OTN - Transporting Ethernet and SDH/SONET

OTN Signal Structure ODU Overhead

OTLtype  OTL nominal bit rate

Allows the user to support Path Monitoring (PM), Tandem Connection Monitoring (TCM)

Layers 1 Information Structure OTL34  255/236x9 953 280 kb/s and Automatic Protection Switching (APS).
1 =10754603.390 kb/s
I Column #
i OTL4.4 355/227 X 24 883 200 kb/s Fault TCMi/PM/SM i nt ati
o =27 952 493.392 kb/s 1 2] 3]4a[5s5]e6 7 |8 ] oflrof1nn]12[13][14 indication field | © - - - OTUk SM nterpretation
5 I OPUKk | | OTL4.10 255/227 x 9953 280 kb/s « |2 RES Rcc_hl/_l TCM6 TCM5 TCMA FTFL _ 1 — BPai its 1,2, 3,4
. OH i =11 180 997.357 kb/s : .
-é i : ! é 3 V3 o2 oM PM EXP % Blsaiar : : 0..8 BIP error
o @ | identifier field : P
E ODUk :— OTLk.n allows multiplexing an OTUk signal onto n lanes. 4] GCCl | GCQ2 | APS/PCC | RES = icentfler ™ ?0 -0 5001 (12314251617 s L ARG
i OH ! : E‘ECh lane vyilllp(?(j'cra?:rgitted via one lambda on a single g 1 SAP| BEIi/BIAEI [BDIl STATi | TOM 11 BIAE, no BIP error
1 1oer or an individual Tiber. . . . . . T-BERD - MTS-6000 / 8000 TS-10/TS-30/TS-170 ONT-506 / ONT-512 / ONT-503
Fault indication codes ODUk PM status interpretation 3
i OTUk :— k: supported bit rate (1: 2.7 Gb/s; 2: 11 Gb/s; 3: 43 Gb/s; 4: 112 Gb/s) P o} s 2gieﬁr(?:“?e"ld {15 11 2]13]4]5]6 7 [8 M
I OH 1 n: number of wavelenghts Fault Definition PMbyte3, Status - P <]16]_.0x00 __ BE| BDI| STAT Kk . .
i 2 functionality, i.e. no non-associated overhead is used indication bi ODUk TCM status interpretation
v ! FAS FEC r: reduced functionality, i.e. code its 678 57 DAPI
© =l : o 000 reserved for future international (31 112[3[4]5 - 617 |8 SM TFM byte3, Status
< 8 i 00000000 No fault standardization indi Faylt field| 128 32 BEli/BIAEi [BDIi| STATi bits 6,7, 8 . . .
2 i 0000 0001 Signal fail 001 normal path signal Loebasilis De o 000 no source TC Detectlon Crlterla
s L 00000010 Signal degraded 010 reserved for future international S 129 pergf’gor 001 in use without IAE -
a2 i SO GFD Loeen s standardization 5 Operator specilic 010 in use with IAE (according to ITU-T G.709/G.798)
© i future 011 reserved for future international o identifier field | 137 011 reserved for future international
E . : intemational standardization g 138 <k standardization Abbreviation Alarm/Error Detection criteria
c . _(If_)pt|cal Cthlz_:\nnel 0000 0010 standardization 100 reserved for future international S 100 reserved for future international OOF Out of Frame FAS (bytes 3,4 and 5) are errored for > 5 frames
'g ; \ OChr OChr OChr | ANSPOIEanes standardization —E Operator standardization LOF Loss of Frame If OOF persists > 3 ms
é E OCh Payload OChr Payload ] ¢ OChr-n 101 maintenance signal: ODUk-LCK c‘gf specific field 101 maintenance signal: ODUk-LCK 0OM Out of Multiframe MFAS numbers errored for > 5 frames
x | ) ) 110 maintenance signal: ODUk-OCI 110 maintenance signal: ODUk-OCI LOM Loss of Multiframe If OOM persists > 3 ms
5 1 111 maintenance signal: ODUk-AIS 255 111 maintenance signal: ODUk-AIS
: 5 OTU-SM
E 3 0SC - SM-BIP-8 SM Bit Interleaved Parity Mismatch of the recovered and computed
g ] i = BIP-8 covers the OPU and Payload
Optical 1 |# ] i thticall 8 SM-BEI SM Backward Error Indication SM byte 3, bits 1 to 4:
Multiplex | |§ o o o . .. ] i % anie . e = value 0to8: BIP error count
section E - E _A i i i .arrlers- § value 9to 15: No BIP errors
Ll = g | Optical Multiplex Unit ! s i g value 11: BIAE active
optical | 3 ' i = O P U Ove r h ea d OTU-AIS OTU Alarm Indication Signal PN-11 sequence covers complete OCh
Transmission E Optical Transmission Unit 1 v T SM-BDI SM Backward Defect Indication SM byte 3,bit 5=12>5 frames
! . 9 ) . .
section 4 o e . g The OPU OH regulates the mapping and concatenation of the client signals and provides information on the type of signal transported. SM-IAE SMlncoming Alignment Error SMbyte 3,bit 6 =125 frames
! ifi i i i SM-BIAE SM Backward Incoming Alignment Error SM byte 3, bits 1 to 4="1011"> 3 frames
i OTM-n.m OTM-nrm OTM-0.m 0 * OTM-0.m OTM-0.mvn Payload Structure Identifier (PSI) a 256 byte multi-frame signal. The PSI[0] contains the Payload Type (PT). o iond ; .
' (e.g. Ribbon Cable) (e.g. 100GBASE-LR4) Justification bits JC1/JC2, BJO1/NJO2, PJO1/PJO2/PJO3 are required for asynchronous mappings. For synchronous mappings, all JC(1)s are 0, ayload type code points ODU-PM .
n: number of wavelenghts; m: list of supported bit rates in the OTM NJO(1) is a justification byte and PJO(1) is a data byte. Hexcode  Interpretation PM-BIP-8 PMBIP Error g/:'PsmatCh of t:e(r)ePcSverjiar}d C;’mp“te‘j
. . ] . oz 01 Experimental mapping -8 covers the and Payloa
Mapping and concatenation PSI[1] to PSI[255] are mapping and concatenation specific. 02 Asynchronous STM-N mapping PM-BEI PM Backward Error Indication PM byte 3, bits 1 to 4:
03 Bit synchronous STM-N mapping value 0to8: BIP error count
1 i H 04 ATM mapping value 9to 15: No BIP errors
OT U Types an d Ca pa C|ty [1,2] [3,4] [5,6] 1[7,8] JC, NJO and PJO generation by asynchronous mapping process 05 GFP mapping ODU-AIS ODU AIS PM byte 3, bits 6 to 8 = “111'> 3 frames and
e =% RES | JC2 JC2 Jca) JC2 JC1 NJO2 NJO1 PJO2 PJO1 PJOO Interpretation 06 Virtual concatenated signal ODU except FTFL filled with All-1s
-7 Justification  Justification P 07 1000BASE-X into ODUO mapping ODU-OCl ODU Open Connection Indication PM byte 3, bits 6 to 8 ="110'> 3 frames and
7 RES Jc2 Jc(1) 00 00 Data byte Data byte Data byte No justification (0 ’
OTNtype OTU nominal bit rate ODU type ODU nominal bit rate Client signal PPtae - e byte byte Y Y Y J © 08 FC-1200 into ODU2e mapping ODU-LCK ODU Locked Defect ODU filled with ‘01100110 ODU
=T Justification Negative 09 GFP mapping into Extended OPU2 payload PM byte 3, bits 6 to 8 = ‘101> 3 frames and
1516|1747 |22 ] .. w (= 00 01 Data byt Data byt Data byt Data byt R Vi€ 3, =
§ ) opue | 244160.6BFE 1A n RES [JCA : ‘i l l l = J" C byte aranyie aranyie aranyie By justification (-1) 10 Bit stream with octet timing mapping PM-BDI PM Backward Defect Indication ODU filled with ‘0101 0101"
OTU1 255/238 x 2.488320 Gb/s = 2.666057 Gb/s oDU1 239/238 x 2.488320 Gb/s = 2.498775 Gb/s STS-48/STM-16 ”’," 00 10 Justification Justification Justification Justification Data byte Double positive " Bit stream without octet timing mapping PM byte 3, bit 5=1>5 frames
pA RES [JCB o byte byte byte byte justification (+2) 20 ODU mulitplex structure
OTUle  255/238 x 10.312500 Gb/s = 11.049107 Gb/s ODUle 239/238 x 10.312500 Gb/s = 10.355830 Gb/s 10GE LAN EY res Nio: TS Justification Justification Justification B B Positive 55 Not available ODU-TCM
= 060 M byte byte byte Databyte  Data byte justification (+1) 66 Not available TCMi-BIP-8 TCM BIP Mismatch of the recovered and computed
OoTuU1f 255/238 x 10.518750 Gb/s =11.270089 Gb/s ODU1f 239/238 x 10.518750 Gb/s = 10.562946 Gb/s 10GFC 4 PJO1, PJO2 e . . BIP-8 covers the OPU and Pavload
% ~ 01 *  Databyte Data byte Data byte Data byte Data byte Double negative 80 - 8F Reserved codes for proprietary use ) o : y
oTU2 255/237 x 9.953280 Gb/s = 10.709255 Gb/s oDU2 239/237 x 9.953280 Gb/s = 10.037274 Gb/s STS-192/STM-64 WAN o * justification (-2 FD NULL test signal mapping TCMi-BEl TCM Backward Error Indication TCMbyte 3, bits 1 to 4:
PT 11« Justification Justification Justification Justification Justification Triple positive FE PRBS test signal mapping value 0to8: BIP error count
OTU2e 255/237 x 10.312500 Gb/s = 11.095730 Gb/s ODU2e 239/237 x 10.312500 Gb/s = 10.399525 Gb/s 10GE LAN | e byte byte byte byte byte justification (+3) fF E——— Va:ue 90 15: No BIP errors
. . _________________________________________________________________________________________________________________________________________________________| '|'|. BlAE aCtiVe
oTU2f 255/237 x 10.518750 Gb/s = 11.317642 Gb/s ODU2f 239/237 x 10.518750 Gb/s = 10.607516 Gb/s 10GFC Concatenation value
| specific Ih? actual use of these bytes depends on the OTN rate used TCMi-BDI TCM Backward Defect Indication TCM byte 3,bit 5= 12> 5 frames
oTU3 255/236 x 39.813120 Gb/s = 43.018414 Gb/s oDU3 239/236 x 39.813120 Gb/s = 40.319219 Gb/s STS-768/STM-256 255 bits used for NJCO2 TCMi-BIAE TCM Backward Incoming Alignment Error TCM byte 3, bits 1to 4 ="1011"2 3 frames
OTU3e1 255/236 x 4 x 10.312500 Gb/s = 44.570974576 Gb/s ODU3e1 239/236 x4 x 10.312500 Gb/s =41.774364407 Gb/s 4 x0ODU2e
OTU3e2 243/217 x 16 x 2.488320 Gb/s = 44.583356 Gb/s ODU3e2 239/255 x 243/217 x 16 x 4 xODU2e
2.488320 Gb/s =41.785969 Gb/s
OoTU4 255/227 x 99.532800 Gb/s = 111.809973 Gb/s ODU4 239/227 x 99.532800 Gb/s = 104.794446 Gb/s 100GE
OTN Multiplexing and Mapping Glossary
O o h d Access Point Identifiers (API) Justification Control (JC)
T U Ve r ea Source Access Point Identifier (SAPI) . .
Destination Access Point Identifier (DAPI) Low Density Parity Check{LDPC)
Contain information regarding the country of : e g :
i . 100GE | OPU4 (1) 0DUA4 (L) n: g () Unl3 @iy Negaitve Justification Opportunity (NJO)
1 | 2 | 3 | 4 | 5 | 6 7 OB IR e ads L Tulzelate) (Bl External ODU3(H), ODU3e(L) (2x), ODU3e1(L) (2x), ODU3e2(L) (2x) origin, network operator and administrative y
For further description please refer to the optical External ODU2(H), ODU2(L) (10x), ODU2e(L) (10x), E — — o details. T S S epe BT SRaiiE Ues,
X 4 4 . . o
1 FAS MFAS channel data unit (ODU). External ODU1(H), ODU1(L) (40x), (ODTUG“)_» ) H) Automatic Protection Switching/ Optical Channel Payload Unit k (OPUKk)
o A . Protection Communication Channel (APS/PCC) q .
//’ 8 | 9 | 10 11 12 13 14 ODUO(L) (80x) Up to eight levels of nested APS/PCC signals may Optical Channel Data Unit k (ODUk)
L \ . ot yet fully standardize e present in this field. ptical Channel Transport Lane
\ Not yet fully standardized b his field Optical Channel T Lane (OTL)
,,// ! M Gcco RES Backward Defect Indication (BDI) Optical Transport Module (OTM)
- ] - FAS | OTU (mux stage)—s=— |OPU3e2 (H)—s= [ODU3e2 (H)|—3-{ OTU3E2 EB‘I - ; g‘ti':?\;?:eOTUk backward defect Optical Transmission Section (OTS)
FAS byte 1| FAS byte 2| FAS byte 3| FAS byte 4| FAS byte 5| FAS byte 6| [MFAS byte T 10GE (4x) / OTU2 | . .
o) X e L. Optical Channel Transport Unit k (OTUk)
0xF6 0xF6 OxF6 0x28 0x28 0x28 OX.OO s X . > @DTUG361 OPU3e1 (H) p |ODU3e1 (H) »-| OTU3e1 Backward Error Indication (BEI) and . .
: Client Layer Signal j Backward Incoming Alignment Error (BIAE Path Monitoring (PM)
: Oobuo - gAlig (BIAE)
OXFF See ODU -TCMi/PM/SM ODuUo OH % These signals carry information on interleaved-bit Enables the monitoring of particular sections within
40G SDH/SONET ———»[OPU3(L) [—={ODU3 (L) N blocks detected in error in the upstream direction. the network and fault location.
External ODU2(H), ODU2e(L) (3x), ODU2(L) (3x) ™ o Bose-Chaudhuri-Hocquenghem (BCH) Positive Justification Opportunity (PJO)
° ITU-T G.975.1 defines additional FEC schemes, called Super-FEC: External ODU1(H), ODU1(L) (16x), : CODTUG3> OPU3 (H) ODU3 (H) Bit Interleaved Parity (BIP-8) RES
FO rwa rd E rror correctlon ( F EC) Sub Used FEC cod 2X ODUO(L) (32x) The BIP-8 (8 bit) is computed over the whole OPU Reserved for future international standardization.
u Concatenated or se code K 10GE —————»|OPU2e (L) |—m={ODU2e (L) [—m=| OTU2e and payload and is inserted into the BIP-8 SM byte All bytes are set to 0's.
clause non-concatenated i two frames later.
; ; : Aol [ 1.2 Concatenated FEC Outer code: RS(255,239) Reed-Solomon (RS)
The FEC enables the correction and detection of errors in an optical link. i a B FAS OTuU 10GE —»| GFPF N .
ot | o2 3522 aps0 13 Concatenated FEC T o T Ty T 10G SDH/SONET, 10G WAN - O72® [+ 0P020 e e e o ok Ll
row 1 —4| i " Overhead + Client ’ oncatenate e code'.BCH(2040 '1 930) with OPU1 @) 8 s ! —|—> oTU2 EXP: Reserved for further experimental use. Three bits indicate the presence of maintenance
1.4 Concatenated FEC Outer codé: RS(1023, 1'007) TribUtary ODU1 OH =) 111 T 19 External ODU1(H), ODU1(L) (4x) - . Fault Type and Fault Location Channel (FTFL) signals,
Inner code: BCH(2047,1952) Slots 8 ODUO(L) (8x) »CODTUGZ (G Af256 byte multi-f? me signal pdrclwidir.lg fal;lthStaftusl Tandem Connection Monitoring (TCM)
| | | Information bytes || i |- - - - | | | Information bytes 1.5 Concater?a.ted FEC Outer code.: RS(1901, 1855) . TS1,TS2 Information regarding type and location ot the fault. Enables signal management across multiple networks.
: " oo : ™ ot (Soft decision capable) Innzr code.dEx'zended H)anrzmmg ) 10GE ————|0PU1le (L) |—={ODU1e (L) || OTUTe Forward Error Correction (FEC) TCM/ACT
Product code (512,502) x (510,500
1st sub-row 16th sub-row icati Byte field is used for the activation and deactivation
1.6 Non-concatenated FEC LDPC code ODUO i . . General communication channel (GCCO) Y
is designed to transport a 1GE signal. - Th b I ication b of the TCM fields. For future standardization
: | ; (ulkiialied ese two bytes allow communication between o utu :
239 bytes of the sub-row are used to calculate the FEC parity check, the result 17 Concatenated FEC Two orthogonally concatenated Two ODUO d OPU1 2.5G SDH/SONET [ OPUT (L) |—={ ODUT (L) ; ;
BCH codes wo are mapped into an . section end points. . 3
of which is transmitted in bytes (symbols) 240 to 255 of the same sub-row. 18 Non-concatenated FEC  RS(2720, 2550) oTu1 G | e e 1:;3"6:";‘9 Iderlﬂt'l:ier (T:]r)l s simi .
. : - ! " i , I I : : | . ; eneral communication channels y e yte multi-frame TTI signal is similar to the
The FEC according to ITU-T G.709 uses a Reed-Solomon RS(255,239) code. 1.9 Concatenated FEC Two interleaved extended BCH 1GE GrP T o Qe 9% (ODTum) e I Mapping Fields allow communication between two NEs. JO byte in SONET/SDH.
(1020, 988) codes
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