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Over the last year, IEEE has taken steps towards 50G single-lane, 100G dual-lane and
200G guad-lane standardization

— First “Flash mob” in May 2015

— CFlin Nov 2015

— First Study Group meeting in Jan 2016

— First Task Force (P802.3cd) meeting in May 2016

P802.3cd is currently establishing technical baselines for a 50/100/200G standard
— Complete set of technical baselines scheduled to be available in Sept 2016

P802.3cd Task Force approved PCS/FEC technical baseline at July 2016 meeting

The intent of this presentation is two-fold:

— Propose an architecture for 64GFC based on the existin% 32GFC and 128GFC standards, with
updates reflecting the PCS/FEC technical baseline adopted by P802.3cd

— Ilzllcqrﬂzlgrg[ the differences between the 64GFC PCS/FEC and 32GFC PCS/FEC as documented in

Updated slides from 16-314v6 denoted by

— Remove 10-Bit Symbol Distribution & Bit Multiplexing operations:
« Ethernet use case (50GAUI-2 / LAUI-2 extension interface) not applicable to Fibre Channel
« Removal does not negatively effect clock content or baseline wander (see T11-2017-00094-v1)
« Buys back about 0.5 dB margin...
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32GFC Architecture — Tx Processing

FC-FS-4 Figure 28:

SH_n = Synchronization Header n according to hgurs 10
WE_n = Scrambled Transmission Word Bedy naccording to figure 10, n=0 {ie, eariest word) ta n =3 (i.e, latest word)

0SHO 2 STWBD aéln sH1q2

swe 1 esfosHa 2

STWB_2 e&ln sH3{2 sWB3 65

r

64B/66E to Z56B/257E Transcoder

i Tu_xooded = Transcoded Transmission Word (see 5.4.2)

0

Tx_xcoded

.

&

or 5b)

HEADER }17 Transcoded ACONTROLDATA WORDS (256 or 252334-|

e wr———_
Transmit Order; 0t 250

Reed-Solomon Encoder [RS (528.514)]
20 x Tx_xcoded (5140b) => 514 x Message Symbols (5140b) + Pariy (140)

e 77
g | 19| 29| 38 5138 | 5148 5278
Ms13 | Ms12 | Ms11 | Msip RS-FEC_codeword Mo | P13 Po [—d
0 [10| 20| 30 5130 | 5140 5270
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Whooe = 10 bit RS encoded Message symbol xx

:fﬂf: 10 bit RS Parity symbod yy

5279 |<——

> 5280 LFSR

Transmit Order. § to 5278 Scrambler [PN-5280 LFSR]
’ PN5260_word
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SH_n = Synchronization Header “n” according to figure 10

]

STWB_n = Scrambled Transmission Word Body “n” according to figure 10;n = 0 (i.e., earliest word) to 3 (i.e., latest word)

0SH_ 01| 2 STWB_0 65 | 0SH_11]2 STWB_1 65 | 0SH_21|2 STWB_2 65 | 0SH_31| 2 STWB_3 65

64B/66B to 256B/257B Transcoder
$ Tx_xcoded = Transcoded Transmission Word (seeo=i=&5.6.2.1)

0 Tx_xcoded 256
Hi’*:f;b) e TRANSCODED 4xCONTROL/DATA WORDS (256b or 252b) »
J - -
Transmit Order: 0 to 256 | A"gnment Marker Insertion I—‘ Transmit Order: 0 to 256

L Reed-Solomon Encoder [RS(544,514)]
20 x Tx_xcoded (5140b) => 514 x Message Symbols (5140b) + Parity (300b)

7 97 Transmit Order: 0 to 5439
9 | 19] 29 [39 " 5139 5149 | 5439
—— Mgq3 | M| Mgqq| Mgyg RS-FEC_codeword M, | Pog Py
0 | 10|20 |30 ﬁ, 513015140 !,’, 5430
M, = 10-bit RS encoded Message symbal “xxx” Pw = 10-bit RS Parity symbol “yy”

Gray Mapping

Oy

Transmit Order: 0 to 543 Transmit Order: 0 to 2719 PAM4 Symbols

Precoding
PAM4 Trinsmitter

Transmit Order: 0 to 2719 PAM4 Symbols
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Proposed 64GFC Architecture — Tx Processing

Proposed changes from 32GFC to 64GFC appear in RED; Supporting comments in BLUE...

SH_n = Synchronization Header “n” according to figure 10
STWB_n = Scrambled Transmission Word Body “n” according to figure 10;n = 0 (i.e., earliestword) to 3 (i.e., latest word)

0SH 01| 2 STWB_0 65 | 0SH_11| 2 STWB_1 65 | 0SH_21| 2 STWB_2 65 | 0SH_ 31| 2 STWB_3 65
) Update for AM support:

,_—-""7___.7-':’
64B/66B to 256B/257B Transcoder >— _— |Usel#CRCCiause 5021...

# Tx_xcoded = Transcoded Transmission Word (sef&=#=55 6.2,

256 |
HEADER —> Based on 802.3cd for 50GE:
e TRANSCODED 4:CONTROL/DATA WORDS (256 or 252b) M ormatic 18D

[1bor5b)
; ; | 128GFC Clause 5.6.2.2 with updates
@ment Marker Insertio Transmit Order: 0 to 256

0 Tx_xcoded

Transmit Order: 0t0 256 |

Reed-Solomon Encoder RS(544 514 — > Same as802.3bj-201491.5.2.7f0rR8(544,514)

_’ .
20 x Tx_xcoded (5140b) => 514 x Message Symbols (3140b) + Parity((300b)) {» 160 more parity bits vs FC-F5-4
17 7 Transmit Order: 0 to 5439
9 | 19/ 29 |39 " 51395149 5439
Mg | Moo Moy Mo RS-FEC_codeword My | Py Po
0 | 1020 (30 4y 5130|5140 " 5430
17 17
M, = 10-bit RS encoded Message symbol “xxx” P, = 10-bit RS Parity symbol “yy”
Remove for AM support: _ | ——
Consistentwith 1286FC... | <]
- ——————1Same as 802.3bj-2014 94.2.2.5
: < Gray Mapping > i )
Transmit Order; 0 to 5439 Transmit Order: 0 to 2719 PAM4 Symbols

Transmit Order: 0 to 2719 PAM4 Symbols

<____Precoding >
—=_Same as 802.3bj-2014 94.2.2.6 without termination bits

PANM4 Transmitter |Mandatory to implement on Tx:
Rx decision to enable/disable during link initialization...
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32GFC Architecture — Rx Processing

FC-FS-4 Figure 29:
n_coded_n = Received 66 bit Transmission word (see 5.47)
SH_n = Synchronization Header n according to figure 10
TWE_n = Scrambled Transmission Word Body naccerding to figure 10, n =0 (ie, earfiest word) to n =3 (ie, latest word)
| n_coded_ | m_coded 1 | m_ceded 2 | rx_coded_3 |

|:1 SH O 1| 2 STWBO 65 |n SH_1 -|z STWB1 65 |c SH 2 1| 2 STWB2 65 |n SH 3 -| 2 STWB 3 ESI

T

| 648056810 25600057 Transcoder |

i Rx_xcoded = Receved Transmission Word (see 5.47)

| 0 Rx_xcoded 256
HEADER }47 Encoded ACONTROLIDATA WORDS (256b or 2521) 4%
1 or 5b)
Reed-Solomon Encoder [RS (528,514)]
914 x Message Symbols (51400) + Parity (1400) => 20 x Tx_xcoded (5140b) Receive Order 0 to 256
I‘:” I,{I
g 19| 28 | 34 5135 | 5149 5279
M543 | Msyz2| Msq1 | Msqg RS-FEC_codeword Mo | P13 Fo [«
0 10 | 20 | 30 9130 | 9140 sz
I‘rfl .{Ill
Wyoe = 10 bit RS encoded Message symbol xooc 3,-5. = 10bit RS Parity symbel yy
g Descrambler [PN-5280 LFSR]

Receive Order: 0 to 5279
—-—| 0 PN5280_word 5279 |<—

I Recemwer

—

Receive Order: 0 to 5279

0 First Bit
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rx_coded_n = Received 66-bit Transmission Word (see 5.4.7)
SH_n = Synchronization Header “n” according to figure 10
STWB_n = Scrambled Transmission Word Body “n” according to figure 10;n = 0 (i.e., earliest word) to 3 (i.e., latest word)

0SH 01| 2 STWB_0 65 | 0SH_11| 2 STWB_1 65 | 0SH_21|2 STWB_2 65 | 0SH_ 31| 2 STWB_3 65

A

256B/257B to 64B/66B Transcoder
f Rx_xcoded = Received Transmission Word (see<o== 5.6.2.10)

0 Rx_xcoded 256

| HEADER lﬁ
(1b or 5b)

TRANSCODED 4xCONTROL/DATA WORDS (256b or 252b) » Receive Order: 0 to 256

_ Alignment Marker Removal I
Receive Order: 0 to 256

Reed-Solomon Decoder [RS(544,514])] J
514 x Message Symbols (5140b) + Parity (300b) => 20 x Rx_xcoded (5140b)

Receive Order: 0 to 5439

r i
9 [19 |29 39 " 139 |5149 = 5439
Mz15[Mg1o| Msyq| Msyo RS-FEC_codeword Mo | Pog Po
0 10 |20 BO ’y 5130 5140 'y 5430
) 7 LA Receive Order: 0 to 5439
M, = 10-bit RS encoded Message symbol “xxx” P., = 10-bit RS Parity symbol “yy”

| e~ ‘%—

I
= —

| Alignment Lock |

f

Inverse Gray Mapping |

Receive Order: 0 to 2719 PAM4 Symbols
Inverse Precoding

| PAM4 Receiver
+

0

:j Receive Order: 0 to 2719 PAM4 Symbols

(First PAM4 Symbol)
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Proposed 64GFC Architecture — Rx Processing

Proposed changes from 32GFC to 64GFC appear in RED; Supporting comments in BLUE...

rx_coded_n = Received 66-bit Transmission Word (see 5.4.7)
SH_n = Synchronization Header “n” according to figure 10

]

STWB_n = Scramhled Transmission Word Body “n” according to figure 10;n = 0 (i.e., earliest word) to 3 (i.e., latest word)

0SH O1/2 STWBO 65 [0SH 11/ 2 STWB_1 65| 0SH21/2 STWB2 65| 0SH 312 STWB3 65

1 .y Update for AM support:

Use 128GFC Cl 5.6.2.10...
56B/257B to 64B/66B Transcoder >— | = wse
} Rx_xcoded = Received Transmission Word (se@

0 Rx_xcoded 256
| H?DE;‘M ¢ TRANSCODED 4xCONTROL/DATA WORDS (256b or 252b) » | Receive Order: 0 to 256
or
lignment Marker Remov —
Receive Order: 0 to 256 r.l @ E = ——» Consistentwith 128GFC Clause 5.6.2.9
Reed-Solomon Decoder [RS(544,514)] J

514 x Message Symbols (5140b) + Parity (300b) => 20 x Rx_xcoded (5140b)

Receive Order: 0 to 5439 Y 1

9 [19 |29 Bo " 5139 [5149| 7 5439

My 5| My p| My [ Mayg RS-FEC_codeword M; | Pog Py

0 |10 |20 Bo ' 5130 5140 | 5430

. U 17 Receive Order: 0 to 5439
M, = 10-bit RSl encoded Message symbol “xxx P = 10-bi|t RS Parity symbol “yy"
DESSTramisiemfRN-GR00=EESRT—
128GFC Clause 5.6.2.6 with updates
s Alignment Lock P
T
Inverse Gray Mapping |
Receive Order: 0 to 2719 PAM4 Symbals
Svetom desicion o enab /dMaQIdaJOW‘OIimkp!eTer‘ o it~ Inverse Precoding_— I Receive Order: 0 to 2719 PAM4 Symbols
ysiem aecision 10 enable/disable auring link Initialization. .. | PAM4 Receiver
*
0 {First PAM4 Symbol)
1
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64GFC Update

Rationale

Changes from 32GFC

Include Alignment Marker

Include Stronger FEC

1) Improves Rx lock time:
For 25GE, 300 usec vs 500 usec
=>1.7x reduction
2) Commonality with 50GE (P802.3cd)
3) Supports reuse of 802.3 work

Current 32GFC RS(528,514) FEC is
insufficient to meet the FC-PI-7 BER
objective

1) Aligns with 50GE (P802.3cd)

“Include B veitiplexiag.of 10-Bit
Symbols

1) Add Tx AM Insertion

2) Add Rx Alignment Lock

3) Add Rx AM Removal

4) Remove Tx Scrambler & Rx
Descrambler

5) Update Tx & Rx 64B/66B to
256B/257B Transcoder

1) Replace RS(528,514) coder with
RS(544,514) coder

1) Add Tx 10:-hi ' Ion &

f P80 '
y OCK content analysSes

Rx 10-bit Symbol Multiplexing

[———

Include PAM-4 Signaling

Include Precoding

Aligns with 400GE (P802.3bs) & adopted
as the technical baseline for 50GE
(P802.3cd)

1) Improves performance of links
susceptible to burst errors caused by
large DFE tap weights

2) Low complexity to implement:
Estimated at <500 logic gates

3) Adopted as an implementation
requirement for 50GE (P802.3cd)

2)_Add Tx Bit Multiplexing & Rx Bit
Distribution

1) Add Tx Gray Mapping
2) Add Rx Inverse Gray Mapping

1) Add Tx Precoding
2) Add Rx Inverse Precoding
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SH_n = Synchronization Header “n” according to figure 10
STWB_n = Scrambled Transmission Word Body “n” according to figure 10;n = 0 (i.e., earliest word) to 3 (i.e., latest word)

0SH 012 STWB_0

65

0SH_11

2

STWB_1 65 | 0SH 212  STWB_2

65 | 0SH 312  STWB_3 65

Y

64B/66B to 256B/257B Transcoder

$ Tx_xcoded = Transcoded Transmission Word (see 5.6.2.1)

Tx_xcoded

256

0
| HEADER lr‘
(1b or5b)

»l

TRANSCODED 4xCONTROL/DATA WORDS (256b or 252b)

Transmit Order: 0 to 256

N

Alignment Marker Insertion

—I Transmit Order: 0 to 256

Reed-Solomon Encoder [RS(544,514)]

20 x Tx_xcoded (5140b) => 514 x Message Symbols (5140b) + Parity (300b)

Transmit Order: 0 to 5439

ry 1)
9 | 19] 29 [39 " 5139/5149| 7 [5439
M.z | Mol Msqs| Msgg RS-FEC_codeword Mo | Pag Po
0 (10|20 |30 " 513015140 11 5430
7 7
M, = 10-bit RS encoded Message symbol “xxx” Pw = 10-bit RS Parity symbol “yy”
, . Gray Mapping
Transmit Order: 0 to 5439 Transmit Order: 0 to 2719 PAM4 Symbols
Precoding
Transmit Order: 0 to 2719 PAM4 Symbols
PAM4 Transmitter |
v
2719 1 (15t PAMA Symbol)
I

0 (First PAMA4 Symbol)
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rx_coded_n = Received 66-bit Transmission Word (see 5.4.7)

SH_n = Synchronization Header “n” according to figure 10

@

STWB_n = Scrambled Transmission Word Body “n” according to figure 10;n = 0 (i.e., earliestword) to 3 (i.e., latest word)

0SHO1 2 STWB_0 65 | OSH_11| 2 STWB_1 65 | OSH 21| 2 STWB_2 65 | 0SH 31| 2 STWB_3 65

F

256B/257B to 64B/66B Transcoder
f Rx_xcoded = Received Transmission Word (see 5.6.2.10)
0 Rx_xcoded 256

| E?Ef;b) e TRANSCODED 4xCONTROL/DATA WORDS (256b or 252b) » Receive Ordar: 0 to 256

: Alignment Marker Removal I
Receive Order: 0 to 256

Reed-Solomon Decoder [RS(544,514])] J
514 x Message Symbols (5140b) + Parity (300b) => 20 x Rx_xcoded (5140b)

Receive Order: 0 to 5439 Iy by
9 [19 |29 39 7 5139 [5149 / 5439
Mgs5 | Ms1o| Msqq| Mgsg RS-FEC_codeword Mo | Pag Po
0 10 |20 B0 1’2 5130 5140 'y 5430
] 7 1 Receive Order: 0 to 5439
M, = 10-bit RS encoded Message symbal “xxx” Pw = 10-bit RS Parity symbol “yy”

| Alignment Lock |

T

Inverse Gray Mapping |

Receive Order: 0 to 2719 PAM4 Symbols
E: Inverse Precoding

l Receive Order: 0 to 2719 PAM4 Symbols
| PAM4 Receiver
L)

0 (First PAM4 Symbol)

1
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Thank you!
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