iz e d  in :
– E T S I T S 1 0 1 2 7 0 0 1   (re q u ire m e n ts ) a n d  T S 1 0 1 2 7 0 0 2  

(s p e c ific a tio n )
– T 1 E 1 ’s  tria l u s e  s ta n d a rd
– IT U ’s  G .v d s l.f s ta n d a rd  (G .9 9 3 .1 )



14-Jan-02 3

VD S L  re fe re n c e  m o d e l

• Th e  V D S L  r e fe r e n c e  m o d e l is  c o m m o n  fo r  M C M  a n d  S C M  
tr a n s m is s io n  te c h n o lo g y  (c h a p te r  5 .1  V D S L -P a r t 1 /T1 E 1 .4 )

• Th e r e  a r e  2  ty p e s  o f d e v ic e s :
– V TU -O : Th e  m a s te r  d e v ic e , lo c a te d  in  th e  s w itc h /lin e  c a r d
– V TU -R : Th e  s la v e  d e v ic e , lo c a te d  in  c u s to m e r ’s  p r e m is e s  

(s u c h  a s  a  N IC  o r  C P E )
• S e r v ic e  s p litte r  a llo w s  th e  lo o p  to  b e  s h a r e d  w ith  P O TS  o r  B R -

IS D N

Application

Specific

Network
Interface

Application

Specific

Customer
Interface

LT RT
Splitter

NIDSplitter
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Hypothetical application
independent interface (HAPI)
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PTSN or

ISDN

PTSN or
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PMS-TC & PMD PMS-TC & PMD

NID- Network Interface
Device protection and
distribution cable termination
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VD S L  a s  a  s u p e rs e t o f E F M  n e e d s

P M D
(d iffe r e n t m o d e s ? )

P M S -TC  (F r a m in g , E r r o r  c o r r e c tio n ,In te r le a v in g )

P TM -TC  (P a c k e t la y e r ) O C -TP S -TC
L a y e r  c o n tr o l
V O C  c o n tr o l

L in k  s ta te  m a c h in e

G a m m a
in te r fa c e

E O C
(H D L C )

M a n a g e m e n t
in te r fa c e

Rate Matching Proposals
Loop Aggregation proposal
MII to PTM mapping

M II

802.3ah link management functions
Rate setting (Auto-negotiation)
Mode setting

M D IO

Covered in VDSL standardsM e d ia  a n d  s e r v ic e  s p litte r  d e fin itio n s

P C S

P M A

P M D
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T h e  P M D  la y e r (VD S L  P a rt 1 , s e c tio n  8 )

• PM D  p e rfo rm s  p h y s ic a l la y e r fu n c tio n s
• T w o  lin e  c o d e s  a re  re fe re n c e d  b y  s e c tio n  8  o f A N S I’s  p t 1 :

– S C M  PM D  is  d e fin e d  in  p a rt 2  o f V D S L  s p e c  (T 1 E 1 .4 )
– M C M  PM D  is  d e fin e d  in  p a rt 3  o f V D S L  s p e c  (T 1 E 1 .4 )

• A  T 1 E 1  tria l u s e  s ta n d a rd  is  v a lid  fo r tw o  y e a rs  w ith  b o th  
lin e  c o d e s  s u p p o rte d  d u rin g  th is  p e rio d

• Po w e r c o n tro l a n d  lin e  in te rfa c in g  p e rfo rm e d  b y  PM D  la y e r
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P M D  d e ta ils  – P a rts  2  &  3  o f T 1 E 1 .4

• S e p a r a te  p r o p o s a ls  c o r r e s p o n d in g  to  p a r ts  2  &  3
– V D S L  P M D  – s in g le  c a r r ie r
– V D S L  P M D  – m u ltip le  c a r r ie r
– F ir s t d r a ft o f E F M  s h o u ld  in c lu d e  b o th  s e c tio n s

• P M D  p r o p o s a ls  to  in c lu d e :
– A ll ite m s  c o v e r e d  in  p a r ts  2  a n d  3  o f T1 E 1 .4  tr ia l u s e  s p e c
– P M D  M IB  p a r a m e te r s
– P r o file s  (a s  a p p r o p r ia te )
– C o n tr o l fu n c tio n s  (v ia  C o d e  w o r d s , E O C /V O C , lin k  s ta te ? )
– S im p lific a tio n s  w h e r e  a p p lic a b le

• C o m m o n  e le m e n ts  b e tw e e n  lin e  c o d e s  w ill b e  in c lu d e d
– S ta te s , P S D  m a s k s  …
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P M D  – ite m s  d e fin e d  in  VD S L  p t 1  (i)

• S e c tio n  5 .5  c o e x is te n c e  w ith  PO T S  &  IS D N  (a ls o  s e c tio n  1 2 )
– D o  w e  n e e d  IS D N  c o -e x is te n c e ?  R e g io n a l A n n e x  (A ,B ,C )?

• S e c tio n s  5 .6 , 5 .7  – re m o te  p o w e r a n d  re p e a te r – n o t n e e d e d
• S e c tio n  6  tra n s p o rt c a p a c ity  &  p e rfo rm a n c e

– P a y lo a d  r a te s  b e tte r  d e fin e d  in  p a r ts  2  &  3  th a n  p a r t 1
– D e fin e  p r o file s  / p a r a m e te r s  fo r  th e  M IB ?

• Pe rfo rm a n c e  re q u ire m e n ts
– P r o b a b ility  o f e r r o r  1 0 -7 (w ith  6 d B  m a r g in )
– Th is  is  e ffe c tiv e  B E R  w ith  R S  F E C
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P M D  – ite m s  d e fin e d  in  VD S L  p t 1  (ii)

• S e c tio n  7  – U  in te rfa c e
– P S D  te m p la te s /p o w e r  – u s e  a s  is ?
– S p e c tr a l P la n  – 9 9 8 , 9 9 7 , F x , p r o p r ie ta r y ?
– A llo w  v a r ia n c e s  (v ia  M IB  p a r a m e te r s ) o r  fix ?
– P n P  c o m p a tib ility  w ith  m u ltip le  s p e c tr a ?

• S e c tio n  7 .1 .3  Po w e r c o n tro l (in c lu d e s  U PB O )
– P B O  m a s k  o r  “ b e tte r ” te c h n iq u e ?

• T e rm in a tio n  im p e d a n c e , re tu rn  lo s s , s ig n a l b a la n c e
– A ll – a s  is

• C o n n e c to r d e fin itio n ?
– D e m a r c a tio n  p o in t fo r  s ta n d a r d …
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P M A  la y e r (P M S -T C )

• P M A  – m o s tly  c o m m o n  b e tw e e n  lin e  c o d e s
– S c r a m b le r , F E C , In te r le a v e r  a ll c o m m o n

• I-in te r fa c e  (to  P M D )
– O n ly  o n e  d a ta  s tr e a m  (Tx +  R x )
– Is  I-in te r fa c e  c o m m o n  fo r  2  lin e  c o d e s ?
– E O C , V O C  d e fin e d  a s  p a r t o f fr a m e  a c r o s s  I-in te r fa c e

• L a te n c y
– S in g le  la te n c y  o n ly  w ith  p r o g r a m m a b le  d e la y ?
– D o  w e  n e e d  a  lo w  la te n c y  c h a n n e l in  a d d itio n , w ith  a  s e c o n d  M II?

H e a d e r  M u x
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In te r le a v e r

F E C
S c r a m b le r

To PMD management

D a ta
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T ra n s m is s io n  C o n v e rg e n c e  re fe re n c e  m o d e l 
(V D S L  P a r t 1 , s e c tio n  9 )

• O n ly  tw o  TP S -TC  fu n c tio n s  s h o u ld  b e  s u p p o r te d :
– P a c k e t Tr a n s fe r  M o d e  a s  d e fin e d  in  A n n e x  H  o f G .9 9 3 .1  (G .v d s l.f)
– V D S L  e m b e d d e d  o p e r a tio n s  c h a n n e l (E O C )
– P C S  (TP S -TC ) is  c o m m o n  fo r  b o th  lin e  c o d e s
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In te r n a l in te r fa c e s  fo r  d iffe r e n t a p p lic a tio n  tr a n s p o r t p r o to c o ls
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To PMD management

T P S -T C
P a c k e ts

Th e  P a c k e t TP S -
TC  is  s p e c ifie d  in  
ITU -T G .9 9 3 .1  
(n o t y e t in  T1 E 1 )

T P S -T C
P a c k e ts

O n ly  th e  in te r le a v e d  
(s lo w ) p a th  m a y  b e  
s u p p o r te d
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D e ta ile d  VT U -O  (L T ) re fe re n c e  m o d e l
(V D S L  p a r t 1 /T 1 E 1 .4 , s e c tio n  5 .3 )

• B o th  M C M  &  S C M  h a v e  
s a m e  re fe re n c e  m o d e l

• T h e  V T U -O  (L T ) is  s e lf 
c o n ta in e d  d e v ic e  w ith  
lin k  m a n a g e m e n t s ta te  
m a c h in e

• E F M  c a n  u s e  th is  “b la c k  
b o x ” w ith  w e ll d e fin e d  
G a m m a  in te rfa c e s

 γ -O 
V T U - O 

Link 
Maintenance 

U 2 -O U 1 -O 

Application- 

Specific 
processin g . 
(TPS-TC) 

PMD 

core 

modem 

NTR 
EOC 

to PSTN 

L i n k 
c o n t r o l 

αααα I-O 

PMS-TC 

FEC-US-F 

FEC-US-S 

FEC-DS-F 

FEC-DS-S 

splitter 

LEGEND 
FEC = Forward Error Correction 
US   = UpStream 
DS   = DownStream 
NTR= Network Timing Ref. 
EOC = Embedded Operations Channel 
PSTN = Phone Network 
PMD = Physical Medium-Dependent 
TC    = Transmission Convergence 
F       = Fast or low-latency 
S       = Slow or high-latency 
TPS  = Transport Protocol-Specific 

(Network 
Side) 
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D e ta ile d  VT U -R  (N T ) re fe re n c e  m o d e l
(V D S L  p a r t 1 , s e c tio n  5 .4 )

• T h e  V T U -R  (N T ) re s e m b le s  th e  V T U -O   e x c e p t:
– N e tw o rk  tim in g  re fe re n c e  (N T R ) is  a n  o u tp u t
– D e v ic e  a c ts  h a s  a  s la v e  lin k  s ta te  m a c h in e  a n d  is  c o n tro lle d  

b y  th e  V T U -O
– S a m e  re fe re n c e  m o d e l fo r S C M  a n d  M C M

U2-RU1-R

PMD
core

modem

link
control

FEC US (F)

FEC US (S)

FEC DS (F)

FEC DS (S)

link
maintenance

Application

Specific

(TPS-TC)

I-R

splitter

NTR

EOC

to
phone

ββββ γγγγ-R

NID

PMS-TC

LEGEND
FEC = Forward Error Correction
US   =UpStream
DS   =DownStream
NID= Network Interface Device
NTR = Network Timing Reference.
EOC = Embedded Operations Channel
PMD = Physical Medium Dependent
TC    = Transmission Convergence
F       = Fast or low-latency
S       = Slow or High-latency
TPS  = Transport Protocol Specific

premises
wiring

Customer
Side

processing
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T h e  VD S L  lin k  s ta te  m a c h in e

• M a n a g e m e n t m u s t d e fin e  th e  lin k  c o n fig u ra tio n  fo r e a c h  
s ta te . 
�T h is  c a n  b e  a  re s u lt o f E F M  o b je c tiv e s

C o ld -S ta rt
(T im e  o u t =  T 1 )

S te a d y -S ta te  T ra n s m is s io n

W a rm -S ta rt
(T im e  o u t =  T 2 )

Y e sY e s

P o w e r D o w n

Id le

P o w e r-u p  
R e q u e s t

Id le
R e q u e s t

R e s u m e -o n -E rro r
(T im e  o u t =  T 4 )

L o s s  o f S y n c .
(L o s s  o f S ig n a l)

T im e  o u t =  T 5

N o

W a rm -R e s u m e
(T im e  o u t =  T 3 )

Y e s

 N o

N o
(Q u ie t)

P o w e r-u p  
R e q u e s t

Power-off
(S e rv ic e  In s ta lla tio n  

o r c h a n g e )

N o

Y e s

B a c k -to -S e rv ic e
R e q u e s t

S y n c . lo s s

P o w e r lo s s

P o w e r lo s s

S y n c . lo s s

P o w e r lo s s

S y n c  R e c o v e ry

Applied if sync loss occured in Idle  
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L in k  s ta te  m a c h in e

• S im p lific a tio n
– U n n e c e s s a r y  s ta te s ?

• W a r m  s ta r t, R e s u m e  o n  e r r o r , P o w e r  d o w n , L o s s  o f s y n c , 
W a r m  r e s u m e , Id le …

– To  b e  e x a m in e d …
• Tim in g  &  s ta b ility

– D e fin e  h y s te r e s is
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P C S  – E n c a p s u la tio n

• B e tw e e n  M II in te r fa c e  a n d  a lp h a /b e ta  in te r fa c e
– H D L C  a s  d e fin e d  in  G 9 9 3 .1  a n n e x  H
– M o r e  fu n c tio n s  n e e d e d ?
– B e tw e e n  H D L C  I/O  a n d  M II

• E r r o r  h a n d lin g
– E r r o r e d  fr a m e s  a r e  h a n d le d  a s  d e fin e d  b y  ITU
– D e c is io n  is  a b o v e  H D L C  fo r  e r r o r e d  fr a m e s
– F r a m e  a b o r t fr o m  H D L C  d e c o d e r  ->  M II?
– M II Tx E r r  to  H D L C  e n c o d e r ?

• O A M
– O A M  a s  d e fin e d  o r  c h a n g e d  fo r  E F M ?
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P C S  – M II in te rfa c e

• P H Y /M A C  r a te  m a tc h in g  c o v e r e d  in  s e p a r a te  p r o p o s a l
– D e fin e s  c o n tr o l o f M II s ig n a ls
– B u ffe r in g  r e q u ir e m e n t?
– B e tw e e n  H D L C  I/O  a n d  M II
– N o te  “ b u r ie d  in te r fa c e s ” a r e  a lw a y s  o p tio n a l

• E .g . P H Y /M A C  r a te  b u ffe r  m a y  b e  h id d e n  in  in te r le a v e r

• IP G  &  h e a d e r
– Tr a n s fe r  a c r o s s  V D S L  o r  s tr ip ?
– U tiliz e  r a te  m a tc h in g  b u ffe r

• M D IO  - M IB
– D e fin itio n  o f M D IO  v ie w  o f in te r n a l M IB  +  E O C /V O C  c o d e s
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A n  o p e ra tio n a l c h a n n e l is  d e fin e d  fo r VD S L
(V D S L  P a r t 1 /T 1 E 1 .4 , s e c tio n  9 .2 .3 .1 )

• Th e  o p e r a tio n a l c h a n n e l TP S -TC  is  p a r t o f th e  V D S L  s ta n d a r d
– A n  e x te r n a l E m b e d d e d  o p e r a tio n a l c h a n n e l (E O C ) is  m u ltip le x e d  w ith  

a n  in te r n a l V D S L  o p e r a tio n a l c h a n n e l (V O C )
– M a n a g e m e n t c o n tr o ls  th e  u s a g e  o f th e  V O C  m e s s a g e s
– A ll V D S L  m a n a g e m e n t fu n c tio n s  c a n  b e  c o n tr o lle d  w ith  th e  E O C /V O C
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In te r n a l in te r fa c e s  fo r  d iffe r e n t a p p lic a tio n  tr a n s p o r t p r o to c o ls
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To PMD management

T P S -T C
P a c k e ts

B it le v e l in d ic a tio n s
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M D IO  – o p e ra tio n  c h a n n e l

• R e m o te  O A M
– R e a d  o f r e m o te  p a r a m e te r s

• S N R , R x  p w r , R S  e r r o r  c o u n ts

– C o n tr o l o f r e m o te
– O th e r  O A M

• D y in g  g a s p

• L in k  s ta te
– S ta te  m e s s a g e s  d e fin e d

• G P  E O C /V O C  o p e r a tio n
– A d d r e s s a b le  r /w  r e g is te r s
– P H Y  id e n tific a tio n  (m fr , d e v ic e  id , v e r s io n )
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S u m m a ry

• E x is tin g  V D S L  s ta n d a rd s  p ro v id e  a  c o m p le te  d e fin itio n  o f lo w e r PH Y  
la y e rs

• U p p e r la y e rs  m u s t b e  a d d e d  b y  E F M
• S im p lific a tio n  im p ro v e s  u n ifo rm ity , E th e rn e t c o m p a tib ility  &  

in te ro p e ra b ility
• E o V D S L  w ill m e e t th e  E F M  c o p p e r o b je c tiv e s :

> =  2 5 0 0  fe e t w ith  > =  1 0 M b p s  a g g re g a te  b it ra te
• L o n g e r re a c h  c a n  b e  a tta in e d  w ith  u s e  o f o p tio n a l b a n d  b e lo w  1 3 8 k h z

C o m p lia n t w ith  s p e c tra l m a n a g e m e n t s ta n d a rd  a n d  fre q u e n c y  p la n s  
a p p ro v e d  b y  IT U -T ,N R IC , a n d  E T S I/T M 6
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C o n c lu s io n

• E o V D S L  is  w h a t s h o u ld  b e  th e  E F M  s ta n d a rd  PH Y
– Pro v e n  u s e  in  M x U  a n d  lo c a l lo o p s  in  s e v e ra l 

m a rk e ts  a lre a d y
• U p p e r la y e rs  (a b o v e  g a m m a  in te rfa c e ) s h o u ld  b e  

d e fin e d
• O p e n  is s u e s  in  re d  n e e d  w o rk  a s s ig n m e n ts  to  c o m p le te
• O th e r o p e n  is s u e s  re la te d  to  L o o p  A g g re g a tio n  a n d  

e x te n d e d  re a c h  n e e d  to  b e  a d d re s s e d


