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1 [bookmark: _Toc18344][bookmark: _Toc11691][bookmark: _Toc198301222][bookmark: _Toc408][bookmark: _Toc13044][bookmark: _Toc9405]General provisions
1.0.1  This standard is formulated with a view to unify and standardize the design, construction, and acceptance of optical transport network (OTN) engineering, achieve advanced technology, safety and usability, cost-effectiveness and rationality, energy conservation, and environmental protection.
1.0.2  This standard is applicable to the design, construction, and acceptance of optical transport network (OTN) engineering constructed or expanded using OTN technology.
1.0.3  Engineering design shall coordinate planning, achieve joint construction, and share resources to meet the requirements of building a resource-saving and eco-friendly society.
1.0.4  Engineering design shall be based on guaranteed communication quality, and compare multiple schemes to improve economic benefits and reduce engineering costs.
1.0.5  The equipment and materials used in engineering design shall meet the requirements of relevant national technical standards.
1.0.6  OTN transmission system engineering shall comply with both requirements stipulated in this standard and those in current relevant standards of the nation.




















2 [bookmark: _Toc7605][bookmark: _Toc16204][bookmark: _Toc18662][bookmark: _Toc22769][bookmark: _Toc5945][bookmark: _Toc198301223]Terms and symbols
2.1 [bookmark: _Toc31682][bookmark: _Toc198301224][bookmark: _Toc26779][bookmark: _Toc31091][bookmark: _Toc13778][bookmark: _Toc25239]Terms
2.1.1  optical channel (OCh[r])
Information structure used to support optical channel.
2.1.2  optical channel data unit-k (ODUk)
Includes information payload (OPUk) and information structure related to ODUk overhead.
2.1.3  ODUk Path (ODUkP)
Information structure for supporting end-to-end ODUk path.
2.1.4  optical channel data unit-k tandem connection monitoring ODUk TCM (ODUkT)
Information structure for supporting TCM path.
2.1.5  optical channel payload unit-k (OPUk)
Information structure for customer information transmitted on the optical channel.
2.1.6  optical supervisory channel (OSC)
Physical optical channel for transmitting OTM overhead signals. It does not pass through an optical amplifier.
2.1.7  optical transport module (OTMn [r].m, OTM 0.mvn)
Information structure transmitted through ONNI.
2.1.8  optical channel transport unit-k (OTUk [V])
Information structure for transmitting an ODUk on one or more optical channel connections
2.1.9  optical transport hierarchy (OTH)
A set of digital transport structure, which standardizes the transport of the adapted payload on an optical transport network
2.1.10  optical multiplex section (OMS)
One of the sub-layers of optical transport network, whose information is carried by OMU-n
2.1.11  optical transmission section (OTS)
One of the sub-layers of optical transport network, whose information is carried by OTMn.m
2.2 [bookmark: _Toc8036][bookmark: _Toc30504][bookmark: _Toc3716][bookmark: _Toc198301225][bookmark: _Toc12744][bookmark: _Toc8831]Symbols
	3R
	reamplification, reshaping and retiming

	ACT
	activation (in the TCM ACT byte)

	AI
	adapted information

	AIS
	alarm indication signal

	AP
	access point

	APS
	automatic protection switching

	BDI
	backward defect indication

	BDI-O
	backward defect indication overhead

	BDI-P
	backward defect indication payload

	BEI
	backward error indication

	BIAE
	backward incoming alignment error

	BIP
	bit interleaved parity

	CBR
	constant bit rate

	CI
	characteristic information

	CM
	connection monitoring

	CP
	connection point

	CRC
	cyclic redundancy check

	CTRL
	control word sent from source to sink

	DAPI
	destination access point identifier

	DNU
	do not use

	EDC
	error detection code

	EOS
	end of sequence

	EXP
	experimental

	ExTI
	expected trace identifier

	FAS
	frame alignment signal

	FDI
	forward defect indication

	FDI-O
	forward defect indication overhead

	FDI-P
	forward defect indication payload

	FEC
	forward error correction

	GCC
	general communication channel

	GID
	group identification

	IaDI
	intra-domain interface

	IAE
	incoming alignment error

	IrDI
	inter-domain interface

	JOH
	justification overhead

	LC
	link connection

	LCAS
	link capacity adjustment scheme

	LSB
	least significant bit

	MFAS
	multiframe alignment signal

	MFI
	multiframe indicator

	MS
	maintenance signal

	MSB
	most significant bit

	MSI
	multiplex structure identifier

	MST
	member status

	NC
	network connection

	naOH
	nonassociated overhead

	NORM    
	normal operating mode

	OCC       
	optical channel carrier

	OCCo      
	optical channel carrier-overhead

	OCCp      
	optical channel carrier-payload

	OCCr      
	optical channel carrier with reduced functionality

	OCG       
	optical carrier group

	OCGr       
	optical carrier group with reduced functionality

	OCh       
	optical channel with full functionality

	OChr      
	optical channel with reduced functionality

	OCI         
	open connection indication

	ODU      
	optical channel data unit

	ODUk    
	optical channel data unit-k

	ODTUjk 
	optical channel data tributary unit j into k

	ODTUG 
	optical channel data tributary unit group

	ODUk-Xv   
	X virtually concatenated ODUk's

	OH          
	overhead

	OMS       
	optical multiplex section

	OMS-OH  
	optical multiplex section overhead

	OMU     
	optical multiplex unit

	ONNI   
	optical network node interface

	OOS     
	OTM overhead signal

	OPS              
	optical physical section

	OPU       
	optical channel payload unit

	OPUk     
	optical channel payload unit-k

	OPUk-Xv 
	X virtually concatenated OPUk's

	OSC        
	optical supervisory channel

	OTH        
	optical transport hierarchy

	OTL        
	optical channel transport lane

	OTM       
	optical transport module

	OTN         
	optical transport network

	OTS        
	optical transmission section

	OTS-OH 
	optical transmission section overhead

	OTU     
	optical channel transport unit

	OTUk       
	completely standardized optical channel transport unit-k

	OTUkV
	functionally standardized optical channel transport unit-k

	PCC        
	protection communication channel

	PLD           
	payload 

	PM
	path monitoring

	PMI                 
	payload missing indication

	PMOH    
	path monitoring overhead

	PRBS      
	pseudo random binary sequence

	PSI         
	payload structure identifier

	PT                 
	payload type

	RES        
	reserved for future international standardization

	RS-Ack  
	re-sequence acknowledge

	SAPI        
	source access point identifier

	Sk           
	sink

	SM          
	section monitoring

	SMOH    
	section monitoring over head

	SNC        
	subnetwork connection

	So             
	source

	SQ            
	sequence indicator

	TC               
	tandem connection

	TCM        
	tandem connection monitoring

	TCP             
	termination connection point

	TS                          
	tributary slot

	TT           
	trail termination

	T×TI        
	transmitted trace identifier

	VCG        
	virtual concatenation group

	VCOH     
	virtual concatenation overhead

	vcPT        
	virtual concatenated payload type














3 [bookmark: _Toc14995][bookmark: _Toc26946][bookmark: _Toc198301226][bookmark: _Toc10495][bookmark: _Toc6784][bookmark: _Toc26732]System standards
3.1 [bookmark: _Toc7595][bookmark: _Toc1289][bookmark: _Toc32135][bookmark: _Toc198301227][bookmark: _Toc28967][bookmark: _Toc22802]Network model and structure
3.1.1  The OTN network can be divided into three planes: transport layer, management layer, and control layer. When configuring the control layer in an OTN network, the intelligent characteristics of the network shall be provided through the control layer, and automatic recovery and protection based on the control layer shall be achieved according to the business service level. When the OTN network is not configured with control layer, protection can be provided at the transport layer according to service requirements.
3.1.2  The OTN transport layer shall be divided hierarchically into three layers: the optical channel (OCh) layer, the optical multiplex section (OMS) layer, and the optical transmission section (OTS) layer. And the relationship between adjacent layers shall be customer/server (Figure 3.1.2).
[image: 图片1]
Figure 3.1.2 OTN network layering
3.1.3  The OTN transport network may be horizontally divided into different management domains, where a single management domain may be composed of OTN devices from a single device manufacturer, or a network or subnet from an operator (Figure 3.1.3). Physical connections between different domains shall use inter-domain interfaces (IrDI), while physical connections within a domain shall use intra-domain interfaces (IaDI).


Figure 3.1.3 OTN network domain division
3.1.4  OTN technology may be applied to long-haul networks and local networks, and various topological networking structures such as chain, ring, and mesh may be adopted (Figure 3.1.4).


Figure 3.1.4 OTN network structure
3.2 [bookmark: _Toc27032][bookmark: _Toc15808][bookmark: _Toc30170][bookmark: _Toc198301228][bookmark: _Toc17692][bookmark: _Toc31088]System rate and multiplexing structure
3.2.1  OTUk (k = 1, 2, 3 or 4), ODUk (k = 0, 1, 2, 2e, 3 or 4) and other types and bit rate levels of OTN systems shall meet the relevant requirements in the current industry standard "Optical Transport Network (OTN) Interface" YD/T 1462.
3.2.2  The basic multiplexing structure of OTN signals shall include two types: electrical-layer multiplexing and optical-layer multiplexing (Figure 3.2.2-1 and Figure 3.2.2-2), both of which shall meet the relevant requirements of the current industry standard "Optical Transport Network (OTN) Interface" YD/T 1462.

 Figure 3.2.2-1 OTM multiplexing and mapping structure (electrical layer) in a management domain


Figure 3.2.2-2 OTM multiplexing and mapping structure (optical layer)
3.2.3  OTN customer signals shall include OTUk (k = 1, 2, 3, or 4), FE/GE/10GE WAN/10GE LAN/40G POS/100GE, STM-1/4/16/64/256, etc. The mapping of customer signal shall meet the relevant requirements of the current industry standard "General technical requirements for Optical Transport Network (OTN)" YD/T 1990.
3.3 [bookmark: _GoBack][bookmark: _Toc4045][bookmark: _Toc26190][bookmark: _Toc32639][bookmark: _Toc17856][bookmark: _Toc198301229][bookmark: _Toc26315]Network reference point and network interface
3.3.1  The definition of universal reference point for optical network element (ONE) in OTN (Figure 3.3.1) shall meet the relevant requirements of the current industry standard "Optical Transport Network physical layer interfaces" YD/T 1634.

Figure 3.3.1 Universal reference points for optical network elements
Ss (single channel) - The reference point is located after the optical connector of the user's network element transmitter.
Rs (single channel) - The reference point is located before the optical connector of the user's network element receiver.
MPI-S (Single channel) - The reference point is located after the single channel output interface optical connector of each optical network element ("M-S" represents the single channel signal coming out of the multi-channel system).
MPI-R (Single channel) - The reference point is located before the optical connector of each single channel input interface of the optical network element ("S-M" indicates entering the multi-channel system from a single channel signal).
MPI SM (Multi channel) - The reference point is located after the optical connector of the optical network element transport output interface.
MPI-RM (Multi channel) - The reference point is located before the optical connector of the optical network element transport input interface.
SM reference point – It is located after the output optical connector of the multi-channel line OA.
RM reference point - It is located before the input optical connector of the multi-channel line OA.
3.3.2  Network interfaces may be divided into network node interfaces, network management interfaces, orderwire interfaces, external synchronization interfaces (optional), and user interfaces (optional).
3.3.3  Network node interfaces shall include intra-domain interfaces (IaDI) and inter-domain interfaces (IrDI). The IrDI interface shall have 3R processing function at each interface terminal.
3.3.4  The network management interface shall be in accordance with the following requirements:
1. The northbound of the OTN network management system shall provide the interface function for the upper-layer network management system, and connect with the upper-layer network management system through this interface. The northbound interface of the network management system shall meet the specifications of CORBA or CMISE.
2. The southbound of the OTN network management system shall provide the interface function for the managed network elements. Through this interface, the network management system may manage the network elements.
3.3.5  The external synchronization interface may be selected from 2048 kHz and 2048 kbit/s. It is recommended to choose 2048 kbit/s, and the interface and frame structure shall meet the relevant requirements of the current industry standard YD/T 1420 "Technical requirements for jitter and wander in digital networks based on 2048 kbit/s hierarchy".
3.3.6  OTN inter-domain interfaces shall include single-channel and multi-channel inter-domain interfaces. The classification and code parameters of single-channel and multi-channel inter-domain interfaces shall meet the relevant requirements of the current industry standard "Optical Transport Network physical layer interfaces" YD/T 1634. The corresponding optical interface parameters shall be in accordance with those specified in Tables A.0.1-1 to A.0.1-12 and A.0.2-1 to A.0.2-5 in Appendix A of this standard.
3.4 [bookmark: _Toc8915][bookmark: _Toc198301230][bookmark: _Toc4925][bookmark: _Toc6062][bookmark: _Toc7582][bookmark: _Toc14720]Overhead and maintenance signal
3.4.1  The optical-layer overheads of OTS, OMS, and OCh, as well as the logical composition of OOS, shall meet the relevant requirements of Chapter 6 in the current industry standard "General technical requirements for Optical Transport Network (OTN)" YD/T 1990-2009 (Figure 3.4.1). Optical-layer overheads shall be transmitted through OSC after being mapped and multiplexed into OTM overhead signal (OOS).


Figure 3.4.1 OTSn, OMSn, and OCh overheads as logical units in an OOS
3.4.2  The OTUk frame structure, OTUk overhead, ODUk overhead, and OPUk overhead, as well as the detailed content and functions of each overhead byte, shall meet the relevant requirements of the current industry standard "General technical requirements for Optical Transport Network (OTN)" YD/T 1990.
3.4.3  OTN maintenance signals shall include Alarm Indication Signal (AIS), Forward Defect Indication (FDI), Open Connection Indication (OCI), Lock (LOCK), Payload Missing Indication (PMI), and other signals. The detailed content and function of each signal shall meet the relevant requirements of the current industry standard "General technical requirements for Optical Transport Network (OTN)" YD/T 1990.
3.4.4  The series connection of ODUk overhead in OTN network shall meet the relevant requirements of TCM in the current industry standard "Optical Transport Network (OTN) Interface" YD/T 1462.
3.5 [bookmark: _Toc9058][bookmark: _Toc29638][bookmark: _Toc5999][bookmark: _Toc31658][bookmark: _Toc198301231][bookmark: _Toc17057]Basic requirements of OTN equipment
3.5.1  The basic requirements for OTN equipment shall meet the relevant requirements of the current industry standard "General technical requirements for Optical Transport Network (OTN)" YD/T 1990.
3.5.2  OTN equipment shall have the interface adaptation function, line interface processing function, ODUk scheduling function, OCh scheduling function, optical multiplex section and transmission section processing function, and OTN overhead processing function.
3.5.3  The interface adaptation function of OTN devices shall support Ethernet interfaces with FE/GE/10GE WAN/10GE LAN/40GE/100GE speeds, STM-N interfaces with STM-1/4/16/64/256 speeds, OTUk (k = 1, 2, 3, or 4) interfaces, and other high-speed interfaces. After mapping and multiplexing processing, ODUk (k = 0, 1, 2, 2e, 3, or 4) channel signals are generated.
3.5.4  The line interface processing function of OTN shall include ODUk time division multiplexing and ODUk mapping to OTUk function.
3.5.5  The ODUk scheduling function shall be in accordance with the following requirements:
1. One or more levels of ODUk (k = 0, 1, 2, 2e, 3, or 4) cross connections, allowing for the selection of single or multiple scheduling granularities based on network hierarchy requirements.
2. The cross-connection scheduling unit shall provide hardware redundancy protection capability, and the ODUk active/standby cross-connection switching time shall be less than 50 ms.
3. The line protection and service broadcasting functions shall be supported through system cross-connection configuration.
3.5.6  The OCh scheduling function shall support the following functions:
1. Optical channel wavelength signal add/drop multiplexing function
2. Optical channel wavelength signal intra-loop scheduling capability, supporting OCh channel add/drop and pass-through
3. Optical channel wavelength signal cross-loop scheduling capability
4. Multicast and broadcast functions for wavelength services through system cross-connection configuration
3.5.7  The performance of components, such as multiplexer, demultiplexer, optical amplifier, dispersion compensation module, that carry OMS and OTS layers in OTN equipment shall meet the relevant requirements of the current industry standard "Technical specification for optical wavelength divison multiplexing (WDM) system 160×10Gb/s and 80×10Gb/s part" YD/T 1274.
3.5.8  OTN devices shall have overhead processing and monitoring functions at the OPU/ODU/OTU layer, supporting monitoring and management functions at the OTU SM section layer and ODU PM channel layer. OTN shall provide the 6-level TCM connection monitoring function. The OAM function of OTN shall meet the relevant requirements of the current industry standard "Interfaces for the optical transport network (OTN)" YD/T 1462.


4 [bookmark: _Toc25774][bookmark: _Toc8606][bookmark: _Toc13505][bookmark: _Toc198301232][bookmark: _Toc32243][bookmark: _Toc13691]Engineering design

4.1 [bookmark: _Toc26251][bookmark: _Toc13690][bookmark: _Toc32296][bookmark: _Toc198301233][bookmark: _Toc23640][bookmark: _Toc18336]Network planning

4.1.1  The service routing plan shall determine the protection and recovery methods for services, set up the working and protection routes for the service according to the service requirements, and calculate the occupied and available capacity of the network links.
4.1.2  Services routing and wavelength configuration shall be planned according to service, maintenance, and network development requirements.
4.1.3  Network performance planning shall simulate and calculate the optical transmission performance of all possible routes based on conditions such as fiber type, fiber cable length, and optical transmission node settings, and the results shall meet the transmission performance requirements of the WDM system.
4.1.4  Network statistical analysis shall analyze the configuration information of each node and the occupation of node port resources. It shall also statistically analyze the length, attenuation, dispersion, and DGD values of each optical amplifier section, as well as the OSNR value, residual dispersion, and DGD values of each multiplex section. Additionally, it shall analyze the working channels, protection channels, and idle capacity of each multiplex section, as well as the capacity and utilization of each link.

4.2 [bookmark: _Toc603][bookmark: _Toc4252][bookmark: _Toc198301234][bookmark: _Toc8112][bookmark: _Toc18387][bookmark: _Toc29442]Transmission system designing

4.2.1  The scale and capacity of the OTN network shall be in accordance with the following requirements:
1. The single-wavelength rate of the system line side shall adopt a rate of 10 Gbit/s or above.
2. The wavelength capacity of the long-haul transmission network shall be 80 channels or more, and the local (metro) network should be 80 channels or 40 channels;
3. The selection and configuration of cross-connect capacity for each node in the system shall be based on its application scenario, predicted service requirements, and the requirement for network redundancy.
4. When the OTN system is applied in the long-haul transmission network, the electrical cross-connect equipment shall support cross-connections of ODU0/1/2/2e/3/4. When applied in the local (metro) network, the electrical cross-connect equipment shall support cross-connections of ODU0/1/2/2e/3, and when there is a service requirement, it shall also support cross-connections of ODU4.
4.2.2  The selection of optical fibers for the OTN network shall be in accordance with the following requirements:
1. The OTN transmission system may use G.652 or G.655 optical fibers.
2. In the OTN transmission system, the same type of optical fiber should be used within the same optical amplifier span, and the same type of optical fiber should be used within the same optical multiplex section.
3. When the OTN system is applied in long-haul transmission networks, it is advisable to configure backup fibers in the same cable if resources permit.
4.2.3  The network organization of the OTN network shall be in accordance with the following requirements:
1. OTN equipment from different vendors within the same operator shall be organized into separate OTN management domains, and multi-vendor OTN management domains shall be interconnected through IrDI interfaces with 3R functions.
2. The basic topology types of the OTN transmission network may be linear, ring, and mesh. The selection of network topology shall be determined based on the optical cable network structure, the number of nodes, and the service relationships between nodes in the network coverage area.
3. The design of each optical multiplexing transmission system in the OTN network shall meet the relevant requirements in the current national standard "Code for engineering design of wavelength division multiplexing (WDM) optical fiber transmission systems" GB/T 51152.
4.2.4  The OTN transmission system shall mainly include four types of stations: terminal stations, regenerator stations, add/drop multiplexer stations, and optical amplifier stations. The specific station settings shall be reasonably selected and set based on network topology, network organization, maintenance system and conditions, system equipment performance, and optical fiber performance.
4.2.5  The wavelength organization of the OTN system shall be in accordance with the following requirements:
1. The wavelength organization shall be compiled based on service forecasts and network structure, combined with the current network status and development plan.
2. The following principles shall be followed in the process of wavelength organization:
1) The wavelength organization shall prioritize meeting the immediate service requirements, with some redundancy considered.
2) The use of wavelengths should start from small sequence numbers and be arranged in ascending order.
3) Wavelengths with the same sequence numbers should be used for wavelength configuration in different optical multiplex sections.
4) When different rate wavelengths are mixed and transmitted on the line side, wavelengths with different rates should be arranged in different wavelength bands.
4.2.6  The circuit organization of the OTN network shall be in accordance with the following requirements:
1. The circuit organization shall be compiled based on service requirements and wavelength organization, combined with the network status and development plan.
2. The following principles shall be followed in the process of circuit organization:
1) The circuit organization shall prioritize meeting the recent service requirements and may consider a certain level of redundancy.
2) The circuit organization may make specific arrangements based on the terminal and cross-connection of optical channels at different rate levels in the system.
3) For different optical multiplex sections within the same ring, circuits with the same channel and timeslot numbers should be used.
4) For circuit arrangements between two points, the shortest path shall be prioritized while considering the uniformity of the channel cross-sections in each section.
5) Higher-rate channel cross-connections shall be organized as much as possible without affecting the network's flexible scheduling.
6) OTN interface format should be used for circuit cross-connections.
4.2.7  The control plane design of OTN cross-connect equipment shall be optional in engineering, and the control plane function shall meet the relevant requirements of the current national standard "Technical requirements for automatically switched optical network (ASON)" GB/T 21645.

4.3 [bookmark: _Toc11779][bookmark: _Toc18411][bookmark: _Toc28690][bookmark: _Toc1143][bookmark: _Toc198301235][bookmark: _Toc1771]Network protection and recovery

4.3.1  OTN network protection shall be in accordance with the following requirements:
1. It shall support ODUk-based SNC protection and ring protection (ODUk SPRing).
2. It shall support OCh-based 1+1 protection, 1:N protection, and optical channel shared protection (OCh SPRing).
3. It shall support OLP based on optical amplifier section and OMSP based on optical multiplex section.
4. For 1+1, 1:N, and ring network protection types, once a switchover triggering event is detected, the protection switchover shall be completed within 50 ms.
4.3.2  Protection and restoration based on the control plane shall be optional in engineering design and shall be in accordance with the following requirements:
1. It shall support protection and restoration based on the optical layer and electrical layer, such as 1+1 protection, M:N protection, ring network protection, permanent 1+1 protection, etc.
2. It shall support pre-set route restoration and dynamic route restoration.
3. For optical-electrical hybrid protection and restoration, it shall support bottom-up, top-down, and hybrid coordinated protection and restoration mechanisms.

4.4 [bookmark: _Toc20157][bookmark: _Toc1071][bookmark: _Toc26380][bookmark: _Toc27791][bookmark: _Toc24924][bookmark: _Toc198301236]Auxiliary system designing

4.4.1  The network management system of the OTN transmission system shall meet the relevant requirements of the current industry standards "Design Specification of Network Management System for WDM Optical Fiber Cable Telecommunication Project" YD/T 5113 and "General technical requirements for Optical Transport Network (OTN)" YD/T 1990.
4.4.2  The DCN network organization shall be in accordance with the following requirements:
1. In the OTN transmission network, the implementation of DCN shall have three optional methods: optical supervisory channel (OSC), electrical supervisory channel (ESC), and external DCN. The OSC method shall be preferred.
2. In an OTN network without optical amplification stations, the ESC method may be used to organize the DCN network.
3. It may adopt an out-of-band DCN method that is independent of the service network itself.
4.4.3  The design of the orderwire communication system shall be in accordance with the following requirements:
1. It is advisable to set up an orderwire communication system for orderwire communication between all stations.
2. In the case of a large network scale, wide coverage area, and multiple management levels, two orderwire communication systems may be set up, one for orderwire communication between terminal stations, regenerator stations, and divide stations, and the other for orderwire communication between all stations.
3. The two orderwire systems at the same station shall be able to be connected through one orderwire telephone.
4. For stations equipped with network element management systems and subnet management systems, the orderwire communication channel shall be extended to the network management room.
5. The orderwire communication system shall have addressing call, group call, and broadcast call methods.
4.4.4  The transport of synchronization signals shall be in accordance with the following requirements:
1. The transport of frequency synchronization signals shall be in accordance with the following requirements:
1) The OTN network may use node-by-node synchronization or transparent transmission to achieve the transport of frequency synchronization signals, where node-by-node synchronization may be divided into physical layer-based frequency synchronization signal transport and PTP message-based frequency synchronization signal transport.
2) Node-by-node synchronization should be used for frequency transmission within the OTN network.
3) When the frequency transmission link in the form of SDH or synchronous Ethernet passes through the OTN network, transparent transmission should be used to pass through the OTN.
4) When transparent frequency transmission is required for synchronous Ethernet data services, OTN shall use GMP or BMP methods to adapt the data encapsulation to ODUk, and shall not use GFP method.
2. The function of transmitting time synchronization signals shall be optional, and shall be in accordance with the following requirements:
1) High-precision time synchronization signal transport shall be implemented using the IEEE 1588v2 protocol, and the technical and performance requirements shall comply with the relevant regulations in the current industry standard "Technical requirements for high accuracy time synchronization" YD/T 2375;
2) ESC or OSC may be used to implement the transport of PTP messages. OSC shall be used for long-haul transmission systems configured with OA stations, and ESC should be used for scenarios involving interconnection between different vendors.
3) When using the OSC method to transmit PTP messages, it is advisable to use the OSC single-fiber bidirectional method to avoid the impact of fiber link asymmetry on time performance.
4) Under various network load conditions during a 24-hour observation period, the maximum time deviation introduced by the entire end-to-end OTN network shall be within ±1 μs; the time deviation introduced during time source switching or time path switchover shall be less than 250 ns.
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5.1.1  The optical signal-to-noise ratio (OSNR) indicator shall meet the relevant requirements in the current national standard "Code for engineering design of wavelength division multiplexing (WDM) optical fiber transmission systems" GB/T 51152, and the detailed optical interface parameters shall be in accordance with those specified in Table B.0.1-1 to Table B.0.1-9 in Appendix B of this standard.
5.1.2  The bit error indicator shall meet the relevant requirements in the current national standard "Code for engineering design of wavelength division multiplexing (WDM) optical fiber transmission systems" GB/T 51152, and the detailed optical interface parameters shall be in accordance with those specified in Table B.0.2-1 to Table B.0.2-10 in Appendix B of this standard.
5.1.3  The short-term bit error performance indicators of optical channels and optical multiplex sections in long-haul and local networks shall be continuously tested for 24 hours without bit errors.
5.1.4  For Ethernet transparent transmission services, there shall be no packet loss for 24 hours when 90% of the line throughput is randomly generated with varying packet lengths.
5.1.5  On an OTN network, the maximum pre-FEC bit error rate (BOL) for 40G rate optical channels shall not be greater than 1E-5, and the maximum pre-FEC bit error rate (BOL) for 100G rate optical channels shall be in accordance with the following requirements:
1. The hard-decision FEC shall not be greater than 7.0E-5 or 3.0E-4;
2. The soft-decision FEC shall not be greater than 1.0E-3;
3. The ultra-long-haul FEC shall not be greater than 4.0E-3.
5.1.6  The Ethernet performance indicators shall be in accordance with those specified in Table 5.1.6.
Table 5.1.6 Ethernet performance indicators
	Performance parameters
	Indicator requirements
	Notes

	Overload packet loss rate
	0.01%
	Provisional

	Long-term packet loss rate
	0
	Tested for 24 hours

	Burst interval
	Minimum frame interval
	-

	Forwarding rate
	The smaller of the user port rate and the SDH link rate
	-

	Delay
	≤ 100 μs
	64-byte long data frame

	LCAS
	Recovery time to be determined
	LCAS dynamically adjusts the link bandwidth (virtual concatenation capacity) without loss of service, i.e. no packet loss. Passive LCAS virtual concatenation protection and recovery may result in a small amount of packet loss.

	VLAN
	No less than 256 VLANs per node
	Supports 802.1Q VLAN tags and requires support for double-layer VLAN tags.

	Differential delay
	Indicator to be determined
	-

	Address cache capacity
	≥ 4096
	Single module

	MAC address learning speed
	≥ 1000/second
	-
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5.2.1  The jitter generation of OTU shall be in accordance with the following requirements:
1. The jitter generation index of 3R OTU for SDH signals on the client side shall meet the relevant requirements in the current industry standards "Technical specification for optical Wavelength Divison Multiplexing (WDM) system 160×10 Gbit/s and 80×10 Gbit/s part" YD/T 1274 and "Technical requirements for N×40 Gbit/s optical wavelength division multiplexing (WDM) systems" YD/T 1991.
2. The jitter generation index of 3R OTU for OTN signals on the client side shall meet the relevant requirements in the current industry standard "General technical requirements for Optical Transport Network (OTN)" YD/T 1990.
5.2.2  OTN Network Interface Jitter and Drift Tolerance shall be in accordance with the following requirements:
1. The input jitter tolerance of OTU shall comply with the relevant regulations in the current industry standards "Technical requriements of optical wavelength divison multiplexing (WDM) system_32×2.5 Gbit/s part" YD/T 1060, "Technical specification for optical Wavelength Divison Multiplexing (WDM) system 160×10 Gbit/s and 80×10 Gbit/s part" YD/T 1274, and "Technical requirements for N×40Gbit/s optical wavelength division multiplexing (WDM)systems" YD/T 1991;
2. The input sinusoidal jitter tolerance of OTU1 (Figure 5.2.2-1) shall be in accordance with those specified in Table 5.2.2-1;
[image: 图片1]
Figure 5.2.2-1 OTU1 input sinusoidal jitter tolerance

Table 5.2.2-1 OTU1 input sinusoidal jitter tolerance
	Frequency ƒ(Hz)
	Peak-to-peak jitter value (UIpp)

	500＜ƒ≤5k
	7500ƒ-1

	5k＜ƒ≤100k
	1.5

	100k＜ƒ≤1M
	1.5×105ƒ-1

	1M＜ƒ≤20M
	0.15


3. The input sinusoidal jitter tolerance of OTU2 (Figure 5.2.2-2) shall comply with the provisions of Table 5.2.2-2.
[image: 图片2]
Figure 5.2.2-2 OTU2 input sinusoidal jitter tolerance

Table 5.2.2-2 OTU2 input sinusoidal jitter tolerance
	Frequency ƒ(Hz)
	Peak-to-peak jitter value (UIpp)

	2k＜ƒ≤20k
	3.0×104ƒ-1

	20k＜ƒ≤400k
	1.5

	400k＜ƒ≤4M
	6.0×105ƒ-1

	4M＜ƒ≤80M
	0.15


4. The input sinusoidal jitter tolerance of OTU3 (Figure 5.2.2-3) shall be in accordance with those specified in Table 5.2.2-3.
[image: 图片3]
Figure 5.2.2-3 OTU3 input sinusoidal jitter tolerance

Table 5.2.2-3 OTU3 input sinusoidal jitter tolerance
	Frequency ƒ(Hz)
	Peak-to-peak jitter value (UIpp)

	8k＜ƒ≤20k
	1.2×104ƒ-1

	20k＜ƒ≤400k
	6

	400k＜ƒ≤16M
	2.4×106ƒ-1

	16M＜ƒ≤320M
	0.18


5.2.3  The jitter transfer characteristics of OTU shall be in accordance with the following requirements:
1. The jitter transfer characteristics of OTUs with STM-16 and STM-64 interfaces shall meet the relevant requirements in the current industry standards "Technical requriements of optical wavelength divison multiplexing (WDM) system_32×2.5 Gbit/s part" YD/T 1060 and "Technical specification for optical Wavelength Divison Multiplexing (WDM) system 160×10Gb/s and 80×10Gb/s part" YD/T 1274, respectively.
2. The jitter transfer characteristics of OTUs with OTUk interfaces shall meet the relevant requirements in the current industry standard "General technical requirements for Optical Transport Network (OTN)" YD/T 1990.
5.2.4  The output jitter of OTN network interfaces shall be in accordance with those specified in Table 5.2.4.
Table 5.2.4 Maximum output jitter allowed for OTN network interfaces
	Interface type
	Measured bandwidth
	Peak-to-peak jitter value (UIpp)

	
	Low-pass (kHz)
	High-pass (MHz)
	

	OTU1
	5
	20
	1.5

	
	1000
	20
	0.15

	OTU2
	20
	80
	1.5

	
	4000
	80
	0.15

	OTU3
	20
	320
	6

	
	16000
	320
	0.18

	OTU4
	FFS
	FFS
	FFS

	
	FFS
	FFS
	FFS


Note: The OTUk network interface is not a synchronous interface, and the ODUk clock is not a major factor that causes drift. Therefore, defining the drift indicator is not required.

5.2.5  The jitter and drift indicators of SDH and Ethernet interfaces shall meet the relevant requirements in the current industry standard "Design specification for synchronous digital hierarchy (SDH) optical fiber transmission system project" YD 5095.
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6.0.1  The interconnection between OTN network and user network should use OTUk interfaces. If no OTUk interface is available, STM-N interfaces or Ethernet interfaces may also be used for interconnection.
6.0.2  Interconnection between OTN network management domains of different vendors should use the IrDI interface of OTN. If the IrDI interconnection condition of OTN is not available, the IrDI interface of non-OTN may be used for interconnection.
6.0.3  The application codes for optical interface between equipment from different vendors shall be consistent, and the interface type should preferably use OTUk.
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7.1.1  The selection of transmission equipment shall be in accordance with the following requirements:
1. It shall comply with the principles of technological advancement, high safety and reliability, economic applicability, energy conservation, and environmental protection.
2. The equipment shall have flexible and minimal hardware configurations, which are conducive to system expansion and upgrading.
3. It shall comply with the relevant regulations in the current industry standards "General technical requirements for optical transport network (OTN)" YD/T 1990 and "Interfaces for the optical transport network (OTN)" YD/T 1462.
4. For those without OTN technology standards established domestically, they shall comply with the relevant requirements of ITU-T recommendations.
7.1.2  The rack height of the equipment shall be 2600 mm, 2200 mm, or 2000 mm, the depth shall be 300 mm or 600 mm, and the width shall be 600 mm.
7.1.3  The overall mechanical structure of the equipment shall fully consider the convenience of installation and maintenance, the flexibility of expanding capacity or adjusting the number of equipment, and realize hardware modularization, while having mechanical strength and rigidity.
7.1.4  The electromagnetic compatibility of the equipment shall comply with the relevant regulations in the current national standard "Electromagnetic compatibility requirement and measurement methods for telecommunication network equipment" GB/T 19286.
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7.2.1  The equipment configuration shall consider convenience for maintenance, use, and expansion.
7.2.2  The configuration principles for OTN equipment shall be in accordance with the following requirements:
1. The number of equipment shall be configured according to the transmission system and wavelength organization. The equipment cross-connect granularity and capacity shall be reasonably selected based on the application scenario. For cross-ring nodes, large-capacity cross-connect equipment shall be selected based on service requirements.
2. It is advisable to avoid or reduce service scheduling between different subracks within a station or node. When it is necessary to perform cross-subrack service scheduling, the interconnection between subracks shall use the client-side interface. If the client-side interface does not support ODUk multiplexing and demultiplexing functions, the line-side interface may also be used, and the interface rate should be the highest rate supported by the equipment.
3. The number of degrees of the OTN optical cross-connect equipment shall be configured according to the predicted number of optical line directions. The OTU boards in the same direction degree shall be appropriately concentrated.
4. The line-side boards of the OTN electrical cross-connect equipment shall be configured according to service requirements. The configuration quantity and type of client-side interfaces of the OTN electrical cross-connect equipment should be determined according to service requirements, and appropriate redundancy should be considered.
5. The configuration of client-side service boards shall simplify network configuration and reduce the types and quantities of maintenance spare parts while meeting the requirements of various services.
6. Hot-pluggable optical modules should be used for various rate services and line board optical modules.
7. The configuration of maintenance spare parts shall meet the basic requirements of daily maintenance and ensure that important units are not lacking in variety.
8. It is recommended to select maintenance spare parts on the client side that support multiple interfaces through network management configuration, and select full-band frequency adjustable boards for maintenance spare parts on the line side.
9. The cross-connect scheduling matrix shall have redundant protection capabilities.
10. According to the environmental conditions of the equipment room, the power consumption of the OTN equipment configured in a single cabinet shall not exceed the upper limit allowed by the equipment room.
7.2.3  Optical port terminals with different rates should be placed on different ODFs or terminal boards at the service terminal station.
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8.1.1  The station communication system shall consist of optical terminal multiplexing equipment, optical add/drop multiplexing equipment, optical line amplification equipment, ODF, etc.
8.1.2  The connections between OTN equipment and client optical interfaces shall be made through an ODF. The wavelength scheduling in different directions shall also be done through an ODF.
8.1.3  When designing a wavelength division multiplexing system, the reference direction of the system shall be clearly defined. The fiber cores of the line fiber in the reference direction should be used according to the "single fed and dual receiving" principle. Various resources in the station shall be occupied according to the "upstream first and downstream later" principle in accordance with the system's reference direction. The selection of the system's reference direction shall be in accordance with the following principles:
1. The system's reference direction should be consistent with the system name.
2. The reference direction of a linear system may be based on the direction from the center of the administrative area, from north to south, or from east to west. The reference direction of a ring system may be counterclockwise.
3. Multiple systems with the same route may have the same reference direction.
4. A directioned network diagram may be used to clarify complex network topologies based on the above principles.
8.1.4  The "transmit" direction within the station shall be from the client side to the line side, from low speed to high speed, and from splitter to combiner; the "receive" direction shall be in the opposite direction. The use of resources such as cable layout and ODF terminals within the station should follow the principle of "single receiving and dual fed".
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8.2.1 The area of the transmission equipment room shall be designed with consideration for future development requirements and shall have room for expansion.
8.2.2 The net height of the transmission equipment room shall not be less than 3.2 m.
8.2.3 The temperature, relative humidity, cleanliness, electromagnetic interference, noise, lighting, and other requirements of the transmission equipment room shall meet the relevant requirements of the current industry standard "The Requirement of Environment Conditions for Genteral Equipment Room for Communication" YD/T 1821.
8.2.4 The electrostatic discharge (ESD) requirements of the transmission equipment room shall meet the relevant requirements of the current national standard "Code for construction and quality acceptance of antistatic engineering" GB 50944.
8.2.5 The uniformly distributed live load value of the transmission equipment room floor shall meet the relevant requirements of the current industry standard "Specifications of engineering design for telecommunication private premise" YD/T 5003.
8.2.6 The environmental inspection of the equipment room shall include the following content:
1. Hazardous goods such as flammable and explosive materials shall not be stored in the equipment room.
2. The position and size of the holes shall meet the requirements for cable layout in the equipment room.
3. Non-combustible materials shall be used to seal the holes.
4. Equipment and materials shall be inspected and accepted before installation.
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8.3.1  The layout of the equipment room shall be in accordance with the following requirements:
1. The layout shall be arranged according to the short-term and long-term plans, with priority given to the short-term plan while considering the long-term development.
2. The cabling routes between equipment shall be reasonable, with shorter cabling distances and fewer back-and-forth routes.
3. The layout shall be easy to maintain, construct, and expand.
4. The layout shall be conducive to seismic reinforcement.
5. The layout shall be neat and beautiful while also considering the utilization rate of the equipment room area.
8.3.2  The equipment arrangement shall be in accordance with the following requirements:
1. The equipment should be arranged face-to-face or back-to-back. When installing equipment in an existing equipment room, it is advisable to use the same layout as the original equipment. For a new equipment room, the back-to-back double-sided arrangement should be used according to the equipment situation and under the condition that the floor load of the equipment room allows.
2. The main equipment shall be arranged in the same row or relatively concentrated.
3. If conditions permit, the arrangement of the optical distribution frame should be relatively centralized.
8.3.3  The width between equipment rows and aisles in the equipment room shall be determined according to the load of the equipment room, equipment weight, and maintenance space requirements. Standard equipment rooms may be in accordance with those specified in Table 8.3.3.
Table 8.3.3 Reference value for the equipment arrangement distance of standard equipment room (m)
	Number
	Name
	Distance
	Notes

	1
	Main aisle width
	≥1.3
	Single-sided arrangement of equipment room

	
	
	≥1.5
	Double-sided arrangement of equipment room

	2
	Secondary aisle width
	≥0.8; individual protruding parts ≥0.6
	For short equipment rows

	
	
	≥1.0; individual protruding parts ≥0.8
	For long equipment rows

	3
	Between adjacent equipment rows face to face
	1.2～1.4
	-

	4
	Between adjacent equipment rows face to back
	1.0～1.2
	-

	5
	Between adjacent equipment rows back to back
	0.7～0.8
	-

	6
	Between equipment face and wall
	0.8～1.0
	-

	7
	Between equipment back and wall
	0.6～0.8
	-
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8.4.1 For a new equipment room, the overhead cable tray shall be designed according to the overhead cabling method. The installation of the cable tray in the equipment room shall meet the relevant requirements of the current industry standard "Installation and design standard for cabling duct in the room of telecommunication" YD/T 5026.
8.4.2 The column racks may be installed according to the area and shall meet the recent requirements of the project. The height shall be designed according to the equipment height, and the distance between the column rack and the top of the equipment rack shall be 50mm.
8.4.3 For equipment rooms with a seismic fortification intensity of degree 6 or above, seismic reinforcement measures shall be taken for the installation of iron frames and equipment racks. The reinforcement method of the iron frame shall meet the relevant requirements of the current industry standard "Installation and design standard for cabling duct in the room of telecommunication" YD/T 5026, and the reinforcement method of the equipment rack shall meet the relevant requirements of the current industry standard "Design Specification for Seismic Installation of Telecommunication Equipment" YD 5059.
8.4.4 The installation of troughs and cable trays shall be in accordance with the following requirements:
1. The planar position of the troughs and cable trays shall meet the requirements of the design plan, and the deviation shall not exceed 50 mm.
2. The column troughs and column cable trays shall be in a straight line, and the horizontal deviation shall not exceed 3.0‰. The height shall meet the design requirements.
3. The connections of the fasteners shall be firm, straight, and without obvious bending; cable supports shall be installed neatly, firmly, and with even spacing.
4. The main trough (main cable tray) shall intersect with the column trough (column cable tray) in three dimensions, and the height shall meet the design requirements.
5. The column braces shall be in a straight line, and the reinforcement at both ends shall meet the design requirements.
6. The suspension installation shall be vertical and firm, and the expansion bolt holes shall avoid the main load-bearing beam of the equipment room. When it is unavoidable, the hole position shall be selected on the side position more than 120 mm below the lower edge of the main load-bearing beam.
7. The paint surface of the iron parts shall be intact. When repainting is required, the color shall be consistent with the original paint color.
8. The seismic reinforcement of the iron parts shall meet the design requirements.
8.4.5 The installation of optical fiber protective troughs shall be in accordance with the following requirements:
1. Optical fiber protective troughs should be installed using brackets, and the bottom of the brackets should be installed on cable supports or beams of the trough (cable tray).
2. The installed optical fiber protective troughs shall be firm, straight, and without obvious bending.
3. The height of the optical fiber protective trough in the trough should be level with the upper edge of the trough side plate, and shall not affect the laying of cables in the trough. At the intersection of the main trough and the column trough and at the turning point of the trough, curved elbows should be used for connection.
4. The cover of the optical fiber protective trough shall be easy to open and close, and the side of the protective trough in the column trough shall reserve an optical fiber outlet. The outlet should be connected in a horn shape to prevent damage to the optical fiber at the turning point.
8.4.6 The installation of equipment racks shall be in accordance with the following requirements:
1. The installation position of various equipment racks shall comply with the design requirements, and the deviation shall not exceed 10 mm.
2. The installation of various equipment racks shall be neat and firm, and the vertical deviation shall not exceed 1.0‰ of the rack height.
3. The racks in the same row shall be close to each other, and the gap between the racks shall not exceed 3 mm, and the rack doors shall be smooth to open and close. The rack surface shall be straight, with a deviation of no more than 3 mm per meter and no more than 15 mm for the entire column.
4. The equipment racks shall be reinforced with expansion bolts to the ground, and the top of the racks should be reinforced with clamps or L-shaped irons on the beams of the column trough (cable tray). All fasteners shall be tightened moderately, and the length of exposed nuts of the same type of screw should be basically consistent.
5. When installing equipment in a room with anti-static flooring, equipment racks shall be installed under the equipment, and the installation of the racks shall meet the equipment installation requirements.
6. The seismic reinforcement of the equipment racks shall comply with the design requirements.
7. The position, installation arrangement, and various markings of the equipment terminal board shall comply with the design requirements.
8. The installation of optical fiber connectors on ODF shall be firm, consistent in direction, and the parts for fixing fibers in the tray shall be installed completely.
9. The equipment racks, components, and their grounding cables shall be installed firmly, and the installation of lightning protection and equipment protection grounding cables shall comply with the design requirements.
8.4.7 The installation of equipment subracks shall be in accordance with the following requirements:
1. The installation position of the equipment subrack shall comply with the design requirements.
2. The reinforcement of the subrack and equipment rack shall be firm, upright, and meet the equipment assembly requirements, and shall not affect the overall shape of the equipment rack and the smooth opening and closing of the equipment rack door.
3. The accessories and spare parts on the subrack shall be fully assembled, and the grounding cable shall be reliably connected to the grounding terminal of the equipment rack.
4. The slot positions inside the subrack shall meet the design requirements, the plug-in components shall have good contact, and empty slots shall be filled with blank panels or dummy panels.
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8.5.1 The selection of communication cables shall meet the requirements of transmission rate, attenuation, characteristic impedance, crosstalk prevention, and pressure resistance, and communication cables shall have flame retardant function.
8.5.2 The cable layout within the station shall ensure a consistent transmission direction for the signals.
8.5.3 Alarm signal lines should use audio plastic cables.
8.5.4 Orderwire communication lines shall use audio isolation cables.
8.5.5 The communication cables of the network management system shall be selected according to the transport signal rate and corresponding models and specifications of cables.
8.5.6 The AC power cables, DC power cables, communication cables, and optical cables in the equipment room shall be laid separately. The distance between communication cables and power cables shall be kept at least 50 mm.
8.5.7 The cabling shall be neat and the distance shall be short, and it shall be convenient for equipment installation and cable layout during future expansion.
8.5.8 The cable layout position shall be reasonable, and shall not hinder or affect daily maintenance and testing work.
8.5.9 The layout and termination of communication cables shall be in accordance with the following requirements:
1. The cable specifications and laying routes shall meet the design requirements.
2. The cables shall be laid straight, bundled firmly, with moderate tension, and without obvious twisting when laid in ducts or on cable trays.
3. There shall be a surplus length at the cable termination, and the length of the cable bundle shall be consistent;
4. The cable stripping size shall be suitable for the corresponding part of the cable plug (socket), and the tail end of the terminated plug (socket) shall not expose copper;
5. The core wire welding shall be correct, firm, with appropriate amount of solder, and the solder joint shall be smooth, round, and without lumps;
6. The length of the cable shielding net stripping shall be consistent, and the outer conductor of the connection plug shall be in good contact with the terminal;
7. For non-shielded Category 5 and above cables, each pair of twisted wires shall be kept in a twisted state, and the length of the untwisted part shall not exceed 13mm when untwisted;
8. For shielded twisted pair cables, the shielding layer and the shielding cover of the connector shall be reliably in contact, and the shielding layer of the cable should be in 360° contact with the shielding cover of the connector, with a contact length not less than 10mm;
9. The installed cable plug (socket) shall be complete in accessories, positioned correctly, and assembled firmly.
8.5.10 The laying of optical fiber patch cords shall be in accordance with the following requirements:
1. Optical fiber patch cords shall be laid in optical fiber protective troughs, and the optical fiber patch cords shall be kept straight without obvious twisting. When there is no optical fiber protective trough, the optical fiber patch cords shall be threaded through an optical fiber protective tube, which shall be tied straight in the cable trough or on the cable tray and separated from the power cables. The arrangement of receiving and transmitting shall comply with maintenance habits.
2. It is advisable to avoid laying optical fiber patch cords across equipment rooms. When there is a need for optical fiber connections between equipment rooms, it shall be connected through relay optical cables between the equipment rooms.
3. The color of the outer sheath of optical fiber patch cords of different types of fiber cores shall meet the design requirements.
4. Threaded optical fiber protective tubes should be used to protect optical fiber patch cords drawn from the protective trough.
5. Optical fiber patch cords without protective sleeves should not be directly bundled with cable ties. It is advisable to use wire ties or self-adhesive bandages for binding, and the binding should be moderately tight.
6. There shall be a surplus of optical fiber patch cords at the active connector, and the length of the surplus shall be determined based on the position of the connector, and shall not exceed 2 meters. The surplus part of the optical fiber patch cord shall be neatly coiled, and the curvature radius shall not be less than 40 mm.
7. Optical fiber patch cords shall be laid out in a single piece without any joints in the middle.
8. Labels shall be affixed to both ends of the optical fiber patch cord, and the labels shall be affixed neatly and consistently. The identification shall be clear and accurate, and the text shall be standardized.

8.6 [bookmark: _Toc198301250][bookmark: _Toc1067][bookmark: _Toc2551][bookmark: _Toc13027][bookmark: _Toc27188][bookmark: _Toc18099]Power supply system and grounding

8.6.1 The DC power supply system shall be in accordance with the following requirements:
1. The transmission equipment shall use –48 V DC power supply, and the input voltage range is allowed to vary from –40 V to –57 V.
2. The transmission equipment room may be powered by backbone feeder lines and power distribution cabinets. The power backbone feeder line should use copper bars or copper core cables, and copper core cables should be used for cabling from the cabinet to the rack.
3. The DC power supply system of the transmission equipment shall be combined with the original power supply method of the room, using a trunk or column radiation method for power supply. The fuses shall be distributed by the end cabinet and radiated to each rack or subrack.
4. Two small load fuses in parallel shall not be used instead of a large load fuse.
8.6.2 The selection of the power cable cross-section shall be determined based on the allowable voltage drop value of the power supply segment.
8.6.3 The cabling of the -48V DC power supply system required for the transmission equipment shall be connected separately by main and backup power cables, from the DC distribution panel in the power room to the power distribution cabinet, from the power distribution cabinet to the column cabinet, and then to the transmission equipment rack.
8.6.4 The selection of the column cabinet shall be in accordance with the following requirements:
1. The capacity and load of the end cabinet shall be calculated and configured according to the entire column.
2. The capacity of each secondary fuse in the column cabinet shall be calculated based on 1.2 to 2.0 times the full power consumption of the transmission equipment.
3. The end cabinet shall be able to display the real-time power supply voltage and actual power consumption.
4. The secondary fuses of the end cabinet shall be easily replaced while the power is on, and replacing the secondary fuses of the column cabinet while the power is on shall not affect the operation of other power systems in the column cabinet.
8.6.5 The design of the AC 220 V power supply shall be in accordance with the following requirements:
1. The capacity of the AC 220 V power supply shall meet the requirements of instrument and network management equipment.
2. The station equipped with network management equipment shall be powered by an uninterruptible power supply (UPS) system or an inverter power supply system.
8.6.6 The design of the grounding cable shall be in accordance with the following requirements:
1. The separate connection method is recommended for the working grounding and protective grounding of the transmission equipment room.
2. The working grounding cable shall be connected to the end cabinet through a bus trunk "T" or connected to the end cabinet through a power distribution branch cabinet, and radiated to each rack through the end cabinet within the column.
3. The protective grounding cable should be connected to the end cabinet directly through a power cable from the power room grounding bus, power distribution branch cabinet grounding bus, or grounding point in the equipment room. The tree trunk "T" connection method is recommended for each rack within the column.
8.6.7 The power supply design of stations not covered by this standard shall comply with the relevant regulations in the current industry standard "Code for design of engineering for telecommunication power supply equipment installation" GB 51194.
8.6.8 The lightning protection and grounding part of stations not covered by this standard shall comply with the relevant regulations in the current industry standard "Code for design of lightning protection and earthing engineering for telecommunication bureaus (stations)" GB 50689.
8.6.9 The installation of power cables shall be in accordance with the following requirements:
1. The specifications, routing, and insulation resistance between cores of power cables shall meet the design requirements.
2. The power cables shall be laid in one piece without any joints in the middle.
3. When installed in a trough or on a cable tray, the cables shall be laid straight, tied firmly, and there shall be no wrinkles on the outer skin of the cable at the turning point.
4. The negative pole wire and working grounding cable in the DC power cable shall be tied together in a straight bundle. When multiple bundles are laid, there shall be no gap between the cable bundles.
5. Power cables with a cross-section of 10 mm² or less should be connected using a looped joint method, and the direction of the loop shall be consistent with the direction of the screw tightening. The joint loop of the copper-core multi-strand power cable shall be tin-plated. Flat washers and spring washers shall be installed between the screw and the joint loop.
6. Power cables with a cross-section of more than 10 mm² shall be connected using copper lugs, and the material of the copper lug shall match the cable.
7. The specifications of the copper lug shall be consistent with the power cable specifications, and the exposed length of the copper wire shall be appropriate. The core wire shall be completely inserted into the copper lug compression tube.
8. The copper lug installed on the copper busbar shall be securely and properly connected with suitable bolts, and complete flat washers and spring washers shall be installed.
9. The outer side of the copper lug compression tube shall be protected with insulation material, with red for the working ground, blue for the negative pole, and yellow for the protective ground.









9 [bookmark: bookmark0][bookmark: _Toc6047][bookmark: _Toc5017][bookmark: _Toc8201][bookmark: _Toc582][bookmark: _Toc28342][bookmark: _Toc198301251]Maintenance tools and instruments
9.0.1. The number and variety of maintenance tools and instruments shall be able to meet the requirements of daily operation and maintenance, and the models and functions of the instruments shall be selected according to the principles of practicality and economy.
9.0.2. The configuration of maintenance tools and instruments shall be considered according to the scope of maintenance and the type of equipment.
9.0.3. When configuring maintenance tools and instruments, the engineering design shall be configured according to the actual situation after investigation and study, and the existing instruments shall be fully utilized and the matching shall be made up according to the specific situation, and the operator's requirements shall be considered at the same time.


10 [bookmark: _Toc24153][bookmark: _Toc198301252][bookmark: _Toc8464][bookmark: bookmark2][bookmark: _Toc14265][bookmark: _Toc15016][bookmark: _Toc11861]Performance test and function check
10.1 [bookmark: _Toc26809][bookmark: _Toc21496][bookmark: _Toc10074][bookmark: _Toc198301253][bookmark: _Toc26326][bookmark: _Toc19422]Single device test and function check
10.1.1 The power supply and alarm function check shall be in accordance with the following requirements:
1. Power supply conditions shall be in accordance with the following requirements:
	1) The power supply voltage range shall meet the design requirements.
	2) The fuse capacity of the column cabinet or power cabinet shall meet the design requirements.
	3) The switching between the main and standby power supply panels of the equipment shall meet the design requirements.
2. The alarm function check shall include power failure alarm, disk failure alarm, disk missing alarm, loss of signal (LOS) alarm and automatic laser shutdown (ALS) alarm.The results of the check shall be in accordance with the design requirements.
10.1.2 When the optical terminal multiplexer (OTM) equipment provides OTN interfaces, the OTN interface function should be tested, and the test results shall meet the design requirements.
10.1.3 The OTN cross-connect function test shall be in accordance with the following requirements:
1. When the OTN equipment is used as an electrical cross-connect equipment, the cross-connect functions of tributary interface to tributary interface, line interface to line interface, tributary interface to line interface, line interface to tributary interface, unidirectional, bi-directional, loopback and broadcast (multicast) based on ODUk (k = 0, 1, 2, 2e, 3, or 4) shall be verified. The test results shall meet the design requirements.
2. When OTN equipment is used as an optical cross-connect equipment, the wavelength-based unidirectional, bidirectional, loopback, broadcast (multicast), and other cross-connect functions shall be verified. The test results shall meet the design requirements.
3. When OTN equipment is used as an optical-electrical hybrid cross-connect equipment, the cross-connect functions based on ODUk (k = 0, l, 2, 2e, 3, or 4) and wavelength shall be verified. The test results shall meet the design requirements.
10.1.4 OTN optical interface single device test shall be in accordance with the following requirements:
1. Test the average transmit power of OTN optical interface. The test results shall meet the design requirements.
2. Optical receiver sensitivity test: Test the optical receiver sensitivity when BER ≤ 1.00E-12. The results shall meet the design specifications.
3. Optical receiver overload optical power test: Test the optical receiver overload power when BER ≤ 1.00E-12. The results shall meet the design specifications.
4. Center wavelength and frequency deviation test: Measure the center wavelength (frequency) at Sn (defined in figure 3.3.1), and calculate frequency deviation with the nominal central wavelength (frequency). The test results shall meet the design requirements.
5. Minimum side mode suppression ratio test: Test the minimum side mode suppression ratio for each line port at Sn point (defined in figure 3.3.1). The test results shall meet the design specifications.
6. –20 dB spectral width test: Test the –20 dB spectral width for each line port at Sn point. The test results shall meet the design specifications.
7. Jitter generation test: Measure the maximum output jitter without input jitter at R point (defined in figure 3.3.1; 60s test). The test results shall be in accordance with those specified in Table 10.1.4-1.
Table 10.1.41 Jitter generation test index requirements
	OTUk Type
	Measurement Bandwidth
	Peak-to-Peak Jitter Value (UIpp)

	
	Low Pass (kHz )
	High Pass (MHz )
	

	OTU1
	5
	20
	1.5

	
	1000
	20
	0.15

	OTU2
	20
	80
	1.5

	
	4000
	80
	0.15

	OTU3
	20
	320
	6

	
	16000
	320
	0.18

	OTU4
	FFS
	FFS
	FFS

	
	FFS
	FFS
	FFS


8. Input jitter tolerance test: Test OTU1 input sinusoidal jitter tolerance. The test results shall be in accordance with Table 5.2.2-1 in Chapter 5. Test OTU2 input sinusoidal jitter tolerance. The test results shall be in accordance with those specified in Table 5.2.2-2 in Chapter 5. Test OTU3 input sinusoidal jitter tolerance. The test results shall be in accordance with those specified in Table 5.2.2-3 in Chapter 5.
9. Jitter transfer characteristic test: Test jitter transfer parameter values. The test results shall be in accordance with the provisions of Table 10.1.4-2 and Table 10.1.4-3.
Table 10.1.4-2 Jitter transfer characteristic metrics (ODCb)
	ODUk Type
	Measurement Bandwidth
	Jitter Gain P (dB)

	
	(Hz)
	(kHz)
	(kHz)
	

	ODU0
	FFS
	FFS
	FFS
	FFS

	ODU1
	10
	1
	100
	0.1

	ODU2
	40
	4
	400
	0.1

	ODU3
	160
	16
	1600
	0.1

	ODU4
	FFS
	FFS
	FFS
	FFS




Table 10.1.4-3 Jitter Transfer Characterization Metrics (ODCr)
	OTUk Types
	Measurement bandwidth
	Jitter Gain P (dB)

	
	(Hz)
	(kHz)
	(kHz)
	

	OTU1
	2.5
	250
	20
	0.1

	OTU2
	10
	1000
	80
	0.1

	OTU3
	40
	4000
	320
	0.1

	OTU4
	FFS
	FFS
	FFS
	FFS



10.1.5 The single device test indexes of the devices such as multiplexer/demultiplexer, interleaver, optical amplifier, OPM, optical supervisory channel (OSC), etc. at the OMS/OTS layer of OTN equipment shall meet GB/T 51126 "Code for acceptance of wavelength division multiplexing (WDM) optical fiber transmission system engineering".
10.2 [bookmark: _Toc17439][bookmark: _Toc16737][bookmark: _Toc9574][bookmark: _Toc198301254][bookmark: _Toc17241]OTN system performance test and function check
10.2.1  The system performance test shall be in accordance with the following requirements:
1. The optical signal-to-noise ratio (OSNR) of each wavelength channel shall be tested separately for each OMS in both directions at the MPI-RM point, and the results shall meet the design specifications.
2. The system output jitter test may be conducted by loopback method or pair test method, and the index of loopback method may be assessed according to the unidirectional index; the test time is 60 seconds; and the test is conducted at the R point or S point, and the result shall comply with the design index requirements.
3. System BER performance test may use loopback method or pair test method, loopback method of bidirectional results may be assessed according to the unidirectional indicators; an optical multiplex section has more than one wavelength channel BER test, you may choose one of the wavelength channels to test for 24 hours, and the rest of the wavelength channels to test for 15 minutes. The test results shall be in line with the design specifications.
4. For each 40 Gbit/s channel and beyond 40 Gbit/s channel pre-FEC BER performance need to be tested at the Rn point. Record the BER value on OAM system, then turn off FEC and read BER value on test instrument. Test duration cannot be less than 4 minutes for 40 Gbit/s channel and 2 minutes for 100 Gbit/s. The test results shall be in line with the design specifications.
5. Ethernet performance test may use loopback method or pair test method. Indicators tested by loopback may be assessed according to unidirectional indicators. The test results such as Throughput, Time Delay, Overload Packet Loss rate shall meet the design requirements.
10.2.2  The system function check shall be in accordance with the following requirements:
1. When an OCh is established or deleted, it shall not affect current optical channels.
2. When optical fiber link is interrupted or the amplifier receives no light, the amplifier's transmitter shall be automatically reduced (APR) or automatically shut down (ALS). When the optical fiber link is connected and working normally, the system shall be able to resume normal operation automatically or manually.
3. Operation and inspection of the orderwire communication system shall be in accordance with the following requirements:
1) The orderwire communication system function settings shall meet the requirements of orderwire communication between stations.
2) The orderwire telephone number of each station shall meet the design requirements, and the calls made by selective calling and group calling shall be correct.
3) The call shall be clear and without howling.
4) When there is an extension phone line within 200 meters, the above functions shall be satisfied.

10.3 [bookmark: _Toc6163][bookmark: _Toc7363][bookmark: _Toc26437][bookmark: _Toc198301255][bookmark: _Toc29195]Protection performance test and function check
10.3.1  When protection switching occurs in the system, the protection switching time shall meet the design requirements.
10.3.2  Protection switching based on OCh 1+1 shall be triggered if any of the following situations occurs. Switching shall be performed immediately, and the switching mode (unidirectional or bidirectional) shall meet the design requirements.
1. Line loss of signal (LOS) and signal fail (SF) occur at the OTUk layer or ODUkP layer.
2. BER degradation (DEG) occurs at the OTUk layer or the ODUkP layer.
10.3.3  The ODUk-based SNCP switching shall be either unidirectional or bidirectional. Both revertive and non-revertive switching shall be supported so that users can make a choice. If any following conditions is satisfied, it shall be triggered immediately:
1. Line loss of signal (LOS) and signal fail (SF) occur at the OTUk layer or ODUkP layer.
2. BER degradation (DEG) occurs at the OTUk layer or the ODUkP layer.
10.3.4  Protection switching based on OCh SPRing shall be triggered immediately if any of the following situations occurs:
1. Line loss of signal (LOS) and signal fail (SF) occur at the OTUk layer or ODUkP layer.
2. BER degradation (DEG) occurs at the OTUk layer or the ODUkP layer.
10.3.5  Protection switching based on ODUk SPRing shall be triggered immediately if any of the following situations occurs:
1. Line loss of signal (LOS) and signal fail (SF) occur at the OTUk layer or ODUkP layer;
2. BER degradation (DEG) occurs at the OTUk layer or the ODUkP layer.
10.3.6  When the OTN network is configured with a control plane, the relevant protection functions shall be checked and tested, and the results shall meet the design requirements.
10.4 [bookmark: _Toc18338][bookmark: _Toc15815][bookmark: _Toc198301256][bookmark: _Toc8981][bookmark: _Toc817]OAM system function check
10.4.1  The security management function check shall include the following content:
1. With operation level and authority division function
2. With user management function
3. With log management function
4. With password management function
5. With management area division function
6. Any attempts to access the application of restricted resources may be monitored and implemented.
7. The system has data backup and archiving functions. The operating system software, application, and database may make necessary backups.
10.4.2  Fault management function check shall include the following content:
1. With real-time alarm monitoring function. Fault can be located on the board level.
2. With audible and visual alarm prompt
3. With fault alarm collection and display function
4. With fault alarm clearance and acknowledgement function
5. With fault alarm filtering and suppression function
6. With fault alarm level setting function
7. With alarm query and statistical function
8. With equipment alarm, quality of service alarm, communication alarm, environment alarm, and processing error alarm; At least four alarm levels such as Critical, Major, Minor, and Warning shall be supported. Four alarm statuses, unacknowledged current alarm, acknowledged current alarm, unacknowledged historical alarm, acknowledged historical alarm shall be supported.
9. With alarm output function
10. Other performance and functions shall meet the design requirements.
10.4.3  Performance management function check shall include the following content:
1. With performance testing and management function
2. With the query, display, and statistical function of performance data
3. With storage function for performance data
4. With performance data output function
5. With performance threshold setting and query function
10.4.4  The configuration management function check shall include the following content:
1. With network topology management function
2. With network element configuration management function
3. With network element status monitoring function
4. With cross-connection configuration function, allowing the setting of east/west and add/drop optical channels
5. With the function of configuring the protection mode and status of protection switching of network elements
6. With the function of setting and modifying the clock of network elements
7. With software version management function, allowing software upload, software download, and software upgrade
8. Other performance and functions shall meet the design requirements.
10.4.5  The optical supervisory channel protection function check shall be in accordance with the following requirements:
1. The OTN network management system shall have the access to external DCC channel.
2. When the optical supervisory channel of OTN is interrupted, the network management shall be able to connect to the external DCC channel automatically, the function of the network management system shall not be affected, and the data in the database of the network management system shall not be lost.
10.5 [bookmark: _Toc19568][bookmark: _Toc20567][bookmark: _Toc19345][bookmark: _Toc18693][bookmark: _Toc198301257]As-built project documents
10.5.1 Upon completion of the project, the contractor shall prepare completion documents on time.
10.5.2 The completion document shall contain the following contents:
1. Project description
2. Project commencement report form when the project has a supervisory party
3. Construction commencement report
4. Summary table of installation engineering workload
5. Details table of installed equipment
6. Engineering design change sheet
7. Major engineering quality accident report
8. Suspension (resumption) of work report
9. Records of visas accompanying the work
10. Handover (completion) report
11. Handover letter
12. Acceptance certificate
13. Test records
14. As-built drawings
15. Docket
10.5.3 As-built project documents shall be in accordance with the following requirements:
1. The content shall be free of missing pages, omissions and inversions, and the information shall be complete.
2. The as-built drawings shall be consistent with the actual as-built condition, and the test record data shall be true and accurate.
3. The writing shall be clear in handwriting, neat in layout, and consistent in specifications, and the binding shall meet the requirements for archiving.
10.5.4 Completion documents may be bound in a book according to single project, and when there are more contents, they may be bound in separate books. Before preliminary acceptance of the project, the contractor shall submit three copies of completion documents to the construction party.







11 [bookmark: bookmark4][bookmark: _Toc13072][bookmark: _Toc27078][bookmark: _Toc198301258][bookmark: _Toc18046][bookmark: _Toc6848][bookmark: _Toc30289]Engineering acceptance
11.1 [bookmark: _Toc6786][bookmark: _Toc23565][bookmark: _Toc20188][bookmark: _Toc2902][bookmark: _Toc20548][bookmark: _Toc198301259]Engineering preliminary acceptance
11.1.1 Preliminary acceptance of the project shall be organized by the contractor after the completion of all the designed workload, equipment function, system performance by checking and testing, completion of the preparation of completion documents, and the contractor submits the completion report to the construction party.
11.1.2 After the construction party receives the handover notice and completion documents from the contractor, the construction party shall promptly organize the acceptance inspection team to carry out preliminary acceptance according to the requirements of relevant documents.
11.1.3 The preliminary inspection of the project shall be carried out in accordance with the requirements of this standard and the design documents, to check the quality of the installation process, to test the performance of the equipment and system, to review the completion of the technical documents, to hand over the installed equipment, and to hand over the inventory of spare parts.
11.1.4 During the construction process, the construction party shall appoint site representatives or supervision engineers to organize follow-up inspection and obtain visas for hardware installation projects. In the preliminary acceptance stage of the project, it is generally no longer inspected; if the acceptance group determines that re-inspection is necessary, the re-inspection shall be in accordance with the content in Table 11.1.4.
Table 11.1.4 Equipment installation re-inspection
	Item
	Acceptance Sub-item
	Main Inspection Content
	Acceptance Inspection Method

	Hardware installation inspection
	Equipment room environment inspection
	1. Placement of items in the equipment room
2. Hole location and size
3. Materials for sealing holes
	Onsite inspection

	
	Iron frame installation
	· 1. Installation plane position
· 2. Installation height
3. Fasteners, paint
	On-the-job inspection
Onsite inspection

	
	Rack and subrack installation
	★1. Rack mounting plane position
2. Rack vertical and horizontal
★3. Rack top and bottom reinforcement
★4. Rack grounding cable
5. Placement of rack accessories
★6. Subrack installation location
7. Installation of machine trays in the subrack
★8. Fixing of cables, wires and fibers in the subrack
9. Placement of subrack accessories
	On-the-job inspection
Onsite inspection

	Hardware installation inspection
	Cable placement and termination
	★1. Optical fiber connection routing and protection measures
2. Placement process in the protective trough
3. Radius of curvature of optical fiber connecting coils
4. Labeling of optical fiber connection cables
★5. Routing of communication cables
★6. Communication cable specification program
7. Communications cable placement and tying process
8. Communication cable end processing, residual length tying
· 9. Communication cable welding process
· 10. Power cable end processing
· 11. Power cable copper lug specifications
· 12. Power cable copper lug fixing;
13. Power cable end protection tube color
	On-the-job inspection
Onsite inspection



Note: The content of the serial number before the label for the key inspection process.

11.1.5 Preliminary acceptance of the project equipment function check and test items shall be based on check content in Table 11.1.5. The sampling ratio for test items and quantities is 10%. If less than one test item is involved based on a 10% sampling ratio, the test shall be performed on one item. If the test result is unqualified, an additional 20% sampling test shall be performed. If the test result is still unqualified, the items shall be fully tested.
Table 11.1.5 Preliminary acceptance of the project equipment function check, testing, and completion of the document check content

	Item
	Acceptance Sub-item
	Main Inspection Content
	Acceptance Inspection Method
	Sampling Test Ratio

	Equipment function check and local device testing
	Power supply and alarm function check
	1. Device operating voltage
2. Power supply cabinet and end cabinet fuses specifications
3. Active/Standby power switching test
4. Alarm function test
	On-the-job inspection
Initial sampling test
	10% of the total

	
	OTN interface function test
	OTN interface adaptability
	Inspection records
	-

	
	OTN cross-connect function test
	Verification of OTN electrical or optical cross-connect function
	Inspection records
	-

	
	OTN optical interface single device test
	1. Average transmitted optical power
2. Receiver sensitivity
3. Minimum overload optical power
4. Center wavelength and offset
5. Minimum Side Mode suppression ratio
6. 20dB spectral width
7. Jitter generation
8. Input jitter tolerance
9. Jitter transfer characteristics
	Inspection records
	-

	
	OMU test
	1. Insertion loss
2. Maximum difference in insertion loss
	Inspection records
	-

	
	ODU test
	1. Insertion loss
2. Maximum difference in insertion loss
3. Adjacent channel isolation
4. Non-adjacent channel isolation
	Inspection records
	-

	
	Interleaver test
	1. Insertion loss
2. Maximum difference in insertion loss
3. Channel isolation
	Inspection records
	-

	
	Optical line amplifier (OLA) test
	1. Total input optical power
2. Total output optical power
	Inspection Records
	-

	
	Optical spectrum analyzer (OSA) test
	1. Center wavelength accuracy
2. Power accuracy
3. Optical signal-to-noise ratio accuracy
	Inspection records
	-

	Equipment function check and local device testing
	Optical supervisory channel (OSC) test
	1. Average transmitted optical power
2. Working wavelength and its deviation
	Inspection records
	-

	System performance test and function check
	System index test
	1. Optical signal-to-noise ratio
2. System BER performance
3. Ethernet signal throughput, packet loss, long-term packet loss, latency, back-to-back testing;
4. BER (for 40G and higher channels)
5. System output jitter
	Inspection records
Initial inspection sampling test
	10% of the total

	
	System function check
	1. System channel increase or decrease
2. APR function test
3. Orderwire contact function
	On-the-job inspection
	

	Protection performance test and function check
	1+1 protection switching check based on OCh
	1. protection switching trigger conditions
2. Protection switching time
	Design-based function check records
Initial inspection sampling test
	10% of the total

	
	SNCP switching check based on ODUk
	1. Protection switching trigger conditions
2. Time for protection switching
	Design-based function check records
Initial inspection sampling test
	10% of the total

	
	Protection switching check based on optical wavelength sharing
	1. Protection inversion trigger conditions;
2. Time for protection switching
	Design-based function check records
Initial inspection sampling test
	10% of the total

	
	ODUk-based ring network protection switching check
	1. Protection switching trigger conditions
2. Time for protection switching
	Inspection records according to design function
	10% of the total

	Network management function check
	Security management
	1. Operation level and privilege classification function
2. User management functions
3. Log management functions
4. Password management functions
5. Management area division function
6. Monitoring illegal login;
7. System backup
8. Monitoring illegal logins
9. System backup
	Design-based function check
	Full check

	
	Fault management
	1. Real-time alarm monitoring function
2. Audible and visual alarm prompts
3. Alarm collection and display function
4. Alarm clearing and acknowledgement functions
5. Alarm filtering and blocking functions
6. Alarm level setting function
7. Alarm query and statistics functions
8. Alarm type, severity level, and status
9. Alarm output functions
10. Alarm parameters
11. Other functions
	Design-based function check
	Full check

	
	Performance management
	1. Performance inspection management functions
2. Performance data query, display, and statistics
3. Performance data storage functions
4. Performance data output functions
5. Performance threshold setting and query functions
6. Performance management parameters
7. Other functions
	Design-based function check
	Full check

	
	Configuration management
	1. Network topology management functions
2. Network element configuration management function
3. Network element status monitoring function
4. Cross-connection configuration functions
5. Network element protection inversion function
6. Clock setting and modification functions
7. Software version upgrade
8. Other functions
	Design-based function check
	Full check

	
	Network management channel protection
	1. External DCC channel access
2. Various protection inversion tests
	Initial inspection
	Full check

	OTN control plane inspection and testing
	OTN control plane (optional)
	1. OTN control plane function check
2. OTN control plane performance check
	Design-based function check
	Full check

	Review of as-built project documents
	Number of as-built documents
	Three copies of as-built documents
	Documentation review
	Full check

	
	Content of as-built documents
	1. As-built technical documents
2. Engineering test records
3. As-built drawings
4. Docket
	Reconciliation with actual situation
Reconciliation with indicators
	Full check

	
	As-built documentation requirements
	1. Complete content
2. Detailed and accurate
3. Clearly standardized
	Document review
	Full check















11.1.6 After the initial inspection of the project, a preliminary acceptance report shall be formed, listing the remaining problems in the project, put forward to solve the remaining problems of the responsible unit and the time limit for the solution, and the construction quality of the project for the preliminary assessment, construction quality assessment shall be in line with the following provisions:
1. Main installation projects all meet the construction quality standards, and the rest of the project slightly deviates from the construction quality standard, but will not affect the use and life of the equipment. It shall be excellent.
2. Main installation projects basically meet the construction quality standards, and the rest of the project than the construction quality standard deviation, but will not affect the use and life of the equipment. It shall be qualified.
11.2 [bookmark: _Toc10][bookmark: _Toc21850][bookmark: _Toc6869][bookmark: _Toc198301260][bookmark: _Toc9319][bookmark: _Toc1625]Engineering trial operation
11.2.1 After the initial inspection, the construction party may arrange for trial operation of the system, in the remaining problems do not affect the opening of the system service, may also be put into trial operation after the initial inspection.
11.2.2 Trial operation shall be carried out by maintenance personnel organized by the construction party, which may carry out index sampling test on equipment regularly, and may carry out 30 consecutive days of stable observation on long-term BER performance of engineering multiplexing section through network management, and may try to open part of non-important services.
11.2.3 The trial operation time is 3 months, and at the end of trial operation, the construction party shall submit the trial operation report and prepare for the final inspection.
11.3 [bookmark: _Toc4462][bookmark: _Toc375][bookmark: _Toc15228][bookmark: _Toc198301261][bookmark: _Toc18940][bookmark: _Toc29292]Engineering final acceptance
11.3.1  After the end of the trial run, the remaining problems of the project have been solved and the final inspection may be carried out, and the final inspection shall be organized by the competent department of the project.
11.3.2  The final inspection may be a sample test of system performance indicators.
11.3.3  The content of the final inspection shall include the preliminary final account of the investment, the quality of engineering design and construction of the project for a comprehensive assessment, the issuance of acceptance certificates. Project quality assessment shall be in accordance with the following requirements:
1. Transmission performance meets all the requirements of the design index, the system is stable and reliable in trial operation, the main installation projects all meet the construction quality standards, and the rest of the projects have a slight deviation from the construction quality standards, but it will not affect the service life of the equipment, and it shall be excellent.
2. The transmission performance basically meets the requirements of design indexes, the system is stable and reliable in trial operation, the main installation projects basically meet the construction quality standards, and the rest of the projects deviate slightly from the construction quality standards, but they will not affect the service life of the equipment, and it shall be qualified.
11.3.4  After final inspection, the system may be put into operation.


[bookmark: _Toc17302][bookmark: _Toc198301262][bookmark: _Toc27739][bookmark: _Toc21449][bookmark: _Toc9024][bookmark: _Toc9155]Appendix A Specification for optical interface parameters


A.0.1 The optical interface parameters shall be in accordance with those specified in Table A.0.1-1 to Table A.0.1-12.
A.0.2 The multi-channel IrDI parameter values of optical tributary signal NRZ2.5G and 10G signal-level or short-haul and long-haul applications shall be in accordance with those specified in Tables A.0.2-1 to A.0.2-5. 
Table A.0.1-1 Optical tributary signal NRZ2.5G local area and single-channel IrDI parameters for short-range applications
	Parameter
	Unit
	P111-1D1
	P1S1-1D1
	P1S1-1D2

	General information
	

	Maximum number of channels
	__
	1
	1
	1

	Bit rate/line coding for single-channel signals
	__
	NRZ 2.5G
	NRZ 2.5G
	NRZ 2.5G

	Maximum bit error rate
	__
	10-12
	10-12
	10-12

	Fiber type
	__
	G.652
	G.652
	G.652

	MPI-S
	

	Operating wavelength
	nm
	1266～1360
	1260～1360
	1530～1565

	Laser source type
	__
	MLM
	SLM
	SLM

	Maximum RMS spectral width(σ)
	nm
	3.4
	NA
	NA

	Maximum -20dB spectral width
	nm
	NA
	1
	<1

	Maximum power spectral density
	mW/10 MHz
	under study
	under study
	under study

	Minimum side mode suppression ratio
	dB
	NA
	30
	30

	Maximum average output optical power
	dBm
	-3
	0
	0

	Minimum average output optical power
	dBm
	-10
	-5
	-5

	Minimum extinction ratio
	dB
	8.2
	8.2
	8.2

	Eye pattern
	__
	NRZ 2.5G
	NRZ 2.5G
	NRZ 2.5G











Continued table A.0.1-1
	Parameter
	Unit
	P1I1-1D1
	P1S1-1D1
	P1S1-1D2

	Dot MPI-S to MPI-R optical channel
	

	Maximum attenuation
	dB
	6
	11
	11

	Minimum attenuation
	dB
	0
	0
	0

	Maximum chromatic dispersion (upper wavelength limit)
	ps/nm
	±12
	±140
	800

	Maximum chromatic dispersion (lower wavelength limit)
	ps/nm
	±12
	±140
	715

	Minimum optical return loss at MPI-S
	dB
	14
	14
	14

	Maximum discrete reflection between MPI-S and MPI-R
	dB
	-27
	-27
	-27

	Maximum differential group delay
	ps
	120
	120
	120

	MPI-R
	

	Maximum average input power
	dBm
	-3
	0
	0

	Minimum sensitivity
	dBm
	-17
	-17
	-17

	Maximum optical channel penalty
	dB
	1
	1
	1

	Maximum reflection of optical network elements
	dB
	-14
	-14
	-14




Table A.0.1-2 Single-channel IrDI parameters for optical tributary signal NRZ 2.5G long distance applications

	Parameter
	Unit
	P1L1-1D1
	P1L1-1D2
	1L1-1D2F

	General information
	

	Maximum number of channels
	__
	1
	1
	1

	Bit rate/line coding for single-channel signals
	__
	NRZ 2.5G
	NRZ 2.5G
	NRZ
OTU1 FEC

	Maximum bit error rate
	__
	10-12
	10-12
	10-12①

	Fiber type
	__
	G.652
	G.652
	G.652

	MPI-S
	

	Operating wavelength
	nm
	1280～1335
	1530～1565
	1530～1565












Continued table A.0.1-2

	Parameter
	Unit
	P1L1-1D1
	P1L1-1D2
	1L1-1D2F

	Laser source type
	__
	SLM
	SLM
	SLM

	Maximum RMS spectral width(σ)
	nm
	NA
	NA
	NA

	Maximum -20dB spectral width
	nm
	1
	1
	1

	Maximum power spectral density
	mW/10MHz
	under study
	under study
	under study

	Minimum side mode suppression ratio
	dB
	30
	30
	30

	Maximum average output optical power
	dBm
	3
	3
	3

	Minimum average output optical power
	dBm
	-2
	-2
	-2

	Minimum extinction ratio
	dB
	8.2
	8.2
	8.2

	Eye pattern
	__
	NRZ 2.5G
	NRZ 2.5G
	NRZ 2.5G

	Dot MPI-S to MPI-R optical channel
	

	Maximum attenuation
	dB
	22
	22
	24

	Minimum attenuation
	dB
	12
	12
	12

	Maximum chromatic dispersion (upper wavelength limit)
	ps/nm
	±180
	1600
	1600

	Maximum chromatic dispersion (lower wavelength limit)
	ps/nm
	±180
	1430
	1430

	Minimum optical return loss at MPI-S
	dB
	24
	24
	24

	Maximum discrete reflection between MPI-S and MPI-R
	dB
	-27
	-27
	-27

	Maximum differential group delay
	ps
	120
	120
	120

	MPI-R
	

	Maximum average input power
	dBm
	-9
	-9
	-9

	Minimum sensitivity
	dBm
	-25
	-26
	-28

	Maximum optical channel penalty
	dB
	1
	2
	2

	Maximum reflection of optical network elements
	dB
	-27
	-27
	-27


Note: ①When error correction is enabled, this application code shall satisfy this BER after error correction, and the BER at the input port of the FEC decoder may be much greater than 10-12. 






Table A.0.1-3 Optical tributary signal NRZ 2.5G single-channel IrDI parameters for ultra-long-haul applications

	Parameter
	Unit
	
P1U1-1A2
	
P1U1-1A3
	
P1U1-1A5
	1U1-1B2F
1U1-1B5F
	
P1U1-1B3F

	G.691 Application code
	
－
	U-16.2
	U-16.3
	
－
	
－
	
－

	General information
	

	Maximum number of channels
	
－
	1
	1
	1
	1
	1

	Bit rate/line coding for single-channel signals
	－
	
NRZ 2.5G
	
NRZ 2.5G
	
NRZ 2.5G
	NRZ OTU1
FEC enable
	NRZ OTU1
FEC enable

	Maximum bit error rate
	
－
	10-12
	10-12
	10-12
	10-12①
	10-12①

	Fiber type
	－
	
G.652
	
G.653
	
G.655
	G.652,
C.655
	G.652,
G.653

	MPI-S
	

	Operating wavelength
	nm
	1530～1565
	1530～1565
	1530～1565
	1530～1565
	1530～1565

	Laser source type
	
－
	SLM
	SLM
	SLM
	SLM
	SLM

	Maximum power spectral density
	mW/10 MHz
	under study
	under study
	under study
	under study
	under study

	Minimum side mode suppression ratio
	dB
	30
	30
	30
	30
	30

	Maximum average output optical power
	dBm
	15
	15
	15
	18
	18

	Minimum average output optical power
	dBm
	12
	12
	12
	15
	15

	Minimum extinction ratio
	dB
	8.2
	8.2
	8.2
	8.2
	8.2

	Eye pattern
	－
	NRZ 2.5G
	NRZ 2.5G
	NRZ 2.5G
	NRZ 2.5G
	NRZ 2.5G







Continued table  A.0.1-3

	Parameter
	Unit
	P1U1-1A2
	P1U1-1A3
	P1U1-1A5
	1U1-1B2F
1U1-1B5F
	P1U1-1B3F

	Dot MPI-S to MPI-R optical channel
	

	Maximum attenuation
	dB
	44
	44
	44
	44
	44

	Minimum attenuation
	dB
	33
	33
	33
	27
	27

	Maximum chromatic dispersion (upper wavelength limit)
	ps/nm
	
3200
	
±550
	
1700
	3200 G.652,
1700 G.655
	±550②

	Maximum chromatic dispersion (lower wavelength limit)
	ps/nm
	
2860
	
±550
	
1390
	2860 G.652,
1390 G.655
	±550②

	Minimum optical return loss at MPI-S
	dB
	24
	24
	24
	24
	24

	Maximum discrete reflection between MPI-S and MPI-R
	dB
	-27
	-27
	-27
	-27
	-27

	Maximum differential group delay
	ps
	120
	120
	120
	120
	120

	MPI-R
	

	Maximum average input power
	dBm
	-18
	-18
	-18
	-9
	-9

	Minimum sensitivity
	dBm
	-34
	-33
	-34
	-31
	-30

	Maximum optical channel penalty
	dB
	2
	l
	2
	2
	1

	Maximum reflection of optical network elements
	dB
	-27
	-27
	-27
	-27
	-27


Note: ①When error correction is enabled, this application code shall satisfy this BER after error correction, and the BER at the input port of the FEC decoder may be much greater than 10-12.
②For G.653 fiber, some combinations of transmitter wavelengths and fiber zero dispersion wavelengths may result in negative link dispersion. Such phenomena have not been fully verified for the given power in this application. In this case, a combined process between the link provider 	and the system operator is required to avoid such situation. 





Table A.0.1-4 Optical tributary signal NRZ 10G single-channel IrDI parameters for intra-local applications

	Parameter
	Unit
	P1I1-2D2
	P1I1-2D3
	P111-2D5

	G.691 application code
	__
	I-64.2
	I-64.3
	I-64.5

	General information
	

	Maximum number of channels
	__
	1
	1
	1

	Bit rate/line coding for single-channel signals
	—
	NRZ 10G
	NRZ 10G
	NRZ 10G

	Maximum bit error rate
	—
	10-12
	10-12
	10-12

	Fiber type
	—
	G.652
	G.653
	G.655

	MPI-S
	

	Operating wavelength
	nm
	1500～1565
	1500～1565
	1500～1565

	Laser source type
	__
	SLM
	SLM
	SI.M

	Maximum power spectral density
	mW/10 MHz
	under study
	under study
	under study

	Minimum side mode suppression ratio
	dB
	30
	30
	30

	Maximum average output optical power
	dBm
	-1
	-1
	-1

	Minimum average output optical power
	dBm
	-5
	-5
	-5

	Minimum extinction ratio
	dB
	8.2
	8.2
	8.2






Continued table  A.0.1-4

	Parameter
	Unit
	P111-2D2
	P111-2D3
	P111-2D5

	
Eye pattern
	

—
	NRZ 10G
1550nm region
	NRZ 10G
1550nm region
	NRZ 10G
1550nm region

	Dot MPI-S to MPI-R optical channel
	

	Maximum attenuation
	dB
	7
	7
	7

	Minimum attenuation
	dB
	0
	0
	0

	Maximum chromatic dispersion (upper wavelength limit)
	ps/nm
	500
	±550
	270

	Maximum chromatic dispersion (lower wavelength limit)
	ps/nm
	500
	±550
	180

	Minimum optical return loss at MPI-S
	dB
	24
	24
	24

	Maximum discrete reflection between MPI-S and MPI-R
	dB
	-27
	-27
	-27

	Maximum differential group delay
	ps
	30
	30
	30

	MPI-R
	

	Maximum average input power
	dBm
	-1
	-1
	-1

	Minimum sensitivity
	dBm
	-14
	-13
	-13

	Maximum optical channel penalty
	dB
	2
	1
	2

	Maximum reflection of optical network elements
	dB
	-27
	-27
	-27








Table A.0.1-5  Single-channel IrDI parameters for NRZ 10G short-range applications of optical tributary signal on G.652 fibers
	Parameter
	Unit
	P1S1-2D1
	P1S1-2D2a
	P1S1-2D2b
	1S1-2D2bF

	G.691 Application code①
	__
	S-64.1
	S-64.2a
	S-64.2b
	__

	General information
	

	Maximum number of channels
	__
	1
	1
	1
	l

	Bit rate/line coding for single-channel signals
	__
	
NRZ 10G
	
NRZ 10G
	
NRZ 10G
	         NRZ   OTU2
        FEC enable

	Maximum bit error rate
	__
	10-12
	10-12
	10-12
	10-12②

	Fiber type
	__
	G.652
	G.652
	G.652
	G.652

	MPI-S
	

	Operating wavelength
	nm
	1290～1330
	1530～1565
	1530～1565
	1530～1565

	Laser source type
	__
	__
	SLM
	SLM
	SLM

	Maximum power spectral density
	mW/10 MHz
	under study
	under study
	under study
	under study

	Minimum side mode suppression ratio
	dB
	30
	30
	30
	30

	Maximum average output optical power
	dBm
	5
	-1
	2
	2

	Minimum average output optical power
	dBm
	1
	-5
	-1
	-2

	Minimum extinction ratio
	dB
	6
	8.2
	8.2
	8.2

	
Eye pattern
	
__
	NRZ 10G
1310nm region
	NRZ 10G
1550nm region
	NRZ 10G
1550nm region
	NRZ 10G
1550nm region








Continued table  A.0.1-5
	Parameter
	Unit
	P1S1-2D1
	P1S1-2D2a
	P1S1-2D2b
	1S1-2D2bF

	Dot MPI-S to MPI-R optical channel
	

	Maximum attenuation
	dB
	11
	11
	11
	12

	Minimum attenuation
	dB
	6
	7
	3
	3

	Maximum chromatic dispersion (upper wavelength limit)
	ps/nm
	±70
	800
	800
	800

	Maximum chromatic dispersion (lower wavelength limit)
	ps/nm
	±70
	720
	720
	720

	Minimum optical return loss at MPI-S
	dB
	14
	24
	24
	24

	Maximum discrete reflection between MPI-S and MPI-R
	dB
	-27
	-27
	-27
	-27

	Maximum differential group delay
	ps
	30
	30
	30
	30

	MPI-R
	

	Maximum average input power
	dBm
	-1
	-8
	-1
	-1

	Minimum sensitivity
	dBm
	-11
	-18
	-14
	-16

	Maximum optical channel penalty
	dB
	1
	2
	2
	2

	Maximum reflection of optical network elements
	dB
	-14
	-27
	-27
	-27


Note: ①The suffix "a" indicates a luminous power level suitable for APD receivers; The suffix "b" indicates a luminous power level suitable for PIN receivers.
②When error correction is enabled, this application code shall satisfy this BER after error correction, and the BER at the input port of the FEC decoder may be much greater than 10-12.




Table A.0.1-6 Single-channel IrDI parameters for NRZ 10G short-range applications of optical tributary signals on G.653 and G.655 fibers
	Parameter
	Unit
	P1S1-2D3a
P1S1-2D5a
	P1S1-2D3b
P1S1-2D5b
	1S1-2D3bF
1S1-2D5bF

	
G.691 Application code①
	__
	S-64.3a
S-64.5a
	S-64.3b
S-64.5b
	__

	General information
	

	Maximum number of channels
	__
	l
	1
	1

	Bit rate/line coding for single-channel signals
	__
	
NRZ 10G
	
NRZ 10G
	NRZ OTU2
FEC enable

	Maximum bit error rate
	__
	10-12
	10-12
	10-12②

	Fiber type
	__
	G.653,G.655
	G.653,G.655
	G.653,G.655

	MPI-S
	

	Operating wavelength
	nm
	1530～1565
	1530～1565
	1530～1565

	Laser source type
	__
	SLM
	SLM
	SLM

	Maximum power spectral density
	mW/10 MHz
	under study
	under study
	under study

	Minimum side mode suppression ratio
	dB
	30
	30
	30

	Maximum average output optical power
	dBm
	-1
	2
	2

	Minimum average output optical power
	dBm
	-5
	-1
	-2

	Minimum extinction ratio
	dB
	8.2
	8.2
	8.2

	
Eye pattern
	
__
	NRZ 10G
1550nm region
	NRZ 10G
1550nm region
	NRZ 10G
1550nm region








Continued table  A.0.1-6

	
Parameter
	
Unit
	P1S1-2D3a
P1S1-2D5a
	P1S1-2D3b
P1S1-2D5b
	1S1-2D3bF
1S1-2D5bF

	Dot MPI-S to MPI-R optical channel
	

	Maximum attenuation
	dB
	11
	11
	12

	Minimum attenuation
	dB
	7
	3
	3

	Maximum chromatic dispersion (upper wavelength limit)
	ps/nm
	±140 G.653
430 G.655
	±140 G.653
430 G.655
	±140 G.653
430 G.655

	Maximum chromatic dispersion (lower wavelength limit)
	ps/nm
	±140 G.653
350 G.655
	±140 G.653
350 G.655
	±140 G.653
350 G.655

	Minimum optical return loss at MPI-S
	dB
	24
	24
	24

	Maximum discrete reflection between MPI-S and MPI-R
	dB
	-27
	-27
	-27

	Maximum differential group delay
	ps
	30
	30
	30

	MPI-R
	

	Maximum average input power
	dBm
	-8
	-1
	-1

	Minimum sensitivity
	dBm
	-17
	-13
	-15

	Maximum optical channel penalty
	dB
	1
	l
	1

	Maximum reflection of optical network elements
	dB
	-27
	-27
	-27


Note: ①The suffix "a" indicates a luminous power level suitable for APD receivers; The suffix "b" indicates a luminous power level suitable for PIN receivers.
②When error correction is enabled, this application code shall satisfy this BER after error correction, and the BER at the input port of the FEC decoder may be much greater than 10-12.






Table A.0.1-7 Optical tributary signal NRZ 10G single-channel IrDI parameters for long distance applications
	Parameter
	Unit
	P1L1-2D1
	P1L1-2D2
	1L1-2D2F

	G.691 Application code
	__
	L-64.1
	__
	__

	General information
	

	Maximum number of channels
	__
	1
	1
	1

	Bit rate/line coding for single-channel signals
	
—
	NRZ 10G
	NRZ 10G
	    NRZ   OTU2
FEC enable

	Maximum bit error rate
	__
	10-12
	10-12
	10-12①

	Fiber type
	__
	G.652
	G.652
	G.652

	MPI-S
	

	Operating wavelength
	nm
	1290～1320
	1530～1565
	1530～1565

	Laser source type
	__
	SLM
	SLM
	SLM

	Maximum power spectral density
	mW/10 MHz
	under study
	under study
	under study

	Minimum side mode suppression ratio
	dB
	30
	30
	30

	Maximum average output optical power
	dBm
	7
	4
	4

	Minimum average output optical power
	dBm
	3
	0
	-1

	Minimum extinction ratio
	dB
	6
	9
	8.2








Continued table  A.0.1-7

	Parameter
	Unit
	P1L1-2D1
	P1L1-2D2
	1L1-2D2F

	
Eye pattern
	
__
	NRZ 10G
1310nm region
	NRZ 10G
1550nm region
	NRZ 10G
1550nm region

	Dot MPI-S to MPI-R optical channel
	

	Maximum attenuation
	dB
	22
	22
	22

	Minimum attenuation
	dB
	16
	11
	11

	Maximum chromatic dispersion (upper wavelength limit)
	ps/nm
	±140
	1600
	1600

	Maximum chromatic dispersion (lower wavelength limit)
	ps/nm
	±140
	1430
	1430

	Minimum optical return loss at MPI-S
	dB
	24
	24
	24

	Maximum discrete reflection between MPI-S and MPI-R
	dB
	-27
	-27
	-27

	Maximum differential group delay
	
ps
	30
	30
	30

	MPI-R
	

	Maximum average input power
	dBm
	-9
	-7
	-7

	Minimum sensitivity
	dBm
	-20
	-24
	-25

	Maximum optical channel penalty
	dB
	1
	2
	2

	Maximum reflection of optical network elements
	dB
	-27
	-27
	-27


Note: ①When error correction is enabled, this application code shall satisfy this BER after error correction, and the BER at the input port of the FEC decoder may be much greater than 10-12.






Table A.0.1-8 Optical tributary signal NRZ 10G single-channel IrDI parameters for very long distance applications
	Parameter
	Unit
	P1V1-2C2
	1V1-2C2F
	P1V1-2B5
	1V1-2B5F

	General information
	

	Maximum number of channels
	__
	1
	1
	1
	1

	Bit rate/line coding for single-channel signals
	

__
	NRZ 10G
	NRZ OTU2
FEC enable
	NRZ 10G
	NRZ OTU2
FEC enable

	Maximum bit error rate
	__
	10-12
	10-12①
	10-12
	10-12①

	Fiber type
	__
	G.652
	G.652
	G.655
	G.655

	MPI-S
	

	Operating wavelength
	nm
	__
	__
	1530～1565
	1530～1565

	Center frequency
	THz
	192.1
	192.1
	__
	__

	Maximum center frequency offset
	GHz
	40
	40
	__
	__

	Laser source type
	__
	SLM
	SLM
	SLM
	SLM

	Maximum power spectral density
	mW/10 MHz
	under study
	under study
	under study
	under study

	Minimum side mode suppression ratio
	dB
	30
	30
	30
	30

	Maximum average output optical power
	dBm
	7
	7
	13
	13

	Minimum average output optical power
	dBm
	4
	3
	10
	10

	Minimum extinction ratio
	dB
	9②
	9②
	9
	8.2








Continued table  A.0.1-8

	Parameter
	Unit
	P1V1-2C2
	1V1-2C2F
	P1V1-2B5
	1V1-2B5F

	
Eye pattern
	

—
	amplified
NRZ 10G
	amplified
NRZ 10G
	NRZ 10G
1550nm region
	NRZ 10G
1550nm region

	Dot MPI-S to MPI-R optical channel
	

	Maximum attenuation
	dB
	33
	33
	33
	33

	Minimum attenuation
	dB
	21
	21
	20
	20

	Maximum chromatic dispersion (upper wavelength limit)
	ps/nm
	2400
	2400
	1280
	1280

	Maximum chromatic dispersion (lower wavelength limit)
	ps/nm
	2400
	2400
	1050
	1050

	Minimum optical return loss at MPI-S
	dB
	24
	24
	24
	24

	Maximum discrete reflection between MPI-S and MPI-R
	dB
	-27
	-27
	-27
	-27

	Maximum differential group delay
	ps
	30
	30
	30
	30

	MPI-R
	

	Maximum average input power
	dBm
	-14
	-14
	-7
	-7

	Minimum sensitivity
	dBm
	-30
	-31
	-24
	-24

	Maximum optical channel penalty
	dB
	1
	1
	1
	1

	Maximum reflection of optical network elements
	dB
	-27
	-27
	-27
	-27


Note: ①When error correction is enabled, this application code shall satisfy this BER after error correction, and the BER at the input port of the FEC decoder may be much greater than 10-12.
②This application code does not need to fulfill the extinction ratio requirement of the fourth-order Bassel-Thomson filter.
·





Table A.0.1-9 Optical tributary signal NRZ 10G single-channel IRDI parameters for ultra-long distance use of electrical dispersion compensation applications
	Parameter
	Unit
	P1L1-2D2E
	1L1-2D2FE
	P1V1-2B2E
	1V1-2B2FE

	General information
	
	__①
	__①
	__①
	__①

	Maximum number of channels
	__
	l
	1
	1
	1

	Bit rate/line coding for single-channel signals
	__
	NRZ 10G
	NRZ OTU2
FEC enable
	NRZ 10G
	NRZ OTU2
FEC enable

	Maximum bit error rate
	__
	10-12
	10-12②
	10-12
	10-12②

	Fiber type
	
__
	G.652
	G.652
	G.652
	G.652

	MPI-S
	

	Laser source type
	THz
	SLM
	SLM
	SLM
	SLM

	Dot MPI-S to MPI-R optical channel
	

	Maximum attenuation
	dB
	22
	22
	33
	33

	Maximum differential group delay
	ps
	30
	30
	30
	30


Note: ①The application code requires an additional parameter to ensure that the transmitter spectral characteristics meet the requirements, which is under investigation.
②When error correction is enabled, this application code shall satisfy this BER after error correction, and the BER at the input port of the FEC decoder may be much greater than 10-12.






Table A.0.1-10 Optical tributary signal NRZ 40G  single-channel IrDI parameters for intra-local applications

	Parameter
	Unit
	P1I1-3D1
	1I1-3D1F
	P1I1-3D3
	P1I1-3D5

	General information
	

	Maximum number of channels
	—
	1
	1
	1
	1

	Bit rate/line coding for single-channel signals
	—
	NRZ 40G
	NRZ OTU3
FEC enable
	NRZ 40G
	NRZ OTU3
FEC enable

	Maximum bit error rate
	—
	10-12
	10-12①
	10-12
	10-12①

	Fiber type
	—
	G.652
	G.652
	G.653
	G.655D②

	MPI-S
	

	Operating wavelength
	nm
	1307～1317
	1307～1317
	1530～1565
	1530～1565

	Laser source type
	—
	SLM
	SLM
	SLM
	SLM

	Maximum power spectral density
	mW/10 MHz
	under study
	under study
	under study
	under study

	Minimum side mode suppression ratio
	dB
	35
	35
	35
	35

	Maximum average output optical power
	dBm
	4
	4
	3
	3

	Minimum average output optical power
	dBm
	0
	0
	0
	0

	Minimum extinction ratio
	dB
	8.2
	8.2
	8.2
	8.2

	Eye pattern
	—
	NRZ 40G
	NRZ 40G
	NRZ 40G
	NRZ 40G
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	Parameter
	Unit
	P1I1-3D1
	1I1-3D1F
	P1I1-3D3
	P1I1-3D5

	Dot MPI-S to MPI-R optical channel
	

	Maximum attenuation
	dB
	6
	6
	4
	4

	Minimum attenuation
	dB
	0
	0
	0
	0

	Maximum chromatic dispersion (upper wavelength limit)
	ps/nm
	±16
	±16
	±33
	33

	Maximum chromatic dispersion (lower wavelength limit)
	ps/nm
	±16
	±16
	±33
	33

	Minimum optical return loss at MPI-S
	dB
	24
	24
	24
	24

	Maximum discrete reflection between MPI-S and MPI-R
	dB
	-27
	-27
	-27
	-27

	Maximum differential group delay
	ps
	7.5
	7.5
	7.5
	7.5

	MPI-R
	

	Maximum average input power
	dBm
	4
	4
	3
	3

	Minimum sensitivity
	dBm
	-7
	-7
	-7
	-6

	Maximum optical channel penalty
	dB
	1
	1
	2
	2

	Maximum reflection of optical network elements
	dB
	-27
	-27
	-27
	-27


Note: ①When error correction is enabled, this application code shall satisfy this BER after error correction, and the BER at the input port of the FEC decoder may be much greater than 10-12.
②If G.655.E fiber is used, the target distance will be reduced.




Table A.0.1-11 Optical tributary signal NRZ40G single-channel IrDI parameters for long distance applications in the 1310nm region
	Parameter
	Unit
	P1S1-3D1
	1S1-3D1F
	P1L1-3C1
	1L1-3C1F

	General information
	

	Maximum number of channels
	__
	1
	1
	1
	l

	Bit rate/line coding for single-channel signals
	__
	NRZ 40G
	NRZ OTU3
FEC enable
	NRZ 40G
	NRZ OTU3
FEC enable

	Maximum bit error rate
	__
	10-12
	10-12①
	10-12
	10-12①

	Fiber type
	__
	G.652
	G.652
	G.652
	G.652

	MPI-S
	

	Operating wavelength
	nm
	1310～1314
	1310～1314
	1310～1314
	1310～1314

	Laser source type
	__
	SLM
	SLM
	SLM
	SLM

	Maximum power spectral density
	mW/10 MHz
	under study
	under study
	under study
	under study

	Minimum side mode suppression ratio
	dB
	35
	35
	35
	35

	Maximum average output optical power
	dBm
	7
	4
	7
	4

	Minimum average output optical power
	dBm
	4
	l
	4
	1

	Minimum extinction ratio
	dB
	8.2
	8.2
	8.2
	8.2
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	Parameter
	Unit
	P1S1-3D1
	1S1-3D1F
	P1L1-3C1
	1L1-3C1F

	Eye pattern
	__
	NRZ 40G
	NRZ 40G
	NRZ 40G
	NRZ  40G

	Dot MPI-S to MPI-R optical channel
	

	Maximum attenuation
	dB
	10.5
	10.5
	20
	20

	Minimum attenuation
	dB
	3
	0
	9
	6

	Maximum chromatic dispersion (upper wavelength limit)
	ps/nm
	±27
	±27
	±53
	±53

	Maximum chromatic dispersion (lower wavelength limit)
	ps/nm
	±27
	±27
	±53
	±53

	Minimum optical return loss at MPI-S
	dB
	24
	24
	24
	24

	Maximum discrete reflection between MPI-S and MPI-R
	dB
	-27
	-27
	-27
	-27

	Maximum differential group delay
	ps
	7.5
	7.5
	7.5
	7.5

	MPI-R
	

	Maximum average input power
	dBm
	4
	4
	-2
	-2

	Minimum sensitivity
	dBm
	—7.5
	—10.5
	-18
	-21

	Maximum optical channel penalty
	dB
	1
	1
	2
	2

	Maximum reflection of optical network elements
	dB
	-27
	-27
	-27
	-27


Note: ①When error correction is enabled, this application code shall satisfy this BER after error correction, and the BER at the input port of the FEC decoder may be much greater than 10-12.




Table A.0.1-12 Optical tributary signal NRZ40G single-channel IrDI parameters for short and long distance applications in the 1550nm region
	Parameter
	Unit
	P1S1-3C2
P1S1-3C3
P1S1-3C5
	P1L1-3A2
P1L1-3A3
P1L1-3A5
	1L1-3C2FD
1L1-3C3FD
1L1-3C5FD
	1L1-3C2F
1L1-3C3F
1L1-3C5F

	General information
	

	Maximum number of channels
	__
	1
	l
	1
	1

	Bit rate/line coding for single-channel signals
	
__
	NRZ 40G
	NRZ 40G
	             NRZ   OTU3
             FEC enable
	                NRZ   OTU3
              FEC enable

	Maximum bit error rate
	__
	10-12
	10-12
	10-12③
	10-12③

	Fiber type
	
__
	G.652, G.653, G.655
	G.652, G.653, G.655
	G.652, G.653, G.655
	G.652, G.653, G.655

	MPI-S
	

	Center frequency
	THz
	192.1
	192.1
	192.1
	192.1

	Maximum center frequency offset
	GHz
	40
	40
	40
	40

	Laser source type
	
	SLM
	SLM
	SLM
	SLM

	Maximum power spectral density
	mW/10 MHz
	under study
	under study
	under study
	under study

	Minimum side mode suppression ratio
	dB
	35
	35
	35
	35

	Maximum average output optical power
	dBm
	3
	8
	5
	5

	Minimum average output optical power
	dBm
	-3
	5
	2
	2

	Minimum extinction ratio
	dB
	8.2
	10
	10
	10

	Eye pattern
	__
	NRZ 40G
	NRZ 40G
	NRZ 40G
	NRZ 40G

	Dot MPI-S to MPI-R optical channel
	

	Maximum attenuation
	dB
	11
	22
	22
	22
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	Parameter
	Unit
	P1S1-3C2
P1S1-3C3
P1S1-3C5
	P1L1-3A2
P1L1-3A3
P1L1-3A5
	1L1-3C2FD
1L1-3C3FD
1L1-3C5FD
	1L1-3C2F
1L1-3C3F
1L1-3C5F

	Minimum attenuation
	dB
	0
	11
	11
	11

	
Maximum chromatic dispersion (upper wavelength limit)
	ps/nm
	800 for G.652 fiber
±120 for G.653 fiber
420 for G.655 fiber
	1600 for G.652 fiber
±240 for G.653 fiber
840 for G.655 fiber
	1600 for G.652 fiber
±240 for G.653 fiber
840 for G.655 fiber
	1600 for G.652 fiber
±240 for G.653 fiber
840 for G.655 fiber

	
Maximum chromatic dispersion (lower wavelength limit)
	ps/nm
	800 for G.652 fiber
±120 for G.653 fiber
420 for G.655 fiber
	1600 for G.652 fiber
±240 for G.653 fiber
840 for G.655 fiber
	1600 for G.652 fiber
±240 for G.653 fiber
840 for G.655 fiber
	1600 for G.652 fiber
±240 for G.653 fiber
840 for G.655 fiber

	Maximum chromatic dispersion deviation
	
	__②
	__②
	±80
	__②

	Minimum optical return loss at MPI-S
	dB
	24
	24
	24
	24

	Maximum discrete reflection between MPI-S and MPI-R
	dB
	-27
	-27
	-27
	-27

	Maximum differential group delay
	ps
	7.5①
	7.5①
	7.5①
	7.5①

	MPI-R
	

	Maximum average input power
	dBm
	3
	-3
	-6
	-6

	Minimum sensitivity
	dBm
	-17
	-20
	-22
	-23

	Maximum optical channel penalty
	dB
	3
	3
	2
	3

	Maximum reflection of optical network elements
	dB
	-27
	-27
	-27
	-27


Note: ①Some types of G.652 and G.655 fibers have higher PMD coefficients and may exceed the range required by DGD.
②This value shall be recognized by the link provider and system vendor in joint engineering design.
③When error correction is enabled, this application code shall satisfy this BER after error correction, and the BER at the input port of the FEC decoder may be much greater than 10-12.


Table A.0.2-1  Multi-channel IrDI parameter values for short distance applications of NRZ 2.5G signal level in optical tributary signals

	Parameter①
	Unit
	P16S1-1D2
P16S1-1D5
	P32S1-1D2
P32S1-1D5

	General information
	

	Maximum number of channels
	—
	16
	32

	Bit rate/line coding for single-channel signals
	—
	NRZ 2.5G
	NRZ 2.5G

	Maximum bit error rate
	—
	10-12
	10-12

	Fiber type
	—
	G.652, G.655
	G.652, G.655

	MPI-SM
	

	Maximum average output power per channel
	dBm
	-4
	-4

	Minimum average output power per channel
	dBm
	-10
	-10

	Average total output power
	dBm
	8
	11

	
Center frequency
	
THz
	192.1+0.2m,
(m=0～15)
	192.1+0.1m,
(m=0～31)

	Channel spacing
	GHz
	200
	100

	Maximum center frequency offset
	GHz
	40
	20

	Minimum extinction ratio
	dB
	8.2
	8.2

	Eye pattern
	—
	NRZ 2.5G
	NRZ 2.5G

	Dot MPI-SM to MPI-RM optical channel (single span)
	







[bookmark: bookmark42]Continued table A.0.2-1

	Parameter①
	Unit
	P16S1-1D2
P16S1-1D5
	P32S1-1D2
P32S1-1D5

	Maximum attenuation
	dB
	11
	11

	Minimum attenuation
	dB
	2
	2

	Maximum chromatic dispersion (upper wavelength limit)
	ps/nm
	800 for G.652 fiber
420 for G.655 fiber
	800 for G.652 fiber
420 for G.655 fiber

	Maximum chromatic dispersion (lower wavelength limit)
	ps/nm
	800 for G.652 fiber
420 for G.655 fiber
	800 for G.652 fiber
420 for G.655 fiber

	Minimum optical return loss at MPI-SM
	dB
	24
	24

	Maximum discrete reflection between MPI-SM and MPI-RM
	dB
	-27
	-27

	Maximum differential group delay
	ps
	120
	30

	MPI-RM
	

	Maximum average input power of the channel
	dBm
	-6
	-6

	Minimum average input power of the channel
	dBm
	-21
	-21

	Average maximum total input power
	dBm
	6
	9

	Maximum channel power difference
	dB
	NA
	NA

	Maximum optical channel penalty
	dB
	1
	1

	Minimum equivalent sensitivity
	dBm
	-22
	-22

	Maximum reflection of optical network elements
	dB
	-27
	-27


Note: ①This parameter value does not apply to systems or intra-domain interfaces (IaDIs) that use optical amplifiers.


Table A.0.2-2  Multi-channel IrDI parameter values for intra-local applications of NRZ 10G signal level in optical tributary signals

	Parameter①
	Unit
	P16I1-2D2
P16I1-2D3②
P16I1-2D5
	P32I1-2D2
P32I1-2D5

	General information
	

	Maximum number of channels
	__
	16
	32

	Bit rate/line coding for single-channel signals
	

__
——
	NRZ 10G
	NRZ 10G

	Maximum bit error rate
	__
	10-12
	10-12

	Fiber type
	

__
——
	G.652,G.653,
G.655
	G.652,G.653,
G.655

	MPI-SM
	

	Maximum average output power per channel
	dBm
	-3
	-3

	Minimum average output power per channel
	dBm
	-6
	-6

	Average total output power
	dBm
	9
	12

	Center frequency
	
THz
	192.1+0.2m,
(m=0～15)
	192.1+0.1m,
(m=0～31)

	Channel spacing
	GHz
	200
	100

	Maximum center frequency offset
	GHz
	40
	20

	Minimum extinction ratio
	dB
	8.2
	8.2

	
Eye pattern
	

__
——
	NRZ 10G 
with amplifier
	NRZ 10G 
with amplifier

	Dot MPI-SM to MPI-RM optical channel (single span)
	

	Maximum attenuation
	dB
	6②
	6

	Minimum attenuation
	dB
	0
	0






Continued table   A.0.2-2

	Parameter①
	Unit
	P16I1-2D2
P16I1-2D3②
P16I1-2D5
	P32I1-2D2
P32I1-2D5

	

Maximum chromatic dispersion
 (upper wavelength limit)
	ps/nm
	G.652 fiber: 400
G.653 fiber: ±70
G.655 fiber: 210
	G.652 fiber: 400
G.655 fiber: 210

	

Maximum chromatic dispersion
 (lower wavelength limit)
	ps/nm
	G.652 fiber: 400
G.653 fiber: ±70
G.655 fiber: 210
	G.652 fiber: 400
G.655 fiber: 210

	Minimum optical return loss at MPI-SM
	dB
	24
	24

	Maximum discrete reflection between MPI-SM and MPI-RM
	dB
	-27
	-27

	Maximum differential group delay
	ps
	30
	30

	MPI-RM
	

	Maximum average input power of the channel
	dBm
	-3
	-3

	Minimum average input power of the channel
	dBm
	-12
	-12

	Average maximum total input power
	dBm
	9
	12

	Maximum channel power difference
	dB
	NA
	NA

	

Maximum optical channel penalty
	dB
	2 for G.652 fiber,
1② for G.653 fiber,
1 for G.655 fiber
	2 for G.652 fiber
1 for G.655 fiber

	

Minimum equivalent sensitivity
	dBm
	-14 for G.652 fiber
-13 for G.653 fiber
-13 for G.655 fiber
	-14 for G.652 fiber
-13 for G.655 fiber

	Maximum reflection of optical network elements
	dB
	-27
	-27


Note: ①This parameter value does not apply to systems or intra-domain interfaces (IaDIs) that use optical amplifiers.
②The optical channel penalty is 1dB, and due to nonlinear effects, the transmission distance of multi-channel locally connected U on G.653 fiber is within 2 km. If it exceeds 2 km, it will incur a greater cost (an additional 1dB optical channel penalty). In addition, the center frequencies of non-uniform channels may be used through joint engineering.







Table A.0.2-3 Multi-channel IrDI parameter values for short distance applications of NRZ 10G signal level in optical tributary signals
	Parameter①
	Unit
	P16S1-2B2
P16S1-2B5
	P16S1-2C2
P16S1-2C3
P16S1-2C5
	P32S1-2B2
P32S1-2B5
	P32S1-2C2
P32S1-2C5

	General information
	

	Maximum number of channels
	__
	16
	16
	32
	32

	Bit rate/line coding for single-channel signals
	—
	NRZ 10G
	NRZ 10G
	NRZ 10G
	NRZ 10G

	Maximum bit error rate
	__
	10-12
	10-12
	10-12
	10-12

	Fiber type
	__
	G.652, G.655
	G.652, G.653, G.655
	G.652, G.655
	G.652, G.655

	MPI-SM
	

	Maximum average output power per channel
	dBm
	3
	-7
	3
	-7

	Minimum average output power per channel
	dBm
	0
	-11
	0
	-11

	Average total output power
	dBm
	15
	5
	18
	8

	Center frequency
	THz
	192.1+0.2m,
(m=0～15)
	192.1+0.2m,
(m=0～15)
	192.1+0.1m,
(m=0～31)
	192.1+0.lm,
(m=0～31)










Continued table   A.0.2-3

	Parameter①
	Unit
	P16S1-2B2
P16S1-2B5
	P16S1-2C2
P16S1-2C3
P16S1-2C5
	P32S1-2B2
P32S1-2B5
	P32S1-2C2
P32S1-2C5

	Channel spacing
	GHz
	200
	200
	100
	100

	Maximum center frequency offset
	GHz
	40
	40
	20
	20

	Minimum extinction ratio
	dB
	8.2
	8.2
	8.2
	8.2

	Eye pattern
	
—
	NRZ 10G 
with amplifier
	NRZ 10G 
with amplifier
	NRZ 10G 
with amplifier
	NRZ 10G 
with amplifier

	Dot MPI-SM to MPI-RM optical channel (single span)
	

	Maximum attenuation
	dB
	11
	11
	11
	11

	Minimum attenuation
	dB
	0
	0
	0
	0

	Maximum chromatic dispersion (upper wavelength limit)
	ps/nm
	800 for G.652 fiber
420 for G.655 fiber
	800 for G.652 fiber
±130 for G.653 fiber
420 for G.655 fiber
	800 for G.652 fiber
420 for G.655 fiber
	800 for G.652 fiber
420 for G.655 fiber

	Maximum chromatic dispersion (lower wavelength limit)
	ps/nm
	800 for G.652 fiber
420 for G.655 fiber
	800 for G.652 fiber
±130 for G.653 fiber
420 for G.655 fiber
	800 for G.652 fiber
420 for G.655 fiber
	800 for G.652 fiber
420 for G.655 fiber

	Minimum optical return loss at MPI-SM
	dB
	24
	24
	24
	24
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	Parameter①
	Unit
	P16S1-2B2
P16S1-2B5
	P16S1-2C2
P16SI-2C3
P16S1-2C5
	P32S1-2B2
P32S1-2B5
	P32S1-2C2
P32S1-2C5

	Maximum discrete reflection between MPI-SM and MPI-RM
	dB
	-27
	-27
	-27
	-27

	Maximum differential group delay
	ps
	30
	30
	30
	30

	MPI-RM
	

	Maximum average input power of the channel
	dBm
	3
	-7
	3
	-7

	Minimum average input power of the channel
	dBm
	-11
	-22
	-11
	-22

	Average maximum total input power
	dBm
	15
	5
	18
	8

	Maximum channel power difference
	dB
	NA
	2
	NA
	2

	Maximum optical channel penalty
	dB
	2 for G.652 fiber
1 for G.655 fiber
	2 for G.652 fiber
1 for G.653 fiber
1 for G.655 fiber
	2 for G.652 fiber
1 for G.655 fiber
	2 for G.652 fiber
1 for G.655 fiber

	Minimum equivalent sensitivity
	dBm
	-13 for G.652 fiber
-12 for G.655 fiber
	-24 for G.652 fiber
-23 for G.653 fiber
-23 for G.655 fiber
	-13 for G.652 fiber
-12 for G.655 fiber
	-24 for G.652 fiber
-23 for G.655 fiber

	Maximum reflection of optical network elements
	dB
	-27
	-27
	-27
	-27


Note:① This parameter value does not apply to systems or intra-domain interfaces (IaDIs) that use optical amplifiers.




[bookmark: bookmark43]Table A.0.2-4 Multi-channel IrDI parameter values for long distance applications of NRZ 2.5G and 10G signal levels in optical tributary signals

	Parameter①
	Unit
	P16L1-1A2
P16L1-1A5
	P16L1-2A2
P16L1-2A5

	General information
	

	Maximum number of channels
	—
	16
	16

	Bit rate/line coding for single-channel signals
	—
	NRZ 2.5G
	NRZ 10G

	Maximum bit error rate
	—
	10-12
	10-12

	Fiber type
	—
	G.652, G.655
	G.652, G.655

	MPI-SM
	

	Maximum average output power per channel
	dBm
	5
	5

	Minimum average output power per channel
	dBm
	2
	0

	Average total output power
	dBm
	17
	17

	
Center frequency
	THz
	192.1+0.2m,
(m=0～15)
	192.1+0.2m,
(m=0～15)

	Channel spacing
	GHz
	200
	200

	Maximum center frequency offset
	GHz
	40
	40

	Minimum extinction ratio
	dB
	8.2
	8.2

	Eye pattern
	—
	NRZ 2.5G
	NRZ 10G with amplifier

	Dot MPI-SM to MPI-RM optical channel (single span)
	

	Maximum attenuation
	dB
	22
	22

	Minimum attenuation
	dB
	11
	11
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	Parameter①
	Unit
	P16L1-1A2
P16L1-1A5
	P16L1-2A2
P16L1-2A5

	Maximum chromatic dispersion (upper wavelength limit)
	ps/nm
	1600 for G.652 fiber
840 for G.655 fiber
	1600 for G.652 fiber
840 for G.655 fiber

	Maximum chromatic dispersion (lower wavelength limit)
	ps/nm
	1600 for G.652 fiber
840 for G.655 fiber
	1600 for G.652 fiber
840 for G.655 fiber

	Minimum optical return loss at MPI-SM
	dB
	24
	24

	Maximum discrete reflection between MPI-SM and MPI-RM
	dB
	-27
	-27

	Maximum differential group delay
	ps
	120
	30

	MPI-RM
	

	Maximum average input power of the channel
	dBm
	-6
	-6

	Minimum average input power of the channel
	dBm
	-20
	-22

	Average maximum total input power
	dBm
	6
	6

	Maximum channel power difference
	dB
	3
	3

	Maximum optical channel penalty
	dB
	2 for G.652 fiber
1 for G.655 fiber
	2 for G.652 fiber
1 for G.655 fiber

	Minimum equivalent sensitivity
	dBm
	-22 for G.652 fiber
-21 for G.655 fiber
	-24 for G.652 fiber
-23 for G.655 fiber

	Maximum reflection of optical network elements
	dB
	-27
	-27


Note:① This parameter value does not apply to systems or intra-domain interfaces (IaDIs) that use optical amplifiers.




[bookmark: bookmark45]Table A.0.2-5 Multi-channel IrDI parameter values for NRZ 25G signal level in optical tributary signals

	Parameter
	Unit
	4I1-9D1F
	4I1-9C1F

	General information
	

	Maximum number of channels
	__
	4
	4

	Bit rate/line coding for single-channel signals
	__
	OTL4.4
	OTL4.4

	Maximum bit error rate
	__
	10-12①
	10-12①

	Fiber type
	__
	G.652
	G.652

	MPI-SM
	

	Maximum average output power per channel
	dBm
	4
	2.9
	2.9

	Minimum channel extinction ratio
	—
	4
	7
	8

	Maximum channel extinction ratio②
	—
	6.5
	—
	—

	Minimum average output power per channel②
	dBm
	-0.6
	-2.5
	-2.7

	Average total output power
	dBm
	10
	8.9
	8.9

	Maximum channel power difference
	dB
	5
	3.6

	
Center frequency
	THz
	229.0+0.8m,
(m=0～3)
	229.0+0.8m,
(m=0～3)

	Channel spacing
	GHz
	800
	800

	Maximum center frequency offset
	GHz
	±184
	±184

	Minimum extinction ratio
	dB
	8.2
	8.2

	Eye pattern
	—
	NRZ 25G
	NRZ 25G
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	Parameter
	Unit
	4I1-9D1F
	4I1-9C1F

	Dot MPI-SM to MPI-RM optical channel (single span)
	

	Maximum attenuation
	dB
	6.3
	18

	Minimum attenuation
	dB
	0
	0

	Maximum chromatic dispersion (upper wavelength limit)
	ps/nm
	-28.5～9.5
	-114～38

	Maximum chromatic dispersion (lower wavelength limit)
	ps/nm
	-28.5～9.5
	-114～38

	Minimum optical return loss at MPI-SM
	dB
	20
	20

	Maximum discrete reflection between MPI-SM and MPI-RM
	dB
	-26
	-26

	Maximum differential group delay
	ps
	8
	10.3

	MPI-RM
	

	Maximum average input power of the channel
	dBm
	4
	2.9
	4.5

	Minimum average input power of the channel②
	dBm
	-6.9
	-8.8
	-20.7

	Average maximum total input power
	dBm
	10
	8.9
	10.5

	Maximum channel power difference
	dB
	5.5
	4.5

	Maximum optical channel penalty
	dB
	1.5
	2.5

	Minimum equivalent sensitivity②
	dBm
	-8.4
	-10.3
	-23.2

	Maximum reflection of optical network elements
	dB
	-26
	-26


Note: ①The BER requirements for these application codes are for after BER correction (if used). The BER at the input port of the FEC decoder may be significantly higher than 10-12.
②The parameters of 4I1-9D1F allow two choices of transmitter parameters (split by column). Two sets of transmitter parameter values for the same physical receiver parameter value are separated by a separator.
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B.0.1 System performance indexes shall be in accordance with those specified in Table B.0.1-1 to Table B.0.1-9.
Table B.0.1-1 32/40×2.5Gbit/s OTN system optical channel signal-to-noise ratio indicators
	Span loss
	8×22dB
	5×30dB
	3×33dB

	Optical channel signal-to-noise ratio (dB)
	22(18)
	20(18)
	20(18)


Note: Values in parentheses are for OTN systems with conventional out-of-band FECs.
Table B.0.1-2 32/40×10Gbit/s OTN System Optical Channel Signal-to-Noise Ratio Indicators
	Span loss
	8×22dB
	6×22dB
	3×33dB
	3×27dB

	Optical channel signal-to-noise ratio (dB)
	22
	25
	20
	25


Note: The 8 x 22dB,3 x 33dB parameters are only applicable to OTN systems with conventional out-of-band FEC.
Table B.0.1-3 80×10Gbit/s OTN System Optical Channel Signal-to-Noise Ratio Indicators
	Span loss
	N×22dB
	M×30dB

	Optical channel signal-to-noise ratio (dB)
	20(18)
	20(18)


Note: Values are for OTN systems with out-of-band FECs; values in parentheses are for OTN systems with ultra-strong out-of-band FECs.
Table B.0.1-4 Signal-to-noise ratio indexes for optical channel of N×10Gbit/s ultra-long-haul OTN system
	System standard
	Span loss
	25×22dB
	38×22dB
	15×27dB
	20×27dB
	1×44dB
	1×55dB

	40×10Gbit/s
	NRZ code optical channel signal-to-noise ratio (dB)
	18
	18
	__
	18
	17
	17

	
	RZ code optical channel signal-to-noise ratio (dB)
	16
	16
	__
	16
	15
	15

	
80×10Gbit/s
	NRZ code optical channel signal-to-noise ratio (dB)
	18
	__
	18
	18
	17
	17

	
	RZ code optical channel signal-to-noise ratio (dB)
	16
	16
	16
	16
	15
	15


Note: The index of NRZ code corresponds to the receiver OSNR tolerance (EOL) of 12dB, the sum of OSNR penalty of multi-span time channel and OSNR balance of main optical channel is 6dB, and the sum of OSNR penalty of single-span time channel and OSNR balance of main optical channel is 5dB.The index of RZ code corresponds to the receiver OSNR tolerance (EOL) of 10dB.The sum of OSNR penalty of multi-span time channel and OSNR balance of main optical channel is 6dB. The sum of the OSNR penalty and the main optical channel OSNR margin is 6 dB. The sum of the single-span time channel OSNR penalty and the main optical channel OSNR margin is 5 dB.




Table B.0.1-5 40/80×40Gbit/s OTN system optical channel signal-to-noise ratio indicators

	Span loss
	n×W
dB
	8×22
	16×22
	8×22
	12×22
	16×22

	Number of channels
	pcs
	40
	80

	Modulation format
	__
	ODB/
PSBT
	RZ-AMI
	NRZ-
DPSK
	ODB/
PSBT
	P-
DPSK①
	RZ-
DQPSK②
	P-
DPSK
	DP-
QPSK

	Signal-to-noise ratio of the optical channel①.②
	dB
	21
	19.5
	18.5
	21
	19
	18.5
	19
	15.5


Note: ①The minimum optical signal-to-noise ratio per channel for MPI-RM points greater than 12 x 22 dB span is the receiver optical signal-to-noise ratio tolerance (EOL) plus 5 dB of OSNR system penalty and margin; for a number of segments less than or equal to 12 x 22 dB span, add 4.5 dB of OSNR system penalty and margin;
②If some of the wavelength channels do not meet the minimum optical signal-to-noise ratio requirement per channel at MPI-RM points in the actual project, the receiver optical signal-to-noise ratio tolerance (EOL) (i.e., the actual tested BTB ONSR BOL value plus 0.5 dB) plus 4.5dB or 5dB OSNR system penalty and margin may be used for system design.
Table B.0.1-6 N×100Gbit/s OTN System Optical Channel Signal-to-Noise Ratio Indicators (without DCM)

	Parameter name
	Unit
	Basic parameters

	Application code
	__
	M 80.100G50-
18A-0-652(C)
	M 80.100G50-
14A-0-652(C)
	M80.100G50-
16A-0-655(C)
	M80.100G50-
10A-0-655(C)

	Cross-section loss
	n×W
dB
	18×22
	14×22
	16×22
	10×22

	Number of channels
	pcs
	80
	80
	80
	80

	Modulation format
	__
	Polarization division multiplexing (differential) quadrature phase shift keying PDM-DQPSK

	Signal-to-noise ratio of optical channel①
	dB
	18.5
	20
	18.5
	19.5


Note: ①The OSNR margin indicator is 4.5dB for systems less than or equal to 12 x 22dB, and 5dB for systems greater than 12 x 22dB.
Table B.0.1-7 N×100Gbit/s OTN system optical channel signal-to-noise ratio indicators (with DCM)

	Parameter name
	Unit
	Basic parameters

	Application code
	__
	M80.100050-
14A-1-652(C)
	M80.100G50-
10A-1-652(C)
	M80.100G50-
4A-1-655(C)
	M80.100G50-
10A-1-655(C)

	Cross-section loss
	n×W
dB
	14×22
	10×22
	14×22
	10×22






Continued table B.0.1-7

	Parameter name
	Unit
	Basic parameters

	Number of channels
	pcs
	80
	80
	80
	80

	Modulation format
	__
	Polarization division multiplexing (differential) quadrature phase shift keying PDM-DQPSK

	Signal-to-noise ratio of optical channel①
	dB
	18.5
	19.5
	18.5
	19.5


Note: ① The OSNR margin indicator is 4.5 dB for systems less than or equal to 12 x 22 dB, and 5dB for systems greater than 12 x 22 dB.
Table B.0.1-8 N×100Gbit/s MS-ULH OTN System Optical Channel Signal-to-Noise Ratio Metrics

	Parameter name
	Unit
	Basic parameters

	Application code
	__
	M80.100G50-
26A-0-652(C)
	M80.100G50-
20A-0-655(C)
	M80.100G50-
12B-0-652(C)
	M80.100G50-
10B-0-655(C)

	Cross-section loss
	n×W
dB
	26×22
	20×22
	12×27
	10×27

	Number of channels
	pcs
	80
	80
	80
	80

	Modulation format
	__
	Polarization division multiplexing (differential) quadrature phase shift keying PDM-DQPSK

	Signal-to-noise ratio of optical channel①
	
dB
	17.0
	16.5
	17.0
	16.5


Note: ①The minimum OSNR index for each channel at MPI-RM point is obtained by adding the receiver OSNR tolerance (EOL) and OSNR margin; The OSNR margin requirements for the N × 100Gbit/s MS-ULH WDM system are as follows: the OSNR margin index for systems less than or equal to 12 × 22 dB or 6 × 27 dB is 4.5 dB, the OSNR margin index for systems greater than 12 × 22 dB but less than or equal to 20 × 22 dB or greater than 6 × 27 dB and less than or equal to 10 × 27 dB is 5.0 dB, the OSNR margin index for systems greater than 20 × 22 dB but less than or equal to 28 × 22 dB or greater than 10 × 27 dB but less than or equal to 13 × 27 dB is 5.5 dB, and the OSNR margin index for systems greater than 28 × 22 dB or 13 × 27 dB is 6.0 dB.
Table B.0.1-9 N × 100Gbit/s SS-ULH OTN system optical channel signal-to-noise ratio indicators

	Parameter name
	Unit
	Basic parameters

	Application code
	__
	S80.100G50-
40-0-652(C)
	S80.100G50-
A8-0-652(C)
	S80.100G50-
37-0-655(C)
	S80.100G50-
44-0-655(C)

	Cross-section loss
	dB
	40
	48
	37
	44

	Number of channels
	pcs
	80
	80
	80
	80












Continued table  B.0.1-9

	Parameter name
	Unit
	Basic parameters

	Modulation format
	__
	Polarization division multiplexing (differential) quadrature phase shift keying PDM-DQPSK

	Signal-to-noise ratio of optical channel①
	dB
	16.0
	16.0
	16.0
	16.0


Note: ①The minimum OSNR index for each channel at the MPI-RM point is obtained based on the receiver OSNR tolerance (EOL) plus OSNR margin; The SNR margin of the N × 100Gbit/s SS-ULH WDM system is 4.5dB.
B.0.2 The BER performance index shall be in accordance with those specified in Table B.0.2-1 to Table B.0.2-10.
Table B.0.2-1 27500km ODUk assumed reference channel end-to-end BER performance metrics

	Channel type
	ODU1
	ODU2
	ODU3
	ODU4

	Nominal speed (kbit/s)
	239/238×2188320
	239/237×9953280
	239/236×39813120
	239/227×99532800

	SESR
	0.002
	0.002
	0.002
	undetermined

	BBER
	4.0×10-5
	1.0×10-5
	2.5×10-6
	undetermined



Table B.0.2-2 27500km STM-N assumed reference channel end-to-end BER performance metrics

	Channel type
	STM-16
	STM-64
	STM-256

	Nominal speed (kbit/s)
	2488320
	9953280
	39813120

	SESR
	0.002
	undetermined
	undetermined

	BBER
	1.0×10-1
	undetermined
	undetermined



Table B.0.2-3 Long-term system BER performance indicators for 6800km optical multiplexing segment carrying ODUk channel

	Channel type
	ODU1
	ODU2
	ODU3
	ODU4

	Nominal speed (kbit/s)
	239/238×2488320
	239/237×9953280
	239/236×39813120
	239/227×99532800

	SESR
	9.52×10-5
	9.52×10-5
	9.52×10-5
	undetermined

	BBER
	1.90×10-6
	4.76×10-7
	1.19×10-7
	undetermined



Table B.0.2-4  Long-term system BER performance indicators for 6800km optical multiplexing segment carrying STM-N channel

	Channel type
	STM-16
	STM-64
	STM-256

	Nominal speed (kbit/s)
	2488320
	9953280
	39813120

	SESR
	8.16×10-6
	undetermined
	undetermined

	BBER
	1.08×10-7
	undetermined
	undetermined


Table B.0.2-5 Long-term system BER performance metrics for 420km optical multiplexed segment carrying ODUk channels

	Channel type
	ODU1
	ODU2
	ODU3
	ODU4

	Nominal speed (kbit/s)
	239/238×2488320
	239/237×9953280
	239/236×39813120
	239/227×99532800

	SESR
	1.18×10-6
	1.18×10-6
	1.18×10-6
	undetermined

	BBER
	2.35×10-8
	5.88×10-9
	5.88×10-9
	undetermined



Table B.0.2-6 Long-term system BER performance metrics for 420km optical multiplexing segment carrying STM-N channels

	Channel type
	STM-16
	STM-64
	STM-256

	Nominal speed (kbit/s)
	2488320
	9953280
	39813120

	SESR
	1.01×10-7
	undetermined
	undetermined

	BBER
	5.04×10-9
	undetermined
	undetermined



Table B.0.2-7 280km ODUk channel long-term system BER performance metrics

	Channel type
	ODU1
	ODU2
	ODU3
	ODU4

	Nominal speed (kbit/s)
	239/238×2488320
	239/237×9953280
	239/236×39813120
	239/227×99532800

	SESR
	5.6×10-6
	5.6×10-6
	5.6×10-6
	undetermined

	BBER
	1.12×10-7
	2.8×10-8
	7.0×10-9
	undetermined



Table B.0.2-8 280km STM-N channel long term system BER performance metrics

	Channel type
	STM-16
	STM-64
	STM-256

	Nominal speed (kbit/s)
	2488320
	9953280
	39813120

	SESR
	7.7×10-7
	undetermined
	undetermined

	BBER
	3.85×10-8
	undetermined
	undetermined



Table B.0.2-9 Long-term system BER performance metrics for optical multiplexing segments with 50km bearer ODUk channel

	Channel type
	ODU1
	ODU2
	ODU3
	ODU4

	Nominal speed (kbit/s)
	239/238×2488320
	239/237×995328O
	239/236×39813120
	239/227×99532800

	SESR
	2.0×10-7
	2.0×10-7
	2.0×10-7
	undetermined

	BBER
	4.0×10-9
	1.0×10-9
	2.5×10-10
	undetermined







Table B.0.2-10 Long-term system BER performance metrics for optical multiplexing segments carrying STM-N channels at 50km

	Channel type
	STM-16
	STM-64
	STM-256

	Nominal speed (kbit/s)
	2488320
	9953280
	39813120

	SESR
	2.75×10-8
	undetermined
	undetermined

	BBER
	1.38×10-9
	undetermined
	undetermined





[bookmark: _Toc20006][bookmark: _Toc17938][bookmark: _Toc198301264][bookmark: _Toc8263][bookmark: _Toc18682][bookmark: _Toc15940]Explanation of wording in this standard



1. Words used for different degrees of strictness are explained as follows in order to mark the differences in executing the requirements in this code. 
1) Words denoting a very strict or mandatory requirement:
"Must" is used for affirmation; "must not" is used for negation.
2) Words denoting a strict requirement under normal conditions:
"Shall" is used for affirmation; "shall not" for negation.
3) Words denoting a permission of a slight choice or an indication of the most suitable choice when conditions permit:
"Should" is used for affirmation; "should not" is used for negation.
4) "May" is used to express the option available, sometimes with the conditional permit.
2．"Shall comply with…" or "Shall meet the requirements of…" is used in this code to indicate that it is necessary to comply with the requirements stipulated in other relative standards and codes.
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Preparation instructions

"Standard of engineering technology of optical transport network(OTN)" GB/T 51398—2019 was approved and issued by Announcement of Housing and Urban-Rural Development in Announcement No.324 on November 22, 2019.
During the formulation of this standard, the compilation team conducted extensive investigation and research, summed up the practical experience of OTN transmission system engineering in China's communication engineering construction, and referred to relevant technical standards at home and abroad, forming the technical requirements of this standard.
In order to facilitate the relevant personnel of design and construction parties to correctly understand and implement the provisions of this specification, the compilation team compiled the provisions of this standard according to the order of chapter, section and article, explained the purpose, basis and relevant matters needing attention in the implementation of the provisions, and emphatically explained the mandatory reasons of mandatory provisions. However, this provision does not have the same legal effect as the standard text, and it is only for users to understand and grasp the standards and norms as a reference.
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[bookmark: _Toc1309][bookmark: _Toc29124][bookmark: _Toc2993][bookmark: _Toc2219][bookmark: _Toc15305][bookmark: _Toc198301267][bookmark: _Toc30547]2 Terms and symbols
[bookmark: _Toc7756][bookmark: _Toc8805][bookmark: _Toc198301268][bookmark: _Toc11921][bookmark: _Toc13883][bookmark: _Toc11011][bookmark: _Toc22617]2.1 Terms
2.1.1 Two types of optical channels (OCh) are defined based on whether they support nonassociated overhead (OCh_OH), namely optical channel with full functionality (OCh) that supports nonassociated overhead and optical channel with reduced functionality (OChr) that does not support nonassociated overhead. The customer signal of OCh defined in this standard is OTUk signal, which may also supports other digital customer signals such as STM-N, Ethernet, and other OTMs. OCh shall have the feature of distinguishing between two different OCh signals (one carrying OTU1 and the other carrying OTU2 or GbE), and the specific implementation is yet to be studied.
2.1.2 The capacity of optical channel data unit-k(ODUk) is distinguished by k, k=0,1,2,2e, 3,4.
2.1.5 Optical channel payload unit-k (OPUk) combines customer information, the required adaptive customer signal rate, the overhead of OPUk payload rate, and other OPUk overheads that support customer signal transport. These overheads are specific adaptation overheads. The capacity of OPUk is distinguished by k, k=0,1,2,2e, 3,4.
2.1.7 Based on whether nonassociated overhead is supported, optical transport module (OTM) are divided into two types: fully functional OTM that support nonassociated overhead and reduced functional OTM that do not support nonassociated overhead. The coefficients n and m define the supported wavelengths and bit rates, where r represents simplification functionality and v represents support for virtual multi-channel. OTM0.mvn supports a multi-channel optical signal, and currently two types of OTM0.mvn interface signals are defined, each carrying four optical signals containing an OTUk [V] signal distributed to four optical channels: OTM0.3v4 (carrying OTU3) and OTM0.4v4 (carrying OTU4).
2.1.8 Optical channel transport unit-k (OTUk) includes optical channel data unit-k and OTUk related overhead (FEC and optical channel connection management overhead), characterized by frame structure, bit rate, and bandwidth. The capacity of OTUk is distinguished by k, with k=1,2,3,4. There are currently two types of OTUk defined, namely OTUk used for complete standardization of OTM inter domain (IrDI) or intra domain (IaDI), and OTUk (OTUkV) used only for partial functional standardization within OTM domain (IaDI).
[bookmark: _Toc17445][bookmark: _Toc198301269][bookmark: _Toc29330][bookmark: _Toc14380][bookmark: _Toc21359][bookmark: _Toc10898][bookmark: _Toc32282]3 System standards
[bookmark: _Toc22890][bookmark: _Toc16074][bookmark: _Toc16378][bookmark: _Toc24528][bookmark: _Toc198301270][bookmark: _Toc5922][bookmark: _Toc12652]3.1 Network model and structure
3.1.1 The OTN network consists of three planes: the transport layer, management layer, and control layer, as well as DCN module. The management layer is connected to the control layer, transport layer, and DCN module through the management bus, while the control layer is connected to the transport layer and DCN module through the control bus.
3.1.2 The OTN transport layer network is hierarchically divided into three layers: Optical channel (OCh) layer, optical multiplex section (OMS) layer, and optical transmission section (OTS) layer.
(1) Optical channel (Och) layer realizes the transport of digital customer signal between access point through optical channel, and its characteristic information includes optical signals associated with optical channel connection and defining bandwidth and signal-to-noise ratio, and data streams for realizing off-path overhead, all of which are logical signals.
OCh layer may be divided into three sub-layer networks: optical channel sub-network, optical channel transport unit (OTUk,k=1,2,3,4) sub-layer network and optical channel data unit (ODUk,k=0,1,2,2e,3,4) sub-network, in which OTUk and ODUk sub-layers are implemented using digital encapsulation technology, and the corresponding represented digital bit rates meet the requirements of Section 4.2 of this specification. There is the client/server relationship between adjacent sub-layers. If the ODUk sub-layer supports the multiplexing function, it may continue to divide the sub-layers recursively.
(2)The optical multiplex section layer (OMS) network achieves the transport of optical channels between access points through OMS paths. Its characteristic information includes the data flow of OCh layer adaptation information and the data flow of multiplexing section path terminal overhead, both of which are logical signals represented by n-level optical multiplex units (OMU-n), where n is the number of optical channels. The optical channel in the optical multiplex section may carry or not carry services, and the optical channel without services may be configured or not configured with optical signals.
(3) The OTS layer network of the optical transmission section achieves the transport of optical multiplex sections between access points through OTS path. OTS defines physical interfaces, including parameters such as frequency, power, and signal-to-noise ratio. Its characteristic information may be described by logical signals, such as OMS layer adaptation information and specific OTS path terminal management/maintenance overhead, or by physical signals, such as n-level optical multiplex sections and optical supervisory channels, specifically represented as n-level optical transmission modules (OTM-n).
[bookmark: _Toc12783][bookmark: _Toc27572][bookmark: _Toc10438][bookmark: _Toc22461][bookmark: _Toc2338][bookmark: _Toc198301271][bookmark: _Toc25103]3.2 System rate and multiplexing structure
3.2.1 OTN system OTUk (k = 1, 2, 3, or 4), ODUk (k=0,1,2,2e, 3,4, flex) and other types and bit rate levels are detailed in Tables 1-4.
Table 1 OTU types and bit rate levels
	OTU type
	OTU nominal bit rate
	OTU bit rate tolerance

	OTU1
	255/238×2 488 320 kbit/s
	±20×10-6

	OTU2
	255/237×9 953 280 kbit/s
	

	OTU3
	255/236×39 813 120 kbit/s
	

	OTU4
	255/227×99 532 800 kbit/s
	


Note:1. The nominal OTUI rates are approximately 2666057.143kbit/s (OTU1), 10709225.316kbit/s (OTU2), 43018413.559kbit/s (OTU3), and 111809973.568kbit/s (OTU4).
2. OTUO, OTU2e, OTU3e, and OTUflex are not specified in this standard. ODUO signals are transmitted through ODU1, ODU2, ODU3, or ODU4 signals, ODU2e signals are transmitted through ODU3 and ODU4 signals, and ODUflex signals are transmitted through ODU2, ODU3, and ODU signals.
Table 2 ODU types and bit rate levels
	ODU type
	ODU nominal bit rate
	ODU bit rate tolerance

	ODU0
	1 244 160 kbit/s
	±20 × 10-6

	ODU1
	239/238 × 2 488 320 kbit/s
	

	ODU2
	239/237 × 9 953 280 kbit/s
	

	ODU3
	239/236 × 39 813 120 kbit/s
	

	ODU4
	239/227 × 99 532 800 kbit/s
	

	ODU2e
	239/227 × 10 312 500 kbit/s
	±100 × 10-6

	ODUflex for CBR customer signals
	239/227 × Customer signal bit rate
	Customer signal bit rate tolerance, maximum of±100 × 10-6

	ODUflex for GFP-F customer signals
	Configurable bit rate (Table 3.2.1-3)
	±20 × 10-6



Note: The nominal OTUI rate is approximately 2498775.126kbit/s (ODU1), 10037273.924kbit/s (ODU2) 40319218.983kbit/s (ODU3), 10399523.316kbit/s (ODU2e).
Table 3 ODUflex (GFP) bit rate, tolerance, and Cm at different service layers
	Initial service layer type
	ODUflex (GFP)nominal bit rate
	Default and maximum Cm
	ODUflexbit rate tolerance

	ODU2
	476/3824 × n × Cm/15232 × ODU2 bit rate
	15230
	±20 × 10-6

	ODU3
	119/3824 × n × Cm/15232 × ODU3 bit rate
	15230
	

	　
	　
	15165
	

	ODU4
	119/3824 × n × Cm/15232 × ODU3 bit rate
	15198
	

	　
	　
	14649
	

	　
	　
	14587
	



Note: 1. In addition to the local clock based on higher-order ODUk, the internal clock of the device may also serve as the local clock. In this case, similar recommendations may be followed.
2. The value n refers to the number of tributary timeslots occupied by ODUflex (GFP), and Cm refers to the number of M-byte ODUflex in each high-order ODUk complex frame.
3. The Cm value is the reduced value to support uploading ODUflex on higher order ODUk paths at lower rates.

Table 4  ODUflex (GFP) bit rates when using different service layer clocks
	Adopting service layer clock type
	ODUflex (GFP) nominal bit rate

	
	Min (kbit/s)
	Nominal (kbit/s)
	Max (kbit/s)

	ODUflex (ODU2 base clock)
	n × Cm × 82.024
	n × Cm × 82.025
	n × Cm × 82.027

	ODUflex (ODU3 base clock)
	n × Cm × 82.371
	n × Cm × 82.373
	n × Cm × 82.375

	ODUflex (ODU3 base clock)
	n × Cm × 85.637
	n × Cm × 85.639
	n × Cm × 85.640


Note: 1. Bandwidth is an approximate value, rounded to three decimal places.
2. For a bit rate value such as 82.024kbit/s, multiplying this value by n and Cm yields the corresponding minimum bit rate of ODUflex at the ODU2 base clock. This value is obtained from 476/3824 x 1/15232 x ODU2 bit rate (-20 x 10-6 bit rate tolerance), representing the bit rate of the M-byte portion in the OPU2 payload area.
[bookmark: _Toc17652][bookmark: _Toc32057][bookmark: _Toc565][bookmark: _Toc198301272][bookmark: _Toc26626][bookmark: _Toc21487][bookmark: _Toc31251]3.3 Network reference point and network interface
3.3.6 Single channel refers to the channel carried by a single wavelength within a fiber channel in OTN, while multi channel refers to the multiple channels carried by multiple wavelengths within a fiber channel in OTN.
The application code used for OTN single channel and multi channel inter domain interface classification generally has the following requirements:
The code structure for unidirectional system applications is PnWx-ytz, while the code structure for bidirectional system applications is BnWx ytz, where P represents the presence of multiple application codes in IrDI.Within a given rate level, these multiple application codes may be applied to any optical tributary signal.
N is the maximum number of channels that may be supported in the application code.
W represents segment distance and attenuation:
——I indicates inside application (up to 7 dB band attenuation).
——S indicates short-distance application (11 dB band attenuation);
——L indicates long-haul application (22 dB band attenuation);
——V indicates very long distance applications (33 dB band attenuation);
——U indicates ultra long distance application (44 dB band attenuation).
X indicates the maximum number of spans supported by this application code.
Y indicates the highest rate supported by a single channel light signal:
——1 represents NRZ 2.5G;
——2 represents NRZ 10G;
——3 represents NRZ 40G;
——7 represents RZ 40G.
T represents power level:
——A represents that OA is used as an optical power amplifier at the source end ONE and as a preamplifier at the sink end ONE.
——B represents using only power amplifiers;
——C represents using only the preamplifier;
——D represents not using an amplifier.
Z represents the type of light source and fiber used:
——1 is a light source with a nominal wavelength of 1310 that complies with G.652 optical fibers;
——2 is a light source with a nominal wavelength of 1550 that complies with G.652 optical fibers;
——3 is a light source with a nominal wavelength of 1550 that complies with G.653 optical fibers;
——5 is a light source with a nominal wavelength of 1550 that complies with G.655 (non-zero dispersion shift) fiber.
For certain single channel application codes, add some suffixes and define 6 types of suffixes:
——F represents the FEC byte for transmitting the recommended specifications of ITU-T G.709;
——D indicates that this application code has the ability to adapt to dispersion compensation;
——E indicates that this application code requires the receiver to have the ability to compensate for dispersion (note: it may be electrical dispersion compensation);
——R represents the shortened target distance, and these local application codes are dispersion limited. The same target transmission distance may be achieved through other technical methods, which require further research (such as parallel interface method);
——A indicates that this application code uses transmission optical power suitable for APD receivers;
——B indicates that this application code uses transmission optical power suitable for PIN receivers.
The G.694.1 standard frequency grid defines the nominal center frequency centered at 193.1THz with frequency intervals of 12.5GHz to 100GHz. Table 5 lists the grid frequencies with frequency intervals of 25GHz, 50GHz, and 100GHz in the C+L band.
Table 5 nominal center frequency of DWDM system
	Nominal center frequency with an interval of 12.5GHz
	Nominal center frequency with an interval of 25GHz

	Nominal center frequency with an interval of 50GHz

	Nominal center frequency with an interval of 100GHz

	Nominal center wavelength

	•
	•
	•
	•
	•

	•
	•
	•
	•
	•

	195.9375
	–
	–
	–
	1530.04

	195.9250
	195.925
	–
	–
	1530.14

	195.9125
	–
	–
	–
	1530.24

	195.9000
	195.900
	195.90
	195.9
	1530.33

	195.8875
	–
	–
	–
	1530.43

	195.8750
	195.875
	–
	–
	1530.53

	195.8625
	–
	–
	–
	1530.63

	195.8500
	195.850
	195.85
	–
	1530.72

	195.8375
	–
	–
	–
	1530.82

	195.8250
	195.825
	–
	–
	1530.92

	195.8125
	–
	–
	–
	1531.02

	195.8000
	195.800
	195.80
	195.8
	1531.12

	195.7875
	–
	–
	–
	1531.21

	195.7750
	195.775
	–
	–
	1531.31

	195.7625
	–
	–
	–
	1531.41

	195.7500
	195.750
	195.75
	–
	1531.51

	195.7375
	–
	–
	–
	1531.60

	195.7250
	195.725
	–
	–
	1531.70

	195.7125
	–
	–
	–
	1531.80

	195.7000
	195.700
	195.70
	195.7
	1531.90

	195.6875
	–
	–
	–
	1532.00

	195.6750
	195.675
	–
	–
	1532.09

	195.6625
	–
	–
	–
	1532.19

	•
	•
	•
	•
	•

	•
	•
	•
	•
	•

	193.2375
	–
	–
	–
	1551.42

	193.2250
	193.225
	–
	–
	1551.52

	193.2125
	–
	–
	–
	1551.62

	193.2000
	193.200
	193.20
	193.2
	1551.72

	193.1875
	–
	–
	–
	1551.82

	193.1750
	193.175
	–
	–
	1551.92

	193.1625
	–
	–
	–
	1552.02

	193.1500
	193.150
	193.15
	–
	1552.12

	193.1375
	–
	–
	–
	1552.22

	193.1250
	193.125
	–
	–
	1552.32

	193.1125
	–
	–
	–
	1552.42

	193.1000
	193.100
	193.10
	193.1
	1552.52

	193.0875
	–
	–
	–
	1552.62

	193.0750
	193.075
	–
	–
	1552.73

	193.0625
	–
	–
	–
	1552.83

	193.0500
	193.050
	193.05
	–
	1552.93

	193.0375
	–
	–
	–
	1553.03

	193.0250
	193.025
	–
	–
	1553.13

	193.0125
	–
	–
	–
	1553.23

	193.0000
	193.000
	193.00
	193.0
	1553.33

	192.9875
	–
	–
	–
	1553.43

	192.9750
	192.975
	–
	–
	1553.53

	192.9625
	–
	–
	–
	1553.63

	•
	•
	•
	•
	•

	•
	•
	•
	•
	•

	184.7750
	184.775
	–
	–
	1622.47

	184.7625
	–
	–
	–
	1622.58

	184.7500
	184.750
	184.75
	–
	1622.69

	184.7375
	–
	–
	–
	1622.80

	184.7250
	184.725
	–
	–
	1622.91

	184.7125
	–
	–
	–
	1623.02

	184.7000
	184.700
	184.70
	184.7
	1623.13

	184.6875
	–
	–
	–
	1623.24

	184.6750
	184.675
	–
	–
	1623.35

	184.6625
	–
	–
	–
	1623.46

	184.6500
	184.650
	184.65
	–
	1623.57

	184.6375
	–
	–
	–
	1623.68

	184.6250
	184.625
	–
	–
	1623.79

	184.6125
	–
	–
	–
	1623.90

	184.6000
	184.600
	184.60
	184.6
	1624.01

	184.5875
	–
	–
	–
	1624.12

	184.5750
	184.575
	–
	–
	1624.23

	184.5625
	–
	–
	–
	1624.34

	184.5500
	184.550
	184.55
	–
	1624.45

	184.5375
	–
	–
	–
	1624.56

	184.5250
	184.525
	–
	–
	1624.67

	184.5125
	–
	–
	–
	1624.78

	184.5000
	184.500
	184.50
	184.5
	1624.89

	•
	•
	•
	•
	•


Multi channel inter domain interfaces shall have horizontal compatibility (with multiple operators), and multi channel non OTN IrDI is suitable for G.652, G.653, and G.655 optical fibers, capable of transmitting up to 32 signals simultaneously. Depending on specific application codes, NRZ 2.5G, NRZ 10G, or NRZ 25G optical tributary signals may be used. Please refer to the application categories listed in Tables 6-8 for details.
Table 6 Classification of Inside applications for multi channel inter domain interface
	Application
	Inside (I)

	Working wavelength (nm)
	1310 (G.694.1 grid)
	1550 (G.694.1 grid)

	Fiber type
	G.652
	G.652
	G.653
	G.655

	Target distance(km)①
	10
	20
	2
	20

	Single channel optical signal is NRZ 10G
	-
	P16I1-2D2
	P16I2-2D3
	P16I1-2D5

	
	
	P32I1-2D2
	　
	P32I1-2D5

	Single channel optical signal is NRZ 25G
	4I1-9D1F
	　
	　
	　


Note: Target distance is only used for classification and not as a specification.

Table 7 Classification of short distance applications for multi channel inter domain interface
	Application
	Short Range (S)

	Working wavelength (nm)
	1550 (G.694.1 grid)

	Fiber type
	G.652
	G.653
	G.655

	Target distance(km)①
	40
	40
	40

	Single channel optical signal is NRZ 2.5G
	P16S1-1D2
	-
	P16S1-1D5

	
	P32S1-1D2
	
	P32S1-1D5

	Single channel optical signal is NRZ 10G
	P16S1-2B2
	P16S1-2C3
	P16S1-2B5

	
	P16S1-2C2
	　
	P16S1-2C5

	
	P32S1-2B2
	　
	P32S1-2B5

	
	P32S1-2C2
	　
	P32S1-2C5


Note: Target distance is only used for classification and not as a specification.
Table 8 Classification of long distance applications for multi channel inter domain interface
	Application
	Long Range (L)

	Working wavelength (nm)
	1310 (G.694.1 grid)
	1550 (G.694.1 grid)

	Fiber type
	G.652
	G.653
	G.655

	Target distance (km)①
	40
	80
	80

	Single channel optical signal is NRZ 2.5G
	-
	P16L1-1A2
	P16L1-1A5

	Single channel optical signal is NRZ 10G
	-
	P16L1-2A2
	P16L1-2A5

	Single channel optical signal is NRZ 25G
	4L1-9C1F
	-
	-


Note: Target distance is only used for classification and not as a specification.
The goal of standardizing single-channel interface is to achieve horizontal compatibility (multi-operator) for specific application codes, and may carry NRZ 2.5G, NRZ 10G or NRZ 40G optical tributary signals on G.652, G.653 and G.655 optical fibers. Single channel inter domain interfaces are divided into inside, short moment, long-haul, very long-haul, and ultra long-haul, as detailed in the application categories listed in Tables 9 to 13.

Table 9 Classification of inside applications for single channel inter domain interface
	Application
	Inside (I)

	Working wavelength (nm)
	1310
	1550

	Fiber type
	G.652
	G.652
	G.653
	G.655

	The tributary signal is NRZ 2.5G
	—
	P1I1-1D1
	—
	—
	—
	—

	Target transmission distance of NRZ 2.5G (km)①
	—
	2
	—
	—
	—
	—

	The tributary signal is NRZ 10G
	P1I1-2D1r
	P1I1-2D1
	P1I1-2D2r
	P1I1-2D2
	P1I1-2D3
	P1I1-2D5

	Target transmission distance of NRZ 10G (km)①
	0.6
	2
	2
	25
	25
	25

	Encode
	VSR600-2R1
	VSR2000-2R1
	VSR2000-2L2
	—
	—
	—

	The tributary signal is NRZ 40G
	—
	P1I1-3D1
	—
	—
	P1I1-3D3
	P1I1-3D5

	
	
	1I1-3D1F
	
	
	　
	　

	Target transmission distance of NRZ 40G (km)①
	—
	10
	—
	—
	10
	5②


Note: ①Target distance is only used for classification and not as a standard.
②Used for G.655 optical fiber. For G.655.E fiber, delete the target distance.
Table 10 Short distance applications for single channel inter domain interface
	Application
	Short distance (S)

	Working wavelength (nm)
	1310
	1550

	Fiber type
	G.652
	G.652
	G.653
	G.655

	The tributary signal is NRZ 2.5G
	P1S1-1D1
	P1S1-1D2
	—
	—

	Target transmission distance of NRZ 2.5G (km)
	20
	40
	—
	—

	The tributary signal is NRZ 10G
	P1S1-2D1
	P1S1-2D2a,b
	P1S1-2D3a,b
	P1S1-2D5a,b

	
	
	1S1-2D2bF
	1S1-2D3bF
	1S1-2D5bF

	Target transmission distance of NRZ 10G (km)
	20
	40
	40
	40

	The tributary signal is NRZ 40G
	P1S1-3D1
	P1S1-3C2
	P1S1-3C3
	P1S1-3C5

	
	1S1-3D1F
	　
	　
	　

	Target transmission distance of NRZ 40G (km)
	20
	40
	40
	40


Note: Target distance is only used for classification and not as a specification.
Table 11 Classification of long distance applications for single channel inter domain interface
	Application
	Long distance (L)

	Working wavelength (nm)
	1310
	1550

	Fiber type
	G.652
	G.652
	G.653
	G.655

	The tributary signal is NRZ 2.5G
	P1L1-1D1
	P1L1-1D2
	—
	—

	
	　
	1L1-1D2F
	
	

	Target transmission distance of NRZ 2.5G (note)
	40
	80
	—
	—

	The tributary signal is NRZ 10G
	P1L1-2D1
	P1L1-2D2
	—
	—

	
	　
	1L1-2D2F
	
	

	
	　
	P1L1-2D2F
	
	

	
	　
	1L1-2D2FE
	
	

	Target transmission distance of NRZ 10G (note)
	40
	80
	—
	—

	The tributary signal is NRZ 40G
	P1L1-3C1
	P1L1-3A2
	P1L1-3A3
	P1L1-3A5

	
	1L1-3C1F
	1L1-3C2F
	1L1-3C3F
	1L1-3C5F

	
	　
	1L1-3C2FD
	1L1-3C3FD
	1L1-3C5FD

	Target transmission distance of NRZ 40G (km) (note)
	40
	80
	80
	80

	The tributary signal is RZ 40G
	—
	P1L1-7A2
	P1L1-7A3
	P1L1-7A5

	Target transmission distance of RZ 40G (km) (note)
	—
	80
	80
	80


Note: Target distance is only used for classification and not as a specification.
Table 12 Classification of very long distance applications for single channel inter domain interface
	Application
	Very long distance (V)

	Working wavelength (nm)
	1550

	Fiber type
	G.652
	G.653
	G.655

	The tributary signal is NRZ 10G
	P1V1-2C2
	—
	P1V1-2B5

	
	1V1-2C2F
	
	1V1-2B5F

	
	P1V1-2B2E
	
	　

	
	P1V1-2B2FE
	
	　

	Target transmission distance of NRZ 10G (km) (note)
	120
	—
	120


Note: Target distance is only used for classification and not as a specification.
Table 13 Classification of ultra long distance applications for single channel inter domain interfaces
	Application
	Ultra long distance (U)

	Working wavelength (nm)
	1550

	Fiber type
	G.652
	G.653
	G.655

	The tributary signal is NRZ 10G
	P1U1-1A2
	P1U1-1A3
	P1U1-1A5

	
	1U1-1B2F
	1U1-1B3F
	1U1-1B5F

	Target transmission distance of NRZ 10G (km)
	160
	160
	160


Note: Target distance is only used for classification and not as a specification.


[bookmark: _Toc2113][bookmark: _Toc9178][bookmark: _Toc24107][bookmark: _Toc29336][bookmark: _Toc12354][bookmark: _Toc198301273][bookmark: _Toc8216]3.4 Overhead and maintenance signal
3.4.2 The OTUk frame structure is detailed in Figure 3.4.2-1, and the overhead structure of OTUk, ODUk, and OPUk are detailed in Figure 3.4.2-2. The ODUk frame structure is obtained by removing the OTUk overhead and FEC from the OTUk frame structure, while the OPUk frame structure is obtained by removing the OTUk and ODUk overhead and FEC from the OTUk frame structure.
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Figure 3.4.2-1 OTUk frame structure
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Figure 3.4.2-2 OTUk, ODUk, OPUk overhead structure
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3.5.1 OTN terminal multiplexing equipment refers to WDM transmission equipment that supports electrical layer (ODUk) and optical layer (OCh) multiplexing. OTN electrical cross-connect devices complete ODUk level circuit cross-connect functions, providing flexible circuit scheduling and protection capabilities for OTN networks. OTN electrical cross-connect devices may exist independently and provide various service interfaces and OTUk interfaces (including IrDI interfaces) to the outside world. It may also be integrated with OTN terminal multiplexing function, in addition to providing various service interfaces and OTUk interfaces (including IrDI interface), it also provides optical multiplex section and optical transmission section functions, supporting WDM transmission. OTN optical cross-connect devices (i.e. ROADM/PXC) provide OCh optical layer scheduling capabilities to achieve wavelength level service scheduling and protection recovery. OTN optoelectronic hybrid cross-connect equipment is a combination of OTN electrical cross-connect equipment and OTN optical cross-connect equipment, providing ODUk electrical layer and OCh optical layer scheduling capabilities. Wavelength level services may be directly crossed through OCh, while other services that require scheduling may be crossed through ODUk.
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[bookmark: _Toc2508][bookmark: _Toc8052][bookmark: _Toc198301276][bookmark: _Toc13704]4.1 Network planning

4.1.1 OTN network planning has high complexity and generally requires planning software. Network planning may use equipment vendor-specific software or general software. If using specialized software, it only organizes networks for equipment from that vendor.
4.1.3 Optical transmission performance indicators that require simulation calculations include OSNR, residual dispersion, and pre-FEC bit error rate.

[bookmark: _Toc20734][bookmark: _Toc198301277][bookmark: _Toc7013][bookmark: _Toc16930]4.2 Transmission system designing

4.2.1 The application of OTN in local and trunk networks is to meet the increasing bandwidth demands of services and to ensure service security. It is recommended to use a rate of 10 Gbit/s or higher for newly built OTN system lines, but generally not to use a rate of 40 Gbit/s.
4.2.5 When mixing channels with different rates in the line, channels with different rates shall be arranged in different bands. The main purpose is to avoid or reduce the impact of nonlinear effects between channels on system performance when mixing channels with different rates.
4.2.7 Whether to configure the control plane be selected according to the requirements of the project.

[bookmark: _Toc198301278][bookmark: _Toc13579][bookmark: _Toc24071][bookmark: _Toc32406]4.3 Network protection and recovery

4.3.1 This section is about the regulations for OTN network protection.
3 When using OLP based on optical amplifier sections and OMSP based on optical multiplex sections in optical line systems, attention shall be paid to the coordination of line protection and OTN protection, as well as the differences in channel organization.
4.3.2  This section is about the regulations for protection and recovery based on the control plane.
3 In a photonic-electronic hybrid network, when a transmission line or node fails, both layers' protection and recovery mechanisms will respond and take action. A good mechanism is needed to coordinate and control them. The following three coordination mechanisms may be used:
(1) Bottom-up: restoration is first performed at the optical layer, and if the optical layer cannot restore, the upper layer electrical layer will handle it;
(2) Top-down: restoration is first performed at the electrical layer, and if it cannot restore, the optical layer will handle it;
(3) Hybrid mechanism: optimize and combine the above two mechanisms to obtain the best recovery solution.

[bookmark: _Toc15906][bookmark: _Toc1730][bookmark: _Toc26591][bookmark: _Toc198301279]4.4  Auxiliary system designing

4.4.2  Out-of-band DCN equipment shall use Ethernet switches that support VLAN functions, Ethernet switches or routers with layer 3 functions.
4.4.4  The OTN network itself is an asynchronous network, but with the widespread application of OTN networks and the gradual phasing out of SDH technology, the OTN network should support the function of transmitting clock frequency and time synchronization information.
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[bookmark: _Toc30896][bookmark: _Toc11678][bookmark: _Toc198301281][bookmark: _Toc576]5.1  OSNR, bit error and Ethernet network performance

5.1.2  The optical channel indicators composed of a single optical multiplex section are specified in the corresponding requirements for the optical multiplex section.
5.1.5  This section is about the maximum pre-FEC bit error rate for rate optical channels.
1  For hard-decision 100G rate optical channels, when the maximum pre-FEC bit error rate is 7.0E-5, the corresponding FEC correction tolerance is 3.5E-3 (inclusive) to 6.0E-3, and when the maximum pre-FEC bit error rate is 3.0E-4, the corresponding FEC correction tolerance is 8E-3 (inclusive) to 1.5E-2;
2  For soft-decision 100G rate optical channels, when the maximum pre-FEC bit error rate is 1.0E-3, the corresponding FEC correction tolerance is 1.5E-2 (inclusive) to 2.5E-2;
3  For ultra-long distance coded 100G rate optical channels, when the maximum pre-FEC bit error rate is 4.0E-3, the corresponding FEC correction tolerance is 3.5E-2 (inclusive) to 4.5E-2.
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9.1.1  OTN network maintenance tools and instrumentation configurations typically include SDH/OTN network analyzers, spectrum analyzers, and data network analyzers.


10 [bookmark: _Toc503542336][bookmark: _Toc503542494][bookmark: _Toc4510][bookmark: _Toc29445][bookmark: _Toc10328][bookmark: _Toc503543165][bookmark: _Toc14369][bookmark: _Toc503535119][bookmark: _Toc4725][bookmark: _Toc198301283][bookmark: _Toc503539645][bookmark: _Toc2524]Performance test and function check
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10.1.2 The connection configuration for OTN interface function test is shown in Figure 3.
[bookmark: _Toc29399][bookmark: _Toc9861][image: 图片1]
[bookmark: _Toc10035][bookmark: _Toc23134]Figure 3 OTN interface function test configuration 
10.1.3 The OTN electrical cross-connect function test configuration is shown in Figure 4, and the OTN optical cross-connect (OCh) function test configuration is shown in Figure 5.
[image: 图片3]
Figure 4 OTN electrical cross-connect function test configuration diagram
[image: 图片2]
[bookmark: _Toc493][bookmark: _Toc3939][bookmark: _Toc1205][bookmark: _Toc12559]Figure 5 OTN optical cross-connect for OCh function test configuration diagram

10.1.4 OTN receiver optical power sensitivity, overload optical power test configuration connection shown in Figure 6, OTN jitter performance test configuration connection shown in Figure 7.


Transmission 
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Adjustable optical attenuator



Tested
port
Optical power meter
Optical attenuator


Figure 6 OTN receiver optical power sensitivity, overload optical power test connection diagram

[image: 图片4]
Figure 7 Connection diagram for OTN jitter performance test
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10.3.3 ODUk-based SNC protection includes ODUk 1+1 protection and ODUk M:N protection.
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10.4.2 Parameters for fault monitoring are detailed in Table 14.
Table 14  Parameters for fault monitoring
	Alarm Type
	Parameter Name

	Ethernet client alarm
	- Ethernet physical port signal loss alarm (ETHLOS)

	
	- CRC Error packet overrun alarm

	SDH client alarm
	- Loss of Signal (LOS)

	
	-Loss of Frame (LOF)

	SDH client alarms
	- Regeneration segment signal degradation (RSDEG)

	
	- J0 Trace byte mismatch

	ODUk sublayer OPUk alarms
	- OPUk payload mismatch (OPUk_PLM)

	
	- OPUk VCAT Virtual Cascade payload Mismatch (OPUk_VCAT_VcPLM)

	
	- OPUk VCAT sequence number mismatch (OPUk_VCAT_SQM)

	
	- OPUk Multiplexing Structure Identifier Mismatch (OPUk_MSIM)

	ODUk sublayer TCMi alarms
	- ODUk TCMi alarm indication (ODUk_TCMi_AIS)

	
	- ODUk TCMi lockout defect (ODUk_TCMi_LCK)

	
	- ODUk TCMi Open Connection Indication (ODUk_TCMi_OCI)

	
	- ODUk TCMi Trace Identification Mismatch (ODUk_TCMi_TIM)

	
	- ODUk TCMi signal degradation (ODUk_TCMi_DEG)

	
	- ODUk TCMi Backward Defect Indication (ODUk_TCMi_BDI)

	
	- ODUk TCMi Loss of serial connection (ODUk_TCMi_LTC)

	
	- ODUk TCMi Service Signaling Failure (ODUk_TCMi_SSF)

	ODUk sublayer PM alarms
	- ODUk PM alarm indication (ODUk_PM_AIS)

	
	- ODUk PM lockout defect (ODUk_PM_LCK)

	
	- ODUk PM open connection indication (ODUk_PM_OCI)

	
	- ODUk PM trace mismatch (ODUk_PM_TIM)

	
	- ODUk PM signal degradation (ODUk_PM_DEG)

	
	- ODUk PM Backward Defect Indication (ODUk_PM_BDI)

	
	- ODUk PM service signal failure (ODUk_PM_SSF)

	OTUk sublayer alarms
	- OTUk Loss of Frame (OTUk_LOF)

	
	- OTUk Loss of Frame of Repeat (OTUk_LOM)

	
	- OTUk alarm indication (OTUk_AIS)

	
	- OTUk trace mismatch (OTUk_TIM)

	
	- OTUk signal degradation (OTUk_DEG)

	
	- OTUk reverse defect indication (OTUk_BDI)

	
	- OTUk signal failure (OTUk_SSF)

	
	- FEC Pre-Error Correction Excessive BER Alarm

	
	- FEC Excessive BER after error correction alarm

	OCh sublayer alarm
	- Input optical power overrun

	
	- Output optical power over-limit

	
	- Laser transmission failure

	OTS layer alarm
	- Input optical power overrun

	
	- Optical amplifier pump laser bias current overrun

	Optical Supervisory channel Alarm
	- Signal loss

	
	- Signal degradation

	Optical Supervisory channel Alarm
	- Error code overrun

	
	- Laser transmission failure

	Hardware device alarms
	- Unit disk dislocation

	
	- Unit disk failure

	External environment alarms
	- Power supply failure

	
	- Ambient temperature overrun



10.4.3 Basic performance management parameters are detailed in Table 15.



Table 15 Basic performance management parameters
	Performance Type
	Parameter Name

	Ethernet client layer performance
	- Number of normal packets received

	
	- Number of normal packets sent

	
	- Received CRC error packets

	SDH client layer performance 
	- Regeneration segment error seconds (RSES)

	
	- Regeneration Segment Severe Error Seconds (RSSES)

	
	- Regeneration Segment Background Block Bit Error (RSBBE)

	
	- Regeneration Segment Unavailable Seconds (RSUAS)

	ODUk sublayer PM performance
	- PM Background Block Bit Error (PMBBE)

	
	- PM Bit Error Seconds (PMES)

	
	- PM Severe Misuse Seconds (PMSES)

	
	- PM Unavailable seconds (PMUAS)

	
	- PM far-end background block errors (PMFEBBE)

	
	- PM far-end false code seconds (PMFEES)

	
	- PM far-end severe error seconds (PMFESES)

	
	- PM far-end unavailable seconds (PMFEUAS)

	ODUk Sublayer TCM Performance
	- TCMi Background BER Block (TCMiBBE)

	
	- TCMi Backward Input Localization Error Blocks in Seconds (TCMiBIAES)

	
	- TCMi Input localization error code seconds (TCMiIAES)

	
	- TCMi Error code seconds (TCMiES)

	
	- TCMi Severe Error Code Seconds (TCMiSES)

	
	- TCMi Unavailable seconds (TCMiUAS)

	
	- TCMi far-end background block error code (TCMiFEBBE)

	
	- TCMi far-end block error seconds (TCMiFEES)

	
	- TCMi far-end severe error code seconds (TCMiFESES)

	
	- TCMi far-end unavailable seconds (TCMiFEUAS)

	OTU Sublayer SM Segment Performance
	- SM background block bit error (SMBBE)

	
	- SM backward input localization error seconds (SMBIAES)

	
	- SM misencoding seconds (SMES)

	
	- SM Severe Misbehavior Seconds (SMSES)

	OTU sublayer SM segment performance
	- SM unavailable seconds (SMUAS)

	
	- SM remote background block error (SMFEBBE)

	
	- SM input localization error seconds (SMIAES)

	
	- SM far-end error seconds (SMFEES)

	
	- SM far-end severe error seconds (SMFESES)

	
	- SM far-end unavailable seconds (SMFEUAS)

	
	- FEC BER before error correction (OTUs supporting FEC)

	
	- FEC BER after error correction (OTUs supporting FEC)

	OCh sublayer performance
	- Input optical power

	
	- Output optical power

	
	- Laser bias current

	
	- Laser cooling current

	
	- Laser operating current

	
	- Laser temperature

	OMS Layer Performance
	- Total input optical power

	
	- Total output optical power

	
	- Veneer temperature (for active devices)

	OTS Layer Performance
	- Input optical power

	
	- Output optical power

	
	- Optical amplifier pump laser bias current


[bookmark: _Toc503543168][bookmark: _Toc503539648][bookmark: _Toc9606][bookmark: _Toc16080][bookmark: _Toc503542339][bookmark: _Toc4763][bookmark: _Toc25612][bookmark: _Toc503535122][bookmark: _Toc12624][bookmark: _Toc198301287][bookmark: _Toc503542497][bookmark: _Toc8091]10.5 As-built project documents
10.5.2 This entry is a provision for the Completion document
13 Test records may be in the format and content associated with Table 16 to Table 24.
Table 16 Equipment basic function check record
	              Results
Test Item
	Requirement
	Result
(Pass, Tick)
	Remarks

	Power supply voltage of equipment room
	Shall meet the requirements of the equipment
	V
	Recorded voltage value

	Fuse capacity of column cabinet
	Shall meet the design requirements
	
	

	Equipment main and standby power switching
	Simultaneous and independent power supply equipment is normal
	
	

	Equipment alarm performance (may be simulated with the help of network management)

	Power failure
	Equipment alarms and centralized alarms shall be normal.
	
	

	Computer disk failure
	Equipment alarms and centralized alarms shall be normal.
	
	

	Loss of Signal (LOS)
	Equipment alarms and centralized alarms shall be normal.
	
	

	Receive AIS
	Equipment alarms and centralized alarms shall be normal.
	
	

	Signal degradation (BER>1.0E6)
	Equipment alarms and centralized alarms shall be normal.
	
	

	BER exceeds threshold (BER>1.0E3)
	Equipment alarms and centralized alarms shall be normal.
	
	

	Automatic laser shutdown (ALS)
	Equipment alarms and centralized alarms shall be normal.
	
	


Equipment model: Manufacturer:
Test instrument: Tester:
Attendant (Supervisor): Test time:

Table 17 OTN interface function verification test records
	Item
Interface Type
	OTN interface function (adaptation support situation)

	
	
	

	10G port
	10G POS
	

	
	OTU2
	

	40G port
	40G POS
	

	
	OTU3
	


Device model:                                           Manufacturer:
Test meter:                                            Tester signature:
Attendant (Supervisor):                                        Test Date:

Table 18 OTN electrical cross-connect function test records
	Item
Cross-Connect Type
	OTN electrical cross-connect function test (whether supported or not)

	Tributary interface to tributary interface cross-connect
	

	Line interface to line interface cross-connect
	

	Tributary interface to line interface cross-connect
	


Device model:                                           Manufacturer:
Test meter:                                            Tester signature:
Attendant (Supervisor):                                        Test Date:

Table 19 OTN optical cross-connect function test record
	Items
Cross-connect Typs
	OTN optical cross-connect function test (supported or not)

	Channel-to-channel cross-connect
	


Device model:                                           Manufacturer:
Test meter:                                            Tester signature:
Attendant (Supervisor):                                        Test Date:


Table 20 OTN optical interface stand-alone test records
	Test Item Indicator      
    




OTU Type, Position
	Transmit optical power (dBm)
	Receive optical power sensitivity (dB)
	Overload optical power (dB)
	Center wavelength (nm) and its offset
	Minimum side-mode suppression ratio
	-20 dB spectral width

	
	
	
	
	Offset index: ±7 nm
	Indicator: dB
	Indicator: nm

	
	Indicator
	Measured value
	Measured value
	Measured value
	Measured value
	Measured value
	Nominal value
	Measured Value
	Offset
	Measured Value
	Measured value

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	


Device model:                                           Manufacturer:
Test meter:                                            Tester signature:
Attendant (Supervisor):                                        Test Date:
Note: For the OTU at the receiver, received power sensitivity, overload optical power, center wavelength (frequency), minimum side-mode rejection ratio and 20dB spectral width index requirements are not tested.


Table 21 OTN optical interface stand-alone test records (continued)
	Test item 
Frequency (KHz)

OTU Type,
Position
	Input jitter tolerance (UI)
	Jitter generation (UI)

	
	
	
	
	
	B1
	B2

	
	≥     
	≥     
	≥     
	 ≥     
	≤ 0.30
	≤ 0.10

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Note: OTU Jitter generation is measured only at the receiver ; OTU input jitter tolerance is measured only at the transmitter 
Device model:                                           Manufacturer:
Test meter:                                            Tester signature:
Attendant (Supervisor):                                        Test Date:

Table 22 OTN system performance test records
Optical multiplexing segment name:                        
	     Test Item Indicator

Channel Number (λn)
	Output jitter (UI)
	BER performance
24h with printout record,
(15 minutes pass)

	
	B1
	B2
	

	
	1.5(0.75)
	0.15
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Table 22 OTN System Performance Test Records (continued)
	Channel No.
(λn)
	Ethernet Test Items

	
	Throughput
	Packet Loss Rate
	Long-term Packet Loss Rate
	Latency
	Back to Back

	
	Metrics
	Metrics
	Metrics
	Indicator
	Indicator

	 
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Test Instrument:                                      Tester:
Attendant (Supervisor):                               Test time:

Table 23 Protection switching duration time test record
	Channel No. (λn)
	Protection switching mode

	
	OCh-based 1+1 protection switching time
(≤50ms)
	ODUk-based 1+1 protection switching time
(≤50ms)
	Based on optical wavelength sharing protection switching time
(based on design value)
	Based on ODUk ring protection switching time
(as designed)

	　
	　
	　
	　
	　

	　
	　
	　
	　
	　

	　
	　
	　
	　
	　

	　
	　
	　
	　
	　

	　
	　
	　
	　
	　



Test Instrument:                                      Tester:
Attendant (Supervisor):                               Test time:

Table 24 OTN system function check record
	Inspection result
Inspection items
	Requirement
	Result
(Normal, qualified hit)
	Remarks

	System channel increase or decrease
	shall not affect other channels
	
	

	APR function
	shall be automatically turned off and may be restored to normal
	
	

	Orderwire contact function
	Clear voice and normal dialing
	
	


Note: The network management function is accepted according to the list of design requirements.
Test Instrument: Tester:
Attendant (Supervisor): Testing time:
14 As-built drawings are prepared on the basis of design drawings. There is no change to the design drawings during construction, the design drawings may be used as as-built drawings; individual changes may be redrawn on the original design drawings as as-built drawings; when large changes or the original design drawings may not be redrawn, they shall be redrawn. Whether it is the original construction drawings, re-drawing or re-drawing of the as-built drawings, need to be stamped as-built drawings.
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