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Summary 

Recommendation ITU-T G.709.3/Y.1331.3 defines the flexible optical transport network (OTN), 

known as FlexO, long-reach interfaces that support bonding (i.e. grouping) of multiple of these 

interfaces such that an OTUCn (n ≥ 1) can be transferred via one or more optical tributary signals 

(OTSi) over one or more physical interfaces. The Recommendation specifies the frame structure for 

FlexO long reach interfaces using forward error correction codes with a higher coding gain than used 

in the FlexO short reach interfaces that are specified in Recommendation ITU-T G.709.1/Y.1331.1. 

Amendment 1 contains the following extensions to the first edition (06/2018) of the 

Recommendation: 

– Enhancement of the FEC block alignment specification (11.3.1) 

– Addition of 200G and 400G FlexO with concatenated FEC (7, 7.2, 11.3, 11.3.1, 11.3.2, 12, 

13, 14, 15, Annex C, Annex D, Appendix I, Appendix II) 

– Deletion of m and n and addition of Z conventions (5). 

NOTE – 400G FlexO with CFEC frame definition was a collaborative effort with the OIF 400ZR project 
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FOREWORD 

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of 

telecommunications, information and communication technologies (ICTs). The ITU Telecommunication 

Standardization Sector (ITU-T) is a permanent organ of ITU. ITU-T is responsible for studying technical, 

operating and tariff questions and issuing Recommendations on them with a view to standardizing 

telecommunications on a worldwide basis. 

The World Telecommunication Standardization Assembly (WTSA), which meets every four years, 

establishes the topics for study by the ITU-T study groups which, in turn, produce Recommendations on 

these topics. 

The approval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolution 1. 

In some areas of information technology which fall within ITU-T's purview, the necessary standards are 

prepared on a collaborative basis with ISO and IEC. 

 

 

 

NOTE 

In this Recommendation, the expression "Administration" is used for conciseness to indicate both a 

telecommunication administration and a recognized operating agency. 

Compliance with this Recommendation is voluntary. However, the Recommendation may contain certain 

mandatory provisions (to ensure, e.g., interoperability or applicability) and compliance with the 

Recommendation is achieved when all of these mandatory provisions are met. The words "shall" or some 

other obligatory language such as "must" and the negative equivalents are used to express requirements. The 

use of such words does not suggest that compliance with the Recommendation is required of any party. 
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Recommendation ITU-T G.709.3/Y.1331.3 

Flexible OTN long-reach interfaces 

Amendment 1 

 

Editorial note: This is a complete-text publication. Modifications introduced by this amendment are shown in 

revision marks relative to Recommendation ITU-T G.709.3/Y.1331.3.  

1 Scope 

This Recommendation defines the flexible optical transport network (OTN), known as FlexO, long-

reach interfaces that support bonding (i.e. grouping) of multiple of these interfaces such that an 

OTUCn (n ≥ 1) can be transferred via one or more optical tributary signals (OTSi) over one or more 

physical interfaces.  

The optical parameters associated with FlexO long reach interfaces are provided by application 

codes, which are specified for 100G in [ITU-T G.698.2] and are expected to be specified for other 

rates will be in a future edition of [ITU-T G.698.2].  

A FlexO long reach interface group complements the OTN functionality specified in [ITU-T G.709] 

and [ITU-T G.709.1] such as B100G OTUCn frame, ODUk/flex, optical interface bonding for short 

reach interfaces, FlexO interface group management and OTUCn (de)mapping into/from FlexO 

group payload area, with new functionalities supporting optical interface bonding for long reach 

interfaces.  

This Recommendation provides specifications for new functionalities that are specific to FlexO 

long reach interface groups and refers to [ITU-T G.709], [ITU-T G.709.1], [ITU-T G.709.2] and 

[ITU-T G.798] for already existing functionalities. In addition, some introduction material for the 

addressed applications is included.  

2 References 

The following ITU-T Recommendations and other references contain provisions which, through 

reference in this text, constitute provisions of this Recommendation. At the time of publication, the 

editions indicated were valid. All Recommendations and other references are subject to revision; 

users of this Recommendation are therefore encouraged to investigate the possibility of applying the 

most recent edition of the Recommendations and other references listed below. A list of the 

currently valid ITU-T Recommendations is regularly published. The reference to a document within 

this Recommendation does not give it, as a stand-alone document, the status of a Recommendation. 

[ITU-T G.698.2] Recommendation ITU-T G.698.2 (2009), Amplified multichannel dense 

wavelength division multiplexing applications with single channel optical 

interfaces. 

[ITU-T G.709]  Recommendation ITU-T G.709/Y.1331 (2016), Interfaces for the optical 

 transport network. 

[ITU-T G.709.1] Recommendation ITU-T G.709.1/Y.1331.1 (2017), Flexible OTN short-reach 

interface. 

[ITU-T G.709.2] Recommendation ITU-T G.709.2/Y.1331.2 (2018), OTU4 long-reach 

interface. 
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[ITU-T G.798]  Recommendation ITU-T G.798 (2017), Characteristics of optical transport 

network hierarchy equipment functional blocks. 

[ITU-T G.872]  Recommendation ITU-T G.872 (2017), Architecture of optical transport 

networks. 

[ITU-T G.975.1] Recommendation ITU-T G.975.1 (2004), Forward error correction for high 

bit-rate DWDM submarine systems. 

[IEEE 802.3]  IEEE Std. 802.3-2015, IEEE Standard for Information Technology ï 

Telecommunications and Information Exchange Between Systems ï Local and 

Metropolitan Area Networks ï Specific Requirements Part 3: Carrier Sense 

Multiple Access With Collision Detection (CSMA/CD) Access Method and 

Physical Layer Specifications. 

3 Definitions 

3.1 Terms defined elsewhere 

This Recommendation uses the following terms defined elsewhere: 

3.1.1 Terms defined in [ITU-T G.709] 

- completely standardized OTUCn (OTUCn) 

- optical data unit (ODUCn)  

- optical payload unit (OPUCn) 

- optical transport network (OTN) 

- optical data unit k (ODUk) 

- optical tributary signal assembly (OTSiA) 

3.1.2 Terms defined in [ITU-T G.709.1] 

- FlexO  

- FlexO-x 

- FlexO-x-RS  

- FlexO-x-RS interface 

- FlexO-x-RS-m interface group 

- FOICx.k-RS 

- FOICx.k-RS lane.  

3.1.3 Terms defined in [ITU-T G.709.2] 

- Base block  

3.1.4 Terms defined in [ITU-T G.975.1] 

- coding gain 

- net coding gain.  

3.2 Terms defined in this Recommendation 

This Recommendation defines the following terms: 

3.2.1 FEC Block Group (FBG): Refers to a group of 1,305,430 contiguous bits in consecutive 

FlexO-x-SC rows which maps to five base blocks. 
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3.2.2 FlexO-x-SC: Information structure consisting of a FlexO-x plus staircase FEC parity and 

overhead. 

3.2.3 FlexO-x-SC interface: Refers to an individual member interface that is part of a FlexO-x-

SC-m interface group.  

3.2.4 FlexO-x-SC-m interface group: Refers to the group of m × FlexO-x-SC interfaces. 

NOTE – The text may use "FlexO group" as short-hand for FlexO-x-SC-m interface group. 

3.2.5 FOICx.k -SC: Refers to a FlexO-x-SC interface using k parallel FOICx.k-SC lanes. 

NOTE – "FOICx.k" is the FlexO equivalent of "OTLk.m" for OTUk as defined in [ITU-T G.709]. 

3.2.6  FOICx.k -SC lane: Refers to an electrical/optical lane of a FlexO-x-SC. 

4 Abbreviations and acronyms 

This Recommendation uses the following abbreviations and acronyms: 

AM Alignment Marker 

B100G Beyond 100G 

BCH Bose-Chaudhuri-Hocquengham 

DWDM  Dense Wavelength Division Multiplex 

ED Error Decorrelator 

EDI Error Decorrelator Interleaver 

EDD Error Decorrelator De-interleaver 

FBA FEC Block Alignment 

FBG FEC Block Group 

FEC Forward Error Correction 

FlexO Flexible OTN information structure 

FlexO-x  FlexO interface information structure of order x 

FlexO-x-SC  FlexO interface signal of order x with staircase FEC 

FOI FlexO Interface 

FOICx.k FlexO Interface of order Cx with k lanes 

LR Long Reach  

MBAS Multi Block Alignment Signal 

MLD Multi -Lane Distribution 

MOTU Multi -OTU 

MOTUm Multi -OTU with management 

NCG Net Coding Gain 

NNI Network Node Interface 

OCC Overhead Communication Channel 

ODU Optical Data Unit 

ODUk ODU order k 

ODUCn ODU order Cn  
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OSMC OTN Synchronization Messaging Channel 

OTN Optical Transport Network 

OTSi Optical Tributary Signal  

OTU Optical Transport Unit 

SC FEC Staircase FEC 

SOTU Single OTU  

SOTUm Single-OTU with Management 

RS Reed Solomon 

5 Conventions 

This Recommendation uses the following conventions:  

k: The index "k" is used to represent a supported bit rate and the 

different versions of OPUk, ODUk and OTUk. Example for k are 

"1" for an approximate bit rate of 2.5 Gbit/s, "2" for an 

approximate bit rate of 10 Gbit/s, and "3" for an approximate bit 

rate of 40 Gbit/s. 

Cn:  The index Cn is used for n × 100G (C = 100G). 

m:  The index "m" is used to represent the bit rate or set of bit rates 

supported on the interface. This is one or more digits "k", where 

each "k" represents a particular bit rate. For example, valid values 

for m are (1, 2, 3, 12, 123, 23). 

n:  The index "n" is used to represent the order of the OTM, OTS, OMS, OPS, OCG, OMU. n 

represents the maximum number of wavelengths that can be 

supported at the lowest bit rate supported on the wavelength. It is 

possible that a reduced number of higher bit rate wavelengths are 

supported. n = 0 represents the case of a single channel without a 

specific colour assigned to the channel. 

Z:      The index "Z" is used to represent the number of bits per symbol or 

block and column in the FlexO-x-D<fec> frame structure. 

 

Transmission order:  The order of transmission of information in all the diagrams in this 

Recommendation is first from left to right and then from top to 

bottom. Within each byte the most significant bit is transmitted 

first. The most significant bit (bit 1) is illustrated at the left in all 

the diagrams. 

Value of reserved bit(s):  The value of an overhead bit, which is reserved or reserved for 

future international standardization, shall be set to "0". 

Value of non-sourced bit(s):  Unless stated otherwise, any non-sourced bits shall be set to "0". 

6 Introduction and applications 

The FlexO long reach interface groups specified in this Recommendation provide a longer reach 

version of the FlexO short reach interface groups specified in [ITU-T G.709.1]. In order to mitigate 

the impairments of accumulated noise it uses forward error correction (FEC) types with a higher 

coding gain than the FEC type deployed in FlexO short reach interfaces. 



 

  Rec. ITU-T G.709.3/Y.1331.3 (2018)/Amd.1 (11/2018) 5 

Example applications are shown in Appendix I. 

This Recommendation specifies FlexO-x-<fec>-m interface groups, of which x ≥ 1, m ≥ 1 and 

<fec> represents a FEC with a net coding gain higher than the RS(544,514) FEC in FlexO-x-RS-m 

interface groups specified in [ITU-T G.709.1].  

Edition 1.0 of this Recommendation specifies the (m × 100G) FlexO-1-SC-m interface group, with 

m = n.  

NOTE – The FOICx.k-SC specified in this Recommendation is not envisaged to be reused on a system 

internal interface (i.e., a module framer interface), instead such interfaces can deploy the FOICx.k as 

specified in [b-ITU-T G-Sup.58].  

7 Structure and processes 

This clause introduces the functions associated with a FlexO-x-SC-m and FlexO-x-DSH-m 

interface group and the basic signal structure, processes and atomic functions. 

7.1 FlexO-x-SC-m signal structure 

The FlexO-x-SC-m interface group in this Recommendation is only specified for long-reach 

applications. For short reach applications, refer to [ITU-T G.709.1]. The FlexO-x-SC-m interface 

group functional model is specified in [ITU-T G.872].  

NOTE – The physical optical interface specifications are beyond the scope of this Recommendation. 

The information structure for FlexO-x-SC-m interface groups is represented by information 

containment relationships and information flows. The principal information containment 

relationship is shown in Figure 7-1. 

One OTUCn signal (consisting of n OTUC instances) is mapped into the payload of n FlexO 

signals, each FlexO signal containing the bits of one OTUC signal. The n FlexO signals are mapped 

into m (m = èn/xø) FlexO-x-SC signals, each FlexO-x-SC signal containing "x" (frame/multi-frame 

aligned interleaved) FlexO signals (x ≥ 1) plus FEC parity and FlexO-x-SC overhead. Each 

FlexO-x-SC signal is split into k FlexO-x-SC lane signals (FOICx.k-SC). The k lane signals are 

modulated onto one OTSi, which is transported via one media element. 
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Figure 7-1 - FlexO-x-SC-m interface group principal information containment relationship  

7.2 FlexO-x-DSH-m signal structure 

The information structure for FlexO-x-DSH groups is represented by information containment 

relationships and flows. The principal information containment relationship is described in 

Figure 7-2. 

One OTUCn signal (consisting of n OTUC instances) is mapped into n FlexO instances, each FlexO 

instance containing one OTUC instance. The n FlexO instances are mapped into one FlexO-x-SC-m 

signal (consisting of m = èn/xø FlexO-x-SC instances, each FlexO-x-SC instance containing "x" 

interleaved FlexO signals plus SC FEC parity.  

The FlexO-x-SC-m signal is mapped into one FlexO-x-DSH-m signal (consisting of m FlexO-x-

DSH instances, each FlexO-x-DSH instance containing one FlexO-x-SC signal plus Hamming SD 

FEC parity and overhead.  

Each FlexO-x-DSH signal is split into k FOICx.k-DSH lane signals. 
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Figure 7-2 - FlexO-x-DSH group principal information containment relationship 

7.32 Processing and information flow 

Functions and information flows are specified in [ITU-T G.798].  

8 FlexO frame  

Refer to clause 8 of [ITU-T G.709.1]. 
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9 Alignment markers, PAD and FlexO overhead 

Refer to clause 9 of [ITU-T G.709.1]. 

NOTE – [ITU-T G.709] excludes the use of a SOTUm to carry time synchronization information. This 

implies that the FlexO OSMC overhead is not applicable and reserved for the FlexO-x-F interface when 

deployed on a SOTUm. When deployed on a longer reach SOTU or MOTU interface, FlexO OSMC 

overhead is applicable. 

10 Mapping of OTUCn signal into n FlexO instances 

Refer to clause 10 of [ITU-T G.709.1]. 

Deskewing in the sink process is performed between OTUC instances within the OTUCn as 

specified in [ITU-T G.709.1]. 

The skew requirements are intended to account for variations due to digital mapping, cable lengths 

and frequency slot related delay differences for relevant applications as defined by 

[ITU-T G.698.2]. The skew tolerance requirement for OTUC instances within an OTUCn that is 

carried over longer reach FlexO interface groups is 1 µs. 

NOTE – This value of 1 µs is larger than the 300 ns value specified in [ITU-T G.709.1] for short reach 

interface groups. 

11 m×100G FlexO with staircase FEC interface group (FlexO-1-SC-m) 

A FlexO-1-SC-m interface group consists of m FlexO-1-SC interfaces. 

11.1 FlexO-1-SC frame structure 

The 100G FlexO-1-SC frame structure is shown in Figure 11-1 and consists of 128 rows by 5,485 

1-bit columns. It contains one FlexO frame structure as defined in clause 8, extended with a SC 

FEC parity area in columns 5141 to 5485 in every row and a 60-byte FlexO-1-SC OH area in row 

1 columns 481 to 960.  

NOTE – The FlexO-1-SC OH area is reusing the pad area (PAD) overhead field of the FlexO frame. 

 

Figure 11-1 - 100G FlexO-1-SC frame structure 
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To accommodate the block length of the staircase FEC, which is not aligned with the 100G 

FlexO-1-SC frame length, an additional SC FEC block group (FBG) structure is superimposed on 

the underlying FlexO-1-SC frame structure (see Figure 11-2, left). 

The FEC block group (FBG) consists of 238 consecutive FlexO-1-SC frame rows (of 5485-bit 

each), which map to five contiguous base blocks. The FBG contains 5×244,664 information and 

5×16384 parity bits plus 5×38 FlexO-1-SC OH bits that are located between the parity bits of 

successive SC FEC blocks. A FBG contains the information bits of five SC FEC blocks Bi to Bi+4 

and parity bits of five SC FEC blocks Bi-1 to Bi+3.  

The boundaries of these five SC FEC information, parity and FlexO-1-SC overhead blocks within a 

FBG are defined in Table 11-1 and illustrated in the right segment of Figure 11-2. The start of the 

FBG is identified through a SC FEC block row number indication carried in the FBA field of the 

FlexO-1-SC overhead, part 1 (see Figure 11-3).  

 

Table 11-1 ï SC FEC information, parity and FlexO-1-SC part 2 overhead block 

boundaries 

 Information blocks 

{row,column} 

Parity blocks 

{row,column} 

FlexO-1-SC part 2 OH  

{row,column} 

1st block From {j+1,1}  

to {j+48,3084} 

From {j+1,5141}  

to {j+48,5309} 

From {j+48,5310}  

to {j+48,5347} 

2nd block From {j+48,3085} 

to {1+96,1028} 

From {j+48,5348}  

to {1+96,5171} 

From {j+96,5172}  

to {i+96,5209} 

3rd block From {j+96,1029}  

to {j+143,4112} 

From {j+96,5210}  

to {j+143,5378} 

From {j+143,5379}  

to {j+143,5416} 

4th block From {j+143,4113}  

to {j+191,2056} 

From {j+143,5417}  

to {j+191,5240} 

From {j+191,5241}  

to {j+191,5278} 

5th block From { j+191,2057}  

to {j+238,5140} 

From { j+191,5279}  

to {j+238,5447} 

From j+191,5448}  

to {j+238,5485} 
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Figure 11-2 - 100G FlexO-1-SCôs FBG structure (left) and information and parity block and FlexO-1-SC OH boundaries (right)  
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11.2 FlexO-1-SC bit rate and frame periods 

The bit rate and tolerance of the 100G FlexO-1-SC signal is defined in Table 11-2. 

Table 11-2 - FlexO-1-SC types and bit rates 

100G FlexO-1-SC nominal bit rate Bit -rate tolerance 

524366/462961 × 99 532 800 kbit/s °20 ppm 

NOTE 1 – The nominal FlexO-1-SC bit rate is approximately: 112 734 368.996 kbit/s.  

NOTE 2 – The FlexO-1-SC bit rate can be based on the OTUC bit rate as follows: 4388/4097 × OTUC bit rate = 

4388/4097 × 239/226 × 99 532 800 kbit/s. 

NOTE 3 – The FlexO-1-SC bit rate can be based on the FlexO-1-RS bit rate as follows: 1097/1088 × FlexO-1-RS 

bit rate = 1097/1088 × 256/241 × 239/226 × 99 532 800 kbit/s. 

The frame and multi-frame periods of the FlexO-1-SC signal are defined in Table 11-3. 

Table 11-3 - FlexO-1-SC frame and multi-frame periods 

Frame period (Note) Multi -frame period (Note) 

~6.228 µs 49.822 µs 

NOTE – The period is an approximated value, rounded to 3 decimal places. 

11.3 FlexO-1-SC overhead 

The FlexO-1-SC frame contains two overhead areas. The first overhead area is located in the 480 

bits in row 1, columns 481 to 960. It includes information to support the FBG alignment function in 

the first 8 bits, while the remaining 472 bits are reserved for future international standardization. 

The second overhead area is located in the FlexO-1-SC FEC parity area, in blocks of 38 bits each 

between two successive SC FEC blocks.  

The FlexO-1-SC OH is terminated where the FlexO-1-SC frame is assembled and disassembled.  

An overview of the first part of the FlexO-1-SC OH area is presented in Figure 11-3. An overview 

of the second part of the FlexO-1-SC OH area is presented in Figure 11-2 and Figure 11-4. 
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Figure 11-3 ï FlexO-1-SC overhead, part 1 

 

Figure 11-4 - FlexO-1x-SC (x = 1,2,4) overhead, part 2 

11.3.1 FlexO-1-SC FEC block alignment (FBA) 

Figure 11-3 shows the "FBA" overhead byte in byte 1 of the first part of the FlexO-1-SC overhead 

area. The FEC block alignment (FBA) carries an 8-bit value indicating the current row number in 

the range 1 (0b0000 0000) to 238 (0b1110 1101) within the 238 FlexO-1-SC rows sequence of a 

FBG. Refer to Figure 11-5 for the encoding of the FBA values. 

This row number value is used in the far end decoder to synchronize a 238 row counter that 

indicates the start of each FBG. 

FBA = 1 (encoded as 0b0000 0000) means that the next start of a FBG is in this FlexO-1-SC frame 

row. FBA > 1 means that the next start of a FBG is (238 – FBA + 1) FlexO-1-SC frame rows later.  

Successive FBA values will have the following relationship:  

 FBA(t) = 1 + (FBA(t-1) – 1 + 128) mod 238. 

The FBA sequence repeats every 238 119 FlexO-1-SC frames and is illustrated in Table 11-4. The 

238 FBA sequence contains the FBA values 1,129, 19, 147, 37, 165 at the start of the sequence and 

FBA values 93, 221, 111 at the end of the sequence. An example illustrating FBA values of 129, 19 

and 147 is presented in Figure 11-6. 

NOTE – The FBA sequence repeats every 119 FlexO-1-SC frames and includes only odd numbers, not every 

238 frames. 
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Table 11-4 ï FlexO-1-SC FBA sequence (top-to-bottom, left-to-right order)  

1 181 123 65 7 187 

129 71 13 193 135 77 

19 199 141 83 25 205 

147 89 31 211 153 95 

37 217 159 101 43 223 

165 107 49 229 171 113 

55 235 177 119 61 3 

183 125 67 9 189 131 

73 15 195 137 79 21 

201 143 85 27 207 149 

91 33 213 155 97 39 

219 161 103 45 225 167 

109 51 231 173 115 57 

237 179 121 63 5 185 

127 69 11 191 133 75 

17 197 139 81 23 203 

145 87 29 209 151 93 

35 215 157 99 41 221 

163 105 47 227 169 111 

53 233 175 117 59  
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Figure 11-5 - FlexO-1-SC FEC block alignment (FBA) signal overhead 
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Figure 11-6 - FlexO-1-SC FEC block alignment (FBA) signal operation example 

11.3.2 Multi block alignment signal (MBAS) 

To synchronize the state of the Error Decorrelator (ED) controllers between the receiver and the 

transmitter, the staircase FEC scheme uses a 7-bit SC FEC multi block alignment signal (MBAS) 

which provides a 128 block sequence.  

The six most significant bits of the 7-bit MBAS are transferred between source and sink in the 6-bit 

MBAS overhead, which is located in bits 33 to 38 of the second part of the FlexO-x1-SC OH area 

(x = 1,2,4). 

The numerical value represented in the six MBAS overhead bits will be incremented every two SC 

FEC blocks and provides as such a 128-block multi-block as illustrated in Figure 11-7. 
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Figure 11-7 - Multi -block alignment signal overhead 

11.4 Staircase forward error correction (SC FEC) 

The FlexO-1-SC FEC code is a 512-bit × 510-bit generalized staircase code (SC FEC) that works in 

conjunction with an error decorrelator. The error decorrelator function is used to randomize the 

error locations, in order to reduce impact of correlated errors on the decoder performance of the 

random error correcting SC FEC. The SC FEC code is systematic and the 6.7% FlexO-1-SC FEC 

area specified in clause 11.1 is used to store the parity information generated by the encoder. 

The operation of a generic staircase FEC scheme (with error de-correlator) is specified in Annex A. 

The FlexO-1-SC specific aspects of the staircase FEC operation are specified in Annex B. 

11.5 FlexO-1-SC scrambling 

The FlexO-1-SC signal must have sufficient bit timing content at the network node interface (NNI). 

A suitable bit pattern, which prevents a long sequence of "1"s or "0"s, is provided by using an 

additive scrambler. 

Scrambling of the FlexO-1-SC signal is performed after SC FEC parity computation and insertion 

into the FEC parity area of the FlexO-1-SC signal. 

The operation of the scrambler shall be functionally equivalent to that of a frame-synchronous 

additive scrambler with a sequence length of 65535 and the generating polynomial shall be x16 + x12 

+ x3 + x + 1. See Figure 11-3 [ITU-T G.709] for an illustration of this scrambler. 

The scrambler state resets to 0xFFFF on the bit in row 1, column 481 and the scrambler state 

advances with each consecutive bit of the FlexO-1-SC frame (Figure 11-1). The bit in row 1, 

column 481 and all subsequent bits to be scrambled shall be added modulo 2 to the output from the 

x16 position of the scrambler. The scrambler shall run continuously throughout the complete 
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FlexO-1-SC frame (including the FEC parity area). The alignment markers (AM) bits shall not be 

scrambled. See Figure 11-8. 

 

Figure 11-8 - FlexO-1-SC scrambling area 

11.6 FOIC1.k-SC  

A conceptually serial FlexO-1-SC signal is adapted to a parallel multi-lane distribution (MLD) 

signal format with k lanes, referred to as FOIC1.k-SC.  

11.6.1 FOIC1.4-SC lanes 

The FlexO-1-SC bits are distributed to four logical FOIC1.k-SC lanes, in groups of 10-bits, in a 

round robin distribution scheme from the lowest to the highest numbered lanes. The FOIC1.4-SC 

interface includes the 10-bit distribution, reordering and deskewing functions following the 

principles described in clause 11 of [ITU-T G.709.1]. Each FOIC1.4-SC lane is synchronous to the 

FlexO-1-SC frame. 

Each FlexO-1-SC frame contains 5485 × 128 = 702080 bits. Each FOIC1.4-SC lane will carry 25% 

of these bits, which are 175520 bits, or 17552 10-bit blocks. 

The resulting per-lane transmitted values of the AM fields are illustrated in Table 11-3 of 

[ITU-T G.709.1].  

The FOIC1.4-SC interface format is intended for applications defined by application codes for 

metro networks in [ITU-T G.698.2]. Mapping of the four lanes to and the specification of the 

optical tributary signal (OTSi) is defined in [ITU-T G.698.2].  

11.6.2 FOIC1.4-SC lane skew tolerance requirements 

The tolerated skew between lanes in a FOIC1.4-SC interface signal is at least 180 ns. 

11.6.3 FOIC1.4-SC 28G lane bit rate 

The bit rates and tolerance of the FOIC1.4-SC lanes are defined in Table 11-54. 
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Table 11-54 - FOIC1.4-SC lane bit rates 

FOIC1.4-SC lane nominal bit rate Bit -rate tolerance 

524366/462961 × 24 883 200 kbit/s °20 ppm 

NOTE – The nominal FOIC1.4-SC lane bit rates are approximately: 28 183 592.249 kbit/s.  

 

 

12 200G FlexO with staircase FEC frame structure (FlexO-2-SC) 

12.1 FlexO-2-SC frame structure 

The 200G FlexO-2-SC frame structure is shown at the bottom of Figure 12-1 and consists of 128 

rows by 10970 1-bit columns. It contains in columns 1 to 10280 two 10-bit interleaved 100G FlexO 

frame structures (#1, #2) as defined in clause 8, extended with a SC FEC parity area in columns 

10281 to 10970 and a 120 byte FlexO-2-SC OH area in row 1 columns 961 to 1920. FlexO 

instances #1 and #2 are 10-bit interleaved into the FlexO-2-SC frame in the order #1, #2, #1, #2, #1, 

etc. 

NOTE – The FlexO-2-SC OH area is reusing the PAD overhead field of the FlexO frames.  

 

Figure 12-1 - 200G FlexO-2-SC frame structure 

To accommodate the block length of the staircase FEC, which is not aligned with the 200G FlexO-

2-SC frame length, an additional SC FEC block group (FBG) structure is superimposed on the 

underlying FlexO-2-SC frame structure (see Figure 12-2, left). 

The FBG consists of 119 consecutive FlexO-2-SC frame rows (of 10970-bit each), which map to 

five contiguous base blocks. The FBG contains 5×244,664 information and 5×16384 parity bits plus 

5×38 FlexO-2-SC OH bits that are located between the parity bits of successive SC FEC blocks. A 
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FBG contains the information bits of five SC FEC blocks Bi to Bi+4 and parity bits of five SC FEC 

blocks Bi-1 to Bi+3.  

The boundaries of these five SC FEC information, parity and FlexO-2-SC overhead blocks within a 

FBG are defined in Table 12-1 and illustrated in the right segment of Figure 12-2. The start of the 

FBG is identified through a SC FEC block row number indication carried in the FBA field of the 

FlexO-2-SC overhead, part 1 (see Figure 12-3). 

 

 

Figure 12-2 - FlexO-2-SC's FBG structure (left) and information and parity block and FlexO-

2-SC OH boundaries (right) 

Table 12-1 ï SC FEC information, parity and FlexO-x-SC (x = 2,4)  

part 2 overhead block boundaries 

 Information blocks 

{row,column}  

Parity blocks  

{row,column} 

FlexO-2-SC part 2 OH  

{row,column}  

1st block From {j+1,1}  

to {j+24,8224} 

From {j+1,10281}  

to {j+24,10794} 

From {j+24,10795}  

to {j+24,10832} 

2nd block From {j+24,8225} 

 to {1+48,6184} 

From {j+24,10833}  

to {1+48,10656} 

From {j+48,10657}  

to {i+48,10694} 

3rd block From {j+48,6185}  

to {j+72,4112} 

From {j+48,10695}  

to {j+72,10518} 

From {j+72,10519}  

to {j+72,10556} 

4th block From {j+72,4113}  

to {j+96,2056} 

From {j+72,10557}  

to {j+96,10380} 

From {j+96,10381}  

to {j+96,10418} 

5th block From j+96,2057}  

to {j+119,10280} 

From j+96,10419}  

to {j+119,10932} 

From j+96,10933}  

to {j+119,10970} 
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12.2 FlexO-2-SC bit rate and frame periods 

The bit rate and tolerance of the FlexO-2-SC signal is defined in Table 12-2. 

Table 12-2 - FlexO-2-SC types and bit rates 

FlexO-2-SC nominal bit rate Bit -rate tolerance 

524366/462961 × 2 × 99 532 800 kbit/s °20 ppm 

NOTE 1 – The nominal FlexO-2-SC bit rate is approximately: 225 468 737,992 kbit/s.  

NOTE 2 – The FlexO-2-SC bit rate can be based on the OTUC bit rate as follows: 4388/4097 × 2 × OTUC bit rate 

= 4388/4097 × 2 × 239/226 × 99 532 800 kbit/s. 

NOTE 3 – The FlexO-2-SC bit rate can be based on the FlexO-2-RS bit rate as follows: 1097/1088 × FlexO-2-RS 

bit rate = 1097/1088 × 256/241 × 2 × 239/226 × 99 532 800 kbit/s. 

The frame and multi-frame periods of the FlexO-2-SC signal are defined in Table 12-3. 

Table 12-3 - FlexO-2-SC frame and multi-frame periods 

Frame period (Note) Multi -frame period (Note) 

~6.228 µs 49.822 µs 

NOTE – The period is an approximated value, rounded to 3 decimal places. 

12.3 FlexO-2-SC overhead 

The FlexO-2-SC frame contains two overhead areas. The first overhead area is located in the 960 

bits in row 1, columns 961 to 1920. It includes information to support the FBG alignment function 

in the first 8 bits, while the remaining 952 bits are reserved for future international standardization. 

The second overhead area is located in the FlexO-2-SC FEC parity area, in blocks of 38 bits each 

between two successive SC FEC blocks.  

The FlexO-2-SC OH is terminated where the FlexO-2-SC frame is assembled and disassembled.  

An overview of the first part of the FlexO-2-SC OH area is presented in Figure 12-3. An overview 

of the second part of the FlexO FEC OH area is presented in Figure 12-2 and Figure 11-4. 
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Figure 12-3 ï FlexO-2-SC overhead, part 1 

12.3.1 FlexO-2-SC FEC block alignment (FBA)  

Reserved for future use. Not used in FlexO-2-DSH interfaces.  

12.3.2 Multi block alignment signal (MBAS) 

Refer to clause 11.3.2. 

12.4 Staircase forward error correction (SC FEC) 

The FlexO-2-SC FEC code is a 512-bit × 510-bit generalized staircase code (SC FEC) that works in 

conjunction with an error de-correlator. The error de-correlator function is used to randomize the 

error locations, in order to reduce impact of correlated errors on the decoder performance of the 

random error correcting SC FEC. The SC FEC code is systematic and the 6.7% FlexO-2-SC FEC 

area specified in clause 12.1 is used to store the parity information generated by the encoder. 

The generic operation of the staircase FEC scheme (with error de-correlator) is specified in 

Annex A. The FlexO-2-SC specific aspects of the staircase FEC operation are specified in Annex C. 

13 400G FlexO with staircase FEC frame structure (FlexO-4-SC-m) 

13.1 FlexO-4-SC frame structure 

The 400G FlexO-4-SC frame structure is shown at the bottom of Figure 13-1 and consists of 256 

rows by 10970 1-bit columns. It contains in columns 1 to 10280 four 10-bit interleaved 100G FlexO 

instances (#1,2,3,4) as defined in clause 8, extended with a SC FEC parity area in columns 10281 to 

10970 and a 240 byte FlexO-4-SC OH area in row 1 columns 1921 to 3840. FlexO instances #1, #2, 

#3 and #4 are 10-bit interleaved into the FlexO-4-SC frame in the order #1, #2, #3, #4, #1, #2, etc. 

Note that the FlexO-4-SC OH area is reusing the PAD overhead field of the FlexO frames.  

To accommodate the block length of the staircase FEC, which is not aligned with the 400G FlexO-

4-SC frame length, an additional SC FEC block group (FBG) structure is superimposed on the 

underlying FlexO-4-SC frame structure (see Figure 13-2, left). 
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The FBG consists of 119 consecutive FlexO-4-SC frame rows (of 10970-bit each), which map to 

five contiguous base blocks. The FBG contains 5×244,664 information and 5×16384 parity bits plus 

5×38 FlexO-4-SC OH bits that are located between the parity bits of successive SC FEC blocks. A 

FBG contains the information bits of five SC FEC blocks Bi to Bi+4 and parity bits of five SC FEC 

blocks Bi-1 to Bi+3.  

The boundaries of these five SC FEC information, parity and FlexO-4-SC overhead blocks within a 

FBG are defined in Table 12-1 and illustrated in the right segment of Figure 13-2. The start of the 

FBG is identified through a SC FEC block row number indication carried in the FBA field of the 

FlexO-4-SC overhead, part 1 (see Figure 13-3). 
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Figure 13-1 - 400G FlexO-4-SC frame structure 
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Figure 13-2 - FlexO-4-SCs FBG structure (left) and information and parity block and FlexO-4-SC OH boundaries (right) 
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13.2 FlexO-4-SC bit rate and frame periods 

The bit rate and tolerance of the FlexO-4-SC signal is defined in Table 13-1. 

Table 13-1 - FlexO-4-SC types and bit rates 

FlexO-4-SC nominal bit rate Bit -rate tolerance 

524366/462961 × 4 × 99 532 800 kbit/s °20 ppm 

NOTE 1 – The nominal FlexO-4-SC bit rate is approximately: 450 937 475.984 kbit/s.  

NOTE 2 – The FlexO-4-SC bit rate can be based on the OTUC bit rate as follows: 4388/4097 × 4 × OTUC bit rate 

= 4388/4097 × 4 × 239/226 × 99 532 800 kbit/s. 

NOTE 3 – The FlexO-4-SC bit rate can be based on the 400G FlexO-4-RS bit rate as follows: 1097/1088 × 400G 

FlexO-4-RS bit rate = 1097/1088 × 256/241 × 4 × 239/226 × 99 532 800 kbit/s. 

The frame and multi-frame periods of the FlexO-4-SC signal are defined in Table 13-2. 

Table 13-2 - FlexO-4-SC frame and multi-frame periods 

Frame period (Note) Multi -frame period (Note) 

~6.228 µs 49.822 µs 

NOTE – The period is an approximated value, rounded to 3 decimal places. 

13.3 FlexO-4-SC overhead 

The FlexO-4-SC frame contains two overhead areas. The first overhead area is located in the 1920 

bits in row 1, columns 1921 to 3840. It includes information to support the FBG alignment function 

in the first 8 bits, while the remaining 1912 bits are reserved for future international standardization. 

The second overhead area is located in the FlexO-4-SC FEC parity area, in blocks of 38 bits each 

between two successive SC FEC blocks.  

The FlexO-4-SC OH is terminated where the FlexO-4-SC frame is assembled and disassembled.  

An overview of the first part of the FlexO-4-SC OH area is presented in Figure 13-3. An overview 

of the second part of the FlexO FEC OH area is presented in Figure 13-2 and Figure 11-4. 

13.3.1 FlexO-4-SC FEC block alignment (FBA)  

Reserved for future use. Not used in FlexO-4-DSH interfaces. 
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Figure 13-3 ï FlexO-4-SC overhead, part 1 

13.3.2 Multi block alignment signal (MBAS) 

Refer to clause 11.3.2. 

13.4 Staircase forward error correction (SC FEC) 

The FlexO-4-SC FEC code is a 512-bit × 510-bit generalized staircase code (SC FEC) that works in 

conjunction with an error de-correlator. The error de-correlator function is used to randomize the 

error locations, in order to reduce impact of correlated errors on the decoder performance of the 

random error correcting SC FEC. The SC FEC code is systematic and the 6.7% FlexO-4-SC FEC 

area specified in clause 13.1 is used to store the parity information generated by the encoder. 

The generic operation of the staircase FEC scheme (with error de-correlator) is specified in 

Annex A. The FlexO-4-SC specific aspects of the staircase FEC operation are specified in Annex C. 

14 FlexO-x-D<fec>  

FlexO-x-D<fec> has a basic frame structure and a client and FEC specific multi-frame structure. 

14.1 FlexO-x-D<fec> frame and multi-frame structures 

The FlexO-x-D<fec> frame structure is shown in Figure 14-1 and consists of 116 rows by 32 Z-bit 

columns with Z (Z = 8, 4). It contains a training sequence (TS) field in row 1, columns 1 to 11, a 

pilot sequence (PS) field in column 1 of rows 2 to 116 and a (21 + 115 × 31 = 3586 Z-bit) payload 

and forward error correction parity field in the remainder of the frame. The first Z-bit TS overhead 

block in row 1 column 1 is also used as 116th Z-bit PS block. 
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Figure 14-1 - FlexO-x-D<fec> frame structure 

This frame structure can also be presented in a rowcolumn format as shown in Figure 14-2. The 

3712 rowcolumns in this presentation represent the (116 × 32) Z-bit blocks of one frame. The 

rowcolumn number is determined by the following equation 

  rowcolumn# = (32 × (row# – 1)) + column# 

 

Figure 14-2 ï FlexO-x-D<fec> 49-frame multi -frame structure alternative representation 

This frame structure can be deployed in an N-frame multi-frame structure, of which the value of N 

is client and FEC specific. Refer to Figure 14-3 for an illustration of such multi-frame structure. 

 

Figure 14-3 ï FlexO-x-D<fec> N-frame multi -frame structure 

14.2 FlexO-x-D<fec> Overhead 

The FlexO-x-D<fec> frame has the following overhead included: training sequence and pilot 

sequence. 

14.2.1 Training sequence (TS) 

Training sequence (TS) overhead is used for FlexO-x-D<fec> frame alignment. The TS overhead 

consists of 11 Z-bit blocks as illustrated in Figure 14-4. The first Z-bit block has a values such that 

it can also be used as a 116th Z-bit PS overhead block. The values of the 11 TS overhead blocks are 

specified in Table 14-1. 
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Figure 14-4 - Training sequence overhead 

Table 14-1 ï Training sequence values 

Column # 
TS value (Z=8) 

1234    5678 

TS value (Z=4) 

12    34 

1 0010 0000 01 00 

2 1010 0000 11 00 

3 0010 1000 01 10 

4 1010 0010 11 01 

5 0000 0010 00 01 

6 1010  1010 11 11 

7 0000 0000 00 00 

8 0000 0010 00 01 

9 1010  1000 11 10 

10 1000  1010 10 11 

11 1000  1000 10 10 

14.2.2 Pilot sequence (PS) 

Pilot sequence (PS) overhead is used for FlexO-x-D<fec> frame alignment. The PS overhead 

consists of 1+ 115 Z-bit blocks as illustrated in Figure 14-5. The first Z-bit block has a value such 

that it can also be used as a 1st TS overhead block.  

 

Figure 14-5 - Pilot sequence overhead 

14.2.2.1 8-bit block (Z=8) 

The values of the 116 8-bit PS overhead blocks are specified in Table 14-2. The values of bits 1 to 4 

are derived from a fixed PRBS10 sequence with a seed of X = 414 (0x19E). The values of bits 5 to 

8 are derived from a fixed PRBS10 sequence with a seed of Y = 208 (0x0D0). The seed is reset at 

the start of every FlexO-x-D<fec> frame. The PRBS10 sequence polynomial is: ὼ ὼ ὼ
ὼ ρ.  

Every 2 bits from the PRBS10 sequence are encoded as 4 bits as follows: 00 Ą 0000, 01 Ą 0010, 

10 Ą 1000 and 11 Ą 1010. See Figure 14-6 for an illustration. 
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Figure 14-6 - Pilot sequence overhead generator 

Table 14-2 ï PS overhead values for Z=8 

Row # 
PS values 

1234    5678 
Row # 

PS values 

1234    5678 
Row # 

PS values 

1234    5678 

1 0010 0000 40 1000 0000 79 1010 0000 

2 1010 0000 41 0000 1000 80 1010 0000 

3 1000 1000 42 1000 1000 81 1010 1000 

4 0010 1010 43 0010 0000 82 0000 0000 

5 1000 0000 44 0010 0000 83 0000 1010 

6 1000 1010 45 0000 1010 84 1010 0000 

7 0000 0010 46 0010 0010 85 1000 0000 

8 1010 0010 47 0000 1010 86 0010 0000 

9 0010 0000 48 1010 0010 87 1010 1000 

10 1010 1010 49 1010 1000 88 1000 0010 

11 1010 1010 50 0010 0010 89 0000 0010 

12 0000 0000 51 1000 1010 90 1000 1000 

13 1010 1010 52 1000 0010 91 1000 1010 

14 1000 1010 53 1000 0010 92 0010 1000 

15 1010 1000 54 0000 1010 93 0000 1000 

16 1000 1010 55 1000 0010 94 1010 0010 

17 1010 1010 56 1010 0010 95 0000 1000 

18 1000 0010 57 0010 0000 96 0000 1000 

19 0010 0000 58 0000 1000 97 1010 0010 

20 0000 1000 59 1000 1000 98 0010 1000 

21 1010 1000 60 1010 0010 99 1000 0000 

22 0010 1010 61 1000 1010 100 0000 1010 

23 0010 0010 62 0000 0000 101 1010 0000 
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Table 14-2 ï PS overhead values for Z=8 

Row # 
PS values 

1234    5678 
Row # 

PS values 

1234    5678 
Row # 

PS values 

1234    5678 

24 1000 1000 63 1000 1010 102 0010 0010 

25 0010 1000 64 0010 0010 103 0000 0010 

26 0010 1010 65 1000 1000 104 0000 1010 

27 0010 0010 66 1010 1010 105 1010 0010 

28 0010 1010 67 1000 0000 106 1000 1000 

29 0000 1010 68 0010 1000 107 1010 1010 

30 1000 1000 69 1000 0010 108 0010 0010 

31 0000 0010 70 0010 0010 109 0000 1010 

32 1010 0000 71 1010 0010 110 0010 0000 

33 0010 1000 72 0000 0000 111 0000 0010 

34 0010 0000 73 0000 0010 112 0010 1000 

35 0010 0000 74 1000 1010 113 0010 0010 

36 1000 1000 75 0010 0000 114 1010 1010 

37 1000 1000 76 1000 0000 115 1010 1000 

38 0000 0000 77 0010 0000 116 0000 1000 

39 0000 1010 78 0000 1010    

14.2.2.2  4-bit block (Z=4) 

The values of the 116 4-bit PS overhead blocks are specified in Table 14-ff. The values of bits 1 to 

2 are derived from a fixed PRBS10 sequence with a seed of X = 414 (0x19E). The values of bits 3 

to 4 are derived from a fixed PRBS10 sequence with a seed of Y = 208 (0x0D0). The seed is reset 

at the start of every FlexO-x-D<fec> frame. The PRBS10 sequence polynomial is: 

ὼ ὼ ὼ ὼ ρ.  

See Figure 14-7 for an illustration. 

 

Figure 14-7 - Pilot sequence overhead generator 
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Table 14-3 ï PS overhead values for Z=4 

Row # 
PS values 

12    34 
Row # 

PS values 

12    34 
Row # 

PS values 

12    34 

1 01 00 40 10 00 79 11 00 

2 11 00 41 00 10 80 11 00 

3 10 10 42 10 10 81 11 10 

4 01 11 43 01 00 82 00 00 

5 10 00 44 01 00 83 00 11 

6 10 11 45 00 11 84 11 00 

7 00 01 46 01 01 85 10 00 

8 11 01 47 00 11 86 01 00 

9 01 00 48 11 01 87 11 10 

10 11 11 49 11 10 88 10 01 

11 11 11 50 01 01 89 00 01 

12 00 00 51 10 11 90 10 10 

13 11 11 52 10 01 91 10 11 

14 10 11 53 10 01 92 01 10 

15 11 10 54 00 11 93 00 10 

16 10 11 55 10 01 94 11 01 

17 11 11 56 11 01 95 00 10 

18 10 01 57 01 00 96 00 10 

19 01 00 58 00 10 97 11 01 

20 00 10 59 10 10 98 01 10 

21 11 10 60 11 01 99 10 00 

22 01 11 61 10 11 100 00 11 

23 01 01 62 00 00 101 11 00 

24 10 10 63 10 11 102 01 01 

25 01 10 64 01 01 103 00 01 

26 01 11 65 10 10 104 00 11 

27 01 01 66 11 11 105 11 01 

28 01 11 67 10 00 106 10 10 

29 00 11 68 01 10 107 11 11 

30 10 10 69 10 01 108 01 01 

31 00 01 70 01 01 109 00 11 

32 11 00 71 11 01 110 01 00 

33 01 10 72 00 00 111 00 01 

34 01 00 73 00 01 112 01 10 

35 01 00 74 10 11 113 01 01 

36 10 10 75 01 00 114 11 11 

37 10 10 76 10 00 115 11 10 

38 00 00 77 01 00 116 00 10 
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Table 14-3 ï PS overhead values for Z=4 

Row # 
PS values 

12    34 
Row # 

PS values 

12    34 
Row # 

PS values 

12    34 

39 00 11 78 00 11    

15 FlexO-x-DSH 

The FlexO-x-DSH signal format deploys the FlexO-x-D<fec> frame and carries a FlexO-x-SC 

client with an additional Hamming SD FEC.  

15.1 FlexO-x-DSH multi-frame and super-frame structures  

15.1.1 Multi -frame structure  

The FlexO-x-DSH multi-frame structure is shown in Figure 15-1 and consists of 49 FlexO-x-

D<fec> frames. It includes an additional 22 Z-bit multi-frame alignment signal (MFAS) located in 

frame 1, row 1 columns 12 to 32 and row 2 column 2 to identify the 49 frame multi -frame and a 76 

Z-bit padding field (PAD) in frame 1, row 2 columns 3 to 32, row 3 columns 2 to 32 and row 4 

columns 2 to 16. 

The multi-frame payload area contains 3488 + 48 × 3586 = 175616 Z-bit blocks. The number of 

bits and 128-bit blocks supported by these Z-bit blocks are presented in Table 15-1. 
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Figure 15-1 ï FlexO-x-DSH 49-frame multi -frame structure 

This multi-frame structure can also be presented in a frame and rowcolumn format as shown in 

Figure 15-2. The 3712 rowcolumns in this presentation represent the (116 × 32) Z-bit blocks of one 

frame. The rowcolumn number is determined by the following equation 

  rowcolumn# = (32 × (row# – 1)) + column#. 

Every frame contains 11 Z-bit blocks of training sequence overhead and 115 Z-bit blocks of pilot 

overhead. The first frame contains furthermore 22 Z-bit MFAS blocks and 76 Z-bit PAD blocks. 

The first frame contains 3418 Z-bit payload and FEC parity blocks, the other frames contain 3586 

Z-bit payload and parity blocks. 
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Figure 15-2 ï FlexO-x-DSH 49-frame multi-frame structure alternative representation 

15.1.2 Super-frame structure  

The FlexO-x-DSH super-frame structure is shown in Figure 15-3 and consists of four multi-frames. 

It includes an additional 22 Z-bit super-frame alignment signal (SFAS) located in the first 22 Z-bit 

blocks of the multi-frame's PAD overhead field (in frame 1, row 2 columns 3 to 24). 

Figures 15-3 illustrates the 4-multi-frame super-frame structure. Each multi-frame contains a SFAS 

overhead field to hold a unique SFAS sequence with the values ABBB as specified in 15.3.2. 

NOTE – It is possible to perform super-frame alignment only. Achieving super-frame alignment implicitly 

results in multi-frame alignment. For such case, the super-frame behaves like a 196-frame multi-frame. 

For Z = 8, one multi-frame is able to carry one FBG1 and one super-frame carries four FBGs1. 

For Z = 4, two multi-frames are able to carry one FBG1 and one super-frame carries two FBGs1. 

                                                 

1  Refer to 15.4.5 for the implication of the convolutional interleaver process. 
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Figure 15-3 ï FlexO-x-DSH 4-multi -frame super-frame structure  

15.1.3 Payload and FEC parity area 

The FlexO-x-DSH multi-frame payload and FEC parity field contains 10976 × Z/8 × 16-byte 

(128-bit) blocks of which the first 119 bits carry a 119-bit block of the FlexO-x-SC client and the 

last 9 bits carry a 9-bit Hamming soft decision (HSD) FEC parity as illustrated in Figure 15-4. 

The 4-multi-frame super-frame contains 10976 × Z/8 × 4 of such 128-bit blocks.  

Payload FEC Parity

119 bits 9 bits

 

Figure 15-4 ï 128-bit payload and FEC parity block 

The FlexO-x-DSH multi- and super-frame payload and FEC parity areas do not divide elegantly 

into 128-bit blocks in a single frame. The 128-bit block will spill over and cross frame boundaries, 

while it will not cross multi-frame boundaries for x is 2 to 4. 
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Table 15-1 ï Number of bits and 128-bit blocks supported by 175616 Z-bit  

blocks in a multi-frame 

Z Number of multi -

frame payload and 

FEC parity bits  

Number of 16-byte/128-bit 

payload and FEC parity bit 

blocks per multi-frame 

Number of multi -

frames to carry 

one FBG (Note) 

Number of FBGs in 

4-multi -frame super-

frame (Note) 

8 1,404,928 10976 1 4 

4 702,464 5488 2 2 

NOTE – Refer to 15.4.5 for FBG mapping details and implication of the convolutional interleaver process. 

15.2 FlexO-x-DSH bit rates and frame periods 

The bit rates and tolerance of the FlexO-x-DSH signals are defined in Table 15-2.  

The bit rate and tolerance of the FlexO-x-DSH payload and FEC parity area signals are defined in 

Table 15-3. 

The frame and multi-frame periods of the FlexO-x-DSH signals are defined in Table 15-4. 

Table 15-2 - FlexO-x-DSH types and bit rates 

FlexO-x-DSH type FlexO-x-DSH nominal bit rate Bit -rate tolerance 

200G FlexO-2-DSH 49681408/39351685 × 2 × 99 532 800 kbit/s 
°20 ppm 

400G FlexO-4-DSH 49681408/39351685 × 4 × 99 532 800 kbit/s 

NOTE 1 – The nominal FlexO-x-DSH bit rates are approximately: 251 319 842.908 kbit/s (FlexO-2-DSH) and 502 

639 685.816 kbit/s (FlexO-4-DSH).  

NOTE 2 – The FlexO-x-DSH bit rates can be based on the OTUC bit rate as follows: 415744/348245 × x × OTUC 

bit rate. 

NOTE 3 – The FlexO-x-DSH bit rates can be based on the FlexO-x bit rates as follows: 25984/21845 × FlexO-x 

bit rate.  

NOTE 4 – The FlexO-x-DSH bit rates can be based on the FlexO-x-RS bit rates as follows: 1624/1445 × FlexO-x-

RS bit rate. 

Table 15-3 - FlexO-x-DSH types and payload and FEC area bit rates 

FlexO-x-DSH type FlexO-x-DSH nominal payload and FEC area bit rate Bit -rate tolerance 

200G FlexO-2-DSH 47995024/39351685 × 2 × 99 532 800 kbit/s 
°20 ppm 

400G FlexO-4-DSH 47995024/39351685 × 4 × 99 532 800 kbit/s 

NOTE 1 – The nominal FlexO-x-DSH payload and FEC area bit rates are approximately: 242 780 050.827 kbit/s 

(FlexO-2-DSH) and 485 578 101.653 kbit/s (FlexO-4-DSH).  

NOTE 2 – The FlexO-x-DSH payload and FEC area bit rates can be based on the OTUC bit rate as follows: 

401632/348245 × x × OTUC bit rate. 

NOTE 3 – The FlexO-x-DSH payload and FEC area bit rates can be based on the FlexO-x bit rates as follows: 

25102/21845 × FlexO-x bit rate.  

NOTE 4 – The FlexO-x-DSH payload and FEC area bit rates can be based on the FlexO-x-RS bit rates as follows: 

12551/11560 × FlexO-x-RS bit rate. 
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Table 15-4 - FlexO-x-DSH frame and multi-frame periods 

Bit rate Frame period 

(Note) 

Multi -frame period 

(Note) 

Super-frame period 

(Note) 

200G FlexO-2-DSH (Z=8) ~0.118 µs ~5.790 µs ~23.160 µs 

200G FlexO-2-DSH (Z=4) ~0.059 µs ~2.895 µs ~11.580 µs 

400G FlexO-4-DSH (Z=8) ~0.059 µs ~2.895 µs ~11.580 µs 

NOTE – The period is an approximated value, rounded to 3 decimal places. 

15.3 Overhead 

The FlexO-x-DSH 49-frame multi-frame has the following overhead included: multi-frame 

alignment signal and padding.  

The FlexO-x-DSH 4-multi-frame super-frame has the following overhead included: super-frame 

alignment signal. 

15.3.1 Multi -frame alignment signal (MFAS) 

Multi -frame alignment signal (MFAS) overhead is used for FlexO-x-DSH 49-frame multi-frame 

alignment. The MFAS overhead consists of 22 Z-bit blocks as illustrated in Figure 15-6.  

 

Figure 15-5 - 49-frame multi -frame alignment signal overhead 

The values of the 22 MFAS overhead Z-bit blocks are specified in Table 15-5.  

Table 15-5 ï MFAS sequence values 

(Row,Column) # 

MFAS values 

(Z=8) 

MFAS values 

(Z=4) 

1234     5678     12 34 

(1,12) 1000 1010 10 11 

(1,13) 1010 0010 11 01 

(1,14) 1010 0000 11 00 

(1,15) 1010 0010 11 01 

(1,16) 1000 1000 10 10 

(1,17) 1000 1010 10 11 

(1,18) 0000 1000 00 10 

(1,19) 1010 1000 11 10 

(1,20) 0000 0000 00 00 

(1,21) 0010 1000 01 10 

(1,22) 0010 1010 01 11 

(1,23) 1000 0010 10 01 

(1,24) 0000 0010 00 01 
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Table 15-5 ï MFAS sequence values 

(Row,Column) # 

MFAS values 

(Z=8) 

MFAS values 

(Z=4) 

1234     5678     12 34 

(1,25) 0000 1010 00 11 

(1,26) 0010 0000 01 00 

(1,27) 1010 1010 11 11 

(1,28) 0000 0000 00 00 

(1,29) 1000 0010 10 01 

(1,30) 0010 1000 01 10 

(1,31) 1010 0000 11 00 

(1,32) 0000 1000 00 10 

(2,2) 0010 0010 01 01 

15.3.2 Super-frame alignment signal (SFAS) 

Super-frame alignment signal (SFAS) overhead is used for FlexO-x-DSH 4-multi-frame super-

frame alignment. The SFAS overhead consists of 22 Z-bit blocks as illustrated in Figure 15-6.  

 

Figure 15-6 - [2|4]-multi -frame super-frame alignment signal overhead 

The values of the 22 SFAS overhead bytes in multi-frame #1 and #2..4 are specified in Table 15-6. 

Table 15-6 ï SFAS A and B sequence values 

(Row,Column) # 

SFAS values (Z=8) SFAS values (Z=4) 

A (MF #1) B (MF #2..4) A (MF #1) B (MF #2..4) 

1234     5678     1234     5678     12 34 12 34 

(2,3) 1000 0110 0001 0000 00 01 10 01 

(2,4) 1101 1110 1010 1111 10 00 10 00 

(2,5) 1011 1100 0110 1100 10 11 00 00 

(2,6) 1000 1101 1100 0100 00 11 01 00 

(2,7) 1111 1110 0100 0111 01 01 10 00 

(2,8) 0001 1110 0000 1111 01 00 11 00 

(2,9) 1100 1101 1011 0110 10 00 01 11 

(2,10) 0010 1011 1110 1101 01 00 11 01 

(2,11) 0100 0010 0011 1101 10 01 01 10 

(2,12) 0000 1100 0111 0010 01 00 10 10 

(2,13) 1010 0000 1001 0000 11 11 01 00 
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Table 15-6 ï SFAS A and B sequence values 

(Row,Column) # 

SFAS values (Z=8) SFAS values (Z=4) 

A (MF #1) B (MF #2..4) A (MF #1) B (MF #2..4) 

1234     5678     1234     5678     12 34 12 34 

(2,14) 1001 1000 1001 1100 11 11 10 01 

(2,15) 0011 0001 1110 1010 00 10 00 10 

(2,16) 0101 0111 1000 1000 01 10 11 11 

(2,17) 0111 0000 1111 1001 11 10 01 00 

(2,18) 0010 0110 0001 0011 11 01 11 10 

(2,19) 0011 1110 1110 0100 00 11 01 11 

(2,20) 0100 1011 1010 0110 10 01 11 10 

(2,21) 1111 0101 0100 0010 11 00 01 01 

(2,22) 1111 1110 0101 0001 00 10 01 10 

(2,23) 1000 0001 1011 0110 01 11 11 10 

(2,24) 0101 1110 1101 0111 10 10 11 00 

15.3.3 Padding (PAD) 

54 bytes are specified as PAD per multi-frame as illustrated in Figure 15-7. These bytes should 

contain a randomized bit pattern. 

 

Figure 15-7 - Padding overhead 

15.4 Mapping of FlexO-x-SC client into FlexO-x-DSH payload 

The FlexO-x-SC signal is the client signal of FlexO-x-DSH signal and the bits of one FlexO-SC 

signal are carried in the payload area of one FlexO-x-DSH signal.  

The bits of an FBG plus six 119-bit PAD blocks, after scrambling, interleaving (in blocks of 119 

bits) by a convolutional interleaving process and (128,119) Hamming soft decision FEC encoding 

are mapped into the payload and FEC parity area of a FlexO-x-DSH signal.  

The convolutional interleaving process serves to spread out the transmission order of consecutive 

blocks of 119 bits from the staircase FEC encoded frame, to increase the resilience of the bit stream 

to error bursts. Consequentially, the 119-bit blocks of the FlexO-x-SC signal within the FlexO-x-

DSH multi- or super-frame payload do not appear in sequential order and the 119-bit blocks within 

one FlexO-x-DSH multi- or super-frame payload are from two (or more) successive FBGs. 

15.4.1 Scrambling 

The FlexO-x-SC signal extended with 714 PAD bits every FBG is scrambled. The operation of the 

scrambler shall be functionally equivalent to that of a frame-synchronous scrambler of sequence 

65535 and the generating polynomial shall be x
16

 + x
12

 + x
3

 + x + 1. 
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The scrambler resets to 0xFFFF on row 1, column 1 of the FBG structure as shown in Figures 15-8, 

and 15-9. The scrambler state advances during each bit of the FBG structure and subsequent 714-bit 

PAD block.  

 

Figure 15-8 ï FlexO-2-SC bit stream scrambling with frame synchronous scrambler 
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Figure 15-9 ï FlexO-4-SC bit stream scrambling with frame synchronous scrambler 
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Figure 15-10 ï 119-bit block numbering within FlexO-2-SC and  

FlexO-4-SC FBG plus 714-bit PAD block 

15.4.2 119-bit FlexO-x-SC and PAD block numbering 

The 119-bit blocks within a FlexO-x-SC frame are numbered from 1 to 10970 and the six additional 

PAD blocks are numbered 10971 to 10976 as shown in Figure 15-10. 

119-bit block #1 contains the first 119 bits of the FBG structure within a FlexO-x-SC signal; these 

are the bits in row j+1, columns 1 to 119. 119-bit block #2 contains the second 119 bits of the FBG 

structure, which are the bits in row j+1, columns 120 to 238. Etc. 119-bit block 10970 contains the 

last 119 bits of the FBG structure, which are the bits in row j+119, columns 10852 to 10970. 

15.4.3 Convolutional interleaving 

The convolutional interleaving process is of depth 16, and consists of 16 parallel delay lines 

(numbered 0 to 15), as illustrated in Figure 15-11. Each delay operator "D" represents a storage 

element of 119-bit (119b). From one delay line to the next lower delay line, two delays operators 

are deleted. 

1) At time Ὥ, the input and output switches are aligned at row ὦ: 

2) A block of 119b is read from row ὦ 

3) The contents of row ὦ are shifted to the right by 119b 

4) A block of 119b is written to row ὦ 

The switch position is updated to ὦ ὦ ρ άέὨ ρφ. 

 

Figure 15-11 - Convolutional interleaving of 10976 119-bit blocks 
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Initialization of the convolutional interleaving switches (to their topmost positions) is defined to 

occur at the start of every FBG plus 714 bit PAD block structure. Since this structure has 10976 

119-bit blocks and 10976 is evenly divisible by the depth of the convolutional interleaving process 

(i.e., 16), the switches will wraparound to this position at the start of every FBG plus 714 bit PAD 

block structure, as illustrated in Figure 15-13. 119-bit block #1 is applied at delay line #0, 119-bit 

block #2 at delay line #2, etc. up to 119-bit block #10976 at delay line #15. 

The convolutional interleaving process presents the 10976 119-bit blocks in an interleaved order at 

its output ports. When 119-bit blocks #1 to #16 are presented at the 16 input ports, the 16 output 

ports present 119-bit blocks #10497, #10530, .., #10926, #10959 and #16, as illustrated in Figure 

15-12 and Table-15-7.  

Note that blocks #10497, # 10530, .., #10926 and #10959 are from the previous FBG plus 714 PAD 

block structure, while block #16 is from the current FBG plus 714 PAD block structure. 

Table 15-7 illustrates the effect of the convolutional interleaving process. Each row in this table 

represents 16 119-bit blocks presented at the 16 input ports.  

- The last row represents the time at which 119-bit blocks #1 to #16 are presented at the 16 

input ports and the diagonal blue line in the middle represents the 119-bit blocks that are 

presented at the 16 output ports at that time.  

- The last but one row represents the time at which 119-bit blocks #10961 to #10976 are 

presented at the 16 input ports and the diagonal black line in the middle represents the 119-

bit blocks that are presented at the 16 output ports at that time. 

- Block # 1 is the (30 × 16 + 1 =) 481st block in the sequence of 10976 blocks. 
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Table 15-7 ï 119-bit blocks carried in two successive FlexO-x-DSH multi-frames 

10481 10482 10483 10484 10485 10486 10487 10488 10489 10490 10491 10492 10493 10494 10495 10496 

10497 10498 10499 10500 10501 10502 10503 10504 10505 10506 10507 10508 10509 10510 10511 10512 

10513 10514 10515 10516 10517 10518 10519 10520 10521 10522 10523 10524 10525 10526 10527 10528 

10529 10530 10531 10532 10533 10534 10535 10536 10537 10538 10539 10540 10541 10542 10543 10544 

10545 10546 10547 10548 10549 10550 10551 10552 10553 10554 10555 10556 10557 10558 10559 10560 

10561 10562 10563 10564 10565 10566 10567 10568 10569 10570 10571 10572 10573 10574 10575 10576 

10577 10578 10579 10580 10581 10582 10583 10584 10585 10586 10587 10588 10589 10590 10591 10592 

10593 10594 10595 10596 10597 10598 10599 10600 10601 10602 10603 10604 10605 10606 10607 10608 

10609 10610 10611 10612 10613 10614 10615 10616 10617 10618 10619 10620 10621 10622 10623 10624 

10625 10626 10627 10628 10629 10630 10631 10632 10633 10634 10635 10636 10637 10638 10639 10640 

10641 10642 10643 10644 10645 10646 10647 10648 10649 10650 10651 10652 10653 10654 10655 10656 

10657 10658 10659 10660 10661 10662 10663 10664 10665 10666 10667 10668 10669 10670 10671 10672 

10673 10674 10675 10676 10677 10678 10679 10680 10681 10682 10683 10684 10685 10686 10687 10688 

10689 10690 10691 10692 10693 10694 10695 10696 10697 10698 10699 10700 10701 10702 10703 10704 

10705 10706 10707 10708 10709 10710 10711 10712 10713 10714 10715 10716 10717 10718 10719 10720 

10721 10722 10723 10724 10725 10726 10727 10728 10729 10730 10731 10732 10733 10734 10735 10736 

10737 10738 10739 10740 10741 10742 10743 10744 10745 10746 10747 10748 10749 10750 10751 10752 

10753 10754 10755 10756 10757 10758 10759 10760 10761 10762 10763 10764 10765 10766 10767 10768 

10769 10770 10771 10772 10773 10774 10775 10776 10777 10778 10779 10780 10781 10782 10783 10784 

10785 10786 10787 10788 10789 10790 10791 10792 10793 10794 10795 10796 10797 10798 10799 10800 

10801 10802 10803 10804 10805 10806 10807 10808 10809 10810 10811 10812 10813 10814 10815 10816 

10817 10818 10819 10820 10821 10822 10823 10824 10825 10826 10827 10828 10829 10830 10831 10832 

10833 10834 10835 10836 10837 10838 10839 10840 10841 10842 10843 10844 10845 10846 10847 10848 

10849 10850 10851 10852 10853 10854 10855 10856 10857 10858 10859 10860 10861 10862 10863 10864 

10865 10866 10867 10868 10869 10870 10871 10872 10873 10874 10875 10876 10877 10878 10879 10880 

10881 10882 10883 10884 10885 10886 10887 10888 10889 10890 10891 10892 10893 10894 10895 10896 

10897 10898 10899 10900 10901 10902 10903 10904 10905 10906 10907 10908 10909 10910 10911 10912 

10913 10914 10915 10916 10917 10918 10919 10920 10921 10922 10923 10924 10925 10926 10927 10928 

10929 10930 10931 10932 10933 10934 10935 10936 10937 10938 10939 10940 10941 10942 10943 10944 

10945 10946 10947 10948 10949 10950 10951 10952 10953 10954 10955 10956 10957 10958 10959 10960 

10961 10962 10963 10964 10965 10966 10967 10968 10969 10970 10971 10972 10973 10974 10975 10976 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

The convolutional de-interleaving process presents the 10976 119-bit blocks in a de-interleaved 

order at its output ports. When 119-bit blocks #10497, #10530, .., #10926, #10959 and #16 are 

presented at the 16 input ports, the 16 output ports present 119-bit blocks #10497 to #10512, as 

illustrated in Figure 15-12.  
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Figure 15-12 - Convolutional de-interleaving of 10976 119-bit blocks 

15.4.4 Hamming soft decision forward error correction (DSH FEC) 

The FlexO-x-DSH FEC is a systematic (128,119) double-extended Hamming soft decision code. 

The generic operation of the Hamming soft decision FEC scheme is specified in Annex D. It adds 

9-bits of parity to each of the 10976 119-bit blocks as output by the convolutional interleaving 

process and results in 10976 128-bit blocks. 

15.4.5 Mapping 

15.4.5.1 Mapping into FlexO-x-DSH for Z=8 

Figure 15-13 illustrates the mapping of the 128-bit blocks within the FlexO-x-DSH (Z=8) frame, 

multi-frame and super-frame.  

Frame 1, row 4, columns 17 to 32 contain 128-bit block #10497. Frame 1, row 5, columns 2 to 17 

contain block #10530. Etc. Frame 49, row 116, columns 17 to 32 contain 128-bit block #10976. 

Block #1 is the 481st 128-bit block and is located in frame 3, row 20, columns 29 to 32 and row 21, 

columns 2 to 13. There is as such an offset of (2×3712 + 19×32 + 28 =) 8060 bytes between the 

start of FlexO-4-DSH multi-frame and this 128-bit block #1. 
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Figure 15-13 - Mapping of the 4 × 10976 128-bit blocks into  

FlexO-x-DSH for Z=8 super-frame 

15.4.5.2 Mapping into FlexO-x-DSH for Z=4 

Figure 15-14 illustrates the mapping of the 128-bit blocks within the FlexO-x-DSH (Z=4) frame, 

multi-frame and super-frame.  

Frame 1, row 4, columns 17 to 32 and row 5, columns 2 to 17 contain 128-bit block #10497. 

Frame 1, row 5, columns 18 to 32 and row 6, columns 2 to 18 contain block #10530. Etc. 

Block #1 is the 481st 128-bit block and is located in frame 5, row 37, columns 10 to 32 and row 37, 

columns 2 to 10. There is as such an offset of (4×3712 + 36×32 + 9 = 16009 Z-bit (Z=4) blocks =) 

8004.5 bytes between the start of FlexO-x-DSH (Z=4) frame and this 128-bit block #1. 
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Figure 15-14 - Mapping of the 2 × 10976 128-bit blocks into  

FlexO-x-DSH for Z=4 super-frame 

15.5 FOICx.k -DSH 

A conceptually serial FlexO-x-DSH signal is adapted to a parallel multi-lane distribution (MLD) 

signal format with k lanes, referred to as FOICx.k-DSH.  

15.5.1 FOIC2.4-DSH lanes 

The FlexO-2-DSH (Z=4) bits are distributed to four logical FOIC2.4-DSH lanes, on a bit-by-bit 

basis, in a round robin distribution scheme from the lowest to the highest numbered lanes so that bit 

#i of every 4-bit block is carried on lane #i (i = 1..4). Each FOIC2.4-DSH lane is synchronous to the 

FlexO-2-DSH (Z=4) frame. 

Each FlexO-2-DSH (Z=4) super-frame contains 4 × 3712 × 49 × 4 = 2910208 bits. Each FOIC2.4-

DSH lane will carry 25% of these bits, which are 4 × 3712 × 49 = 727552 bits. 

15.5.1.1 FOIC2.4-DSH lane skew tolerance requirements 

The tolerated skew between lanes in a FOIC2.4-DSH interface signal is at least 180 ns. 

15.5.1.2 FOIC2.4-DSH lane bit rate 

The bit rates and tolerance of the FOIC2.4-DSH lanes are defined in Table 15-8. 
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Table 15-8 - FOIC2.4-DSH types and bit rates 

FOIC2.4-DSH lane nominal bit rate Bit -rate tolerance 

49681408/39351685 × 49 766 400 kbit/s ±20 ppm 

NOTE 1 – The nominal FOIC2.4-DSH lane bit rates is approximately: 62 829 960.727 kbit/s.  

15.5.2 FOIC2.8-DSH lanes 

The FlexO-2-DSH (Z=8) bits are distributed to eight logical FOIC2.8-DSH lanes, on a bit-by-bit 

basis, in a round robin distribution scheme from the lowest to the highest numbered lanes so that bit 

#i of every 8-bit block is carried on lane #i (i = 1..8). Each FOIC2.8-DSH lane is synchronous to the 

FlexO-2-DSH (Z=8) frame. 

Each FlexO-2-DSH (Z=8) super-frame contains 4 × 3712 × 49 × 8 = 2910208 bits. Each FOIC2.8-

DSH lane will carry 12.5% of these bits, which are 4 × 3712 × 49 = 363776 bits. 

15.5.2.1 FOIC2.8-DSH lane skew tolerance requirements 

The tolerated skew between lanes in a FOIC2.8-DSH interface signal is at least 180 ns. 

15.5.2.2 FOIC2.8-DSH lane bit rate 

The bit rates and tolerance of the FOIC4.8-DSH lanes are defined in Table 15-9.  

Table 15-9 - FOIC2.8-DSH types and bit rates 

FOIC2.8-DSH lane nominal bit rate Bit -rate tolerance 

49681408/39351685 × 24 883 200 kbit/s ±20 ppm 

NOTE 1 – The nominal FOIC4.8-DSH lane bit rate is approximately: 31 414 980.363 kbit/s.  

15.5.3 FOIC4.8-DSH lanes 

The FlexO-4-DSH (Z=8) bits are distributed to eight logical FOIC4.8-DSH lanes, on a bit-by-bit 

basis, in a round robin distribution scheme from the lowest to the highest numbered lanes so that bit 

#i of every 8-bit block is carried on lane #i (i = 1..8). Each FOIC4.8-DSH lane is synchronous to the 

FlexO-4-DSH (Z=8) frame. 

Each FlexO-4-DSH (Z=8) super-frame contains 4 × 3712 × 49 × 8 = 2910208 bits. Each FOIC4.8-

DSH lane will carry 12.5% of these bits, which are 4 × 3712 × 49 = 363776 bits. 

15.5.3.1 FOIC4.8-DSH lane skew tolerance requirements 

The tolerated skew between lanes in a FOIC4.8-DSH interface signal is at least 180 ns. 

15.5.3.2 FOIC4.8-DSH lane bit rate 

The bit rates and tolerance of the FOIC4.8-DSH lanes are defined in Table 15-10.  

Table 15-10 - FOIC4.8-DSH types and bit rates 

FOIC4.8-DSH lane nominal bit rate Bit -rate tolerance 

49681408/39351685 × 49 766 400 kbit/s ±20 ppm 

NOTE 1 – The nominal FOIC4.8-DSH lane bit rate is approximately: 62 829 960.727 kbit/s.  
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Annex A 

 

Forward error correction using 512 × 510 staircase codes  

(This annex forms an integral part of this Recommendation.) 

Refer to Annex A of [ITU-T G.709.2]. 
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Annex B 

 

Adaptation of 512 × 510 staircase codes to 100G FlexO-1-SC FEC 

(This annex forms an integral part of this Recommendation.) 

Annex A.2 of [ITU-T G.709.2] describes a generic base block that is used to create the 

512 × 510 bit staircase block.  

For generating staircase FEC code words of a 100G FlexO-1-SC signal, this base block will be 

created by mapping the 100G FlexO-1-SC information and FEC bits into it.  

Annex B details these mapping specific aspects. 

B.1 100G FlexO-1-SC bit and SC FEC specific base blocks mapping relationship 

The staircase FEC scheme (with error de-correlator) is specified to operate on base blocks, which 

contain (8×30592) FEC information bits and (8×2048) FEC parity bits.  

The bits of a FBG map into five base blocks. The boundaries of the five information and parity 

blocks within an FBG are illustrated in Figure B.1.  

To compute the FEC parity, the FBG bits in columns 1 to 5140 and the FlexO-1-SC overhead bits 

in columns 5141 to 5485 are mapped into the first 30952 columns of five consecutive base blocks 

as illustrated in Figure B.1.  

The computed FEC parity bits located in the last 2048 columns of five consecutive base blocks are 

mapped into 16384 (out of 16422) parity bits in columns 5141 to 5485 of a FBG.  

The total number of information bits in a FBG is: 

 238×5140 bits = 1,223,320 bit = 5×244,664 = 5× [244,736 – 72] = 5× [(512×478) – 72] 

The 244,664 information bits of Bi-1 in FBG row j+1, column 1 to row j+48, column 3084 (see 

Figure B.1) are mapped to the payload information bits in row 0, column 0 to row 7, column 30519 

(i.e., 30591-72) of Base block 1.   

The 244,664 information bits of Bi in FBG row j+48, column 3085 to row j+96, column 1028 are 

mapped to the payload information bits in row 0, column 0 to row 7, column 30519 of the Base 

block 2. 

The 244,664 payload information bits of Bi+1 in FBG row j+96, column 1029 to row j+143, column 

4112 are mapped to the payload information bits in row 0, column 0 to row 7, column 30519 of the 

Base block 3.  

The 244,664 payload information bits of Bi+2 in FBG row j+143, column 4113 to row j+191, 

column 2056 are mapped to the payload information bits in row 0, column 0 to row 7, column 

30519 of the Base block 4.  

The 244,664 payload information bits of Bi+3 in FBG row j+191, column 2057 to row j+238, 

column 5140 are mapped to the payload information bits in row 0, column 0 to row 7, column 

30519 of the Base block 5.  
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Figure B.1 - 100G FlexO-1-SC bit and SC FEC specific Base Blocks mapping relationship 

The 38 FlexO-1-SC overhead bits in FBG row j+48, columns 5310 to 5347 are mapped to the 

payload information bits in row 7, columns 30520 to 30557 of the Base block 1.  

The 38 FlexO-1-SC overhead bits in FBG row j+96, columns 5172 to 5209 are mapped to the 

payload information bits in row 7, columns 30520 to 30557 of the Base block 2.  

The 38 FlexO-1-SC overhead bits in FBG row j+143, columns 5379 to 5416 are mapped to the 

payload information bits in row 7, columns 30520 to 30557 of the Base block 3.  

The 38 FlexO-1-SC overhead bits in FBG row j+191, columns 5241 to 5278 are mapped to the 

payload information bits in row 7, columns 30520 to 30557 of the Base block 4.  

The 38 FlexO-1-SC overhead bits in FBG row j+238, columns 5448 to 5485 are mapped to the 

payload information bits in row 7, columns 30520 to 30557 of the Base block 5.  

The last 34 bits in row 7, columns 30558 to 30591 of the payload information area of Base blocks 1 

to 5 are always assumed with an all-zero value for the FEC parity calculations and not transported 

by FlexO-1-SC. 

The total number of FEC parity bits in the 238 FlexO-1-SC frame row sequence is: 

 238×345 = 82,110 bit = 5×16,422 = 5× [38 + 16,384] = 5× [38 + (512×32)] 



 

  Rec. ITU-T G.709.3/Y.1331.3 (2018)/Amd.1 (11/2018) 53 

The 16,384 parity bits in row 0, column 30592 to row 7, column 32639 of Base block 1 are mapped 

to the 16,384 parity bits of Bi-2 in FBG row j+1, column 5141 to row j+48, column 5309 (see 

Figure B.1).  

The 16,384 parity bits in row 0, column 30592 to row 7, column 32639 of Base block 2 are mapped 

to the 16,384 parity bits of Bi-1 in FBG row j+48, column 5348 to row j+96, column 5171.  

The 16,384 parity bits in row 0, column 30592 to row 7, column 32639 of Base block 3 are mapped 

to the 16,384 parity bits of Bi in FBG row j+96, column 5210 to row j+143, column 5378.  

The 16,384 parity bits in row 0, column 30592 to row 7, column 32639 of Base block 4 are mapped 

to the 16,384 parity bits of Bi+1 in FBG row j+143, column 5417 to row j+191, column 5240.  

The 16,384 parity bits in row 0, column 30592 to row 7, column 32639 of Base block 5 are mapped 

to the 16,384 parity bits of Bi+2 in FBG row j+191 column 5279 to row j+238, column 5447.  

The bit order of the information bits in columns 1 to 5140 of the FlexO-1-SC frame and the bit 

order of information bits of the 8×30592 bit information base blocks is the same, and is from left-

to-right and top-to-bottom.  

The bit order of the parity bits in columns 5141 to 5485 of the FlexO-1-SC frame and the bit order 

of parity bits of the 8×2048 bit parity base blocks is the same, and is from left-to-right and top-to-

bottom. 

B.2 100G FlexO-1-SC transmitter and receiver SC FEC processing 

Figure B.2 presents a 100G FlexO-1-SC specific version of Figure A.1 from [ITU-T G.709.2]. In 

Figure B.2, the "Input frame without FEC parity", "Output frame with SC FEC parity" and "Output 

frame without FEC parity" blocks within Figure A.1 of [ITU-T G.709.2] are replaced by a "100G 

FlexO-1" block that contains 244,664 information bits, a "FlexO-1-SC" block that contains 

244,664 information, 16384 parity and 38 overhead bits and a "100G FlexO-1' block that contains 

244,664 information bits, respectively. Furthermore, it is illustrated that the first 30592 columns of 

a base block in Figure B.2 contain "32 RES, 6 MBAS and 34 PAD" bits instead of "72 PAD" bits. 

A vector of 244,664 information bits from a FBG is distributed and mapped into the first 30592 

columns of a base block together with 38 overhead (32 RES + 6 MBAS) bits and 34 PAD bits. 

Then the staircase FEC specific transmit side processing is performed and 16,384 parity bits 

become available in the last 2048 columns of a base block. FlexO-1-SC information and overhead 

(32 RES + 6 MBAS) bits plus computed parity bits are then mapped into the 100G FlexO-1-SC 

frame format.  

At the receive side the information, overhead and parity bits in the FlexO-1-SC signal are mapped 

into information and parity areas of base blocks. Then the staircase specific receive side processing 

is performed and decoded information bits are stored in the first 30592 columns of a base block. 

The information bits are then mapped to the 100G FlexO-1 frame format. 
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Figure B.2 - 100G FlexO-1-SC transmitter and receiver SC FEC processing 
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Annex C 

 

Adaptation of 512 × 510 staircase codes to 200G|400G FlexO-x-SC FEC 

(This annex forms an integral part of this Recommendation.) 

Clause A.2 of [ITU-T G.709.2] describes a generic base block that is used to create the 512 × 510 

bit staircase block.  

For generating staircase FEC code words of a 200G|400G FlexO-x-SC signal (x = 2,4), this base 

block will be created by mapping the 200G|400G FlexO-x-SC information and FEC bits into it.  

Annex C details these mapping specific aspects. 

C.1 200G|400G FlexO-x-SC bit and SC FEC specific base blocks mapping relationship 

The staircase FEC scheme (with error de-correlator) is specified to operate on base blocks, which 

contain (8×30592) FEC information bits and (8×2048) FEC parity bits. 

The bits of a FBG map into five base blocks. The boundaries of the five information and parity 

blocks within an FBG are illustrated in Figure C.1. 

To compute the FEC parity, the FBG bits in columns 1 to 10280 and the FlexO-x-SC overhead bits 

in columns 10281 to 10970 are mapped into the first 30952 columns of five consecutive base blocks 

as illustrated in Figure C.1. 

The computed FEC parity bits located in the last 2048 columns of five consecutive base blocks are 

mapped into 16384 (out of 16422) parity bits in columns 10281 to 10970 of a FBG.  

The total number of information bits in the 119 FlexO frame row sequence is: 

 119×10280 bits = 1,223,320 bit = 5×244,664 = 5× [244,736 – 72] = 5× [(512×478) – 72] 

The 244,664 information bits of Bi-1 in FBG row j+1, column 1 to row j+24, column 8224 (see 

Figure C.1) are mapped to the payload information bits in row 0, column 0 to row 7, column 30519 

(i.e., 30591-72) of base block 1. 

The 244,664 information bits of Bi in FBG row j+24, column 8225 to row j+48, column 6184 are 

mapped to the payload information bits in row 0, column 0 to row 7, column 30519 of the base 

block 2. 

The 244,664 payload information bits of Bi+1 in FBG row j+48, column 6185 to row j+72, column 

4112 are mapped to the payload information bits in row 0, column 0 to row 7, column 30519 of the 

base block 3. 

The 244,664 payload information bits of Bi+2 in FBG row j+72, column 4113 to row j+96, column 

2056 are mapped to the payload information bits in row 0, column 0 to row 7, column 30519 of the 

base block 4.  

The 244,664 payload information bits of Bi+3 in FBG row j+96, column 2057 to row j+119, column 

10280 are mapped to the payload information bits in row 0, column 0 to row 7, column 30519 of 

the base block 5. 
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Figure C.1 - 200G|400G FlexO-x-SC bit and SC FEC specific  

base blocks mapping relationship 

The 38 FlexO-x-SC overhead bits in FBG row j+24, columns 10975 to 10832 are mapped to the 

payload information bits in row 7, columns 30520 to 30557 of the base block 1.  

The 38 FlexO-x-SC overhead bits in FBG row j+48, columns 10657 to 10694 are mapped to the 

payload information bits in row 7, columns 30520 to 30557 of the base block 2.  

The 38 FlexO-x-SC overhead bits in FBG row j+72, columns 10519 to 10556 are mapped to the 

payload information bits in row 7, columns 30520 to 30557 of the base block 3.  

The 38 FlexO-x-SC overhead bits in FBG row j+96, columns 10381 to 10418 are mapped to the 

payload information bits in row 7, columns 30520 to 30557 of the base block 4.  

The 38 FlexO-x-SC overhead bits in FBG row j+119, columns 10933 to 10970 are mapped to the 

payload information bits in row 7, columns 30520 to 30557 of the base block 5.  

The last 34 bits in row 7, columns 30558 to 30591 of the payload information area of base blocks 1 

to 5 are always assumed with an all-zero value for the FEC parity calculations and not transported 

by FlexO-x-SC. 

The total number of FEC parity bits in the 238 FlexO frame row sequence is: 

 119×690 = 82,110 bit = 5×16,422 = 5× [38 + 16,384] = 5× [38 + (512×32)] 
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The 16,384 parity bits in row 0, column 30592 to row 7, column 32639 of base block 1 are mapped 

to the 16,384 parity bits of Bi-2 in FBG row j+1, column 10281 to row j+24, column 10794 (see 

Figure C.1). 

The 16,384 parity bits in row 0, column 30592 to row 7, column 32639 of base block 2 are mapped 

to the 16,384 parity bits of Bi-1 in FBG row j+24, column 10833 to row j+48, column 10656. 

The 16,384 parity bits in row 0, column 30592 to row 7, column 32639 of base block 3 are mapped 

to the 16,384 parity bits of Bi in FBG row j+48, column 10695 to row j+72, column 10518. 

The 16,384 parity bits in row 0, column 30592 to row 7, column 32639 of base block 4 are mapped 

to the 16,384 parity bits of Bi+1 in FBG row j+72, column 10557 to row j+96, column 10380. 

The 16,384 parity bits in row 0, column 30592 to row 7, column 32639 of base block 5 are mapped 

to the 16,384 parity bits of Bi+2 in FBG row j+96 column 10419 to row j+119, column 10932. 

The bit order of the information bits in columns 1 to 10280 of the FlexO-x-SC frame and the bit 

order of information bits of the 8×30592 bit information base blocks is the same, and is from left-

to-right and top-to-bottom. 

The bit order of the parity bits in columns 10281 to 10970 of the FlexO-x-SC frame and the bit 

order of parity bits of the 8×2048 bit parity base blocks is the same, and is from left-to-right and 

top-to-bottom. 

C.2 200G|400G FlexO-x-SC transmitter and receiver SC FEC processing 

Figure C.2 presents a 200G|400G FlexO-x-SC (x = 2,4) specific version of Figure A.1 [ITU-T 

G.709.2]. In Figure C.2, the "Input frame without FEC parity", "Output frame with SC FEC parity" 

and "Output frame without FEC parity" blocks within Figure A.1 [ITU-T G.709.2] are replaced by a 

"200G|400G FlexO-x (x=2,4)" block that contains 244,664 information bits, a "200G|400G FlexO-

x-SC (x=2,4)" block that contains 244,664 information, 16384 parity and 38 overhead bits and a 

"200G|400G FlexO-x" block that contains 244,664 information bits, respectively. Furthermore, it is 

illustrated that the first 30592 columns of a base block in Figure C.2 contain "32 RES, 6 MBAS and 

34 PAD" bits instead of "72 PAD" bits. 

A vector of 244,664 information bits from a FBG is distributed and mapped into the first 30592 

columns of a base block together with 38 overhead (32 RES + 6 MBAS) bits and 34 PAD bits. 

Then the staircase FEC specific transmit side processing is performed and 16,384 parity bits 

become available in the last 2048 columns of a base block. FlexO-x-SC information and overhead 

(32 RES + 6 MBAS) bits plus computed parity bits are then mapped into the 200G|400G FlexO-x-

SC frame format.  

At the receive side the information, overhead and parity bits in the 200G|400G FlexO-x-SC signal 

are mapped into information and parity areas of base blocks. Then the staircase specific receive side 

processing is performed and decoded information bits are stored in the first 30592 columns of a 

base block. The information bits are then mapped to the 200G|400G FlexO-x frame format. 
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Figure C.2 - 200G|400G FlexO-x-SC transmitter and receiver SC FEC processing 
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Annex D 

 

Forward error correc tion using 10976 × 128 Hamming soft decision codes  

(This annex forms an integral part of this Recommendation.) 

D.1 Forward error correction code 

The forward error correction for the FlexO-x-DSH uses a systematic (128,119) double-extended 

Hamming code. 

For FEC processing, the FBG and 714 bit PAD block structure is separated into 119-bit sub-blocks 

as shown in Figures 15-10 and 15-11. The 9 FEC parity check bits are calculated over the 

information bits 1 to 119 of each sub-block and appended to the 119 bit blocks as bits 120 to 128 as 

shown in Figure D.1 and Figure 15-3. 
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Figure D.1 - (119 + 9)-bit Hamming SD FEC blocks 

The systematic double-extended Hamming code is most naturally defined in terms of its parity-

check matrix. Consider the function Ὣ which maps an integer Ὥȟπ Ὥ ρςχȟ to the column vector 

  ὫὭ

ụ
Ụ
Ụ
Ụ
Ụ
ợ
ίȟ
ίȟ
ể
ίȟ
ίȟ
ρỨ
ủ
ủ
ủ
ủ
Ủ

, 

where Ὥ φτίȟ σςίȟ Ễ ςίȟ ίȟ, and 

  ίȟ ίȟ ί᷈ȟ ᷉ίȟ ί᷈ȟ ί᷈ȟ ᷉ίȟ ί᷈ȟ ί᷈ȟ . 

The parity-check matrix is then a 9×128 binary matrix: 

Ὄ ὫπȡὫφςȟὫφτȡὫωτȟὫωφȡὫρρπȟὫρρςȡὫρρψȟὫρςπȟὫρςςȟὫρςτ, 

ὫφσȟὫωυȟὫρρρȟὫρρωȟὫρςρȟὫρςσȟὫρςυȡὫρςχ 

where g(a):g(b) represents [g(a),g(a+1),g(a+2),…,g(b)].  

To obtain the encoder matrix Ὃ, we calculate  

ὖ ὄὫπȡὫφςȟὫφτȡὫωτȟὫωφȡὫρρπȟὫρρςȡὫρρψȟὫρςπȟὫρςςȟὫρςτ, 

where: 

  B=  ὫφσȟὫωυȟὫρρρȟὫρρωȟὫρςρȟὫρςσȟὫρςυȡὫρςχ . 

Finally, the generator matrix of the Hamming code is 

  Ὃ ὍȠὖ , 

and a 119-bit message ὦ ὦȟὦȟȣȟὦ  is encoded to the 128-bit codeword  

  ὧ ὧȟὧȟȣȟὧ ὦὋ. 
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Appendix I 

 

Example applications 

(This appendix does not form an integral part of this Recommendation.) 

FlexO-x-<fec> (<fec> = SC or DSH) SC group interfaces can be used for a variety of applications.  

Example applications for a FlexO-x-SC-m interface group are shown in Figure I.1 and Figure I.2. 

Such an interface group might represent an OTN handoff between router (R) and transport (T) 

nodes within one administrative domain, or could be a handoff between OTN equipment of 

different vendors in one administrative domain.  

Optical transport networks are typically subdivided into metro and core where the core 

interconnects metro networks. Transport services may stay in one metro network or they may 

extend over different ones. In the latter case they may be passed through the core network. 

Network elements in the metro network play different roles such as metro/core gateway, edge 

towards customer and transit nodes. The customer facing functions lead to some diversity of client 

interfaces. Network elements from different vendors may be used to serve this broad scope of 

functions. FlexO-LR interfaces could be used to interconnect network elements of different vendors 

or the same vendor. 

Figure I.1 illustrates an OTN core network with associated metro networks. The figure shows:  

– OTN ODU cross connect nodes with electrical switch fabric (labelled EXC) of vendor Z or 

X interconnected with EXC of vendor X using a FlexO-x-<fec>SC-m interface group 

– packet switching nodes (labelled Router) of vendor Z interconnected with the router of 

vendor X using a FlexO-x-<fec>SC-m interface group 

– interconnection of the above EXC or router nodes through a metro OTN network  

– interconnection of the above EXC or router nodes, establishing a path over which the OCh 

or OTSiA overhead can be exchanged as specified in [ITU-T G.872], [ITU-T G.709] and 

[b-ITU-T G.7712] enabling end-to-end optical path monitoring 

– interconnection in backbone/core network is also possible if the FlexO-x-<fec>SC FEC is 

adequate 

Details of the optical path passed by the FlexO-x-<fec>SC signals are defined in [ITU-T G.698.2]. 
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Figure I.1 ï Example FlexO-x-SC-m deployments in one administrative domain 

Figure I.2 illustrates interconnection of the EXC or router nodes through a set of m point-to-point 

fibres, establishing an inter-domain group interface beyond the distances supported by the FlexO-x-

RS-m specified in [ITU-T G.709.1] and [b-ITU-T G.959.1]. 
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Figure I.2 ï Example FlexO-x-SC-m deployments establishing an inter-domain group 

interface beyond the distances supported by the FlexO-x-RS-m 

  



 

64 Rec. ITU-T G.709.3/Y.1331.3 (2018)/Amd.1 (11/2018) 

Appendix II  

 

Error correction capability of the (128,119) Hamming soft decision code 

combined with the 512 × 510 staircase code 

(This appendix does not form an integral part of this Recommendation.) 

Based on the terms and definitions given in clause 7 of [ITU-T G.975.1], Tables II.1 and II.2 show 

the achievable results for lower power implementations of the (128,119) Hamming soft decision 

code (with a single iteration decoder) combined with the 512 × 510 staircase code (with the hard-

decision decoder described in [ITU-T G.709.2]), for QPSK and 16QAM modulations. Non-shaded 

rows contain measured data, while shaded rows contain extrapolated data based on simulations.  

Different decoder implementations may achieve different results. For example, decoder techniques 

are known that achieve higher net coding gain at the expense of more power dissipation. 

The net coding gain values provided below are intended as guidance. The normative application 

requirements are expected to be captured in a future edition of [ITU-T G.698.2]. 

Table II .1 ï Error correcting capability of the (128,119) Hamming code plus 512 × 510 

staircase code, QPSK modulation 

Input BER Output BER Net coding gain (dB) Coding gain (dB) Q-limit (dB)  

1.250 ³ 10–2 10–9 7.95 8.55 7.010 

1.245 ³ 10–2 10–10 8.45 9.05 7.017 

1.239 ³ 10–2 10–11 8.91 9.51 7.023 

1.234 ³ 10–2 10–12 9.32 9.91 7.030 

1.228 ³ 10–2 10–13 9.69 10.29 7.037 

1.222 ³ 10–2 10–14 10.03 10.63 7.043 

1.217 ³ 10–2 10–15 10.35 10.95 7.050 

Table II.2 ï Error correcting capability of the (128,119) Hamming code plus 512 × 510 

staircase code, 16QAM modulation 

Input BER Output BER Net coding gain (dB) Coding gain (dB) 

1.272 ³ 10–2 10–9 8.36 8.96 

1.266 ³ 10–2 10–10 8.87 9.47 

1.260 ³ 10–2 10–11 9.33 9.93 

1.253 ³ 10–2 10–12 9.74 10.34 

1.247 ³ 10–2 10–13 10.12 10.71 

1.241 ³ 10–2 10–14 10.46 11.06 

1.234 ³ 10–2 10–15 10.78 11.38 

The Flaring threshold is < 1×10-22. 

The latency of the convolutional interleaver is 7140 bits. The latency of the Hamming 

encoder/decoder pair is 128 bits. 
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