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Recommendation ITU-T G.652

Characteristics of a single-mode optical fibre and cable

Summary

Recommendation ITU-T G.652 describes the geometrical, mechanical and transmission attributes of
a single-mode optical fibre and cable which has zero-dispersion wavelength around 1310 nm.
The ITU-T G.652 fibre was originally optimized for use in the 1310 nm wavelength region but can
also be used in the 1550 nm region. This is the latest revision of a Recommendation that was first
created in 1984 and deals with some relatively minor modifications.

In this revision, an example guideline for the statistical chromatic dispersion coefficient in a link with
a number of concatenated cable pieces of M equal 1 to 16 is provided in Appendix I, clause I1.6.
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FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
telecommunications, and information and communication technologies (ICTs). The ITU Telecommunication
Standardization Sector (ITU-T) is a permanent organ of ITU. ITU-T is responsible for studying technical,
operating and tariff questions and issuing Recommendations on them with a view to standardizing
telecommunications on a worldwide basis.

The World Telecommunication Standardization Assembly (WTSA), which meets every four years, establishes
the topics for study by the ITU-T study groups which, in turn, produce Recommendations on these topics.

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

In some areas of information technology which fall within ITU-T's purview, the necessary standards are
prepared on a collaborative basis with 1ISO and IEC.

NOTE

In this Recommendation, the expression "Administration” is used for conciseness to indicate both a
telecommunication administration and a recognized operating agency.

Compliance with this Recommendation is voluntary. However, the Recommendation may contain certain
mandatory provisions (to ensure, e.g., interoperability or applicability) and compliance with the
Recommendation is achieved when all of these mandatory provisions are met. The words "shall" or some other
obligatory language such as "must™ and the negative equivalents are used to express requirements. The use of
such words does not suggest that compliance with the Recommendation is required of any party.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to the possibility that the practice or implementation of this Recommendation may involve
the use of a claimed Intellectual Property Right. ITU takes no position concerning the evidence, validity or
applicability of claimed Intellectual Property Rights, whether asserted by ITU members or others outside of
the Recommendation development process.

As of the date of approval of this Recommendation, ITU had not received notice of intellectual property,
protected by patents/software copyrights, which may be required to implement this Recommendation.
However, implementers are cautioned that this may not represent the latest information and are therefore
strongly urged to consult the appropriate ITU-T databases available via the ITU-T website at
http://www.itu.int/ITU-T/ipr/.

© ITU 2024

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the prior
written permission of ITU.

i Rec. ITU-T G.652 (08/2024)


http://www.itu.int/ITU-T/ipr/

Table of Contents

Page

1 ol 0] 0TRSO U PO U R OPRURTPRRPRN 1

RETEIEICES. ...ttt bbbttt nre s 1

DEFINITIONS ...t ettt b et e nbesre e nbe e e nre e 2

3.1 Terms defined EISEWNEIE ..........coveii i 2

3.2 Terms defined in this Recommendation...........ccccceevevveveniieninerie e 2

4 ADDreviations and aCrONYIMS .......cc.iiiriiiiieiie et 2

(@00 11Y7=] 11 o] SRRSO 2

FIDIe attriDULES ... e 2

6.1 Mode field dIAMELEN .......c.eoiiie e 2

6.2 (OF - To (o [ Ta o o [ =144 =] (=] SRR 3

6.3 COre CONCENIIICITY BITON ...ttt 3

6.4 NON-CIFCUIANILY ..veveeie et ra e e 3

6.5 Cut-off Wavelength ..o 3

6.6 MaCTrODENAING 10SS.....cciiiiiiiiii et 3

6.7 Material properties of the fibre...........ccooo i 4

6.8 Refractive indeX Profile..........coovoiiiiiii e 4

6.9 Longitudinal uniformity of chromatic diSpersion............c.ccooevereneneneneniens 4

6.10  ChromatiC diSPEISION.......cceciuieieiieiieeie st et ste e te et e e e 4

7 Cable AtEIIDULES ... 5

7.1 Attenuation COBTFICIENT .........ccviiieie e 6

7.2 Polarization mode dispersion COEffiCIENt ...........ccccviriiiiiinieie e 6

8 Tables of recommended VAIUES .........c.oouiiiiiiiiii s 6

Appendix | — Information about cabled fibre link attributes used for system design.............. 9

1.1 ATEENUALION ...ttt e st et e e te et esneesaeeeenree e 9

1.2 Chromatic diSPErSION........ccueiiieieieeeie et sre s 9

1.3 Differential group delay (DGD) .......ooovieiiiiiieiiece e 10

1.4 Tables of common typical ValUEs.............cccceoiiiiiiiicce e 10

1.5 NON-lNear COBTTICIENT.........coiieiiei e 11

1.6 An example of statistical link design...........cccoviiiiiiiiii 11
Appendix Il — Information on data collection of G.652.D fibre maximum/minimum

chromatic dispersion for boundary line specification.............c.ccocveviieiincnc e 17

BIBIOGIAPNY ... 19

Rec. ITU-T G.652 (08/2024) i



Change log
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Changes

This revision includes the addition of tables for different levels of
system support.

This revision clarified the nomenclature for the different categories or
fibre. Also, in accordance with the agreement on spectral band
description, the upper limit of the L-band is changed from 16XX to
1625 nm. The attenuation characteristics for reduced water peak
categories, (G.652.C and G.652.D) are generalized to a broad region
from a single wavelength. PMD requirements are added for all
categories and two categories have reduced limits (compared to 0.5 ps/

JE ). For the macrobending test, mandrel diameter is reduced to

30 mm radius. As seen above, this Recommendation has evolved
considerably over the years; therefore, the reader is warned to consider
the appropriate version to determine the characteristics of already
deployed product, taking into account the year of production. In fact,
products are expected to comply with the Recommendation that was in
force at the time of their manufacture, but may not fully comply with
subsequent versions of the Recommendation.

Support of G.695 applications is noted.

A clarification of the method of fitting chromatic dispersion coefficient
values and their use is provided in 5.10, along with some text on use of
the statistics of chromatic dispersion for system design.

A clarification of the relationship of the PMDg of uncabled fibre to
cabled fibre is provided in 6.2.

In the tables of requirements:

The uncabled fibre PMD line item is removed from the tables and the
note on the requirement for uncabled fibre PMD is modified.

The tolerance of MFD at 1310 nm is reduced.

The maximum dispersion slope at the zero dispersion wavelength is
reduced.

The maximum concentricity error is reduced.
The maximum macrobending loss is reduced.

The wording for the water peak requirement in Tables 3 and 4 are
modified to reflect a reference to the specification over the range vs the
specification at 1310 nm.

Add IEC-60794-2-11 as an informative reference in clause 2.2.

Editorial correction at start of clause 6.2 (PMD).

New note has been introduced in Table 1 — 4 allowing higher maximum
cabled attenuation (1.0 dB/km) for short indoor cables.

Modification in Tables 3 and 4 to the cabled attenuation at 1383 nm
(max. 0.40 dB/km).

New text has been introduced in Tables 3 and 4 concerning hydrogen
ageing (Note 3).

Tables 1 and 3 of edition 8 have not been changed. These tables are not
included in this version of Recommendation ITU-T G.652, but are in the
20009 edition.

The tables in this edition have been renumbered. Tables 1 and 2 of this
edition 9 correspond respectively to Tables 2 and 4 of edition 8.



10.0

ITU-T G.652 (2024)

New clause 5 "Conventions" has been added. Following clause numbers
have been renumbered.

Chromatic dispersion specification for G.652.D fibres has been changed
into boundary line specification.

In clause 6.10 the text concerning chromatic dispersion for G.652.D
fibres has been modified.

In clause 7.2 (PMD) a note has been added about usability of high PMD
fibre and cable for systems with less stringent PMD requirements.

In clause 8 only Table 1 (G.652.B) and Table 2 (G.652.D) are indicated.
Here also a reference to IEC fibre designations is mentioned.

In Table 1 (G.652.B) and Table 2 (G.652.D) Note 1 has been extended
with text concerning attenuation coefficient at a wavelength longer than
1625 nm.

In Table 1 (G.652.B) new Note 3 and Table 2 (G.652.D) new Note 5
describe usability of high PMD fibre and cable for system with less
stringent PMD requirements.

In Table 2 (G.652.D) the nominal mode field diameter upper range has
been reduced.

In Table 2 (G.652.D) the mode field diameter tolerance has been
tightened.

In Table 2 (G.652.D) the cladding diameter tolerance has been
tightened.

In Table 2 (G.652.D) new specification has been introduced for
chromatic dispersion.

In Table 2 (G.652.D) text has been added and renewed concerning
attenuation coefficient at 1383 nm.

In Table 2 (G.652.D) the attenuation specifications have been edited to
two decimal places.

Added in Appendix | a new clause 1.6 "An example of statistical
methodology".

New Appendix Il has been added highlighting the data collection on
maximum and minimum chromatic dispersion over wavelength range
1270 nm to 1625 nm for the boundary line specification of G.652.D
fibres.

New clauses "1.6.2 Statistical design example for O-band chromatic
dispersion in a link™ and "1.6.3 Influence of number of concatenated
cable pieces M on PMDQ and DGD™" were included in the Appendix I.
Description for the cut-off wavelength in clause 6.5 was amended to be
consistent with the Recommendation G.654 (Ed. 12).
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Recommendation ITU-T G.652

Characteristics of a single-mode optical fibre and cable

1 Scope

This Recommendation describes a single-mode optical fibre and cable which has zero-dispersion
wavelength around 1310 nm and can be used in the 1310 nm and 1550 nm regions. Both analogue
and digital transmission can be used with this fibre.

The geometrical, optical, transmission and mechanical parameters are described below in three
categories of attributes:

. fibre attributes are those attributes that are retained throughout cabling and installation;
. cable attributes that are recommended for cables as delivered;
. link attributes that are characteristic of concatenated cables, describing estimation methods

of system interface parameters based on measurements, modelling or other considerations.
Information for link attributes, system design, and example statistical link design are in
Appendix I.

This Recommendation and the different performance categories found in the tables of clause 8 are
intended to support the following related system Recommendations:

Category Recommendations

Characteristics of optical systems [b-ITU-T G.691], [b-ITU-T G.692], [b-ITU-T G.693],
[b-1TU-T G.695], [b-ITU-T G.696.1], [b-1TU-T G.698.1],
[b-1TU-T G.698.2], [b-1TU-T G.698.3], [b-ITU-T G.698.4],
[b-1TU-T G.698.5], [b-ITU-T G.698.6]

Optical fibre submarine cable systems [b-ITU-T G.973], [b-ITU-T G.973.1], [b-ITU-T G.973.2],
[b-ITU-T G.977.1]

Digital line systems [b-ITU-T G.957], [b-ITU-T G.959.1]

Optical line systems for local and access [b-ITU-T G.983.1], [b-ITU-T G.984.2], [b-ITU-T G.985],

networks [b-1TU-T G.986], [b-ITU-T G.987.2], [b-ITU-T G.989.2]

NOTE - Depending on the length of the links, dispersion accommodation can be necessary for some
[b-ITU-T G.691], [b-ITU-T G.692] or [b-ITU-T G.959.1] application codes.

The meaning of the terms used in this Recommendation and the guidelines to be followed in the
measurement to verify the various characteristics are given in [ITU-T G.650.1] and [ITU-T G.650.2].
The characteristics of this fibre, including the definitions of the relevant parameters, their test methods
and relevant values, will be refined as studies and experience progress.

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.650.1] Recommendation ITU-T G.650.1 (2024), Definitions and test methods for
linear, deterministic attributes of single-mode fibre and cable.
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[ITU-T G.650.2] Recommendation ITU-T G.650.2 (2015), Definitions and test methods for
statistical and non-linear related attributes of single-mode fibre and cable.

[IEC 60793-2-50] IEC 60793-2-50:2018 Ed. 6.0, Optical fibres — Part 2-50: Product
specifications — Sectional specification for class B single mode fibres.

[1ISO 80000-1] ISO 80000-1:2022, Quantities and units — Part 1: General.

3 Definitions

3.1 Terms defined elsewhere

For the purposes of this Recommendation, the definitions given in [ITU-T G.650.1] and
[ITU-T G.650.2] apply.

3.2 Terms defined in this Recommendation

None.

4 Abbreviations and acronyms
This Recommendation uses the following abbreviations and acronyms:

Aeft Effective Area

DGD Differential Group Delay

DWDM  Dense Wavelength Division Multiplexing
LDV Link Design Value

PMD Polarization Mode Dispersion

PMDq Statistical parameter for link PMD

SDH Synchronous Digital Hierarchy

WDM Wavelength Division Multiplexing

5 Conventions

Values shall be rounded to the number of digits given in the tables of recommended values before
conformance is evaluated. The conventional rounding rule of "rounding half away from zero™ is used,
which is described in Annex B, Rule B of [ISO 80000-1]. Only the first digit beyond the number of
significant digits is used in determining the rounding.

6 Fibre attributes

Only those characteristics of the fibre providing a minimum essential design framework for fibre
manufacture are recommended in this clause. Ranges or limits on values are presented in the tables
of clause 8. Of these, cable manufacture or installation may significantly affect the cabled fibre cut-off
wavelength and PMD. Otherwise, the recommended characteristics will apply equally to individual
fibres, fibres incorporated into a cable wound on a drum and fibres in an installed cable.

6.1 Mode field diameter

Both a nominal value and tolerance about that nominal value shall be specified at 1310 nm.
The nominal value that is specified shall be within the range found in clause 8. The specified tolerance
shall not exceed the value in clause 8. The deviation from nominal shall not exceed the specified
tolerance.

2 Rec. ITU-T G.652 (08/2024)



6.2 Cladding diameter

The recommended nominal value of the cladding diameter is 125 um. A tolerance is also specified
and shall not exceed the value in clause 8. The cladding deviation from nominal shall not exceed the
specified tolerance.

6.3 Core concentricity error
The core concentricity error shall not exceed the value specified in clause 8.

6.4 Non-circularity

6.4.1 Mode field non-circularity

In practice, the mode field non-circularity of fibres having nominally circular mode fields is found to
be sufficiently low that propagation and jointing are not affected. It is, therefore, not considered
necessary to recommend a particular value for the mode field non-circularity. It is not normally
necessary to measure the mode field non-circularity for acceptance purposes.

6.4.2 Cladding non-circularity
The cladding non-circularity shall not exceed the value found in clause 8.

6.5 Cut-off wavelength

Two useful types of cut-off wavelength can be distinguished:
a) cable cut-off wavelength Acc;

b) fibre cut-off wavelength Ac.

NOTE 1 — For some specific submarine cable applications, other cable cut-off wavelength values may be
required.

The correlation of the measured values of Acand Acc depends on the specific fibre and cable design
and the test conditions. While in general Acc < Ac, a general quantitative relationship cannot be easily
established. The importance of ensuring single-mode transmission in the minimum cable length
between joints at the minimum operating wavelength is paramount. This may be performed by
recommending the maximum cable cut-off wavelength Acc of a cabled single-mode fibre to be
1260 nm.

NOTE 2 — Cut-off wavelength intrinsically contains length or bending dependence. In the case of a unique
deployment condition expected in a link (e.g., a piece length becomes shorter than 22 m without specific
bending), cut-off wavelength under the expected condition should be ensured to have negligible influence on
system performance. The cable cut-off wavelength, Ac, shall be less than the maximum specified in clause 8.

6.6 Macrobending loss

Macrobending loss varies with wavelength, bend radius and number of turns about a mandrel with a
specified radius. Macrobending loss shall not exceed the maximum given in clause 8 for the specified
wavelength(s), bend radius and number of turns.

NOTE 1 — A qualification test may be sufficient to ensure that this requirement is being met.

NOTE 2 — The recommended number of turns corresponds to the approximate number of turns deployed in all
splice cases of a typical repeater span. The recommended radius is equivalent to the minimum bend-radius
widely accepted for long-term deployment of fibres in practical systems installations to avoid static-fatigue
failure.

NOTE 3 - If, for practical reasons, fewer than the recommended number of turns is chosen to be implemented,
it is suggested that not less than 40 turns, and that a proportionately smaller loss increase be required.
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NOTE 4 — The macrobending loss recommendation relates to the deployment of fibres in practical single-mode
fibre installations. The influence of the stranding-related bending radii of cabled single-mode fibres on the loss
performance is included in the loss specification of the cabled fibre.

NOTE 5 - In the event that routine tests are required, a smaller diameter loop with one or several turns can be
used instead of the recommended test, for accuracy and measurement ease. In this case, the loop diameter,
number of turns and the maximum permissible bend loss for the several-turn test should be chosen so as to
correlate with the recommended test and allowed loss.

6.7 Material properties of the fibre

6.7.1 Fibre materials

The substances of which the fibres are made should be indicated.

NOTE — Care may be needed in fusion splicing fibres of different substances. Provisional results indicate that
adequate splice loss and strength can be achieved when splicing different high-silica fibres.

6.7.2 Protective materials

The physical and chemical properties of the material used for the fibre primary coating and the best
way of removing it (if necessary) should be indicated. In the case of single-jacketed fibre, similar
indications shall be given.

6.7.3 Proof stress level

The specified proof stress op shall not be less than the minimum specified in clause 8.
NOTE - The definitions of the mechanical parameters are contained in clauses 3.2 and 6.6 of [ITU-T G.650.1].

6.8 Refractive index profile
The refractive index profile of the fibre does not generally need to be known.

6.9 Longitudinal uniformity of chromatic dispersion

Under study.

NOTE — At a particular wavelength, the local absolute value of the chromatic dispersion coefficient can vary
away from the value measured on a long length. If the value decreases to a small value at a wavelength that is
close to an operating wavelength in a wavelength division multiplexing (WDM) system, four-wave mixing
can induce the propagation of power at other wavelengths including, but not limited to, other operating
wavelengths. The magnitude of the four-wave mixing power is a function of the absolute value of the chromatic
dispersion coefficient, the chromatic dispersion slope, the operating wavelengths, the optical power, and the
distance over which four-wave mixing occurs.

For dense wavelength division multiplexing (DWDM) operations in the 1550 nm region, the chromatic
dispersion of ITU-T G.652 fibres is large enough to avoid four-wave mixing. Chromatic dispersion uniformity
is, therefore, not a functional issue.

6.10 Chromatic dispersion

The measured group delay or chromatic dispersion coefficient versus wavelength shall be fitted by
suitable equations as described in Annex A of [ITU-T G.650.1] (see clause 6.5 of [ITU-T G.650.1]
for guidance on the interpolation of dispersion values to unmeasured wavelengths).

For sub-category G.652.B fibre the chromatic dispersion coefficient, D(X), is specified by putting
limits on the parameters of a chromatic dispersion curve that is a function of wavelength in the
1310 nm region. The chromatic dispersion coefficient limit for any wavelength, A, is calculated with
the minimum zero-dispersion wavelength, Aomin, the maximum zero-dispersion wavelength, Aomax, and
the maximum zero-dispersion slope, Somax, according to:
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0 max 1_ 0min 6_1
oo | 1)
The values of Aomin, Aomax and Somax shall be within the limits indicated in Table 1 (clause 8).

For sub-category G.652.D fibre the chromatic dispersion parameters indicated in Table 2 (clause 8)
are specified in order to bind the chromatic dispersion values from 1260 nm to 1625 nm. This allows
more accurate system design in which dispersion compensating schemes are incorporated. When
specifying the chromatic dispersion coefficient parameters of G.652.D fibres only by the three-term
Sellmeier coefficients in the 1310 nm region, the dispersion coefficient may not be sufficiently
accurate when extrapolated to the 1550 nm region. In order to bind the minimum/maximum chromatic
dispersion coefficients of G.652.D fibres, combining the first derivative of the three-term Sellmeier
fitting on group delay from 1260 nm to 1460 nm and linear fitting on chromatic dispersion (i.e., the
first derivative of the quadratic fitting on group delay) from 1460 nm to 1625 nm is appropriate.

From 1260 nm to 1460 nm, chromatic dispersion coefficient D(A) at wavelength XA is bound by the
following three inequalities:

4 4
ASOmax 1— AOmax < D(A)S )“SOmin 1— ﬂOmin
4 A 4 A

(}L < AOmin )’ (6_2a)

4 4
ASomax 1_(%max j < D(/\)S ASomax [1_(/10minJ }

A 4 A

(Zomin <A< Agyrae) (6-2b)

lScllmin [1_[40;% )4} <D(A)< 1804""3" {1—[%?“ jﬂ (g <X

Omax —

. (6-2c)
The minimum chromatic dispersion slope, Somin, has been added in order to bind both the minimum
and maximum chromatic dispersion coefficients.

From 1460 nm to 1625 nm, chromatic dispersion coefficient D(A) at wavelength A is bound by the
following inequality:

8.625 + 0.052(4 — 1460) < D(1) < 12.472 + 0.068(1 — 1460) (6-3)

A survey on G.652.D products was conducted to determine the chromatic dispersion parameter
specifications and consequences in terms of the dispersion envelope. The results are summarized in
Appendix Il of this Recommendation.

NOTE - It is not necessary to measure the chromatic dispersion coefficient of single-mode fibre on a routine
basis.

7 Cable attributes

Since the geometrical and optical characteristics of fibres given in clause 6 are barely affected by the
cabling process, this clause gives recommendations mainly relevant to transmission characteristics of
cabled factory lengths.

Environmental and test conditions are paramount and are described in the guidelines for test methods.

Rec. ITU-T G.652 (08/2024) 5



7.1 Attenuation coefficient

The attenuation coefficient is specified with a maximum value at one or more wavelengths in both
the 1310 nm and 1550 nm regions. The optical fibre cable attenuation coefficient values shall not
exceed the values found in clause 8.

NOTE - The attenuation coefficient may be calculated across a spectrum of wavelengths, based on
measurements at a few (3 to 4) predictor wavelengths. This procedure is described in clause 6.4.4 of
[ITU-T G.650.1] and an example is given in Appendix 111 of [ITU-T G.650.1].

7.2 Polarization mode dispersion coefficient

Cabled fibre polarization mode dispersion shall be specified on a statistical basis, not on an individual
fibre basis. The requirements pertain only to the aspect of the link calculated from cable information.
The metrics of the statistical specification are found below. Methods of calculations are found in
[b-1IEC/TR 61282-3], and are summarized in Appendix IV of [ITU-T G.650.2].

The manufacturer shall supply a PMD link design value, PMDq, which serves as a statistical upper
bound for the PMD coefficient of the concatenated optical fibre cables within a defined possible link
of M cable sections. The upper bound is defined in terms of a small probability level, Q, which is the
probability that a concatenated PMD coefficient value exceeds PMDg. For the values of M and Q
given in clause 8, the value of PMDg shall not exceed the maximum PMD coefficient specified in
clause 8.

Measurements and specifications on uncabled fibre are necessary, but not sufficient to ensure the
cabled fibre specification. The maximum link design value specified on uncabled fibre shall be less
than or equal to that specified for the cabled fibre. The ratio of PMD values for uncabled fibre to
cabled fibre depends on the details of the cable construction and processing, as well as on the mode
coupling condition of the uncabled fibre. [ITU-T G.650.2] recommends a low mode coupling
deployment requiring a low-tension wrap on a large diameter spool for uncabled fibre PMD
measurements.

The limits on the distribution of PMD coefficient values can be interpreted as being nearly equivalent
to limits on the statistical variation of the differential group delay (DGD), that varies randomly with
time and wavelength. When the PMD coefficient distribution is specified for optical fibre cable,
equivalent limits on the variation of DGD can be determined. The metrics and values for link DGD
distribution limits are found in Appendix I.

NOTE 1 - PMDq specification would be required only where cables are employed for systems that have the
specification of the max DGD, i.e., for example, PMDq specification would not be applied to systems
recommended in [b-1TU-T G.957].

NOTE 2 - PMDg should be calculated for various types of cables, and they should usually be calculated using
sampled PMD values. The samples would be taken from cables of similar construction.

NOTE 3 — The PMDg specification should not be applied to short cables such as jumper cables, indoor cables
and drop cables.

NOTE 4 - Optical fibre and cable with higher PMD coefficient can be used for systems with less stringent
PMD requirements (e.g., systems with short link lengths or those with high PMD tolerance).

8 Tables of recommended values

The following tables summarize the recommended values for a number of categories of fibres that
satisfy the objectives of this Recommendation. These categories are largely distinguished on the basis
of attenuation requirement at 1383 nm. The historical relationship between maximum PMDq value
and supporting bit rate can be found in Appendix I.
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Table 1, ITU-T G.652.B attributes, contains recommended attributes and values needed to support
higher bit rate applications, up to STM-64, such as some in [b-ITU-T G.691] and [b-ITU-T G.692],
STM-256 for some applications in [b-ITU-T G.693] and [b-ITU-T G.959.1]. Depending on the
application, chromatic dispersion accommodation may be necessary.

Table 2, ITU-T G.652.D attributes, is similar to ITU-T G.652.B, but allows transmissions in portions
of an extended wavelength range from 1260 nm to 1625 nm.

Class reference table between IEC fibre category and ITU-T G.65x fibre types is given in Table V.1
in Appendix V of [b-1TU-T G-Sup.40].

Table 1 - ITU-T G.652.B attributes

Fibre attributes

Attribute Detail Value Unit
Mode field diameter Wavelength 1310 nm
Range of nominal values 8.6-9.5 pum
Tolerance +0.6 pm
Cladding diameter Nominal 125.0 um
Tolerance +1 um
Core concentricity error Maximum 0.6 um
Cladding non-circularity Maximum 1.0 %
Cable cut-off wavelength Maximum 1260 nm
Macrobending loss Radius 30 mm
Number of turns 100
Maximum at 1625 nm 0.1 dB
Proof stress Minimum 0.69 GPa
Chromatic dispersion parameter Aomin 1300 nm
Aomax 1324 nm
Somax 0.092 ps/(nm? x km)
Cable attributes
Attribute Detail Value Unit
Attenuation coefficient Maximum at 1310 nm 0.4 dB/km
(Note 1) Maximum at 1550 nm 0.35 dB/km
Maximum at 1625 nm 0.4 dB/km
PMD coefficient M 20 cables
(Note 2, 3) Q 0.01 %
Maximum PMDq 0.20 ps/\/m

NOTE 1 — The attenuation coefficient values listed in this table should not be applied to short cables such
as jumper cables, indoor cables and drop cables. For example, [b-IEC 60794-2-11] specifies the
attenuation coefficient of indoor cable as 1.0 dB/km or less at both 1310 and 1550 nm. Attenuation
coefficient at a wavelength longer than 1625 nm (for monitoring purpose) is not well known. In general,
the attenuation increases as the wavelength increases, and it may show steep wavelength dependence due
to both macro- and microbending losses.

NOTE 2 — According to clause 7.2, a maximum PMDq value on uncabled fibre is specified in order to
support the primary requirement on cable PMDg.

NOTE 3 — Optical fibre cables with higher PMD coefficient can be used for systems with less stringent
PMD requirements.
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Table 2 — ITU-T G.652.D attributes

Fibre attributes

Attribute Detail Value Unit
Mode field diameter Wavelength 1310 nm
Range of nominal values 8.6-9.2 pm
Tolerance +0.4 pum
Cladding diameter Nominal 125.0 um
Tolerance +0.7 um
Core concentricity error Maximum 0.6 um
Cladding noncircularity Maximum 1.0 %
Cable cut-off wavelength Maximum 1260 nm
Macrobending loss Radius 30 mm
Number of turns 100
Maximum at 1625 nm 0.1 dB
Proof stress Minimum 0.69 GPa
Chromatic dispersion parameter Aomin 1300 nm
3-term Sellmeier fitting Nomax 1324 nm
(1260 nm to 1460 nm) Som 0073 ps/(nmZ x km)
Somax 0.092 ps/(nm? x km)
Linear fitting Minimum at 1550 nm 13.3 ps/(nm x km)
(1460 nm to 1625 nm) Maximum at 1550 nm 18.6 ps/(nm x km)
Minimum at 1625 nm 17.2 ps/(nm x km)
Maximum at 1625 nm 23.7 ps/(nm x km)
Cable attributes
Attribute Detail Value Unit
Attenuation coefficient Maximum from 1310 nm to 1625 nm 0.40 dB/km
(Note 1) (Note 2)
Maximum at 1383 nm +£3 nm after 0.40 dB/km
hydrogen ageing (Note 3)
Maximum at 1530-1565 nm 0.30 dB/km
PMD coefficient M 20 cables
(Note 4, 5) Q 0.01 %
Maximum PMDg 0.20 pslm

NOTE 1 — The attenuation coefficient values listed in this table should not be applied to short cables such as
jumper cables, indoor cables and drop cables. For example, [b-IEC 60794-2-11] specifies the attenuation
coefficient of indoor cable as 1.0 dB/km or less at both 1310 and 1550 nm. Attenuation coefficient at a
wavelength longer than 1625 nm (for monitoring purpose) is not well known, but typically increases as the
wavelength increases, and it may show steep wavelength dependence due to both macro and microbending
losses.

NOTE 2 — This wavelength region can be extended to 1260 nm by adding 0.07 dB/km induced Rayleigh
scattering loss to the attenuation value at 1310 nm.

NOTE 3 — The hydrogen ageing is a type test that shall be done to a set of sampled fibres, according to
[IEC 60793-2-50] regarding the B-652.D fibre category.

NOTE 4 — According to clause 7.2, a maximum PMDq value on uncabled fibre is specified in order to
support the primary requirement on cable PMDg.

NOTE 5 — Optical fibre cables with higher PMD coefficient can be used for systems with less stringent
PMD requirements.
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Appendix |

Information about cabled fibre link attributes used for system design
(This appendix does not form an integral part of this Recommendation.)

In order to estimate transmission limitation due to fibre properties including chromatic dispersion,
PMD, attenuation and nonlinearity, "worst-case™ and "statistical” system designs can be considered
as is given in clauses 9 and 10 of [b-ITU-T G-Sup.39], respectively. The worst-case design is a
deterministic methodology utilizing minimum and maximum values and is useful for a transmission
system with a small number of components and spliced factory lengths of optical fibre cables. On the
other hand, for a concatenated link that includes a large number of spliced factory lengths of optical
fibre cable, the transmission parameters for the concatenated link must take into account not only the
performance of the deterministic attributes of individual cable lengths but also the statistics of
concatenation. The requirements for factory lengths are given in clauses 6 and 7.

The transmission characteristics of the factory length optical fibre cables will have a certain
probability distribution which can be taken into account if the most economic designs are to be
obtained. This appendix should be read with the statistical nature of the various parameters in mind.

Link attributes such as end-to-end attenuation, chromatic dispersion, PMD, or nonlinearity are
affected by factors other than optical fibre cables, by such things as splices, passive components and
installation. These factors are not specified in this Recommendation.

For the purpose of statistical link attribute values estimation for attenuation, chromatic dispersion
typical values of optical fibre links are provided in Table I.1 in clause 1.4. The estimation methods of
link parameters needed for system design are based on measurements, modelling or other
considerations.

1.1 Attenuation
The mean attenuation, A, of a link is given by:
A=olL+oagX+a.y (1-1)

where:
o mean attenuation coefficient of the fibre cables in a link
as mean splice loss
X number of splices in a link
oc  Mmean loss of line connectors
y number of line connectors in a link (if provided)
L link length.

A suitable margin should be allocated for future modifications of cable configurations (additional
splices, extra cable lengths, ageing effects, temperature variations, etc.). The above equation does not
include the loss of equipment connectors. The typical values found in clause 1.4 are for the attenuation
coefficient of optical fibre links. The attenuation budget used in designing an actual system should
account for the statistical variations in these parameters.

1.2 Chromatic dispersion

The chromatic dispersion in ps/nm can be calculated from the chromatic dispersion coefficients of
the factory lengths, assuming a linear dependence on length, and with due regard for the signs of the
coefficients (see clause 6.10).
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When these fibres are used for transmission in the 1550 nm region, some forms of chromatic
dispersion compensation are often employed. In this case, the average link chromatic dispersion is
used for design purposes. The measured dispersion in the 1550 nm window can be characterized
within the 1550 nm window by a linear relationship with wavelength. The relationship is described
in terms of the typical chromatic dispersion coefficient and dispersion slope coefficient at 1550 nm.

Typical values for the chromatic dispersion coefficient, Disso, and chromatic dispersion slope
coefficient, Sisso, at 1550 nm are found in Table I.1. These values, together with link length, Liink, can
be used to calculate the typical chromatic dispersion for use in optical link design.

D i (X) = L [D1550 + S50 (7‘ _1550)] [ps/nm] (1-2)

NOTE — The normative chromatic dispersion specification has been revised for G.652.D fibres; therefore, this
equation is no longer representative for this fibre type.

1.3 Differential group delay (DGD)

The differential group delay is the difference in arrival times of the two polarization modes at a
particular wavelength and time. PMD is fundamentally statistical and DGD fluctuates with random
behaviour at any longitudinal positions of fibre cables, and therefore, statistical link design
methodology is essential to determine PMD impact when considering a link made of a certain length
of or concatenated sections of fibre cables. For a link with a specific PMD coefficient, the DGD of
the link varies randomly with time and wavelength as a Maxwell distribution that contains a single
parameter, which is the product of the PMD coefficient of the link and the square root of the link
length. The system impairment due to PMD at a specific time and wavelength depends on the DGD
at that time and wavelength. So, means of establishing useful limits on the DGD distribution as it
relates to the optical fibre cable PMD coefficient distribution and its limits have been developed and
are documented in [b-IEC/TR 61282-3] and are summarized in Appendix IV of [ITU-T G.650.2].
The metrics of the limitations of the DGD distribution follow:

NOTE - The determination of the contribution of components other than optical fibre cable is beyond the
scope of this Recommendation, but is discussed in [b-IEC/TR 61282-3].

Reference link length, Lrer: A maximum link length to which the maximum DGD and probability will
apply. For longer link lengths, multiply the maximum DGD by the square root of the ratio of actual
length to the reference length.

Typical maximum cable length, Lcan: The maxima are assured when the typical individual cables of
the concatenation or the lengths of the cables that are measured in determining the PMD coefficient
distribution are less than this value.

Maximum DGD, DGDmax: The DGD value that can be used when considering optical system design.
Maximum probability, Pr: The probability that an actual DGD value exceeds DGDmax.

1.4 Tables of common typical values

The values in Tables 1.1 and 1.2 are representative of concatenated optical fibre links according to
clauses 1.1 to 1.3, respectively. The implied fibre induced maximum DGD values in Table 1.2 are
intended for guidance in regard to the requirements for other optical elements that may be in the link.
Values presented in this clause apply to all G.652 compliant fibres including G.657.A fibres.

NOTE — Cable section length is 10 km except for the 0.10 ps/ v km /> 4 000 km link, where it is set to 25 km,
the error probability level is 6.5 x 108,
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Table 1.1 — Representative values of concatenated optical fibre links

Attenuation coefficient Wavelength region Typical link value
(Note) 1260 nm-1360 nm 0.5 dB/km
1530 nm-1565 nm 0.275 dB/km
1565 nm-1625 nm 0.35 dB/km
Chromatic dispersion parameter D1sso 17 ps/(nm x km)
S1550 0.056 ps/(nm? x km)

NOTE — Typical link value corresponds to the link attenuation coefficient used in [b-ITU-T G.957] and
[b-1TU-T G.691].

Table 1.2 — Differential group delay

Maximum PMD : Implied fibre induced
° Link length maximum DGD Channel bit rates
No specification Up to 2.5 Gbit/s
400 25.0 10 Gbit/s
0.5 40 19.0 (Note) 10 Gbit/s
2 75 40 Gbit/s
0.20 3000 19.0 10 Gbit/s
' 80 7.0 40 Gbit/s
0.10 >4000 12.0 10 Gbit/s
' 400 5.0 40 Gbit/s

NOTE — This value applies also for 10 Gigabit Ethernet systems.

1.5 Non-linear coefficient

The effect of chromatic dispersion is interactive with the non-linear coefficient, n2/Aeff, regarding
system impairments induced by non-linear optical effects (see [b-ITU-T G.663] and
[ITU-T G.650.2]). Typical values vary with the implementation. The test methods for non-linear
coefficient remain under study.

1.6 An example of statistical link design

1.6.1 Anexample of statistical link design methodology

A mathematical approach for statistical link design, can be taken when randomness can be assumed
in designing a link (e.g., when a relatively large number of high-count cables are randomly
concatenated to form a link), though its versatility is for further study. For example, when a
concatenated link is composed of cabled fibre originated from a limited number of discrete fibres,
randomness is limited, and the worst-case designing methodology is preferable to obtain reasonable
system margins.

General methodology for statistical system design is described in [b-ITU-T G-Sup.39], and the
following provides one way to formulate a statistical upper limit for one of fibre/cable parameters.
The calculation starts with establishing a statistical distribution. Let xi and Libe a fibre parameter per
unit length and a cable length, respectively, of a fibre in the i-th cable in a concatenated link of
N cables. In the case a global fibre parameter in the total link xn is in proportion the length, xn is:
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N

x _ = lLixi 1

N = %N =
Yizq Li Liink

Y Lix; (1-3)

If it is assumed that all cable section lengths are less than some common value, Lcab, and
simultaneously reducing the number of assumed cable sections to M = Liink/Lcab, then, for a link
comprised of equal-length cables, Li = Lcab, equation above becomes

_ Lcab vMm _ 1M
Xy S Xy = Lrin Di=1 X = o &i=1Xi (1-4)
Link

The variation in the concatenated link parameter, xm, will be less than the variation in the individual
cable sections, xi, because of the averaging of the concatenated fibres.

Once distribution of the fibre parameter has been established, the Monte Carlo method can be used
to determine the probability density, fiink, Of the concatenated link fibre parameter without making
any assumption about its form. This method simulates the process of building links by sampling the
measured fibre parameter population repeatedly.

Fibre parameter is measured on a sufficiently large number of segments so as to characterise the
underlying distribution. This data is then used to compute the fibre parameter for a single path in a
concatenated link.

Computation is made by randomly selecting M values from the measured fibre parameters, and adding
them according to equation (I-4). The computed concatenated attenuation is placed in a table or a
histogram of values derived from other random samplings. The process is repeated until a sufficient
number of concatenated attenuation values have been computed to produce a high-density histogram
of concatenated distribution of the fibre parameter. If the histogram is used directly, without any
additional characterization such as Gaussian fitting, the number of resamples should be at least 10%.

Because of the central limit theorem, the histogram of the statistical values of fibre parameter in
concatenated cabled link will tend to converge to distributions that can be described with a minimum
of two parameters. Hence, the histogram can be fit to a parametric distribution that enables
extrapolation to probability levels that are smaller than what would be implied by the sample size.
The two parameters will invariably represent two aspects of the distributions: the central value and
the variability about the central value.

To obtain probability levels of Q =107 using a pure numeric approach requires Monte Carlo
simulations of at least 10* samples. Once this is complete, attenuation and/or chromatic dispersion
distribution can be interpolated from the associated cumulative probability density functions.

It should be noted that the applicability of above example methodology is for further study.

1.6.2  Statistical design example for O-band chromatic dispersion in a link

A numerical case study for the statistical chromatic dispersion coefficient has been conducted based
on the actual products of multiple fibre manufacturers, Corning, Fujikura, Furukawa Electric, OFS,
Prysmian, Sterlite, Sumitomo Electric and YOFC. This case study assumed a link which is composed
of 1, 4, 8, 12 or 16 concatenated cable pieces. The existing products compliant with G.652.D and
G.657.A fibres were considered. The wavelength dependence of maximum/minimum chromatic
dispersion values with probability (of exceeding link design value, LDV) Q of 1074, 10~ and 102
were derived based on the actual zero-dispersion wavelength Ao and zero-dispersion wavelength slope
So properties of each manufacturer in the anonymous way. Then, the accumulated chromatic
dispersion boundaries were established by using the maximum and minimum limit from the results
of all the manufacturers.

Table 1.3 summarizes the wavelength dependence of the maximum/minimum boundaries for
chromatic dispersion coefficients in ps/(nm-km) when the number of concatenated cables M = 1, 4,
8,12 and 16. Thus, a corresponding chromatic dispersion can be derived by multiplying a LxM value
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to the chromatic dispersion coefficients, where L denotes a typical cable piece length in kilometres.
Here, the chromatic dispersion coefficients at 1264.5 nm, 294.53 nm, 1310.19 nm, and 1337.5 nm
were derived by assuming a linear wavelength dependence by using the examination values at a
shorter and a longer wavelength.

Table 1.3 — Statistical link wavelength dependence of the maximum/minimum chromatic
dispersion coefficients when the number of concatenated cables M =1, 4, 8, 12 or 16

Number of
concatenated M=1 M=4 M=8 M=12 M =16
cables M

Pmbabg'ty level | 104 | 10 | 102 | 10 | 10° | 102 | 10 | 10 | 102 | 10 | 103 | 102 | 10 | 107 | 102

Wavelength (nm) Statistical chromatic dispersion coefficient (ps/(nm-km))
1260 | —333 | —3.94 | —4.17 | —4.21 | 434 | —4.45 | 443 | —4.48 | 455 | —4.46 | 453 | —458 | 451 | —4.56 | —4.61
12645 | —2.95 | -351 | -373 | -3.77 | -3.90 | -4.01 | -3.99 | -4.04 | 411 | 402 | 400 | 415 | 408 | -412 | -417
1270 | —250 | —2.99 | —3.20 | —3.23 | -3.36 | —348 | -3.46 | —3.51 | 358 | —3.49 | 356 | —3.62 | 355 | -3.59 | —3.64
1280 | -1.68 | —2.07 | —2.25 | —2.28 | —2.42 | —2.54 | —252 | —2.57 | 264 | —2.54 | —2.62 | —2.68 | —2.61 | —2.65 | —2.70
1200 | -088 | -115 | 133 | -1.35 | 150 | -1.63 | 159 | —165 | -1.73 | -163 | 171 | 177 | 170 | -1.74 | -1.79
129453 | —0.49 | —0.74 | -0.92 | —0.94 | -1.10 | -1.22 | -1.18 | -1.25 | -1.33 | -1.23 | -1.30 | -1.36 | -1.30 | -1.33 | -1.39
1300 | —0.03 | —0.24 | —0.43 | —0.44 | —061 | —0.74 | 069 | —0.76 | —0.84 | —0.74 | —0.82 | —0.88 | —0.81 | —0.85 | —0.89

ggfﬁgary 1310 087 | 065 | 044 | 045 | 026 | 013 | 020 | 011 | 003 | 013 | 005 | 001 | 006 | 002 | 001
131019 | 089 | 067 | 046 | 047 | 028 | 015 | 022 | 012 | 005 | 014 | 006 | 002 | 007 | 004 | 001
1320 175 | 153 | 130 | 132 | 111 | 098 | 107 | 095 | 090 | 097 | 091 | 088 | 091 | 089 | 086
1324 210 | 187 | 163 | 166 | 1.44 | 131 | 142 | 1290 | 124 | 131 | 125 | 122 | 125 | 1.23 | 120
1330 262 | 238 | 243 | 217 | 194 | 181 | 192 | 179 | 175 | 181 | 176 | 172 | 176 | 174 | 171
13375 | 324 | 301 | 277 | 279 | 255 | 244 | 254 | 242 | 237 | 243 | 238 | 235 | 239 | 236 | 233
1340 345 | 322 | 298 | 300 | 275 | 265 | 275 | 264 | 258 | 264 | 259 | 255 | 260 | 257 | 254
1350 428 | 404 | 382 | 38 | 350 | 348 | 356 | 347 | 341 | 347 | 342 | 337 | 343 | 340 | 335
1260 | —6.34 | —6.27 | -6.10 | —5.98 | -5.90 | —5.81 | -5.86 | -5.80 | -5.74 | -5.79 | -5.75 | -5.70 | —5.76 | -5.72 | -5.68
12645 | —5.87 | —5.80 | —5.63 | —5.51 | 544 | —535 | 539 | —5.34 | 528 | —5.33 | —5.29 | —5.24 | -5.30 | -5.26 | -5.22
1270 | 529 | -5.22 | —5.07 | —4.95 | 487 | —4.79 | 483 | —477 | 471 | —476 | 473 | —ae8 | 473 | —a.70 | —4.66
1280 | —4.25 | —4.20 | —4.07 | -394 | -3.87 | —3.79 | -3.83 | —3.77 | -3.71 | —3.76 | —3.73 | —3.68 | —3.73 | -3.70 | —3.66
1290 | 325 | —3.20 | -3.08 | —3.02 | —2.89 | —2.81 | —2.85 | —2.80 | —2.74 | —2.79 | 276 | —2.71 | —2.76 | —2.73 | —2.69
129453 | —2.81 | —2.76 | —2.65 | —2.61 | —2.46 | —2.38 | —2.41 | —2.37 | 231 | —2.36 | 232 | —2.28 | —2.33 | —2.30 | —2.26
1300 | 227 | —223 | 213 | —2.11 | -1.94 | -1.86 | -1.89 | —1.84 | 179 | —1.84 | 180 | -1.76 | -1.81 | -1.78 | —1.74

Ik;gl\:\ﬁ(;ary 1310 | 131 | -1.28 | -1.19 | -1.23 | -1.01 | -0.93 | -098 | —0.92 | 086 | —0.91 | —0.88 | —0.83 | —0.88 | —0.85 | —0.81
131019 | -1.29 | -1.26 | -1.17 | -1.21 | -0.99 | —0.91 | -0.96 | —0.90 | —0.84 | —0.89 | —0.86 | —0.81 | —0.86 | —0.83 | —0.80
1320 | —0.37 | —0.36 | —0.28 | —0.36 | —0.10 | —0.02 | -0.12 | —0.01 | 005 | —0.01 | 003 | 007 | 003 | 006 | 009
1324 000 | 000 | 008 | 000 | 0.26 | 033 | 021 | 035 | 040 | 035 | 030 | 043 | 038 | 041 | 045
1330 044 | 054 | 061 | 048 | 079 | 086 | 073 | 088 | 093 | 084 | 092 | 096 | 090 | 094 | 0.8
13375 | 097 | 117 | 126 | 110 | 144 | 151 | 135 | 153 | 158 | 146 | 156 | 1.61 | 152 | 1.59 | 163
1340 115 | 139 | 148 | 131 | 1.65 | 173 | 155 | 174 | 180 | 167 | 178 | 183 | 173 | 1.81 | 184
1350 185 | 223 | 233 | 211 | 250 | 257 | 236 | 258 | 262 | 247 | 261 | 265 | 254 | 2.63 | 266

A fitting equation for the wavelength dependence of the maximum/minimum chromatic dispersion
coefficients for M = 1, 4, 8, 12, or 16 at corresponding Q level is derived as an example by assuming

Eq. (I-5).
o= 2o (2] +

where D, Lo, and So denote chromatic dispersion coefficient in ps/(nm x km), zero-dispersion
wavelength in nm, and zero-dispersion wavelength slope in ps/(nm? x km), respectively. Table 1.4
summarizes the example fitting results for M = 4, 8, 12, and 16. Here, two fitting wavelength regions,
shorter or longer than Lo, are considered because the examination results contain various combination
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of the Aoand So values. It should be noted that the applicability of the derived fitting coefficients may
be degraded particularly when M is less than four since it is difficult to expect sufficient statistical
benefit. The maximum/minimum chromatic dispersion coefficients become almost comparable with
the worst-case boundaries particularly when M = 1.

Table 1.4 — Example fitting coefficients for Eq. (I-5) and maximum approximation errors for
the statistical chromatic dispersion coefficients in the O-band for M =4, 8, 12 and 16

Example fitting coefficients
Number of
concatenated M=4 M=8 M=12 M=16
cables M
Pmbabg'ty level |\ 4o+ | 10% | 102 | 10 | 109 | 102 | 10% | 10° | 102 | 10¢ | 10° | 10°
Upper o 1304.9 | 1307.0 | 13085 | 1307.7 | 1308.8 | 1309.7 | 1308.6 | 1309.4 | 1309.9 | 1309.4 | 1309.7 | 1310.1
boundary
(S;:q) 0089 | 0087 | 0086 | 008 | 008 | 0086 | 0086 | 008 | 0087 | 008 | 0086 | 0.087
0,
(S?i>>») 0089 | 0087 | 0087 | 0088 | 0087 | 0088 | 0087 | 0088 | 0088 | 0088 | 0088 | 0.088
0,
Lower 2o 13240 | 13211 | 13203 | 13214 | 13201 | 13195 | 13201 | 1319.7 | 13192 | 13197 | 1310.4 | 1319.0
boundary
(S?i<>») 0086 | 0090 | 0090 | 008 | 0090 | 0090 | 0090 | 0090 | 0090 | 0090 | 0090 | 0.090
0,
(S;:ﬂ) 0083 | 0089 | 0089 | 0085 | 0089 | 0089 | 0086 | 0089 | 0089 | 0087 | 0089 | 0.089
0,
Maximum
:fgfx'mat'on 0039 | 0035 | 0037 | 0055 | 0038 | 0015 | 0031 | 0022 | 0014 | 0025 | 0013 | 0016
(ps/(nm x km))

NOTE — Ao in nm and S in ps/(nm?x km)

Another way to estimate the LDV limits on chromatic dispersion coefficient D for cable
concatenations with different values of M and/or different probability level Q can be obtained using
the examination data shown in Table 1.3. It is assumed that the probability density function fo(x) of
the link distribution dispersion coefficient for the several fibre manufacturers looks something like
that shown in Figure 1.1. The key feature here is that there are manufacturers at the high and low ends
of fo(x) which can be represented by partial distributions, roughly Gaussian in shape, which govern
the LDV. These distributions may change depending on M and wavelength.

Ml ower l‘luppa
1

fo®

Guppa

LDV,

upper

Chromatic dispersion coefficient, D

G.652(24)

Figure 1.1 — Assumed composite distribution with two partial limiting distributions
which set the LDV limits
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Employing the central limit theorem (which allows the assumption of Gaussian distribution shapes
as M >> 1), the LDV limits may be found by scaling from the Gaussian parameters found in Table 1.5,
for the partial distributions for the reference M = Mo = 4 case.

Table 1.5 — Gaussian parameters for the upper and lower partial distributions of fp(x)
for the reference case, M =M =14

Gaussian parameters (ps/(nm x km))
Wavelength (nm)

Hrower GClower Hupper Gupper
1260 —5.536 0.119 —4.818 0.161
1270 —4.518 0.116 —3.859 0.165
1280 —3.522 0.114 —2.939 0.173
1290 —2.489 0.141 —2.048 0.186
1300 —1.483 0.166 -1.179 0.197
1310 —0.502 0.192 —0.334 0.210
1320 0.441 0.214 0.504 0.218
1324 0.784 0.211 0.838 0.221
1330 1.327 0.227 1.342 0.220
1340 2.153 0.227 2.184 0.217
1350 2.969 0.231 3.034 0.206

To compute approximate chromatic dispersion coefficient link design value limits, from the
parameters of Table 1.5 given a new M and Q, use equations (I-6) and (I-7).

— M

LDVupper = .uupper + O'upper(lwo)\/7 erf 1(1 - ZQ) EO (|'6)
_ M

LDVlower = Hiower — O-lower(MO)\/E erf 1(1 - ZQ) ﬁo (|'7)

where the p and o parameters of these equations are listed in Table 1.5 for the wavelength of interest.
This approximation is not expected to work well for small M (i.e., M = 1).

1.6.3 Influence of number of concatenated cable pieces M on PMDg and DGD

As described in clause 7.2, PMDq variation depends on the number of concatenated cable pieces M.
The specification tables found in clause 8 assume M = 20 and Q = 10 as an example. Table 1.6
provides example dependence of mean PMDgq and mean DGD on the M value. Here, mean normalized
PMDq or DGD denotes numerically expected PMDq or DGD values when M varies from 20, and
these values are normalized with the PMDq or DGD values at M = 20. It is assumed that probability
distribution of PMD or DGD follows a Maxwellian distribution. Table 1.6 shows that mean
normalized PMDg tends to degrade as decreasing the M value, although mean normalized DGD value
decreases. It should be noted that Table 1.6 provides a numerical example, and it does not ensure the
actual dependence on M value.
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Table 1.6 — Example dependence of mean normalized PMDQ and mean normalized DGD
on the number of concatenated cable pieces M

Number of concatenated cables M

Mean normalized PMDg

Mean normalized DGD

4 1.32 0.59
10 1.13 0.80
20 1.00 1.00
30 0.96 1.17
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Appendix 11

Information on data collection of G.652.D fibre maximum/minimum
chromatic dispersion for boundary line specification

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

In November 2014 ITU-T SG15/Q5 decided to enhance the specification of the chromatic dispersion
of existing G.652.D fibres and to express this new specification in terms of maximum and minimum
boundary lines in the 1270-1625 nm wavelength region. For that purpose, an investigation of the
chromatic dispersion has been undertaken in cooperation with eight major fibre vendors, all members
of ITU-T SG15/Q5 as of the time of the study. In this examination all G.652.D type fibres were
included, including G.657.A fibres and pure silica core-based G.652.D fibres. The examination took
place in an anonymous manner.

The results of this investigation are visible in Figure 11.1.
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Figure 11.1 — Investigation on maximum and minimum chromatic dispersion coefficient for
G.652.D type fibres over the wavelength range 1270 nm to 1625 nm

Table 11.1 shows the collected data of chromatic dispersion over the wavelength range 1270 nm to
1625 nm, as received from 8 fibre vendors.

Based on this data set, a maximum and minimum boundary line specification for the chromatic
dispersion of G.652.D type fibres has been developed. See Table 2 in clause 8, first introduced in
edition 9 (2016) of this Recommendation.
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Table 11.1 — Investigation on maximum and minimum chromatic dispersion coefficient for
G.652.D type fibres over the wavelength range 1270 nm to 1625 nm

ITU-T 8G15/Q5 Chrom. Dispersion data gathering G.652 type fibre manufacturers Date: 2015-04-21
Chromatic Dispersion Coefficient [ps/(nm.km)]

E S [ [ S ) 8 ) 8 S IS g [ ) S
£ = 2] £ 2] £ 2] £ ] E 2] £ [} £ i}
£ £ £ £ £ £ £ £ £ £ £ = £ £ £
? = = = W =2 =2 = = = B = = = =
- o o o o o o o o o o o o o o
£ E E E 2 2 2 2 2 E 2 E E 2 E
= s s = s s s S S = s S = S =

1270 | -496 | -2,36 4,74 | -314 -4,83 | -3,18 -518 | -2,54 -480 | -3,05 470 -276

1280 | -399 | -1,5% 3,79 | -218 -3,87 | 2,26 -4,18 | -1,68 -383 | -212 3,80 -182

1290 | 305 | 0,7 2,86 | 1,25 2,94 | 134 319 | 083 28 | 121 290 091

1300 | -212 | 0,00 -1,96 | -033 -2,03 | 043 -2,17 | -0,01 -1,97 | -032

1310 [ 123 | 091 -,08 | 056 -1,14 | 0,46 -1,28 | 089 -1,07 | 0,55

1320 [ -035 | 1,8 0,22 | 1,44 -0,28 | 1,33 -0,35 | 1,75 -020 | 1m

1330 [ 045 | 2,68 061 | 229 0,56 | 2,19 049 | 261 0,65 2,24

1340 [ 139 | 3,53 143 | 313 1,38 | 3,03 1,25 | 34 1,49 3,06

1350 | 192 | 437 223 | 394 2,19 | 3,85 2,01 | 425 2,30 3,86

1360 [ 263 | 519 301 | 475 2,97 | 4,65 2,75 | 504 3,10 4,64

1370 [ 332 | 5% 379 | 551 373 | 544 347 | 583 388 5,39

1380 | 400 | 678 455 | 627 447 | 621 417 | 658 465 6,13

1390 | 467 | 7,54 529 | 7,02 519 | 697 488 | 7,39 541 6,86

1400 | 532 | 830 602 | 776 591 | 172 558 | 814 615 7,58

1410 | 59 | 9,04 674 | 848 6,60 | 845 6,88 8,30

1420 | 658 | 9,76 744 | 919 7,27 | 9,18 7,60 9,01

1425 7,79 | 9,55 7,31 | 9,97

1430 | 720 | 1047 814 | 9,89 7,91 | 9,89 831 9,7

140 | 780 | 11,17 882 | 10,58 8,58 | 10,58 9,00 | 1040

1450 | 839 | 11,8 950 | 11,26 9,18 | 11,27 898 | 11,71 967 | 11,08

1460 | 897 | 12,53 10,16 | 11,93 9,79 | 1,94 10,33 | 11,76

1470 | 954 | 13,19 10,82 | 12,59 10,40 | 12,61 10,98 | 1242

1475 11,15 | 12,92 10,60 | 13,40

1480 | 10,0 | 13,88 1,45 | 13,22 10,99 | 13,26 11,61 | 13,08

1490 | 10,65 | 14,48 12,10 | 13,87 11,57 | 13,90 12,23 | 13,73

1500 | 11,19 | 15,10 12,74 | 1451 12,13 | 1453 12,56 | 15,16 12,83 | 1437

1510 | 1,72 | 15,2 13,36 | 1514 12,68 | 1515 13,42 | 15,00

1520 | 12,24 | 16,33 13,98 | 1576 13,21 | 1576 14,00 | 1563

1525 14,28 | 16,06 13,66 | 16,89

1530 | 12,76 | 16,93 14,59 | 1637 13,74 | 16,36 14,56 | 16,25

1540 | 1326 | 17,51 15,18 | 16,97 14,27 | 16,94 1512 | 16,85

1550 | 13,76 | 18,00 15,76 | 17,56 14,78 | 17,52 1510 | 18,56 15,66 | 1745

1560 | 14,25 | 18,66 16,33 | 1814 15,28 | 18,10 16,20 | 18,05

1570 | 1473 | 192 16,89 | 1871 15,78 | 18,66 16,73 | 18,63

1575 17,17 | 1899 16,48 | 20,20

1580 | 1520 | 19,78 17,45 | 19,27 1627 | 19,21 17,24 | 191

1590 | 1567 | 20,32 17,99 | 19,83 16,75 | 19,76 17,75 | 19,77

1600 | 1613 | 20,8 18,53 | 20,37 17,23 | 20,30 17,81 | 11,81 18,25 | 20233

1610 | 16,59 | 21,39 19,06 | 2091 17,70 | 20,83 18,75 | 2089

1620 | 17,03 | 21,91 19,58 | 21,44 18,17 | 1,36 1923 | 2143

1625 | 17,25 | 2,17 10,84 | 21,71 18,40 | 2,62 19,00 | 23,38 19,47 | 21,70
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