World of 10 Gb/s The Lower Layers

ONT 10 Gb/s Digital Wrapper
SDH 10 Gb/s Ethernet

OTU2 Frame Structure

10 Gb/s Fibre Channel

- . 802.3 MAC Frame Structure
STS-192 Frame Structure STM-64 Frame Structure Colurmn (hytes) g 11.049 Gb/s FEC & 11.270 Gb/s FEC
192 x 90 col byt 64 x 270 col byt 38 SN NI 8
’ x 90 columns (bytes) . ’ X columns (bytes) g fon\ _ e Snon 88 55 85 g 7bytes  1byte 6 bytes 6 bytes 4bytes 2 bytes 46 to 1500 bytes 4 bytes Frame Structu re FC 2 F S
Destination Source VLAN | Type/ = rame trI.ICtu re
192 x 3 columns | 192 x 87 columns 64 x 9 columns | 64 x 261 columns 1 FA Preamble  (SFD| \1 1 Address | MAC Address | Optional |Length MAC Payload FCS ) )
< =|: > < =|: P> fsl:(uef? 10 G!gE LAN Client for 11.049 Gb/s FEC 4 bytes 24 bytes 0to 2112 bytes (multiple of 4) 4bytes  4bytes
X - 5 Bytes o 10 Gb/s Fibre Channel Client for 11.270 Gb/s FEC wor o Optional | S e | tor
. Regenerator OPU2 Payload (fOf OPU?2 Payload SFD St.art Frame Delimiter i cader I-le_a_d_ef ] ayloa
Section ; ODU2 OH 0C-192/ VLAN Virtual LAN T e
Section 3 STM-64 Column (bytes) s L T P
Overhead mapping) FCS Frame Check Sequence -TT T e e e e L
Overhead . RS RO\ — moo T0OD 38 g |’ R | D_ID | S| s |T e| F_CTL |SEQ— DF_| SEQ_ | OX_ | RX_ | Param;t_e-r_|
" - _ - Converts between MAC data stream and the parallel data paths of the XGMII CTL - cT/pl 2- ype| - ID |CTL[ CNT | ID ID
2 2 T - Generates continuous data or control characters (such as idle characters) 1 FA Tbyte 3bytes 1byte 3bytes 1Tbyte 3bytes 1byte 1byte 2bytes 2bytes 2bytes  4bytes
o cl|l | | eTMEAVirtial Cantainar (incliidaebOY oy T e .. - . .
o o i _________________ - Participates in link fault detection and reporting , SOF Start of Erame Type Data Structure Type
to 2 3 4 5 6 7 8 9 10 1 127713 OPU2 Payload E(F;(FZ Ey(cjlichFedundancy Check EEgTII_D Erame Conl'gol o
nd of Frame L equence Identifier
1 FAS MFAS PCS & XGM" } opuzon R_CTL Routing Control DF_CTL Data Field Control
T (Transmit direction) . 2§I%TL Elestlr;atlo[}‘ldgntlﬁeﬁ SOE(QI_SNT (S)eqqence %ourr:t o
2 RES TCM6 o ass Specific Contro . riginator Exchange
v v ACT FCMEE S SR TETSiE) i P Priority RX_ID Responder Exchange ID
— — TXD<0> TXD<31> TXD<0> TXD<31> (32-bit wide) H=
3 TCM3 TCM2 * ¢ & FA Frame Alignment S_ID Source Identifier
B e W o W VI SN A AN A 10 Gb/s FC Primitives
STS-1 92 TOH & STS POH STM-64 SOH & Hig her order POH SM, PM, and TCMi (i = 1....6) 64B/66B Encoder i i These map into the 64B/66B PCS and have corresponding primitives used at the Fibre Channel
1 2 3 i : rates (as in FC-FS)
. STS-192 TOH . . PS;SH STM-64 SOH PHOOH ! TTI ! BIP-8 ’I ! Qutput of Scrambler i i Primitive Namel Function | Ordered Set
3 : i 5 - 5 & & &% &5 & § 7 & | | | i = 11.095 Gb/s FEC & 11.317 Gb/s FEC Sorx 50 mittecimey 7 Tons [omss Joms
Al 20 1 X X ' ' /1,"2 3456 7 8 (bis) e o ! i Frame Structure SOFn1_X SOF Normal Class 1 K277 __|D215_ |D231 _ |D23i1
undefined undefined undefined X X 0 = — i : SOFi2_X SOF Initiate Class 2 k277 |D21.5  [D212  [D21.2
undefined undefined undefined D1 Dl D D D2 Dl D D3 SAPI &| BEl |G| STAT i i 10 GigE LAN Client for 11.095 Gb/s FEC SOFn2 X SOF Normal Class 2 K277 __|D215__ D21 |21
15 . i i 10 Gb/s Fibre Channel Client for 11.317 Gb/s FEC SOFi3 X SOF Initiate Class 3 K277 |D215 [D222 [D222
16 123 456 7 8 (bits) 0 Justification is not Sync Header (2-bit wide): ! ! SOFn3_X SOF Normal Class 3 K27.7 D21.5 D22.1 D22.1
= — used for all client 01 Datablock USSR SRRy SRR et i SOFc4_X SOF Activate Class 4 K277 [D21.5  |D250  [D250
DAPI S| BEI/BIAE Q| STAT ! types (i.e., it is used 10  Control block To PMA or Wi (16-bit wid Column (bytes) SOFi4_X SOF Initiate Class 4 K277 |D215  |D252  |D252
g; - for OC-192/STM-64 ° or (16-bit wide) T oo I8 Sx N 2 SOFn4_X SOF Normal Class 4 K27.7 D21.5 D25.1 D25.1
clients and not for ROW\ ~ moo S228 == 22 ik i SOFf_X SOF Fabric K277 |D21.5 |D242 |D242
1234567 8 (bity GFP EOFt_X EOF Termi D214 |D213  [D213  [K29.7
_ Operator = | geyBIAE |22 RES ! 643/663 PCS BIOCk Format 1 i EOF:;t_X EOF D?sr:;::zt Terminate Class 1 D214 |D214  [D214  |K29.7
) a Coding for A and * pointer bytes Specific n m|= 255 | 5 Block Pavioad ) g EOF Deactivate Terminate Class 4
i nput Data v | Block Payloa Fixe EOFa_X EOF Abort D214 |[D21.7 [D21.7  [K29.7
Bl unscrambled bytes 0 AU-4 Pointer | AU-3 Pointer 63 é oaon OPU2 Payload g;;lefz OPU2 Payload EOFi,x TOF No:)mal s Toare Toate  Tkaos
: X  Reserved for national use i 10015511 H1 R = 3 EOFni_X EOF Normal Invalid D104 |D216 D216 |K297
o 2= 23 i D Media-dependent bytes Alllsbyte . FAS Frame Alignment Signal MFAS Multi-Frame Alignment Signal Data Block Format 4 FOFdtLX For B:ZEﬁEEiEEEZ;T{.“VZ‘tZlﬂXS.’:ﬂSjiZl S L R
++ Reserved S5 bits are unspecified SM Section Monitoring GCC General Communication Channel T — T -
. N . ontrol block Formats OC‘ ype
- Unscrambled bytes o 5 -?(Ej,‘ ACT 'I:Ifgﬁrxgtcijvation l—ﬂ:\f_ Egﬂﬁgrr;p(éoannraeg&? Ili/(l)czr;gg;mg CoC1C2C3/CaCsCeCr 0 cle: o G G G G | 6 [ & | & EOFrt_X EOF Remove Terminate Class 4 D214 |D254 |D254  |K29.7
S D H M u Itl p I eXI n g Stru Ctu re PM Path Monitoring EXP Experimental CoC1C2C3/04D5DgD7 10 0x2d Co G G G O4 Ds De D7 EOFrti_X EOF Remove Terminate Invalid Class 4 D10.4 D25.4 D25.4 K29.7
CoCq1C2C3/54DsDeD X. C C C C
APS Automatic Protection Switching PCC Protection Communication Channel OD1Dby/aDsDeDs T e 5 5 —; 5 I I I Bﬁ Bg 3; IDLE Idle - ko7 ko7 ko7 ko7
i ifi } i ity- . ; » ” ; R_RDY X Receiver Rea K282 |D214 |D102  |D102
3 I = I cl2 ch I ;_RPI 'grall e e ifi DAp, Bit Interleaved Parity 8 ifi 20515253//34555657 T o0 31 gz gi > Da > gs 36 g OH Overhead ; VC_RDY_X Virtual Circui Tz d k282 D217 [vciD [vcD
— — R ource Access Point Identifier DAPI Destination Access Point Identifier I Eworsrares T 5 5 5 5 = = e L OPU  Optical channel Payload Unit _RDY_ irtual Circuit Ready } . _ |
. . BEI Backward Error Indication BDI Backward Defect Indication NPT T o TTTTT & - T & T & 1 < = = = ODU  Optical channel Data Unit BB_SCs_X Buffer to Buffer State Change (SOF) K282 |D214  |D224  |D224
SONET Multi plEXl ng Structure A A v v STAT Status BIAE Backward Incoming Alignment Error DT C2Cy/CaCsCoCy 0] 009 b [T G G @ G G < OTU  Optical channel Transport Unit BB_SCr X Buffer to Buffer State Change (R RDY) __|K282  |D214 D226 D226
VC-3 I VC-2 I VC-12 I VC-11 I IAE Incoming Alignment Error PSI Payload Structure Identifier 303@&’,2“?%? 10] Oxaa Do Dy [111 G 24 ES 26 27 FEC Forward Error Correction Port State Machine Primitives
. PT Payload Type JC Justification Control D DD S R o 3 — I e L oLs X Offline K84 [D211_ [Dl04  [p212
VT1.5 VT2 VT3 VT6 \ 4 \ 4 NJO Negative Justification Opportunity PJO Positive Justification Opportunity DoD1D,D3/D4T5C6C 10 oxd2 Do D D, Ds Da I Co Note: LR_X Link Reset K284  |D9.2 D315 |D9.2
_1.| _ﬂl __rl TU-3 I TU-2 I TU-12 I TU-11 e 10 el The terms OPU2, ODU2, and OTU2 are borrowed from the ITU-T G.709 recommendation. LRR_X Link Reset Response k284  |D21.1  |D31.5  |D92
x4 X X X — — e o These methods are used to extend the transmission distance for 10 GigE LAN and LF Local Fault k84 D000 [D00O  |DOTO
X1 X1 X3 x4 10 Gb/s Fibre Channel. RF Remote Fault (NOS equivalent) k284  |D00.0 D000  |D02.0
A\ 4
_ WIS osses of Service oo B
x7 e ODU1i ODU2 Multiplexi Dol HES [Tl it o) i e s (e ee) ¢ cgésg:? Ssg‘gfgated Connection Coggd(.;orr:ggtsil(c)): it;oZB;(’;.sy, where Z is D (data) or K (control)
X7 into u tlp exi ng _______________ e WIS Service Interface - ---eeeecooocooo e Class 2 Multiplex (connectionless xx is a decimal number based on 5 bits: EDCBA
v ) ; with acknowledgment) y is a number based on 3 bits: HGF
TUG-3 2.5 Gbf/s client (e.g., OC-48/STM-16...) i Class 3 Datagram (connectionless) Code ZEDCBA.HGF corresponds to hex: HGFE DCBA
STS-12¢ STS-48¢ STS-192( l i Class 4 Fractional Bandwidth
SPE SPE SPE I X3 : (uses virtual circuits) Example:
— oo ODU1 Payload ODU1 i Class6 Multicast Connection D28.5 corresponds to hex: BC
C-4 I C-4-4c I C-4-16¢ I C-4-64c I Insert POH ¥ i Remove POH Primitive code D28.5 is 0xBC at the PCS sublayer
STS-12 STS-48 — and Fixed Stuff E_ and Fixed Stuff )
- - —; ootz | ODUT ODTU12 Columns i Columns Fibre Channel Terms:
x16 x4 x 1 y_V 4 4 4 A LM é ; Frame Unit of information at FC-2
‘ ‘ | VC-3 | VC-4 | VC-4-4¢ I | VC-4-16cC I | VC-4-64c I ; Spmmeeeeeel, i Sequence One or more data frames with a common SEQ_ID
AAA A J r . , , , i DN O , insert LOH Y. i R Exchange  One or more related sequences identified by OX_ID and RX_ID
H SO Y v T i E‘ . emove LOH f ial ch h
STS-192 \ 4 \ 4 4 4 v obTui2 B - _ [opTUT2 - ODTUG2 or MSOH : or MSOH Orde'red Set A word c‘omposed of a special character (K) and dqta characters (D)
| AU-3 | AU-4 | AU-4-4¢ | AU-4-16¢ | AU-4-64c JOH I x4 | _JoH I ODUT §- w4 ODUT i Credits The maximum number of buffers available to receive frames
v i Login How a port sets its operating environment with other ports
- or ' or
. ? PCS Sublayer
OPU2 ;
SONET Synchronous Optical Network - OPU2 Payload OPU2 i As in 10 GigE, 10 Gb/s FC uses the same: FC-FS Fibre Channel-Framing and Signaling
VT Virtual Tributary : : - 64B/66B PCS Block Format (see 10 Gigk) ~ XGMII 10 Gigabit Media Independent Interface
VIG  Virtual Tributary Group I:I Pointer Processing oon? ODU2 Payload I ODU2 Client - PCS and XGMII (see 10 GigE) PMA Physical Media Attachment
aralle = C -4-04C aralle P C -4-04C
SPE Synchronous Payload Envelope Multiolexi P F'lalrﬁ‘gsb;?azté\{,c,v&64 P Frgnl:TDigagfzro/n\ﬁcpfﬂg"' (10GEA Ror 10 Gb/s FC primitives map into the Il(()iSGb/S FC ;?]yGSIi?ZZF(I:tOFdIibr:S glf;ggr;’i
STS-N  Synchronous Transport Signal Level N G ultiplexing e T o . 10 Gb/s Fibre Channel) i _
STS-Nc STS-N Contiguously Concatenated e Al o v OTN  Optical Transport Network . UETEE (00T Signal Processing 64B/66B PCS Block Format PMD Physical Media Dependent
0ocC Optical Carrier gning AUG-64 OH Overhead LLC Logical Link Control MAC  Media Access Control
GFP Generic Framing Procedure <+—— Mapping ODTU Optical channel Data Tributary Unit RS Reconciliation Sublayer XGMIl 10 Gigabit Media Independent Interface
POH  Path Overhead ODTUG  Optical channel Data Tributary Unit Group PCS Physical Coding Sublayer WIS WAN Interface Sublayer
LOH  Line Overhead o 1T STM-64 JOH Justification Overhead PMA  Physical Media Attachment PMD  Physical Media Dependent
SOH  Section Overhead 20 synchronous Digital Hierarchy OPU Optical channel Payload Unit
TOH  Transport Overhead (section + line overhead) \(;_CNN \(;?r'?lfgllr&ec:;\'}[lainer N oDU Optical channel Data Unit
VC-4-Nc VC-4 Contiguously Concatenated o1y Optical channel Transport Unit . .
TU-N Tributary Unit-N FEC Forward Error Correction o o S| nal Process'n
TUG-N  Tributary Unit Group-N Signal Processing g g
AU-N Administrative Unit-N
AUG-N  Administrative Unit Group-N
STM Synchronous Transfer Module
POH Path Overhead
o . MSOH  Multiplex Section Overhead
S'gnal PrOCESSIng RSOH  Regenerator Section Overhead Client
SOH Section Overhead (regenerator section : H (g, STS-192/STM-64,
ol section ooerhaad) Signal Processing ShShac oo
Signal ProceSSing Typical Wavelength 1550 nm range
11.049 Gb/s FEC 11.270 Gb/s FEC
(without fixed stuff bytes) (without fixed stuff bytes)
11.04911 Gb/s 11.27009 Gb/s
11.095 Gb/s FEC 11.317 Gb/s FEC
(with fixed stuff bytes) (with fixed stuff bytes)
11.09573 Gb/s 11.31764 Gb/s
Wavelengths 1310 nm or 1550 nm
SR Short Reach
IR Intermediate Reach
LR Long Reach Optical Serial Interfaces: Optical Serial Interfaces:
VR Very-Long Reach 0C-192 Wavelengths 1310 nm or 1550 nm TOGBASE-SW 850 nm WAN T0GBASE-SR 850 nm LAN
- | Intra-Office 10GBASE-LW 1310 nm WAN 10GBASE-LR 1310 nm LAN Optical Serial Interfaces:
- L Long-Haul Typical Wavelength 1550 nm range -SM-LL-
R2 1550 nm ’ STM-64 P ’ ) 10GBASE-W 10GBASE-R 1200-SM-LL-L 1310 nm
Examples: 9.95328 Gb/s OTU2 (10 GigE WAN) (10 GigE LAN)
5-64.2b Short-Haul STM-64 1550 nm ' 10.70923 Gb/ 9.95328 Gb/s 10.3125 Gb/s 10 Gb/s FC
L-64.1 Long-Haul STM-64 1310 nm . S ' y 10.51875 Gb/s
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