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Introduction Qoevices

This a proposal for the I00BASE-T1L PCS

= At the July meeting the 802.3dg group approved a motion to adopt PAM3
modulation at 80 Msymbol/s using 8b6T coding in conjunction with an 8N/8N+1
block code and with a low latency mode and a burst error protection mode

= See Murray_3dg_01a_07152024

= This a proposal for the PCS to be used with this PHY
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PCS TX Block Diagram and Bit Ordering
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N=2: 16B/17B low latency
N=8: 64B/65B with RS FEC




8b6T Codingand Block Codes A2

AHEAD OF WHAT'S POSSIBLE™

PAM-38b6T coding using 8N/(8N+1) block codes has been proposed
for IOOBASE-TI1L with two different modes supported:

= Low latency mode using a 16B/17B (N=2) block code

= Burst error protection mode using a 64B/65B (N=8) block code and RS FEC
= Line rateis 80 Msymbol/sin both cases

8b6T coding is described in:

= https://grouper.ieee.org/groups/802/3/dg/public/May_2024/Curran_3dg_01a_07152024.pdf
= https://grouper.ieee.org/groups/802/3/dg/public/May_2024/Murray_3dg_0T1a_07152024.pdf
8N/(8N+1)encoding is described in:

= https://www.ieee802.0rg/3/dg/public/May_2022/L 0_3dqg._01_012524.pdf
= https://grouper.ieee.org/groups/802/3/dg/public/May_2024/l 0_3dg_01a_0724.pdf

RS FEC is describedin
= https://qgrouper.ieee.org/qroups/802/3/da/public/May_2024/Tingting_3dq_02_16_07_2024.pdf
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8N/(8N+1) Encoding A

AHEAD OF WHAT'S POSSIBLE™

Defined by the following pseudo-code (Modifications from Clause 97, per
Lo_3dg_0la_0724), where N is the number of octets encoded in a block

= N =8whenthe Reed-Solomon FEC isused 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 nisadata 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+1(and 2n+2) as per Table 1above.
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(and 2n+2).
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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AHEAD OF WHAT'S POSSIBLE™

Example encoding for a N =8 block containing the following Mll octets
Dy/C,/D,/C5/C,/Ds/Cy/ D,

= (Octetsare shown in the transmit order, and bits within an octet and its sub-fields are also shown in
the transmit order, i.e. LSB first

Octet 0 Octet 1

= Octet 2 Octet 3 Octet 4 Octet 5 Octet 6 Octet 7

% o 1 2 3 4 5 8 7|0 1 2 3 4 5 8 7|0 1 2 3 4 85 48 7|0 1 2 3 4 5 8 7|0 1 2 3 4 85 8 7|0 1 2 3 4 5 8 7|0 1 2 3 4 5 8 7|0 1 2 3 4 5 8 7

J|1 00| TXDg TXD; |M[]| C[1] |1 1 0| TXD, TXD; |M[3]| C[3] |0 0 1|M[4]| C[M4] [0 1 1| TXD, TXDy; |M[6]| CIE] TXD4, TXDy5
o 1 2(0 1 2 3|0 1 2 3|0 1 o 1 2 o 1 2(0 1 2 3|0 1 2 3|0 1 o 1 2 o 1 2 (0 1 o 1 2 o 1 2|lo0 1 2 3|0 1 2 3|0 1 o 1 2 o 1 2 3|0 1 2 3

......

Analog Devices, Inc., IEEE 802.3dg Task Force, September 2024




Scrambler AR

Data and training modes use the same 33 bits side-stream scrambler

approach used in many other previous PHY technologies, Clauses 40,
146, 96, 149, 165

Generator polynomials for Master and Slave are:
= Master:  gp(x) =1+ x13 4+ x33
= Slave: gs(x) =1+ x20 4 x33

NOTE— IEEE Std 802.3, Annex K defines optional alternative terminology for “master” and “slave”

Scrambling is done per 8b/6T octet

= The bits stored in the scrambler shift register delay line at time n are denoted by Scr [32:0]

= At each octet period, the shift register is advanced by one bit, and a new bit represented by
Scr.[0]is generated

= Encodingrules are based on the generation, at time n, of nine bits: Sx.[3:0], Sy, [3:0]and Sg,
= The eight Sx.[3:0]and Sy_[3:0]bits are used to decorrelate the octet TD,[7:0] during transmission
= Sg,isused torandomize the sign of the NND 6T symbolin the 8b6T encoder
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Scrambler. Generation of Sd [ 7:0]and Sg, S

AHEAD OF WHAT'S POSSIBLE™

Sx.[3:0], Sy, [3:0]and Sg,,are generated using three uncorrelated bits, X, Y,,and Scr [ 0],
and an auxiliary generator polynomial, g(x), as in Clause 40:

= The bits X,and Y, derived from elements of the same maximum-length shift register sequence of
length 23%-Tas Scr [ 0], but shifted in time

= The associated delays are all large and different so that there is no short-term correlation among
the bits X, Y, and Scr,[0]

= They are generated as follows:
X, = Scry[4] A Scry, [6]
Y, = Scr, [1] A Scr, [5]

= The generator polynomial is:

gx) =x3nx8

= Sx.[3:0], Sy, [3:0]and Sg, are generated as follows:

Sy,[0] = Scr,[0] Sx,[0] = X,, = Scr, [4] A Scr,[6]

Sy,[1] = g(Scr,[0]) = Scry,[3] A Scr,[8] Sxn[1] = g(X,) = Scr, [7] A Scr, [9] A Ser, [12] A Scr, [14]

Syn[2] = g?(Scr,,[0]) = Scr, [6] A Scry,[16] Sx,[2] = g%(X,) = Scr,[10] A Scr, [12] A Scr, [20] A Scr, [22]

Sy, [3] = g3(Scr,[0]) = Scn, [9] A Scr, [14] A Scr, [19] A Ser [24]  Sx,[3] = g3(X,) = Scr, [13] A Scr, [15] A Scr, [18] A Scr, [20] A Scr, [23] A Scr, [25] A Scr;, [28] A Scr, [30]

Sgn =Y, = Scr,[1] A Scry, [5]

The scrambled data octet, Sd [7:0]is generated as follows:
Sd,[7:4] = Sx,[7:4] ATD,[7: 4]
Sd,[3:0] = Sy,[3: 0] A TD,,[3: 0]
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PMA Training Frame AR

AHEAD OF WHAT'S POSSIBLE™

The PMA training frame is the same approach used in Clauses 149 &165

Training frames with indicators are sent during PMA training to
establish the alignment of the PHY frames

24-bit Partial Frame
Counter (PFC24)

0(1|12|3|4(|5|6|7|8|9(10]11|12|13|14(15|16|17|18(19(20|21|22|23(24|25|26|27|28|28|30]31

Octet Octet Octet Octet Octet 1°" InfoField _ Last InfoField
0 32 64 96 128 octet 480 octet 491

S B B |

1

Y
bit bit bit bit bit
1 257 513 769 1025

Training Frame (PFC = 15) Training Frame (PFC = 31)
Low Latency PHY | PHY | PHY { PHY | PHY { PHY | PHY | PHY | PHY { PHY { PHY | PHY | PHY | PHY }{ PHY { PHY | PHY | PHY | PHY } PHY | PHY | PHY | PHY | PHY | PHY | PHY | PHY | PHY [ PHY | PHY | PHY | PHY
PHY frames frame|framejframe{frame|frame|frame{frame}frame|frame{frame}frame} frame|framej frame} frame{frame| frame| frame| framej frame| frame|f framej frame} frame| frame| frame} frame{ frame| frame} framejf framej frame
Burst error
protection RS-FEC PHY frame RS-FEC PHY frame RS-FEC PHY frame RS-FEC PHY frame RS-FEC PHY frame RS-FEC PHY frame RS-FEC PHY frame RS-FEC PHY frame

PHY frames

= Each partial PHY frame is 32 octets (256 bits)long, beginning at Sd,, where (n mod 32)=0
= Eachtraining frame is composed of 16 partial PHY frame
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PMA Training Frame: Scrambling B

AHEAD OF WHAT'S POSSIBLE™

= All the bits in the training frame except the second bit in each partial frame (in red in the
previous figure), which is set to 1, and the InfoField (in blue in the previous figure) are zero.
Therefore:

= Thesecondbitisinvertedinthe first 15 partial frames
= Scr[0]issentonthe first bit to facilitate scrambler acquisition at the receiver
= The first 12 octets (96 bits) of the 16t partial frame are XORed with the contents of the InfoField[0:95]
= The scrambled octets during training are:
m = 8- (nmod 32)

S, [7:4] = Sx,[7:4) AInfoFieldm +7:m+4] 480 < (nmod 512) < 491
nbis s Sx,[7: 4] otherwise
Sy,[3:2] AInfoField[m + 3:m+ 2] 480 < (nmod 512) < 491
Sd,[3:2] = .
Syn[3: 2] otherwise
Sy,[1] A InfoField[m + 1] 480 < (nmod 512) < 491
Sd,[1] = Sy,[1]A1 elseifm=1
Sy, [1] otherwise
Syn[0] A InfoField[m] 480 < (nmod 512) < 491
Sd,[0] = ~ .
Sy,[0] = Scr,[0] otherwise

= The scrambled training octet Sd_[7:0]is 8b/6T encoded as in normal operation, so that ternary
symbols (PAM3) with bounded running disparity are also used during training
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PMA Training Frame: PHY Control InfoField Qoevcss

PHY control information is exchanged between link partners during
training using a 12-octet InfoField (IF). Same approach as in Clauses
97,149 and 165

Octet 1 Octet 2 Octet 3 Octet 4 Octet 5 Octet 6 Octet 7 Octet 8 Octet9 Octet 10 Octet 11 Octet 12

0xBB Ox7A 0x00 PFC24 Message | PHY capability / DataSwPFC24 CRC16

716/8l413[2(1/07l6]Bl4l312[110l 7 | 6 | 5 [4[3]2[1] 0

-n_ (3/2]1]0] VendorSpecificData  reserved EEEen LPlen reserved RSen

8 O 8 ? 8 8 8 8 PHY capability (*Exact contents may change)

0 0 1 1 0000 . .

0 1 1 1 00O00O

. . CRCgen/ _CRCout
= Octetsand Fields are sent LSB first : £ Logic 0
. )2t through Oct10

= RSen selects burst error protection mode (RS-FEC)

when set in both link partners b so af st o] s2 |- af s (o s1s | ——RCE R,

CRC16 same as Clauses 97, 149 and 165

n
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Optional EEE Capability B

AHEAD OF WHAT'S POSSIBLE™

EEE uses the same approach as in Clauses 97, 149 &165
EEE abilities advertised in InfoField (EEEen and LPlen bits in PHY Capability)

= LPlonly enteredwhen bothlink partnersindicate EEEen=1and LPlen=1

= |fEEEen=1and LPlen=0, PCS encoding transparently carries the LPI signalling Mll to Mll, but the PHY does
not enter LPI| quiet-refresh cycle

= |[f EEEen=0, LPlis encodedasanormalinter frame(ldle), and decoded as error
Pl consists of alternating quiet and refresh periods
Each direction of the link can enter and exit LPI mode independently

l: Ipi_gr_time ‘;l
Master -« Ipi_quiet_time » Refresh %— |pi_refresh_time
| |
|
vaiid 5 5 | | | | |
wake starts |
Partial Frame 0 16 2 48 64 80 9%
count . | | .
* Ipi_offset gl [€——wiake_period——»| i
| | |
| |
Slave | Refresh |
[ [ .
[ [ v
| |
| ............. N S - f S S S 4.
Valid | ] ] ] ] ] |
wake starts | |
Partial Frame [ 4 54 a0 56 72 a8 [ ©
count | 1 [ '
| |
| |
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LPI Synchronization and Signalling EviceS

AHEAD OF WHAT'S POSSIBLE™

LPIl synchronization

= Quiet-refresh cycle stablished from the master partial frame count (PFC24)
= Slave PHY shall synchronize its PFC24 to the master’'s during training

e s e

tx_refresh_active Ipi_quiet_time <mod(PFC24, Ipi_gr_time) Ipi_offset-Ipi_refresh_time <mod(PFC24, Ipi_qr_time)<Ipi_offset

tx_wake_start mod(PFC24, wake_period)=0 mod(PFC24, wake_period)=wake_period/2

LPI signalling
= During quiet periods, the PCS transmitter passes zero ternary symbols to the PMA

= During the staggered out of phase refresh periods, the PCS transmitter operates as in normal
mode, with PCS transmit data(tx_coded) set to zero (or encoded LPI)

= No PHY healthinformation. Quiet refresh cycle shall be sufficient to ensure PHY SNR

= During wake-up, the PCS transmitter operates as in normal mode, with the PCS transmit data
(tx_coded) containing (8N/8N+1) encoded normal inter-frame symbols

= No alert signal(same as clause 97)
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LPI Timing Parameters and Wake-up Time

Parameter Number of partial frame periods <
(*Values may change) K

|pi_offset b6
lpi_gr_time 96 230.4
Ipi_quiet_time 88 211.2
Ipi_refresh_time 8 19.2
sleep 8 19.2

wake_period 16

= Quiet time determined by the requirement to preserve timing and keep the eye open
= Refresh allows enough time to update the filter coefficients to maintain the link quality

Ipi_wake_time Wake starts before sleep is complete | Wake starts after sleep is complete

__
76.8 67.6

Analog Devices, Inc., IEEE 802.3dg Task Force, September 2024
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ANALOG
OAM DEVICES
OAM is not supported

= No side-channel communications

= Only Tauxiliary bit is available in the proposed encoding for the low latency mode and the
burst error protection mode

This bit will be used as a beacon set to Twhen the link isup

= Additional information (TBD) might be passed if required, but no full 0AM allowing the transport of
vendor specific messages between PCSs
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Sequence Ordered Sets BICES

AHEAD OF WHAT'S POSSIBLE™

Adding sequence ordered sets to Mll and the 8N/(8N+1) encoding has been
adopted

= https://grouper.ieee.org/groups/802/3/dg/public/May_2024/1 0_3dqg_01a_0724.pdf
= Defined in XGMII and higher speed Mlls, but never retrofitted into Mll nor GMII

= XGMIl: usesacontrol characterinlane 0 and data charactersinlanes1to 3

= MIl: could use two ordered set nibbles (TX_EN=0, TX_ER=1, TXD=0x4) followed by 6 normal-inter packet
nibbles(TX_EN=TX_ER=0)with TXD set to the ordered set code

= Could be used for link fault signalling between local and remote Reconciliation Sublayers (RS)

= Three sequence ordered set codes(out of a possible 224) are defined:

= Local Fault: Signalled by local PHY to local RS
= Local RS stops transmit data/LPI from local MAC and generates remote fault on transmit path (possibly truncating a MAC frame)

= Remote Fault: Signalled by local RS to remote RS

= Remote RS stops transmit data/LPI from remote MAC and generates inter-frame indications(idles)
= Link Interruption(optional): Signalled by local PHY to local RS

= Local RS May set CARRIER_STATUS to CARRIER_ON

= But, asshownin Murray_3dg_01_09162024, none of the existing 100M silicon or commonly used

MAC interfaces support Local / Remote Fault / Link Interruption or sequence ordered sets
= Remote faults cannot be conveyed reliably to link partner when the link degrades
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Issue with Previously Adopted Proposal for SN/8N+1 DEVICES

The previously adopted propo

AHEAD OF WHAT'S POSSIBLE™

sal to achieve constant latency groups 3

nibbles at the encoder if a packet or a sequence ordered set starts on

an odd cycle, and then ungrou

However, there is an issue wit
some cases

ns at the decoder

n the previously adopted proposal in

= When a sequence ordered set follows a packet and starts on an odd cycle thereis a
problem since there are not enough control symbols available to encode it

= Asequence ordered set may start on

an odd cycle

= |f a packet with and odd number of nibbles is followed by a sequence ordered set
= |fapacketisinterrupted by a sequence onan odd cycle

= | 0_5dg_0Ola_0724 does not define how to handle these cases

The following slide explains th

Analog Devices, Inc., IEEE 802.3dg Task Force, September 2024

Is problem in more detail
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Issue with Previously Adopted Proposal for SN/8N+1 DEVICES

AHEAD OF WHAT'S POSSIBLE™

Packet with an odd number of nibbles followed by a sequence

= Thisis areal use case, not a corner case

In MIl, the transmit clock, TX_CLK, is sourced from the PHY to the MAC
= |[n general, TX_CLK will be plesiochronous to the MAC clock

= The RS will need to adapt between the MAC and PHY transmit clock rates

= Usually thisis done by simply adding or deleting Idle nibbles

= But, in addition, most MACs will enforce the minimum |IPG at the transmit side

= For packets separated by the minimum IPG, sometimes, the first preamble nibble is
replaced with an idle nibble, resulting in a valid packet with an odd nhumber of nibbles

E © E O E © E © E © E © E ©O E © E © E © E O E O E O

Iy

I3 ‘DD (o

Dy

D,

D, Op |0y (Dy Dy (D [Dg [De | Df | Opg | Og | Dy | D | Dz | Dg | Do | Dg | g

Iy | 2
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Proposed Constant Latency MIl to 8N/8N+1Encoding DEVICES

AHEAD OF WHAT'S POSSIBLE™

Thisissue is addressed by simplifying the scheme for constant latency

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

= Do notinclude sequence ordered setsin the PCS 8N/8N+1encoding
» Precludes endto end communication of sequence ordered sets
= This does not preclude using sequence ordered sets between the PHY and the RS

cho not rotup/ungroup 3 nibbles at the start and do not expand/compress one idle at the end of
e packe

= Thisavoids anincrease of the transmit latency by one Mll clock cycle (40 ns)
= Thisresultsin constant lower latency for packets
= We 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
= Asitis state-less dealing with the case of errorsis simpler
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Start on Even Cycle, Packet Even Number of Nibbles DEVICES

AHEAD OF WHAT'S POSSIBLE™

= Encoding: combine even + odd E 0 E O E 0 E O
nibbles into octet presented to TXMI |l | b Do|Ds| .. |Dy| Dl I
AN T A\ T J ;I_Ll_/
encoder
r - ' . N\ /_]ﬁ/_]ﬁ
= Decoding: spli ibbl New
g: split octet to nibbles { Encoder k2 | Da | v | Dy |l
proposal N X y N N y
» Only difference wrt previously RX MIl | b Do|Di| s+ D D| o ks
adopted proposal is latency stency> [+
E 0} E (0] E (0] E 6}
TXMII | 03 b | Do|Dyi| ... | Dy Dl lo| Iy
Previously P g — .
adopted { Encoder I Doy Dy, log
proposal N AN J . A J
RX Ml Iy | I | Do | Dy Dy D, lo| I
:Latency=
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Start on 0dd Cycle, Packet Even Number of Nibbles DEVICES

AHEAD OF WHAT'S POSSIBLE™

= Encoding: combine even + odd .

E 0} E 0 E (0] E 6] E (0] E 0
nlbblgsmto octet presented to SOV v v e S e R o s By v v
encoder — ——— N — N ——
= |dle nibble followed by first preamble New e S — ————
1 1 Encoder lo1 Cs D1, Dyy cD, l12
data nibble in octet, encoded to Cs proposal ) ! SR ] 3 — ]
= Data nibble (D,)followed by idle nibble SR S S R S R R
in octet, encoded to CDz RX Ml lo | 1, | 1 |Ox5| D;| D, Dy| Dy [ D | 1| 1L | I
= Decoding: Split octet to nibbles teney | |-
= Csdecodedtoidle nibble followed by ( © 0t o £ o & ot o0 : o
Oxb data nibble
TX MII lo Iy l | Do | D1 | Dy | D3 Dy | Dy | D, | lo I I
= CD,decoded to D, data nibble followed — —
by idle nibble Previously P T P T T
adopted < Encoder loz Cs Dy Dy, lo l1
proposal D I S
» Only difference wrt previously O ——— e an S—
adopted proposal is latency and we RX Ml R ©° (5] Pa] B | - | O] O
/ Latenc
don't need to group/ungroup 3 A

nibbles or expand/compress one idle
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Start on Even Cycle, Packet Odd Number of Nibbles

Encoding: combine even + odd
nibblesinto octet presented to
encoder

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

Decoding: Split octet to nibbles

= CD,decoded to D, data nibble
followed by Idle nibble

Only difference wrt previously
adopted proposalis latency

Analog Devices, Inc., IEEE 802.3dg Task Force, September 2024
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I I, Do | D D Dy D lo I I,
A S A A J
T T T T T
., \] \] \] \]
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|12 Do1 ny CDz I12
AN AN J ——— A N\
Ve N N Ve ' N
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Latency—»| [-—
E (0] E (0] E (0] E (6] E (0]
I I, Do | Dy Dy Dy D, lg I I,
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Iy l, | Do | Dg Dy | Dy | D, | I P3
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Start on Odd Cycle, Packet Odd Number of Nibbles DEVICES

AHEAD OF WHAT'S POSSIBLE™

= Encoding: combine even + odd . et o e o e e o
nibblesinto octet presented to
enCOder TX M” |0 |1 |2 Do D1 Dz e Dy Dz I0 I1
N l A . & l g ;[—/ [
= |dle nibble followed by first preamble New N e ——
data nibble in octet, encoded to Cs q Encoder lo ¢ | Do De |l
proposal N p N— y N ~ y
= Decoding: Split octet to nibbles RS S S S I N N
= Csdecodedtoidle nibble followed by RXMI il I O el B B N S B
0Oxb data nibble latency—>| |+
( E O E O E O E (0] E O E O
» Only difference wrt previously ™XMI o | n k] oel D00y o oy 0] e w0
adopted proposal is latency and we _ B T T
don't need to group/ungroup 3 Previously e S—a— S———
nibbles or expand/compress one idle ~ adopted . Encoder L | =1 > ] " [ ] 8] % |
proposal N SN
r NV . ' L Y Ve “] \I_‘I_V N\
RX Ml lo | 11 I |0x5|0x5| D, | D3 Dy [ D, | lo | I1 | I
:Latency=
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ANALOG

Supporting Sequence Ordered Sets with 8N/8N+1 L DEVICES

We can extend the above scheme to include sequence ordered sets

= We would do thisif thereisareasonto support end to end communication of sequence
ordered sets
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ANALOG

Start on Even Cycle, Packet Even 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
TXMII ls | I2 | Do | D1 Dy [ D, Oo | Oy | Da| Dy | Dc| Dg | De| Df | Og | O1 | Da | Dp De | D | lo | I
AN AN\ J - N\ J o AN J AN N\ J/
T T { L. T T T T
New f——— —— —a— P s S
< Encoder l12 Do Dy, Oo1 Dap Ded Def On Dap Def lox
proposal N ~ y — y S < y N N y
r Vo Y 4 NV N\ 4 NV N\ Ve a4 N\
RX M” |1 |2 Do D1 b Dy DZ 00 01 Da Db Dc Dd De Df 00 01 Da Db e De Df |0 |1
Latency—" [-—
~
e
E O E O E O E O E O E O E O E O E O E O E O
TX M“ |1 |2 DO D1 ces Dy Dz 00 01 Da Db Dc Dd De Df Oo 01 Da Db b De Df |0 |1
\ L A\ T s N [ % [ 4 N T A L 7 N T % L d
Previously T T Ty e T e e
adOptEd < Encoder l12 Do Dy, On Dap Ded Def On Dab Def lo1
N\ A\ J - N\ J AN AN J/ AN A\ J
proposal
r ' N\ 4 NV N\ 4 Vo Y Vd NV Y
RX Ml ly | I | Do | Dy Dy | D, | Og| O1 | Dy | Dp| Dc| Dg| De | D Og Op| Ds| Dp De| Df | lo | I
‘Latency‘

= Only differenceis latency
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Start on 0dd Cycle, Packet Even Number of Nibbles DEVICES

AHEAD OF WHAT'S POSSIBLE™

.
E (0] E 0] E 0] E (0] E o E 0] E (0] E (6} E 0] E (0] E 0] E (0] E (6}
TX Ml lo | Iy | I2 | Do | D1 | Dy e Dy | Dy | D, [ Og | O1 | Da | Dp | Dc | Dg | De | D | Op | O1 | Da | Dp o De | Ds| lo | I1 | |2
N T A\ - /\ T J N l‘_‘ A T A\_lT/\ — AN — A — A — A — J & - A\ T J
New ) ) 5 < o , . ) . . Y g .. v ........ | v ........ | v ........ | v ........ | v ........ | N , Sey - ° .
< E ncoder lo1 Cs D1, o ny CcD, 0, Dab Ded Det On Dab R Dt I
proposal AN AN\ I A J U A T A\ /- J/ N A J \ T A\ J/
’ ' '
r Y 1 2\ % N Ve ~ 1 2 v N\ r ' N Is 1 A4 N\
RX M” |0 |1 | 0x5 D1 Dz b DX Dy 01 | 01 01 Da Db Dc Dd De Df Oo 01 Da Db b De Df |1 |2
Latency—" [-—
~
e
E o E o E (6} E E o E o] E 0} E o E 0} E 0} E o E 0} E o E (0}
TX M” |0 |1 |z Do D1 Dz D3 e DX Dy DZ O() 01 Da Db Dc Dd De Df 00 01 Da Db e De Df |0 |1 |2
N A A\ / AN A A A A A A / ;l_/\_l_[_l_/
. N S l‘"\ l‘"\ l‘"\ l‘\. l‘\. l“\ l“\ l“\ . Sel e
Previously — ——— e ———— e
adopted < Encoder lo Cs D23 Dy | Oum | Di | D Dee | Om | Da Der lo 2
AN A A J N A A PN J AN A J N A /- J
proposal « S
, —~ 1 -~ \I < , .‘] — ~.1 — ~.1 — \] . , ~,] “— -‘] . , ~.] N
RX Ml lo | Iz | I |0x5|0x5| D, | Ds Dy | D, | Og| O1| Da|Dp| Dc| Dg| De| Df | Og| O1| Da| Dp De| Df| lg| 11| Iy
P Latency‘
S
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Start on Even Cycle, Packet Odd Number of Nibbles

_
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 Ml Iy | 1, | Do | Dg Dy | Dy | D, | Opg|O1|Dy|Dp|Dc|Dg|De| D Og O1| Dy| Dy De | Ds| lo | 11| Ip
A T b T d N Ly A T e s v I T o r A /
N eW I - NV 1 N\ 4 - v 2 h'd - N ....I hd ' - NV Vo ..hl V' -1 \] Y
<
p ro posa I E nCOd er |12 DOl o DXV CDZ o1 Dab Dcd Def 001 Dab Def |12
AN AN J/ AN AL A\ I\ J/ o AN \ J/
T :
Vd ' N\ 4 V 1 v 1 N N\ 7 NV 4 1 N\
RX M” |1 |2 Do D1 b Dx Dy DI | 01 01 Da Db Dc Dd De Df Oo 01 Da Db De Df |1 |2
L Latency—" [-—
.
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 Ml ly | I | Do | Dy Dy | Dy | D, [ Op|O1|Dy| Dy |Dc|Dg|De| Di| Og| O1| Dy| Dy De | Dt | lo| Iz | Iz
N — AN — / \ — A\ T A\ T A — A — - A\ - / - /\_lT/\ ..... /
Previously — e T e T e e
adopted < Encoder Iz Doy Dyy E?) | E() loe lye Co Dab Def e
N A\ < N A A PN A A i / . A A
proposal ) T T
r : N ' N\ [ 4 L V* . g Vv~ 1 v . r > v
RX Ml ls | I | Do | D1 Dy |Dy| E|E|[E | E | Iz || 1li| |1 |O| O]|D,| Dy De| D | lo | 11 | Iy
P Latency‘
S

= Undefined real use case in previously adopted proposal

Analog Devices, Inc., IEEE 802.3dg Task Force, September 2024

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

27



Start on Odd Cycle, Packet Odd Number of Nibbles

New
proposal

Previously
adopted
proposal
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Encoder

RX MII

TX Mil

Encoder

RX Mil

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

E 0 E (0] E (0] E 0 E (0] E (6] E (0] E (0] E (6] E (0] E (6] E (0]
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A D\ J/ A\ A AN AN AN AN J
........ .. Ly T Ly _l_‘ ‘_l_‘_ [
— V = WV = 7 A A ' ' A ' A A N 7 _ = )4 — A
lo1 Cs D2 Dy, Oo1 Dab Dcq Des On Dab Des lo EP)
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|0 I | 0x5 | 0x5| D, D3 Dy D, 00 0, D, Dy D¢ Dy De D¢ 00 0, D, Dy De Ds |0 I I,
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100BASE-T1L PCS Summary [ 5evices
8N/8N+1Encoding and Decoding

= Constant latency MIl to 8N/8N+1encoding using simple and robust state-less encoding and decoding
* Do not add the complexity of transferring sequence ordered sets across PCS

Scrambler:

= Use a 33 bits side-stream scrambler, as per Clauses 40, 146, 96, 149 and 165 with a new scrambler
value generated every 8b6T octet

= Generate 9 uncorrelated bits from the scrambler each octet; Sx.[3:0], Sy,[3:0]and Sg,

PMA Training Frame:

= Same approach as in Clauses 149 and 165; 2"d bit is inverted in the first 15 partial frames

Energy Efficient Ethernet:
= Same approach as in Clauses 97, 149 and 165; with 211.2 us of quiet and 19.2 us of refresh time
= PCS encoding transparently carries the LPI signalling Mll to Mll, even if we don't enter LPI

OAM

= OAMis not supported; no vendor specific messages transferred between local and remote PCS
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Questions ?
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