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OTN Overhead Bytes

Basic OTN Frame Structure

OTLk.n - Optical Transport Lanes
Rates and Payloads

Mapping and Multiplexing Structure Errors and Alarms
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1
FAS MFAS SM GCC0 RES RES JC1

OA1 OA1 OA1 OA2 OA2 OA2 MF TTI BIP-8 BEI/BDI 00 00 00

2
RES TCDM TCM6 TCM5 TCM4 FTFL RES JC2

ACT00 TTI BIP-8 BEI/BDI TTI BIP-8 BEI/BDI TTI BIP-8 BEI/BDI FTFL 00

3
TCM3 TCM2 TCM1 PM EXP RES JC3

TTI BIP-8 BEI/BDI TTI BIP-8 BEI/BDI TTI BIP-8 BEI/BDI TTI BIP-8 BEI/BDI RR RR 00

4
GCC1 GCC2 PCC/APS RES PSI NJO PJO

00 00 00 00 00 00 00 00 00 00 00

15 16

JC4 JC1

00 00

JC5 JC2

00 00

JC6 JC3

00 00

PSI OMFI

00 00

SR4/LR4: OTL3.4 and OTL4.4 SR10: OTL4.10

OTUk OTU Bit Rate (Gbps) OPUk Payload Rate (Gbps) Client Types

1 OTU4     379908.111 OPU4 104.355975 100GE

2a OTU3e2 44.583356 OPU3e2 41.611131 4 x ODU2e (4x 10GE)

2b OTU3 43.018414 OPU3 40.150519 40GE (TTT), Packet stream (GFP-F), STM-256/STS-768

3 OTU2e 11.095730 OPU2e 10.356012 10GE LAN, 10GFC (TTT)

4 OTU2 10.709255 OPU2 9.995277 10GE WAN, 10GE LAN (GFP-F), STM-64/STS-192

5 OTU1 2.666057

OTU0LL 1.327451

OPU1 2.488320 STM-16/STS-48, Packet stream (GFP-F), 2GFC

6 OPU0

OPUflex (CBR)

OPUflex (GFP-F)

1.238954 1GE (GFP-T), 1GFC, STM-1/STS-3, STM-4/STS-12

7a Client dependent 4GFC, 8GFC, CPRI, OBSAI

7b Client dependent Packet streams (Ethernet, MPLS, IP)

Physical Rates, Containers, and Payloads

01 Experimental mapping

02  Asynchronous CBR mapping

03  Bit-synchronous CBR mapping

04  ATM mapping

05  GFP mapping

06  Virtual concatenated signal

07  PCS codeword transparent Ethernet   

 mappings:1000BASE-X to OPU0,   

 40GBASE-R to OPU3, 100GBASE-R to OPU4

08  FC-1200 into OPU2e mapping

09  GFP mapping into extended OPU2 payload

Payload Types

FC-400 mapping into OPUflex

IB SDR mapping into OPUflex

IB DDR mapping into OPUflex

IB QDR mapping into OPUflex

FC-800 mapping into OPUflex

0A  STM-1 mapping into OPU0

0B  STM-4 mapping into OPU0

0C  FC-100 mapping into OPU0

0D  FC-200 mapping into OPU1

0E  

0F  

10  Bit stream with octet timing mapping

11  Bit stream without octet timing mapping

12  

13  

14  

15  SDI mapping into OPU0

(2.970/1.001) Gbps SDI mapping into OPUflex

2.970 Gbps SDI mapping into OPUflex

FC-1600 mapping into OPUflex

  

 

16  (1.485/1.001) Gbps SDI mapping into OPU1

17  1.485 Gbps SDI mapping into OPU1

18  

19  

1A  SBCON/ESCON mapping into OPU0

1B  DVB_ASI mapping into OPU0

1C  

20  ODU multiplex structure supports ODTUjk (AMP only)

21  ODU multiplex structure supports ODTUk.ts and 

ODTUjk (GMP capable)

FD  NULL test signal mapping

FE  PRBS test signal mapping

SM / TCMi / PM

TTI BIP-8

0

15
SAPI

16

31
DAPI

32

63

Operator
specific
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Frame Alignment Signal

OTU Overhead

ODU Overhead

OPU Overhead (AMP)

OPU Overhead (GMP)

• 256 OTN frames form a Multi-

 Frame (MF). Some of the bits and 

bytes shown extend the length of 

the MF. 

• Different than SDH/SONET, which 

have the same frame cycles for all 

rates, the OTN frame period is 

different for each rate.

OTU / ODU Frame Period (μs)

OTU0LL / ODU0 98.354

OTU1 / ODU1 48.971

OTU2 / ODU2 12.191

OTU2e / ODU2e 11.767

OTU3 / ODU3 3.035

OTU3e2 / ODU3e2 2.928

OTU4 / ODU4

ODUflex (CBR)

ODUflex (GFP-F)

1.168

12856/Client_Rate

122368/ODUflex_Rate

Client data: Direct client mapping or from Multiplex Aggregation

Optical channel Payload Unit (OPUk): Level k = 0 to 4

Optical channel Data Unit (ODUk): Path Monitoring

ODUk TCMi: Tandem Connection Monitoring (i = 1 to 6)

Optical channel Transport Unit (OTUk): Section Monitoring and FEC

OPUk
OH OPUk Payload

ODUk
TCM OH

OTUk
OH FECODUk

Client

ODUk
PM OH OPUk
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E
rr

o
rs LLM Logical Lane Marker Error Local

FAS Logical Lane Frame Alignment Error Local
MFAS LL Multi-Frame Alignment Error Local

A
la

rm
s

LOS Loss of Signal Local

LOL
Loss of logical Lane alignment
• Two or more logical lanes with the same marker
• Consecutive LLM errors ≥ 5 frames

Local

OOL Out of logical Lane alignment Local
OOF LL Out of Frame (FAS error ≥ 5 frames) Local
LOF LL Loss of Frame (consecutive OOF ≥ 3 ms) Local
OOR Out of Recovery (wrong LLM value for ≥ 5 cycles) Local
LOR Loss of Recovery (consecutive OOR ≥ 3 ms) Local
OOLLM Out of Logical Lane Marker (LLM errors ≥ 5 frames) Local
OOMFAS Out of LL MFAS (MFAS errors ≥ 5 frames) Local

User definedHigh Skew
Skew for any of the lanes is greater than a threshold 
(limit) value set for the application

OTL 

E
rr

o
rs

FAS
Frame Alignment Signal Error (mismatch)
• One or more framing bits in error

Local

MFAS
Multi-Frame Alignment Signal error (mismatch)
• MFAS indicator (0 to 255) is in error (out of sequence)

Trail Trace Identifier Mismatch

Local

SM-TIM
• Received and expected TTI are different

Local

SM-BIP-8
Bit Interleaved Parity - level 8 code error (mismatch)
• Received and calculated BIP are different

Local

SM-BEI

Backward Error Indication (BEI/BIAE bits)
0 .. 8 Number of BIP-8 violations detected
9 .. A No BIP-8 error detected
B Refer to BIAE
C .. F No BIP-8 error detected

Upstream

SM-BIAE
Backward Incoming Alignment Error (BEI/BIAE bits)
• B (1011) ≥ 3 consecutive frames

Upstream

cFEC Corrected FEC errors (don’t affect ODUk) Local
uFEC Uncorrectable FEC errors (ODUk is affected) Local

A
la

rm
s

OOF
Out of Frame
• FAS errors ≥ 5 consecutive frames

Local

LOF
Loss of Frame
• OOF condition ≥ 3 ms

Local

OOM
Out of Multiframe
• MFAS errors ≥ 5 consecutive frames

Local

LOM
Loss of Multiframe
• OOM condition ≥ 3 ms

Local

SM-BDI
Backward Defect Indication
• Defect  Set to 1 for ≥ 5 consecutive frames 
• Normal Set to 0 for ≥ 5 consecutive frames

Upstream

SM-IAE
Incoming (Frame) Alignment Error
• Defect  Set to 1 for ≥ 5 consecutive frames 
• Normal Set to 0 for ≥ 5 consecutive frames

Downstream

OTU 

E
rr

o
rs

PM-BIP-8
Bit Interleaved Parity - level 8 code error (mismatch)
• Received and calculated BIP are different

Local

PM-TIM
• Received and expected TTI are different

Local

PM-BEI
Backward Error Indication (BEI/BIAE bits)
0 .. 8 Number of BIP-8 violations detected
9 .. F No BIP-8 error detected

Upstream

A
la

rm
s

PM-BDI
Backward Defect Indication
• Defect  Set to 1 for ≥ 5 consecutive frames 
• Normal Set to 0 for ≥ 5 consecutive frames

Upstream

ODU-LCK
Locked
• Defect STAT = 101 for ≥ 3 consecutive frames
• Normal STAT = 001

Downstream

ODU-OCI
Open Connection Indication
• Defect STAT = 110 for ≥ 3 consecutive frames
• Normal STAT = 001

Downstream

ODU-AIS
Alarm Indication Signal
• Defect STAT = 111 for ≥ 3 consecutive frames
• Normal STAT = 001

Downstream

Trail Trace Identifier Mismatch

ODU-PM

E
rr

o
rs

TCM-BIP-8
Bit Interleaved Parity - level 8 code error (mismatch)
• Received and calculated BIP are different

Local

TCM-TIM
• Received and expected TTI are different

Local

PM-BEI

Backward Error Indication (BEI/BIAE bits)
0 .. 8 Number of BIP-8 violations detected
9 .. A No BIP-8 error detected
B Refer to BIAE
C .. F No BIP-8 error detected

Upstream

TCM-BIAE
Backward Incoming Alignment Error (BEI/BIAE bits)
• B (1011) ≥ 3 consecutive frames

Upstream

A
la

rm
s

TCM-BDI
Backward Defect Indication
• Defect  Set to 1 for ≥ 5 consecutive frames 
• Normal Set to 0 for ≥ 5 consecutive frames

Upstream

TCM-LCK
Locked
• Defect STAT = 101 for ≥ 3 consecutive frames
• Clear STAT ≠ 101

Downstream

TCM-OCI
Open Connection Indication
• Defect STAT = 110 for ≥ 3 consecutive frames
• Clear STAT ≠ 110

Downstream

TCM-AIS
Alarm Indication Signal
• Defect STAT = 111 for ≥ 3 consecutive frames
• Clear STAT ≠ 111

Downstream

Trail Trace Identifier Mismatch

ODU-TCM

E
rr

o
rs

PLM
Payload Label Mismatch
• Expected and received Payload Type
(first byte of the PSI sequence) is different

Local

OMFI OTU4 ODTU.M

LO-OMFI Loss of OMFI
OPU Multi-Frame Identifier Error

Local
OO-OMFI Out of OMFI Local

OPU

F
au

lt
s

Byte 0
00 No fault
01 Signal fail
02 Signal degrade
03 .. FF Reserved

Downstream

Bytes 1..9 Downstream
Bytes 10..127 Downstream

Byte 128
00 No fault
01 Signal fail
02 Signal degrade
03 .. FF Reserved

Upstream

Bytes 129..137 Upstream
Bytes 138..255 Upstream

* Fault Type and Fault Location reporting; 256-byte sequence aligned with MF sequence

Forward Fault Type Identification

Operator-identifier field (forward)
Operator-specific field (forward)

Operator-identifier field (backward)
Operator-specific field (backward)

Backward Fault Type Identification

ODU-FTFL*

E
rr

o
rs

LO-Sync Loss of Synchronization Local
Cm=0 No payload Local
CRC-5 CRC-5 Error Local
CRC-8 CRC-8 Error Local

GMP

Rate Interface OTL Optical Wavelengths Reach Notes

OTU3

(43G)

40GBase-SR4 OTL3.4 4 x 10.7G 4 λ (850 nm) 100 m OTU3, 40GE

40GBase-LR4 OTL3.4 4 x 10.7G 4 λ (1310 nm) 10 km OTU3, 40GE

40GBase-FR
OTL3.4

STL256.4
1 x 43G

1 λ (1550 nm)

VSR2000-3R2
2 km

OTU3, 40GE

STM-256, OC-768

OTU4

(111G)

100GBase-SR10 OTL4.10 10 x 11G 10 λ (850 nm) 100 m OTU4, 100GE

LR10 (10x10 MSA) 10 x 10G 10 λ (1550 nm) 10 km OTU4, 100GE

100GBase-LR4 OTL4.4 4 x 28G 4 λ (1310 nm) 10 km OTU4, 100GE

100GBase-EX4 OTL4.4 4 x 28G 4 λ (1550 nm) 40 km OTU4, 100GE

OTU3/OTU4 Transponders (CFP)

Lane 100GBase-SR10 10x10 MSA 100GBase-LR4

0 841 nm 1523 nm 1295.4 nm

1 843 nm 1531 nm 1300.0 nm

2 845 nm 1539 nm 1304.6 nm

3 847 nm 1547 nm 1309.1 nm

4 849 nm 1555 nm

5 851 nm 1563 nm

6 853 nm 1571 nm

7 855 nm 1579 nm

8 857 nm 1587 nm

9 859 nm 1595 nm

Wavelengths

• Local: Detected and declared by the receiver• Upstream: Indication sent to notify the source

• Downstream: Indication sent to notify the sink

  about a problem or condition found in that direction

• Detection criteria based on ITU-T G.709/G.798

ODUflex x80/tsODTU4.ts

ODU0 x80ODTU4.1

ODU1 x40ODTU4.2

ODU2 x10ODTU4.8

ODU2e x10ODTU4.8

ODU3 x2ODTU4.31

ODU1 x16ODTU13

ODU2 x4ODTU23

ODUflex x32/tsODTU3.ts

ODU0 x32ODTU3.1

ODU1 x16ODTU13

ODU2 x4ODTU23

ODU2e x3ODTU3.9

ODU1 x4ODTU12

ODUflex x8/tsODTU3.ts

ODU0 x8ODTU3.1

ODU1 x4ODTU13

ODU0 x2ODTU01

ODTUG3
PT=21

ODTUG2
PT=21

Payload 1 OPU4(L) ODU4(L) OTU4

Payload 2 OPU3(L) ODU3(L) OTU3

Payload 5 OPU1(L) ODU1(L) OTU1

Payload 6 OPU0(L) ODU0(L)

Payload 3 OPU2e(L) ODU2e(L)

Payload 7 OPUflex(L) ODUflex(L)

OPU3(H) ODU3(H)

OPU2(H) ODU2(H)

OPU1(H) ODU1(H)

OPU4(H) ODU4(H)

Payload 4 OPU2(L) ODU2(L) OTU2

ODTUG1
PT=20

ODTUG4
PT=21

ODTUG3
PT=20

ODTUG2
PT=20

 Mapping

 Multiplex

3R
ACT TC Activation/deactivation control channel

Reamplification, Reshaping and Retiming

OPU Justification Control (3 for AMP, 6 for GMP)

OPU Multi-Frame Identifier (GMP) OTU4

Payload Structure Identifier (OPU)

Source Access Point Identifier

Trail Trace Identifier

Multiplexer Structure Identifier
OPU Negative Justification Opportunity (AMP)

Destination Service Point Identifier

AMP Asynchronous Mapping Procedure
APS Automatic Protection Switching
BDI Backward Defect (Alarm) Indication
BEI Backward Error Indication
BIAE Backward Incoming Alignment Error
BIP-8 Bit Interleave Parity - level 8 (8 bit)
BMP Bit-synchronous Mapping Procedure
CAUI 100G Attachment Unit Interface (100 = C in roman)
CBR Constant Bit Rate
CPRI Common Public Radio Interface (cellular)
DAPI
DMp Delay Measurement - Path level
DMti Delay Measurement - Tandem connection level i
EXP Experimental
FC Fibre Channel
FEC Forward Error Correction
FTFL Fault Type Fault Location
GCC General Communication Channel (GCC0, GCC1, GCC2)
GE Gigabit Ethernet
GFP Generic Framing Procedure
GFP-F GFP Framed
GFP-T GFP Transparent (transcoding)
GMP Generic Mapping Procedure
HO High Order (H)
IaDI Intra-Domain Interface (within operator's domain)

IrDI Inter-Domain Interface (between operators) with 3R 
processing

JC
LO Low Order (L)
MF Multi-Frame
MFAS Multi-Frame Alignment Signal
MSI
NJO
NNI Network to Network Interface
OBSAI Open Base Station Architecture Initiative (cellular)
OCC/OCCr Optical Channel Carrier (r = reduced functionality)
OCh/OChr Optical Channel (r = reduced functionality)
ODTUG Optical channel Data Tributary Unit Group
ODTUjk Optical channel Data Tributary Unit, j into k
ODTUk.ts Optical channel Data Tributary Unit, with tributary slots
ODU Optical channel Data Unit
OH Overhead
OMFI
OMS Optical Multiplex Section
OPS Optical Physical Section
OPSM Optical Physical Section Multi-lane
OPU Optical channel Payload Unit
OSC Optical Supervisory Channel
OTLCx Optical channel Transport Lane Carrier (x = optical lane)
OTM Optical Transport Module
OTM Optical Transport Module
OTN Optical Transport Network ("Digital Wrapper")
OTS Optical Transmission Section
OTU Optical channel Transport Unit
OWD One-Way Delay
PCC Protection Communication Channel (APS)
PCS Physical Coding Sub-layer
PM Path Monitoring (ODUk)
PSI
PT Payload Type
PT=20 ODU multiplex structure (old) ODTUjk
PT=21 1.25G multiplexing (new) ODTUjk & ODTU.ts
RTD Round Trip Delay
RES Reserved
SAPI
SDT Service Disruption Time
SM Section Monitoring (OTUk)
STAT Status bits
TC Tandem Connection
TCMi Tandem Connection Monitoring (i = 1 to 6)
TS Tributary Slot
TTI
TTT Timing Transparent Transcoding (compressed)
UNI User to Network Interface
WDM Wavelength Division Multiplexing
XLAUI 40G Attachment Unit Interface (40 = XL in roman)
CFP C Form-factor Pluggable interface module (C = 100G)
SFP Small Form-factor Pluggable interface module
XFP X Form-factor Pluggable interface module (X = 10G)

GLOSSARY


