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» OIF 400ZR 0.10 Draft specs. have been provided by OIF to
IEEE 802.3cn via the liaison letter of Nov. 8, 2018

» At Nov. 2018 meeting, the 802.3cn Task Force adopted the
OIF 400ZR modulation format (DP-16QAM) and FEC (CFEC)
for 4A00GBASE-ZR; straw poll showed strong support (38 to 0)
for adopting OIF 400ZR framing

» This presentation proposes the OIF 400ZR framing format for
400GBASE-ZR line side PCS and PMA, providing sufficient
detail for an initial draft baseline
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400ZR PCS and PMA Architecture Proposal

400GMlI

B [ 2 R
g No rare Decode & b
T— -t e AN MATENDE, . .....c

236B/2 37 b rranscode Reverse ranscod : :
H F— S N S R
35 ED/25TD DAoCs Sys fem-sige CLOCK D OMAIN 255 0257D blocks |
2 [+ 100 ppm) i
b _ _GMPMsepping | __ ___________| _GMPdemsppinzg | ©
(4*257t stuffing) Line-Side CLOCK DOMAIN (4*257p de-zrudfing) i
i v +- 20 ppm) 1
'_ OH/AM imsartion AMOH datect & =amoval e
{20%257b) (20%257b)
CR.C-32 Calculation CRC-31chaking
ZRPCS 5 ! t
il SC-FEC Adapt, & SC-FECAdapt ED &
encoding Decoding :
Pad Inzartion Pad ramoval
{6*1156) (6*115%)
Scrambla Dezcramble
L . Convolstion de-
Cmvuhm:l interleaving int erl cavine
1280/1 122 SD-FEC 28v'11%0 SD-FEC
Hamming sncoda Hamming dacode
Gray mapping. svabal Pol combining & Symbol
Inerkaving. Pol distribution de-interleaving
4z j
FAW & TS Insartion Align CFEC &
ZR PMA — - FAW/TS r2moval
A2
¥ }2
Pilot Insartion Pilot removal :
[~ 2
A2 1 i 4
L 3




GMP Mapping to 400ZR Frame

400ZR Frame Structure

™ Columns %
< 20%x257b > —
1] AM T Pad [ OH T 1
d No rate No rate Decode & Row [¢——4x9%60b——>
Encode matching matching Error Marking n __________________aoT)GE"“em) ______ o
256b/257b transcode Reverse transcode - ;d_;,ﬁ_b,ﬁﬁ T §
System-side CLOCK DOMAIN 256b/257b blocks — 3 sreatoME nef?
4 (+/- 100 ppm) | payl®?
GMP Mapping GMP de-mapping 256
(4*257bfthﬁ”9) Line-Sid(e/Clz.‘?CK E))OMAIN (4*257b dTe'St”fﬁng) 1| AM 1 Pad [ on T ‘
+/- 20 ppm B
OH/AM insertion AM/OH detect & removal - ——————————————————E—Ao—oqucﬁeﬂ!) —————— S
(20*257b) (0%257b) |  |mmmmmm——m—— o= oS = = = = = = = = — 1 5
- mappgﬁsﬁb iy
: Pav\oad AréﬂeMP
. . 256 | y
 400GE signal is mappedto a 400ZR ' '
frame as a 256/257 block stream S
. . 1| AM_ ! Pad OH | /
 GMP mapping (4x257b) is used to _
_____________________ e - — — — — —
rate-adapt payload to local reference |- __CC_ BTN
. — B 1S
with +/- 20 ppm clock accuracy = erue e g
| _ Da‘l|°ad
256 B 4




/R Frame Structure

o~ O+ OO - %
o™~ g % o~ N < =T ~
g = = = i o
—i = o oM ) ww —
FOWS Columns
1 AM PAD OH Payload (5140 bits) A
2 < 1920b >l 1920b »lg 1280b ) 4_2Elb Pad

3 | Payload (10280 bits)

Frame

Payload area

256 | Payload (10280 bits) v

» 400ZR frame uses the 16x120-bit AMs defined by clause 119 [IEEE 802.3bs]

= |Immediately following the 1920 bit AM are 1920 bits of all-Zero’s PAD

= 1280 bit ZR OH area includes GMP mapping bytes; ZR OH (not defined) can
provide additional OAM, or just be setto default value and ignored by receiver

* An additional 20b PAD follows the ZR OH to provide 257b block alignment in

the payload area )



ZR Multi-Frame Structure
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ZR Frame Overhead

BITS 1

120

{CMO,C%VIl,CMZ uPo {CM3,C;VI4,CM5 uPL {UMO,U;VII,UMZ uP2 {UMS,U;\/I4,UM5
M: Common alignment marker X16
P: Unique pad
Um: Unique alignment marker
1 Columns .. & 10280 10281 10970
rows \ e——————20x2571 S
1 AM_ [ pad [ oH [ FEC
2 [«1920b—><1920b3«1280b>
. // frame 1
. jent)
128 / m\<064°°GE
57 DIV~
129 / = 256012
. MPmaP
. paylo?
256 /
1 AM | Pad | oH ||
) / 233200
129 / / frame 2
/ //
256 /

Multi-frame Alignment RES: Reservedy/unused
Status (RPF, oh_sf<0:2> MAP: PHY/me mbe™ap (reserded)
Group Identification (res) CRC: Cyclic Redundancysheck (Réserved)
PHY/me mber Identification (Res) FCC: FlexO Communications nnelNges)
Synchronization Message (Res)
29 2
ap | ao [ s po MAP RC FcC asmc
H 1C4 caa MAP RC FCC OsmC
MFAS STAT 1C5 2 MAP RC OSMC
MFAS | STAT 106 13 MAP. RC osMc
MFAS STAT RES MAP @RC osmc RES
MFAS ST/ 1A JC1 MAP CRC OSMC
MFAS | ST/ ey (e} MAP RC oSMC
MFAS 1C6 JC3 MAP RC OSMC
“ x4
SIATOHE GMP jus fication overhead
[ | [ 7T 1 |
" [ RD [ DO
ROF RES o | o [
P—r—
GMP Cm encoding
12 3 4 5 6 7 8 1 2 3 4 5 6§ 7 8
Jc1|C1|C2| C3[C4[C5|C6[C7[CB|<¢-14-bitCrom Je4lordredReSRES D1| D2 D3| D4 | €+ 7-bit =Cm

scz| cofctolcri|cizfctslcrd o || CMEQerhead& yoq
s CRe8 Siifingoaniarty)  *° [REJRESRESRES

Provides 8-bit
granularity

RESRESRESRE] D5| D6 | D7 [Res|

CRC4

GMP Overhead (JC Bytes OH) is carried once per
GMP payload envelop (once per 4-frame
multiframe)

It carries the encoded 14-bit Cm(t) (i.e. 4x257b
block countvalue) in C1-14 bits of JC1&JC2 (C1=
MSB, ..,C14=LSB) and the encoded 8-bit SC,p(t)
(cumulative value of C,p(t)) in D1-D7 bits of
JC2&JC3 (D1=MSB,..,D7 =LSB)

Cm(t)is protected by a CRC8 (carriedin JC3 OH
byte) and SC,p(t) is protected by a CRC4 (carried
in the four LSBs of JC6 OH byte)

JC3 OH CRCS8 calculationis described in ITU-T
G.709 Annex D.3; it uses the generator polynomial
g(X)=x8 + x3 + x2 + 1; JC6 OH CRCA4 calculation
uses the generator polynomial g(x) = x* + x + 1

Multi-frame Alignment Signal (MFAS) overhead
byte is duplicated in all four 320-bit OH instances. It
Is incremented in every 400ZR frame from 0x00 to
OxFF, and provides a 256-frame multi-frame
sequence following ITU-T G.709.1 Clause 9.2.1
definition

STAT overheadbyte is presentin every 400ZR
frame, but only carried in the first of the four 320-bit
OH instances. It includes the 1-bit RPF following
the definitionin ITU-T G.709.1 Clause 9.2.5.1, and
3-bit LDl fields following IEEE 802.3bs 8



ZR Frame to SC-FEC Mapping

columns
1 10280 10281 10970
FOWS¢ — — 51406 =20x257— —
1 am | pap | OH | 10
— 4% 96l >
2 11
FEC
Payload area (mapped 400GE) Parity
110 . 119 Five consecutive Staircase FEC Blocks
i 518
111 1 1T e < 478 >
AN
. Payload Information
* 952x257-bit block of ]

134 .: 24 payload (framed/
~ | 135 »s ol o mapped 400GE) + > b
2 2| » D [ CRC32+6bMBAS+ | T
e Payload Area FEC gl o g 34b all zero (not o

(400GE 257b/256b host blocks + X x Parity o|? 5 transmitted) 2

g 257b stuff blocks) °| X B =
§ 158 BT |+ -

159 49 <::>
= B+1
g

Format 119 rows of

10970-bit nto 5 Bi:a
configuous SC-FEC

blocks (Bi to Bi+d) of 512-

bit x 510-bit B‘
7
229 . 119 § 4 ]
230 1

254 BT 2

255 FEC 25
v 256 Parity | 26
1 AM | PAD | OH || 27
Cmmmmm————- 2%5140bjts= = = = = == = = = D6 2% 345bity
€-==mmmmm s 2xsagsbits > 9



CRC-32 and MBAS

© I © = OO TNO
columns B b 2 & ETB825
rows & < © © =R=%=R=R=R=]
I I | I TIIT T T
i+l
. 16384
: 244664 Information bits of Bj Parity bifs »| CRC32
’ of Bj-1
CRC32 of B;
. 16384
: 244664 Information bits of Bj+1 Parttybits »| CRC32
of Bj
a8 | [[€ CRC32 of B;.;
16384
244664 Information bits of Bj+2 Parrty-bits »| CRC32
: of Bj+1

+72

-

1+96

244664 Information bits of Bj+3

1M

CRC32 of By

i+119

244664 Information bits of Bj+4

AM/PAD/OH and payload

-

_~"SCFEC and

38 PAD

16384
Parity bits > CRC32
of Bj+2
| [ CRC32 of Bjs
16384
par‘it} bitg »| CRC32
of Bj+3
_ {I‘
I"~ CRC32 of Bjs

~
~
~

- ~
12345678910111213 14151617 18 1520 21 22 2324 25 26 27 28 25 30 3132 33 34 35 3537 38

CRC32
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CRC-32

» A 32-bit CRC is calculated over the 244,664 input bits using the generator polynomial:
G(x) =x32 4+ x20+ x23 + x22 +x10 + x12 + x4+ x 104 x84+ x”" + x> +x* +x2 +x+1

» Mathematically, the CRC value corresponding to the 244,664 input bits is defined by the
following algorithm:

a) The first 32 bits of the frame are complemented.

b) The 244,664 bits of the protected fields are considered to be the coefficients of a
polynomial M(x) of degree 244,663. (The first bit of the 244,664 input bits corresponds to
the x244%63 term and the last bit of the 244,664 input bits corresponds to the x° term)

c) M(x) is multiplied by x3? and divided (modulo 2) by G(x), producing a remainder R(x) of
degree < 31.

d) The coefficients of R(x) are considered to be a 32-bit sequence.

e) The bit sequence is complemented and the result is the CRC.

= The 32 bits of the CRC value are placed with x31 term as the left-most bit of the CRC32 field
and the x° term as the right most bit of the CRC32 field. (The bits of the CRC are thus
transmitted in the order: x31,x3°, ..., x1,x9)

= The 6 bit MBAS (see next slide) is appended after the 32-bit CRC
11



Multi-Block Alignment Signal (MBAS)

= To synchronize the state of the Error Decorrelator .
(ED) controllers between the receiver and the tlz]slafs]elz
transmitter, the SC-FEC scheme uses a 7-bit SC 33 34 35 36 37 38
FEC Multi Block Alignment Signal (MBAS) which o o6 0 6 0 olo
provides a 128 block sequence. ilo o 0 0o 0 0|1

2o o o o0 O 1|0
2lo o o o O 1)1

= The six most significant bits of the 7-bit MBAS are qo oo 0t 9
transferred between source and sink in the 6-bit sfo 0o 0 0o 1 10
MBAS overhead, which is located in bits 33 to 38. e

= The numerical value representedin the six MBAS 2|1 11 11 1o
overhead bits will be incremented every two SC- Pl s o 6 o olo
FEC blocks 1lo 0o 0o 0 0 0|1

2l o o o O 1|0

12



SC-FEC

CRC-32 Calculation CRC-32 checking
SC-FEC Adapt, ED & SC-FEC Adapt, ED &
encoding PCS (ZR) Decoding

Pad Insertion Pad removal
(6%119b) (6*119b)

= The SC-FEC s a 512-bit x 510-bit generalized staircase code that works in
conjunction with an error de-correlator

» SC-FEC encoding/decoding processes shown above are defined by referenceto
ITU-T G.709.2/Y.1331.2 (2018), OTU4 long-reach interface, Annex A

13



Frame Synchronous Scrambler

Pad Insertion
(6%119b)

Pad removal
(6™119b)

Scramble

1

v

Descramble

Convolution interleaving

1

Convolution de-
interleaving

» The operation of the scrambler shall be functionally equivalent to that of a frame-
synchronous scrambler with generating polynomial:

X +x12+x3+x+1

» The scrambler/descrambler resets to OXFFFF on row 1, column 1 of the five SC-
FEC block structure and subsequent 714-bit (6 x 119b) pad insertion and the
scrambler state advances during each bit of the 5xSC-FEC blocks. In the source
function, all payload bits (included SC-FEC parity) are scrambled. At the sink the
scrambler is synchronized (initialized) at the start of each payload

14



Convolutional Interleaver

» Each delay operator “D” represents a storage element of 119b. From one row to the next lower
row, two delays operators are deleted

= At time i, the input and output switches are aligned at row b;:
1) Ablock of 119b is read from row b;
2) The contents of row b; are shifted to the right by 119b
3) Ablock of 119b is writtento row b;
4) The switch position is updated to b;.; = b; + 1 (mod 16)

» |nitialization of the convolutional interleaver is defined to occur at the start of every DSP Super
frame, which contains 5 SC-FEC blocks 15



Hamming Code

04601

<Or<

-~

A 4

ZR Frame bits assigned
row-by-row, read out
row-by-row to
convolutional
interleaver

6x119 Pad

—119b->»|

Convolutional
Interleaver

—119b—]

Hamming
Encoder

—128 b>»

9/60T

< 119 »4— >
= o
————— -
— —
== o
o
-
E=]
L4 ©
o
=1]
* £
£
£
. 1]
Hamming Payload T

Area

The 119b outputs of the convolutional interleave are encoded by a
systematic (128,119) double-extended Hamming code

With soft decision decoding, the (128,119) Hamming code increases the

NCG from 9.4 dB to ~10.8 dB with ~7.56% added overhead

16




16-QAM Symbol Mapping

Gray coded bit mapping for 16-0AH

E | " bObib2b3
gboe O S S S T :
0010 o0 1110 1010
e - NSRRI PSRN WMSOOOON SO WSO :
16-QAM T O TITIIr S S Ty T 4o
100110101000... —| symbol |— g | oo om o
Mapping w0 : ! ’ g
L (D SO S . SRR SO S I
0001 o101 1101 1001
S I N J— AR NS S o _
. L 4o s S T TR,
0000 0100 1100 1000
_4 1 1
-4 -3 -2 -1 a 1 2 3 4
real

Bits are Grey mapped to 16-QAM symbols

17



Forming DP-16QAM Symbols

» Each 128-bit code word is mapped to 16 DP-16QAM symbols,
S =[s0,81,+,515),
where
e (cg;, Cgir1) Maps to the in-phase (1) component of the X-pol of s;
e (cgi+2,Cgir3) Maps to the quadrature-phase (Q) component of the X-pol of s;
o (cgjya,Cgirs) Maps to the | component of the Y-pol of s;

o (cgite Cgi+7) Maps to the Q component of the Y-pol of s;

» |n each signaling dimension, we define the following map from binary label to
symbol amplitude:

(0,00 » -3,(0,1) » -1,(1,1) » +1,(1,0) > +3

18




DP-16QAM Symbol Interleaving

| A A
L ]
1 1

I So0 /]| Sox /| 1S0,14 /| 1 S0,15
i 7 11 1

| S1,0/ || S11 '/ | 51,1:( [S1,15
1 —

| Sop |1 S21 ’! | 52#4 | S2,15

8-way
interleaved
Hamming y i f
Codewords | /Il /| /|
I | I
| Sso J| | Ssa 11 Ss1al|1Ss,1s
o R
| Soof || Sea '/ | 59,1{ | So 15
! | 7 I 1 |
| Sigo || S101 ’l |51c,;-,’14 [S10,15
] ———+1
/ I
| |
| [ ;I |l
15,0 ! Sis,1 o] |£15, 14 IS15,15.
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Pilot Symbols

Pilot symbols are added periodically to aid Rx DSP carrier phase
recovery and enable absolute phase detection for better performance

01 11
PRBS10 2x115=230 bits are . . . .
X po I with seed = 0x19E mapped to QPSK
o 6 ©
o O
PRBS10 2x115=230 bits are
Y po I with seed = 0x0D0O mapped to QPSK . . .
00 10

* Pilot symbol inserted with a period of 32 QAM symbols
« Different pilot sequences used for X and Y polarizations

20




DSP Frame Overview

Since 11 TS symbol is _
known QPSK symbol, it can D 11 symbols as train sequence

be processed asa PSin . 22 symbols as super-frame alignment word
some cases.

. Pilot symbols

. 76 symbolsas reserved for the particular usage . Information, FEC parity

FAW: 98 symbols

Seeds for pilot PRBS <
selected so that thisalsq a
part of pilot PRBS
sequence

Y

32 symbolsri‘ 32 symbols’r 32 symbol?r 32 symbols"
3712 symbols = 116 x 32 symbols

32 symbols

r" keep DC balanced, randomize e.t.c
4+—p4 —»

22+1pilot  (76reserved+2 pilot ) =78
Used asFAW  forthe particular usage

= ADSP frame consists of 3712 symbols; 49 DSP frames are combined into a super
frame structure in each X/Y polarization

= EachDSP frameincludes an 11 symbols for training. The first of which is a pilot
symbol

» Pilot symbols are inserted every 32 symbols to aid the receiver’s phase recovery.

» The first DSP frame includes a 22 symbol Frame Alignment Word (FAW), and 76
reserved symbols

= Modulation format is DP-16QAM non-differential 21



Frame Expansion Rate

425000 000

Gb/Sec

; f 400ZR
400GE Domain 400ZR Domain ~478 750 Gb/Sec
+/- 100ppm, +/- 20ppm,
( ppm) ( ppm) +/- 200pm
~402 489 Gb/Sec ~429 505 Gb/Sec ~429740Gb/Sec  ~462 241 Gb/Sec
~42;.5ﬁ720 Gb/Sec ~401/.72l3) Gb/Sec +/-20ppm +/- 20ppm +/-20ppm +/-20ppm
- 100ppm +/-20ppm
479/204 12/511 | 485/514 .i- ,i- 128/11 .i- 29/28
514/544
255/239 3731
Insert 588
244702 261086 175616 176 204
400ZR Container . pe— symools” [RRMUARAS —5ymools 178176> X pol
[EEe AM AM/PAD/OH 5% 244,702, e s Remove 5x261086, Insert PAD o Convolution Hamming 1 Polarization Y
Decode +Payload o 34b 34b ™ bits 6x119b Scrambler Interleave (128/119) Distribution
B Remove e bits (zero's) Inteﬂiavpr (zero’s) (it 175 616_, [t 176 204 Insert pil 178116> Y pol
+MBAS - Symbols FAW/TS/RES Symbols nsert Pilots pol
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SX 24473 261120

401703 640 510 402 489 753 310 1305 430 1306 144 1306144 1306 144 1404 928 351232 351232 176 204 181888

401:52 00 a0 anfgz 6 bit/s bit/s Bits Bits Bits Bits Bits Symbols Symbols Symbols Symbols

s s (10970 x 119) (10976 x119) (10976 x119) (10976 x 119) (10976 x128)  (3b/Sym) (3b/sym) (3b/Sym) (3b/Sym)

400GE — ZR bit rate; 156.25Mbit/s x 383 x 8 +/-20ppm
" L
Rex (/400 frame

Client -rate

After JD0GE AWM
Femmal
[bps]

Before SC-FEC +
MEBAS +CRC32

Before 400ZF
AM/PAD/OH
insert [bps]

Before [6x
1196 ] pad

[bps]

Before
FAWTS/RES
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Before Pilot
Symbaol insertion
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A007R Bit rate
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Nomind|

Maomind

- o
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Recommendation I

Adopt this proposal as baseline for the 400GBASE-
ZR line side PCS and PMA
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