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® OIF 800ZR/800LR ZEn (§}§$E%§;ﬁ§(web)(:(ztﬁib@b\%i)
oITU-T o BENEBMORRDED, AFYTTBRST KNBBNUNERA
o FlexORIEATES (BAEEE) \
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B400GIRE(LEIRICH T D ERNIREZ RS

O
FUJITSU

o IRTEMA00GHAEDHETT

e [EEE802.3

e ITU-T (Q11/15)

® OpenZR+

e OIF 400ZR }

® Open ROADM

® B400GY =X (45 (C800G) DEN[E]
o IEEES02.3

v

IEEE

400G, 800G, 1.6T,---MB400GHOEARIIIA
{mixFFE(E. F£9 Ethernet (IEEES02.3)

DR THREY

ITU-T (OTN)

e ITU-T work (FlexO & B400GH&5T)

A 4

e OIF 800ZR/LR }
® 800G MSA etc

v

Ethernet (MAC or Code(64B/66B))%&. H+xw
D—O TR T D 72BN, BRERDTSH
)b‘f/’;"jl—Z*ﬂtﬁ(jl/ X—. XvE>Y,

FEC. ’fbj‘BIF)’iWDM%ﬁ’fﬁ*E%Fﬁ O22VANSY H)

*WDM#RH&(32Q6/15THY
OIF, OpenZR+73 &

IEEE, ITU-T&=EE(C. O>/R—%> b
(DSP, A —ILT 705 —RRE)VFRIZEER
U BSHAERS AT A& U THERET
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B400GERRT 3/=shDBER & FUITSU

o LUTORL—RATEESHLLTNIHN. B400G. HE(IBO0GHHRERAMNERIR (CE)(FTZ3RE
o MELNISAT > MRBESE: IEBRDOTNY Y ESIRECH S, —HE2IE L THsEMENz 5h
o JAREME - BHRIE: HHUEINEINIOHMEEZE TS &, HERDOOTNEHMT TN (REIR - BIRUIBEEIEIC -

o Et)RBaudl — MNERE | ERDONEREZRDHDAERT 75—, 800G T120-130GbauddzDMNFRENIN. &
baudL — ~Z. EESBIEIEBEINN(ZEMZET)CEDRMNDDT. & baudl— hZEBEIBR IV, EWVWSTETHR)
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IEEES802.3 FUjITSU

e IEEE802.3

®IEEE802.3(CHUNT. EE/F400G1 —H=Ry hOIARIRSIRE(LTT T

® IEEE802.3-2022& L THRITHEH
o IRIEMIBER D (HZX(CK D) 40061 —H=Rw MME

® P802.3cw (400GBASE-ZR) 72 5TH(C.

® 800GE/1.6TEEHREF (CTask forceft=117zP802.3df, P802.3djdH Ty hEH
®P802.3cw (400GBASE-ZR)

e Physical Layers and Management Parameters for 400 Gb /s Operation over DWDM
(dense wavelength division multiplexing) systems

o #—4'w bk : 80km
o 2024/9FBFE
e 800G/1.6T —H=xXw ~EP802.3df, dj C/E=EH
o SR A1 R
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IEEES802.3 (P802.3df & P802.3dj) FUJITSU

e 2021/11: 800G/1.6TMEIF1 —H=xw ~&ULTP802.3dfRRY— I~

Assumed AUl Cu Cable SMF SMF SMF
Signaling 2km 10km 40km
Rate

200 Gb/s 200 Gb/s Over 1 Over 1 pair Over 1 Pair Over 1 Pair
lane
400 Gb/s 200 Gb/s Over 2 Over 2 pairs Over 2 Pair
lanes
500 Gb/s 100 Gb/s Cver 8 Cver 8 Over S pairs Over 8 Over 8 Over 8 pairs Over 8 pairs
anes anes pairs pairs
200 Gb/s Qver 4 Over 4 pairs Overdpairs 1) Over 4 pairs
an 2) Ovar4.'s
TBD Over zingle  Ovar single https://www.ieee802.0rg/3/
SME in each SMF in sach B400G/public/21_1028/B40
direction directian 0G_overview_c_211028.pdf
1.67Tb/s 100 Gb/s Qver 16
lanes
200 Gb/s Overs Over § pairs Over 8 pairs Qver 8 pairs
lanes

e %(2022/11)IC. 1.6T/ASTMC200G signaling rate (200G lane)lCDULTIE. FEDIFEAZZE L T,
P802.3dj& U TRz, 2026/37 R =HIET
e P802.3dj: 200Gb/s, 400 Gb/s, 800 Gb/s, and 1.6 Tb/s Ethernet Task Force
o X 1—TZ=NENENT=P802.3df(E. 800G, 400GEXIZRIC2024/7% R =HIs LT
e z/2UL. S4H(C Standards Association ballot "FEiTeNBd 2. FMMIC(ESERCEEDIRIAH
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IEEE802.3 (P802.3df & P802.3dj)

O
FUJITSU

e P802.3df (400G/800GEE)

. Non rate specific:

o

o

Support a BER of better than or equal to 10-13 at the MAC/PLS
service interface (or the frame loss ratio equivalent)

Provide support to enable mapping over OTN

. 400 Gb/s Related:

o

o

Support a MAC data rate of 400 Gb/s

Support Physical layer specification of 400 Gb/s over 4 pairs of
SMF with lengths up to at least 2 km

D 800 Gb/s Related:

o

o

Support a MAC data rate of 800 Gb/s

Support optional eight-lane 800 Gb/s attachment unit
interfaces for chip-to-module and chip-to-chip applications

Support Physical layer specification of 800 Gb/s operation:
= over 8 pairs of MMF with lengths up to at least 50 m
= over 8 pairs of MMF with lengths up to at least 100 m
= over 8 pairs of SMF with lengths up to at least 500 m
= over 8 pairs of SMF with lengths up to at least 2 km
(BRRIFFEE)

e P802.3dj (800G/1.6TEE)

e Non rate specific:

Same as p802.3df

e 800 Gb/s Related:

Support a MAC data rate of 800 Gb/s

Support optional four-lane 800 Gb/s attachment unit interfaces for
chip-to-module and chip-to-chip applications

Support Physical layer specification of 800 Gb/s operation:
® over 4 pairs of SMF with lengths up to at least 500 m & 2km

® over 4 wavelengths over a single SMF in each direction with lengths
up to at least 2 km & at least 10 km

e over 1 wavelength over a single SMF in each direction with lengths up
to at least 10 km

® over a single SMF in each direction with lengths up to at least 40 km

e 1.6 Tb/s Related:

Support a MAC data rate of 1.6 Tb/s

Support optional sixteen-lane or eight-lane 1.6 Tb/s
attachment unit interfaces for chip-to-module and chip-to-
chip applications
physical layer specification of 1.6 Tb/s operation:
e over 8 pairs of SMF with lengths up to at least 500 m
e over 8 pairs of SMF with lengths up to at least 2 km
(BRRIFFEIR; 1.6TEHET2km EDIRTE (FIRKFR T (FRIRET)
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OIF 800ZR/800LR FUjiTSU

800ZR/800LR&EB(C2023/4QE T FE CTHDIN2024F(CTYUADFTIE W& (MPLS Japan)DEHRHC —EBIIE

o SOOZR: 4OOZR%%@3535800G5(‘1}I—E\(: LJE:BO) ?jtig:z/m/k;/:vww.oiforum.com/wp—content/upIoads/ECOC-

. . . 2022-Market-Focus-Gass-finall.pdf
e Single channel 800G coherent interface, 150GHz spacing
e Inter-DC applications over 80km reach
® 100GE/200GE/400GE/800G-ETC/800GE client types

e DP-QAM16 & OFEC, 118.2Gbaud
® |TU-T FlexO-8X— X (FlexO-8e)(DJ L — IATEE

e 800LR:
° U.namplified link (6-8dB loss) _ gétnptse:r{%\;’yvl\gézz%uFrgiccf)zrg/_vgl);_8oozR_SOOLR_Josef-
e Single channel 800G coherent interface Berger.pdf
e Intra-DC applications up to 10km reach i Vs " <%
e DP-QAM16 123.6Gbaud
® FEC: RS(544, 514)/outer & BCH(126.110)/inner From 400ZR to 800ZR and Beyond
® 400GE and 800G-ETC/800GhE
® Form factor agonistic
o (KEXE. BEBNRED 1 I/ILERZBELUHACROE—L > KF
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OIF S DER FUjiTSU

e 1.6T ZR(1600ZR)DIEERIGER o 5% 1600ZRDA A —=

e 2023 BQEIZI =y o LITOm HER
® https://www.oiforum.com/oifs-g3-technical-and-mae-
committees-meeting-spurs-four-new-innovative-projects- Beyond 400ZR/ZR+
link-training-for-224g-electrical-interfaces-1600zr-data- .m..v'liféff:&[i'fim
center-optical-network-coordination-energy-effi/ : PO Standard MSA Preduces W1 st and jower
e Microsoft, Marvell, Cisco, Infinera e — - T
& ZETR—
o DCIAIFTCTHDZ&I(FHE [’:: D iy S s
e B00ZREGETHTH D EIFAKMD LT, 1.6TICDLY :
TERFIREENSEZDEEFRIOAS T M o

L CTHGR
o 202655 FE

e 128, 800G/1.6T FlexEEAE(EH) _
https://www.oiforum.com/wp-content/uploads/OIF-Panel-

e 2023 2Q Tom-Williams-Final.pdf
e https://www.oiforum.com/oif-launches-four-innovative-
projects-covering-a-broad-range-of-technologies-at-q2-
technical-and-mae-committees-meeting/

/\ acacia
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ITU-T SG15(Q11)ICHIFBiEN FUjITSU

2023/428TUTOXEZI > > MM DEHKER)

2023/11SETUTOXEZI L M FPE

e G.709.1(FlexO-SR)MIE4: £ER FHEITFE
e FlexO-8DEXEES
e FlexO-8-RS/i 5z NNS
e FlexO-xe(FlexO-8e, FlexO-4e)ES

e OIF 400ZR/800ZR, OpenZR+(400G) TEHAL TWL\SD
FlexO(f8%) 1 —H=xw hw E>J(BU)ZEB]EEIC

e GMPICDWTEBEEH
e FlexO Regen(eration) EE#E
e FlexO AIS, FlexO LCKE#

e G.798(OTNI=EUHE)HET
o BEFOFlexOREES

® G.sup58tiET
e FOIC 1.1 (100G lane)Z s

ABH(X, BEERTEXHDEDD. KMEICEHETN
BFlexODEMEEICDOLT, RIE4ZHLIC,
(BRENTSG. RELZH#DRVKS )EN

e G.709(0OTN)E:&E
MIEEUTUTZERFEIIESH
e 800GbEYw E>JsEH
e GMP(Generic mapping procedure)—f%{t
o fgOTNIERE L ic#k
e FlexO&&HBIR
UTF48&EEmRERESE) =zt ~
e G.709.17ZFlexOi@ERE(T L — LA, FlexOSec/d &)z &&#)
e G.709.3% B100GRIF FlexO LR(Long reach)(_eit#&
e 100G, 200G, 400GH'xd%k (EMIF72 L)
e G.709.1 RS FECEHEZ. #E15G.709.5& U THMIZ
e 800G £
e B400G LR#HZFlexO Z#1#15G.709.6 & U THE
e 400G, 800G W35k > < NEET & 130GbaudiBDFlex0 &
e FlexO, fgOTN 77—FZRIRU=G.872FF1(Q12)

o fgOTNRIE#ENE(G.709.20), G.sup585&E#i
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G.709: OTN ZEREH(2023

O
FUJITSU

e G.709: OTN ZEpEH#(2023)

>100G

<100G

Clients

— 800GbE

400G/200GbE

FlexE aware

- Ethernet Packet

100GbE, PKT

Ethernet Packet
(10, 40, 25n(n=<4))

PKT
CBR40G*, 40GbE, PKT
CBR10G3, 10GbE, PKT

CBR10G*, 10GbE, PKT

CBR2G5*, PKT

TRAREFNERTE

L CBR* 1GbE, PKT

sub1G

> ODUflex(BMP) \ <«
» ODUflex(BMP) I G.709mR1—7 g
‘or ODUflex(CBR) \ —_—
]
p» ODUflex(BGMP) > o
b—1 =]
[ >
» ODUflex(IMP) > =4 8
> g I
25n(n>4) ODUflex(IMP,s) » % g:
> ODu4 > g’ T(B
o a
» ODUflex(IMP,s) » OPUCn o
.| ODUCn
» ODUflex(GFP) > sers) [ >
oDU3 ® >
(400G
> »  OPUC4
»  ODU2e j I Seuce
> DU2 >
- bt /
LI :
:_V> ODU1 j /
—» oDUO <
-
1
: PT=20(AMP)
I or 21(GMP) |
; OPUK >
| ok —e—— i x
-=---» fgOTN F--~ (1.25G or g OTU2 (EE)
ODUflex(uTS, k) - 2.5G TS) >
[ L >
" \‘PT=2|((‘MP T
I 0ODU25/50 g OTUSO |
25G/50GbE = ODUflex(BMP) ’Jll.d (125G TS) _

or ODUflex(CBR)
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FlexOBJE(G.709.1/3 &) FUJITSU

e BE5L\: FlexO &% ® FlexO Frame structure (10068471 —1)
e G.709TEEED. B100GHEIFOTN (OTUCN)&ZEE ™% i 2;%“;«;—;7 L=A
. Ll ] . L\
EXIDEHTIL—X—FHE q [ - Flex0-2: 10280 x 128
o TE(Z100G, 200G, 400GONES1—ILTOES ; L RO L0200 236
(Flex0O-1,2,4) - S
o FECEE(CLDEHRDEIETES : Pk ] -
e G.709.1 (FlexO-SR): RS FEC R — i
e G.709.3 (FlexO-LR): SC FEC, CFEC, OFEC ‘ !
WU [ RS R R RTE S S B ] FI‘-I
. n=8 i.e., 800G(OTUC8)%
S E 400G FlexO (m=4), i.e., e EOH/BOH: Extended/basic Overhead
OTUCH nll vt o FlexO-4 TImX 9 255 oy ) R [ — 473
7 = : ¢ o RLUPBFICHBN
[F_u# + oTucA=2iEsmEn @ FlexO-4(Cd 1T DFEmERIERE (10~25%0H1EENN)
" o n2 (it of one f:"!'t,"(.' instance) Fl eXO j I/ - A%{’FEE
l l: o e o more (inierleaved) Flexch OHfs) E ¢ ® FleXO_4_RS (RS FEC): 447-237898 GbpS
l.'..'.’_:_‘1 - ], A .
N = ,'.'] e - FlexO-4 T L—/s x 2 e FlexO-4-SC (SC FEC): 450.937476 Gbps
m=lnx] A Lo fer e e p e : ([CHB#R. FECEDIFT e FlexO-4-DSH (CFEC): 502.639686 Gbps
I HADEESTS _
coomws (ITU-T G.709. 1535 R e Flex0-4-DO (OFEC): 505.115743 Gbps
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FlexOBE (BOH)

e OTURKRICNILTF T L — @Rk
e FlexO & FlexO-x & THILICRRBER

o HE. ERSNTWVWD T —ILREER

e STAT (Status)

e IRTE(X RPF (Remote Physical Layer Fault) 1Ew bdDd*. FlexO-x
D instance#1 [CEE

e GID (group identification)

® FlexO-x-<fec> interface NNE 93 Group (LIS ID. Z{EMAIT
IBE SNz FlexO Groupll B9 D2 &&MER. instance & &(TERTE
=nsd

o 20 bit TEESNRAMTERIND
e IID (instance identification)

® Group B F(C/E9 D & instance &HS. 8 bit
e MAP (PHY/member map)

o 256Ew N1~2540E%) TEESMN. & instance ID (IID) @
Group "NDEULAZERY ., IID HHDE Y MIBIC 1 DITST %I
T3CZ&ET. & instance DEFHEERT

e AVAIL (OTUC availability)
® FlexO-1-RS 100G interfaces(C¥ L1ZEtw MNT M. E&EFHON

ANAY)
PT (payload type) (F#&ik

CRC
e CRC-16/MFAS, OSMC and FCC %P < OHIC3 U TEIT

o X6 4+ x64+x5+x3+1

)
FUJITSU

64 - T - - - - - -
NIAL | 4o | catr [can]Rn] o war "L L RES
a8
stat | wan | MAP (&0 o ML WS
Ial e . MAr 1 [x 1 1 ¥x v'v.\u L)
b - -
NIAT wr (X0 "o WML TN
128 | , - + + - s
M ML L ” MAP a0 "o MM RTS
T Mras | aTar war o « WL WY
~ - I + ! —
| MIAK | STAT b e MAF AL e L R
‘ MIAL SIAT MAr U " WL IS
65 | Frame 2 -
. | L J T VR S — )
| MU Sw MMy
‘ G oal *
125 w " LS R e RN PN
e v AVAIL T S £ DN Sy ——
”n

M Commmon sitgnment marker
UP. Uwegec pod
UM Lo sl cuarias

L D L

A b '

TP 1Y TN 11wt 2200 P31

-
e FCC
® FlexO management communications
channel
e 896-bit
* 0OSMC O ——— e
e OTN synchronization message "\ T T T
channel o et
e SSM 20L\UId PTP messagesh'GFP% - EE: sl e
MTVWTERE=ND T K
S nBnonnan
© 2023 Fujitsu Limited
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FlexO (EOH) xchxT FUjiTSU

e IRTEDFlexO OH (EOH) TEZEEINTUL\DHBEDIL. FlexOfec & FlexOseciZlF

e FlexOfec
. . EOH bytes for FleaO instamce 47
e Staircase FEC block alignment (FBA)ZEZ (G.709.3) . .S N 0 e oo
e FlexOsec ’[ FleaOfee | RES _[ FlexOsee | RES |
\ . A2 sl ) ’
* MTZES FiA
e Authentication tag (AT)
e Frame number (FN)
. ] S 6 3 38 39 40 41 48 49— 82
e Key index (KI) [ Authentcation tag [ kcc [ REs 2{csT| RES | N [ mEs |
e Cipher suite type (CST) AT Aubenicaon ng FBA FECHockalgmen
s e suile type (s uture inl s 1zaton
e Key exchange communication channel (KCC) e ;r‘.::numm'rp S et e ‘
: ¢y exchange communication e K 1.098 v
o GCM-AES-256 ZHIRER (FFHl(FAnnex AZHR) R Remde cmmm—

® FlexO 100G 1> RHF VR EICET

Frubeml e

Fead) s
S0 v 1 b

0 . R e P2 16 P 3301 PR © 2023 Fujitsu Limited



G.709.1c1E4 FE/RERFEIR

O
FUJITSU

® FlexO-8DBEARZER

e 800G FlexO-8(e) frame structure

e MIF4T(E. LRX%FlexO-8(e) (16QAM) interfacelCd
H=EM/U. Interleaving z=128 EEEENTULDN,

SR% FlexO-8 (z=10)E:FE
o ATDE>G.709.5(C

Columns
1480 9601280

Row|
+{7Aw | €oH o
2|II}

\

5140 1 480 9601280 480 9601280 5140

5140 1 480 9601280

\ Payload area
s i
Columns F0 1A F0 18 oD

1 480 950‘1280

5140 1 480 9601280

FlexO &

Columns

:
Rows |
[T 1 Eo 1
F
3

Flex08
Payload area

G091 v 13911020 Pt

... -

EEE EEEN

17

| Interface Type  FlexO nominal bit rate

| FlexO-x

| NOTE 1

{nterface Type | Frame period (Nate)

| FlexO-x

| FlexO-xe ) ) )
NOTE ~ The persod 15 an approximated value, rousded to 3 decimal places

e FlexO-xe(Flex0O-8e, FlexO-4e)E®

e OPU/ODU/OTUZFEL\Y', EthernetZzBELXE]JEE/R
FlexOO L —AZTESE
e ZRJ L —A\(FEC{IhOaED) & Al

Table 8-1 — FlexO bit rates

_ FlexO hit-rate tolerance

£20 ppm
21845725984 = 766 « 156 250 kbat's -lllm1
Ty pomenal FlexO bt rate used with FlexO-X 1s approxmmately. 105 643 310,782 kb s, The
Flex( bt rate can be denved from the OTUC bat rate as follows: 411274097 « OTUC bit rate = 411274097
« 2300206 % 90 532 804 kbar s

491384462961 ~ 99 532 800 kbit's

FlexO-xe

| NOTE 2 - The nominal FlexO bat rate used with FlexO-xe is approximately: 100 622 458 327 kbit's The
| FlexO bit rate can be dentved froms 156M Ethernet clock multiple as follows: S1d 544 x [445/1624 = 766 »
{ 156 250 kbit's

Fable 8-2 — FlexO frame and multi-frame periods

 Multi-frame period (Note)
| h:’_‘\ us | 49 "‘3,3,1“'

-6.539 s | 52510 ps

© 2023 Fujitsu Limited



G.709.1c1E4 FE/RERFEIR

O
FUJITSU

o PTHL5R

o DIT=ENMER

® 0x05: FlexO-xe (GMP based Ethernet mapping)
e OxFE: PRBS test (PRBS31)
e 0x55/0xFE: LCK/AISEIF (CHEIR (/ \"9—)5’-‘—9‘6J:§‘é‘-)
o /3#. OIFEFTOMER(0x40, 0x41)(FIEE3ITEEFH
Table 9-4 — FlexO payload type code points
MSB LSB Hex
1234 5678 code Interpretation
(Note 1)
0000 0000 00 Bit synchronous OTUC mapping, see clause 10
0000 0001 01 Experimental mapping (Note 2)
0000 0010 02 GMP based OTUC mapping for OTUCn multiplexing
for FlexO-x-<fec> interfaces, see [ITU-T G.709.3]
0000 0100 04 Reserved for FlexOsec SquelchText value
0000 0101 05 GMP based Ethernet mapping for FlexO-xe-<fec>
interfaces
0100 0000 40 Reserved OIF 800ZR mapping and multiplexing of
Ethernet clients
0100 0001 41 Reserved OIF 800ZR PRBS test pattern
0101 0101 55 Reserved for STAT LCK maintenance signal
1000 X X X X 80-8F | Reserved codes for proprietary use (Note 3)
1111 1110 EE PRBS test pattern, see clause 10.3
1111 1111 FF Reserved for future STAT AIS maintenance signals

18

® FlexO AIS/LCK

e ODU AIS/LCKEBU/N\F —>F—F=MRE

e AIS: 1111 1111
e | CK: 0101 0101
® BOHE EEZDXRIC

A140

AM | EoH [BoH]

a4 Repeating pattern

128

o FFlENF(XG.798(0OTN

KB TSREEHTIE
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G.709.181F4 FREFHFEIA FUjITSU

e FlexO RegeniEz:
e Link& UTIERE U TLVZFlexOIC3RIEEER TE R

® FlexO-xCH4(regen)
e FlexO-8 to 2xFlex0-4 =W\ D E/RBPHYRIDregen(&
EE UL
e FlexOsecEH =2 EE(E. G.709. 1 E/RXSTC |
G.798T P
\ Flexofei’vch' Regen |:‘:.t FlexOsec RES

® Regen OH(d. EOHICH U TER
e 5-20 bitreserved®ExH

e FCCO (ERDFCCIFFCCLIC)
o fliRegenm@|IMFAS(RMFAS), RTTI, RSTATZE®
® RSTAT(CDUL\TIF&uk

FlexO-n(OTUCN) FlexO-n(OTUCR)

FlexOsec

¢ = apﬁ%ﬁon application
5 6 .10 11 12 13 20| ~ 21 36 37 38 39 40 41 - 48 4952
[RMFAS]_Res [ RTTI_|RSTAT | =3 1| Authentication Tag [ kee [Res [csT] Res | FN RES
FlexO * n *
Fl eXO n EOH bytes for FlexO instance #2-n
u“uu ﬁﬁﬁﬁ 1 o 45 e 202 e 52 53 e 60
FlexOfec Regen FlexO! RES
FlexO-x * m e ] =
-y ¥ v X S T

FlexO-x * m (Regen) FlexO-x * m aslee, [ron [ res J-

m=n/x g Floosc
application Lo application
m 5 6 1 12 13 20, w28 e 36 37 38 39 40 41 e 48 49 52
/‘\ [RMFAS] RES [RsTAT | RES | Authentication Tag [ kee [ Res JefcesT REs | FN RES
yi \ 4 yi V4 RMFAS: Regen MFAS AT Authentication Tag FBA. FEC Block Alignment
RTTI: Regen Trail Trace Identifier CST.  Cipher Suite Type RES!  Reserved for future international standardization
_ p RSTAT: Regen status N Frame Number
4 FCCO: FlexO communication channel KCC:  Key exchange communications channel
v G.709.1-Y.1331.1(20)_F9-14

( Kl Key Index

C/ FlexO-x /" FlexO-x

19 © 2023 Fuijitsu Limited



G.709.181F4 FREFHFEIA FUjITSU

* FlexO OH (BOH)—&FREL ® (8%)FlexO OHMEREL

e Client mapping specific overhead %Lk = ® BOH, EOHDOEEE#FH UIc/zdFlexO OHULIE BB LAY

® FlexO-xe (f—H=xwy MER)ICHEUZCSTATE UTER HE

_ e FlexO? FlexO-x?
BOH bytes for FlexO instance #1

MFASDIS 1 2 3 4 5 6 7.8 910 1112 13 - 2 27 2829 - 40 o IRTE(E FlexO-x TUIEARA]
[678] frame K =
000  1[mras]staT [ aib [ aib [N 1D MAP CRC FCClL 0SMC ® G798(OTN§EMIE)VQ_C L/_C*ﬁﬁrjq]
001 2|mrAs | STAT [AvAIL MAP CRC Fccl osMC
010 3| MFAS | STAT Client MAP CRC FCC1 0OSMC OTUCK_(T)CPs OTUCa_(T)CPs
o1 4| MFas | sTAT MAP CRC FCCL OSMC fo_cp 1237 N OTUCH (TP OTUCH TP 123 N \'D.(‘P
100 RES I { | t1t
j01  5|MFAs|STAT RES PT MAP CRC FCccl 0SMC N T AN Wy A e s e T i s
110  6|mrAs|sTAT <pecifi MAP CRC FCCL 0SMC 2 N\ \Sheasiing wmy o ""h A i
110 7|mFAs | sTAT overhead MAP CRC FCClL osMC i
111 8|MFAS | STAT | MAP CRC FCCl | osMC S
2
B0 /S
BOH bytes for FlexO instance #2 to #n I LAYE oM ~."'f‘ F"'}"
MFAS bits 1 2 3 4 5 6 78 910 111213 - 26 27 2829 - 40 ey P 4 - - . d
[678] frame —
000 1[mras]star [ cip [ aip [V 1D MAP CRC RES RES I J FleaO-x AP
001 2| MFAS [ STAT [AVAIL MAP CRC RES RES f -+
gﬁ 3[mFas [ sTar Client MAP CRC RES RES AeQx/  ReOxRP
] e AETEEE - | - [ eonmer X
101 o Ncey At S8+
110 6| MFAS | STAT " MAP CRC RES RES
110  7|mFAs|sTAT fopecifich MAP CRC RES RES
111 8[MFAs|[STAT | MAP CRC RES RES

G.709.1-Y.1331.1( 20)_F9-7A
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G.709.1c1E4 FE/RERFEIR

O
FUJITSU

o FlexO OHDILAR & E X HEeiENM

e STAT(BOH e w e - mams - e

[678] frame.
o0 1[weadfstar Jo [ cio [FR@] o | war [ cre [ reci Joswc
001 2[mras] sTar JAvaiL| mAp_ | crc | Focr  [osme
010 3l\rask st c MAP CRC == osmc
- O ]| 8 e [ore [ reoJowe
1 ] 4 ! & o s[wasfsar]  res o | we [ ore | rer Jowwe]
o e[ e crc | e Jome
0 T[] Sheia | [ oro | oo [ownc
m elueadar ] | ere | reci [omne
IF LINT EEY BOM bytes for lex0 nstance #2001
U MFASBis 1 2 3 4 5 6 78 910 111213 2 27 2829 w0
[678] frame.
o001 [uradf ST J o [ oo [T 1o [ore |
001 2[pmeash star favAlL |
Y M T n 010 3\rask sTAT ] Chient
G- IEE U E) -Aml AR FT [F s LD .
o spesfswr] wes o =
. o ofweasar
e RF: RPFZitsh i it
" PRV v |

G708 (201 FoT

e MNT (Maintenance) :
e 000 - Normal operation
e 111 -AIS
e 101 -1LCK
AIS © LCK BENER(C(ZODU-ALS / ODU-LCKER U ICIRD ., /W5 —
ST =B RATIVF I T ) RERMAM, EOHZEK LIXET D

ol
] Apdn

AM | EQH [BoH]

=
. l-|—§

&4 Repeating pattemn

48

L=

21

e RSTAT(EOH)
e Regen(FlexO-x)MDzsbDEE

‘BF RF=R EnDjrn

IR A Al 423 FFe

EOH bytes for FlexO instance
145 - 20 21 - 52 53 - 60
[Fmoree | Regen T FiexGsec I =

oy

1
Flexofec
appicaion | FBA [ RES -

- regen L FlexOsec §
application Lo application .
S 6 . 10 1 pd2emdd 20 N 21 - 35 37 38 39 40 41 - 484952
[RMFAS]res [ R |[RSTAT] FCCO ] ‘Authentication Tag [ kee [ Res [esT] Res | N RES
EOH bytes for FlexO instance #2-n
1 -~ 45 s 2 21 52 53 o 60
[Feoe | Regen [ FlexOsec RES

2.4

"
st [FeaT R ]

regen LN
application A application e
1y 13 20, 21 36 37 38 30 40 41 - 4874952

5 6 .
s RES T Authenicaton Tag [cC [res [csT[Res ] #n REs
MFAS: n MFAS AT Authentication Tag FBA: FEC Block Alignment
R Reger Tl rce e T Ciner STy RES:  Reseived for fiure memaionalsandardizaion
RSTAT: Regen status FN: Frame Number
FCCD: FiexO communicaton channel IECC: Ky e communicatons hamel
KES Koy ni G709 1v13311(20) P14

e RF: Remote fault

e LD/RD: Local and remote degrade. FlexO-x-<fec>.
DEDFlexOmIFYES 1 —)Lddegradei®A
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G.709.181F4 FREFHFEIA FUjITSU

e FlexO OHD#liik & ERIRX BN (RS ) ° CSTATER
e CSTAT (BOHD—EB) ° ISAF>hEG

_ e Client signal fail (CSF)
e FlexO-xe (- —H=xw MEIR) (IS
( Y BRI o CSFEXELIZS. LFZoverwite

!ﬂ(l"bvu‘hlhﬁlm--ll _ A )
Moo | 1Y 4P e Tromund - w¥pan - - e Maintenance (MNT)
we [ensTroron (90 PR ® T Wir T o [T o .
o e o] 3‘,&—’ A L e 000 - Normal operation
ol o DT B0 | Ml ekt
b | mECECIE R ° 101 -LcK
! el S SIS S AL o LCKIBALREBETC(IS5A 7> M —H3Ry N)FDIE
I >
e e Client local and remote degrades (LD, RD)
[674] Bwze
(e N N T 3 e e am, RD, LD (Z400ZR/800ZRIC/IEZ
e . T
o ’3& 5o E E - e Reserved (RES)
it = -
::t ‘-jﬁ:‘ Ml 3 : "
m f———7 al ] w 3
e s[5 [7]7]
MRS BOH ook 1
P X fame 3 b 6 3 4 5 T 1
e e BEE CsF|  MNT  ||REg|am_| RD| LD
:" g K‘f) ¥ GF091-YA1331 1023) . F1048

R | e e SHIMENMEIZG. 798 (OTNEBIUR) TS EE DS

H 0B03000 - Tebancyport

o U“Yh‘ 0RO 3001 - Tebaneypoet M0

1 Akorerd  CEONEO: Tebaneypoet 41
HOTR = a=] »

TRTITIR T or T —— 22 © 2023 Fuijitsu Limited



G.709.x: FlexO Z&E#$(2023) FUJITSU

FEC FlexO signals in*:
RS SC CFEC OFEC
n o* — >  G.709.5
BMP 7 FlexO-1 ——— > | G.709.3
"""" » OTUCn > ¢ g
n/2 ® ‘ L » G.709.5
/ FlexO-2 @ > }G.709.3
FlexO-n . g
n/4 FlexO-4 ® ‘ — > }G.709.5
1 / = exv- o : » I G.709.3
_______ OTUCn; GMP ’ . > ~ G.709.3 & G.709.6
>n;=n n/8 e >  G.709.5
- /——| FlexO-8 b
—® » G.709.6
n/4 A
I / FlexO-4e Lo
x;:00GbE GMP 7 9 .
| I 2X;=n FIeXO'ne y i i i | G.709.6
n 1 1 1 1
' 7 Flex0-8e | | | |
——e » G.709.6
! J
T
G.709.1 (nglfp o *—8. 12BABNEESD
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(/) fgOTNEhES O sub 1 GEE

O
FUJITSU

o ENSIRREFMN

o LUTOEDER

o BY—H—BENIXREI> > MFE
e S[EM5 fgldfine grain& UL TES. fgOTN, fgMTNEN
ZNRILA TV ELUTEERT D

e common sublg layer(d®& X /&0

Topic fgOTN fgMTN
Support of sub1G clients G.709.20 G.8312.20
overview
fg Layer Architecture G.872 Annex G.8310 Annex
fg Interface G.709 Annex G.8312 Annex
Server/fg adaptation G.709 Annex G.8312 Annex

PT in main body

PT in main body

Protection G.808.4

Equipment G.798 Annex G.8321 Annex
Synchronization G.8251 Annex G.mtn-sync Annex
Management Requirements G.874 Annex G.8350 Annex
Protocol-neutral G.875 Annex G.8350 Annex

Information Model

24
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FIRODONRE(CRITTZREE E R (1)

WDM(Media, LO)(CH T DERMDRE



¥RY FDJO—2J(OTN&WDM)DEREE FUjITSU

RELEDROSNZ(HIF)TNDZL

o EAEELLUTROSNDE o EAEHDHRENSOEHAERET >
o DENI—XHT—R, BREE HII—RAER
. meszEHEEMK: OIF, ITU-T, MEF ® FCAPSHIR— X [CH B HAPIEES EEE
o RV hNOD—UEEEBUET—FFIF v o COEBHEER. EVLWOEENMNEHEF—D—R
EZ(ZF(CData plane) (N2yOD0—=F)NE
B4 G4k - - o v NIJ—UHUREEMN. BEQRSTIEOEEREMN
©ESEREATOT DRI ESTERT BN
o XY FO—UETIER o JBM[A: ITU-T, IETF(TEAS, ccamp), OIF,
e UML, YANG/2E®D Information Model, Data Model TIP, ONF
o DWTIFAPIIC HRIE . . - _
o 1HYFAK: ITU-T, IEEE, IETF (ccamp) o fit. Intelllg?ntaﬁm(hrﬁj‘?‘tﬂﬁﬂa}
e ONFIZ--- o BENML. B, A/MLEDEE
o E(F, OSCREEDHDESHH D e 1—RAT—X - BR - BHFEREDEH(? ?
e HJF5DMPLS Japan 2017H8E(CIRB3NEO o B [E1AK: ITU-T, IETF, OIF, ONAP

iH8 https://blog.nic.ad.jp/2022/8417/
X1y NO—UERERICHITIIRELER ~FHUWP—FF7IF BB (EDH)IRDIRD ED1~

26 © 2023 Fuijitsu Limited



¥RY FDJO—2J(OTN&WDM)DEREE FUjITSU

BRELEDROSNZ(HIF)TNDZL

o EAEBRLLTROSNDE o EAEEDHRNSDEHAERET >
DENI-RT—R, EREE HII—AREE
wsrzs B SHEUA: OIF, ITU-T, MEF FCAPSHAR— Z (LI B HAPIEZS &
o RY PMNI—UWEEZEEULET7—FFIVOFv CDEHFER. EVLWDEENBIHEF—DT—R
EF(ZE(CData plane) (N2 IT=RF)DE
Lt _ v RD—JMEREMG. RS TEOEEREMN
¢ ESEREATOT DRINLE ESERT BREN
o *Y NI—DEFTIVER {4k TTU-T, IETF(TEAS, ccamp), OIF,
e UML, YANG/2E®D Information Model, Data Model TIP, ONF
o DUWTIFAPICHRE : . — _
o 1EHYFA: ITU-T, IEEE, IETF (ccamp) o fit. Il‘lte"Ig/entEEFH(gl'ﬁ']L\j'L#r"fﬁHa}
e ONF(Z-- QE}ME\ §1$'f|:\ AI/MLC‘:@@*%
o E(. 0SCREEDHDESZEEHD d—XRT—X B3R - BEEREDEE? ?
o ZJDMPLS Japan 2017H2E (CRBNEO 3 U EK: ITU-T, IETF, OIF, ONAP
RS - {Y - RRICBRICBEEEVRDDH S N L

CNDIFRNADRIFHRICIR D
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Data Center@F=Y J—2: SEICEITT rujitsu

o 5= o RiH
° éI/ML(Cds\é?f@ﬂiif_%@iﬁﬁﬂ’ﬂﬁi%ﬁt%ﬂ%ﬁ o IRFEDTSHTILTODRFA(D. LN TKSD)
A DY — )\ 18Rk - FTDEF T/ \DHAEF e 800GE/1.6TEAZ#4L,(IEEE802.3)%200G lane(d2026&F %

o BT A DEIRICEF = EBHEIRADERDHEH & THEM, 2TRLETE, RO T 32030FFETEDONE

=y hOXBIE SR -
o Ry RI—URTE. H#ELEHBDCRY N TI—IRDY ® 224GU LDESRL — 2 DXRERE
BIROHIAARE. 1D~/ (=% o BIFDS v IHEH TIECPU-MEMRI U Y — R DRIBEL
o NEME - BRIXR E SR ERTDEL EBENTER0N
o J3E(CIECPU-MEMBHEBIE(LNEENS . AT
o ER U —mIXREHMBRNRNC ET. T —)L LAY

© 77y MRDC/DCIDEREE e BETVWBZEL(BTB5ELTVNBTE)
[N ) —7 =33 T T ST
o VY —ARBERDY —/\—ARpUl e DCADDisaggregation(Composable){t

o AT —)LUNDIRERX SN DR o UV ZOEEEE

o DCPIICH L TCPU-XE URIDEBESIRIC & BABREDME L - UY—2 _ _ .
BB(LHRHSNBREITRL e Spine-Leaf (CHENONIRUV\DCOILIE EHER%
o SERT—FUE(i.e. RT—)L)DIZHICIEIDCRAICHNT. {mXREM ° ﬁ‘ﬁ?{iﬂ'\f(j \/7|—:_jl7\> F)@DC/DCI/\G)EFH

EABRIERIE LD S SHBN S
o CNSEEIHLDOD. ARANR—Z - SEEE - Y o CXLI@ EIREEN DRI —)LAJRE/R TDOU Y — R il

EE L EIRM TS BDC/DCIHEH - BRI et DR
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Data Center@F=Y J—2: SEICEITT rujitsu

e DCAAMDDisaggregation(Composable){t e CXLIX&EDV Y —ARIEFILITDHIR

e Brice Ekane et al, Network in Disaggregated e Compute Express Link (CXL): PCleX—2DTOtyH—H
Datacenters ‘ BX:E'J@&JEE%‘%%E s TIOTE> I/_Q—/\@¥EL/L\U \/OjD

~JL
e CPU-Memory D Desegregation Z3IR U D DEEEN DRI —
JLIBDC. " DITLFTILIRUY —igH=ER

https://arxiv.org/abs/2104.04060

Data Center: Expandmg Scope of CXL

Dbu,yvq-nd 30K reseurcecontric

e R Lin, et al, Disaggregated Data Centers:
Chal’enges and Trade-offs I/-lg‘:a%sg:i/zit;eexplore.ieee.org/document

Al Outcal irtwrooneset Pytaht regrconeect

- o Lo pre = O s g e | - o
s e P et -
B L] o [ )
r Ot — e [ - Beach ‘-—’g‘
2 i )N
o o o Gi) USs Mg Beviunin o o o o>
Opncw rietace — — 4
Q. » 400 Ot s '

https://0c141887-fbe4-4ec3-bel7-
adc8d70d3922.usrfiles.com/ugd/0c1418_037d4ba31f4b44cfofcb37f5b36ae4d6.pdf

O Mgt Oyt intertace . |
5 wead frm et e r o
. o

’ NIC tortmerh brindace Cars : ’

Frgwre 2. Fally dsaggregared mck with all-optical mterconnect (ieft) and hybnd isdercomect (nght) 30 © 2023 Fujitsu Limited



Data Center@F=Y J—2: SEICEITT rujitsu

e Spine-LeaflCiRHONRL\DCODYLTE & 1BR% e fE3EMD Clos RO MDEEE
& T (> R—24> b)DDC/DCINDIEH o EERENMI—THINENSBEH. USIAE— ROSE,
BT T L— ROEE () (D o — > D)
e GoogleDH DT —F 1> 5 —\DBERDIENT
o HZ 1 wF(OCS; MEMSHR 1 wF)DDCABAR ST i
21 v FHEF RIS " LQ LJ [/—,,J\,L.‘—]
o DCHICH T DMK LFEIRDAggregatordiRE 100Gb/s links =93 200Gb/s links

o REFEICLIDEBRRANYVFBLINAE NS> —/)—DE
1% 41%HiF. CapexZ30%HIiE. {mXHigzx 5
o DCRZ1H T < DCRAADIEALADERE

‘F‘Jm

ToR—
Moachine nor—ERAREL AARAAR AAARER HRNENA

Aggregation Block—| o

. ‘ o KA YFEMO ERPMEREIRPI B L TILFS TG
o FIR3HR hROS — & st

e Leon Poutievski et al., Jupiter Evolving: Transforming
}

Roch with § OCE swinches

Google's Datacenter Network via Optical Circuit Switches and OGS ywe—
Software-Defined Networking

® https://conferences.sigcomm.org/sigcomm/2015/pdf/papers/p183.pdf

Mrpncsl sers

O hopow ks

e R. urara et al, Mission Apollo: Landing Optical Circuit R | EeeRReEs
Switching at Datacenter Scale ( J [ ] L ]

® https://arxiv.org/abs/2208.10041

Tok
res——— LI
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https://conferences.sigcomm.org/sigcomm/2015/pdf/papers/p183.pdf
https://arxiv.org/abs/2208.10041

Data Centermij>®wv hDO—2:

S&(CEFT Fujitsu

IP#
Router Router
Spine Spine Spine /\
x OCS 0OCS
Leaf Leaf Leaf
L L i
EEEEEE EEEEEE NN CXL SW CXL SW

Composable Infrastructure

DCFH

- RIEE#E (>80km)
- K&= (~Tbps)

- EKHEESD

DCFd - DCRMRS D
ERZEXRICEDT
NICETA\DRAFF

DCH
- JEfRE (>km)

m B =
CXL SW - XBE1b (~Tbps)
- ILFS T IV
- ETEUY—-XH\EE
- {481k
- (ESHE B 1L

FY2023 FY2030~

Il Top of Rack

IOWN GFXZ(DCI FA, APN FA)/R5THC,

Bl Photonic Smart NIC
OSC: Optical Circuit Switch 32

w2t &} (Fujitsu All Photonic Network Vision) B &R < Ea0VEE
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https://iowngf.org/wp-content/uploads/2023/04/IOWN-GF-RD-DCI_Functional_Architecture-2.0.pdf
https://iowngf.org/wp-content/uploads/formidable/21/IOWN-GF-RD-Open_APN_Functional_Architecture-2.0.pdf
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o U TOABICOWVWTHEN

e B400GY=iX (4F(C800G ) EHE(LEN M)
e IEEE802.3 (P803.2df, dj7&&), OIF 800ZR/800LR, ITU-T G.709J —X(FlexO,
800GbEIXRE) DOE5mE4E{LEN ]
o =EHMTERE(CEAND D TE/EREIN T DI
o S00GEHEIZ#EAL (IS EE TIZFTERK
o 51%(2024~)F1.6TICHEIFT=EENCAIRS T N?

o JERDIARXICHINT T=FRRE & RiFF
e WDM(Media, LO)ICH T D ERAHDRE
® E-:T:-%H] (FZ -5 5 % - ?é;[’fy/l/\b'ljoigf%ﬁé@é%?&%%é%é—’zéﬁiflﬁ ~EF LW —FFOF v B (CEnE)IRDIRD TD1~
® JUARIX(CH T DFTEEA\DEA (TH 1 DHAF
o S1MDDC/DCIDHDINETE L, KEdi(Imix - 77/ A R12 &) DERNDEAR
o —F. DUAVE1—F1 >D)DUREESHEES(or BRERB)DON. HFERD DO OBENHEN S
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Thank you
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