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Proposal for PCS for 100BASE-T1L PHY: 8N/(8N+1) Encoding DEVICES

AHEAD OF WHAT'S POSSIBLE™

Defined by the following pseudo-code where N is the number of octets encoded in
a block
= N=8whenthe Reed-Solomon FEC is used and N =2 when it is not used

= QOctetswithin ablock are numbered using and increasing index n, from 0 to N-1, with n=0 being the first octet of the block
presented on the Mll interface.

TC[n] : Oif octet nis adata octet, i.e., if the octet n contains two MIl data nibbles, TXD[2n][0:3]and TXD[2n+1][0:3]; 1 otherwise
TC[-1] : 1by definition
TD[n]0:7] : Mlloctet n(TD[N][0:3]=TXD[2n][0:3], TD[n[4:7]=TXD[2n+1][0:3])if TC[n]=0
C[n]0:2] : Mll control code n, corresponding to Mll data nibbles 2n, 2n+1as per the encoding table
B[0:8N] : 8N+1block. Bit 0 transmitted first
OR(n) : Bitwise OR of TC[n:N-1]
OR(N) : 0 by definition
NEXT(n) 0:2] : bit position of lowest bitin TC[n:N-1]that is a 1. Bit 3 is MSB
M(n)0:1] : Ml mode n, corresponding to Mll data nibbles 2n, 2n+1
M[n]0]=1if encoded symbol is CD; else 0
M[n][1]1=TXD2n[0]if encoded symbol is CD; else OR(n+1)
B[O] =0R(0)

B[8n+1:8n+3] =TD[n][0:2] ifOR(n)=0
NEXT(n)0:2] if OR(n)=1AND TC[n-1]=1
TD[n-11[5:7] if OR(n)=1ANDTC[n-1]=0
B[8n+4:8n+5] =TD[n][3:4] if OR(n)=0

M[n]0:1] if OR(n)=1AND TC[n]=1

TD[n]0:1] if OR(n)=1AND TC[n]=0
B[8n+6:8n+8] =TD[n]5:7] if OR(n)=0

C(n)0:2] if OR(n)=1AND TC[n]=1

TD[n]2:4] if OR(n)=1AND TC[n]=0
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Proposed Constant Latency MIl to 8N/8N+1Encoding DEVICES

AHEAD OF WHAT'S POSSIBLE™

We propose the following for the constant latency Mll to 8N/8N+1 encoding

= May or may not include sequence ordered sets in the PCS 8N/8N+1encoding
= May or may not preclude end to end communication of sequence ordered sets
= Canalways use sequence ordered sets between the PHY and the RS

Do not group/ungroup 3 nibbles at the start and do not expand/compress one idle at the end of
the packet

= Thisavoids anincrease of the transmit latency by one Mll clock cycle (40 ns)

= Thisresultsin constant lower latency for packets
= |[f not supporting end to end sequence ordered sets can use state-less encoding which is simpler

The Codes for sequence ordered sets starting on an odd cycle (Co) are not needed
Do not have to deal with unexpected behaviour that may occur in case of errors
= Encoder and decoder do not need to remain synchronized

Simpler and more robust state-less encoding
= Always decodes an octet into two nibbles

= Forthe case of not supporting end to end sequence ordered sets it is state-less and dealing
with the case of errorsis simpler
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Proposal with Sequence Ordered Sets NOT Supported — E&&ie

The following slides describe the control codes and example cases for
Constant Latency MIl to 8N/8N+1Encoding where sequence ordered
sets are not included in the PCS 8N/8N+1encoding

= This precludes end to end communication of sequence ordered sets
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AHEAD OF WHAT'S POSSIBLE™

Control Codes - Sequence Ordered Sets Not Supported  Boevces

3 | 4 5 | 6 | 7
Mode Control Code Symbol | Definition
0 0 0 0 0 No more control codes, Reserved
0 0 0 0 1 E No more control codes, Transmit Error Propagation
0 0 0 1 0 | No more control codes, Normal Inter-Frame (ldle)
0 0 0 1 1 Cs No more control codes, Start of Frame with leading Idle
0 0 1 0 0 No more control codes, Reserved
0 0 1 0 1 L No more control codes, Assert Low Power Idle
0 0 1 1 0 No more control codes, Reserved
0 0 1 1 1 No more control codes, Reserved
0 1 0 0 0 More control codes, Reserved
0 1 0 0 1 E More control codes, Transmit Error Propagation
0 1 0 1 0 | More control codes, Normal Inter-Frame (Idle)
0 1 0 1 1 Cs More control codes, Start of Frame with leading Idle
0 1 1 0 0 More control codes, Reserved
0 1 1 0 1 L More control codes, Assert Low Power Idle
0 1 1 1 0 More control codes, Reserved
0 1 1 1 1 More control codes, Reserved
1 0 0 0 0 CcDho Dribble Nibble, Data = 0x0
1 0 0 0 1 CD8 Dribble Nibble, Data = 0x8
1 0 0 1 0 CD4 Dribble Nibble, Data = 0x4
1 0 0 1 1 CDC Dribble Nibble, Data = 0xC
1 0 1 0 0 CD2 Dribble Nibble, Data = 0x2
1 0 1 0 1 CDA Dribble Nibble, Data = OxA
1 0 1 1 0 CD6 Dribble Nibble, Data = 0x6
1 0 1 1 1 CDE Dribble Nibble, Data = OxE
1 1 0 0 0 CcD1 Dribble Nibble, Data = Ox1
1 1 0 0 1 CcD9 Dribble Nibble, Data = 0x9
1 1 0 1 0 CD5 Dribble Nibble, Data = 0x5
1 1 0 1 1 CDD Dribble Nibble, Data = 0xD
1 1 1 0 0 CD3 Dribble Nibble, Data = 0x3
1 1 1 0 1 CcDB Dribble Nibble, Data = 0xB
1 1 1 1 0 CcDb7 Dribble Nibble, Data = 0x7
1 1 1 1 1 CDF Dribble Nibble, Data = OxF

Control Codes Encoding Table (with sequence ordered sets not supported)
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Start on Even Cycle, Packet Even Number of Nibbles L bevices

= Encoding: combine even + odd E 0 E O e 0 E O
nibbles into octet presented to XM |l b Do|Dy| .. DDl
encoder — T

Ve ' 1 Y /_]ﬁ/_]ﬁ
e anli : New
= Decoding: split octet to nibbles ) Encoder N - DD
proposal N X y N N y
RX Ml li | 1o | Do | Dy Dy D, | lo | I
Latency—>| [—
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Start on Odd Cycle, Packet Even Number of Nibbles

= Encoding: combine even + odd
nibblesinto octet presented to
encoder

= |dle nibble followed by first preamble
data nibble in octet, encoded to Cs

= Datanibble(D,)followed by idle nibble
in octet, encoded to CD,

= Decoding: Split octet to nibbles

= Csdecodedtoidle nibble followed by
Ox5 data nibble

= CD,decoded to D, data nibble followed
by idle nibble
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ANALOG

Start on Even Cycle, Packet Odd Number of Nibbles L bevices

= Encoding: combine even + odd E 0 E O E 0 E 0 E O
nibbles into octet presented to TXMI || b Do|Di| .. DD [D|lo| kb
encoder T D
= Data nibble (D,)followed by Idle nibble New | e [ w  on |l - o @ | n

in octet, encoded to CD, proposal — — — —
= Decoding: Split octet to nibbles T~ — ———
RX MII li | I | Do | D1 Dy | Dy | D, | | li | I
= CD,decoded to D, data nibble
Latency—»| [-—

followed by Idle nibble
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Start on Odd Cycle, Packet Odd Number of Nibbles DEVICES

AHEAD OF WHAT'S POSSIBLE™

= Encoding: combine even + odd

. . E 0] E 0} E 0] E o E o
nibblesinto octet presented to
encoder TX Ml lo | 12| 12 | Do| Dy| Dy Dy D | Io | Ih
N l A\ -~ /\ l / ;l_/;l_/
= |dle nibble followed by first preamble New —mn a— ———
data nibble in octet, encoded to Cs { Encoder lo G | Do Dp |l
proposal N p N— y N ~ y
= Decoding: Split octet to nibbles SN S N P R
= Csdecoded toidle nibble followed by RXMII L S S v [Py Pef o
0Oxb data nibble latency—>| |~
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Proposal with Sequence Ordered Sets Supported Bovices

The following slides describe the control codes and example cases for
Constant Latency MIl to 8N/8N+1Encoding where sequence ordered
sets are supported in the PCS 8N/8N+1encoding

= This supports end to end communication of sequence ordered sets
= This may be a sequence ordered set initiated in the RS to be transmitted to the remote RS

= |f anew Mlluses sequence ordered sets to communicate between the PHY and the MAC,
this may be a sequence ordered set transparently carried PCS to PCS
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Rules for Constant Latency MIl Encoding Onto 8N/8N+1  Deevess

AHEAD OF WHAT'S POSSIBLE™

Rules summary with Sequence Ordered Sets Supported

Start of packet at odd Group idle and data to Cs control Output 2 nibbles: idle, 0x5
cycle symbol.
End of packet octet is Group data and idle to one of the CD CD Output 2 nibbles: data, idle
data, idle control symbols
(M Start of sequence at Group idle and sequence to | control I Output 2 nibbles: idle, idle
odd cycle. First nibbleis  symbol
el Ut oot Group LPland sequence to LI control L Output 2 nibbles: LPI, LPI
symbol
Group data and sequence to CD CD Output 2 nibbles: data, idle
control symbol
Convert following sequence to octet 0 Output 2 nibbles: Sequence, Sequence
sequence control symbol
MEnd of sequence that Group idle and the two preceding D Output 2 nibbles: data, data
started on odd cycle nibbles to data
Else Group even and odd nibbles to octet Else Output 2 nibbles

M Only required to encode sequence ordered sets for transmission between link-partners
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Control Codes - Sequence Ordered Sets Supported DEVICES

AHEAD OF WHAT'S POSSIBLE™

[ 6 | 7
Mode Control Code Symbol | Definition
0 (0] No more control codes, Sequence
E No more control codes, Transmit Error Propagation
| No more control codes, Normal Inter-Frame (ldle)

Cs No more control codes, Start of Frame with leading Idle

No more control codes, Reserved
L No more control codes, Assert Low Power Idle

No more control codes, Reserved
No more control codes, Reserved
(0] More control codes, Sequence

E

|

More control codes, Transmit Error Propagation
More control codes, Normal Inter-Frame (Idle)

Cs More control codes, Start of Frame with leading Idle
More control codes, Reserved
L More control codes, Assert Low Power Idle

More control codes, Reserved
More control codes, Reserved
CDO Dribble Nibble, Data = 0x0
CDs8 Dribble Nibble, Data = 0x8
CDh4 Dribble Nibble, Data = 0x4
CDC Dribble Nibble, Data = 0xC
CD2 Dribble Nibble, Data = 0x2
CDA Dribble Nibble, Data = OxA
CD6 Dribble Nibble, Data = 0x6
CDE Dribble Nibble, Data = OxE
CD1 Dribble Nibble, Data = 0x1
CD9 Dribble Nibble, Data = 0x9
CD5 Dribble Nibble, Data = 0x5
CDD Dribble Nibble, Data = 0xD
CD3 Dribble Nibble, Data = 0x3
CDB Dribble Nibble, Data = 0xB
CD7 Dribble Nibble, Data = 0x7
CDF Dribble Nibble, Data = OxF

Ll Ll [l (=l (ol (ol [l | Eol Lol [l ol fol [lol Foi ol o g ol (o) fol (o) ol g Ll ol ol (o] fol (o) (o)
O|R|O|R|O|FR|IO|IFR|IO|IR|IO|IR|IC|R|IO|R|IO|IR|IO|R|IO|R|IO|FR|O|r|O|r|O|+]|O

Ll el el Ll el Ll el Ll el Ll Ll el el el e =) (el (o]l o]l (o] (o] jo] (o] (o] jo] o) o] lo) o} o} o)

= =l I L L L L L k= K= K= K= = =1 (=1 (=] I L= L L L L L L k= k= = k= k= =] (=] (=]
Rlr|o|lo|lr|r|lo|lolr|r]|o|lo|r]|r|olo|r]|r|olo|r]|r|o|lo|r]|r|o|o|r]|~]|o

[y
[y

Control Codes Encoding Table (with sequence ordered sets supported)
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ANALOG

Start on Even Cycle, Packet Even Number of Nibbles DEVICES

AHEAD OF WHAT'S POSSIBLE™

E 6] E 0} E (0] E 0} E o E (0] E (6} E o E (0] E o E (0}
TXMII li | 12 | Do | D1 Dy [ D, Oo | Oy | Da| Dy | Dc| Dg | De| Df | Og | O1 | Da | Dp De | D | lo | I
o AN\ J AN A\ J o AN J AN AN J/
T T { L. T T T T
r ' 1 N\ ld 1 v 1 N\ 7 \] ' 1 N\ r 1 V 1 N\
New —
<{ Encoder I Doy Dy, Oo1 Dab Ded Def Oo1 Dab Det lox
proposal N ~ y — y S < y N N y
r Vo N\ 4 NV N\ Vd NV Y Ve NV N\
RX M” |1 |2 Do D1 s Dy Dz 00 01 Da Db Dc Dd De Df 00 01 Da Db e De Df |0 |1
Latency—" [-—
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Start on Odd Cycle, Packet Even Number of Nibbles

New
proposal

Z

TX Ml

Encoder

RX Mil

Dy

D>

lo | I

0x5

D

D>

Latency—"
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E (0] E (6] E (0] E (0] E (6] E (0] E (0] E (0] E (0] E (0]
Dy | Dy | D, | Og | O1| Dy | Dy | Dc | Dg | De | Df  Og | Oy | Da | Dy De | Df | g I I,
A A_l_I\ I r v r A Y
\‘] “‘. ‘~~~' .......... e e I ~~~~' -
NV £ N\
Dyy CcD, 0, Dab Deg Des Oo1 Dab Des EP)
A N J
T T
. .
] ]
' Ve N\
Dy | Dy | D, I O[Oy | Dy | Dp | Dc| Dg| De | Df f Og | Oy | Dy | Dp De | Df | |1 I,
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Start on Even Cycle, Packet Odd Number of Nibbles DEVICES

AHEAD OF WHAT'S POSSIBLE™

.
E (0} E 0] E (0} E O E (0] E 0} E O E 0] E (6} E 0] E (0} E 0
TX M” |1 |2 DO Dl oo Dx Dy Dz 00 01 Da Db DC Dd De Df 00 O1 Da Db e De Df IO |1 |2
T d h T N ~ - A
N ew —_ L — —l— Y - ) - B - B -~ T —_—— o
<
proposa I Encoder 2 Doy Dy CD, 0. Dab Ded Det On Dab Det l1
N N v N A A N / N A / N A v
— :
r ~ ~ r 2% . v 1 % N r % N Ve 1 % N
RX Ml I I, Do | Dy oee Dy Dy D, | O1 (O | D, | Dy | Dc| Dg| De | Df  Og  O;| Dy | Dp oee D. | D¢ Iy I
L Latency—>| [
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Start on Odd Cycle, Packet Odd Number of Nibbles DEVICES

AHEAD OF WHAT'S POSSIBLE™

E O E O E O E O E O E O E O E O E O E O E O E O
TX M“ |0 |1 |2 Do D1 Dz b Dy Dz Oo 01 Da Db DC Dd De Df 00 01 Da Db e De Df |0 |1
AN T A - J/\ T S/ N . A . Y AN T /\ T J/ AN T /\ T J/
4 . hd ~~' Vo 1 Y 4 \I NV L N\ 4 1 Vo 1 Y 4 1 NV 1 Y
New —
< Encoder lox Cs Dy, Dy, On Dap Dcd Det On Dab Def lor
proposal < X ~ y — N — N o~ y N N y
:
Id hd 1 A Y Ve a4 N\ /4 NV Y /4 VT N\
RX Mil lo | Iz | I |0Ox5| Dy | D, Dy | D, | Og| O; | Dy | Dp| Dc| Dg| De | D Og Op| Ds| Dp De| Df| Iop | Ih
Latency—" [-—
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Constant Latency Mll to 8N/8N+1Encoding/Decoding  Doeviee

Nibble

Only to encode
sequence ordered sets

Should not appear at
encoder
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