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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. 
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Introduction 

This Recommendation forms part of a suite of Recommendations covering the full functionality of 

network equipment and follows the principles defined in [ITU-T G.806]. 

This Recommendation specifies a library of basic building blocks and a set of rules by which they 

may be combined to describe equipment used in a metro transport network. The library comprises the 

functional building blocks needed to specify completely the generic functional structure of the metro 

transport network. In order to be compliant with this Recommendation, the MTN functionality of any 

equipment which processes at least one of the MTN layers needs to be describable as an 

interconnection of a subset of the functional blocks contained within this Recommendation. The 

interconnections of these blocks should obey the combination rules given. 

The specification method is based on the functional decomposition of the equipment into atomic and 

compound functions. The equipment is then described by its equipment functional specification (EFS) 

which lists the constituent atomic and compound functions, their interconnection and any overall 

performance objectives (e.g., transfer delay, availability, etc.). 
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Recommendation ITU-T G.8321 

Characteristics of metro transport network 

equipment functional blocks 

1 Scope 

This Recommendation defines the functional requirements of metro transport network (MTN) 

functionality within equipment.  

This Recommendation uses the methodology defined in [ITU-T G.806], in general for transport 

network equipment, and is based on the architecture of MTN defined in [ITU-T G.8310] and the 

interfaces for metro transport networks defined in [ITU-T G.8312]. The description of the functional 

blocks will be generic and no particular physical partitioning of functions will be implied. The 

input/output information flows associated with the functional blocks serve for defining the functions 

of the blocks and are conceptual, not physical. 

The functionality that will be defined in this Recommendation can be applied at user-to-network 

interfaces (UNIs) and network node interfaces (NNIs) of the metro transport network. Additionally, 

the overhead processing functionality necessary for operations and management of the metro 

transport network will also be defined.  

Not every functional block defined in this Recommendation is required for every application. 

Different subsets of functional blocks from this Recommendation and similar Recommendations may 

be assembled in different ways according to the combination rules given in these Recommendations 

to provide a variety of different capabilities. Network operators and equipment suppliers may choose 

which functions must be implemented for each application. 

The internal structure of the implementation of this functionality (equipment design) need not be 

identical to the structure of the functional model, as long as all the details of the externally observable 

behaviour comply with the equipment functional specification (EFS). 

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.805] Recommendation ITU-T G.805 (2000), Generic functional architecture of 

transport networks. 

[ITU-T G.806] Recommendation ITU-T G.806 (2012), Characteristics of transport equipment 

– description methodology and generic functionality. 

[ITU-T G.809] Recommendation ITU-T G.809 (2003), Functional architecture of 

connectionless layer networks. 

[ITU-T G.7712] Recommendation ITU-T G.7712/Y.1703 (2019), Architecture and 

specification of data communication network. 

[ITU-T G.8021] Recommendation ITU-T G.8021/Y.1341 (2022), Characteristics of Ethernet 

transport network equipment functional blocks. 
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[ITU-T G.8023] Recommendation ITU-T G.8023 (2018), Characteristics of equipment 

functional blocks supporting ethernet physical layer and Flex Ethernet 

interfaces. 

[ITU-T G.8310] Recommendation ITU-T G.8310 (2020), Architecture of the metro transport 

network. 

[ITU-T G.8312] Recommendation ITU-T G.8312 (2020), Interfaces for metro transport 

networks. 

[ITU-T G.8331] Recommendation ITU-T G.8331 (2022), Metro transport network  linear 

protection. 

[ITU-T G.8350] Recommendation ITU-T G.8350 (2022), Management and control for metro 

transport networks. 

[IEEE 802.3] IEEE 802.3-2022, IEEE Standard for Ethernet. 

3 Definitions 

3.1 Terms defined elsewhere 

This Recommendation uses the following terms defined elsewhere: 

3.1.1 100GBASE-R [IEEE 802.3] 

3.1.2 200GBASE-R [IEEE 802.3] 

3.1.3 400GBASE-R [IEEE 802.3] 

3.1.4 50GBASE-R [IEEE 802.3] 

3.1.5 access point (AP) [ITU-T G.805] 

3.1.6 adaptation function (A) [ITU-T G.806] 

3.1.7 adapted information (AI) [ITU-T G.806] 

3.1.8 characteristic information (CI) [ITU-T G.806] 

3.1.9 connection function (C) [ITU-T G.806] 

3.1.10 connection point (CP) [ITU-T G.806] 

3.1.11 defect [ITU-T G.806] 

3.1.12 fault cause [ITU-T G.806] 

3.1.13 FlexE [ITU-T G.8312] 

3.1.14 FlexE group[ITU-T G.8023] 

3.1.15 FlexE instance [ITU-T G.8312] 

3.1.16 function [ITU-T G.806] 

3.1.17 flow point [ITU-T G.809] 

3.1.18 MAC frame [IEEE 802.3] 

3.1.19 management information (MI) [ITU-T G.806] 

3.1.20 management point (MP) [ITU-T G.806] 

3.1.21 ordered set [IEEE 802.3] 

3.1.22 path [ITU-T G.806] 

3.1.23 physical coding sublayer (PCS) [IEEE 802.3] 
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3.1.24 physical layer entity (PHY) [IEEE 802.3] 

3.1.25 process [ITU-T G.806] 

3.1.26 reconciliation sublayer [IEEE 802.3] 

3.1.27 remote information (RI) [ITU-T G.806] 

3.1.28 remote point (RP) [ITU-T G.806] 

3.1.29 section [ITU-T G.806] 

3.1.30 server signal degrade (SSD) [ITU-T G.806] 

3.1.31 server signal fail (SSF) [ITU-T G.806] 

3.1.32 termination connection point (TCP) [ITU-T G.806] 

3.1.33 termination flow point [ITU-T G.809] 

3.1.34 trail signal degrade (TSD) [ITU-T G.806] 

3.1.35 trail signal fail (TSF) [ITU-T G.806] 

3.1.36 trail termination function (TT) [ITU-T G.806] 

3.2 Terms defined in this Recommendation 

This Recommendation defines the following terms: 

3.2.1 B1 block: MTNP OAM block carrying a basic message and preceding the APS message 

opportunity, with SoM bit set to 1 and EoM bit set to 0 as defined in clause 9.3.1.1 of [ITU-T G.8312]. 

3.2.2 B2 block: MTNP OAM block carrying a Basic message and preceding the Low Priority 

message opportunity, with SoM bit set to 0 and EoM bit set to 1 as defined in clause 9.3.1.1 of 

[ITU-T G.8312]. 

4 Abbreviations and acronyms 

This Recommendation uses the following abbreviations and acronyms: 

1DM one-way Delay Measurement 

2DMM two-way Delay Measurement 

2DMR two-way Delay Measurement Response 

A Adaptation function 

AcCA Accepted Calendar switch Acknowledge 

AcCC Accepted Calendar Configuration in use 

AcCCA Accepted Client Calendar A 

AcCCB Accepted Client Calendar B 

AcCR Accepted Calendar switch Request 

AcFlexEMAP Accepted FlexE instance Map 

AcGID Accepted Group Identification 

AcIID Accepted Instance Identification 

AcPT Accepted Payload Type 

AcTI Accepted Trail trace Identifier 

AI Adapted Information 
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AIS Alarm Indication Signal 

AP Access Point 

APS Automatic Protection Switching 

BIP Bit-Interleaved Parity 

BIPV Bit-Interleaved Parity Violation 

C Connection function 

C Calendar configuration in use 

CA Calendar switch Acknowledge 

CCA Client Calendar A 

CCB Client Calendar B 

CCM Client Calendar Mismatch 

CI Characteristic Information 

CK Clock 

COMMS Communications channel 

CP Connection Point 

CR Calendar switch Request 

CRC Cyclic Redundancy Check 

CS Client Signal 

CV Connectivity Verification 

D Data 

DAPI Destination Access Point Identifier 

DE Drop Eligibility 

DEG Degraded 

DEGM Degraded defect consecutive one-second Monitoring intervals 

DEGThr Degraded defect one-second errored block count Threshold 

DM Delay Measurement 

DS Defect Second 

EBC Errored Block Count 

ECC Embedded Communication Channel 

EFS Equipment Functional Specification 

EMF Equipment Management Function 

EN Enabled 

EoM End of Message 

ETH Ethernet MAC layer 

ETHF Ethernet Flow 

ETHTF Ethernet Termination Flow 

ExCC Expected Calendar Configuration in use 
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ExCCA Expected Client Calendar A 

ExCCB Expected Client Calendar B 

ExDAPI Expected Destination Access Point Identifier 

ExFlexEMAP Expected FlexE instance Map 

ExGID Expected GID 

ExSAPI Expected SAPI 

ExtCMD External Command 

F Far-end 

F_B Far-end Block 

F_DS Far-end Defect Second 

F_EBC Far-end Errored Block Count 

FCS Frame Check Sequence 

FD Frame Delay 

FlexE Flex Ethernet 

FMM FlexE instance Map Mismatch 

FOP Failure Of Protocol 

FOP-NR Failure Of Protocol No Responce 

FOP-PM Failure Of Protocol Provisioning Mismatch 

FOP-TO Failure Of Protocol Time Out 

FS Frame Start 

GID Group Identification 

GIDM Group Identification Mismatch 

HoTime Hold-off Time 

IBA In-Basic-block-Alignment 

IF In-Frame 

IID Instance Identification 

IL In-Lock 

ILA In-multiLane-Alignment 

IM In-Multiframe 

IPG Inter-Packet Gap 

LF Local Fault 

LLDP Link Layer Discovery Protocol 

LOB Loss Of Basic message 

LOCS Loss Of CS message 

LOCV Loss Of CV message 

LOF Loss Of FlexE overhead Frame 

LOL Loss Of Lane alignment 
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LOM Loss of FlexE overhead Multi-frame 

M-AI Modulator Adapted Information 

MCC Management Communication Channel 

MFS Multi-Frame Start 

MI Management Information 

MP Management Point 

MTN Metro Transport Network 

MTNP MTN Path 

MTNS MTN Section 

N Near-end 

N_B Near-end Block 

N_DS Near-end Defect Second 

N_EBC Near-end Errored Block Count 

NNI Network Node Interface 

NR No Response 

OAM Operations, Administration, and Maintenance 

OCI Open Connection Indication 

OH Overhead 

OLA Out-of-multilane-Alignment 

OMF Overhead Multi-frame Indicator 

OMFS Overhead Multi-Frame Start 

OoBA Out-of-Basic-block-Alignment 

OOF Out-Of-Frame 

OOL Out-Of-lock 

OOM Out-Of-Multiframe 

OperType Operation Type 

PCS Physical Coding Sublayer 

PHY Physical layer entity 

PI replication Information 

PLM Payload Mismatch 

PMA Physical Medium Attachment 

PMD Physical Medium Dependent 

PM Provisioning Mismatch 

PP replication Point 

ProtType Protection Type 

PT Payload type 

RDI Remote Defect Indication 
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REI Remote Error Indication 

RES Reserved 

RI Remote Information 

RP Remote Point 

RPF Remote PHY Fault 

SAPI Source Access Point Identifier 

SD Signal Degrade 

SoM Start of Message 

SSD Server Signal Degrade 

SSF Server Signal Fail 

TCP Termination Connection Point 

TI Timing Information 

TIM Trail trace Identifier Mismatch 

TIMActDis Trail trace Identifier Mismatch consequent Actions Disabled 

TIMDetMo Trail trace Identifier Mismatch Detection Mode 

TO Time Out 

TP Timing Point 

TSF Trail Signal Fail 

TT Trail Termination function 

TTI Trail Trace Identifier 

WTR Wait-To-Restore 

5 Conventions 

For the basic methodology to describe transport network functionality of network elements, refer to 

clause 5 of [ITU-T G.806]. 

The convention MI_[IEEE 802.3] is used to indicate the MI_ input/output signals required to map the 

management attributes, defined in clause 30 of [IEEE 802.3], for the [IEEE 802.3] processes 

supported by an adaptation function. Their detailed definition is intentionally left outside the scope 

of this Recommendation. 

The label [IEEE 802.3] processes is used in multiple process diagrams to refer to processes performed 

by an adaptation function that are defined in [IEEE 802.3]. The processes referenced may encompass 

the entire 802.3 PHY, or only some of the sublayers of the PHY, depending on the nature of the 

specific adaptation function. The text that accompanies the process diagrams clarifies which portions 

of the PHY are being referenced. 

6 Supervision 

The generic supervision functions are defined in clause 6 of [ITU-T G.806]. Specific supervision 

functions for the MTN are defined in this clause. 
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6.1 Defects 

6.1.1 Continuity supervision 

6.1.1.1 Open connection indication defect (dOCI) 

Open connection indication defect (dOCI) is monitored at the MTNP layer and indicates that an 

output connection point in an upstream connection function is not connected to an input connection 

point, and therefore there is no MTNP network connection.  

For dOCI detection, the defect activation threshold is N and the defect clearing threshold is M. If 

more than N /E/ blocks are received within an interval I of 66B blocks, dOCI is declared; If less than 

M /E/ blocks are received within an interval I of 66B blocks, dOCI is cleared. N shall be 6144, M 

shall be 128 and I shall be 8192. 

dOCI shall be set to false during CI_SSF. 

6.1.2 Connectivity supervision 

6.1.2.1 Trail trace identifier mismatch defect (dTIM) 

The TTI mismatch process reports the trail trace identifier mismatch defect (dTIM). The TTI consists 

of SAPI and DAPI fields. The received and expected values of SAPI, DAPI, or both are compared 

based on the setting of MI_TIMDetMo. The specific fields compared are determined by 

MI_TIMDetMo. When the value of MI_TIMDetMo is set to OFF, there is no TIM detection. 

dTIM shall be declared if the comparison of AcTI is inconsistent with the expected SAPI/DAPI values 

set via the MP (MI_ExSAPI/DAPI).  

dTIM shall be cleared if the comparison of AcTI is equal to the expected SAPI/DAPI values set via 

the MP (MI_ExSAPI/DAPI).  

dTIM shall be set to false during CI_SSF. 

For TTI acceptance process (AcTI), see clause 8.1.5. 

6.1.2.2 Group ID Mismatch (dGIDM) 

As described in clause 9.2.2 of [ITU-T G.8312], the MTNS is based on a FlexE Group. To 

differentiate between multiple FlexE Groups on a node, each Group has an ID. The Group ID 

Mismatch defect indicates that one or more members of the group has an incorrect ID. 

dGIDM shall be declared if the accepted GID (AcGID) of any of the group member interfaces is not 

equal to the expected GID (ExGID). 

dGIDM shall be cleared if the accepted GID of all group member interfaces is equal to the expected 

GID. 

dGIDM shall be detected within 100 ms of changes to the AcGID. 

For GID acceptance process (AcGID), see clause 8.2.1.1. 

6.1.2.3 MTNS FlexE instance Map Mismatch (dFMM) 

MTNS FlexE instance Map mismatch defect of a group of m PHYs carrying p FlexE instances is 

based on the comparison of the p AcFlexEMAP values, the p AcIID values and the expected FlexE 

Map (ExFlexEMAP). 

dFMM shall be cleared if 

– the AcFlexEMAP value of each instance matches the value of ExFlexEMAP, 

– each value of AcIID has the corresponding bit set in ExFlexEMAP, 

– every AcIID value is unique.  
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Otherwise, dFMM shall be declared. 

dFMM shall be detected within 100 ms of changes to the AcFlexEMAP[1..p] or AcIID[1..p] values. 

For IID acceptance process (AcIID), see clause 8.2.1.2. 

For MTNS FlexE instance Map acceptance process (AcFlexEMAP), see clause 8.2.1.3 (in case of 

100G FlexE instances) or clause 8.2.1.4 (in case of 50G FlexE instances). 

6.1.2.4 Loss of CV message defect (dLOCV) 

Loss of CV message defect (dLOCV) is monitored at the MTNP layer. 

dLOCV shall be declared if no CV message has been accepted within N (N is equal to 3) consecutive 

low priority opportunity patterns specified in Table 8-3 of [ITU-T G.8312]. 

dLOCV shall be cleared if the CV message is accepted. 

For the CV message acceptance process, see clause 8.1.4. 

6.1.3 Signal quality supervision 

6.1.3.1 Degraded signal defect (dDEG)  

The algorithm for the MTNP dDEG detection is defined in clause 6.2.3.1.2 of [ITU-T G.806]. The 

"block" in ITU-T G.806 is referring to the nominal n × 32K 66B blocks that compose a monitoring 

interval. 

6.1.4 Payload type supervision  

6.1.4.1 Payload mismatch defect (dPLM) 

dPLM shall be declared if the accepted payload type (AcPT) is not equal to the expected payload type 

(ExPT) as defined by the specific adaptation function.  

dPLM shall be cleared if the accepted payload type is equal to the expected payload type(s), as defined 

by the specific adaptation function. 

For the payload type acceptance process, see clause 8.1.6. 

6.1.4.2 Loss of CS message defect (dLOCS) 

Loss of CS message defect (dLOCS) is monitored at the MTNP layer. 

dLOCS shall be declared if no CS message has been accepted within N (N is equal to 3) consecutive 

low priority opportunity patterns specified in Table 8-3 of [ITU-T G.8312]. 

dLOCS shall be cleared if the CS message is accepted. 

For the CS message acceptance process, see clause 8.1.4. 

6.1.5 Alignment supervision  

6.1.5.1 MTNS overhead Loss of Frame defect (dLOF) 

MTNS FlexE instance overhead dLOF is generated based on the state of the frame alignment process 

defined in clause 8.2.2.2. 

dLOF shall be declared if the FlexE instance overhead frame alignment process is in the out-of-frame 

(OOF) or in the PAD out-of-lock state (OOL). 

dLOF shall be cleared when entering the in-frame (IF) state and the PAD in-lock (IL) state. 

6.1.5.2 MTNS overhead Loss of Multi-frame defect (dLOM) 

MTNS FlexE instance overhead dLOM is generated based on the state of the multi-frame alignment 

process defined in clause 8.2.2.3 for 100G FlexE instance or clause 8.2.2.4 for 50G FlexE instance. 
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dLOM shall be declared if the multi-frame alignment process is in the out-of-multiframe (OOM) 

state. 

dLOM shall be cleared immediately when the multi-frame alignment process is in the in-multiframe 

(IM) state. 

6.1.5.3 Loss of Basic message defect (dLOB) 

Loss of Basic message defect dLOB is generated based on the state of the MTN path OAM Basic 

block alignment process defined in clause 8.1.3. 

dLOB shall be declared if the MTN path OAM Basic block alignment is in the out-of-basic-block-

alignment (OoBA) state. 

dLOB shall be cleared when the MTN path OAM Basic block alignment is in the in-basic-block-

alignment (IBA) state. 

6.1.6 Protocol supervision 

6.1.6.1 Client Calendar Mismatch defect (dCCM[j]) 

MTNS overhead defines calendar management as described in clause 9.2.3 of [ITU-T G.8312].  

Client Calendar Mismatch defect is defined for each MTN path layer signal which is mapped into 

calendar slot in MTNS frame. 

The dCCM defect for MTNP tributaries is based on comparing the AcCC/AcCCA/AcCCB and 

ExCC/ExCCA/ExCCB of all FlexE instances extracted from the MTNS. dCCM shall be detected for 

each MTNP. The index j ranges from 1 to p and denotes the MTNP tributary port. 

Upon accepting a new AcCC/AcCCA/AcCCB value for all FlexE instances the nCCM anomalies for 

all tributary ports are initialized to false. The AcCC/AcCCA/AcCCB are then compared to the 

ExCC/ExCCA/ExCCB for all FlexE instances. 

When AcCC is equal to ExCC and both are equal to '0', for each case where the AcCCA/and ExCCA 

values pertaining to the same calendar slot are not equal, 

a) if the calendar slot is allocated in the ExCCA value, the nCCManomaly of the tributary port 

subfield of the ExCCA value is set; 

b) if the calendar slot is allocated in the AcCCA value, the nCCManomaly of the tributary port 

subfield of the AcCCA value is set. 

When AcCC is equal to ExCC and both are equal to '1', for each case where the AcCCB/and ExCCB 

values pertaining to the same calendar slot are not equal, 

a) if the calendar slot is allocated in the ExCCB value, the nCCManomaly of the tributary port 

subfield of the ExCCB value is set; 

b) if the calendar slot is allocated in the AcCCB value, the nCCManomaly of the tributary port 

subfield of the AcCCB value is set. 

The dCCM defect of each tributary port shall be set to the corresponding nCCM anomaly. 
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for trib_port = 1 to number_of_trib_ports 

 nCCM[trib_port] = false 

for FlexE = 1 to number_of_instances 

for trib_slot = 1 to number_of_trib_slots 

if AcCC == '0' and ExCC == '0' 

   if AcCCA[FlexE][trib_slot] != ExCCA[FlexE][trib_slot] 

     if ExCCA[FlexE][trib_slot].allocated 

      nCCM[ ExCCA[trib_slot].trib_port ] = true 

     if AcCCA[FlexE][trib_slot].allocated 

      nCCM[ AcCCA[trib_slot].trib_port ] = true 

else if AcCC == '1' and ExCC == '1' 

   if AcCCB[FlexE][trib_slot] != ExCCB[FlexE][trib_slot] 

     if ExCCB[FlexE][trib_slot].allocated 

      nCCM[ ExCCB[trib_slot].trib_port ] = true 

     if AcCCB[FlexE][trib_slot].allocated 

      nCCM[ AcCCB[trib_slot].trib_port ] = true 

for trib_port = 1 to number_of_trib_ports 

 dCCM[trib_port] = nCCM[trib_port] 

6.1.6.2 Protection protocol supervision 

For linear protection, the failure of protocol defects are applied in the case of a bidirectional protection 

switching operation, where the coordination between the two ends is needed. 

According to clause 8.18 in [ITU-T G.8331], the following failure of protocol defects (dFOPs) are 

defined: 

a) dFOP-PM that detects fully incompatible provisioning. It detects "B" bit mismatch, as 

described in clause 8.7 in [ITU-T G.8331]; 

b) dFOP-NR that detects mismatch in sent "Requested Signal" and received "Requested Signal" 

in case of bidirectional switching for > 50 ms. 

c) dFOP-TO that detects three consecutive APS messages are not received when there are no 

defects on the protection transport entity.  

6.1.7 Maintenance signal supervision 

6.1.7.1 Alarm indication signal defect (dAIS) 

The alarm indication signal defect (dAIS) is detected at the MTNP layer. It monitors the presence of 

the AIS maintenance signal.  

As described in clause10.2.1 of [ITU-T G.8312], MTNP AIS is indicated with continuous LF 66B 

blocks. Due to the possible insertion of IDLE blocks in intermediate nodes, the received LF 66B 

ordered set blocks may not be necessarily continuous.  

dAIS shall be declared if more than 4 LF blocks are received within an interval of 128 66B blocks. 

dAIS shall be cleared if no LF block is received within an interval of 128 66B blocks (and no 

intervening other fault ordered set). 
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6.1.7.2 Remote defect indicator defect (dRDI) 

The remote defect indicator defect (dRDI) is detected at the MTNP layer. It monitors the presence of 

the RDI maintenance signal. 

dRDI shall be declared if the RDI bit in 3 consecutive basic messages is "1". 

dRDI shall be cleared if RDI bit in 5 consecutive received basic messages is "0".  

During CI_SSF, dRDI shall be set to false.. 

6.1.7.3 Remote PHY Fault defect (dRPF) 

The remote PHY Fault defect (dRPF) is detected at the MTNS layer. It monitors the presence of the 

RPF signal. 

dRPF shall be declared if the extracted RPF is "1" in an overhead frame with good CRC. 

dRPF shall be cleared if the extracted RPF returns to "0" in an overhead frame with good CRC.  

6.2 Consequent actions 

For consequent actions, see [ITU-T G.806] and the specific atomic functions. 

6.3 Defect correlations 

For the defect correlations, see the specific atomic functions. 

6.4 Performance filters 

6.4.1 One-second performance monitoring filters associated with counts 

6.4.1.1 Errored block count (EBC) 

The one-second performance monitoring filters pN_EBC and pF_EBC are defined in clause 6.5 of 

[ITU-T G.806]. For the application of these filters, see the specific atomic functions. 

During signal fail conditions of the data signal, no errored blocks shall be counted. For details on the 

signal fail conditions, see the specific atomic functions. 

NOTE – The "block" here is referring to the nominal n × 32K 66B blocks that compose a monitoring interval. 

6.4.1.2 Defect second (DS) 

The one-second performance monitoring filters pN_DS and pF_DS are defined in clause 6.5 of 

[ITU-T G.806]. For the application of these filters, see the specific atomic functions. 

7 Information flow across reference points 

See clause 7 of [ITU-T G.806] for a generic description of information flow. For the MTN-specific 

information flow, see the description of the functions in clauses 9 and following. 

8 MTN processes 

Generic processes are defined in clause 8 of [ITU-T G.806]. This clause defines the specific process 

for the MTN. 

8.1 Processes for MTN Path layer 

8.1.1 OAM block signature insertion process 

The OAM block signature (i.e., ordered set block pattern) is inserted into the corresponding fields of 

the 66B OAM block. The ordered set block pattern is defined by the pattern "10" in bits 0 to 1 (i.e., 

the sync header), the pattern "0x4B" in bits 2 to 9 (i.e., the control block type), the pattern "0xC" in 
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bits 34 to 37 (i.e., the "O" code) and the pattern all-zeros in bits 38 to 65 as described in clause 8.2.3 

of [ITU-T G.8312]. 

8.1.2 OAM block acceptance process 

As defined in clause 8.3 of [ITU-T G.8312], a received MTNP OAM block will arrive in a range of 

blocks centred around the nominal insertion point with a deviation caused by delaying the actual 

insertion point to the first available IPG and the insertion or removal of idles for rate compensation. 

The behaviour is not specified for OAM blocks received outside this range. 

NOTE – The range is ± 2*1130 blocks (for jumbo frames) + the effect of rate compensation. For example, the 

range is ± (2260 + 230n) blocks for a 20 hop connection where n is number of calendar slots. 

OAM blocks are identified based on the pattern "10" in bits 0 to 1 (i.e., the sync header), the pattern 

"0x4B" in bits 2 to 9 (i.e., the control block type), the pattern "0xC" in bits 34 to 37 (i.e., the "O" 

code), and the pattern all-zeros in bits 38 to 65, as described in clause 8.4 of [ITU-T G.8312]. 

A MTNP OAM block must be accepted and processed if the following criteria are satisfied: 

1) The receiver is in alignment with the BABL insertion opportunity pattern defined in 

Figure 8-9 of [ITU-T G.8312]. 

2) The MTNP OAM message block appears within the expected range provided by the BABL 

alignment process. 

8.1.3 MTN Path OAM Basic block alignment 

The MTN Path OAM Basic block alignment shall be found by searching for the B1 and B2 Basic 

blocks (see [ITU-T G.8312]) contained in the MTN Path OAM sequence.  

In the OoBA state, the receiver searches for B1 and B2 Basic blocks. The IBA state shall be entered 

if a B1 block is found and confirmed with a B2 block received no later than 2T+ 7K blocks. 

Alternatively, the IBA state shall be entered if a B2 block is found and confirmed with a B1 block 

received no later than 2T+ 7K blocks.  

In the IBA state, the receiver monitors for a sequence of alternating B1 and B2 Basic blocks. The 

nominal location of a subsequent Basic block is 2T×j from the location of the last accepted Basic 

block, where j = 1 + the number of Basic blocks missing since the last accepted Basic block. A Basic 

block is declared missing if it has not been detected before the nominal location + 7K blocks. If a B1 

block is declared missing the receiver searches for a B2 block. If a B2 block is declared missing the 

receiver searches for a B1 block. The OoBA state shall be entered when no Basic blocks are accepted 

within period of 7T. 

T indicates the nominal MTNP OAM block insertion period which is equal to n × 16K blocks, where 

n is the number of 5 Gbit/s calendar slots that the MTNP occupies. 

Appendix I provides an example state machine of this alignment process. 

8.1.4 OAM message acceptance process 

The MTNP OAM messages are transmitted at the insertion opportunities defined in clause 8.3 of 

[ITU-T G.8312]. 

OAM messages that meet the following criteria must be accepted and processed. 

1) The boundaries of an OAM message are identified by the SoM and EoM bits defined in 

Table 9-1 of [ITU-T G.8312]. 

2) The length of the message is consistent with the value defined in Table 8-2 of [ITU T G.8312] 

for the Message type. 

3) In the A insertion opportunity: The MTN Message Type in the SoM block of a message is 

consistent with the message type for APS defined in Table 9-2 of [ITU-T G.8312].  
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 In the L insertion opportunity: The MTN Message Type in the SoM block is consistent with 

the Message Type for the corresponding low priority opportunity in Table 9-2 of 

[ITU-T G.8312]. 

4) The CRC-12 checksum is correct. 

8.1.5 Trail trace identifier (TTI) acceptance and reporting process 

A new TTI is accepted if a new value is received in the 32 TTI field in the CV message with good 

CRC. 

The accepted TTI shall be reported to the management system (MI_AcTI) if requested. 

(MI_GetAcTI). The SAPI and DAPI part of the accepted TTI shall be compared with the expected. 

SAPI and DAPI for TTI mismatch detection (see clause 6.1.2.1). 

8.1.6 Payload type (PT) acceptance process 

A new payload type is accepted (AcPT) if a new value is received in the PT field of the CS message 

with good CRC.  

8.2 Processes for MTN Section layer 

8.2.1 MTNS overhead acceptance processes 

8.2.1.1 Group Identification (GID) acceptance process 

A new GID value (AcGID) is accepted if a new value of the FlexE Group Number field of the 

50G/100G FlexE instance overhead is received in an overhead frame with good CRC. 

8.2.1.2 Instance Identification (IID) acceptance process 

A new IID value (AcIID) is accepted when the same value of the 50G/100G FlexE instance number 

field of the 50G/100G FlexE instance overhead is received in two consecutive overhead frames with 

good CRC. 

8.2.1.3 100G FlexE Map acceptance process 

The 256-bit 100G FlexE Map[0:255] is recovered from the FlexE Map field of the 100G FlexE 

instance overhead. 

When 100G FlexE instance overhead frame #i in the 32 frame multi-frame is received with good 

CRC, the bits AcFlexEMAP[(i-1)×8:(i-1)×8+7] are accepted from the FlexE Map field. 

8.2.1.4 50G FlexE Map acceptance process 

The 128-bit 50G FlexE Map[0:127] is recovered from the FlexE Map field of the 50G FlexE instance 

overhead.  

When 50G FlexE instance overhead frame #i in the 16 frame multi-frame is received with good CRC, 

the bits AcFlexEMAP[(i-1)×8:(i-1)×8+7] are accepted from the FlexE Map field. 

8.2.1.5 FlexE OH client calendar acceptance processes 

Calendar configuration in use overhead (C): The "calendar configuration in use" overhead from 

each FlexE instance shall be accepted (AcCC[i]) by majority vote of the 3 C overhead bits. 

Furthermore, it shall confirm the accepted "AcCC" by unanimity of the n FlexE instances in the 

MTNS (i.e., FlexE group). 

Client calendar A and B overheads: The 16-bit "client calendar A" and 16-bit "client calendar B" 

overhead fields from each FlexE instance shall be read and the calendar slot information shall be 

accepted in overhead frames with good CRC (AcCCA[i] and AcCCB[i]). 
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Calendar switch request overhead (CR): The "calendar switch request" overhead from each FlexE 

instance shall be read and the calendar switch request information shall be accepted in overhead 

frames with good CRC (AcCR[i]). Furthermore, it shall confirm the accepted "AcCR" value by 

unanimity of the n FlexE instances in the MTNS (i.e., FlexE group). 

Calendar switch acknowledge overhead (CA): The "calendar switch acknowledge" overhead from 

each FlexE instance shall be read and the calendar switch acknowledge information shall be accepted 

in overhead frames with good CRC (AcCA[i]). Furthermore, it shall confirm the accepted "AcCA" 

value by unanimity of the n FlexE instances in the MTNS (i.e., FlexE group). 

8.2.2 Alignment processes 

8.2.2.1 MTNS 66B PAD block lock 

The process shall perform 66B PAD block lock for each 50G/100G 66B stream carrying a 50G/100G 

FlexE instance in the case of a 50GBASE-R PHY, 200GBASE-R PHY or 400GBASE-R PHY to 

MTNS adaptation sink function (i.e., M-AI/MTNSy_A_Sk, with y=0, 2 or 4). The PAD blocks are 

arranged as one P1 block followed by one P2 block every 163830 blocks of a FlexE instance. The P1 

PAD block is encoded as a special ordered set (the sync header is 10, the control block type is 0x4B 

(ordered set), the "O" code is 0x5 and with the value 0xFFFFF in bits 12-31). The P2 pad block is an 

Ethernet error control block.  

The process has two states, out-of-lock (OOL) and in-lock (IL).  

In the OOL state, the lock process shall search for the PAD block P1 followed by P2. The IL state 

shall be entered, when this P1+P2 block set of is found and confirmed one 163830 block period later.  

In the IL state, the 66B block stream shall be continuously checked with the presumed PAD start (PS) 

position for correct lock. The OOL state shall be entered if this P1+P2 block set is not found at the 

correct position in five consecutive 163830 block periods. 

The PAD start shall be maintained during the OOL state. 

8.2.2.2 FlexE instance overhead frame alignment 

The FlexE instance overhead frame alignment shall be found by searching for FlexE instance block 

1 of the FlexE instance overhead frame every (1023 × 20 + 1) × 8 blocks as described in clause 9.2.1 

of [ITU-T G.8312]. 

NOTE – The 66B block 1 of the 50G/100G FlexE instance overhead frame is encoded as a special ordered set. 

The sync header is 10, the control block type is 0x4B (ordered set), and the "O" code is 0x5. 

The process has two states, out-of-frame (OOF) and in-frame (IF). The frame alignment start shall be 

maintained during the OOF state. 

In the OOF state, the frame alignment shall be assumed to be recovered and the IF state shall be 

entered, when a valid FlexE instance block 1 is found in two consecutive FlexE instance overhead 

frames. 

In the IF state, OOF shall be entered when the FlexE instance block 1 of the FlexE instance overhead 

frame has mismatches on the sync header, control block type or O code fields for 5 consecutive 

occurrences. 

8.2.2.3 100G FlexE instance overhead multi-frame alignment 

The 100G FlexE instance overhead multi-frame is a sequence of 32 100G FlexE instance overhead 

frames. The 100G Flex instance overhead multi-frame alignment shall be found based on the 

overhead multi-frame (OMF) bit in the 100G FlexE instance overhead. The process has two states, 

out-of-multi-frame (OOM) and in-multi-frame (IM). The multi-frame start shall be maintained during 

the OOM state. 
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In the OOM state, the state will change from OOM to IM upon detecting a "0" to "1" or a "1" to "0" 

transition of the OMF bit in two consecutive 100G FlexE instance overhead frames with good CRC. 

In the IM state, the state shall change from IM to OOM, when the two consecutive 100G FlexE 

instance overhead frames where the "0" to "1" or "1" to "0" transition of the OMF bit is expected, 

have a good CRC, but do not have the expected transition. 

8.2.2.4 50G FlexE instance overhead multi-frame alignment 

The 50G FlexE instance overhead multi-frame is a sequence of 16 50G FlexE instance overhead 

frames. The 50G Flex instance overhead multi-frame alignment shall be found based on the overhead 

multi-frame (OMF) bit in the 50G FlexE instance overhead. The process has two states, out-of-multi-

frame (OOM) and in-multi-frame (IM). The multi-frame start shall be maintained during the OOM 

state. 

In the OOM state, the state will change from OOM to IM upon detecting a "0" to "1" or a "1" to "0" 

transition of the OMF bit in two consecutive 50G FlexE instance overhead frames with good CRC. 

In the IM state, the state shall change from IM to OOM, when the two consecutive 50G FlexE instance 

overhead frames where the "0" to "1" or "1" to "0" transition of the OMF bit is expected, have a good 

CRC, but do not have the expected transition. 

8.2.3 MCC insertion and extraction processes 

As defined in [ITU-T G.7712], an embedded communication channel (ECC) provides a logical 

operations channel between network elements (NEs) that can be utilized by various applications. A 

management communication channel (MCC) is an ECC dedicated for management plane 

communications.  

The MTNS MCC mapping and demapping processes are provided in MTNS to MTNP adaptation 

function to support the MTNS to MCC adaptation function as defined in [ITU-T G.7712]. 

8.2.3.1 MCC insertion process 

Figure 8-1 provides MCC insertion process. The incoming COMMS (CI_D) data is inserted into the 

MTNS management communication channel (MCC) field as described in clause 9.2.4 of 

[ITU-T G.8312]. 

 

Figure 8-1 – MCC insertion process 

8.2.3.2 MCC extraction process 

Figure 8-2 provides MCC extraction process.  
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Figure 8-2 – MCC extraction process 

This process extracts MTNS management communication channel (MCC) field as described in 

clause 9.2.4 of [ITU-T G.8312]. 

9 MTN path layer functions 

Figure 9-1 illustrates the MTN Path layer network and client layer adaptation functions. The 

information crossing the MTNP connection point (MTNP_CP) is referred to as the MTNP 

characteristic information (MTNP_CI). The information crossing the MTNP access point 

(MTNP_AP) is referred to as the MTNP adapted information (MTNP_AI). The MTNP access point 

can be expanded to provide trail protection, as described in clause 9.4.1. 

 

Figure 9-1 – MTN Path layer network and client layer adaptation functions 

9.1 Connection functions  

9.1.1 MTNP connection function (MTNP_C) 

The information flow and processing of the MTNP_C function is defined with reference to 

Figures 9-2 and 9-3. The MTNP_C function connects MTNP characteristic information from its input 

ports to its output ports. As the process does not affect the nature of the characteristic information, 

the reference points on either side of the MTNP_C function are the same as illustrated in Figure 9-2. 

The connection process is bidirectional. As the MTNP_CP has both sink and source functions, the 

combination of the unidirectional sink and source functions in Figure 9-2 forms a bidirectional 

function. 
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Symbol 

 

Figure 9-2 – MTNP_C function 

Interfaces 

Table 9-1 – MTNP_C function inputs and outputs 

Input(s) Output(s) 

per MTNP_CP: 

MTNP_CI_D 

MTNP_CI_SSF 

MTNP_CI_CK 

MTNP_C_MP:  

MTNP_C_MI_MatrixControl 

per MTNP_CP: 

MTNP_CI_D 

MTNP_CI_SSF 

MTNP_CI_CK 

 

Processes 

The processes associated with the MTNP_C function are as depicted in Figure 9-3. 

MTNP_CI is routed between input and output connection points by means of a matrix connection.  

NOTE – Neither the number of input/output signals to the connection function, nor the connectivity is specified 

in this Recommendation. That is a property of individual network elements. 

Routing: The function shall be able to connect a specific input with a specific output by means of 

establishing a matrix connection between the specified input and output, and it shall be able to remove 

an established matrix connection as defined by MI_MatrixControl.  

Each (matrix) connection in the MTNP_C function should be characterized by the: 

– Type of connection: unprotected. 

– Traffic direction: bidirectional. 

– Input and output connection points: set of connection points. 

Open connection indication (OCI): If an output of the connection function is not connected to an 

input, an MTNP-OCI signal as defined in clause 10.2.2 of [ITU-T G.8312] is generated for this output. 
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Figure 9-3 – MTNP_C function processes 

Defects: None. 

Consequent actions: None. 

Defect correlations: None. 

Performance monitoring: None. 

9.2 Termination functions 

9.2.1 MTNP Trail Termination function (MTNP_TT) 

The MTNP_TT function terminates the path monitoring overhead of the MTNP to determine the 

status of the MTN path trail. Figure 9-4 shows the combination of the unidirectional sink and source 

functions to form a bidirectional function. 

 

Figure 9-4 – MTNP_TT 

9.2.1.1 MTNP trail termination source function (MTNP_TT_So) 

The MTNP_TT_So function computes the BIP-8 and adds MTN path monitoring overhead – 

including the BIP-8, REI, RDI, TTI and DM signals – together with the CS and APS information 

message in the corresponding MTNP OAM block overhead field to the MTNP signal at its 

MTNP_AP.  

The information flow and processing of the MTNP_TT_So function is defined with reference to 

Figures 9-5 and 9-6.  
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Symbol 

 

Figure 9-5 – MTNP_TT_So function 

Interfaces 

Table 9-2 – MTNP_TT_So inputs and outputs 

Input(s) Output(s) 

MTNP_AP: 

MTNP_AI_CK 

MTNP_AI_D 

MTNP_AI_CS 

MTNP_AI_APS 

MTNP_RP: 

MTNP_RI_RDI 

MTNP_RI_REI 

MTNP_RI_DM 

MTNP_TP: 

MTNP_TT_So_TI_Timestampl 

MTNP_TT_So_MP: 

MTNP_TT_So_MI_TxTI 

MTNP_TT_So_MI_APS_EN 

MTNP_TT_So_MI_1DM_Trigger 

MTNP_TT_So_MI_2DMM_Trigger 

MTNP_TCP: 

MTNP_CI_CK 

MTNP_CI_D 

 

Processes  

The processes associated with the MTNP_TT_So function are as depicted in Figure 9-6. 

Basic OAM block generation: Basic message is encoded into one 66B ordered set block. The 

function shall insert the following overhead into the corresponding field to generate a complete Basic 

OAM block. 

– BIP: The calculated BIP is inserted into the Parity byte position of the Basic message. The 

BIP computation method is described in clause 9.3.2.1 of [ITU-T G.8312]. 

– RDI: The remote defect indication is inserted in the RDI bit position of the Basic message. 

Its value is derived from reference point MTNP_RP. Upon the declaration/clearing of aRDI 

at the trail termination sink function, the trail termination source function shall have 

inserted/removed the RDI indication within 50 ms. 

– REI: The number of errors indicated in RI_REI is encoded in the REI bits position of the 

Basic message. Upon the detection of a number of errors at the trail termination sink function, 

the trail termination source function shall have inserted that value in the REI bits within 

50 ms. 
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– RES: The function shall insert all-zeros into the RES bits. 

– OAM type: The function shall insert the OAM type value "001111" into the type field of the 

Basic OAM block as described in clause 9.3.1.2 of [ITU-T G.8312]. 

– SoM&EoM: The function shall insert the SoM&EoM value "10" or "10" into the SoM&EoM 

field of the Basic OAM block as described in clause 9.3.1.1 of [ITU-T G.8312]. 

– OAM block signature: See clause 8.1.1. 

APS OAM blocks generation: APS message is encoded into two 66B ordered set blocks. The first 

one carries APS1 and APS2 fields and the second one carries RES and CRC-12 fields. The function 

shall insert the following overhead into the corresponding field to generate complete APS OAM 

blocks. 

– APS message information: If the MI_APS_EN is true, the function shall insert the AI_APS 

value into the corresponding position of the APS message. 

– CRC-12: The function shall compute the CRC-12 over APS1, APS2 and RES fields as 

described in clause 9.3.3.1.1 of [ITU-T G.8312] and insert the calculated CRC-12 value into 

the CRC-12 field of the APS message. 

– OAM type: The function shall insert the OAM type value "010001" into the type field of the 

APS OAM blocks as described in clause 9.3.1.2 of [ITU-T G.8312]. 

– SoM&EoM: The function shall insert the SoM&EoM value "10" into the SoM&EoM field 

of the first APS OAM block and value "01" into the SoM&EoM field of the second APS 

OAM block as described in clause 9.3.1.1 of [ITU-T G.8312]. 

– OAM block signature: See clause 8.1.1. 

CV OAM blocks generation: CV message is encoded into seventeen 66B ordered set blocks. The 

first to the sixteenth of the CV OAM blocks carry TTI field and the last one carries RES and CRC-12 

fields. The function shall insert the following overhead into the corresponding field to generate 

complete CV OAM blocks. 

– TTI: The trail trace identifier is inserted in the TTI bytes position of the CV message. Its 

value is derived from reference point MTNP_TT_So_MP. The trail trace format is described 

in clause 9.1 of [ITU-T G.8312]. 

– RES: The function shall insert all-zeros into the RES bits. 

– CRC-12: The function shall compute the CRC-12 over TTI and RES fields as described in 

clause 9.3.3.1.1 of [ITU-T G.8312] and insert the calculated CRC-12 value into the CRC-12 

field of the CV message. 

– OAM type: The function shall insert the OAM type value "110011" into the type field of the 

CV OAM blocks as described in clause 9.3.1.2 of [ITU-T G.8312]. 

– SoM&EoM: The function shall insert the SoM&EoM value "10" into the SoM&EoM field 

of the first CV OAM block, value "00" into the SoM&EoM field of the second to sixteenth 

CV OAM blocks and value "01" into the SoM&EoM field of the seventeenth CV OAM block 

as described in clause 9.3.1.1 of [ITU-T G.8312]. 

– OAM block signature: See clause 8.1.1. 

1DM OAM blocks generation: 1DM message is encoded into five 66B ordered set blocks. The first 

to the fourth of the 1DM OAM blocks carry Tx-f-TS field and the last one carries RES and CRC-12 

fields. The function shall insert the following overhead into the corresponding field to generate 

complete 1DM OAM blocks. 

– Tx-f-TS: If MI_1DM_Trigger toggles, then a 64-bit timestamp TI_timestampl is inserted 

into the Tx-f-TS bytes position of 1DM message, and TI_timestampl is referenced to the time 

at which the first block of the low priority message sequence containing the 1DM (i.e., the 

first block of the CV message) was transmitted, which corresponds to its departure time. 
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– RES: The function shall insert all-zeros into the RES bits. 

– CRC-12: The function shall compute the CRC-12 over Tx-f-TS and RES fields as described 

in clause 9.3.3.1.1 of [ITU-T G.8312] and insert the calculated CRC-12 value into the 

CRC-12 field of the 1DM message. 

– OAM type: The function shall insert the OAM type value "110101" into the type field of the 

1DM OAM blocks as described in clause 9.3.1.2 of [ITU-T G.8312]. 

– SoM&EoM: The function shall insert the SoM&EoM value "10" into the SoM&EoM field 

of the first 1DM OAM block, value "00" into the SoM&EoM field of the second to forth 

1DM OAM blocks and value "01" into the SoM&EoM field of the fifth 1DM OAM block as 

described in clause 9.3.1.1 of [ITU-T G.8312]. 

– OAM block signature: See clause 8.1.1. 

2DMM OAM blocks generation: 2DMM message is encoded into five 66B ordered set blocks. The 

first to the fourth of the 2DMM OAM blocks carry Tx-f-TS field and the last one carries RES and 

CRC-12 fields. The function shall insert the following overhead into the corresponding field to 

generate complete 2DMM OAM blocks. 

– Tx-f-TS: If MI_2DMM_Trigger toggles, then a 64-bit timestamp TI_timestampl is inserted 

into the Tx-f-TS bytes position of 2DMM message, and TI_timestampl is referenced to the 

time at which the first block of the low priority message sequence containing the 2DMM 

(i.e., the first block of the CV message) was transmitted, which corresponds to its departure 

time. 

– RES: The function shall insert all-zeros into the RES bits. 

– CRC-12: The function shall compute the CRC-12 over Tx-f-TS and RES fields as described 

in clause 9.3.3.1.1 of [ITU-T G.8312] and insert the calculated CRC-12 value into the 

CRC-12 field of the 2DMM message. 

– OAM type: The function shall insert the OAM type value "111001" into the type field of the 

2DMM OAM blocks as described in clause 9.3.1.2 of [ITU-T G.8312]. 

– SoM&EoM: The function shall insert the SoM&EoM value "10" into the SoM&EoM field 

of the first 2DMM OAM block, value "00" into the SoM&EoM field of the second to forth 

2DMM OAM blocks and value "01" into the SoM&EoM field of the fifth 2DMM OAM 

block as described in clause 9.3.1.1 of [ITU-T G.8312]. 

– OAM block signature: See clause 8.1.1. 

2DMR OAM blocks generation: 2DMR message is generated upon reception of 2DMM message 

and encoded into thirteen 66B ordered set blocks. The first to the fourth of the 2DMR OAM blocks 

carry Tx-f-TS field, the fifth to the eighth of the 2DMR OAM blocks carry Rx-f-TS field, the ninth 

to the twelfth of the 2DMR OAM blocks carry Tx-b-TS field and the last one includes RES and 

CRC-12 fields. The function shall insert the following overhead into the corresponding field to 

generate complete 2DMR OAM blocks. 

– Tx-f-TS: The value of the Tx-f-TS bytes position of 2DMR message is determined by the 

RI_DM. 

– Rx-f-TS: A 64-bit timestamp TI_timestampl is inserted into the Rx-f-TS bytes position of 

2DMR message, and TI_timestampl is referenced to the time at which the first block of the 

low priority message sequence containing the 2DMM (i.e., the first block of the CV message) 

was received, which corresponds to its arrival time. 

– Tx-b-TS: A 64-bit timestamp TI_timestampl is inserted into the Tx-b-TS bytes position of 

2DMR message, and TI_timestampl is referenced to the time at which the first block of the 

low priority message sequence containing the 2DMR (i.e., the first block of the CV message) 

was transmitted, which corresponds to its departure time. 
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– RES: The function shall insert all-zeros into the RES bits. 

– CRC-12: The function shall compute the CRC-12 over Tx-f-TS, Rx-f-TS, Tx-b-TS and RES 

fields as described in clause 9.3.3.1.1 of [ITU-T G.8312] and insert the calculated CRC-12 

value into the CRC-12 field of the 2DMR message. 

– OAM type: The function shall insert the OAM type value "110000" into the type field of the 

2DMR OAM blocks as described in clause 9.3.1.2 of [ITU-T G.8312]. 

– SoM&EoM: The function shall insert the SoM&EoM value "10" into the SoM&EoM field 

of the first 2DMR OAM block, value "00" into the SoM&EoM field of the second to twelfth 

2DMR OAM blocks and value "01" into the SoM&EoM field of the thirteenth 2DMR OAM 

block as described in clause 9.3.1.1 of [ITU-T G.8312]. 

– OAM block signature: See clause 8.1.1. 

CS OAM block generation: CS message is encoded into one 66B ordered set block. The function 

shall insert the following overhead into the corresponding field to generate complete CS OAM blocks. 

– CS message information: The function shall insert the AI_PT value into the corresponding 

bit position of the CS message. 

– CRC-12: The function shall compute the CRC-12 over PT and RES fields as described in 

clause 9.3.3.1.1 of [ITU-T G.8312] and insert the calculated CRC-12 value into the CRC-12 

field of the CS message. 

– OAM type: The function shall insert the OAM type value "110110" into the type field of the 

CS OAM block as described in clause 9.3.1.2 of [ITU-T G.8312]. 

– SoM&EoM: The function shall insert the SoM&EoM value "11" into the SoM&EoM field 

of the CS OAM block as described in clause 9.3.1.1 of [ITU-T G.8312]. 

– OAM block signature: See clause 8.1.1. 

MTNP OAM Insertion: The function shall insert MTNP OAM blocks into the encoded Ethernet 

MAC client block sequence according to the sequence and insertion interval defined in clause 8.3 of 

[ITU-T G.8312]. 

Basic OAM block insertion: The function shall insert the Basic OAM blocks in the B opportunities 

shown in Figure 8-9 of [ITU-T G.8312]. The B1 block is inserted in the opportunity before the A 

opportunity, and the B2 block is inserted in the opportunity before the L opportunity. 

APS OAM blocks insertion: The function shall insert the APS OAM blocks into the A opportunity.  

CV OAM blocks insertion: The function shall insert the CV OAM blocks into the 1st to 17th L 

opportunities in the low priority opportunity pattern. 

CS OAM blocks insertion: The function shall insert the CS OAM block into the 18th L opportunity 

in the low priority opportunity pattern.  

DM OAM blocks insertion: 1DM and 2DMM OAM blocks are inserted on demand and 2DMR 

OAM blocks are inserted upon receiving 2DMM OAM blocks. These three kinds of DM OAM blocks 

share the same opportunities and for a given cycle of 64 low priority opportunities, only one kind of 

the DM OAM blocks may be transmitted. The function shall insert the DM OAM blocks into the L 

opportunities beginning with the 19th opportunity in the low priority opportunity pattern.  

NOTE – The NMS should avoid scheduling concurrent DM operations at a node (e.g., if the NMS has initiated 

a 2DMM at the A end of a path, it should not initiate a 1DM or 2DMM at the Z end of that path at the same 

time). The detailed mechanism is out of the scope of this Recommendation. 
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Figure 9-6 – MTNP_TT_So processes 

Defects: None. 

Consequent actions: None. 

Defect correlations: None. 

Performance monitoring: None. 

9.2.1.2 MTNP trail termination sink function (MTNP_TT_Sk) 

The MTNP_TT_Sk function reports the state of the MTN path trail. It computes the BIP-8, extracts 

MTN path monitoring overhead (MTN PMOH) – including the BIP-8, REI, RDI, TTI and DM signals 

– together with the CS and APS message information in the MTNP OAM block overhead fields from 

the MTNP signal at its MTNP_TCP, detects for AIS, OCI, TIM, DEG and RDI defects, counts during 

one-second periods errors (detected via the BIP-8) and defects to feed performance monitoring when 

connected, makes the TTI available to network management, and forwards the error and defect 

information as backward indications to the companion MTNP_TT_So function.  

The information flow and processing of the MTNP_TT_Sk function is defined with reference to 

Figures 9-7 and 9-8. 
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Symbol 

 

Figure 9-7 – MTNP_TT_Sk function 

Interfaces 

Table 9-3 – MTNP_TT_Sk inputs and outputs 

Input(s) Output(s) 

MTNP_TCP: 

MTNP_CI_CK 

MTNP_CI_D 

MTNP_CI_SSF  

 

MTNP_TP: 

MTNP_TT_Sk_TI_Timestampl 

 

MTNP_TT_Sk_MP: 

MTNP_TT_Sk_MI_APS_EN 

MTNP_TT_Sk_MI_ExSAPI 

MTNP_TT_Sk_MI_ExDAPI 

MTNP_TT_Sk_MI_GetAcTI 

MTNP_TT_Sk_MI_TIMDetMo 

MTNP_TT_Sk_MI_TIMActDis 

MTNP_TT_Sk_MI_DEGThr 

MTNP_TT_Sk_MI_DEGM 

MTNP_TT_Sk_MI_1second 

 

MTNP_AP: 

MTNP_AI_CK 

MTNP_AI_D 

MTNP_AI_CS 

MTNP_AI_APS 

MTNP_AI_TSF 

MTNP_AI_TSD  

 

MTNP_RP: 

MTNP_RI_RDI 

MTNP_RI_REI 

MTNP_RI_DM 

 

MTNP_TT_Sk_MP: 

MTNP_TT_Sk_MI_AcTI 

MTNP_TT_Sk_MI_cOCI  

MTNP_TT_Sk_MI_cLOB 

MTNP_TT_Sk_MI_cLOCV 

MTNP_TT_Sk_MI_cLOCS 

MTNP_TT_Sk_MI_cTIM 

MTNP_TT_Sk_MI_cDEG 

MTNP_TT_Sk_MI_cRDI 

MTNP_TT_Sk_MI_cSSF 

MTNP_TT_Sk_MI_pN_EBC 

MTNP_TT_Sk_MI_pN_DS 

MTNP_TT_Sk_MI_pF_EBC 

MTNP_TT_Sk_MI_pF_DS 

MTNP_TT_Sk_MI_1DM_result[N_FD] 

MTNP_TT_Sk_MI_2DM_result[N_FD, 

F_FD,B_FD] 
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Processes 

The processes associated with the MTNP_TT_Sk function are as depicted in Figure 9-8. 

MTNP maintenance signal detection: The function shall detect the status of the MTNP signal at the 

MTNP_TCP. It shall be used for AIS and OCI defect detection.  

MTNP OAM block acceptance: See clause 8.1.2. 

MTNP OAM Basic block alignment: See clause 8.1.3. 

MTNP OAM extraction: The function shall extract MTNP OAM blocks from the MTNP signal, as 

defined in clause 8.4 of [ITU-T G.8312]. 

Basic message extraction: The function shall extract Basic message and process the following 

overhead. 

– MTN BIP: The MTN BIP is computed over the interval between basic messages as described 

in clause 9.3.2.1 of [ITU-T G.8312]. The MTN BIP value generated by MTNP_TT_So shall 

be extracted from the Parity byte position of the MTNP Basic message of the MTNP signal 

at the MTNP_TCP. The location of the basic block in the sequence of received blocks defines 

the end/start of a parity calculation interval. The value calculated by the source in interval i 

is compared to the value carried in the basic block extracted at the end of i+2 parity 

calculation interval. If there is a mismatch between the two values, the parity calculation 

interval is marked as errored, one near-end errored block is detected and the number of BIP 

violations (nBIPV) is forwarded to the companion MTNP_TT_So function.  

– RDI: The remote defect indication shall be recovered from the RDI bit position in the MTNP 

Basic message of the MTNP signal at the MTNP_TCP. It shall be used for RDI defect 

detection. 

– REI: The REI shall be recovered from the REI bits in the MTNP Basic message of the MTNP 

signal at the MTNP_TCP. It shall be used to determine if a far-end errored block (nF_B) has 

occurred. One nF_B has occurred per REI value between 1 [0001] and 8 [1000]; otherwise, 

no nF_B has occurred.  

NOTE 1 – The "block" here is referring to the nominal n × 32K 66B blocks that compose a monitoring interval. 

In the case of a missing Basic block, the count of errored intervals will reflect the interval with a 

missing BIP value for comparison and the intervals where the start or end of the interval is not known. 

Note that the RI_REI value is set to a non-zero value for the intervals detected as errored due to a 

missing basic block. Appendix II provides more details about error monitoring when a basic message 

is not received. 

APS message extraction: The function shall perform the OAM message acceptance process as 

defined in clause 8.1.4 to extract APS message. 

– APS message information: When APS is enabled (MI_APS_EN is true), the MTNP_TT_Sk 

function shall extract the APS message information from the APS1 and APS2 field of the 

APS message, and apply the extracted information to the AI_APS. 

CV message extraction: The function shall perform the OAM message acceptance process as defined 

in clause 8.1.4 to extract CV message. 

– TTI: The MTNP_TT_Sk function shall extract the information from the TTI field of the CV 

message and processed as specified in clause 8.1.5. The accepted value of the TTI is available 

at the MP (MI_AcTI). 

CS message extraction: The function shall perform the OAM message acceptance process as defined 

in clause 8.1.4 to extract CS message. 
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– CS message information: The MTNP_TT_Sk function shall extract the CS message 

information from the corresponding field of the CS message and apply the extracted 

information to the AI_CS. 

1DM message extraction: The function shall perform the OAM message acceptance process as 

defined in clause 8.1.4 to extract 1DM message. 

– Tx-f-TS: The MTNP_TT_Sk function shall extract the information from the Tx-f-TS field 

of the 1DM message and compare it to the Rx-f-TS 64-bit timestamp which is referenced to 

the time at which the first block of the low priority message sequence carrying this 1DM 

message (i.e., arrival time) was received. The near end one-way delay result 1DM_N_FD 

equals [Rx-f-TS - Tx-f-TS]. 

NOTE 2 – For one way delay measurement, the source node and the sink node should be synchronized. 

2DMM message extraction: The function shall perform the OAM message acceptance process as 

defined in clause 8.1.4 to extract 2DMM message. 

– Tx-f-TS: The MTNP_TT_Sk function shall extract the information from the Tx-f-TS field 

of the 2DMM message and output it to RI_DM together with the Rx-f-TS 64-bit timestamp 

which is referenced to the time at which the first block of the low priority message sequence 

carrying this 2DMM message (i.e., arrival time) was received. 

2DMR message extraction: The function shall perform the OAM message acceptance process as 

defined in clause 8.1.4 to extract 2DMR message. 

– Tx-f-TS: The MTNP_TT_Sk function shall extract the information from the Tx-f-TS field 

of the 2DMR message. 

– Rx-f-TS: The MTNP_TT_Sk function shall extract the information from the Rx-f-TS field 

of the 2DMR message, the far end delay result 2DM_ F_FD equals [Rx-f-TS - Tx-f-TS]. 

– Tx-b-TS: The MTNP_TT_Sk function shall extract the information from the Tx-b-TS field 

of the 2DMR message and compare it to the Rx-b-TS 64-bit timestamp which is referenced 

to the time at which the first block of the low priority message sequence carrying this 2DMR 

message (i.e., arrival time) was received. The near end one-way delay result 2DM_ N_FD 

equals [Rx-b-TS - Tx-b-TS], the round trip delay result 2DM_B_FD equals [(Rx-f-TS – Tx-

f-TS) + (Rx-b-TS – Tx-b-TS)]. 
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Figure 9-8 – MTNP_TT_Sk processes 

Defects 

The function shall detect dAIS, dOCI, dLOB, dLOCV, dLOCS, dTIM, dDEG, and dRDI defects. 

dAIS: See clause 6.1.7.1. 

dOCI: See clause 6.1.1.1; dOCI shall be set to false during CI_SSF.  

dLOB: See clause 6.1.5.3. 

dLOCV: See clause 6.1.2.4; dLOCV shall be set to false during dLOB. 
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dLOCS: See clause 6.1.4.2; dLOCS shall be set to false during dLOB. 

dTIM: See clause 6.1.2.1; dTIM shall be set to false during CI_SSF. 

dDEG: See clause 6.1.3.1. 

dRDI: See clause 6.1.7.2; dRDI shall be set to false during CI_SSF. 

Consequent actions 

The function shall perform the following consequent actions: 

aRDI  CI_SSF or dAIS or dOCI or dLOB or dLOCV or dTIM 

aTSF  CI_SSF or dAIS or dOCI or dLOB or dLOCV or dLOCS or (dTIM and (not 

TIMActDis)) 

aTSD  dDEG 

aREI  nBIPV 

Defect correlations 

The function shall perform the following defect correlations to determine the most probable fault 

cause (see clause 6.4 of [ITU-T G.806]). This fault cause shall be reported to the EMF. 

cOCI  dOCI and (not CI_SSF) 

cLOB  dLOB and (not dAIS) and (not dOCI) and (not CI_SSF) 

cLOCV  dLOCV and (not dLOB) and (not dAIS) and (not dOCI) and (not CI_SSF) 

cLOCS  dLOCS and (not dLOB) and (not dAIS) and (not dOCI) and (not CI_SSF) 

cTIM  dTIM and (not dLOCV) and (not dLOB) and (not dAIS) and (not dOCI) and (not 

CI_SSF)  

cDEG  dDEG and (not CI_SSF) and (not dAIS) and (not dOCI) and (not dLOB) and 

(not (dTIM and (not TIMActDis))) 

cRDI  dRDI and (not CI_SSF) and (not dAIS) and (not dOCI) and (not dLOB) and (not 

dLOCV) and (not dLOCS) and (not (dTIM and (not TIMActDis))) 

cSSF  CI_SSF or dAIS 

Performance monitoring 

The function shall perform the following performance monitoring primitives processing (see clause 6.5 

of [ITU-T G.806]). The performance monitoring primitives shall be reported to the EMF. 

2DM_result[B_FD]   2DM_ B_FD 

2DM_result[F_FD]   2DM_ F_FD 

2DM_result[N_FD]   2DM_ N_FD 

1DM_result[N_FD]   1DM_ N_FD 

pN_DS   CI_SSF or dAIS or dOCI or dTIM 

pF_DS    dRDI 

pN_EBC   nN_B 

NOTE 3 – During CI_SSF, dAIS and dOCI, no errored blocks shall be counted. 

pF_EBC   nF_B 

NOTE 4 – During CI_SSF, dAIS and dOCI, no errored blocks shall be counted. 
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9.3 Adaptation functions 

9.3.1 MTNP to ETH adaptation function (MTNP/ETH_A) 

The MTNP to ETH adaptation functions perform the adaptation between MTN Path layer adapted 

information and the characteristic information of Ethernet MAC frames. 

9.3.1.1 MTNP to ETH adaptation source function (MTNP/ETH_A_So) 

The MTNP/ETH_A_So function maps the sequence of Ethernet MAC frame client signals to the 

MTNP layer. It inserts CS message information (everything but CRC-12 of the CS message) to the 

sequence. The information flow and processing of the MTNP/ETH_A_So function is defined with 

reference to Figures 9-9 and 9-10. 

Symbol 

 

Figure 9-9 – MTNP/ETH_A_So function 

Interfaces 

Table 9-3 – MTNP/ETH_A_So inputs and outputs 

Input(s) Output(s) 

ETH_TFP: 

ETH_CI_D 

ETH_CI_P 

ETH_CI_DE 

 

ETH_FP: 

ETH_CI_D 

ETH_CI_P 

ETH_CI_DE 

 

MTNP/ETH_A_So_MP: 

MTNP/ETH_A_So_MI_[IEEE 802.3] 

MTNP_AP: 

MTNP_AI_D 

MTNP_AI_CK 

MTNP_AI_CS message information  

 

ETHTF_PP: 

ETH_PI_D 

ETH_PI_P 

ETH_PI_DE 

 

ETHF_PP: 

ETH_PI_D 

ETH_PI_P 

ETH_PI_DE 

 

MTNP/ETH_A_So_MP: 

MTNP/ETH_A_So_MI_[IEEE 802.3] 
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Processes 

The processes associated with the MTNP/ETH_A_So function are as depicted in Figure 9-10. 

 

Figure 9-10 – MTNP/ETH_A_So processes 

Client-specific processes: The client-specific processes, and associated MI and PI signals, are 

defined in clause 9.5 of [ITU-T G.8021]. 

[IEEE802.3] processes: The [IEEE 802.3] processes include the reconciliation sublayer and the 

process of 64B/66B encoding, as well as MAC FCS generation and frame counting. 

NOTE – This Recommendation defines these processes by reference to [IEEE 802.3] and intentionally does 

not provide details, as this functionality is well understood from the IEEE work. 

CS message information generation: The function shall insert the following overhead into the 

corresponding field to generate a complete CS message information and apply it to AI_CS. 

– PT: The function shall insert the payload type code "01" into the PT bit position of the CS 

message, as defined in clause 9.3.3.5.1 of [ITU-T G.8312]. 

– RES: The function shall insert all-zeros into the RES bits. 

Defects: None. 

Consequent actions: None. 

Defect correlations: None. 

Performance monitoring: None. 

9.3.1.2 MTNP to ETH sink function (MTNP/ETH_A_Sk) 

The MTNP/ETH_A_Sk extracts ETH_CI information from the MTNP layer, delivering ETH_CI to 

ETH_TFP and ETH_FP. It extracts the CS message information and monitors the reception of the correct 

payload type. The information flow and processing of the MTNP/ETH_A_So function is defined with 

reference to Figures 9-11 and 9-12. 
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Symbol 

 

Figure 9-11 – MTNP/ETH_A_Sk symbol 

Interfaces 

Table 9-9 – MTNP/ETH_A_Sk interfaces 

Inputs Outputs 

MTNP_AP: 

MTNP_AI_D 

MTNP_AI_CK 

MTNP_AI_CS  

MTNP_AI_TSF 

 

ETHTF_PP: 

ETH_PI_D 

ETH_PI_P 

ETH_PI_DE 

 

ETHF_PP: 

ETH_PI_D 

ETH_PI_P 

ETH_PI_DE 

 

MTNP/ETH_A_Sk_MP: 

MTNP/ETH_A_Sk_MI_[IEEE 802.3] 

ETH_TFP: 

ETH_CI_D 

ETH_CI_P 

ETH_CI_DE 

ETH_CI_SSF 

 

ETH_FP: 

ETH_CI_D 

ETH_CI_P 

ETH_CI_DE 

ETH_CI_SSF 

 

MTNP/ETH_A_Sk_MP: 

MTNP/ETH_A_Sk_MI_cPLM 

MTNP/ETH_A_Sk_MI_AcPT 

MTNP/ETH_A_Sk_MI_[IEEE 802.3] 
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Processes 

The processes associated with the MTNP/ETH_A_Sk function are as depicted in Figure 9-12. 

 

Figure 9-12 – MTNP/ETH_A_Sk process 

Client-specific processes: The client-specific processes, and associated MI and PI signals, are 

defined in clause 9.5 of [ITU-T G.8021]. 

CS message information extraction: The following overheads are extracted and processed. 

– PT: The function shall extract the PT bits from the CS message information as defined in 

clause 8.1.6. The accepted PT value is available at the MP (MI_AcPT) and is used for PLM 

defect detection. 

– RES: The value in the RES bits shall be ignored. 

[IEEE802.3] processes: The [IEEE 802.3] processes include 64B/66B decoding and the 

reconciliation sublayer, as well as the MAC length check, MAC frame check and frame counting. 

NOTE – This Recommendation defines these processes by reference to [IEEE 802.3] and intentionally does 

not provide details, as this functionality is well understood from the IEEE work. 

Defects 

The function shall detect dPLM. 

dPLM: See clause 6.1.4.1. The expected payload type is "01" as defined in clause 9.3.3.5.1 of 

[ITU-T G.8312]. 

Consequent actions 

The function shall perform the following consequent actions: 

aSSF   AI_TSF or dPLM  
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Defect correlations 

The function shall perform the following defect correlations to determine the most probable fault 

cause (see clause 6.4 of [ITU-T G.806]). This fault cause shall be reported to the EMF. 

cPLM   dPLM and (not AI_TSF) 

Performance monitoring: None. 

9.4 Sublayer functions 

9.4.1 MTNP trail protection functions 

Figure 9-13 shows the involved atomic functions in MTNP trail protection. The MTNP_TT_Sk 

provides the TSF/TSD protection switching criterion via the MTNP/MTNPp_A_Sk function 

(SSF/SSD) to the MTNPp_C function. 

 

Figure 9-13 – Involved atomic functions in trail protection 

The protection functions at both ends operate the same way, by monitoring the working and the 

protection trail for defects, evaluating the system status, taking into consideration the priorities of 

defect conditions and of external switch requests, and switching the appropriate connection point 

(i.e., working or protection) to the protected termination connection point. 

9.4.1.1 Connection function for trail protection (MTNPp_C) 

MTNPp_C is the specific function that is used to support trail protection defined in [ITU-T G.8331].  

The MTNPp_C connection process is a unidirectional function as illustrated in Figure 9-14 and the 

interface is described in Table 9-15.  
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Symbol 

 

Figure 9-14 – MTNPp_C function 

MTNPp_CI at the normal MTNPp_CP are bridged/selected to/from the working and/or protection 

MTNPp_CP by the protection switching process for trail protection. 

Table 9-10 – MTNPp_C input and output signals 

Input(s) Output(s) 

Per normal MTNPp_CP: 

MTNPp_CI_D 

MTNPp_CI_CK 

MTNPp_CI_CS  

 

Per working MTNPp_CP: 

MTNPp_CI_D 

MTNPp_CI_SSF  

MTNPp_CI_SSD 

MTNPp_CI_AIS 

MTNPp_CI_CK 

MTNPp_CI_CS  

 

Per protection MTNPp_CP: 

MTNPp_CI_D 

MTNPp_CI_APS 

MTNPp_CI_SSF 

MTNPp_CI_SSD 

MTNPp_CI_CK 

MTNPp_CI_CS 

 

MTNPp_C_MP:  

Per protection group: 

 MTNPp_C_MI_WorkingPortId 

 MTNPp_C_MI_ProtectionPortId 

 MTNPp_C_MI_ProtType 

 MTNPp_C_MI_OperType 

 MTNPp_C_MI_HoTime 

 MTNPp_C_MI_WTR 

 MTNPp_C_MI_ExtCMD 

 MTNPp_C_MI_SDEnable 

Per normal MTNPp_CP: 

MTNPp_CI_D 

MTNPp_CI_SSF 

MTNPp_CI_AIS 

MTNPp_CI_CK 

MTNPp_CI_CS  

 

Per working MTNPp_CP: 

MTNPp_CI_D 

MTNPp_CI_CK 

MTNPp_CI_CS  

 

Per protection MTNPp_CP: 

MTNPp_CI_D 

MTNPp_CI_APS 

MTNPp_CI_CK 

MTNPp_CI_CS  

 

MTNPp_C_MP:  

Per protection group: 

 MTNPp_C_MI_cFOP-PM 

 MTNPp_C_MI_cFOP-CM 

 MTNPp_C_MI_cFOP-NR 

 MTNPp_C_MI_cFOP-TO 
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The signal flows associated with the MTNPp_protection process are described with reference to 

Figure 9-15. The protection process receives control parameters and external switch requests at the 

MP reference point.  

 

Figure 9-15 – Protection process for trail protection 

Source direction: 

For a 1+1 architecture, the CI coming from the normal (protected) MTNPp_CP is bridged 

permanently to both the working and protection MTNPp_CP. 

Sink direction: 

For a 1+1 architecture, the CI coming from either the working or protection MTNPp_CP is switched 

to the normal (protected) MTNPp_CP. A switch-over from working to protection MTNPp_CP or vice 

versa is initiated by the switch initiation criteria defined below. 

Switch initiation criteria: 

Automatic protection switching is based on the defect conditions of the working and protection trails, 

server signal fail (SSF) and server signal degrade (SSD). 

A hold-off timer is provided in order to allow interworking between nested protection schemes. The 

hold-off timer delays switch initiation, in case of signal fail or signal degrade, in order to allow a 

nested protection to react and clear the fault condition. The hold-off timer is started by the activation 

of signal fail or signal degrade and runs for the hold-off time. Protection switching is only initiated if 

signal fail or signal degrade is still present at the end of the hold-off time. The hold-off time shall be 

provisionable as defined in [ITU-T G.8331]. 

Protection switching can also be initiated by external switch commands received via the MP or a 

request from the far end via the received MTNPp_CI_APS. Depending on the mode of operation, 

internal states (e.g., wait-to-restore) may also affect a switch-over. 

See the switching algorithm described in [ITU-T G.8331]. 

Switching time: 

Refer to [ITU-T G.8331]. 

Switch restoration: 

In the revertive mode of operation, the protected signal shall be switched back from the protection 

trail to the working trail when the working trail has recovered from the fault. 
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To prevent frequent operation of the protection switch due to an intermittent fault, a faulty working 

trail must become fault-free for a certain period of time before it is used again. This period, called the 

wait-to-restore (WTR) period should be capable of being set. The WTR is defined in [ITU-T G.8331].  

In the non-revertive mode of operation no switch back to the working trail is performed when it has 

recovered from the fault. 

Configuration: 

The configuration parameters are as following: 

– MTNPp_C_MI_WorkingPortId configures the working port.  

– MTNPp_C_MI_ProtectionPortId configures the protection port. 

– MTNPp_C_MI_ProtType configures the protection type. 

– MTNPp_C_MI_OperType configures to be in revertive mode.  

– MTNPp_C_MI_HoTime configures the hold-off timer.  

– MTNPp_C_MI_WTR configures the wait-to-restore timer. 

– MTNPp_C_MI_ExtCMD configures the protection group command. 

– MTNPp_C_MI_SDEnable configures the ability of a trail protection switching process to 

trigger protection switching upon SD. 

Defects: 

The function detects dFOP-PM, dFOP-NR and dFOP-TO defects as described in clause 6.1.6 in case 

the APS protocol is used.  

Consequent actions: None. 

Defect correlations: 

cFOP-PM   dFOP-PM and (not CI_SSF) 

cFOP-NR   dFOP-NR and (not CI_SSF) 

cFOP-TO   dFOP-TO and (not dFOP-CM) and (not CI_SSF) 

9.4.1.2 MTNP trail termination function for trail protection (MTNPp_TT) 

The MTNPp_TT function is used for trail protection and it is included to satisfy the modelling rules. 

Figure 9-16 shows the combination of the unidirectional sink and source functions to form a 

bidirectional function. 

 

Figure 9-16 – MTNPp_TT  

9.4.1.2.1 MTNP trail protection termination source (MTNPp_TT_So) 

The MTNPp_TT_So function relays the MTNP sequence at its MTNP_AP input to its MTNPp_TCP. 
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The information flow and processing of the MTNPp_TT_So function is defined with reference to 

Figures 9-17 and 9-18. 

Symbol 

 

Figure 9-17 – MTNPp_TT_So function 

Interfaces 

Table 9-11 – MTNPp_TT_So inputs and outputs 

Input(s) Output(s) 

MTNP_AP: 

MTNP_AI_D 

MTNP_AI_CK 

MTNP_AI_CS  

MTNPp_TCP: 

MTNPp_CI_D 

MTNPp_CI_CK 

MTNPp_CI_CS  

Processes 

 

Figure 9-18 – MTNPp_TT_So function processes 

Defects: None. 

Consequent actions: None. 

Defect correlations: None. 

Performance monitoring: None. 

9.4.1.2.2 MTNP trail protection termination sink (MTNPp_TT_Sk) 

The information flow and processing of the MTNPp_TT_Sk function is defined with reference to 

Figures 9-19 and 9-20. 
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Symbol 

 

Figure 9-19 – MTNPp_TT_Sk function 

Interfaces 

Table 9-12– MTNPp_TT_Sk inputs and outputs 

Input(s) Output(s) 

MTNPp_TCP: 

MTNPp_CI_D 

MTNPp_CI_CK 

MTNPp_CI_CS  

MTNPp_CI_SSF 

MTNP_AP: 

MTNP_AI_D 

MTNP_AI_CK 

MTNP_AI_CS  

MTNP_AI_TSF 

Processes 

 

Figure 9-20 – MTNPp_TT_Sk function processes 

Defects: None. 

Consequent actions:  

The function shall perform the following consequent actions: 

aTSF  CI_SSF  

Defect correlations: None. 

Performance monitoring: None. 

9.4.1.3 MTNP trail protection adaptation function (MTNP/MTNPp_A) 

The MTNP/MTNPp_A function is used for trail protection defined in [ITU-T G.8331]. 
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The bidirectional MTNP/MTNPp_A is performed by a co-located pair of MTNP/MTNPp_A source 

(MTNP/MTNPp_A_So) and sink (MTNP/MTNPp_A_Sk) functions. 

9.4.1.3.1 MTNP trail protection adaptation source (MTNP/MTNPp_A_So) 

The information flow and processing of the MTNP/MTNPp_A_So function is defined with reference 

to Figures 9-21 and 9-22. 

Symbol 

 

Figure 9-21– MTNP/MTNPp_A_So function 

Interfaces 

Table 9-13 –MTNP/MTNPp_A_So inputs and outputs 

Input(s) Output(s) 

MTNPp_CP: 

MTNPp_CI_D 

MTNPp_CI_CK 

MTNPp_CI_CS  

MTNPp_CI_APS 

MTNP_AP: 

MTNP_AI_D 

MTNP_AI_CK 

MTNP_AI_CS 

MTNP_AI_APS 

Processes 

 

Figure 9-22 – MTNP/MTNPp_A_So function processes 

Defects: None. 

Consequent actions: None. 

Defect correlations: None. 

Performance monitoring: None. 
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9.4.1.3.2 MTNP trail protection adaptation sink (MTNP/MTNPp_A_Sk) 

The information flow and processing of the MTNP/MTNPp_A_Sk function is defined with reference 

to Figures 9-23 and 9-24. 

Symbol 

 

Figure 9-23 – MTNP/MTNPp_A_Sk function 

Interfaces 

Table 9-14 –MTNP/MTNPp_A_Sk inputs and outputs 

Input(s) Output(s) 

MTNP_AP: 

MTNP_AI_D 

MTNP_AI_CK 

MTNP_AI_CS  

MTNP_AI_APS 

MTNP_AI_TSF 

MTNP_AI_TSD 

MTNPp_CP: 

MTNPp_CI_D 

MTNPp_CI_CK 

MTNPp_CI_CS  

MTNPp_CI_APS 

MTNPp_CI_SSF 

MTNPp_CI_SSD 

Processes 

 

Figure 9-24 –MTNP/MTNPp_A_Sk function processes 

Defects: None. 

Consequent actions:  

The function shall perform the following consequent actions: 

aSSF  AI_TSF 

aSSD  AI_TSD 

Defect correlations: None. 

Performance monitoring: None. 
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10 MTN Section layer functions 

Figure 10-1 illustrates the MTN Section layer network and client layer adaptation functions. The 

information crossing the MTNSy (termination) connection point (MTNSy_CP/TCP) is referred to as 

the MTNSy characteristic information (MTNSy_CI) for y= 0 (50G PHY), y= 1 (100G PHY), y= 2 

(200G PHY) or y=4 (400G PHY). The information crossing the MTNS access point (MTNSy_AP) is 

referred to as the MTNSy adapted information (MTNSy_AI). 

 

Figure 10-1 – MTN Section layer network and client layer adaptation functions 

10.1 Connection functions 

Not applicable. 

10.2 Termination functions 

10.2.1 MTNSy Trail Termination function (MTNSy_TT, y = 0,1,2,4) 

The MTNSy trail termination function (MTNSy_TT) terminates the section monitoring overhead of 

each MTNS PHY overhead to determine the status of the MTNS trail. Figure 10-2 shows the 

combination of the unidirectional sink and source functions to form a bidirectional function for y= 0 

(50G PHY), y= 1 (100G PHY), y= 2 (200G PHY) or y=4 (400G PHY). 

 

Figure 10-2 – MTNSy_TT function 

10.2.1.1 MTNSy trail termination source function (MTNSy_TT_So, y = 0,1,2,4) 

The MTNSy_TT_So function adds PHY-related section monitoring overhead – i.e., the RPF 

indication – to the first FlexE instance signal in a PHY at its MTNSy_AP. 

The information flow and processing of the MTNSy_TT_So function (y = 0,1,2,4) is defined with 

reference to Figure 10-3. 
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Symbol 

 

Figure 10-3 – MTNSy_TT_So function 

Interfaces 

Table 10-1 – MTNSy_TT_So inputs and outputs 

Input(s) Output(s) 

MTNSy_AP : 

MTNSy_AI_CK 

MTNSy_AI_D[1..q] (Note) 

MTNSy_AI_FS 

MTNSy_AI_MFS 

 

MTNSy_RP: 

MTNSy_RI_RPF 

MTNSy_TCP : 

MTNSy_CI_CK 

MTNSy_CI_D[1..q] (Note) 

MTNSy_CI_FS 

MTNSy_CI_MFS 

 

NOTE – q= y if y= (1, 2, 4), or q=1 if y=0. 

Processes 

The processes associated with the MTNSy_TT_So functions are as depicted in Figure 10-4 below.  

As described in clause 7.1 of [ITU-T G.8312] the signal comprises q FlexE instances per PHY. For 

MTNS0 (y=0), a single 50G FlexE instance is carried over the 50G PHY (i.e., q= 1). For MTNSy 

with y=(1, 2, 4), y 100G FlexE instances are interleaved within the [y×100G] PHY (i.e., q= y). 

 

Figure 10-4 – MTNSy_TT_So processes; y = 0,1,2,4 
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Insert RPF: The remote PHY fault indication is inserted in the RPF bit position of the first FlexE 

instance input signal of the PHY as described in clause 9.2.6 of [ITU-T G.8312]. Its value is derived 

from reference point MTNSy_RP. Upon the declaration/clearing of aRPF at the termination sink 

function, the trail termination source function shall have inserted/removed the RPF indication within 

50 ms. 

Defects: None. 

Consequent actions: None. 

Defect correlations: None. 

Performance monitoring: None. 

10.2.1.2 MTNSy trail termination sink function (MTNSy_TT_Sk, y = 0,1,2,4) 

The MTNSy_TT_Sk function reports the state of a PHY trail in the MTNS. It extracts PHY-related 

MTNS monitoring overhead – i.e., the RPF signal – from the first FlexE instance signal at its MTNSy-

TCP, detects for the RPF defect, and forwards the defect information as backward indication to the 

companion MTNSy_TT_So function. 

The information flow and processing of the MTNSy_TT_Sk function (y = 0,1,2,4) is defined with 

reference to Figure 10-5. 

Symbol 

 

Figure 10-5 – MTNSy_TT_Sk function 

Interfaces 

Table 10-2 – MTNSy_TT_Sk inputs and outputs 

Input(s) Output(s) 

MTNSy_TCP : 

MTNSy_CI_CK 

MTNSy_CI_D[1..q] (Note) 

MTNSy_CI_FS 

MTNSy_CI_MFS 

MTNSy_CI_CRCErr[1..q] (Note) 

MTNSy_CI_SSF 

 

MTNSy_AP : 

MTNSy_AI_CK 

MTNSy_AI_D[1..q] (Note) 

MTNSy_AI_FS 

MTNSy_AI_MFS 

MTNSy_AI_CRCErr[1..q] (Note) 

MTNSy_AI_TSF 

MTNSy_RP: 

MTNSy_RI_RPF 

MTNSy_TT_Sk_MP: 

MTNSy_TT_Sk_MI_cRPF 

MTNSy_TT_Sk_MI_cSSF 

NOTE – q= y if y= (1, 2, 4), or q= 1 if y = 0. 
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Processes 

The processes associated with the MTNSy_TT_Sk functions are as depicted in Figure 10-6 below. 

As described in clause 7.1 of [ITU-T G.8312] the signal comprises q FlexE instances per PHY. For 

MTNS0 (y=0), a single 50G FlexE instance is carried over the 50G PHY (i.e., q= 1). For MTNSy 

with y=(1, 2, 4), y 100G FlexE instances are interleaved within the [y×100G] PHY (i.e., q= y). 

 

Figure 10-6 – MTNSy_TT_Sk processes; y = 0,1,2,4 

Extract RPF: The remote PHY fault indication shall be recovered from the RPF bit position in the 

overhead field of the first 50G or 100G FlexE instance in the PHY as described in clause 9.2.6 of 

[ITU-T G.8312]. It shall be used for RPF defect detection. 

Defects 

The function shall detect the dRPF defect. 

dRPF: If the extracted RPF is "1" in an overhead frame with good CRC (CRCerr = 0), dRPF shall be 

set to true; otherwise, dRPF shall be set to false; dRPF shall be set to false during CI_SSF. 

Consequent actions 

The function shall perform the following consequent actions: 

aRPF    CI_SSF 

aTSF    CI_SSF 

Defect correlations 

The function shall perform the following defect correlations to determine the most probable fault 

cause. This fault cause shall be reported to the equipment management function (EMF). 

cSSF    CI_SSF 
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cRPF    dRPF and (not CI_SSF) 

Performance monitoring: None. 

10.3 Adaptation functions 

10.3.1 MTNSy-m to MTNP adaptation function (MTNSy-m/MTNP_A, y = 0,1,2,4) 

The MTNSy-m to MTNP adaptation functions perform the adaptation between the MTNS layer 

adapted information of a group of m PHYs and the characteristic information of p MTNP tributary 

signals for y= 0 (50G PHYs), y= 1 (100G PHYs), y= 2 (200G PHYs) or y=4 (400G PHYs). The 

nominal bit rate of the MTNP tributary signal characteristic information at the MTNP connection 

point could be a multiple of 5.15625 Gbit/s. 

The MTNSy-m to MTNP adaptation functions contains the MTNS ECC function in itself, such as the 

MTNSy-m to MCC adaptation functions as defined in [ITU-T G.7712]. 

10.3.1.1 MTNSy-m to MTNP adaptation source function (MTNSy-m/MTNP_A_So, 

y = 0,1,2,4) 

The information flow and processing of the MTNSy-m/MTNP_A_So function (y = 0,1,2,4) is defined 

with reference to Figure 10-7. 

Symbol 

 

Figure 10-7 – MTNSy-m/MTNP_A_So function 

Interfaces 

Table 10-3 – MTNSy-m/MTNP_A_So inputs and outputs 

Input(s) Output(s) 

p × MTNP_CP : 

MTNP_CI_CK[1..p] 

MTNP_CI_D[1..p] 

m × COMMS_CP : 

COMMS_CI_D[1..m] 

MTNS_TP: 

MTNS_TI_CK 

 

m × MTNSy_AP : 

MTNSy_CI_CK[1..m] 

MTNSy_CI_D[1..m][1..q] (Note) 

MTNSy_CI_FS[1..m] 

MTNSy_CI_MFS[1..m] 

m × COMMS_CP : 

COMMS_CI_CK[1..m] 
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Table 10-3 – MTNSy-m/MTNP_A_So inputs and outputs 

Input(s) Output(s) 

MTNSy-m/MTNP_A_So_MP: 

MTNSy-m/MTNP_A_So_MI_TxCC 

MTNSy-m/MTNP_A_So_MI_TxCCA 

MTNSy-m/MTNP_A_So_MI_TxCCB 

MTNSy-m/MTNP_A_So_MI_TxCR 

MTNSy-m/MTNP_A_So_MI_TxCA 

MTNSy-m/MTNP_A_So_MI_TxTI[1..m] 

MTNSy-m/MTNP_A_So_MI_TxGID 

MTNSy-m/MTNP_A_So_MI_TxFlexEMAP 

NOTE – q= y if y= (1, 2, 4) or q=1 if y = 0. 

Processes 

The processes associated with the MTNSy-m/MTNP_A_So functions are as depicted in Figure 10-8.  

As described in clause 7.1 of [ITU-T G.8312] each one of the m PHYs in the MTNS group carries q 

FlexE instances, so that there are n FlexE instances in the group, with n=[m × q]. For MTNS0-m 

(y=0), a single 50G FlexE instance is carried over each 50G PHY (i.e., q= 1). For MTNSy-m with 

y=(1, 2, 4), y 100G FlexE instances are carried within each [y×100G] PHY (i.e., q= y). 
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Figure 10-8 – MTNSy-m/MTNP_A_So processes; y = 0,1,2,4 

Clock generation: The function shall generate a local FlexE instance clock of "16383/16384 × 103 

125 000 kHz  100 ppm" if y=(1,2,4) or "16383/16384 × 51 562 500 kHz  100 ppm" if y=0, from 

the synchronisation timing information clock input (TI_CK) or, if the TI_CK is absent, from a free-

running oscillator. 

FS and MFS generation: The function shall generate FlexE frame start (FS) and FlexE overhead 

multi-frame start (MFS) signals as described in clause 7.3.1 of [ITU-T G.8312]. 

Rate adaptation: The function shall adjust the MTNP signals applied at the MTNP_CP input ports 

to the required rate using the MTNS layer clock through insertion of IDLE blocks and deletion of 

IDLE and Ordered Set blocks as described in clause 7.2 of [ITU-T G.8312]. 

Multiplexer: The function assigns the individual MTNP to specific calendar slots of the MTNSy-m 

payload area as defined by the active client calendar. The active client calendar is the calendar 

configuration in use and is derived by the configuration provided by either the MI_TxCCA or the 

MI_TxCCB as indicated by the MI_TxCC, as described in clause 9.2.3 of [ITU-T G.8312]. 

NOTE – It is assumed that the client calendar configuration protocol is implemented by the EMF. 
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Insert client calendar: The function shall insert the calendar configuration information into the 

FlexE instance frame overhead fields as defined in clause 9.2.3 of [ITU-T G.8312]. The "calendar 

configuration in use" overhead bits are set as configured by the MI_TxCC; the "client carried 

calendar A/B" overhead fields are set extracting the sub-calendar information from the configured 

MI_TxCCA and MI_TxCCB. The "client switch request" and "client switch acknowledged" overhead 

bits are set as configure by the MI_TxCR and MI_TxCA. 

Insert GID: The group identifier (GID) is inserted in the FlexE Group Number field of each FlexE 

instance overhead. Its value is configured via the MI_TxGID. The group number format is described 

in clause 9.2.2 of [ITU-T G.8312]. 

Insert IID: The instance identifier (IID) is inserted in the FlexE instance number field of each FlexE 

instance overhead. Its value for each FlexE instance in the group is a unique one and can be configured 

via the MI_TxFlexEMAP. The FlexE instance Number format and its relationship with each PHY 

Number is described in clause 9.2.2 of [ITU-T G.8312]. 

Insert FlexE MAP: The FlexE MAP is inserted in the OMF and FlexE MAP fields of each FlexE 

instance overhead as specified in clause 9.2.2 of [ITU-T G.8312] using the multiframe structure 

specified in clause 9.2.1 of [ITU-T G.8312]. Its value is configured via the MI_TxFlexEMAP. 

Reserved OH: The function shall insert "all zero" in the reserved overhead field and in bit 36 to 63 of 

the FlexE instance overhead in row 1 as described in clause 9.2.7 of [ITU-T G.8312]. 

Insert Management channel: The function shall perform MCC insertion as described in 

clause 8.2.3.1. The trail trace identifier (TTI) is carried over the MTNS message communication 

channel as specified in Annex A of [ITU-T G.8350]. The TTI value to be transmitted is configured 

via MI_TxTI. The TTI is sent with a 10s fixed interval. 

COMMS clock generation: The function shall generate the COMMS clock (CI_CK_COM) by 

dividing the local FlexE instance clock (CK) by a factor of 3/163688. 

Defects: None. 

Consequent actions: None. 

Defect correlations: None. 

Performance monitoring: None. 

10.3.1.2 MTNSy-m to MTNP adaptation sink function (MTNSy-m/MTNP_A_Sk, y = 0,1,2,4) 

The information flow and processing of the MTNSy-m/MTNP_A_Sk function (y = 0,1,2,4) is defined 

with reference to Figure 10-9. 

As described in clause 7.1 of [ITU-T G.8312] each one of the m PHYS in the MTNS group carries q 

FlexE instances, so that there are n FlexE instances in the group, with n=[m × q]. For MTNS0-m 

(y=0), a single 50G FlexE instance is carried over each 50G PHY (i.e., q= 1). For MTNSy-m with 

y=(1, 2, 4), y 100G FlexE instances are carried within each [y×100G] PHY (i.e., q= y). 

Symbol 

 

Figure 10-9 – MTNSy-m/MTNP_A_Sk function 



 

50 Rec. ITU-T G.8321 (11/2022) 

Interfaces 

Table 10-4 – MTNSy-m/MTNP_A_Sk inputs and outputs 

Input(s) Output(s) 

m × MTNSy_AP : 

MTNSy_AI_CK[1..m] (Note 1) 

MTNSy_AI_D[1..m][1..q] (Note 2) 

MTNSy_AI_FS[1..m] 

MTNSy_AI_MFS[1..m] 

MTNSy_AI_CRCErr[1..m][1..q] (Note 2) 

MTNSy_AI_TSF[1..m] 

 

MTNSy-m/MTNP_A_Sk_MP: 

MTNSy-m/MTNP_A_Sk_MI_ExCC 

MTNSy-m/MTNP_A_Sk_MI_ExCCA 

MTNSy-m/MTNP_A_Sk_MI_ExCCB 

MTNSy-m/MTNP_A_Sk_MI_ExGID 

MTNSy-m/MTNP_A_Sk_MI_ExFlexEMAP 

 

MTNSy-m/MTNP_A_Sk_MI_ExTI[1..m] 

MTNSy-m/MTNP_A_Sk_MI_TIMDetMo 

MTNSy-m/MTNP_A_Sk_MI_TIMActDis 

 

p × MTNP_CP : 

MTNP_CI_CK[1..p] 

MTNP_CI_D[1..p] 

MTNP_CI_SSF[1..p] 

 

m × COMMS_CP : 

COMMS_CI_D[1..m] 

COMMS_CI_CK[1..m] 

COMMS_CI_SSF[1..m] 

 

MTNSy-m/MTNP_A_Sk_MP: 

MTNSy-m/MTNP_A_Sk_MI_AcCC 

MTNSy-m/MTNP_A_Sk_MI_AcCR 

MTNSy-m/MTNP_A_Sk_MI_AcCA 

MTNSy-m/MTNP_A_Sk_MI_AcCCA (Note 3) 

MTNSy-m/MTNP_A_Sk_MI_AcCCB (Note 3) 

MTNSy-m/MTNP_A_Sk_MI_cCCM[1..p] 

MTNSy-m/MTNP_A_Sk_MI_cLOBA[1..p] 

MTNSy-m/MTNP_A_Sk_MI_AcGID[1..n] 

MTNSy-m/MTNP_A_Sk_MI_AcIID[1..n] 

MTNSy-m/MTNP_A_Sk_MI_AcFlexEMAP[1..n] 

MTNSy-m/MTNP_A_Sk_MI_cLOL 

MTNSy-m/MTNP_A_Sk_MI_cFMM 

MTNSy-m/MTNP_A_Sk_MI_cGIDM 

MTNSy-m/MTNP_A_Sk_MI_AcTI[1..m] 

MTNSy-m/MTNP_A_Sk_MI_cTIM 

NOTE 1 – It needs only to select one clock of them to use, e.g., MTNSy_AI_CK[1]. 

NOTE 2 – q= y if y= (1, 2, 4), or q= 1 if y = 0. 

NOTE 3 – MI_AcCCA or MI_AcCCB each are n sets of z × 16-bit values, with z=10 if y=0 or z=20 if 

y=(1,2,4). 

Processes 

The processes associated with the MTNSy-m/MTNP_A_Sk functions are as depicted in Figure 10-10 

below, for y=0 (50GBASE-R PHY), y= 1 (100GBASE-R PHY), y=2 (200GBASE-R PHY) or y=4 

(400GBASE-R PHY). As described in clause 7.1 of [ITU-T G.8312] the signal comprises q FlexE 

instances per PHY. For MTNS0 (y=0), a single 50G FlexE instance is carried over the PHY (i.e., 

q=1). For MTNSy with y=(1, 2, 4), y 100G FlexE instances are interleaved within a PHY (i.e., q= y). 
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Figure 10-10 –MTNSy-m/MTNP_A_Sk processes; y = 0,1,2,4 

Group OH extraction: The function shall extract and process the MTNS group overhead (GID, IID, 

FlexE MAP and client calendar) from each of the n FlexE instances signals in the FlexE group 

(incoming from m MTNSy_AI) as defined in clause 9.2 of [ITU-T G.8312]. 

 Extract and process GID: The GID field shall be read from the "FlexE Group Number" 

field of each FlexE instance overhead as described in clause 9.2.2 of [ITU-T G.8312] and 

processed as specified in clause 8.2.1.1. The accepted GID values are available at the MP 

(MI_AcGID[i]) and are used for dGIDM defect detection. 

 Extract and process IID: The IID fields shall be read from the "FlexE instance Number" 

field of each FlexE instance overhead as described in clause 9.2.2 of [ITU-T G.8312] and 

processed as specified in clause 8.2.1.2. The accepted IID values are available at the MP 

(MI_AcIID[i]) and are used for dFMM defect detection. 

 Extract and process FlexE MAP: The FlexE MAP fields shall be read from each FlexE 

instance overhead as described in clause 9.2.2 of [ITU-T G.8312] and processed as specified 

in clause 8.2.1.3 for 100G FlexE instance and in clause 8.2.1.4 for 50G FlexE instance. The 
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accepted FlexE MAP values are available at the MP (MI_AcFlexEMAP[i]) and are used for 

dFMM defect detection. 

Management communication channel: The function shall perform MCC extraction as described in 

clause 8.2.3.2. The trail trace identifier (TTI) is extracted via MCC as specified in Annex A of 

[ITU-T G.8350]. The accepted value is used to support dTIM detection and is made available to the 

EMF as MI_AcTI. 

Reorder and deskew: The function shall include reordering and deskewing processes. 

 Reordering: The process shall reorder n FlexE instances in the FlexE group based on IID, 

per clause 9.2.2 of [ITU-T G.8312]. 

 Deskewing: The process shall compensate the skew between the n FlexE instances based on 

FlexE frame start indication (alignment markers) as described in clause 9.2.1 of 

[ITU-T G.8312]. The alignment process shall establish the delay compensation, 

compensating the differential delay between the FlexE instances. The compensation between 

FlexE instances is achieved by an elastic store per FlexE instance. Each FlexE instance signal 

shall be written into an elastic store with the FlexE frame start indication. Each elastic store 

shall be capable of compensating at least 300 ns of absolute differential delay between n 

FlexE instances. The process has two states, out-of-multilane-alignment (OLA) and in-

multilane-alignment (ILA). The alignment start shall be maintained during the OLA state. In 

the OLA state, if the bytes of n FlexE instance signals can be written consistently into the 

elastic store in the presence of a differential delay in line without exceeding the buffering 

time, the ILA state shall be entered. In this case, the differential delay can be compensated. 

In the ILA state, if the differential delay between two FlexE instances exceeds the maximum 

delay that can be compensated, the OLA state shall be entered. 

FlexE OH client calendar: The calendar information defined in clause 9.2.3 of [ITU-T G.8312] shall 

be read from the calendar configuration in use (C), client calendar A and B, calendar switch request 

(CR) and calendar switch acknowledge (CA) overhead fields extracted from each FlexE instance 

overhead and processed as specified in clause 8.2.1.5. 

 Calendar configuration in use overhead (C): The accepted "calendar configuration in use" 

value is available at the MP (MI_AcCC) to indicate the active calendar and is used for 

dCCM[j] defects detection. 

 Client calendar A and B overheads: The accepted "client calendar A" and "client calendar 

B" calendar slot information values are available at the MP (MI_AcCCA[1..n][1..z] and 

MI_AcCCB[1..n][1..z]) and used for dCCM[j] defects detection. For each one of the n FlexE 

instances there are z MI_AcCCA 16-bit values and z MI_AcCCB 16-bit values where z is the 

number of 5G calendar slots in the sub-calendar with z= 10 for 50G FlexE instance (y=0) or 

z=20 for 100G FlexE instance (y=1,2,4). 

 Calendar switch request overhead (CR): The accepted "calendar switch request" value is 

available at the MP (MI_AcCR). 

 Calendar switch acknowledge overhead (CA): The accepted "calendar switch acknowledge" 

value is available at the MP (MI_AcCA). 

Demultiplexing: The function activates the MTNP and assigns the calendar slots of the MTNSy-m 

payload area to the individual MTNP as defined by the active client calendar. The active client 

calendar is the client calendar in use and is derived by the configuration provided by either the 

MI_ExCCA[1..n] or the MI_ExCCB[1…n] as indicated by the MI_ExCC, as described in 

clause 9.2.3 of [ITU-T G.8312]. 

NOTE – It is assumed that the client calendar configuration protocol is controlled by the EMF. 

Clock generation: The function shall generate each MTNP clock (MTNP_CI_CK[j]) from a free-

running oscillator or the MTNSy-m group clock with a nominal bit rate of approximately [s × 5 156 
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250 kbit/s], with s corresponding to the configured number of calendar slots the MTNP tributary port 

j is extracted from. 

Rate adaptation: The function shall adjust the demapped MTNP to the required rate through 

insertion of IDLE blocks or deletion of IDLE or ordered set blocks as described in clause 7.2 of 

[ITU-T G.8312]. 

Replacement signal generation: When aAIS[j] is true, the function shall provide for a replacement 

signal of MTNP and clock generation process that generates a stream of local fault sequence ordered 

sets as specified in clause 10.2.1 of [ITU-T G.8312]. 

Selector: The function shall select the normal MTNP signal or the replacement signal. When aAIS[j] 

is true, it shall select the replacement signal. Otherwise, it shall select the normal MTNP signal. 

Defects 

The function shall detect dGIDM, dFMM, dTIM[i], dLOL and dCCM[j]. 

dGIDM: See clause 6.1.2.2. 

dFMM: See clause 6.1.2.3. 

dTIM[i]: See clause 6.1.2.1; The index i ranges from 1 to m and denotes the MTNS PHY. dTIM is 

detected per MTNS PHY. 

dLOL: If the alignment process of the deskew function is in the out-of-alignment state, dLOL shall 

be set to true. dLOL shall be set to false when the alignment process is in the in-multilane-alignment 

state. 

dCCM[j] (client calendar mismatch): See clause 6.1.6.1. dCCM shall be detected per MTNP. The 

index j ranges from 1 to p and denotes the MTNP tributary port. 

Consequent actions 

aSSF[j]  dCCM[j] or dLOL or dTIM[i] or dFMM or dGIDM or ∑AI_TSF[1..n] , where i= 1 to m, 

j = 1 to p. 

aAIS[j]   dCCM[j] or dLOL or dTIM[i] or dFMM or dGIDM or ∑AI_TSF[1..n] , where i= 1 

to m, j = 1 to p. 

Defect correlations 

cGIDM  dGIDM and (not ∑AI_TSF[1..n]) 

cFMM  dFMM and (not dGIDM) and (not ∑AI_TSF[1..n]) 

cTIM  ∑dTIM[i] and (not dFMM) and (not dGIDM) and (not ∑AI_TSF[1..n]), where i= 1 

to m. 

cLOL  dLOL and (not dFMM) and (not dGIDM) and (not ∑AI_TSF[1..n]) 

cCCM[j]  dCCM[j] and (not dLOL) and (not dTIM[i]) and (not dFMM) and (not dGIDM) and 

(not ∑AI_TSF[1..n]), where i= 1 to m, j = 1 to p. 

Performance monitoring: None. 

11 Media adaptation functions 

11.1 M-AI to MTNSy adaptation function (M-AI/MTNS_A, y = 0,1,2,4) 

The M-AI to MTNSy adaptation functions perform the adaptation between the group of optical 

signals related with a PHY that is part of the group carrying the MTNS (i.e., the MTNS is carried 

over a group of m PHYs operating at same rate) and the characteristic information of the MTNS layer 

signal. PHY rates of 50G (y=0), 100G (y=1), 200G (y=2), and 400G (y=4) are supported. 
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The MTNS characteristic information is defined in clause 10.2. 

11.1.1 M-AI to MTNSy adaptation source function (M-AI/MTNS_So_A, y = 0,1,2,4) 

The information flow and processing of the M-AI/MTNSy_A_So function (y = 0,1,2,4) is defined 

with reference to Figure 11-1. 

Symbol 

 

Figure 11-1 – M-AI/MTNSy_A_So function 

Interfaces 

Table 11-1 – M-AI/MTNSy_A_So inputs and outputs 

Input(s) Output(s) 

MTNSy_CP : 

MTNSy_CI_CK 

MTNSy_CI_D[1..q] (Note) 

MTNSy_CI_FS 

MTNSy_CI_MFS 

 

M-AI/MTNSy_A_So_MP: 

M-AI/MTNSy_A_So_MI_[IEEE802.3] 

M_AP: 

M-AI_D[1..N] 

 

M-AI/MTNSy_A_So_MP: 

M-AI/MTNSy_A_So_MI_[IEEE802.3] 

NOTE – q= y if y= (1, 2, 4) or q= 1 if y= 0. 

Processes 

The processes associated with the M-AI/MTNSy_A_So function are as depicted in Figures 11-2.1 

and 11-2.2 for y= 0 (50GBASE-R PHY), y= 1 (100GBASE-R PHY), y= 2 (200GBASE-R PHY) or 

y=4 (400GBASE-R PHY). 

As described in clause 7.1 of [ITU-T G.8312] the signal comprises q FlexE instances per PHY. For 

MTNS0 (y=0), a single 50G FlexE instance is carried over the 50G PHY (i.e., q= 1). For MTNSy 

with y=(1, 2, 4), y 100G FlexE instances are interleaved within the [y×100G] PHY (i.e., q= y). 
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Figure 11-2.1 – M-AI/MTNS1_A_So (y= 1) and M-AI/MTNS0_A_So (y=0) processes 

 

Figure 11-2.2 – M-AI/MTNSy_A_So processes (y= 2 or y= 4) 
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The following processes are performed for each FlexE instance: 

– OMFS insertion: FlexE overhead multi-frame alignment signal (i.e., multi-frame start 

(MFS)) is inserted within the OMF bit as described in clause 9.2.1 of [ITU-T G.8312]. For 

y=0 (50G FlexE instance), the multiframe sequence is over sixteen consecutive overhead 

frames, while for y= (1,2,4} (y * 100G FlexE instance(s)), the multiframe sequence is over 

thirty-two consecutive overhead frames. 

– FS insertion: FlexE overhead frame alignment signal (i.e., frame start (FS)) is inserted in the 

first 66B block of the FlexE instance overhead frame encoded as a special ordered set as 

described in clause 9.2.1 of [ITU-T G.8312]. The overhead frame alignment signal is defined 

by a 2-bit sync header of '10' (i.e., control block), the pattern "0x4B" in bits 0 to 7 (i.e., control 

block type value) and the pattern "0x5" in bits 32 to 35 (i.e., "O" code value). It is present 

once per (1023 × 20 + 1) × 8 66B blocks that is the length of FlexE overhead frame as 

illustrated in Figure 7-1 of [ITU-T G.8312]. 

– Cyclic redundancy check (CRC)-16: See clause 9.2.8 of [ITU-T G.8312]. The function 

shall compute the CRC-16 and insert the calculated CRC-16 value into the CRC-16 field of 

FlexE instance overhead. 

– PAD insertion (only in the case of y=0, 2 or 4): The function shall insert two 66B pad blocks 

(P1, P2) after every 163830 66B blocks at the same relative position on each FlexE instance 

as described in clause 7.1 of [ITU-T G.8312]. It is used to compensate the difference between 

the 1/16K alignment marker spacing for 100GBASE-R PHYs and the 1/20K alignment 

marker spacing for 50GBASE-R, 200GBASE-R, or 400GBASE-R PHYs so that the 5G 

calendar slots carried over all PHY types are the same nominal size. 

Interleaving (only in the case of y=2 or 4): The function shall frame-synchronously 66B block 

interleave the 'y' 100G FlexE instances after pad blocks insertion into a 66B block data stream as 

described in clause 7.1 of [ITU-T G.8312]. The 'y' 100G FlexE instances are interleaved in ascending 

FlexE instance number value. 

Error Marking: The function shall replace any 66B block that has been error-marked by 

[IEEE 802.3 processes] or any 66B block with invalid sync headers or any 66B control block carrying 

an invalid Type field (per [IEEE 802.3] Table 82-5) with an error control block /E/ to avoid possible 

error contamination in an MTNP Forwarding node, per clause 8.1 in [ITU-T G.8312]. 

xGBASE-R Clock Generation: The function shall generate a 50GBASE-R clock if y=0 or 

y00GBASE-R clock if y=(1,2 or 4) that is locked to the incoming clock (CI_CK). 

[IEEE 802.3] processes: The [IEEE 802.3] processes represent the whole functionality of the PCS 

sublayer below MTNS functions, as well as the PMA and PMD sublayers in the IEEE 802.3 model. 

NOTE – This Recommendation defines these processes by reference to [IEEE 802.3] and intentionally does 

not provide details, as this functionality is well understood from the IEEE work. 

Defects: None. 

Consequent actions: None. 

Defect correlations: None. 

Performance monitoring: None. 

11.1.2 M-AI to MTNSy adaptation sink function (M-AI/MTNS_Sk_A, y = 0,1,2,4) 

The information flow and processing of the M-AI/MTNSy_A_Sk function (y = 0,1,2,4) is defined 

with reference to Figure 11-3. 
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Symbol 

 

Figure 11-3 – M-AI/MTNSy_A_Sk function 

Interfaces 

Table 11-2 – M-AI/MTNSy_A_Sk inputs and outputs 

Input(s) Output(s) 

M_AP: 

M-AI_D[1..N] 

 

M-AI/MTNSy_A_Sk_MP: 

M-AI/MTNSy_A_Sk_MI_[IEEE802.3] 

MTNSy_CP : 

MTNSy_CI_CK 

MTNSy_CI_D[1..q] (Note 1) 

MTNSy_CI_FS 

MTNSy_CI_MFS 

MTNSy_CI_CRCErr[1..q] (Note 1) 

MTNSy_CI_SSF 

 

M-AI/MTNSy_A_Sk_MP: 

M-AI/MTNSy_A_Sk_MI_[IEEE802.3] 

M-AI/MTNSy_A_Sk_MI_cLOF 

M-AI/MTNSy_A_Sk_MI_cLOM 

NOTE – q= y if y= (1, 2, 4), or q= 1 if y = 0. 

Processes 

The processes associated with the M-AI/MTNSy_A_Sk functions are as depicted in Figure 11-4.1 

and Figure 11-4.2 below, for y= 0 (50GBASE-R PHY), y= 1 (100GBASE-R PHY), y= 2 

(200GBASE-R PHY) or y=4 (400GBASE-R PHY). 

As described in clause 7.1 of [ITU-T G.8312] the signal comprises q FlexE instances per PHY. For 

MTNS0 (y=0), a single 50G FlexE instance is carried over the 50G PHY (i.e., q= 1). For MTNSy 

with y=(1, 2, 4), y 100G FlexE instances are interleaved within the [y×100G] PHY (i.e., q= y). 
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Figure 11-4.1 – M-AI/MTNS1_A_Sk (y= 1) and M-AI/MTNS0_A_Sk (y=0) processes 
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Figure 11-4.2 – M-AI/MTNSy_A_Sk processes (y= 2 or 4) 

[IEEE 802.3 processes]: The [IEEE 802.3] processes represent the whole functionality of the PCS 

sublayer below the MTNS section, as well as the PMA and PMD sublayers in the IEEE 802.3 model. 

NOTE – This Recommendation defines these processes by reference to [IEEE 802.3] and intentionally does 

not provide details, as this functionality is well understood from the IEEE work. 

Error Marking: The function shall replace any 66B block that has been error-marked by 

[IEEE 802.3 processes] or any 66B block with invalid sync headers or any 66B control block carrying 

an invalid Type field (per [IEEE 802.3] Table 82-5) with an error control block /E/ to avoid possible 

error contamination in an MTNP Forwarding node, per clause 8.1 in [ITU-T G.8312]. 

De-interleaving (only if y=2 or 4): The function shall 66B block de-interleave the [y×100G] 66B 

block stream in a round-robin manner over y 100G 66B streams, such that the y 66B P1 PAD blocks 

appear at the same time on the y de-interleaved 100G 66B block streams. This deinterleaving process 

ensure that after PAD deletion, the first 100G FlexE instance (with lowest FlexE instance number) is 

output towards MTNSy_CI_D[1] and the last 100G FlexE instance (with highest FlexE instance 

number) is output towards MTNSy_CI_D[y]. 

The following processes are performed for each FlexE instance: 

– PAD lock (only if y=0, 2 or 4): The function shall perform 66B PAD block lock as described 

in clause 8.2.2.1. 
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– PAD deletion (only if y=0, 2 or 4): deletion (only if y=0, 2 or 4): The function shall delete 

the 66B PAD blocks P1 and P2. 

– Frame alignment: The function shall recover the FlexE instance overhead frame start as 

described in clause 8.2.2.2. 

– CRC-16: The CRC-16 is extracted from the CRC-16 field. If the extracted CRC-16 value 

has the expected value per the computation specified in clause 9.2.8 of [ITU-T G.8312], 

CRCerr is set to 0; otherwise, CRCerr is set to 1. 

– Overhead multi-frame alignment: The function shall recover the overhead multi-frame 

start from the overhead multi-frame (OMF) bit indication in the FlexE instance overhead as 

described in clause 8.2.2.3 for y=(1, 2 or 4) or in clause 8.2.2.4 for y=0. 

Replacement signal generation: When aAIS is true, the function shall provide for a replacement 

signal (including clock, frame start, and multi-frame start) generation process that generates a stream 

of local fault sequence ordered sets for each FlexE instance signal. 

Normal/Replacement signal Selector: The function shall select the normal FlexE instance signal or 

the replacement signal. When aAIS is true, it shall select the replacement signal. Otherwise, it shall 

select the normal FlexE instance signal. 

Defects 

The function shall detect dPCS, dLOF[1..q], and dLOM[1..q], with q= y if y=(1,2 or 4), or q=1 if y=0. 

dPCS: This defect represents any defect detected by the [IEEE 802.3] processes in the portion of the 

PCS below the FlexE shim, or in the PMA or PMD sublayers. 

dLOF[1..q]: The loss of FlexE instance overhead frame defect dLOF is generated based on the state 

of the FlexE instance overhead frame alignment process. See dLOF described in clause 6.1.5.1.  

dLOM[1..q]: The loss of FlexE instance overhead multi-frame defect dLOM is generated based on 

the state of the FlexE instance overhead multi-frame alignment process. See dLOM described in 

clause 6.1.5.2. 

Consequent actions 

aSSF  dPCS or ƩdLOF[1..q] or ƩdLOM[1..q] 

aAIS  dPCS or ƩdLOF[1..q] or ƩdLOM[1..q] 

On declaration of aAIS, the function shall output a replacement signal per FlexE instance signal, 

which consists of a continuous stream of Local Fault ordered sets at a bit rate of 

103.125 Gb/s ×
16383

16384
 ± 100 ppm for 100G FlexE instance or at a bit rate of 51.5625 Gb/s ×

20479

20480
 ± 100 ppm for 50G FlexE instance, within two FlexE overhead frames. On clearing aAIS, the 

FlexE replacement signal shall be removed within two FlexE overhead frames, with normal data 

being output. The FlexE replacement signal clock, frame start, and multi-frame start shall be 

independent from the incoming clock, frame start, and multi-frame start. 

Defect correlations 

cLOF  ƩdLOF[1..q] and (not dPCS)  

cLOM  ƩdLOM[1..q] and (not dPCS) and (not ƩdLOF[1..q])  

Performance monitoring 

Performance monitoring is part of the [IEEE 802.3] processes. There is no additional performance 

monitoring for the MTNSy-related processes.  
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Appendix I 

 

Example state machine of MTN Path OAM Basic block alignment 

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

Figure I.1 shows an example state machine that implements the MTN Path OAM Basic block 

alignment process. 

 

Figure I.1 – Example of a MTP path OAM basic block alignment state machine 

The MTN path OAM basic block alignment process is in the IBA state when the above state machine 

is in the IBA_ExpB1 and IBA_ExpB2 states. Conversely, the alignment process is in the OoBA state 

when the above state machine is in the OoBA_ROOT, OoBA_ExpB1 and OoBA_ExpB2 states. 

The state machine is expecting to receive a B1 Basic block when it is in the IBA_ExpB1 and the 

OoBA_ExpB1 states. Similarly, state machine is expecting to receive a B2 Basic block when it is in 

the IBA_ExpB2 and the OoBA_ExpB2 states. 
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Appendix II 

 

BIP calculation under missing Basic block 

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

A sequence of parity calculation intervals with the Basic blocks that terminate and start an interval is 

shown in Figure II.1. 

 

Figure II.1 – Basic blocks and parity calculation windows 

Table II.1 provides an example of the relationship between the parity calculation interval and the 

Basic block that carries the result. 

Table II.1- Relationship between the parity calculation interval and the Basic block 

Parity calculation interval A B C D E F G 

B block 3 4 5 6 7 8 9 

For example, if block 3 is declared missing (and all other blocks are received) the parity calculation 

interval A is marked as errored. The location of the boundary between parity calculation intervals C 

and D is unknown and these intervals are marked as errored.  

The results of the parity calculated in interval B is compared to the result provided in Basic block 4, 

the result of parity calculated in interval E is compared to the parity provided in Basic block 7. 
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