
[image: Image]



International Telecommunication Union







	ITU-T

	G.807




	TELECOMMUNICATION
STANDARDIZATION SECTOR
OF ITU

	(02/2020)




SERIES G: TRANSMISSION SYSTEMS AND MEDIA, DIGITAL SYSTEMS AND NETWORKS

Digital networks – General aspects

Generic functional architecture of the optical media network

Recommendation ITU-T G.807

[image: image]



ITU-T G-SERIES RECOMMENDATIONS

TRANSMISSION SYSTEMS AND MEDIA, DIGITAL SYSTEMS AND NETWORKS







	 
	 



	INTERNATIONAL TELEPHONE CONNECTIONS AND CIRCUITS
	G.100–G.199



	GENERAL CHARACTERISTICS COMMON TO ALL ANALOGUE CARRIER-TRANSMISSION SYSTEMS
	G.200–G.299



	INDIVIDUAL CHARACTERISTICS OF INTERNATIONAL CARRIER TELEPHONE SYSTEMS ON METALLIC LINES
	G.300–G.399



	GENERAL CHARACTERISTICS OF INTERNATIONAL CARRIER TELEPHONE SYSTEMS ON RADIO-RELAY OR SATELLITE LINKS AND INTERCONNECTION WITH METALLIC LINES
	G.400–G.449



	COORDINATION OF RADIOTELEPHONY AND LINE TELEPHONY
	G.450–G.499



	TRANSMISSION MEDIA AND OPTICAL SYSTEMS CHARACTERISTICS
	G.600–G.699



	DIGITAL TERMINAL EQUIPMENTS
	G.700–G.799



	DIGITAL NETWORKS
	G.800–G.899



	General aspects
	G.800–G.809



	Design objectives for digital networks
	G.810–G.819



	Synchronization, quality and availability targets
	G.820–G.829



	Network capabilities and functions
	G.830–G.839



	SDH network characteristics
	G.840–G.849



	Management of transport network
	G.850–G.859



	SDH radio and satellite systems integration
	G.860–G.869



	Optical transport networks
	G.870–G.879



	DIGITAL SECTIONS AND DIGITAL LINE SYSTEM
	G.900–G.999



	MULTIMEDIA QUALITY OF SERVICE AND PERFORMANCE – GENERIC AND USER-RELATED ASPECTS
	G.1000–G.1999



	TRANSMISSION MEDIA CHARACTERISTICS
	G.6000–G.6999



	DATA OVER TRANSPORT – GENERIC ASPECTS
	G.7000–G.7999



	PACKET OVER TRANSPORT ASPECTS
	G.8000–G.8999



	ACCESS NETWORKS
	G.9000–G.9999



	 
	 




For further details, please refer to the list of ITU-T Recommendations.



Recommendation ITU-T G.807

Generic functional architecture of the optical media network

Summary

Recommendation ITU-T G.807 describes the generic functional architecture of the optical media network that supports the propagation of signals in the context of a transport network. This description is independent of the client digital information that is being carried by a signal in the media network.
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Recommendation ITU-T G.807

Generic functional architecture of the optical media network

1 Scope

This Recommendation describes the generic functional architecture of the optical media network from the viewpoint of the propagation of optical signals and the non-associated digital overhead, in the context of a transport network, from a sender at one location to a receiver at another location. The generic functional architecture also includes the description of monitoring of signals propagating in the media, the encoding of client digital information streams, and the modulation onto signals and demodulation of signals to extract the client digital information streams.

This Recommendation provides a set of constructs (definitions and diagrammatic symbols) and the semantics that can be used to describe such a viewpoint. The modelling methodology described in [ITU-T G.800] is used with the extensions necessary to describe the optical media network.

This Recommendation describes the generic functional architecture of the optical media network in a way that is independent of both the client digital information stream that is transferred and the optical technology (e.g., modulation technique) used to effect the transfer.

2 References

The following ITU-T Recommendations and other references contain provisions which, through reference in this text, constitute provisions of this Recommendation. At the time of publication, the editions indicated were valid. All Recommendations and other references are subject to revision; users of this Recommendation are therefore encouraged to investigate the possibility of applying the most recent edition of the Recommendations and other references listed below. A list of the currently valid ITU-T Recommendations is regularly published. The reference to a document within this Recommendation does not give it, as a stand-alone document, the status of a Recommendation.







	[ITU-T G.661]

	Recommendation ITU-T G.661 (2007), Definitions and test methods for the relevant generic parameters of optical amplifier devices and subsystems.




	[ITU-T G.663]

	Recommendation ITU-T G.663 (2011), Application-related aspects of optical amplifier devices and subsystems.




	[ITU-T G.665]

	Recommendation ITU-T G.665 (2005), Generic characteristics of Raman amplifiers and Raman amplified subsystems.




	[ITU-T G.671]

	Recommendation ITU-T G.671 (2019), Transmission characteristics of optical components and subsystems.




	[ITU-T G.680]

	Recommendation ITU-T G.680 (2007), Physical transfer functions of optical network elements.




	[ITU-T G.694.1]

	Recommendation ITU-T G694.1 (2012), Spectral grids for WDM applications: DWDM frequency grid.




	[ITU-T G.695]

	Recommendation ITU-T G.695 (2018), Optical interfaces for coarse wavelength division multiplexing applications.




	[ITU-T G.697]

	Recommendation ITU-T G.697 (2016), Optical monitoring for dense wavelength division multiplexing systems.




	[ITU-T G.698.1]

	Recommendation ITU-T G.698.1 (2009), Multichannel DWDM applications with single-channel optical interfaces.




	[ITU-T G.698.2]

	Recommendation ITU-T G.698.2 (2018), Amplified multichannel dense wavelength division multiplexing applications with single channel optical interfaces.




	[ITU-T G.698.4]

	Recommendation ITU-T G.698.4 (2018), Multichannel bi-directional DWDM applications with port agnostic single-channel optical interfaces.




	[ITU-T G.800]

	Recommendation ITU-T G.800 (2016), Unified functional architecture of transport networks.




	[ITU-T G.805]

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




	[ITU-T G.872]

	Recommendation ITU-T G.872 (2019), Architecture of the optical transport networks.




	[ITU-T G.873.1]

	Recommendation ITU-T G.873.1 (2017), Optical transport network: Linear protection.




	[ITU-T G.959.1]

	Recommendation ITU-T G.959.1 (2016), Optical transport network physical layer interfaces.




	[ITU-T G.989]

	Recommendation ITU-T G.989 (2015), 40-Gigabit-capable passive optical networks (NG-PON2): Definitions, abbreviations and acronyms.




	[ITU-T G.989.2]

	Recommendation ITU-T G.989.2 (2019), 40-Gigabit-capable passive optical networks 2 (NG-PON2): Physical media dependent (PMD) layer specification.




	[ITU-T G.7712]

	Recommendation ITU-T G.7712/Y.1703 (2019),Architecture and specification of data communication network.




	[ITU-T G.9991]

	Recommendation ITU-T G.9991 (2018), High speed indoor visible light communication transceiver – System architecture, physical layer and data link layer specification.





3 Definitions

3.1 Terms defined elsewhere

This Recommendation uses the following terms defined elsewhere:

3.1.1    frequency slot: See [ITU-T G.694.1]

3.1.2    slot width: See [ITU-T G.694.1]

3.1.3    optical tributary signal (OTSi): See [ITU-T G.959.1]

3.1.4    transitional link: See [ITU-T G.800]

3.1.5    transport entity: See [ITU-T G.800]

3.1.6    adaptation: See [ITU-T G.805]

3.1.7    adapted information (AI): See [ITU-T G.805]

3.1.8    characteristic information (CI): See [ITU-T G.805]

3.1.9    connection:See [ITU-T G.805]

3.1.10    connection supervision: See [ITU-T G.805]

3.1.11    layer network: See [ITU-T G.805]

3.1.12    network connection: See [ITU-T G.805]

3.1.13    topological component:See [ITU-T G.805]

3.1.14    trail: See [ITU-T G.805]

3.1.15    transport processing function: See [ITU-T G.805]

3.1.16    forwarding point: See [ITU-T G.800]

3.2 Terms defined in this Recommendation

This Recommendation defines the following terms:

3.2.1    effective frequency slot: The effective frequency slot of a media channel is the frequency range that is common to the frequency slots of the filter functions present in the media channel. It is described by its nominal central frequency and its slot width.

3.2.2    media channel: A media association that represents both the topology (i.e., the path through the media) and the resource (i.e., frequency slot or effective frequency slot) that it occupies.

3.2.3    media channel assembly (MCA): A media channel group (MCG) and its non-associated overhead.

3.2.4    media channel group (MCG): A unidirectional point-to-point management/control abstraction that represents a set of one or more media channels that are co-routed. A media channel group (MCG) is bounded by a pair of media ports.

3.2.5    media subnetwork: A media subnetwork is a topological construct that allows flexible creation or deletion of the associations (media channels) between its ports.

3.2.6    network media channel (NMC): A network media channel (NMC) is a type of media channel that is formed by the serial concatenation of all the media channels between an optical tributary signal (OTSi) modulator and an OTSi demodulator. An NMC may exist without a continuous wave or a signal being present.

NOTE 1 – A network media channel supports a single unidirectional OTSi and an OTSi is supported by a single network media channel.

NOTE 2 – In the case that an NMC exists without a continuous wave or a signal, there is no signal.

3.2.7    optical parameter monitor-x (OPM-x): A function that monitors a specific optical parameter (e.g., optical power) of the signals present in a media channel. To identify a specific parameter "x" is replaced by a unique string.

3.2.8    optical supervisory channel (OSC): The optical supervisory channel (OSC) supports the transfer of the non-associated overhead information for the OTSiA, OMS OSME and the OTS OSME.

3.2.9    optical tributary signal assembly (OTSiA): The optical tributary signal group (OTSiG) together with the non-associated optical tributary signal group overhead (OTSiG-O).

3.2.10    optical tributary signal group (OTSiG): The set of optical tributary signals (OTSi) that supports a single digital client.

NOTE – The OTSi may also support a message channel as defined in [ITU-T G.698.4].

3.2.11    optical tributary signal group overhead (OTSiG-O): The non-associated overhead for an OTSiG.

4 Abbreviations and acronyms

This Recommendation uses the following abbreviations and acronyms:







	AI

	Adapted Information




	ASON

	Automatically Switched Optical Network




	BDI

	Backward Defect Indication




	B-PON

	Broadband Passive Optical Network




	CI

	Characteristic Information




	DCC

	Data Communications Channel




	DP DQPSK

	Dual Polarization Differential Quadrature Phase Shift Keying




	EMP

	External Monitoring Point




	FEC

	Forward Error Correction




	FP

	Forwarding Point




	G-PON

	Gigabit-capable Passive Optical Network




	LOS

	Loss of signal




	MCA

	Media Channel Assembly




	MCG

	Media Channel Group




	MI

	Management Information




	MSI

	Multiplex Structure Identifier




	MPI-SM

	Main Path Interface – Multichannel reference point at the ONE output




	MPI-RM

	Main Path Interface – Multichannel reference point at the ONE input




	NG-PON

	Next Generation Passive Optical Network




	NMCG

	Network Media Channel Group




	OAM

	Operation, Administration and Maintenance




	OCC

	Overhead Communications Channel




	OCN

	Overhead Communications Network




	ODN

	Optical Distribution Network




	OMS

	Optical Multiplex Section




	OMS-O

	OMS Overhead




	OPM-x

	Optical Parameter Monitor




	OPM-pwr

	Optical Parameter Monitor – power




	OSC

	Optical Supervisory Channel




	OSME

	Optical Signal Maintenance Entity




	OSNR

	Optical Signal-to-Noise Ratio




	OTN

	Optical Transport Network




	OTS

	Optical Transmission Section




	OTS-O

	OTS overhead




	OTSi

	Optical Tributary Signal(s)




	OTSiA

	Optical Tributary Signal Assembly




	OTSiG

	Optical Tributary Signal Group




	OTSiG-O

	Optical Tributary Signal Group Overhead




	ROADM

	Reconfigurable Optical Add/Drop Multiplexer




	RoF

	Radio-over-Fibre




	SDN

	Software Defined Network




	TTI

	Trail Trace Identifier




	VLC

	Visible Light Communication





5 Conventions

This Recommendation uses the diagrammatic conventions defined in [ITU-T G.800] and [ITU-T G.805], supplemented by the additional conventions described in this clause, to encompass optical signal and media-related aspects.

5.1 Notational conventions

To distinguish between the optical signals and the corresponding non-associated overhead, the –O suffix is used to identify the non-associated overhead for example OTSiG-O.

5.2 Diagrammatic conventions

Since some media constructs have some similarity to the functions performed by the topological components and transport processing functions used to describe the digital layers, it is convenient to reuse some of the [ITU-T G.800] and [ITU-T G.805] diagrammatic conventions. Shading is added to distinguish media constructs from the topological components and transport processing functions for digital layers.

Additional diagrammatic conventions are introduced to show signals, media without signals, media with signals and to differentiate between guided and unguided media.

[image: image]

Figure 5-1 – Diagrammatic shading convention

A shaded symbol [image: img] is used in this Recommendation to represent functions at the boundary between the digital information domain (at the top of the symbol) and a signal domain (at the bottom of the symbol). The label identifies the type of function.

The symbol [image: img] is used to represent a function that performs analogue signal conversion, it only has signal inputs and outputs. It is not used to represent amplifiers, couplers/filters, frequency mixers, nor the combination of functions within a media subnetwork.

The symbol [image: img] is used to represent a frequency mixer and reuses the commonly used circuit symbol for that signal multiplication function.

5.3 Terminological conventions

The following terminological conventions are used to distinguish between connections in the digital layers and media associations.

The term Connection is used in the context of a transport entity, as defined in [ITU-T G.800] and [ITU-T G.805].

The term Association is used to describe the following relationships:

– between the ports on a media element;

– between the ports on a media construct;

– between a port on a network media channel and an optical tributary signal (OTSi) modulator; or

– between a port on a network media channel and an OTSi demodulator.

5.4 Media layer and media network

The media network consists of the media layer to support the propagation of signals and the non-associated digital overhead.

6 Overview of media and signal

6.1 General introduction of media and signal

In [ITU-T G.800] and its predecessors, only the transfer of information is modelled. The modulation of the information onto a signal for propagation over a media is not modelled, i.e., the nomenclature of information transfer does not depict the nature of the signal that the information is being carried in, nor the media in which the signal is propagating. Therefore, new nomenclature for depicting the nature of signal, and media is defined in clause 5. The use of the nomenclature is illustrated in Appendices I, II, III, V and VI.

In this Recommendation, the term optical tributary signals (OTSi), defined in [ITU-T G.959.1], is used to identify each of the optical signals that are carried in media.

Media that can support propagation of optical signals include glass and free space. Diagrammatic conventions for these shown in Figure 5-1 are the symbols "guided media" and "free space".

6.2 Functional architecture of optical media

The functionality of the optical media is described by a set of constructs that support and constrain the propagation of optical signals. This includes constructs that are wavelength selective (e.g., filters). The structure of an optical media network is provided in Figure 6-1.

[image: image]

Figure 6-1 – Overview of optical media network

Optical tributary signals (OTSi) are each characterized by their central frequency and an application identifier1. The transmitting and receiving of an OTSi is performed by a modulator and demodulator respectively and are depicted by the information/signal boundary symbol (see Figure 5-1).

Media constructs provide the ability to configure or monitor media channels (see clause 7.1). The nominal central frequency and width of a media channel is defined by its frequency slot as defined in [ITU-T G.694.1]. The effective frequency slot of a media channel is defined by the filter functions that are present in that media channel. The effective frequency slot may be sufficient to support more than one OTSi2.

Media channels must be configured before any OTSi can be carried. Each OTSi is guided to its destination by an independent network media channel.

The media constructs and media element are described in clause 7, the OTSi is described in clause 10.

7 Media constructs and media elements

The media network is described using media constructs (see clause 7.1) to represent the different functions that are present in the media network. Media constructs operate on the signal envelope3 (e.g., amplify or attenuate the signal power, constrain or direct the signal propagating through media channel, etc.) and are not aware of the client digital information being carried. Media constructs do not demodulate the signal and therefore do not process the client digital information that is carried by the signal. This architectural description is not intended to imply any particular implementation. The functions present at the boundary of ITU-T G.800 layer networks and the media network are described in clause 9.

For the purposes of management and control, the media network is represented by a set of media elements (see clause 7.2). A media element encompasses the functionality of one or more of the media constructs and it may also provide a management/control interface.

7.1 Media constructs

The following architectural media constructs are used to describe the architecture of the media network:

– media port

– media channel

– media channel group

– media channel assembly

– media subnetwork

– filter

– coupler

– frequency mixer

– analogue signal conversion function

– optical amplifier

– fibre

– optical parameter monitor (OPM-x) described in clause 8.1

– optical signal maintenance entity (OSME) described in clause 8.2.

7.1.1    Media port

A media port is a logical abstraction that represents the ends of a media channel, the boundary of a media construct or the boundary of a media element. A media port that is on the boundary of a media element may also represent the location of a signal reference point as defined in other Recommendations, for example [ITU-T G.680] or [ITU-T G.698.1]. A media port on the boundary of a media construct or a media element may encompass one end of zero or more media channels.

7.1.2    Media channel

The media channel represents both the topology (i.e., the path through the media) and the resource (i.e., frequency slot or effective frequency slot) that it occupies. A media channel is bounded by its ports. A media channel may be formed by a serial concatenation of multiple media channels, each with its own frequency slot. A media channel that cannot be decomposed into a concatenation of other media channels is known as an atomic media channel. This concatenation may include the media channels within media constructs. Figure 7-1 provides some examples of the serial concatenation of media channels to form a longer media channel.

[image: image]

Figure 7-1 – Media channel concatenation

For example, in Figure 7-1 a media channel is formed by the concatenation of media channels C+E+F+G+J or E+F+G. A media channel has no internal structure, i.e., the examples of "narrower" and "wider" media channels illustrated in Figure 7-1 simply reflect their respective "narrower" and "wider" frequency slots, and should not be interpreted as illustrating a containment relationship of the media channels. No hierarchy is created in either the media channels or the signals carried.

The size of a media channel is specified by its frequency slot, which is described by its nominal central frequency and its slot width [ITU-T G.694.1]. The effective frequency slot of a media channel is the frequency range that is common in the frequency slots of the filter functions that are present in the media channel. The parameters "n" and "m" as defined in [ITU-T G.694.1], are used to describe the effective frequency slot with the exception that n and m (for cases where the n value of the constituent filters' frequency slots are not all the same) may have a granularity of 0.5 rather than being integers. The only media function that enforces the frequency slot is the filter function (clause 7.1.6). The filter function may be implemented as a part of a coherent receiver (clause 7.1.6).

A network media channel is a media channel that is the serial concatenation of all media channels between an OTSi modulator and an OTSi demodulator, and supports a single OTSi. For example, in Figure 7-1 the network media channel for OTSi #2 is formed by the concatenation of media channels A+E+F+G+H. The network media channel must be present to allow the OTSi to be propagated from the OTSi modulator to the OTSi demodulator. The network media channel cannot be divided into smaller media channels (with a narrower slot width). A network media channel cannot be concatenated with another media channel.

The OTSi, defined in [ITU-T G.959.1], is the signal that is carried between the output of an OTSi modulator and the input of an OTSi demodulator. The OTSi is carried by a network media channel. Even in the case where the OTSi consists of a group of modulated optical carriers or subcarriers see [ITU-T G.959.1], these multiple optical carriers or subcarriers are carried in a single network media channel.

Two (or more) network media channels can use the same (wider) media channel as a part of the concatenation that forms the network media channel. For example, in Figure 7-1 the network media channel for OTSi #1 (B+E+F+G+I) and the network media channel for OTSi #2 (A+E+F+G+H) share the media channels E+F+G. The effective frequency slot of the network media channel must be sufficient to accommodate the characteristics of the OTSi that it is intended to carry4. The spectrum of the signal generated by the OTSi modulator and accepted by the OTSi demodulator, must be taken into account when the effective frequency slot of the network media channel is computed. The network media channel also has an application identifier5 that is defined by considering the combined effect of the effective slot width and the transfer parameters of each of the media channels. The transfer parameters include, for example, optical noise; non-linear impairments; latency. The definition of transfer parameters is outside the scope of this Recommendation. The network media channel application identifier is used to confirm the compatibility between the network media channel and the OTSi that it is intended to carry. The mapping from the effective slot width and transfer parameters to the application code is, in general, a complex process and is outside the scope of this Recommendation.

The relationship between OTSi, media channels and media ports on other media constructs is shown in Figure 7-2.

[image: image]

Figure 7-2 – Relationship between signals and media channels

A media channel may be dimensioned to carry more than one OTSi. A media channel may be configured before it has been decided which OTSi will be allocated to it. A media channel may not be capable of supporting the transfer of a particular OTSi.

Transition between different types of media is described in Annex A.

7.1.3    Media channel group

A media channel group (MCG) is a unidirectional point-to-point management/control abstraction that represents a set of one or more media channels that are co-routed, and a MCG is bounded by a pair of media ports. The constituent media channels may be atomic media channels or the serial concatenation of multiple media channels. The constituent media channels are not necessarily in a single contiguous block of the optical spectrum. A bidirectional MCG is formed by a pair of (contra directional) MCGs.

7.1.4    Media channel assembly

A media channel assembly (MCA) is a management /control abstraction that represents an MCG and its non-associated overhead. Only the OMS MCA and OTS MCA are described in this Recommendation.

7.1.5    Media subnetwork

The media subnetwork is a topological construct that allows flexible creation or deletion of the associations (represented by media channels) between the media ports. The association between a pair of media ports is provided by a media channel.

A media subnetwork may be decomposed into smaller media subnetworks interconnected by MCGs. This decomposition may also expose other media constructs such as filters (see clause 7.1.6) or amplifiers (see clause 7.1.10) that are also interconnected by MCGs. In addition, media subnetworks, filters, amplifiers and the MCGs that interconnect them can be aggregated into a larger (containing) media subnetwork. In this case, the details of the contained media subnetworks, filters, amplifiers and MCGs are not visible. This is illustrated in Figure 7-3. For the purposes of management and control a media subnetwork is encompassed by a media element (together with other media constructs see clause 7.2). This represents the limit of decomposition of a media subnetwork.

[image: image]

Figure 7-3 – Partitioning of media subnetworks

7.1.6    Filter

The filter function models the ability to allow only those signals that are in a defined portion of spectrum to be passed from one media port to another media port6. The association between the media ports on a filter is described by a media channel which is specified by the media ports that bound it and its frequency slot. A media port on a filter may be associated with zero or more atomic media channels (with non-overlapping frequency slots) within the same filter. Within this Recommendation a fixed grid filter is described in terms of the frequency slot(s) it would have associated with it if it were a flexible grid filter. The frequency slot(s) of some filters (e.g., devices that support the flexible dense wavelength division multiplexing grid defined in [ITU-T G.694.1]) can be configured (via the management/control plane).

The frequency slot of a filter, defined in [ITU-T G.694.1], is the frequency range allocated to a slot and unavailable to other slots and the passband of a filter will be narrower than its frequency slot. The following aspects are outside the scope of this Recommendation:

– the relationship between the frequency slot and the passband of the filter;

– the passband of the concatenation of the filters that form a network media channel.

A filter function may be implemented as a part of a coherent receiver (OTSi demodulator) and characteristics of this filter function must be included when determining the effective frequency slot and the transfer characteristics of the network media channel. In this case the reference point at the OTSi demodulator is implemented inside the optical receiver module (media element) and is not located on an external port.

7.1.7    Coupler

The coupler provides a set of atomic media channels between one (common) port and two or more other (branch) ports. All of these atomic media channels have the same frequency slot. In the splitting direction, signals present at the common media port are transferred to all of the branch media ports7. In the combining direction, signals present at any of the branch media ports are aggregated and appear at the common media port. The term coupler (splitter-combiner) is a synonym for an optical branching component (wavelength non-selective) as defined in [ITU-T G.671].

7.1.8    Frequency mixer

The frequency mixer is a function that multiplies the frequencies of two input signals. This generates two output signals at different frequencies, one at the sum of the input frequencies, and the other at the difference between the input frequencies.

7.1.9    Analogue signal conversion functions

Functions also exist that perform analogue signal conversion and only have signal inputs and outputs. These are represented diagrammatically with the hexagon () symbol. An example of such a function is an analogue optical modulator. This function is not used to represent amplifiers, couplers/filters, frequency mixers, nor the combination of functions within a media subnetwork.

7.1.10    Optical amplifier

The optical amplifier acts on the envelope of the OTSi to increase the optical power level. It is unidirectional and has two media ports with one or more media channels between the ports. The power level of any OTSi present at the input port is increased and it is transferred to the output port. In a discrete optical amplifier, the amplification effect is contained inside the media construct. In a distributed amplifier, the amplification effect is achieved via a portion of the optical fibre used for transmission. Therefore, one of the media ports of the amplifier will be at some (unspecified) location in the transmission fibre. For the purposes of the architecture the location of a distributed optical amplifier is considered to be the location where the pump wavelength is inserted. Optical amplifiers are described in terms of optical components, devices and subsystems in [ITU-T G.663] and [ITU-T G.665].

7.1.11    Fibre

A fibre provides the ability to interconnect other media components. It contains an atomic media channel or a media channel group. Each media channel may have transfer parameters as described in clause 7.1.2.

7.2 Media element

For the purposes of management and control, the media network is represented by a set of media elements. An instance of a media element encompasses the functionality represented by one or more of the media constructs, and it may also encompass the optical transmission section (OTS) optical signal maintenance entity (OSME) or optical multiplex section (OMS) OSME (see clause 8.2). A media element cannot encompass another media element. One or more media ports exist at the boundary of a media element.

The internal structure of a media element is not visible, only the atomic media channels between the ports are defined. All media elements are described in the same way. The capabilities of the media element (and the media constructs that it encompasses) are described by the atomic media channels that provide the associations between its media ports, see media channel group (MCG), clause 3.2.4.

An OTSi that is present at a media port may be transferred to zero or more other media ports on that media element. The ability to transfer an OTSi between ports is modelled by one or more atomic media channels:

– Each pair of media ports that allow signal transfer has one or more atomic media channels with a frequency slot (defined by m and n) for each atomic media channel.

– Each atomic media channel has zero or more transfer parameters. The transfer parameters may include the latency and the optical characteristics of the atomic media channel that are defined in other Recommendations, including for example [ITU-T G.663] and [ITU-T G.680]. The transfer parameters for media channel are outside the scope of this Recommendation.

The atomic media channel and signal transfer are modelled independently for each direction of signal propagation.

The media subnetwork is a topological construct that represents the associations between the media ports. The media element encompasses one or more media constructs and represents all of the functions of the media constructs that it contains. While a media subnetwork can only describe the ability to propagate the signal from the input media port to the output media port, the media element describes this and also the output of any OPM-x functions that are encompassed.

An example of a media element is a reconfigurable optical add/drop multiplexer (ROADM), as described in [ITU-T G.680], that may be composed of a set of interconnected filters and a media subnetwork, without defining the internal structure or exposing any internal interconnection of the media constructs.

7.3 Media topology

This clause describes the topology of optical media. The media can be configured to provide point-to-point and point-to-multipoint media channels. A media channel may support the propagation of a signal in one direction or both directions. A bi-directional OTSi is supported by two network media channels (one for each direction of propagation).

As described in clause 7.2, a media element contains one or more media constructs and has n ports. Each pair of ports that allows signal transfer has one or more atomic media channels, with a frequency slot. Each media channel has zero or more transfer parameters.

As described in clause 6.2, the OTSi is characterized by its central frequency and an application identifier. The OTSi is guided to its destination by a network media channel.

The topology of the media is first expressed in a simple graph, where media subnetworks are represented by vertices and the MCGs that interconnect them are represented by edges. The parameters of the MCGs (frequency slot and any relevant transfer parameters) are attached to the graph as edge semantics and domains of the graph having identical edge semantics are formed.

An example for describing topology is provided in Appendix IV.

7.3.1    Point to point media channels

An OTSi is by definition unidirectional. Bidirectional communication between two points is accomplished via a pair of OTSi, with each OTSi occupying a separate network media channel. The network media channels through which a pair of OTSi that support bidirectional communication travel may be within the same media constructs (in which case the two OTSi typically use different frequency slots) or may be within different media constructs (in which case the two OTSi may use the same frequency slots, although this is not required).

7.3.2    Point-to-multipoint media channels

A point-to-multipoint media channel is used to broadcast the OTSi from one OTSi modulator to a number of OTSi demodulators. This is illustrated in Figure 7-4 where a point-to-multipoint association is provided in the media by means of a coupler. This represents the root of a multipoint media channel. Another example is provided in Appendix II.
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Figure 7-4 – Point-to-multipoint OTSi

7.4 Management of media channels

As described in clause 7.1.2 a media channel may be a serial concatenation of multiple media channels, each with its own effective frequency slot. Media subnetworks provide a point of flexibility where the route of a media channel across the media network may be created or modified.

The frequency slot supported by a media channel can be expressed using the parameters that define a filter function (e.g., a central frequency and bandwidth). For some media channels this information is fixed; for a flexible grid capable filter, the frequency slot can be configured. The configuration of a frequency slot in a flexible grid capable filter may create or modify the media channel between media ports of the filter function. This configuration can modify the route of a media channel across the network (an example of this is provided in Appendix I). The route of a media channel may also be created, or modified, by configuring a media channel in a media element such as a ROADM (that encompasses a media subnetwork and filter functions as described in clause 7.2).

A media channel that has a "wide8" frequency slot may be concatenated with multiple media channels each with its own "narrower" frequency slot. The effective frequency slot of a media channel is defined by the concatenation of the filter functions that are included in that media channel. Some examples of the construction of media channels are provided in Appendix I.

8 Monitoring media constructs

8.1 Optical parameter monitor (OPM-x)

The following media construct is used in addition to those described in clause 7.1:

– optical parameter monitor (OPM-x).

Monitors of generic parameters are denoted as OPM-x. When describing specific parameters, their scope must be clearly defined. Also, the frequency slot of the media channel between the monitoring reference point and the OPM-x must be defined if it is less that the effective frequency slot associated with the monitoring reference point. The OPM-x may be embedded in a media element and the monitoring reference point being observed may not be at the boundary of the media element. Multiple OPM-x may be attached to a single monitoring reference point.

In this Recommendation, only the OPM-pwr is described. The OPM-pwr measures the optical power in the media channel. This measurement includes the power from any OTSi that are present and optical noise. The optical spectrum over which the measurement is made is determined by the frequency slot of the media channel. For example, the frequency slot of the OPM-pwr may encompass the frequency slots of an OMS MCG or OTS MCG and therefore will measure the total power of the OTSi present and optical noise on the OMS MCG or OTS MCG. If the frequency slot is set to that of a network media channel, then the OPM-pwr will measure the power of the OTSi that has been assigned to that network media channel.

The OPM-pwr observes the optical power present on a media channel and outputs digital information that represents the power of the signal(s) in the monitored media channel. The power level is information about the signal(s) and the optical power monitor function does not access the client digital information stream carried by the signal(s). The signal(s) may not be carrying any client information, but the power level is still a relevant type of information about the signal(s).

NOTE – Based on the knowledge of the OTSi that are expected to be present, a threshold may be set, which would allow loss of signal (LOS) to be declared.

8.2 Optical signal maintenance entities (OSME)

An optical signal maintenance entity (OSME) provides monitoring for the set of the OTSi that traverse a MCG (described in clause 7.1.3).

An OPM-pwr may be attached at each end of an MCG which creates the OSME reference points. The OPM-pwr measures the power of any optical signals and optical noise that is present in the media channel at the OSME reference point.

The set of OTSi carried by the optical multiplex section (OMS) MCG or the optical transmission section (OTS) MCG are monitored by the OMS OSME and OTS OSME respectively. The same set of signals is carried by both the OMS MCG and the OTS MCG. This monitoring results in management information (MI) that is passed to a management system, as well as to the far end of the maintenance entity. The OTS MCG and OMS MCG are described in clause 11.

This is illustrated in Figure 8-1 for discrete amplifiers and Figure 8-2 for distributed amplifiers. The optical supervisory channel (OSC) is described in clause 12.
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Figure 8-1 – Optical signal maintenance entities with discrete amplifiers
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Figure 8-2 – Optical signal maintenance entities with distributed amplifiers

When the OTS OSME and OMS OSME start or end at the same location, a single (common) OPM-pwr may be used. This occurs, for example, when a discrete amplifier is not deployed in a terminal site.

A network media channel (see clause 7.1.2) can exist in the absence of the OMS OSME and OTS OSME, however, some of the alarm management, fault detection and fault isolation capabilities described in clause 15 will not be supported.

When an OPM-pwr is used, the OMS OSME monitors the optical power of the set of OTSi carried by the OMS MCG. The reference points at the end of the OMS OSME are defined by the location of the OMS OPM-pwr. The OMS OPM-pwr are not required to be in the same location as the OMS MCG aggregation/disaggregation.

The set of OTSi in the OMS MCG and OTS MCG are identical.

NOTE – The implementation of the OTS OPM-pwr or OMS OPM-pwr may include the ability to detect which frequency slots have an active OTSi. This capability is particularly useful when the frequency slot of the OPM-pwr matches the effective frequency slot of a network media channel. The information from this capability may be used for fault isolation in the case where a fault occurs in a frequency selective component and not all of the OTSi being carried by the OTS MCG or OMS MCG are impacted. Further details of other optical monitoring capabilities are provided in [ITU-T G.697].

Monitor points are uni-directional. When required, the OMS OSME and OTS OSME can be labelled to indicate at which end of the OSME the signal is being monitored. "UP" will denote monitoring of an optical signal prior to being amplified or entering a filter, and "DOWN" will denote the point after it has traversed amplifier/filter functions. An example is shown in Figure 8-3.

For clarity the OSC is not shown and only a single direction of signal propagation is shown in Figure 8-3 and Figure 8-4.
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Figure 8-3 – OPM-pwr with discrete amplifiers

The case where only distributed amplifiers are used is shown in Figure 8-4.
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Figure 8-4 – OPM-pwr with distributed amplifiers

In the case illustrated in Figure 8-4 only distributed amplifiers are used. A single OPM-pwr at a terminal site may provide information on both the OMS OSME and OTS OSME. Also, at the amplifier a single OPM-pwr observes the power at the input to the site and the output from the site. The amplification of the signal takes place in the transmission fibre and one port of the amplifier as at some, indeterminate and inaccessible point, in the transmission fibre. Note that in most cases when distributed amplification is used discrete amplifiers are also used.

Figure 8-5 illustrates the black link approach described in [ITU-T G.698.2].
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Figure 8-5 – OPM-pwr with the black link approach

The OTS OSME (and the associated OPM-pwr) on the inputs and output of the "black link" only support a single OTSi. Figure 8-5 illustrates one case where reference points are inside a media element, but the "logical" location of those reference points must be exposed so that the architecture and the information model derived from it are consistent.

9 Information/signal boundary

There are multiple functions that may occur at the information/signal boundary and some of these functions (e.g., OPM-x) can be represented by media constructs. The use of functions at this boundary is similar to the use of adaptation/termination between two [ITU-T G.800] layer networks with different characteristic information (CI). The [ITU-T G.800] topological artefact between layer boundaries is the transitional link. A similar topological construct at the information/signal boundary is for further study.

Examples of functions at the information/signal boundary are shown in Table 9-1. All are represented diagrammatically with the symbol [image: img]. Some other specific kinds of modulation/demodulation at the information/signal boundary are shown in Appendix III.

Table 9-1– Examples of functions at information/signal boundary








	Function

	Input

	Output




	1) Modulation

	Client digital information encoded into one or more digital streams. The data rate, number of client information streams and modulation format employed are not restricted. The same modulation scheme must be employed at the modulator and demodulator for a particular information stream.

	A signal with the digital information modulated on it.




	2) Demodulation

	A signal with digital information modulated on it.

	The original client digital information streams.




	3) Optical Power Monitor

	A signal (with or without digital information modulated on it).

	A digital information stream containing information about the power of the signal.




	4) Optical signal-to-noise ratio (OSNR) monitor

	A signal (with or without digital information modulated on it).

	A digital information stream containing information about the OSNR of the signal.





10 Optical tributary signals and interfaces

10.1 OTSi

The optical tributary signal (OTSi) is characterized by its central frequency and an application identifier9. The client digital information stream is added to an OTSi by a modulator and converted back to a digital information stream by a demodulator according to a specific modulation/demodulation mechanism. Each OTSi is carried in an independent network media channel.

The client digital information stream, i.e., characteristic information (CI), from a single client is delivered from the source to the destination by one or more OTSi. In the case that more than one OTSi is used, the client CI is divided into two or more digital information streams.

In the case that a complex modulation scheme is used, for example dual polarization differential quadrature phase shift keying (DP DQPSK) as described in [ITU-T G.698.2], the digital information stream for each OTSi modulator may be implemented by using multiple digital lanes.

10.1.1    OTSi supporting multiple independent information streams

The OTSi supports the transfer of client CI. In some cases, it may support the transfer of the CI from more than one client. In this case CI from each client is independently modulated onto the same OTSi in a way that allows the CI from each client to be demodulated and extracted independently.

An example of this is the metro network application defined in [ITU-T G.698.4]. The [ITU-T G.698.4] message channel is distinct from an overhead channel that is a part of the digital client's CI. The CI of the [ITU-T G.698.4] message channel and the client CI are both independently modulated onto the OTSi. In effect, two modulators and demodulators are used to support a [ITU-T G.698.4] optical signal between a head end and tail end. One for the message channel, and one for the client digital information stream. The nomenclature for this case is depicted in Figure 10-1.
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Figure 10-1 – Mapping two independent information streams over one OTSi

10.1.2    Assignment of signals to media channels

A media channel (except NMC) may be configured before it has been decided which OTSi will be allocated to it. As described in clause 7.1.2 the OTSi must be compatible with the network media channel that has been assigned.

A network media channel with an effective frequency slot that supports a single OTSi may be constructed, as described in clause 7.4, between the OTSi modulator and the OTSi demodulator. Alternatively, the media network may be constructed using only couplers, without any discrete filters. This creates a set of point-to-multipoint media channels between all OTSi modulators and all OTSi demodulators. Point-to-point communications between a specific pair of OTSi modulators and demodulators can be achieved by configuring the same frequency slot at the OTSi modulator10 and OTSi demodulator11. This creates a point-to-point network media channel. An example of this type of network is provided in Appendix II.

10.2 OTSiG

The optical tributary signal group (OTSiG) management/control abstraction represents a group of one or more OTSi that carry the digital information stream (CI) of one client (the OTSi may also support a message channel as described in [ITU-T G.698.4]). The OTSiG is not present in the media network. For management/control the set of media channels that support the members of the OTSiG can be represented as a network media channel group (NMCG) as described in Annex B. The output of the adaptation function is one or more digital information streams that are input to one or more OTSi modulators. The (digital) encoding of the information streams must be compatible with the OTSi modulation scheme. The specification of the output of the adaptation function is adapted information (AI) with a defined digital (binary) encoding format. A generic adaptation function label "digital-lane/digital-client" is used in this Recommendation to describe the mapping from one digital information stream into multiple digital information streams.

NOTE – The encoding process may include forward error correction (FEC).

The case where a client digital information stream is carried by a single OTSi is shown in Figure 10-2.
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Figure 10-2 – Mapping a client digital stream to an OTSiG that contains one OTSi

A single digital information stream may be implemented by using multiple digital lanes.

The case where a client digital information stream is carried by more than one OTSi is illustrated in Figure 10-3.
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Figure 10-3 – An OTSiG consists of more than one OTSi

The differential delay between members of the OTSiG must be controlled. For example, by carrying all members of the OTSiG over the same fibre.

NOTE – The detail of digital-lane/digital-client adaptation and OTSi modulator are outside the scope of this Recommendation.

10.3 OTSiA

The optical tributary signal assembly (OTSiA) management/control abstraction represents the OTSiG together with any non-associated OTSiG overhead (OTSiG-O). This is illustrated in Figure 10-4. To provide the full management capabilities described in clause 15, the OTSiG-O should be carried by the OSC (see clause 12) and the OSC and OTSiG should be carried over the same fibre. The multiplexing of OTSiG-O onto the OSC via the OMS-O and OTS-O is shown in Figure 10-5.

One OTSiA supports the digital information stream of one client. The OTSiA, together with the associated media channels, may be managed as a part of a media network. In some cases, e.g., where the OTSiG-O does not support all the monitoring functions, OTSiA connection monitoring relies on the client digital stream for certain monitoring functions (e.g., path trace) in order to support the full operation, administration, maintenance (OAM) and fault management capabilities described in clause 15.
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Figure 10-4 – An OTSiA comprised of OTSiG and OTSiG-O

NOTE 1 – The generation and processing of OTSiG-O is outside the scope of this Recommendation.

NOTE 2 – As described in clause 10.1.1, the OTSi may also support digital OTSiG-O information.

10.3.1    Management of OTSiA connections

From a management control perspective, a request to carry an OTSiA should be considered as a single action. This action involves the configuration of the OTSi modulator(s) and demodulator(s), the network media channels and the OTSiG-O. Configuration of the network media channels12 in the MCG that supports the OTSiG includes the configuration of the media elements that encompass the media constructs (e.g., media subnetworks, flexible grid capable filters and possibly amplifiers) that are part of the serial concatenation of media channels that forms the network media channel.

Two simple cases for the configuration of a media element that includes a media subnetwork when an OTSiA connection request is received are described below:

1) Pre-configured media elements: In this case the media channels in the media subnetwork and the associated filters are configured before the OTSiA connection request is received:

• The OTSiG-O connection function and the OMS multiplex structure identifier13 (MSI) (carried by the OMS-O) are configured. The media channel(s) in the media subnetwork must be checked to verify that the correct ports are connected so that all members of the OTSiG are directed to and or from the same OMS media port. The associated filters are checked to ensure that frequency slot of each filter is compatible with the frequency slot requested for each OTSi.

• In general, when the OTSiA is deleted, only the OTSiG-O connection and OMS MSI (for that OTSiG) should be removed, the configuration of the media elements should not be changed.

or:

2) The media elements are not configured:

• In this case, the media channels in the media subnetworks and filters are configured as a result of the OTSiA connection request. The media channels in the media subnetwork and the associated filters, the OTSiG-O connection and the OMS MSI are configured. The consistency checks described above should be performed.

• In general, deletion of the OTSiA should cause the deletion of the media channels in the media subnetwork and the removal of the filter configuration. Also, the OTSiG-O connection should be deleted and the OMS MSI (for that OTSiG) should be removed. In the case where a media channel (in a media subnetwork or filter) is being used to support another network media channel these media channels should not be deleted.

10.3.2    OTSiA subnetwork

The OTSiA subnetwork is a management abstraction that represents the flexible media associations14 and the corresponding OTSiG-O subnetwork. As described in clause 10.3.1, a request for an OTSiA subnetwork connection is mapped into the appropriate configuration commands for media channels in the media subnetwork and flexible grid filters and the corresponding connection in the OTSiG-O subnetwork and configuration of the OMS MSI.

A simple example of an OTSiA subnetwork in the context of an add/drop site is provided in Figure 10-5. The filters, optical amplifiers and media subnetwork are shown as independent media constructs and the OTSiA only has one OTSi. The OMS and OTS monitoring reference points described in clause 8.2 are not shown. The forwarding of the OTSiG-O is modelled by the OTSiG-O subnetwork. Connection points on the OTSiG-O subnetwork must correspond to those of the media channels in the filters and media subnetwork that carry the corresponding set of OTSi in the OTSiG, and the OAM information flow must follow that of the media channel configured in the media subnetwork.
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Figure 10-5 – OTSiA subnetwork and the supporting media and OTSiG-O subnetworks

The granularity of the OTSiG-O subnetwork connection is always that of a single OTSiG-O. The granularity of the media channel associations in the media subnetwork is determined by the effective slot width of the filters that are attached to the ports of the media subnetwork. The slot width may be the same as a network media channel (and hence support a single OTSi) or it may be larger so that the media channel may be a part of multiple network media channels (and hence support multiple OTSi). The request to configure an OTSiA connection is mapped into requests to configure the OTSiG-O subnetwork, the OMS MSI, the media subnetwork and the filters if they are flexible grid capable.

An example of a media element that encompasses all of the media constructs shown in Figure 10-5 is a ROADM as described in [ITU-T G.680]. This is illustrated in Figure 10-6. Other encapsulations that use more than one media element are possible.
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Figure 10-6 – Media element and OTSiG-O subnetwork

In this case the request to configure an OTSiA connection is mapped into a request to configure the OTSiG-O subnetwork, the OMS MSI and the corresponding media channels between ports L1 and L2 or between ports L1 and D1 or between ports L2 and D1 of the media element. The media element translates the request for an atomic media channel between its ports into the required configuration of the internal media constructs (such as flexible grid filters and media subnetworks).

11 Monitoring of optical signals

In the media network, monitoring of optical signals is achieved by attaching anOPM-x to a monitoring reference points within one media element. Different monitoring reference points may be chosen in order to facilitate the management of the media network. This clause describes the use of the OPM-x (see clause 8.1) as well as a topological construct, the optical signal maintenance entity (OSME) and reference points for monitoring (see clause 8.2).

11.1 OTS and OMS MCGs

The OTS MCG and OMS MCG are topological constructs that are used for management control purposes.

The OTS MCG represents the topological relationship between:

– The output media port of one amplifier and the input media port of the next amplifier. For distributed optical amplifiers, described in [ITU-T G.665], the input media port or output media port of the amplifier may not be accessible. In this case the OTS MCG is considered to start or terminate at the location where the pump wavelength is inserted.

– Non-associated overhead (OTS-O) may be provided for the OTS MCG, the combination of the OTS MCG and OTS-O are referred to as the OTS MCA. The OTS-O is described in clause 15.

The OMS MCG represents:

– The topological relationship between the media port on a filter or coupler where a set of media channels are aggregated and the media port on a filter or coupler where one or more media channel is added to or removed from that aggregate. All of the media channels that are represented by the OMS MCG must be carried over the same serial concatenation of OTS MCGs and amplifiers.

– Non-associated overhead (OMS-O) may be provided for the OMS MCG, the combination of the OMS MCG and OMS-O are referred to as the OMS MCA. The OMS-O is described in clause 15.

The composition of the OTS and OMS MCGs when discrete remote optical amplifiers are deployed is shown in Figure 11-1.
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Figure 11-1 – OTS and OMS MCGs with discrete remote optical amplifiers

The case where remote amplifiers are not deployed is shown in Figure 11-2 with both discrete and distributed amplifiers deployed at the sites where the OMS MCG terminates.
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Figure 11-2 – OTS and OMS MCGs without a remote amplifier

In the case that an amplifier is not deployed at one end of the OMS MCG, the OTS MCG represents the topological relationship between:

– the media port at the start of an OMS MCG and the input media port of the first amplifier in the OMS MCG;

or:

– the output media port of the last amplifier in the OMS MCG and the media port at the end of that OMS MCG.

In the case where no optical amplifiers are deployed, the OTS MCG and OMS MCG are coincident.

11.2 Media channels and OSMEs

The relationship between the media, OMS OSME and the OTS OSME for a terminal is illustrated in Figure 11-3 (other OTSiA at the same interface would share the media subnetwork and OTSiG-O subnetwork).
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Figure 11-3 – Example of a terminal implementation for a single interface

The media subnetwork, filter, optical amplifier OSC filter and OPM-x are shown as discrete (independent) media constructs to allow the reference points associated with the OMS OSME and OTS OSME to be exposed. When optical power monitoring is used, the OMS OPM-pwr and OTS OPM-pwr observe the bulk aggregate power level of the signals transiting the media. Frequently these OPM-pwr functions are integrated into the optical amplifier. The output of the OSC modulator is an OTSi, but it is labelled as OSC (instead of OTSi) to improve the clarity of the description. As described in clause 7.2, for management/control purposes the media network is represented by media elements (that encapsulate media constructs). An example of a media element that encompasses all of the media constructs OTS OSME monitoring reference point and OMS OSME monitoring reference point is shown in Figure 11-4, other encapsulations that use more than one media element are possible15.

The internal structure of a media element is not visible externally. However, the OTS OSME and OMS OSME monitoring reference points must be (logically) located at the monitoring reference points defined in clause 8.2.
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Figure 11-4 – Example of a terminal implementation using a single media element

In this case the media element provides media channels between the line side interface and each of the OTSi and OSC modulator/demodulator. It may also provide the OMS LOS and OTS LOS indications.

12 OSC

The optical supervisory channel (OSC) is an OTSi that may be used to carry the OTSiG-O, OMS-O, OTS-O, synchronization message channel (OSMC) and a data communications channel (DCC) described in [ITU-T G.7712], between amplifier sites, between a terminal site and an amplifier site or, in the case where remote amplifiers are not deployed, between terminal sites. It is labelled as OSC (instead of OTSi) within this Recommendation to distinguish it from an OTSi that is used to carry client digital information stream. It is carried in a media channel (labelled as an OSC media channel). The OSC media channel is aggregated with the OTS MCG by the OSC filter. This is illustrated in Figure 12-1.
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Figure 12-1 – Insertion and removal of an OSC with discrete amplifiers

The case of a distributed amplifier is illustrated in Figure 12-2.

[image: image]

Figure 12-2 – Insertion and removal of an OSC with a distributed amplifier

The OTS MCG, OMS MCG and the OSC media channel must be carried by the same fibre to provide the OAM functions described clause 15.

13 Modulator and termination functions

13.1 OTSi bidirectional modulator

The following generic processes take place at the OTSi bidirectional modulator:

– transmission defect detection and indication.

There are three types of OTSi modulator:

– OTSi bidirectional modulator: consists of a pair of collocated OTSi modulators and OTSi demodulators.

– OTSi modulator: accepts one or more client digital information streams at its input, modulates that digital information stream onto an OTSi.

– OTSi demodulator: accepts an optical signal at its input checks that an optical signal with the appropriate power level is present. Demodulates the optical signal and presents the client digital information stream at its output.

13.2 OTSiG-O trail termination function

The following generic processes are assigned to the OTSiG-O trail termination function:

– assessment of transmission quality;

– transmission defect detection and indication.

There are three types of OTSiG-O trail termination function:

– OTSiG-O bidirectional termination: consists of a pair of collocated OTSiG-O termination source and sink functions;

– OTSiG-O source: accepts the input from the OPM-x associated with the OTSi modulator (if present) and generates the OTSiG-O;

– OTSiG-O sink: processes the OTSiG overhead and the input from the OPM-x associated with the OTSi demodulator (if present) and generates any OTSiA management information.

13.3 OMS-O trail termination function

The following generic processes are assigned to the OMS-O trail termination function:

– assessment of transmission quality;

– transmission defect detection and indication.

There are three types of OMS-O trail termination function:

– OMS-O bidirectional termination: consists of a pair of collocated optical multiplex section termination source and sink functions;

– OMS-O source: accepts the input from the OPM-x located at the start of the OMS MCG and generates the OMS overhead;

– OMS-O sink: processes the OMS overhead and the input from the OPM-x located at the end of the OMS MCG and generates any OMS management information.

The bulk property monitoring of the OMS OSME takes place in the co-collocated OPM-x.

13.4 OTS-O trail termination function

The following generic processes may be assigned to the OTS-O trail termination function:

– validation of connectivity; note that the OTS-O must arrange for squelching16 all components of the OTS in the event of a validation mismatch;

– assessment of transmission quality;

– transmission defect detection and indication.

There are three types of OTS-O trail termination function:

– OTS-O bidirectional trail termination: consists of a pair of collocated OTS-O trail termination source and sink functions;

– OTS-O source: accept input from the OPM-x located at the start of the OTS MCG and generates the OTS trail overhead;

– OTS-O sink: accepts input from the OPM-x located at the end of the OTS MCG, processes the OTS overhead contained within the OSC and generates any OTS management information.

The bulk property monitoring of the OTS OSME takes place in the co-collocated OPM-x.

14 Client/server associations

14.1 Digital-lane/digital-client adaptation function

The bidirectional digital-lane/digital-client adaptation function is performed by a collocated pair of source and sink digital-lane/digital-client adaptation functions.

The digital-lane/digital-client adaptation source performs the following processes between its input and its output:

– accepts the output of the client trail termination and performs the processing required to generate one or more continuous data streams that can be modulated onto one or more OTSi. The actual processes required are dependent on the particular client and the OTSi modulator. Forward error correction is an optional feature for some OTSi modulators and is required for other types of OTSi modulators;

– generate any OTSiG-O.

The digital-lane/digital-client adaptation sink performs the following processes between its input and its output:

– accept the client digital information stream from one or more OTSi demodulators (in the OTSiG) and recovers and reassembles the client digital information stream. The actual processes are dependent on the particular client and the OTSi demodulator. Forward error correction is an optional feature17;

– accept and process any OTSi overhead from the OTSiG-O trail termination function.

14.2 OMS-O/OTSiG-O adaptation function

The bidirectional OMS-O/OTSiG-O adaptation function is performed by a collocated pair of source and sink OMS-O/OTSiG-O adaptation functions.

The OMS-O/OTSiG-O adaptation source performs the following processes between its input and its output:

– generation of management/maintenance digital information streams.

The OMS-O/OTSiG-O adaptation sink performs the following processes between its input and its output:

– termination of management/maintenance digital information streams.

14.3 OTS-O/OMS-O adaptation function

The bidirectional OTS-O/OMS-O adaptation function is performed by a collocated pair of source and sink OTS-O/OMS-O adaptation functions.

The OTS-O/OMS-O adaptation source performs the following process between its input and its output:

– generation of management/maintenance digital information streams.

The OTS-O/OMS-O adaptation sink performs the following process between its input and its output:

– termination of management/maintenance digital information streams.

14.4 Digital-lane/OTS-O adaptation

The bidirectional digital-lane/OTS-O adaptation function is performed by a collocated pair of source and sink digital-lane/OTS-O adaptation functions.

The digital-lane/OTS-O adaptation source performs the following processes between its input and its output:

– all the processing required to generate a continuous data stream that can be modulated onto an OTSi. The actual processes required are dependent upon the particular implementation of the client/server.

The digital-lane/OTS-O adaptation sink performs the following processes between its input and its output:

– recovery of the digital stream from OSC. The actual processes are dependent upon the particular implementation of the client/server relationship.

15 Management capabilities

NOTE – At the time this Recommendation was approved the only transport technology that fully supports the management capabilities described in this clause is optical transport network (OTN), see [ITU-T G.872].

This clause outlines the fault, performance and configuration management capabilities of the media network.

The media network has no inherent monitoring capability. The continuity of a media channel can only be inferred by establishing an OSME (see clause 11.2). The OSME can monitor a single media channel or all of the media channels in a MCG. The continuity of a media channel can be inferred by monitoring the optical power and comparing that to the minimum power expected on that OSME.

15.1 Media entity relationships

The concatenation of media channels to form a longer media channel is described in clause 7.1.2. A failure of any media channel that is a part of a concatenation will result in the failure of the longer media channel (and hence the loss of any OTSi that are using the failed media channel).

15.2 Fault management

Fault management is a set of functions, which enables the detection, isolation and correction of abnormal operation of the telecommunication network and its environment. The media network should support the following management capabilities.

– Continuity supervision

– Connectivity supervision

– Maintenance information report

15.2.1    Continuity supervision

Continuity supervision refers to the set of processes that monitors the continuity of an OSME. As described in clause 11.2 an OSME provides monitoring for a MCG.

A loss of continuity of a MCG may be caused, for example by any combination of, fibre disruptions, equipment failures or configuration errors. Equipment failures should be detected and reported by the equipment monitoring capabilities.

The continuity of an OSME is inferred from the presence (or absence) of the OTSi that are intended to be present in that OSME. The OPM-pwr attached to the OSME reference point is used to monitor the total optical power present on the media channel(s). If the optical power observed by the OPM-pwr is less than the minimum expected total power a loss of continuity can be declared.

NOTE – The OPM-pwr cannot distinguish between the power from (sets of)OTSi and the power from optical noise. Therefore, depending on the network configuration, the location of the fault and the design of the amplifiers, amplified optical noise may prevent the OPM-pwr from detecting a reduction in optical power that is sufficient to declare media channel loss of continuity.

As described in clause 15.1, the failure of any media channel that is a part of a concatenation that forms a longer (emergent) media channel, that is monitored by the OSME, will result in the failure of that longer media channel (and hence the loss of any OTSi that are using the failed media channel).

15.2.2    Connectivity supervision

Connectivity supervision refers to the set of processes that verify that a MCG has been configured correctly and to ensure that connectivity is properly maintained while the media channel is active.

Because of the media entity relationships (see clause 15.1) a connectivity fault in an OTS MCG will result in a connectivity fault in the supported OMS MCG which in turn will result in a connectivity fault for any network media channels which include that OMS MCG.

Connectivity supervision should be supported on the OTS MCG. Connectivity supervision can only be provided by using the non-associated overhead carried by the OSC which must be in the same fibre as the OTS MCG or OMS MCG, as described in clause 15.6.

Connectivity supervision should also be supported for an NMCG. Connectivity supervision for the NMCG can be provided by using the non-associated overhead. Or may be inferred from the connectivity monitoring capabilities (e.g., TTI) carried in the client digital payload.

15.3 Configuration management

As defined in [b-ITU-T G.7710], configuration management provides functions to exercise control over, identify, collect data from and provide data to media elements. Configuration management supports network planning and engineering, installation, service planning and negotiation, provisioning, and status and control.

For the media network, configuration management includes the configuration of media channels between media ports, OTSiA connection management (see clause 10.3.1) and OPM-pwr functions. This includes the configuration of media constructs within media elements to provide these associations and monitoring functions.

15.3.1    Unused media channels

No mechanisms exist for monitoring an unused media channel. Information on the allocation of OTSi to a frequency slot is provided by an administrative process.

15.4 Performance management

As defined in [b-ITU-T G.7710], performance management provides functions to evaluate and report upon the behaviour of telecommunication equipment and the effectiveness of the network, or NE. Its role is to gather and analyse statistical data for the purpose of monitoring and correcting the behaviour and effectiveness of the network, NEs or other equipment, and to aid in planning, provisioning, maintenance and the measurement of quality.

Media channels have no monitoring capabilities, the performance of a media channel may be inferred by either observation of the properties of a signal in that media channel (e.g., OSNR) or from the digital information being carried by an OTSi in that media channel (e.g., BIP or pre-FEC errors). The definition of performance parameters is outside the scope of this Recommendation.

15.5 Non-associated overhead

The non-associated overhead in the media network and its relationship to the OTS OSME and OMS OSME is described in clause 11.2. The non-associated overhead may be carried by either the OSC or, an OCN (see [ITU-T G.7712]). The OMS-O includes information on the set of frequency slots that support an OTSiG. The OTSiG information in the OMS-O allows a ROADM to check that the NMCG and OTSiG-O that support an OTSiA have been configured correctly.

NOTE – The OTSiG-O digital information may also be supported by an OTSi (as a second client) as described in clause 10.1.1

16 Media network survivability techniques

Loss of continuity of an OSME may be used to trigger switching from the failed OSME to a standby OSME. The elements of non-associated overhead that are protected determines which type of protection is provided by a particular implementation.

Specific survivability techniques include media protection, described in the Appendix III of [ITU-T G.873.1], and restoration controlled for example by automatically switched optical network (ASON) or software defined network (SDN), are outside the scope of this Recommendation.

17 Black link approach

The black link approach is described in [ITU-T G.698.1] and [ITU-T G.698.2]. The specification method used in these Recommendations uses a "black link" approach, which means that optical interface parameters for only (single-channel) optical tributary signals and the transfer function of the media path are specified by a set of application codes. Use of a common application code ensures the compatibility of the media path, transmitter and receiver. This approach enables transverse compatibility at the single-channel point using a direct wavelength-multiplexing configuration. However, it does not enable transverse compatibility at the multichannel points. Only a single client digital information stream interfaces are supported and the client digital information stream must be supported by a single OTSi. The non-associated overhead for the single client digital information stream interface must be provided by an overhead communications channel (OCC) as defined in [ITU-T G.7712].

The black link approach may be used to provide a network media channel between an OTSi modulator /demodulator pair as shown in Figure 17-1. The network media channel, OTSi modulator and OTSi demodulator may be provided by different vendors but must all be within the domain of a single network operator.

The black link approach provides a media channel, which is pre-certified for a particular intra-domain OTSi; the characteristics of this OTSi at the SS and RS reference points are defined in [ITU-T G.698.1] and [ITU-T G.698.2]. The media channel has no internal structure visible from either the OTSi modulator or demodulator.

The OTSiG-O must also be supported; however, in this application it cannot be carried across the complete network by the OSC as described in clause 12. To complete the OTSiG-O connection, it is carried across the interface between the OTSiA subnetwork and the OTSi modulator / demodulator by an OCC within the overhead communications network (OCN) as shown in Figure 17-1. Within the OTSiA subnetwork the connection of the OTSiG-O and the media channel associations must be coordinated as described in clause 10.3.

NOTE – Ss and Rs in Figure 17-1 identify the reference points defined in [ITU-T G.698.1] and [ITU-T G.698.2].
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Figure 17-1 – Example OTSi subnetwork using the black link approach



1 An application identifier includes the application codes defined in the appropriate optical system Recommendations such as [ITU-T G.698.2], as well as the possibility of proprietary identifiers. The identifier covers all aspects of the signal, including forward error correction, baud rate and modulation type.

2 A media channel that may carry multiple OTSi may be used to provide what is commonly called an "express" channel.

3 See International Electrotechnical Vocabulary (IEV) reference 314-08-05 "envelope of an amplitude modulated signal".

4 The relationship between the effective frequency slot, the passband of the filter functions concatenated to form a network media channel and the characteristics of the OTSi that transits the network media channel are outside the scope of this Recommendation.

5 An application identifier includes the application codes defined in the appropriate optical system Recommendations, as well as the possibility of proprietary identifiers. The identifier covers all aspects of the media channel and the characteristics of the OTSi modulator and demodulator.

6 This is often referred to as the pass band of the filter.

7 When a signal is transferred from the common port to the branch port the signal power is divided across the branches.

8 A "wide" media channel may be used to provide what is commonly called an "express" channel in a ROADM.

9 An application identifier includes the application codes defined in the appropriate optical system Recommendations, as well as the possibility of proprietary identifiers. The identifier covers all aspects of the signal, including forward error correction, baud rate and modulation type. The characteristics of the OTSi are outside the scope of this Recommendation.

10 This may be achieved by using a tunable transmitter with flex grid capable filter.

11 This may be achieved by use of a coherent receiver or a flexible grid capable filter at the OTSi demodulator.

12 As described above, the network media channel may be fully or partially configured before the OTSiA connection request is received.

13 The OMS MSI indicates the frequency slots that have been allocated to an OTSiG on the OMS MCG.

14 This flexibility may be implemented by a media subnetwork, a set of interconnected flexible grid filters or some combination of flexible grid filters and media subnetworks.

15 Placing the media constructs in different media elements provides management/control with more visibility of the implementation.

16 Note that this requirement can be met by a blocking switch at different locations. It is an equipment design matter to place the switch.

17 Some of these processes may rely on information extracted from the modulated optical signal by the OTSi demodulator.



Annex A

Media change and physical domain change

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

Signals can be classified into different physical domains which have different wave properties, such as acoustical and electromagnetic physical domains. A signal propagating in one physical domain may continue into another physical domain when there is a function capable of performing the change. The media over which a signal propagates within a physical domain may also change. Both types of changes are independent of any information that may be present in the signal. Depicting these changes separately from information transfer is important as the information (if present) is not altered.

An example of media and physical domain change is the electro/optical (E/O) change. In this case, an EM wave carried on, for example, copper wire is changed into an optical wave that is carried on an optical fibre. The information (if present) is modulated onto the wave in each physical domain and those modulations are independent of each other. This is illustrated in Figure A.1:
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Figure A.1 – Media and physical domain change – E/O conversion example

In Figure A.1, the thin lines represent ITU-T G.800 information transfer. Media is represented by a thick line. The signal, carried by the media, is not represented. Between physical domains, a digital information stream is shown between the top of the adaptations. The electrical signal and OTSi are carried within the media channels of their respective media.

A change of media may occur in a media element, for example in a photonic cross connect. This is shown in Figure A.2, where an OTSi is carried, first in an optical fibre, then enters free space, then continues in a second optical fibre. There is no change to the physical domain. The OTSi traverses a concatenation of three media channels, the middle of which is in a different media.
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Figure A.2 – Media change – OTSi example



Annex B

Concept of network media channel group (NMCG)

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

The network media channel group (NMCG) is a type of MCG that represents the set of media channels that support the transfer of a single OTSiG. This construct allows management of a NMCG as a single entity. To avoid excessive differential delay all NMCs in a NMCG should be co-routed.

Management information associated with the NMCG should indicate the central frequency and spectrum resources reserved for each of the NMCs in the NMCG. The OTSi carried by the NMCG may have the same spectral width, modulation format in order to avoid the impact of non-linear effect. The NMCG management information could also include transfer parameters (e.g., differential delay) among these signals carried by the NMCG to help design/manage the network.



Appendix I

Examples of the configuration of media channels

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

I.1 Construction of network media channels

An example of construction of network media channels is provided in Figure I.1.
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Figure I.1 – Network media channel construction

The OMS MCGs shown in blue provides connectivity between the different sites. The filters F1-F6 aggregate and disaggregate the media channels.

F1 aggregates the red, blue and green network media channels into OMS MCG A.

F2 disaggregates the green network media channel and the yellow media channel (that aggregates the red and blue media channels) from OMS MCG A.

F3 aggregates the orange and purple media channels into OMS MCG B.

F4 disaggregates the red purple and blue network media channels from OMS MCG B.

F5 aggregates the blue network media channel into OMS MCG C.

F6 disaggregates the blue network media channel from OMS MCG C.

I.2 Use of flexible grid capable filter to route media channels

The ability to configure media channels within a flexible grid capable filter can be used to modify or create a route for a media channel across the network.

Consider for example a filter with the initial configuration of the media channels in as illustrated in Figure I.2.
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Figure I.2 – Initial filter configuration

The filter disaggregates the media channel at port 1 into:

– a red media channel that is delivered to port 2

– a purple media channel that is delivered to port 3

– a green media channel that is delivered to port 4.

The atomic media channels within the filter may be reconfigured as shown in Figure I.3:
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Figure I.3 – Modified filter configuration

The filter disaggregates the media channel at port 1 into:

– a blue media channel that is delivered to port 2

– a red media channel that is delivered to port 3

– a green media channel that is delivered to port 4.



Appendix II

Example of media network using tuneable modulator/demodulator for routing

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

II.1 Network using couplers

A media network may be constructed using tuneable sources (combination of modulator and flexible grid capable filter), frequency selective receivers (demodulators) and couplers (with amplifiers to compensate for the loss of the couplers). This architecture has limitations, in that frequency slots cannot be reused across the network. However, in the case of a simple linear add/drop chain where the traffic demands are predominantly from a hub site to downstream remote sites, this approach can simplify network operations.

A simple example of such a network is provided in Figure II.1.
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Figure II.1 – Simple network example

In this simple example each OTSi modulator and flexible grid capable filter are able to provide an optical signal in any defined frequency slot and the OTSi demodulators are able to select a specific frequency slot. Couplers C1 and C4 aggregate media channels. Couplers C2, C3 and C5 duplicate the media channel to provide two or more copies.

The couplers provide a point-to-multipoint media channel between site 1 and all downstream sites. Coupler C4 in site 3 allows any attached source to use the point-to-multipoint media channel between sites 3 and 4 (or any other downstream sites). When the (restricted spectrum) of the source and the effect of the filter in the sink are considered, a point-to-point network media channel is established between a specific OTSi modulator and demodulator, which supports a point-to-point communication.

II.2 Network using wide-band filters and couplers

Couplers provide complete flexibility, in that all frequency slots are delivered to all sites. They have the disadvantages of high loss and that frequency slots cannot be reused within the network. In the example of Figure II.1, if C3 were replaced by a filter that that split the available spectrum between its output ports, then it would result in lower loss to both output ports and would allow the frequency slots that are dropped at site 3 to be reused downstream. However, some flexibility would be lost (i.e., some frequency slots from sites 1 and 2 are always delivered to site 3, while the remaining frequency slots are not delivered to site 3. The connectivity of the network is now constrained by the (wideband) filter and controlled by the selection of the frequency slot used by the OTSi modulator and OTSi demodulator.



Appendix III

Examples for transferring digital data over different media

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

III.1 Specific kinds of modulation/demodulation

As described in clause 9, functions at information/signal boundary are represented diagrammatically with the symbol [image: img]. Table III-1 describes some specific modulation/demodulation functions that are used in examples later in this appendix.

Table III-1 – Examples of modulation/demodulation functions at information/signal boundary








	Function

	Input

	Output




	1) Signal quantization (A/D)

	A signal (with or without digital information modulated on it).

	A digital information stream containing a sampled and quantized representation of the input waveform.




	2) Signal recreation (D/A)

	A digital information stream containing a sampled and quantized representation of the waveform.

	A signal. The degree of similarity to the original signal form is a function of sampling and quantization parameters (e.g., sampling rate).




	3) I/Q sampling

	A modulated signal.

	Two digital information streams, one representing the in-phase (I) and the other the quadrature (Q) components of the signal.




	4) Signal recreation (I/Q)

	Two digital information streams, one representing the in-phase (I) and the other the quadrature (Q) components of the signal.

	A modulated signal.





III.2 Digitized IF-band case

Figure 6-4b of [b-ITU-T G.Sup55] is examined in Figure III.1. The digital to digital converter function is intended to output the payload data as if modulated on an IF carrier but digitally represented. After the D/A converter, the IF to RF band conversion occurs using a frequency mixer followed by an anti-aliasing filter to produce the RF-band signal output.
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Figure III.1 – Digital radio over fibre: digitized IF-band signal

III.3 Digitized I/Q baseband case

This is an example from Figure 6-4c of [b-ITU-T G.Sup55] which is examined in Figure III.2. Here, the payload data is input to a digital I/Q modulator that is a digital to digital function whose outputs are digitized I and Q streams that are input to an optical modulator. After the digital radio-over-fibre (RoF) is demodulated from the optical domain into the electrical domain, it is input to a DAC to yield two analogue I&Q signals. These are then converted to an RF signal. The symbol with the label "I/Q modulator" is a type of modulator with analogue, not digital, inputs.
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Figure III.2 – Digital radio over fibre: digitized I/Q baseband signal

III.4 Analogue RoF case

The case is to consider analogue RoF. Figure 6-1 a) of [b-ITU-T G.Sup55] is illustrated in Figure III.3. The input to the optical modulator is an analogue RF signal. This is outside the scope of ITU-T G.800 architecture yet should be considered for ITU-T G.807. The functions performed are taking radio baseband and converting it first to an RF-band signal, then modulating that to an optical signal. At the optical receiver, the demodulator recovers the RF-band signal. As with the I/Q to RF converter, this is a direct analogue signal to analogue signal conversion.
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Figure III.3 – Analogue radio over fibre: RF-band



Appendix IV

Example for describing media network topology

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

The initial network topology of the media network comprises all available resources (e.g., all frequency slots). A topology instance is derived from the initial network topology by selecting those topological components, modulators and demodulators that support a specific set of parameters (e.g., a frequency slot). Any media components that do not support the selected parameter values are removed from the initial topology graph. Similarly, any unreachable media subnetworks are removed. The resulting topology now shows available connectable resources.

For example, selecting a particular frequency slot for an OTSi removes all resources operating at different frequencies from the initial topology graph. The resulting topology instance now shows available connectable media channels that support the selected frequency slot. Determining whether the network media channel provided by this topology instance will actually support communication between an OTSi modulator and an OTSi demodulator is outside the scope of this Recommendation.

The process of removing resources operating at different frequencies or that result in paths that are not viable (i.e., cannot support the intended OTSi) may result in a topology graph that has isolated domains. Electrical regeneration (3R) can be used to provide connectivity for the client digital stream that is modulated onto the OTSi between isolated instances of the media topology. Since the regenerator terminates the OTSi and generates a new OTSi it can provide functions such as, frequency slot translation, changes in the modulation and/or forward error correction. When required, electrical regeneration must be applied to all of the OTSi in an OTSiG. In the topology regeneration can be represented by a topological construct that represents the means of transforming between disjoint domains. This is similar to the transitional link described in [ITU-T G.800].



Appendix V

Assessing media architecture with PON use cases

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

V.1 PON signal in an ODN

The B-PON (broadband passive optical network, in ITU-T G.983-series), G-PON (gigabit-capable passive optical network, in ITU-T G.984-series)and NG-PON (next generation passive optical network, in ITU-T G.987-series and G.989-series) Recommendations in SG15 use the optical distribution network (ODN) as defined in [ITU-T G.989].

Optical distribution network (ODN): A point-to-multipoint optical fibre infrastructure. A simple ODN is entirely passive and is represented by a single-rooted point-to-multipoint tree of optical fibres with splitters, combiners, filters and possibly other passive optical components. A composite ODN consists of two or more passive segments interconnected by active devices, each of the segments being either an optical trunk line segment or an optical distribution segment. A passive optical distribution segment is a simple ODN itself. Two ODNs with distinct roots can share a common subtree.

Splitters, combiners, and filters are some of the media constructs in G.807, although the splitter and coupler are described more generally in the coupler construct. Figure V.1 shows a portion of the optical distribution network (ODN) from Figure 5-1 of [ITU-T G.989]. In B-PON and G-PON, a signal is sent from the OLT (optical line termination, a network element that is the root of at least one ODN) to multiple ONUs (optical network units, a network element that terminates a leaf in an ODN). Conventionally, this is the downstream direction. It propagates in a single fibre to a splitter where the entire signal is split with each output signal propagated on its own fibre to an ONU. An individual ONU extracts information from the signal (in a TDM payload) that is assigned to it. In the upstream direction, signals from each of the ONUs (at a different optical frequency from the downstream signal) are combined in the coupler. A ranging function is performed for each ONU to determine its distance (and hence propagation delay) from the OLT. This enables ONUs to send information upstream that arrives in a timeslot at the OLT which is allocated to be for traffic originating from that ONU. The effect is that ONU upstream traffic is time-division multiplexed at the OLT. The OLT is able to determine from the information stream, what data was sent from which ONU.

Figure V.1 also depicts PON signals that would be representative of B-PON [b-ITU-T G.983.1] and G-PON [b-ITU-T G.984.1] systems.
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Figure V.1 – PON signal in an ODN

V.2 NG-PON2

NG-PON2 is defined in [ITU-T G.989] as:

NG-PON2:A PON system with a nominal aggregate capacity of 40 Gbit/s in the downstream direction and 10 Gbit/s in the upstream direction, and implementing the suite of protocols specified in the ITU-T G.989 series of Recommendations. An NG-PON2 system is composed of a set of TWDM channels and/or a set of PtP WDM channels.

Time and wavelength division multiplexing (TWDM) is an acronym used in [ITU-T G.989]. The point to point WDM PON capability with the wavelength-selection function in the ONU, is examined in Figure V.2 from the perspective of optical media architecture. The following are definitions from [ITU-T G.989]:

PtP WDM channel: In an NG-PON2 system, PtP WDM channel refers to the pair of one downstream wavelength channel and one upstream wavelength channel providing point-to-point connectivity.

PtP WDM PON: A multiple wavelength PON system that enables point-to-point connectivity using a dedicated wavelength channel per ONU for the downstream direction and a dedicated wavelength channel per ONU for the upstream direction.

Wavelength multiplexer (WM): A bidirectional functional element used to multiplex/demultiplex between NG-PON2 wavelength channel pairs and channel groups.

Each ONU has a tuneable transmitter and tuneable receiver and is served by a pair of upstream and downstream wavelengths dedicated to that ONU. As shown in Figure A.1 of [ITU-T G.989.2], the "wavelength selector can be located physically either within the ONU (wavelength selected case) or at a BN (wavelength routed case)". In the wavelength selected case, the section function is in the ONU and is determined in an activation process that involves the OLT. "The upstream wavelength is typically established as a fixed function of the assigned downstream wavelength." This pair of wavelengths is known as a PtP WDM channel.

As noted in the NG-PON2 definition above, TWDM channels are also supported:

TWDM channel: In an NG-PON2 system, TWDM channel refers to the pair of one downstream wavelength channel and one upstream wavelength channel providing point-to-multipoint connectivity by using, respectively, time division multiplexing and multiple access mechanisms.

TWDM PON: A multiple wavelength PON system in which each wavelength channel may be shared among multiple ONUs by employing time division multiplexing and multiple access mechanisms.

In Figure V.2, wavelengths from OLTs are combined into a common fibre. The coupler represents this. The branching node is a power splitter which may also have a bandpass filter associated with it for instance to remove the TWDM-PON wavelengths. There is a filter for each ONU that is part of the wavelength selection function.

[image: image]

Figure V.2 – PtP WDM PON downstream



Appendix VI

Assessing media architecture with the visible light communication use case

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

[ITU-T G.9991] specifies the "system architecture and functionality for all components of the physical (PHY) layer and data link layer (DLL) of visible light communication (VLC) transceivers for in-premises applications designed for the high-speed optical wireless transmission of data using visible light".

In [ITU-T G.9991], the media is free space. Wavelength band is defined:

Wavelength band: A specific range of the wavelength of light that is associated with a domain. Multiple wavelength bands may be used in the same domain. The wavelength band is defined by a lower wavelength and upper wavelength.

This appears to be the same as a [ITU-T G.694.1] frequency slot definition used in this Recommendation, but the concepts of nominal central frequency, slot width, and flexible grid are not included in the wavelength band definition. Two wavelength bands are defined in [ITU-T G.9991], which are visible light (380nm-780nm) and infrared (800nm-1675nm).

Sender to receiver topologies include point to point, point to multipoint, and multipoint to multipoint. The physical layer is modelled after [b-ITU-T G.9960]Unified high-speed wireline-based home networking transceivers – System architecture and physical layer specification, but the medium-dependent interface is to free space media and VLC signals.

Two modulations are described in [ITU-T G.9991]. Figure VI.1 shows the ACO-OFDM modulation and a ITU-T G.807 media representation is shown in parallel to the Figure 9-1 of [ITU-T G.9991].

[image: image]

Figure VI.1 – [ITU-T G.9991] functional model of PHY and ITU-T G.807 media equivalent



Appendix VII

OMS/OTS reference points and reference points in other Recommendations

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

OMS and OTS OSME are defined in this Recommendation for monitoring optical signals, while other Recommendations also define reference points, for example to indicate the location where optical parameters are defined. This appendix describes the relationship by comparing the positions of reference points in different optical network scenarios.

In clause 6 of [ITU-T G.680], MPI-SM and MPI-RM are described as two different multichannel reference points on the optical fibre. MPI-SM usually exists after the optical network element transport interface output optical connector, and MPI-RM exists before the interface input connector.

One difference between the OMS/OTS OSME reference points and MPI-SM/MPI-RM is the former may exist as a built-in function in the media element, while the latter are external to the media element. Therefore, it could be concluded that there is no direct relationship between the monitoring reference point defined in this Recommendation and [ITU-T G.680]. This is also the same case to the reference point defined in [ITU-T G.698.2] for black link and [ITU-T G.661] for amplifier.

[ITU-T G.697] defines several external monitoring points (EMPs) for maintenance purposes. An example of positioning these EMP can be found in clause IV.4 of appendix IV in [ITU-T G.697], which is copied as Figure VII-1. It can be derived from the figure that the EMPs can be placed after the OM, or before the OD, or before/after amplifiers within the media element. These EMPs can be selected as OSME reference points for different purpose, e.g., EMP 1 and 8 can be selected as OMS OSME, EMP 2 and 3 can be selected as OTS OSME.

[image: image]

Figure VII.1 – Example of external monitoring point positioning



Bibliography

 







	[b-ITU-T G.7710]

	Recommendation ITU-T G.7710/Y.1701 (2019), Common equipment management function requirements.




	[b-ITU-T G.983.1]

	Recommendation ITU-T G.983.1 (2005), Broadband optical access systems based on Passive Optical Networks (PON).




	[b-ITU-T G.984.1]

	Recommendation ITU-T G.984.1 (2008), Gigabit-capable passive optical networks (GPON): General characteristics.




	[b-ITU-T G.9960]

	Recommendation ITU-T G.9960 (2018), Unified high-speed wireline-based home networking transceivers – System architecture and physical layer specification.




	[b-ITU-T G.sup55]

	Recommendation ITU-T G.sup55 (2015), Radio-over-fibre (RoF) technologies and their applications.




	[b-OIF CEI-04.0]

	OIF, Common Electrical I/O (CEI) –Electrical and Jitter Interoperability agreements for 6G+ bps, 11G+ bps, 25G+ bps I/O and 56G+ bps.




	[b-IEC 60050]

	International Electrotechnical Vocabulary 314-08-05, Envelope of an amplitude modulated signal.













	SERIES OF ITU-T RECOMMENDATIONS




	 
	 



	Series A
	Organization of the work of ITU-T



	Series D
	Tariff and accounting principles and international telecommunication/ICT economic and policy issues



	Series E
	Overall network operation, telephone service, service operation and human factors



	Series F
	Non-telephone telecommunication services



	Series G
	Transmission systems and media, digital systems and networks



	Series H
	Audiovisual and multimedia systems



	Series I
	Integrated services digital network



	Series J
	Cable networks and transmission of television, sound programme and other multimedia signals



	Series K
	Protection against interference



	Series L
	Environment and ICTs, climate change, e-waste, energy efficiency; construction, installation and protection of cables and other elements of outside plant



	Series M
	Telecommunication management, including TMN and network maintenance



	Series N
	Maintenance: international sound programme and television transmission circuits



	Series O
	Specifications of measuring equipment



	Series P
	Telephone transmission quality, telephone installations, local line networks



	Series Q
	Switching and signalling, and associated measurements and tests



	Series R
	Telegraph transmission



	Series S
	Telegraph services terminal equipment



	Series T
	Terminals for telematic services



	Series U
	Telegraph switching



	Series V
	Data communication over the telephone network



	Series X
	Data networks, open system communications and security



	Series Y
	Global information infrastructure, Internet protocol aspects, next-generation networks, Internet of Things and smart cities



	Series Z
	Languages and general software aspects for telecommunication systems



	 
	 




OEBPS/images/fig10-5.jpg
Optical
amplifier

0sC
filter

Port L1

‘Optical
amplifier

OTS-0/0MS-0 OTS-0/0MS-0
Digital-lane/OTS-O Digital-lane/OTS-O

—&H

osc
filter

Port 12

G807(20)_F10:5





OEBPS/images/fig10-6.jpg
Media
clement

Optical
amplifier

Port L1

OTS-0/OMS-0

Optical
e W

Digital-lane/OTS-O

N

OTS-0/0MS-0

Digital-lane/OTS-O

—&H

osc
filter

G807(20)_F10:6

Port 12





OEBPS/images/figVI-1.jpg
T
management

MPDU in MPDU out
MAC frame

PMI
hysical coding sublayer (PCS)

(generation of PHY-frame, mapping MAC
frames into the PHY-frame)

PCS control data,

ateference point TX PHY frame RX PHY frame TxSymbols MAC
el PN ) 1\ ol
Symbols, paddin
e Tx symbols at
— the ' |-reference
RX symbol frames
i point to the PMD

TX symbol frames

S-reference point

Physical medium dependent (PMD).
(subcarricr mapping, constellation encoding,
ACO-OFDM modulation, preamble inseriion)

VDI
v LEDs

space
G.807(20) FL1





OEBPS/images/fig10-3.jpg
Single digital imformation stream

+e—— Multiple digital streams

OTSi (optical signal)
. — (carried in a network media channel)

< T—OTSIG  NMeG
/

Media port

GR07(20) F10-3





OEBPS/images/fig12-1.jpg
©
S
=
4
o

G.807(20)_F12-1

Fibre

=
5






OEBPS/images/fig10-4.jpg
oSingle digital information stream

Digital-lane/digital-client

Media port
G.80T(20) F104





OEBPS/images/fig12-2.jpg
wavelength

G.807(20)_F12-2





OEBPS/images/fig6-1.jpg
Media layer

Largest med
subnetwork

—— MCG D Mediasubnewvork () Mediaport















OEBPS/images/figI-3.jpg
G.807(20) F1.3





OEBPS/images/figI-1.jpg





OEBPS/images/figVII-1.jpg
Two-stage line amplilier

12 7 8
B | 4
Single Single
channel channel
interfaces interfaces
B = Booster amplifier P = Preamplifier = Possible EMP position

x ransmitter x = Receiver
DCM = Dispersion compensating module





OEBPS/images/figI-2.jpg
G.807(20) FI.2





OEBPS/images/figII-1.jpg
Green  Purple

=
&

g
2
&
£
|
2
&
3
&

G.807(20)_FIlL1

Filter

@ Media port

Coupler

@ OTSi Modulator @ OTSi Demodulator





OEBPS/images/fig7-4.jpg
A\

Media port L
.V

i F
OTSi modulator F

OTSi demodulator

G.807(20) F74





OEBPS/images/fig7-3.jpg
Media subnetworks + MCGs

Partition .

Media subnetworks + MCGs

G.807(20) F7-3





OEBPS/images/fig7-2.jpg
OT51(in media
channels)

OTSi (in media
. channels)

Optical

spectrum

T
Media channels

described by

50 GHz 100 GHz 75 GHz f;s;;“e,;y ot

©.807(20) F7-2





OEBPS/images/cover.jpg
International Telecommunication Union

ITU-T G.807

TELECOMMUNICATION (02/2020)
'STANDARDIZATION SECTOR
.

SERIES G: TRANSMISSION SYSTEMS AND MEDIA,
DIGITAL SYSTEMS AND NETWORKS

Digital networks — General aspects

Generic functional architecture of the optical
media network

Recommendation ITU-T G.807

&





OEBPS/images/fig7-1.jpg
OIsi#l Olsiiz Ol5i#z Ofs1##]

Media channel formed by concatenation
(of media channels)

Media channel Media channel

G.807(20)_F7-1





OEBPS/images/fig11-1.jpg
OTSMCG SSRGS

OMS MCG

@ Media port 3.807(20)_F11-1





OEBPS/images/figA-1.jpg
LaneA/A1 § S Ak aneA LancB/AT1 Al-lLanch
i | Modutationx ModulationY ModulationY
Elestrical media | Optical media

G807(20) FA1





OEBPS/images/figA-2.jpg
OTSi
ModulationY

G.807(20) A2





OEBPS/images/fig17-1.jpg
018iG-0 oT8iG-0
VI Sre Sk L
: oCN!
G| | e | otsi
Mod | ; Demod
! i Network mediachamnel
i | ™
| ; i

| 0T8iG-0 oTSiG0 /o
(o160 )i s - ey 5T (OTSI00)

Media channel

subnetwork

Media channel

Media channel Media channel Media channel

Media subnetwork. Media subnetwork Media subnetwork

G.807(20) F17-1





OEBPS/images/fig11-4.jpg
Single digital information stream

Digital-lane/digital-client

Media subnetwork:

OMS-0/0TSiG-O

OMS OSME

g 5

ITS-0/0OMS-O

Optical Power of signals
amplifier over OTS

OTS OSME

Media
element

G.807(20) F114





OEBPS/images/fig11-2.jpg
OMS MCG

0TS MCG

OMS MCG

0TS MCG

Pump
wavelength

Pump,
wavelength

G.807(20) F11-2





OEBPS/images/fig11-3.jpg
Single digital information stream

Digital-lane/digital-client

OTSIG—»

OTSIA—»<=

‘Media subnetwork

OMS MCA————»-
OMS OSME-

OTSMCG >
OTS MCA———»

OTS OSME

G.B07(20) F11-3





OEBPS/images/fig5-1.jpg
Digital layers

Media layer

Subnetwork

Layer processor
inction

‘Traffic conditioning
function

Non intrusive
‘monitor function
Trail termination

function

Information transfer
(ITU-T G.800)

| <a<0a()

Media subnetwork
Filter

Coupler
Amplifier

Optical parameter
onitor

Signal/information
boundary

Signal
Guided media
Free space
media

Signal carried in
free space media
Signal carried in
‘puided media

Anologue signal
conversion function

Frequency mixer

eadae)

o
®

G.807(20) F5-1





OEBPS/images/title.jpg





OEBPS/images/figIII-2.jpg
LR
Optical transceiver

digiized
1B

f—
N T
Wb Uik

=
5
2
g
2
g
H

Uplink.
wload data
(digital buscband)

Digital RoF

Digital optical

Dowalink
RF signal

MUX/DEMUX

Uplink
RE signal

/

\
Uplink digiized
(Q baseband signals.Reference freq

for up/down convertion

Downlink
RF signal

Digial 5
Digital to RoF 3=
i) g
5%
—
digital 1
o e

Digitired
1Q samples.

DA
converter.

Analoguc 1
signal (1&0Q) \ modulator

Copper wire

Ref frequency

G.807(20) FIll2





OEBPS/images/figIII-1.jpg
Optical transceiver Optical transceiver

g abeoian
/F-band subcari

Dowalink
RF signal

Dowalink Digial
payload data nd
(igital buscband) | modulator

Uplink. Uplink

RF signal

MUXDEMUX

yioad da
(digital baseband)

etk duma
beurier  Reference freqy
b for upldown converton

Feguerey

Downlink
RF signal

gial
converter
Datain
digial TF-band TF-band cquency
baseband subcarrier subearrier Reffrequercy

G.807(20) FIlL1





OEBPS/images/figV-2.jpg
P WDM oL | SRCPL
¥ WM
ptpwpM oLt |SRCP3

S/R-CPn

PtP WDM OLT

CG - channel group
CP - channel pair
WM — wavelength mux

Wavelength MUX

Branching
node

6.989.2(14) FA1

Splitter Filters

oLt ﬁ%
oLt
oLt E‘é

G.807(20) FV2





OEBPS/images/f0012-03.jpg





OEBPS/images/figIII-3.jpg
Optical transceiver

data

payload data RF-band | subcarrier ® bearrier |1 RF-band |, Downlink
(digital bascband) madulator Unlink H | fier ] RF signal
-hand 8
=] :

RF-band
demodulator

payload
(digital busebund)

E RE-band s
Daa in § 1 subarrier 33
o — £3 31 revm
baschand i3 5% i

e Uplink
14 RE signal

| REband
T fier

Dawalink
RE signal

G.807(20) FIlL3





OEBPS/images/f0012-02.jpg





OEBPS/images/f0012-01.jpg





OEBPS/images/figV-1.jpg
PON system

0Ds
(simple ODN)

Splitier

SNI
Access network (AN) [b-ITU-T G.902]
) 6.989(15)_F5-1
ONU ONU
oLt Crl ONU  oLT Gty ONU
ONU ONU
BPON. GPON BPON. GPON 6807120 FV 1






OEBPS/images/fig8-3.jpg
OMS
down

OMS OSME

/\

Fibre G807(20) F83

® Optical coupler-splitter that diverts some part of the signal power to the OPM
@ Media port






OEBPS/images/fig8-2.jpg
OMS OSME

e e———
Pump Pump Pump
wavclength | | wavelength wavelength

G.807(20) F8.2

® Optical coupler-splitter that diverts some part of the signal power to the OPM
@ Media port






OEBPS/images/fig8-1.jpg
OMS OSME

6.807(20) Fo-1

@ Opical coupler-splitter that diverts some part of the signal power to the OPM
@ Media port





OEBPS/images/fig8-5.jpg
"Black link"

Gao7(z0) Fe-s

® Optical coupler-splitter that diverts some part of the signal power to the OPM
@ Media port





OEBPS/images/fig8-4.jpg
ump
wavelength wavelength

G.807(20) F84

® Optical coupler-splitter that diverts some part of the signal power to the OPM
@ Media port





OEBPS/images/fig10-1.jpg
Client
information
information stream

Modulation
XandY

G.807(20) F10-1





OEBPS/images/fig10-2.jpg
Single digital information stream

OTSi (optical signal)
|« (carried in a network media channel)

G.807(20) F10-2





