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INFORMATION TECHNOLOGY -
GENERIC CABLING FOR CUSTOMER PREMISES -

Part 1: General requirements

FOREWORD

ISO (the International Organization for Standardization) and I|EC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees established
by the respective organization to deal with particular fields of technical activity. 1ISO and 1EC technical
commitlees collaborate in fields of mutual interesl. Other international organizations, governmental and non-
governmental, in liaison with ISO and IEC, also take part in the work. In the field of information technology,
ISO and IEC have established a joint technical commitiee, ISO/IEC JTC 1.

The formal decisions or agreements of IEC and 1SO on technical matters express, as nearly as possible, an
international consensus of opinion on the relevant subjects since each technical committee has representation
from all interested IEC National Committees and ISO member bodies.

IEC, 1SO and ISQ/IEC publications have the form of recommendations for international use and are accepted
by IEC National Committees and ISO member bodies in that sense. While all reascnable efforts are made to
ensure that the technical content of IEC, ISO and ISO/IEC publications is accurate, IEC or ISO cannot be held
responsible for the way in which they are used or for any misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees and 1SO member bodies undertake to
apply IEC. I1SO and ISOJ/IEC publications transparently to the maximum extent possible in their national and
regional publications. Any divergence between any 1SO, IEC or ISO/IEC publication and the corresponding
national or regional publication should be clearly indicaled in the latter.

ISO and IEC do not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to |IEC marks of conformity. ISO or IEC are not responsible
for any services carried out by independent cerlification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or I1SO or its directors, employees, servants or agents including individual
experts and members of their technical committees and IEC National Committees or ISO member bodies for
any personal injury. property damage or other damage of any nature whatsoever, whether direct or indirect. or
for costs {including legal fees) and expenses arising out of the publication of, use of, or reliance upon, this
ISO/IEC publication or any other iEC, I1SO or ISO/IEC publications.

Attention is drawn to the normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this ISOFIEC publication may be the subject
of patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights.

International Standard ISO/IEC 11801-1 was prepared by subcommittee 25: Interconnection
of information technology equipment, of ISO/IEC joint technical committee 1: Information
technology.

This first edition, together with ISO/IEC 11801-2, cancels and replaces ISO/IEC 11801:2002,
Amendment 1:2008 and Amendment 2:2010. This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a)

standard re-structured to contain those elements and requirements, that are common to
generic cabling systems (in application fields such as offices and industrial premises),
namely requirements for common elements of topology and transmission performance of
channels, links and related components;

addition of balanced cabling channel and link Classes BCT-B, I and [I;
addition of coaxial cabling channel and link Class BCT-C;
addition of balanced cabling component requirements for Category BCT-B, 8.1, and 8.2,
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e) addition of coaxial cabling component requirements for Category BCT-C;

f) addition of cabled fibres of Category OS1a, and OM5;

g) removal of silica optical fibre cabling;

h) opftical fibre cabie OM1, OM2 and OS1 has been moved to an informative annex.

This International Standard has been approved by vote of the member bodies, and the voting
results may be obtained from the address given on the second title page.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the ISO/IEC 11801 series, published under the general title Information
technology — Generic cabling for customer premises, can be found on the IEC website.
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INTRODUCTION

This document contains general requirements in support of the other premises-specific
referenced cabling design documents developed by I[SO/IEC JTC 1/SC 25 including
ISONEC 11801-2, ISO/IEC 11801-3, ISO/IEC 11801-4, ISO/IEC 11801-5, ISQ/IEC 11801-6
and related Technical Reports (including the |ISO/IEC TR 11801-99xx  series,
ISOHEC TR 24704, ISO/IEC TR 24750 and ISO/IEC TR 29125).

This document specifies a multi-vendor cabling system which may be implemented with
material from single or muitiple sources, and is related to:

a) International Standards for cabling components developed by technical committees of the
IEC, for example copper cables and connectors as well as optical fibre cables and
connectors (see Clause 2 and bibliography);

b} standards for the testing of installed cabling (see Clause 2 and bibliography);

¢) applications developed by technical committees of the IEC, by subcommittees of
ISO/IEC JTC 1, by study groups of ITU-T, for example for LANs and ISDN, and by
IEEE 802;

d) planning and installation guides and other standards which take into account the needs of
specific applications for the configuration and the use of cabling systems on customer
premises (e.g. 1ISO/IEC 14709 series, ISO/IEC 14763 series, ISO/IEC 30129, and ISO/IEC
18598).

Physical layer requirements for the applications listed in Annex E have been analysed to
determine their compatibility with cabling classes specified in this document. These
application requirements, together with statistics concerning premises-specific topologies and
cabling models of the supported standards, have been used to develop the requirements for
balanced, coaxial and optical fibre cabling.

As a result, generic cabling defined within this document:

1) specifies balanced cabling channel and link Classes A, B, C, D, E, E5. F, Fa, | and |l

meeting both the requirements of standardized applications and to support the
development and implementation of future applications,;

2) specifies balanced cabling channel and link Class BCT-B te support the delivery of BCT
applications;

3) specifies coaxial cabling channel and link Class BCT-C to support the delivery of BCT
applications;

4) specifies optical fibre cabling meeting the requirements of standardized apptlications and
exploiting component ¢apabilities to ease the implementation of applications developed in
the future;

5) invokes component requirements and specifies cabling impiementations that ensure
performance of links and of channels that meet or exceed the requirements for cabling
classes.

Figure 1 shows the schematic and contextual relationships between the standards relating to
information technology cabling produced by ISO/IEC JTC 1/SC 25, namely the 1SO/IEC 11801
series of standards for generic cabling design, standards for the installation, operation and
administration of generic cabling and for testing of installed generic cabling.
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h 4

PREMISES-SPECIFIC

CABLING DESIGN CAg:_.‘I::ﬁ) ;ER%';ING
STANDARDS P! CABLING INSTALLATION, >
OPERATION
and
ADMINISTRATION
STANDARDS
ISOHEC 118011 Examples
Information Technology ISO/EC 118012 Example
Genenc Cablng: ISO/EC 11801-3 I\SGIEC 147633
General Requirements ISO/IEC 118014
e ISO/IEC 11801-5
Examples
ISOMEC 118016
ISONEC 14763 2
ISOIIEC 18598
ISO/IEC 30129
CABLING DESIGN
TECHNICAL
REPORTS
Examples
ISO/IEC TR 11801-9901
ISONEC TR 11801.9902
ISO/IEC TR 11801.9903
ISO/NEC TR 11801-9304
ISQO/NEC TR 11801.9905
ISONEC TR 24704
ISONEC TR 24750
ISO/EC TR 29125 IEC

Figure 1 - Relationships between the generic cabling
documents produced by ISO/IEC JTC 1/SC 25

This document refers to International Standards for components and test methods wherever
appropriate International Standards are available.
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INFORMATION TECHNOLOGY -
GENERIC CABLING FOR CUSTOMER PREMISES -

Part 1: General requirements

1 Scope

This part of ISO/IEC 11801 specifies requirements that are common to the other parts of the
ISO/IEC 11801 series. Cabling specified by this document supports a wide range of services
including voice, data, and video that may also incorporate the supply of power.

This document specifies:

a) the fundamental structure and configuration of generic cabling requirements within the
types of premises defined by the other parts of the ISO/IEC 11801 series,

b} channel transmission and environmental performance requirements,
¢) link performance requirements,

d} backbone cabling reference implementations in suppor! of the parts of the 1SO/IEC 11801
series,

e} component performance requirements, referring to available International Standards for
components and test methods where appropriate,

f) test procedures to verify conformance 1o the cabling transmission performance
requirements of the ISO/IEC 11801 series.

NOTE This document does not centain specific conformance requirements. The cabling design documents

supported by ISQ/IEC 11801-1 incorporate the requirements of this document as part of their individual

conformance requirements.

In addition, this document provides information regarding the applications supported by the

cabling channels.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

IEC 60352-2, Solderless connections — Part 2: Crimped connections — General requirements,
test methods and practical guidance

IEC 60352-3, Solderless connections — Part 3: Solderless accessible insulation displacement
connections — General requirements, test methods and practical guidance

IEC 60352-4, Solderless connections - Parl 4: Solderless non-accessible insulation
displacement connections — General requirements, test methods and practical guidance

IEC 60352-5, Solderfess connections — Part 5: Press-in connections — General requirements,
test methods and practical guidance

IEC 60352-6, Solderiess connections — Part 8. Insulation piercing connections — General
requirements, test methods and practical guidance

IEC 60352-7, Solderless connections - Part 7. Spring clamp connections — General
requirements, test methods and practical guidance

IEC 60352-8, Solderless connections — Part 8: Compression mount connections — General
requirements, test methods and practical guidance
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IEC 60512-4-1, Connectors for electronic equipment — Tests and measurements — Part 4-1;
Voltage stress tests — Test 4a: Voltage proof

IEC 60512-4-2, Connectors for electronic equipment — Tests and measurements — Part 4-2;
Voltage stress tests — Test 4b; Partial discharge

IEC 60512-6-2, Connectors for electronic equipment — Tests and measurements — Part 6-2:
Dynamic stress tests — Test 6b; Bump
IEC 60512-6-3, Connectors for electronic equipment — Tests and measurements — Part 6-3:

Dynamic stress tests - Test 6c: Shock

IEC 60512-6-4, Connectors for electronic equipment — Tests and measurements — Part 6-4:
Dynamic stress tests = Test 6d; Vibration (sinusoidal)

IEC 60512-11-4, Connectors for electronic equipment — Tests and measurements — Part 11-4:
Climatic tests — Test 11d. Rapid change of temperature

IEC 60512-11-7, Connectors for electronic equipment — Tests and measurements — Part 11-7:
Climatic tests - Test 11g: Flowing mixed gas corrosion test

IEC 60512-11-9, Connectors for electronic equipment — Tests and measurements — Part 11-9:
Climatic tests — Test 11i: Dry heat

IEC 60512-11-10, Connectors for electronic equipment - Tests and measurements -—
Part 11-10; Climatic tests — Test 11j; Cold

IEC 60512-11-12, Connectors for electronic equipment - Tests and measurements -
Part 11-12: Climatic tests — Test 11m: Damp heat, cyclic

IEC 60512-16-4, Connectors for electronic equipment — Tests and measurements - Part 16-4:
Mechanical tests on contacts and terminations — Test 16d: Tensile strength (crimped
connections)

IEC 60512-17-4, Connectors for electronic equipment — Tests and measurements — Part 17-4:
Cable clamping tests — Test 17d. Cable clamp resistance to cable torsion

IEC 60512-19-3, Electromechanical components for electronic equipment — Basic testing
procedures and measuring methods — Part 19: Chemical resistance tests - Section 3. Test
19c — Fluid resistance

IEC 60512-23-3, Electromechanical components for electronic equipment — Basic testing
procedures and measuring methods - Part 23-3:. Test 23c: Shielding effectiveness of
connectors and accessories

IEC 60512-99-001, Connectors for electronic equipment - Tests and measurements -
Part 89-001: Test schedule for engaging and separating connectors under electrical load —
Test 99a: Connectors used in twisted pair communication cabling with remole power

IEC 60529, Degrees of protection provided by enclosures (IP Code)

IEC 60603-7, Connectors for electronic equipment — Part 7: Detail specification for 8-way,
unshielded, free and fixed connectors

IEC 60603-7-1, Connectors for electronic equipment — Part 7-1: Detail specification for 8-way,
shielded, free and fixed connectors

IEC 60603-7-2, Connectors for electronic equipment — Part 7-2: Detail specification for 8-way,
unshielded, free and fixed connectors, for data transmissions with frequencies up to 100 MHz

IEC 60603-7-3, Connectors for electronic equipment — Part 7-3: Detail specification for 8-way,
shielded, free and fixed connectors, for data transmission with frequencies up to 100 MHz
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IEC 60803-7-4, Connectors for electronic equipment — Part 7-4: Detail specification for 8-way,
unshielded, free and fixed connectors, for data transmissions with frequencies up to 250 MHz

IEC 60603-7-5, Connectors for electronic equipment — Part 7-5: Detail specification for 8-way,
shielded, free and fixed connectors, for data transmissions with frequencies up to 250 MHz

IEC 60603-7-7, Connectors for electronic equipment — Part 7-7. Detail specification for 8-way,
shielded, free and fixed connectors for data transmission with frequencies up to 600 MHz

IEC 60603-7-41, Connectors for electronic equipment — Part 7-41: Detail specification for 8-
way, unshielded, free and fixed connectors, for data transmissions with frequencies up to
500 MHz

IEC 60603-7-51, Connectors for electronic equipment — Part 7-51; Detail specification for
8-way, shielded, free and fixed connectors, for data transmissions with frequencies up to
500 MHz

IEC 60603-7-71, Connectors for electronic equipment — Part 7-71. Detail specification for
8-way, shielded, free and fixed connectors, for data transmission with frequencies up to
1 000 MHz

IEC 60603-7-81, Connectors for electronic equipment — Part 7-81: Detail specification for
8-way, shielded, free and fixed connectors, for data transmissions with frequencies up fo
2000 MHz

IEC 60603-7-82, Connectors for electronic equipment — Part 7-82: Detail specification for
8-way, 12 contacts, shielded, free and fixed connectors, for data transmission with
frequencies up to 2 000 MHz

IEC 60793-1-40, Optical fibres — Part 1-40: Measurement methods and test procedures —
Attenuation

IEC 80793-2-10, Optical fibres — Part 2-10: Product specifications — Sectional specification for
category A1 multimode fibres

IEC 60793-2-50, Optical fibres — Part 2-50: Product specifications — Sectional specification for
class B single-mode fibres

IEC 60794-1-21, Optical fibre cables — Part 1-21: Generic specification — Basic optical cable
test procedures — Mechanical test methods

IEC 60794-1-22, Optical fibre cables — Part 1-22: Generic specification — Basic oplical cable
test procedures - Environmental test methods

IEC 60794-2, Optical fibre cables — Part 2: Indoor cables — Sectional specification

IEC 60794-2-51, Optical fibre cables — Part 2-51. Indoor cables — Detail specification for
simplex and duplex cables for use in cords for controlied environment

IEC 60794-3, Optical fibre cables — Part 3: Qutdoor cables — Sectional specification

IEC 60794-5, Optical fibre cables - Part 5. Sectional specification — Microduct cabling for
installation by blowing

IEC 60966-2-4, Radio frequency and coaxial cable assemblies — Part 2-4: Detail specification
for cable assemblies for radio and TV receivers — Frequency range 0 MHz to 3000 MHz,
IEC 61169-2 conneclors

IEC 60966-2-5, Radio frequency and coaxial cable assemblies — Part 2-5: Detail specification
for cable assemblies for radio and TV receivers — Frequency range 0 MHz to 1000 MHz,
IEC 61169-2 connectors
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IEC 60966-2-6, Radio frequency and coaxial cable assemblies — Part 2-6: Detail specification
for cable assemblies for radio and TV receivers — Frequency range 0 MHz to 3000 MHz,
IEC 61169-24 connectors

IEC 61076-2-101, Conneclors for electronic equipment — Product requirements — Parf 2-101:
Circular connectors — Detail specification for M12 connectors with screw-locking

IEC 61076-2-109, Connectors for electronic equipment — Product requirements — Part 2-109:
Circufar connectors — Delail specification for connectors with M 12 x 1 screw-locking, for data
transmission frequencies up to 500 MHz

IEC 61076-3-104, Connectors for electrical and electronic equipment — Product requirements
— Part 3-104: Detail specification for 8-way, shielded free and fixed connectors for data
fransmissions with frequencies up to 2000 MHz

IEC 61076-3-108, Connectors for electronic equipment - Product requirements — Part 3-106:
Rectangular connectors — Detail specification for protective housings for use with 8-way
shieided and unshielded connectors for industrial environments incorporating the {EC 60603-7
series interface

IEC 61076-3-110, Connectors for electronic equipment — Product requirements — Part 3-110:
Detail specification for shielded, free and fixed connectors for data transmissian with
frequencies up to 3000 MHz

IEC 61156 (all parts), Multicore and symmetrical pair/quad cables for digital communications

IEC 61156-1, Muiticore and symmetrical pair/quad cables for digital communications — Part 1;
Generic specification

IEC 61156-2, Multicore and symmetfrical pair/quad cables for digital communications — Part 2:
Symmetrical pair/quad cables with transmission characteristics up to 100 MHz — Horizontal
floor wiring — Sectional specification

I[EC 61156-3, Multicore and symmetlrical pair/quad cables for digital communications — Part 3:
Work area cable — Sectional specification

[EC 61156-4, Multicore and symmetrical pair/quad cables for digital communications — Part 4:
Riser cables — Sectional specification

[EC 61156-5:2009, Multicore and symmetrical pair/quad cables for digital communications
Part 5: Symmetlrical pair/quad cables with transmission characteristics up to 1000 MHz
Horizontal floor wiring — Sectional specification

IEC 61156-5:2009/AMD1:2012

IEC 61156-5-1, Multicore and symmetrical pair/quad cables for digital communications
Part 5-1: Symmetrical pair/quad cables with transmission characteristics up to 1000 MHz
Horizontal floor wiring — Blank detail specification

IEC 61156-6, Multicore and symmetrical pair/quad cables for digital communications — Part 6:
Symmetlrical pait/quad cables with transmission characteristics up to 1000 MHz — Work area
wiring — Seclional specification

IEC 61156-6-1, Multicore and symmetrical pair/quad cables for digital communications — Part
6-1: Symmelrical pair/quad cables with transmission characteristics up to 1000 MHz — Work
area wiring — Blank detail specification

IEC 61156-7, Multicore and symmetrical pair/quad cables for digital communications — Part 7:
Symmetrical pair cables with transmission characteristics up to 1200 MHz - Sectional
specification for digital and analog communication cables

IEC 61156-9:2016, Multicore and symmetrical pair/quad cables for digital communications —
Part 9: Cables for channels with transmission characferistics up to 2 GHz - Sectional
specification
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IEC 61156-10, Muiticore and symmetrical pair/quad cables for digital communications -
Part 10: Cables for cords with transmission characteristics up to 2 GHz - Sectional
specification

IEC 61169-2, Radio-frequency connectors — Part 2: Sectional specification — Radio frequency
coaxial connectors of type 9,52

IEC 6%169-24, Radio-frequency connectors — Part 24: Sectional specification - Radio
frequency coaxial connectors with screw coupling, typically for use in 75 Q2 cable networks

(type F)

IEC 61196-1, Coaxial communication cables — Part 1: Generic specification — General,
definitions and requirements

IEC 61196-6, Coaxial communication cables — Part 6: Sectional specification for CATV drop
cables

IEC 61196-7, Coaxial communication cables — Part 7: Sectional specification for cables for
BCT cabling in accordance with ISO/IEC 15018 - Indoor drop cables for systems operating at
5 MHz — 3000 MHz

IEC 61300-2-1, Fibre optic interconnecting devices and passive componernts - Basic test and
measurement procedures — Part 2-1: Tests — Vibration (sinusoidai)

IEC 61300-2-4, Fibre optic interconnecting devices and passive components — Basic test and
measurement procedures — Part 2-4: Tests — Fibre/cable retention

IEC 61300-2-5, Fibre optic interconnecting devices and passive components - Basic test and
measurement procedures — Part 2-5: Tests — Torsion

IEC 6 1300-2-9, Fibre optic interconnecting devices and passive components — Basic test and
measurement procedures — Part 2-9: Tests — Shock

IEC 61300-2-18, Fibre optic interconnecting devices and passive components — Basic test
and measurement procedures —~ Part 2-18: Tests — Dry heat — High temperature endurance

IEC 61300-2-22, Fibre optic interconnecting devices and passive components = Basic test
and measurement procedures — Part 2-22: Tests — Change of temperature

IEC 61300-2-34, Fibre optic interconnecting devices and passive components — Basic test
and measurement procedures — Part 2-34: Tests — Resistance to solvents and contaminating
fiuids of interconnecting components and closures

IEC 61300-2-44, Fibre optic interconnecting devices and passive components — Basic test
and measurement procedures — Part 2-44: Tests — Flexing of the strain relief of fibre optic
devices

IEC 61300-2-46, Fibre optic interconnecting devices and passive components — Basic lest
and measurement procedures — Part 2-46: Tests — Damp heal, cyclic

IEC 61753-1, Fibre optic interconnecting devices and passive components — Performance
standard — Part 1: General and guidance for performance standards

IEC 61753-021-2, Fibre optic interconnecting devices and passive components — Performance
standard — Part 021-2: Grade C/3 single-mode fibre optic connectors for category C -
Controlled environment

IEC 61753-022-2, Fibre optic interconnecting devices and passive components — Performarnce
standard — Part 022-2: Fibre optic connectors terminated on multimode fibre for category C —
Controlied environment

IEC 61754 (all parts), Fibre optic interconnecting devices and passive components — Fibre
optic connector interfaces
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IEC 61754-20-100, Fibre optic interconnecting devices and passive components -
Part 20-100: Interface standard for LC connectors wilth protective housings related to
IEC 61076-3-106

IEC 61935-1, Specification for the testing of balanced and coaxial information technology
cabling — Part 1. Installed balanced cabling as specified in ISO/IEC 11801 and related
standards

IEC 61935-2, Specification for the testing of balanced and coaxial information technology
cabling — Part 2: Cords as specified in ISO/IEC 11801 and related standards

IEC 62012-1, Multicore and symmetrical pair/quad cables for digital communications to be
used in harsh environments — Part 1. Generic specification

IEC 62664-1-1, Fibre optic interconnecting devices and passive components — Fibre optic
connector product specifications — Part 1-1. LC-PC duplex multimode connectors terminated
on IEC 60793-2-10 category Ala fibre

ISO 4892-1, Piastics — Methods of exposure to laboratory light sources — Part 1. General
guidance

ISO 4892-2, Plastics - Methods of exposure to laboratory light scurces — Part 2: Xenon-arc
lamps

ISO/IEC 14763-2, Information technology - Implementation and operation of customer
premises cabling — Part 2: Planning and installation

ISO/NIEC 14763-3, Information technology - Implementation and operation of customer
premises cabling — Part 3: Testing of optical fibre cabling

3 Terms, definitions, abbreviations and symbols

3.1 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

3.1.1

administration

methodology defining the documentation requirements of a cabling system and its
containment, the labelling of functional elements and the process by which moves, additions
and changes are recorded

3.1.2
alien crosstalk
signal coupling from a disturbing pair of a channel to a disturbed pair of ancther channel

Note T to entry: This also applies to the signal coupling fram a disturbing pair within a link or component, used to
create a channel, to a disturbed pair within a link or component, used ta create another channel.

Note 2 to entry: This is also known as exogenous crosstalk,

3.1.3

alien far-end crosstalk loss

signal coupling between a disturbing pair of a channel and a disturbed pair of ancther
channel, measured at the far-end

Note 1 to entry: This also applies to the measurement of the signal coupling between a disturbing pair within a
link or component, used to creale a channel, and a disturbed pair within a link or component, used to create
another channel.

Note 2 to entry:  This is also known as exogenous far-end crosstalk loss.
3.1.4
alien near-end crosstalk loss

signal coupling between a disturbing pair of a channel and a disturbed pair of another
channel, measured at the near-end
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Note 1 to entry: This also applies to the measurement of signal coupling between a disturbing pair within a link or
component, used to create a channel, and a disturbed pair within a link or component, used to create another
channel.

Note 2 to entry:  This is also known as exogenous near-end crosstalk loss.

3.1.5

application

system, inciuding its associated transmission and power feeding method, which is supported
by telecommunications cabling

3.1.6
attenuation
decrease in magnitude of power of a signal in transmission between points

Note 1 to entry: Attenuation indicates the total losses on cable, expressed as the ratio of power output to power
input.

3.1.7

attenuation to alien crosstalk ratio at the far-end

difference, in decibels, between the alien far-end crosstalk loss from a disturbing pair of a
channel and the insertion loss of a disturbed pair in another channel

Note 1 1o entry: This also applies to the calculation using the alien far-end crosstalk loss from a disturbing pair
within & link or component, used to create a channel, and the insertion loss of a disturbed pair within a link or
component, used to create another channel.

Note 2 to enlry:  This is also known as attenuation 10 exogenous crosstalk ratio at the far-end.

3.t.8

attenuation to crosstalk ratio at the far-end

difference, in decibels, between the far-end crosstalk loss from a disturbing pair of a channel
and the insertion loss of a disturbed pair of the same channel

Note 1 to entry: This aiso applies to the calculation using the far-end crosstatk loss from a disturbing pair within a
link or component, used ta create a channel, and the insertion loss of a disturbed pair within the link or component,
of the same channel.

3.1.9

attenuation to crosstalk ratio at the near-end

difference, in decibels, between the near-end crosstalk loss from a disturbing pair of a
channel and the insertion loss of a disturbed pair of the same channel

Note 1 to entry: This also applies to the calculation using the near-end crosstalk loss from a disturbing pair within
a link or compenent, used to create a channel, and the insertion loss of a disturbed pair within the link or
component, of the same channel.

3.1.10

average power sum alien near-end crosstalk loss

calculated average of the power sum alien near-end crosstalk loss of the pairs of a disturbed
channel

Note 1 to entry: This also applies to the calculation using the pairs within a link used to create a channel.

Note 2 to entry: This is also known as average power sum exogenous near-end crosstaik loss,

3.1.11

average power sum attenuation to alien crosstalk ratio far-end

calculated average of the power sum attenuation to alien crosstalk ratio at the far-end of the
pairs of a disturbed channel

Note 1 to entry: This also applies to the calculation using the pairs within a link used to create a channel.

Note 2 to entry: This is also known as average power sum atlenuation to exogenous crosstalk ratio far-end.
3.1.12

balanced cable

cable consisting of one or more metallic symmetrical cable elements (twisted pairs or quads)

3.1.13
broadcast and communications technologies
group of applications including radio and TV
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3.1.14
building backbone cable
fixed cable connecting distributors within the building backbone cabling subsystem

3.1.15

building distributor

distributor in which the building backbone cable(s) terminate(s) and at which connections to
the campus backbone cable(s) may be made

3.1.16

building entrance facility

facility that provides all necessary mechanical and electrical services and which complies with
all relevant regulations, for the entry of telecommunications cables into a building

3.1.17
cable
assembly of one or more cable units in an overall sheath

3.1.18
cable element
smallest construction unit in a cable

EXAMPLE Balanced pair, quad, single fibre, or coaxial pair.

3.1.19
cable sharing
using a single cable to support the simultaneous transmission of more than one application

3.1.20
cable unit
single assembly of one or more cable elements of the same type

Note 1 to entry:  The cable unil may have a screen.

3.1.21

cabling

system of telecommunications cables, cords and connecting hardware that supports the
connection of information technology equipment

3.1.22

cabling design document

relevant International Standard or Technical Report for cabling design developed by
ISONEC JTC 1/SC 25

3.1.23
campus
premises containing one or more buildings

3.1.24
campus backbone cable
fixed cable connecting distributors within the campus backbone cabling subsystem

3.1.25
campus distributor
distributor from which the campus backbone cabling starts

3.1.26
channel
end-to-end transmission path connecting any two pieces of application-specific equipment

3.1.27

centralized optical fibre cabling

cabling technique that creates a combined backbone/horizontal channel from the equipment
areas to the centralized cross-connect or interconnect by allowing the use of pull-through
cables or splices
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3.1.28
coaxial pair
uniform transmission line consisting of two cylindrical conductors with the same axis

[SOURCE.: IEC 60050-704:1993, 704-02-05]

3.1.29
connecting hardware
device or combination of devices used to connect cables or cable elements

3.1.30

connection

mated device or combination of devices including terminations used to connect cables or
cable elements to other cables, cable elements or application-specific eqguipment

3.1.31

connector

component normally attached to a cable or mounted on a piece of apparatus (excluding an
adapter) for joining separable parts of a cabling system

3.1.32

connector sharing

using connecting hardware to support the simultaneous transmission of more than one
application

3.1.33

consolidation point

connection point in the horizontal cabling subsystem between a floor distributor and a terminal
equipment outlet

3.1.34
consolidation point cord
cabling between the consolidation point and the terminal equipment outlet(s)

3.1.35

consolidation point link

part of the permanent link between the floor distributor and the consolidation point, including
the connecting hardware at each end

3.1.36
cord
cable, cable unit or cable element with a minimum of one termination

3.1.37

coupling attenuation

ratio, in decibels, of the differential power in the signal pairs to the power generated by the
excited common mode currents

3.1.38
cross-conhnect
passive connection between cabling subsystems using a patch cord or jumper

3.1.39
cross-connection
connection by means of a cross-connect

3.1.40

data centre

structure, or group of structures, dedicated to the centralized accommodation, interconnection
and operation of information technology and network telecommunications equipment providing
data storage, processing and transport services, together with all the facilities and
infrastructures for power distribution and environmental control, together with the necessary
levels of resilience and security required to provide the desired service availability
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Note 1 to entry: A structure can consist of multiple buildings and/or spaces with specific functions to support the
primary function.

Note 2 to entry: The boundaries of the structure or space considered to be the data centre which incfudes the
information and communication technology equipment and supperting environmental conlrels can be defined within
a larger structure or building.

[SOURCE: ISO/IEC 30134-1:2016, 3.1.4]

3.1.41

distributor

functional element enabling the termination and connection of cabling subsystems to other
cabling subsystems or transmission equipment

3.1.42
equipment cord
cord connecting one end of the cabling subsystem in a distributor to transmission equipment

3.1.43

equipment interface

point at which application-specific equipment can be connected to the generic cabling or
network access cabling

3.1.44
external network interface
termination point providing demarcation of external telecommunications service provision

3.1.45

fixed connector

balanced cabling jack, coaxial adapter (integrated with or housing a coaxial free connector),
or optical fibre adapter (integrated with or housing an optical fibre free connecter)

3.1.46
free connector
balanced, coaxial, or optical fibre cabling plug

3.1.47
functional performance
level of transmission performance that is able to support the intended Class of applications

3.1.48

generic cabling

structured telecommunications cabling system, capable of supporting a wide range of
standardized applications

3.1.49
hybrid cable
assembly of two or more cable units of different types in an overall sheath

3.1.50

information and communications technologies

group of applications using information ang communications (telecommunications)
technologies

3.1.51

information technologies

telecommunications

technology concerned with the transmission, emission and reception of signs, signals, writing,
images and sounds by cable, radio, optical or other electromagnetic systems

3.1.52
insertion loss
loss incurred by inserting a device between a source and load of equal impedance

Note 1 to entry: The device itself may have a different impedance from the load and source impedance.
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Note 2 to entry: The terms operational attenuation or operational insertion loss are sometimes associated with
this definition.

3.1.53

insertion loss deviation

difference between the measured insertion loss of cascaded components and the insertion
loss determined by the sum of the individual component insertion losses

3.1.54
interconnect
passive connection to a cabling subsystem not using a patch cord or jumper

3.1.55
interface

point at which connections are made to the generic cabling

3.1.56
jack
balanced cabling socket connector

3.1.57
jumper
cable, cable unit or cable element without connectors used for a cross-connection

3.1.58

keying

mechanical feature of a connector system, which guarantees polarization or prevents the
connection tc an incompatible socket or optical fibre adapter

3.1.59

link

transmission path between two cabling system interfaces, including the connections at each
end

3.1.60

longitudinal conversion loss

logarithmic ratio, expressed in decibels, of the common mode injected signal at the near-end
to the resultant differential signal at the near-end of a balanced pair

3.1.61

longitudinal conversion transfer loss

logarithmic ratio, expressed in decibels, of the common mode injected signal at the near-end
to the resultant differential signal at the far-end of a balanced pair

3.1.62
multi-unit cable
balanced cable containing more than four pairs

3.1.63
network access cable
cable connecting an external network interface to a generic cabling distributor

3.1.64

operating temperature

stabilized temperature of the local environment, measured on the outside sheath of the cable,
combining ambient temperature with any increase due to the application being supported

3.1.65
optical fibre cable
cable comprising one or more optical fibre cable elements

3.1.66
pair
two conductors of a balanced transmission line
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EXAMPLE Twisted pair cable element or one side circuit in a quad cable element.

3.1.67
patch cord
cord used for a cross-connection

3.1.68

patch panel

panel at a distributor presenting the interface(s) of cabling subsystems to facilitate
administrative moves and changes using patch cords or jumpers

Note 1 to entry: The panel also enables interfaces to be connected to transmission equipment using interconnect
cords.

3.1.69

permanent link

transmission path between distributors or between distributor 1 and the terminal equipment
outlet including the connections at both ends

Note 1 to entry: The permanent link does not include TE area cords, equipment cords, patch cords and jumpers,
but includes the connection at each end. It can include an optional consolidation point.

3.1.70

power sum alien far-end crosstalk loss

power sum of the signal coupling between multiple disturbing pairs of one or more channels,
links or components and a disturbed pair of another channel, link or component, measured at
the far-end

Note 1 to entry:  This is also known as power sum exogenous far-end crosstalk loss.

3.1.71

power sum alien near-end crosstalk loss

power sum of the signal coupling between multiple disturbing pairs of one or more channels,
links or components and a disturbed pair of another channel, link or component, measured at
the near-end

Note 1 to entry:  This is also known as power sum exogenous near-end crosstalk loss.

3.1.72

power sum attenuation to alien crosstalk ratio at the far-end

difference, in decibels, between the power sum alien far-end crosstalk loss from multiple
disturbing pairs of one or more channels, links or components and the insertion loss of a
disturbed pair in another channel, link or component

Note 1 to entry: This is also known as power sum altenuation to exogenous crosstalk ratio at the far-end.

3.1.73

power sum attenuation to crosstalk ratio at the far-end

difference, in decibels, between the power sum far-end crosstalk loss from multiple disturbing
pairs of a channel, link or component and the insertion loss of a disturbed pair in the same
channel, link or component

3.1.74

power sum attenuation to crosstalk ratio at the near-end

difference, in decibels, between the power sum near-end crosstalk loss from multiple
disturbing pairs of a channel, link or component and the insertion loss of a disturbed pair in
the same channel, link or component

3.1.75
quad
cable element that comprises four insulated conductors twisted together

Note 1 to entry: Two diametrically facing conductors form a transmission pair also referred to as a side circuit.

3.1.76

requirement to be met by design

requirement which may be met by calculation and selection of appropriate materials and
installation techniques, where either there is no test method specified that allows verification
or there is no requirement for verification by testing
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3.1.77
screened balanced cable
balanced cable with an overall screen and/or screens for the individual elements

3.1.78
side circuit
two diametrically facing conductors in a quad that form a pair

3.1.79
splice
joining of conductoers or optical fibres, generally from separate sheaths

3.1.80

telecommunications outtet

terminal equipment outlet

fixed connecting device which provides an interface to the terminal equipment

Note 1 to entry: The term telecommunications outlet is used in some of the other parts of the ISOG/IEC 11801
series, while the term terminal equipment outiet is used in this document.

3.1.81

terminal equipment

equipment at an outlet used to access information provided by transmission equipment

3.1.82
test interface
location where a connection between test equipment and the cabling to be tested occurs

3.1.83

tie cables

optional fixed cables connecting distributors of the same hierarchical level which are installed
in addition to the basic hierarchical topology

3.1.84

transmission equipment

active equipment used to distribute information from distributors to other distributors and to
outlets

3.1.85
transverse conversion loss
ratio between the common mode signal power and the injected differential mode signal power

3.1.86

twisted pair

cable element that consists of two insulated conductors twisted together in a determined
fashion to form a balanced transmission line

3.1.87
unscreened balanced cable
balanced cable without any screens

3.2 Abbreviations

AACR-F attenuation to alien crosstalk ratio at the far-end
AC alternating current

ACR attenuation to crosstaltk ratio

ACR-F attenuation to crosstalk ratio at the far-end
ACR-N attenuation to crosstalk ratio at the near-end
AFEXT alien far-end crosstalk (loss)

ANEXT alien near-end crosstalk (loss)

APC angled physical contact



ATM
BCT

BD
BEF
B-ISDN
BO
CATV
CcD

CP
CSMA/CD
DAB
DC
DCE
DRL
DTE
DVB
DVB-C
DVB-S
DVB-T
El
ELTCTL
EMC
EO
EQP
FEXT
ffs
FOIRL
IC

iCT
IDC
IEC

IL

ILD

IPC
ISDN
ISO

IT

JTC
LAN
LCL
LCTL
LDP
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asynchronous transfer maode

broadcast and communications technologies, sometimes referred to as
HEM (home entertainment & multimedia)

building distributor

building entrance facility

broadband ISDN

broadcast outlet

community antenna television

campus distributor

consolidation point

carrier sense multiple access with collision detecticon
digital audio broadcasting

direct current

data circuit terminating equipment
distributed return loss

data terminal equipment

digital video broadcasting

digital video broadcasting — cable

digital video broadcasting — satellite

digital video broadcasting — terrestrial
equipment interface

equal level TCTL

electromagnetic compatibility

equipment outlet

transmission equipment

far-end crosstalk attenuation (loss)

for further study

fibre optic inter-repeater link

integrated circuit

information and communications technology
insulation displacement connection
International Electrotechnical Commission
insertion loss

insertion loss deviation

insulation piercing connection

integrated services digital network
International Organization for Standardization
information technology

joint technical committee

local area network

longitudinal to differential conversion loss
longitudinal to differential conversion transfer loss
local distribution point
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Min. minimum

N/A not applicable

NEXT near-end crosstalk attenuation (loss)

OF optical fibre

PC physical contact

PL permanent link

PMD physical media dependent sublayer

FS AACR-F power sum attenuation to alien crosstalk ratio at the far-end

PS AACR-Fayg average power sum attenuation to alien crosstalk ratio at the far-end

PS ACR power sum attenuation to crosstalk ratio

PS ACR-F power sum attenuation to crosstalk ratio at the far-end
PS ACR-N power sum attenuation to crosstalk ratio at the near-end
PS AFEXT power sum alien far-end crosstalk (loss)

PS AFEXThom normalized power sum alien far-end crosstalk (loss)

PS ANEXT power sum alien near-end crosstalk {loss)

PS ANEXT ayg average power sum alien near-end crosstatk (loss)
PS FEXT power sum FEXT (loss)

PS NEXT power sum NEXT (losg)

PVC polyvinyl chloride

RL return loss

SC subscriber connector (optical fibre connector)
SCP service concentration point

SO service outlet

TCL transverse conversion loss

TCTL transverse conversion transfer loss

TE terminal equipment

TI test interface

TO telecommunications outlet

TP-PMD twisted pair physical medium dependent

TV television

NOTE The abbreviation "Ig” in the formulas signifies “log,,".

3.3 Symbols
3.34 Variables

A coefficient of transmission matrix

B tength of backbone cable or coefficient of transmission matrix

C fength of the CP cable, designation for connector, or coefficient of transmission
matrix

connection

D coefficient of transmission matrix

F combined length of patch cords/jumpers, equipment and work area cords

H maximum length of the fixed horizontal cable

K coefficient of cable attenuation increase

I length of cable



N

Z
NVP
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number of the disturbing channel

number of disturbing channels

ratio of work area cable attenuation to fixed horizantal cable attenuation
ratio of the CP cable attenuation to the fixed horizontal cable attenuation
complex impedance

velocity relative to speed of light (NVP = v/c )

speed of light in vacuum

base of natural logarithm

frequency

current number of disturbing pair

imaginary operator

current number of disturbed pair

log10

total number of pairs (i € k £ n)

time

speed of propagation

3.3.2 Indices

c2

CH
CP
PL
TO
avg

cable
channel
connector
cord cable
in

local

norm
remote
term

index to denominate a characteristic, measured from the connector at the floor
distributor (second connector)

index to denote the channel

index to denote the consolidation point

index to denominate a permanent link characteristic

index to denominate a characteristic, measured from the TO

index to denominate average of the associated parameter across all of the
pairs in the same channel or link

index to denominate a cable characteristic

index to denominate a channel characteristic

index to denominate a connector characteristic

index to indicate a characterislic of the cable used for cords
index to indicate an input condition

index to denominate a locally measured characteristic

index to denominate scaling of the associated parameter
index to denominate a characterislic measured at a distance
index to indicate a terminating condition

4 Conformance

This document does not contain specific cabling installation conformance requirements. The
cabling design documents suppoerted by this document incorporate the requirements of this
document as part of their individual conformance requirements.

Annex A contains requirements and recommendations for testing of channels, and links in
order to determine their conformance to the transmission performance requirements of the
relevant cahling design documents.
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5 Structure of generic cabling

51 Functional elements
The generic cabling specified by the cabling design standards features some or all of
functionat elements shown in Figure 2.

Consolidation TE TE
point  outlet cord

Distributor Subsystem Distributor  Subsystem Distributor Subsystem Distributor Cable
4 Cable 4 3 Cable 3 2 Cable 2 CahleZ | Y

il Bt oy
e L g L

1]
Cabling subsystem 3' Cabling subsystem 2  Cabling subsystem 1 ! Terminal
equipment (TE)
area

' Cabling subsystem 4

1EC
Figure 2 — General functional elements
These comprise

a) terminal equipment (TE) outlet,

b) consolidation point (CP}),

¢) subsystem cable 1 (divided into cable Y and cable Z if consolidation point is present),
d) distributor 1,

e) other subsystem cables (2, 3 and 4 in Figure 2),

f) other distributors (2, 3 and 4 in Figure 2).

Groups of these functional elements are connected together to form cabling subsystems.

The presence of, and the terms applied to, each of the functional elements are specified in
the cabling design standards.

Connections between cabling subsystems are either active, requiring application-specific
equipment, or passive. Connection to application-specific equipment adopts either an
interconnect or a crass-connect approach (see Figure 3 and Figure 4). Passive connections
between cabling subsystems are generally achieved using cross-connections by way of either
patch cords, jumpers or splices.

In the case of centralized cabling, passive connections in the distributors are achieved by
using cross-connections or interconnections. In addition, for centralized optical fibre cabling, it
is possible to create connections at the distributors using splices although this reduces the
ability of the cabling to support re-configuration.

Equipment cord

EQP |C \_J

Cabling subsystem

o]

3l

- — Y -
Cabling subsystem Cabling subsystem
1EC

Figure 3 — Interconnect models



-32 - ISO/IEC 11801-1:2017 © ISO/IEC 2017

Equipment Pa}ch cord

cord or Jumper Cabling subsystem
EQP —c}
S

Patch cord

orjumper - Cabling subsystem
{C— —Cc—
Cabling subsystem R IEC

Figure 4 — Cross-connect models

5.2 Interfaces

Equipment interfaces o generic cabling are located at the ends of each subsystem. Any
distributor may have an equipment interface to an external service at any port and may use
either interconnects as shown in Figure 3 or cross-connects as shown in Figure 4. The
consolidation point does not provide an equipment interface to the generic cabling system.

Figure 5 shows the potential equipment interfaces to the cabling subsystems.

Test interfaces to generic cabling are located at the ends of each subsystem and at
consolidation points, where present. Figure 5 shows the potential test interfaces to the cabling
subsystems.

Cahling subsystem 1

£

E E
; ¢ Consolidation ¢
Distributor 1 point TE i

Foeremm e e mae——. r--
]

- —ppeund 0
R
- -

E E

* ‘ Distributor
il ey r'"'"“'ﬂ’!
i

C— [
alia EQP
Ll Tl T H

T Ti

IEC

Figure 5 — Equipment and test interfaces

5.3 Cabling subsystems

5.3.1 Cabling subsystem 1

The cabling subsystem 1 extends from distributor 1 to the terminal equipment (TE) outlet(s)

connected to it. The subsystem includes

a) the subsystem cable 1 {or cables Y and Z of Figure 2, if a consolidation point is supported
by the cable design standard and is present),

b) jumpers and patch cords in distributor 1,

¢) the mechanical termination of the subsystem cable 1 (or cable Y of Figure 2, if a
consolidation point is supported by the cable design standard and is present) at the TE
outlet,
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d) the mechanical termination of the subsystem cable 1 at distributor 1 including the
connecting hardware, for example of the interconnect or cross-connect (see Figure 3 and
Figure 4),

e) a consolidation point {(optional, if supported by the cable design standard),

f} the TE outlets.

Although terminal equipment cords and equipment cords are used to connect terminal and
transmission equipment respectively to the cabling subsystem, they are not considered part of
the cabling subsystem because they are application specific.

5.3.2 Cabling subsystems n 2 2

The cabling subsystems » (for n 2 2) extend from distributor » to distributor » — 1. When
present, the subsystem includes

a) the cables n,

b) jumpers and patch cords in distributor # and distributor n - 1,

¢) the connecting hardware on which the cables » are terminated (at distributor » and
distributor n — 1).

Although equipment cords are used to connect the transmission equipment to the cabling
subsystem, they are not considered part of the cabling subsystem because they can be
application specific.

53.3 Common subsystems

5.3.3.1 General

The following subsystems and associated distributors are used in two or more parts of the
ISO/IEC 11801 series and are detailed here to allow the relevant references to be made.
5.3.3.2 Campus backbone cabling subsystem

When present, the campus backbone cabling subsystem includes

a) the campus backbone cables,
b) components in building entrance facilities,

c) the jumper and patch cords at the campus and building distributors (usually located in
separate buildings),

d) the connecting hardware on which the campus backbone cables are terminated (at the
campus and building distributors}.

5.3.3.3 Building backbone cabling subsystem

The building backbone cabling subsystem extends from building distributor to the following
distributors connected to it:

a) in ISO/IEC 11801-2: floor distributor,

b) in ISO/IEC 11801-3: floor distributor,

c) in ISO/IEC 11801-4: primary home distributor,

d) in ISO/IEC 11801-6: service distributor.

When present, the building backbone cabling subsystem includes

1) the building backbone cables,
2) the jumper and patch cords at both distributors,

3) the connecting hardware on which the building backbone cables are terminated (at both
distributors).
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5.3.4 Tie cabling

Tie cables providing direct peer-to-peer connections between distributors are optional and,
when provided, shall be in addition to that required for the basic hierarchical topology.

When present, the tie cabling includes

a) the tie cables,

b) the jumper and patch cords at both distributors,

¢) the connecting hardware on which the tie cables are terminated (at both distributors).
5.3.5 Channel and permanent link

The transmission performance of generic cabling is detailed in Clauses 6 and 7, in terms of
the channel and the permanent link.

The channel is the transmission path between equipment such as a LAN switch/hub (EQP in
Figure 5) and the terminal equipment. A typical interconnect channel consists of cabling
subsystem 1 together with the terminal equipment cord and equipment cord. A typical cross-
connect channel consists of cabling subsystem 1 together with the terminal equipment cord, a
paich cord or jumper, and equipment cord. Optional consolidation points may be used. For
longer reach services the channel may be formed by the connection of two or more
subsystems (including terminal equipment cords and equipment cords). The performance of
the channel excludes the connections at the application-specific equipment.

A permanent link is the transmission path of an installed cabling subsystem including the
connecting hardware at the ends of the installed cable. In cabling subsystem 1, the permanent
link consists of the TE outlet, the optional consolidation point (if supported by the cabling
design standard), subsystem cable 1 (or cables Y and Z of Figure 2, if a consolidation point is
supported by the cable design standard and is present) and the termination of subsystem
cable 1 at distributor 1. The permanent link includes the connections at the ends of the
installed cabling.

6 Channel performance requirements

6.1 General

The performance of a channel is specified between connections to active equipment. The
channel comprises oniy passive sections of cable, connecting hardware, terminal equipment
cords, equipment cords and patch cords. The connections at the active equipment are not
taken into account.

The required transmission performance Class of Clause 6 shall be met for all environmental
classifications specified for the channel.

Application support depends on channel performance, which in turn depends on cable length,
number of connections, and performance of the components within the environments to which
the channel is subjected. It may be possible 1o achieve equivalent channel performance over
greater lengths by the use of fewer connections or by using components with higher
performance.

6.2 Environmental performance
6.2.1 General

The environmental performance specifications of channels are classified to cover the different
conditions under which channels are required to operate.

The environmental classification described in 6.2.2 shail be used for the selection of
components and/or the protection afforded to them.

It is possible for the different locations within a channel to be subject to different
environments. For example, one end of a channel can be in an office area and the other end
of the channel can be subjected to a more severe environment. The description of the channel
environment shall be divided up accordingly.
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Furthermore, the applicable environment is that local to the cabling components within the
channel. The local environment may, where relevant, be created by installation techniques
applied to the channel in order to mitigate more extreme environments than exist within the
premises. With regard to temperature, the local environment is considered to be the operating
temperature of the cabling.

6.2.2 Environmental classification
This document classifies the environment for generic cabling as defined in Table 1.

Certain environments (e.g. nuclear, chemical, fire, explosive, damage risk from animais, sait
mist) demand additional requirements beyond those of 6.2. Further details on specific
environments are given in ISO/IEC TR 29106.

Table 1 — Channel environments

1 2
Mechanical rating M, M, M,
Ingress rating I, 1, Iy
Climatic rating C, C, C,
Electromagnetic rating E, 2 E,

The definition of a given classification includes the definition of lower classifications,
i.e. channels designed to operate under environmental conditions defined by M, shall

continue 1o operate under envirocnmental conditions defined by M.

Channel environments may be classified by using any combination of the MICE scheme, e.g.
M,1,C4E,. Care should be taken to accurately classify the channel environment in such a way

as to allow the selection of suitable components.

The criteria for the MICE classification are based on M | .C E , where “x" can equal 1, 2 or 3

based on the severity of the environment. For example, a typical office space has a minimum
requirement of M,1,C,E,.

The environmental Classes are defined in Table 2.

For each M, [, C or E group, the classification of a given environment is determined by the
most demanding parameter within the M, |, C or E group. However, the selection of
components shall be based on the specific demands of each of the parameters within the M, |,
C or E group, which may be less demanding than the overall classification of the group.
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Table 2 - Details of environmental classification

Mechanical M, M, M,
Shock/bump?
Peak acceleration 40 ms'? 100 ms-2 250 ms2
Vibration
Displacement amplitude 1.5 mm 7.0 mm 15.0 mm
(2 Hz to 9 Hz)
Acceleration amplitude 5 ms? 20 ms2 50 ms2
{9 Hz to 500 Hz)
Tensile strength ® b b
Crush 45N 1 100N 2200 N

over 25 mm (linear) min. aver 150 mm (linear} min. | over 150 mm (linear) min.
Impacl 1J 10 J 304
Bending, flexing and b b b
torsion
Ingress [ I, Iy

Particulate ingress 12.5 mm 50 uym 50 pm
{max. diameter)
Immersion None intermittent liquid jet Intermittent liquid jet

< 12,5 Umin
Zz 6,3 mm jet
> 2.5 m distance

£ 12.5 lI/min

26,3 mm jet

> 2.5 m distance
and immersicn

{< 1 m for < 30 min)

Climatic and chemical

¢,

C,

<,

Ambient temperature

-10 °C to +60 °C

-25°C1lo+70°C

=40 °C to +70 °C

Rate of change of
temperature

0.1 °C per minute

1,0 °C per minute

3.0 °C per minute

Humidity

5%1085%
{non-condensing)

5% 1095 %
{condensing)

5% to 95 %
{condensing)

Solar radiation

700 Wm-2

1120 wm'?

1120 Wm~2

Liquid pollution®
Contaminants

Concentration x 10°8

Concentration x 108

Concentratlion x 106

Sodium chloride (salt/sea | 0 <03 <0.3

water)

Oil (dry-air concentration) | 0 < 0,008 <05

{for oil types see ?)

Sodium stearate {soap) None > 5 »x 10% aqueous non- > 5 x 10* aqueous gelling
gelling

Detergent None ffs ffs

Conductive materials None Temporary Present

Gaseous pollution® Mean / Peak Mean / Peak Mean / Peak

Contaminants

{Concentration x 10°%)

(Concentration x 10°6)

{Concentration x 10°€)

Hydrogen sulphide <0,003/<0,01 <0,05/<0,6 <10/ <50
Sulphur dioxide <0,01/<0.03 <01/<03 <5/<15
Sulphur trioxide (ffs) <0.01/<0,03 <0,1/<03 <5/<15
Chlorine wet (> 50 % <0,0005/< 0,001 <0,005/<0,03 <0.05/<0,3
humidity)

Chlorine dry (< 50 % < 0,002/ <0,01 <0,02/<0,1 <02/<1.0
humidity)

Hydrogen chloride —1<0,06 <0,06/<0,3 <06/3.0
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Hydrogen flucride < 0,001/ < 0,005 <0,01/<0,05 <0,1/<1,0
Ammonia <1/<5 <10/ <50 < 50/ <250
Oxides of nitrogen <0.05/<01 <0,5/<1 <5/ <10
Ozone < 0,002/ < 0,005 < 0,025/ < 0,05 <0,1/<1

Electromagnetic E, E, E,

Electrostatic discharge - 4 kV 4 kV 4 kV
Contact {0,667 pC)
Electrostatic discharge - 8 kV 8 kv 8 kV

Air
(0,132 pC)

Radiated RF - AM

3Vim @ (80 to

3Vim @ (80 to

10Vim @ (80 to

1 000) MHz 1 000) MHz 1 000) MHz
3Vvim@ {1400 to IVIim@ (1400¢to 3IVIm@ (1400to
2 000) MHz 2 000} MHz 2 000) MHz
1Vim @ {2 000 to 1Vvim @ (2 000 to 1Vim @ (2 000 to
2 700) MH2 2 700) MHz 2 700) MHz

Conducted RF

3 v@ 150 kHz to 80 MHz

3 v@ 150 kHz to 80 MHz

10 V@ 150 kHz to
80 MHz

(60 Hz to 20 000 Hz)

EFT/B (comms) 500 V 500V 1000V
Surge (transient ground 500 Vv 1000V 1000V
potential difference) -

signal, line to earth

Magnetic field (50/60 Hz) | 1 Am~T 3 Am~! 30 Am™!
Magnetic field ifs ffs ffs

b

standards.

8 Bump: the repelilive nature of the shock experienced by the channel shall be taken into account.

This aspect of environmental classification is instaliation-specific and should be considered in association
with IEC 61918 and the appropriate component specification.

© A single dimensional characteristic, i.e. concentration x 106, was chosen to unify limits from different

6.3 Balanced cabling transmission performance

6.3.1 General

This document specifies the following Classes for balanced cabling:

a) Class A is specified up to 100 kHz,

b) Class B is specified up to 1 MHz,

¢) Class Cis specified up to 16 MHz,
d) Class D is specified up to 100 MHz,
e) Class E is specified up to 250 MHz,
f) Class Eg is specified up to 500 MHz,

g) Class F is specified up to 600 MHz,

h) Class F, is specified up to 1 000 MHz.

A Class A channel is specified so that it will provide the minimum transmission performance to
support Class A applications. Similarly, Class B, C, D, E, E,, F and F, channels provide the

transmission performance to support Class B, C, D, E, E,, F and F, applications,

respectively. Channels of a given Class will support all applications of a lower Class. Class A
is regarded as the lowest Class.

This document specifies the following additional Classes for balanced cabling described in
certain parts of the cabling design standards:
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1) Class BCT-B: specified up tc 1 000 MHgz,
2) Class 1 and Class II: specified up to 2 000 MHz.

The insertion loss and other length related parameter performance of BCT-B cabling is further
subdivided into two sub-Classes, L and M. These sub-Classes have identical performance
requirements for all other transmission parameters.

Annex E lists known balanced cabling applications by Class. The requirements in 6.3 are
given by limits computed to one decimal place, using the formula for a defined frequency
range. The limits for the propagation delay and delay skew are computed to three decimal
places. The additional tables are for information only and have limits derived from the relevant
formula at key frequencies. Many specifications in 6.3 have a plateau in the specified
requirement. These plateaus do not accurately depict the system performance. They have
been added for measurement purposes.

6.3.2 Component choice
The parameters specified in 6.3 apply to channels with screened or unscreened cabie
elements, with or without an overall screen, unless explicitly stated otherwise.

The nominal differential mode impedance of channels is 100 . This is achieved by suitable
design and appropriate choice of cabling components (irrespective of their nominal
impedance). In the case of cable sharing, additional crosstalk requirements specified in
9.3.2.5.1 should be taken into account.

6.3.3 Channel parameters

6.3.3.1 Return loss

The return loss requirements are only applicable to Classes C through F,, BCT-B, I, and Il

The return loss (RL) of each pair of a channel shall meet the requirements in Table 3.
The RL of each pair of a channel at key frequencies is given in Table 4 for information only.

The return loss requirements shall be met at both ends of the cabling. Return loss (RL) values
at frequencies where the insertion loss (/L) is below 3,0 dB are for information only.
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Tabte 3 — Return loss for a channel

Class Frequency Minimum return [oss
MHz dB
c 1< £ <16 15,0
12 <20 17.0
P 20< £ 2100 30 -101g{ 1)
1< £ <10 19.0
£ 10< f <40 24-5I1g(1)
40 £ f £ 250 32-101g{ )
15 /<10 130
c 102 £ <40 24 -51g( 1)
A 40 < f < 398.1 32-101g{ 1)
398.1< f <500 6.0
1< £ <10 19,0
102 f<40 24 -51g(f)
F 405 f <2512 32-101g(r)
2512 £ J < 600 8.0
1< £ <10 19,0
10< <40 24-51g(1)
Fa 405 f <2512 32 -1019(/)
2512 € £ < 631 8.0
6315 £ <1000 36 -101g( /)
15 £ <10 19.0
10 s f <100 24 - 5lg(1)
BCT-8 100 s f <2512 29-7519(/)
251,2 € f < 600 17.2~261g(/)
600 5 £ <1000 35-91g(/)
15 £ <10 19,0
105 f < 40 24 -51g(f)
405 £ <130 16,0
i 130 5 f <1000 35 - 9ig(/)
1000 s f < 1600 8,0
1600 s f <2000 8 - 1919(—L—)
1800
15 f <10 19,0
10 < f < 40 24 - 5ig(f)
405 5 <130 160
" 130 £ f <1000 35-91g(/)
1000 £ f < 1600 8.0
1600 < f < 2000 8 -191g(——)

1600
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Table 4 — Informative return loss values for a channel at key frequencies

Minimum return loss
dB
Frequency Class
MHz c D E E, F Fu BCT-B I 1
1 15.0 17.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0
16 15,0 17.0 18.0 18,0 18,0 18.0 18,0 18,0 18,0
100 - 10.0 12,0 12,0 12,0 12,0 14,0 16.0 16,0
250 - - 8.0 8.0 8.0 8.0 11.0 13.4 13.4
500 - - - 6.0 8.0 8.0 10,2 10,7 10,7
600 - - - - 8.0 8.0 10.0 10.0 10.0
1 000 - - - - - 6.0 8.0 8,0 8,0
1 600 - - - - - - - 8.0 8.0
2000 - - - - - - - 6.2 6,2
6.3.3.2 Insertion loss/attenuation

The term “attenuation” is stilt widely used in the cable industry; however, this characteristic is
better described as “insertion loss”™, In this document, the term “insertion loss” is adopted
throughout to describe the signal attenuation over the length of channels, links and
components. Unlike attenuation, insertion loss does not scale linearly with length.

The term “attenuation” is maintained for the following parameters:

a} attenuation to crosstalk ratio at the near end (ACR-N) — see 6.3.3.4,
b) attenuation to crosstalk ratio at the far end (ACR-F) - see 6.3.3.5,
¢) unbalance attenuation and coupling altenuation — see 6.3.3.12,

d) power sum alien attenuation to crosstalk ratio at the far end (PS AACR-F) - see
6.3.3.13.4.

For the -calculation of ACR-N, PS ACR-N, ACR-F, PS ACR-F and PS AACR-F, the
corresponding value for insertion loss (/L) shall be used.

The insertion loss requirements are applicable to all cabling Classes.
The insertion loss (/L) of each pair of a channel shall meet the requirements in Table 5.

The IL of each pair of a channel, at maximum implementation, at key frequencies is given in
Table 6 for information only.
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Table 5 — Insertion loss for a channel

Class Frequency Maximum insertion loss
MHz dB
A £ =01 16,0 2
B f =01 55 2
f=1 58 @
o 1< <16 1.05x(3.23J7)-4xo.2 a
D 15 £ 5100 1.05x(1.91oe\f;+o,0222xf+o.2/ﬁ)+4xo.04x,jf a
E 15 f % 250 1.05% (1,82, 7 + 00169 x 7 + 0.25/\7 )+ 4 x 002 x s ®
Ea 1</ £500 1.05x(1.82 _r+o.0091xfa.o‘zs/‘ﬁ)uxo‘ozx\g a
-
F 15 f <600 1,05x(1.a\-’_7+o,o1xf+o,2/\f;)+4xo,02x\u a
Fa 1< 721000 1.05 x (1 8y +0.005 x 7 + 0.25/‘[7)+ 4x002xy/ *
BCT-B-L 15 /51000 0.138x(1.8 ! +o.005x,f'+o.zs/ﬁ)+2xo,02xﬁ b
. [
BCT-B-M 1< /51000 0.27 {1,847 +0.005 x 1 + 0,25/ {1 )+ 2x0.02x 7 ®
— 0,078
1< f <500 (o.saa\J_r +0,00156 = f + d
i
[
500 < f < 2 000 0.60698 1 « 0.00277 x f + °'°78J e
v
1 1< f <2000 o,3zx(1,aJ_T'+o,005x_f+0,25/‘fj_‘)+2x0.02xJ_7 ¢

8 Insertion loss (/L) at frequencies that correspond to calculated values of less than 4.0 dB shall revert to a
maximum requirement of 4,0 ¢B.

Insertion loss (/L) at frequencies thal correspond to calculated vailues of less than 2,0 dB shall revert to a
maximum requirement of 2,0 dB.

¢ Insertion loss (/L) at frequencies that correspond to calculated values of less than 3.0 dB shall revert to a
maximum requirement of 3,0 dB.

0,25 —
4 This formula is derived using 0312 x [1,3J_/_' +0,005x f + J +2x(0,02x 7 )+ 00324 x {1

vr

®  This formula is derived using

0.312x| 1,87 +0.005x f+-9|:2:‘5]1~2x(0,00649xv[7 r0.000605x_f)+ 0.0324 xf

NS
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Table 6 — Informative insertion loss values for a channel at key frequencies

Maximum insertion loss
a8
Class
Frequency
MHz A B c D E E, F F, BCT- | BCT- |8 ne
B-L? 8-M2
0,1 16,0 55 - - - - - - - - - -
1 - 58 4.2 4.0 4.0 4.0 4,0 4,0 2.0 2.0 3.0 3.0
16 - - 14,4 9.1 8.3 8.2 8.1 8,0 2,0 2.1 3.0 3.0
100 - - - 24,0 21,7 20.9 20,8 20,3 3,0 5.4 6,5 6.3
250 - - - - 359 33,9 33.8 32,5 4,7 8,6 10,4 10,1
500 - - - - - 49.3 49,3 46,7 6.8 12.4 15.0 14.6
600 - - - - - - 54.6 51.4 7.5 13,7 16,5 16.1
1 000 - - - - - - - 67.6 9.8 18,0 22,0 21,1
1600 - - - - - - - - - - 28,7 | 271.2
2 000 - - - - - - - - - - 32,7 | 30,8
3 Values reflect reduced channei lengths as compared to those of other Classes.

6.3.3.3 NEXT
6.3.3.3.1 Pair-to-pair NEXT
The NEXT requirements are applicable to all cabling Classes.

The NEXT between each pair combination of a channel shall meet the requirements
in Table 7.

The NEXT of each pair of a channel, at maximum implementation, at key frequencies is given
in Table 8 for information only.

The NEXT requirements shall be met at both ends of the cabling. NEXT values at frequencies
where the insertion loss (/L) is below 4,0 dB are for information only.
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Tabte 7 — NEXT for a channel

Class Frequency Minimum NEXT 2
MHz dB
A F=01 27.0
8 015 f<1 25-151g( /)
c 15 /516 39,1-16,41g(/)
653 -15Ig(/) 83-201g(/)
D 15 1 <1300 -20lg|10 -20 -2x10 -20
74,3 -151g(/) 94 - 2019( 1)
£ 15 j £ 250 -20lg|10 -20 +2x10 - 20
74,3 -15Ig(7) 94 - 2019(/)
Ep 15 f < 500 -20ig |10 -20 -2x10 —20 8. ¢
102,4 -15'9(/) 102.4 -151g{ 1)
F 1< 7 £600 -201g | 10 -20 +2x%10 -20
1054 - 151g{ /) 116.3-2019(_1‘)\
Fa 1< 51000 -201g | 10 -20 +2x10 - 20 c.d
1054 - 15ig( /) 116,3 - 201g(/)
BCT.-B 15 f <1000 -20lg| 10 -20 +2x10 - 20 c.d
75.3-151g(/) 94 - 201g{/)
i< f <500 -20ig|10 -20 +2x10 -20
[
753-1519(r) 40-3819(//500)
500 < /< 2000 -20lg{10 -20 +2x10 -20
(1054 - 151g(/) 116,3 - 201g(/) )
15/ 51000 - 201g | 10 -20 +2x10 -20
\
1054 -15ig(/) 56.3-901g(/11000)
n 1000 < 7 < 1600 -201g | 10 -20 +2x10 -20
105.4 - 151g( /) 37.93 - 401g(f /1600)
1600 < 7 < 2000 -201g | 10 -20 +2x10 -20

® NEXT at frequencies that correspond to calculated values of greater than 65,0 dB shall revert to a minimum

requirement of 65,0 dB.

> Whenever the Class E, channel insertion loss at 450 MHz is less than 12dB, subtract the term

1,4((r— 450)/50) from the formula stated above for the range of 450 MHz to 500 MHz.

¢ Whenever the Class F, channel insertion loss at 900 MHz is less than 17 dB. subtract the term

2.8((r — 900)/100) from the formula stated above for the range of 900 MHz to 1 000 MHz.
9 The terms in the formulas are not intended to imply component performance.
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Table 8 — Informative NEXT values for a channel at key frequencies

Minimum channel NEXT

dB
Frequency Class
MHz A B c D E E, F F, |BCTB I ]
0.1 27,0 40,0 - - - - - - - - -
1 - 25,0 g1 63.3 65.0 85.0 65,0 65,0 65,0 65,0 65,0
16 - - 19.4 43,6 53.2 53.2 65,0 65.0 65.0 53.9 65,0
100 - - - 30.1 399 | 399 62,2 | 65.0 | 650 | 405 65.0
250 - - - - 331 3.1 56.9 59,1 59,1 33.6 59,1
500 - - - - - 27.9 52,4 53,6 53,6 28,4 53.6
600 - - - - - - 51,2 52.1 52,1 28,2 52,1
1000 - - - - - - - 47.9 47.9 19,6 47,9
1600 - - - - - - - - - 12,9 31,5
2 000 - - - - - - - - - 9.6 27,7

6.3.3.3.2 Power sum NEXT
The PS NEXT requirements are only applicable to Classes D through F, BCT-B, I, and Il

The PS NEXT of each pair of a channel shall meet the requirements in Table 9.

The PS NEXT of each pair of a channel, at maximum implementation, at key frequencies is
given in Table 10 for information only.

The PS NEXT requirements shall be met at both ends of the cabling. PS NEXT values at
frequencies where the insertion loss (/L) is below 4,0 dB are for information only.

PS NEXT, of pair k is computed as follows:

PSNEXT, =-101g 3 10 10 (1)
inl el
where
i is the number of the disturbing pair;
k is the number of the disturbed pair;
n is the total number of pairs;

NEXT;,  is the near-end crosstalk loss coupled from pair i into pair .
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Table 9 -~ PS NEXT for a channel

Class Frequency Minimum PS NEXT?
MHz dB
62.3-151g(/) 80-201g(f)
D 1< £ <100 —201g] 10 =20 +2x10  —20
72,3 -151g(/) 90 - 201g( /)
E 1< f €250 -20igf10 -20 +2x10 -20
72.3-151g(s) 90-201g(/s)
Ea 1< f €500 -20ig{10  -20 +2x10 -20 v.d
994 -151g(f) 99,4 ~151g(r)
F 1< £ <600 -20Ig} 10 -20 +2x10 -20
1024 -~ 151g( ) 1133 ~ 201g{f)
Fa 1< 7 <1000 - 2019 | 10 - 20 +2x10 -20 ¢ d
(1024 - 151g( /) 113.3 - 201g(f)
BCT-B 1< £ <1000 -201g| 10 -20 +2x10 -20 c.d
723-151g(f) 91-20Ig(/)
1< f <500 -201g | 10 -20 +2x10 -20
I
72,3 -151g( f) 37 - 381g(f/500)
500 < f < 2000 -201g[10  -20 +2x10 -20
1024 - 151g(/f) 1133 - 201g(f)
1< £ 1000 -20ig ] 10 -20 +2x%10 ~20
102,4 - 151g(¥) 53,3 - 90lg(//1000)
il 1000 < f < 1600 -201g |10 - 20 +2x10 ~20
1024 -151g{/) 34,93 - 401g( s 71600)
1600 < 7 < 2000 -201g| 10 -20 +2x10 -20

4  PS NEXT at frequencies that correspond to calculated values of greater than 62,0 dB shall revert to a
minimum requirement of 62,0 dB.

5 Whenever the Class E, channel insertion loss at 450 MHz is less than 12 dB, subtract the term
1,4((f - 450)/50) from the formula stated above for the range of 450 MHz to 500 MHz.

¢ Whenever the Class F, channel insertion loss at 900 MHz is less than 17 dB, subtract the term
2,8((r - 900)/100} from the formula stated above for the range of 900 MHz to 1 000 MHz.

9 The terms in the formulas are nol intended 1o imply component performance.
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Minimum PS NEXT
daB
Frequency Class

MHz D E E, F Fa BCT-B ! n

1 60.3 62.0 62,0 62.0 62.0 62.0 62,0 62,0

16 40.6 50,6 50,6 62,0 62,0 62,0 50.9 62,0
100 271 374 37,1 59,9 62,0 62,0 37,5 62,0
250 - 30,2 30.2 53,9 56.1 56.1 30,6 56,1
500 - - 24,8 49,4 50,8 50,6 25,4 50.6
600 - - - 48,2 491 49.1 23.2 49,1
1000 - - - - 44,9 44,9 16,6 44.9
1600 - - - - - - 9.9 28,5
2 000 - - - - - - 6,6 24,7

6.3.3.4 Attenuation to crosstalk ratio at the near-end

6.3.3.4.1

General

ACR-N and PS ACR-N requirements are only applicable to Classes D through F,, BCT-B, |,
and Il.

Except for the name, the definition and formulas for ACR-N and PS ACR-N are identical to
those used for ACR and PS ACR, respectively, in prior editions of the ISQO/IEC 11801 series
documents.

6.3.3.4.2 Pair-to-pair ACR-N

Pair-to-pair ACR-N is the difference between the pair-to-pair NEXT and the insertion loss (/L)
of the disturbed pair in decibels.

The ACR-N of each pair combination of a channel shall meet the difference of the NEXT
requirement of Table 7 and the insertion loss (/L) requirement of Table 5 of the respective
class.

The ACR-N of each pair of a channel, at maximum implementation, at key frequencies is
given in Table 11 for information only.

The ACR-N requirements shall be met at both ends of the cabling.

ACR-N,, of pairs i and & is computed as follows:

ACR-Nj = NEXTy - ILg (2)
where
i is the number of the disturbing pair;
k is the number of the disturbed pair;
NEXT;  is the near-end crosstalk loss coupled from pair i into pair &;

I, is the insertion loss of pair &.
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Table 11 - Informative ACR-N values for a channel at key frequencies

Minimum ACR-N
dB
Frequency Class
MHz
D E £, F Fa BCT-B-L® | BCT-B-M? ”? na
1 59,3 61,0 61.0 61.0 81.0 863.0 63.0 62.0 62,0
16 345 44.9 45,0 56,9 57.0 63,0 62,9 51,3 62,0
100 6.1 18,2 19.0 42,1 44,7 60,0 59,6 34,0 58,7
250 - -2,8 -0.8 23.1 26,7 54,4 50,5 23,2 49,0
500 - - -214 31 6.9 46,8 414 13.4 39,0
600 - - - -34 07 44,6 39.4 9.7 36,0
1000 - - - - -19.6 381 299 -2.4 26,8
1 600 - - - - - - - ~15,8 4,3
2 000 - - - - - - - -231 -3.1
2  Values reflect reduced channel lengths as compared to those of other Classes.

6.3.3.4.3 Power sum ACR-N

PS ACR-N is the difference between the PS NEXT and the insertion loss (/L) of the disturbed
pair in decibels.

The PS ACR-N of each pair of a channel shall meet the difference of the PS NEXT
requirement of Table ¢ and the insertion loss (/L) requirement of Table 5 of the respective
class.

The PS ACR-N of each pair of a channel, at maximum implementation, at key frequencies is
given in Table 12 for information only.

The PS ACR-N requirements shall be met at both ends of the cabling.

PS ACR-N, of pair & is computed as follows:
PS ACR- Ny = PS NEXT, - 1L, (3)

where
k is the number of the disturbed pair;
PS NEXT, is the power sum near-end crosstalk loss of pair £;

IL, is the insertion loss of pair k.
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Table 12 — Informative PS ACR-N values for a channel at key frequencies

Minimum PS ACR-N

dB
Frequency Class

MHz D E E, F Fa BCT-B-L* | BCT.B-M? 2 ne

1 56.3 58.0 58.0 58.0 | 58.0 60.0 60,0 59.0 59.0
16 315 423 42,4 53.9 | 54,0 60.0 59,9 48.3 59.5
100 3.1 15,4 16,2 39,1 41,7 57.0 56,6 31.0 55.7
250 - -5,8 -37 | 201 23,7 51,4 47,5 20.2 46,0
500 - - -24.5 0.1 3.9 43,8 38.4 10.4 38.0
600 - - - -6.4 -2.3 41,6 36,4 6.7 33,0
1000 - - - - -22.6 3541 26,9 =54 23,8
1600 - - - - - - - -18,8 1.3
2000 - - - - - - - -26.1 -6.1

2 Values refiect reduced channel lengths as compared to those of other Classes.

6.3.3.5 Attenuation to crosstalk ratio at the far-end
6.3.3.5.1 General

ACR-F and PS ACR-F requirements are only applicable to Classes D through F,, BCT-B, |,

and Il.

NOTE ACR-F and PS ACR-F replace parameters ELFEXT and PS ELFEXT, respectively, which were specified in
prior editions of ISO/IEC 11801. Whereas ELFEXT is computed using the insertion loss of the disturbing pair,
ACR-F is computed using the insertion loss of the disturbed pair. Because both disturbing pairs and disturbed pairs

are subject to the same insertion loss requirements (see Table 5), the specified requirements in Table 13 and
Table 15 for Classes D, E and F have not been changed.

6.3.3.5.2 Pair-to-pair ACR-F
The ACR-F of each pair combination of a channel shall meet the requirements in Table 13.

The ACR-F of each pair of a channel, at maximum implementation, at key frequencies is given
in Table 14 for information only.

ACR-F,. of pairs i and x is computed as follows:

ACR-Fy = FEXTy. - 1L, (4)
where
i is the number of the disturbing pair;
k is the number of the disturbed pair;

FEXT;. s the far-end crosstalk loss coupled from pair i into pair 4,

IL, is the insertion loss of pair k.
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Table 13 - ACR-F for a channel

Class Frequency Minimum ACR.F 2-®
MH2 dB
63,8 - 201g(f) 75.1-201g(r)
D 15 £ 5100 -201g| 10 -20 v 4x10 -20
\
67.8-~201g(f) 83,1-201g(f)
E 15 f 5250 - 201g| 10 ~-20 +4x10 -20
\
67.8 - 201g{f) 83,1-20ig(.s)
E, 1< £ $500 -201g| 10 ~20 +4x10 -20
J
94 ~ 201g(f) 90 -151g( [}
F 1< 7 <600 -20igj10 - 20 vdx10  -20
95,3 ~ 201g{/) 103,9 - 201g{ /)
Fa 1< /1000 -201g| 10 - 20 +4x10 -0
91,0 - 201g{ /) 103,9 - 201g( /)
BCT-B-L 1< £ 51000 -20ig| 0,118 x10 -20 +2x10 -20
91.0 -201g(f) 103.9 - 203g( ()
BCT-B-M 1< £ <1000 - 201g| 0,25 x10 -20 +2x10 - 20
79 - 201g(/s) 83.1-201g(/)
1< f £2000 -201g/10 -20  ,2x10 -20
1006 - 201g( /) 103,9 - 201g( /)
1< 7 <1000 -201gj 10 -20 +2x10 =20
100,6 - 201g(s) 43.9 -901g( s /1000)
T 1000 < f <1600 - 20ig] 10 -20 +2x10 -20
1006 - 201g () 25,52 - 401g{ 1 { 1600)
1600 £ £ < 2 000 -201g| 10 -20 +2x10 ~20

8  ACR-F at frequencies that correspond to measured FEXT values of greater than 70,0 dB are for information
only.

The ACR-F limit at frequencies that correspond to calculated values of greater than 65,0 dB shall revert to a
minimum requirement of 65,0 dB.




- 50 -~ ISO/IEC 11801-1:2017 © ISO/IEC 2017

Table 14 - Informative ACR-F values for a channel at key frequencies

Minimum ACR-F

dB
Frequency Class

MHz D E E, F Fa BCT-B-L® | BCT-B-M? 12 n

1 57.4 63.3 63.3 65.0 65.0 65.0 65,0 65.0 65,0
16 333 39.2 39,2 57.5 63.3 65,0 65,0 47.9 65.0
100 17.4 233 23,3 44,4 47 .4 53,0 51,4 32,0 53.1
250 - 15,3 15,3 37.8 384 45,0 43,5 24.0 45,2
500 - - 9.3 326 334 39.0 37.4 18.0 39.1
600 - - - 31,3 31.8 37.4 35,9 16.4 376
1000 - - - - 27.4 33.0 31,4 12,0 331
1600 - - - - - - - 7.9 18,4
2000 - - - - - - - 6.0 14.7

?  Values reflect reduced channel lengths as compared to those of other Classes.

6.3.3.5.3 Power sum ACR-F

The PS ACR-F of each pair of a channel shall meet the requirements in Table 15.

The PS ACR-F of each pair of a channel, at maximum implementation, at key frequencies is

given in Table 16 for information only.

PS ACR-F, of pair k is computed as follows:

—FEXT,-.
PS ACR-F, =| -101g %10 10 |-,
i=1,i=k
where
i is the number of the disturbing pair;
& is the number of the disturbed pair;
n is the number of disturbing pairs in the channel,

FEXT,  is the far-end crosstalk loss coupled from pair i intc pair &;

L, is the insertion loss of pair £.

()
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Table 15 - PS ACR-F for a channel

Class Frequency Minimum PS ACR.F 2.b
MHz dB

60.8 - 20(g{ /) 72.1-201g( /)

D 1< 7 <100 -201gl10 20 +4x10 - 20
64,8 — 201g(/) 80.1-201g( /)

E 1< f <250 -20lg| 10  -20 +4x10 -20

64.8 - 201g(/) 80.1-201g(s) )
E, 15 £ <500 -201g| 10 -20 +4x10 - 20
91-201g(1) 87 - 151g( /)

F 1< f <600 -20igj 10 -20 +4x10 ~20
923 - 201g(/) 100,9 - 201g( 1)

Fy 1< /<1000 -20igl 10 -20 +4x10 -2

88.0-201g(/) 100.9 - 201g{ )
BCT-B-L 1< /<1000 -201g| 4/0.118 x10 -20 +2x10 ~20
88,0 -201g(/f) 100,9 - 201g(/)
BCT-B-M 1< /<1000 -201g| J0.25 x10 -20 -2x10 -20
76 - 201g(f) 80,1-20Ig{ )
1< 52000

[ 4 -201g/ 10 -20 +2x10 -20
97,6 - 201g(/) 100,9 - 201g{ /)

12 £ 51000 -201g| 10 -20 +2x10 -20

97,6 - 201g( ) 40,9 - 90ig (s 11000}
i 1000 < £ <1600 -201g| 10 -20 1 2x10 -20
97.6 - 20lg(/} 22,82 ~ 401g{ f 1 1600)
1600 < f <2000 -201g| 10 -20 1 2x10 =20

8 PSS ACR-F at frequencies that correspond to calculated PS FEXT values of greater than 67,0 dB are for
information only.

P The PS ACR-F limit at frequencies that correspond to calculated values of greater than 62,0 dB shall reven
to a minimum requirement of 62,0 dB.
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Minimum P$ ACR-F

dB
Frequency Class

MHz D E E, F Fa | BCT-B-L* | BCT-B-M2 | 1 ne

1 54 4 60.3 60,3 62,0 62.0 65.0 65,0 62,0 62,0

16 30,3 36.2 36.2 54,5 60,3 65,0 64,3 44.9 62,0
100 14.4 20,3 20,3 41,4 44 .4 50,0 48,4 29,0 50,1
250 - 12,3 12.3 34,8 36,4 42,0 40,5 21.0 42,2
500 - - 6.3 29,6 30.4 36.0 344 15.0 36.1
600 - - - 28,3 28.8 34,4 329 13.4 34,6
1000 - - - - 24,4 30,0 28,4 9.0 30.1
1600 - - - - - - - 4.9 154
2000 - - - - - - - 3.0 1.7

3 Values refiect reduced channel lengths as compared to those of other Classes.

6.3.3.6

The DC loop resistance requirements are only applicable to Classes A through F,, BCT-B, |,
and II.

Direct current loop resistance

The DC loop resistance of each pair of a channel shall meet the requirements in Table 17.

Table 17 - DC loop resistance for a channel

Maximum DC loop resistance
Q

Class A | Class B Class C Class D, E, E,. F, F,? Class Class Class EIIP
BCT-B-L BCT-B-M
560 170 40 25 4.0 6.9 6.4

The maximum DC loop resislance at 20 °C of each pair of a cable (excluding connections) within a
2-connector link used in a channel shall be 0,19 (2/m. This shall be achieved by an appropriate design.

® The maximum DC loop resistance al 20 *°C of each pair of a cable (exciuding connections) within a
2-connector link used in a channe! shall be 0,14 Q/m. This shall be achieved by an appropriate design.

For applications requiring remote power delivery, see [SO/IEC TS 29125 for the DC
resistance and DC resistance unbalance (within, and between pairs) component
specifications.

6.3.3.7

The DC resistance unbalance requirements are only applicable to cabling Classes A through
Fa. BCT-B, Class |, and Class |l

Direct current resistance unbalance

The DC resistance unbalance belween the two conductors within each pair of a channel shall
not exceed 3 % or 0,200 Q, whichever is greater. The maximum DC resistance unbalance
between pairs within a channel shall not exceed 7 % or 100 mQ, whichever is greater.

NOTE For the purposes of field measurements, caiculations that provide values of less than 200 m{ revert {o
200 m{.

For applications requiring remote power delivery, see ISO/IEC TS 29125 for the DC
resistance and DC resistance unbalance (within, and between pairs) component
specifications.
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6.3.3.8 DC current carrying capacity

The minimum DC current carrying capacity requirements are applicable to cabling Classes C
through F,, BCT-B, Class | and Class Il

Each conductor within a single channel shall have a minimum DC current carrying capacity
under continucus operation of 0,75 A at operating temperatures up to 60 °C. This requirement
shall be met by design.

The DC current carrying capacity is not a guide for application support since other factors
including the number of conducters and cables carrying remote powering current and their
installation environment may place further restrictions on the current per conductor.

For information on DC current carrying capacity with respect to installation conditions and
appiications using remote power supplied over these Classes of balanced cabling, see
ISO/IEC TS 29125.

The design and operation of the channel shall take into account the impact of mating and de-
mating under load (see Clause 10 and Annex B).
6.3.3.9 Dielectric withstand

The minimum dielectric withstand requirements are applicable to cabling Classes D through
Fa. BCT-B, land Il

Dielectric withstand of Classes D through F,, BCT-B, I and Il channels shall be a minimum of

1000 V DC conductor-to-conductor and shall be a minimum of 1000V DC conductor-to-
screen or conductor o earth, if a screen is not present, in accordance with IEC 61156-1
generic specification. This requirement shall be met by design.

6.3.3.10 Propagation delay

The maximum propagation delay requirements are applicable to Classes A through F,,
BCT-B, I, and II.

The propagation delay of each pair of a channel shall meet the requirements in Table 18.

The propagation delay of each pair of a channel, at maximum implementation, at key
frequencies is given in Table 19 for information only.

Table 18 - Propagation delay for a channel

Frequency Maximum propagation delay
Class MHz us
A =01 20,000
B 01<f<t 5,000
C.D.E.E, F ‘
£ " (ENEF A 0534 + 0036/ 1 + 4x0.0025
BCT-8-L 15 /51000 0.118 x 0,534 - 0.036/{[7 )+ 2x0.0025
8CT-B-M 1< 121000 0.25 (0,534 - 0,036/ )+ 20,0025
I 15 £ 52000 0.3x(0.534 + 0.036/ |/ )+ 20,0025
Il 15 £ 52000 0.3x (0,534 - 0036/ 7 )+ 2x0.0025

® [, is the upper frequency of the Ciass.
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Table 19 - Informative propagation delay values for a channel at key frequencies

Maximum propagation delay

ps
Frequency Class
MHz
A B c D E E, F Fa | BCT- | BCT- [ o e
B-L® B-m?
0.1 20.000 | 5.000 - - - - - - - - - -

1 - 5,000 | 0,580 | 0,580 | 0,580 | 0,580 | 0,580 | 0,580 | 0,072 | 6,148 | 0.176 | 0,176
16 - - 0,553 | 0,553 | 0,553 | 0,553 | 0,553 | 0,553 | 0,069 | 0,141 | 0,168 | 0,168
100 - - - 0.548 | 0,548 | 0.548 [ 0.548 | 0.548 | 0,068 | 0,139 | 0,166 | 0,166
250 - - - - 0.546 | 0,546 | 0,546 | 0,546 | 0,068 | 0,139 | 0,166 | 0,166
500 - - - - - 0,546 | 0,546 | 0,546 | 0,068 | 0,138 | 0,166 | 0,166
600 - - - - - - 0,545 | 0,545 | 0,068 | 0,139 | 0,166 | 0,166

1000 - - - - - - - 0,545 | 0,068 | 0,139 | 0,166 | 0,166
1600 - - - - - - - - - - 0,165 | 0,165
2000 - - - - - - - - - - 0,165 | 0,165

8 Values reflect reduced channel tengths as compared to those of other Classes.

6.3.3.11 Delay skew

The maximum delay skew requirements are applicable to Classes A through F,, BCT-B, |1, and
i,

The delay skew between all pairs of a channel shall meet the requirements in Table 20.
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Table 20 — Delay skew for a channel

Class Frequency Maximum delay skew
MHz Us
A f =03 N/A
B 012 r <1 N/A
Cc 1< <16 0,050 ®
D 15 /<100 0.050 2-©
E ts f5250 0,050 2
E, 13 f 5500 0,050 2-#
F 1< f <600 0,030b-°
Fa 1< f £1000 0,030 5 °
BCT-B-L 1< 7 <1000 0,006 < ¢
BCT-8-M 1< f <1000 0,009 9. ¢
| 1< £ £2000 0.016 "N
1l 1€ £ £2000 0,0108-h

8 This is the result of the calculation 0,045 + 4 x 0,001 25,

Y This is the result of the calculation §.025 + 4 x 0.00125.

¢ This is the result of the calculation 0,118 x 0,025 + 2 x 0,001 25.
4 This is the result of the calculation 0,25 x 0,025 + 2 x 0,001 25.

¢ Delay skew of any given installed cabling channel shall not vary by more than 0,016 ps within this
requirement, due to effects such as the daily temperature variation.

T This is the result of the calculation 0,045 x 0.3 + 2 x 0.00125.
9 This is the result of the calculation 0,025 x 0,3 + 2 x 0,001 25.

P Delay skew between any two channel pairs due to environmental conditions shall not vary by more than 3 ns
within the channel delay skew requirement (this is met by design).

6.3.3.12 Unbalance attenuation and coupling attenuation

6.3.3.12.1  General

Unbalance attenuation (TCL and ELTCTL) is specified for unscreened systems, and for Class
| and Class Il screened systems. Coupling attenuation is specified for screened systems.

Annex C provides additional information regarding unbalance attenuation and coupling
attenuation.

6.3.3.12.2 Unbalance attenuation, near-end

The unbalance attenuation near-end is measured as transverse conversion loss (TCL).
Minimum TCL requirements are applicable to unscreened systems and Class | and |l

screened systems. The TCL of a channel that is intended to be subjected to an environmental
classification E, shall meet the requirements in Table 21. The TCL of a Class | or Il channel

shall meet the requirements of Table 23.

The TCL of each pair of a channel, at maximum implementation, at key frequencies is given in
Table 22 and Table 24 for information only.

The TCL requirements shall be met at both ends of the cabling.
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Table 21 — TCL for channel for unscreened systems
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Class Frequency Environmental classification
MHz
E1 Ezc E3c
Minimum TCL?
d8
A 0.1 30 30 30
B =01 40 40 40
f=1 20 20 20
C 155186 30-51g(f) 30-5Ig( /) 30-51g(f)
O, E.E, 12 7 <30 53 -151g( 1) 83 -15lg(r) 73~ 15ig( /)
0s/5 S, b 60,3 - 20ig( )} 70.3 - 201g( /) 80,3 - 201g( /)

TCL at frequencies above 250 MHz are for information only.

Calculated values of greater than 40 dB shall revert to a minimum requirement of 40 d8.

The reference implementations of this and other standards of the ISO/EC 11801 series do notl ensure
conformance with this requirement for E, or 53-

Table 22 - Informative TCL values for unscreened channels at key frequencies

Minimum TCL
dB
Class
Frequency A B c D.E E,
MHz
E, E, E, E, £, E, E, E, E, E, E, | E,
0,1 30,0 30,0 30,0 40,0 40,0 40,0 - - - - - -
1 - - - 200 | 20,0 | 200 | 30,0 | 30,0 | 30.0 | 40,0 | 40.0 | 40,0
16 - - - - - - 24,0 | 24,0 | 24,0 | 349 | 34,9 | 34,9
30 - - - - - - - - - 30,8 | 30,8 | 30,8
100 - - - - - - - - - 23.0 | 23,0 | 23,0
250 - - - - - - - - - 17,0 17,0 17,0
Table 23 — TCL for Class | and Il screened channels
Environmental classification
Frequency Cable pair E, E, E,
Class MHz screening
Minimum TCL
dB
| t< f< 2000 unscreened pairs 60,0-171g(f) ® 60,0 -17Ig(/) ® 60,0 -17Ig(s) @
! 12 f 52000 screened pairs 50,0 -17lg(r) & ¢ | 50.0-171g(s) > © 50,0 - 17Ig(f) & ¢
1l 1< £< 2000 unscreened pairs 60,0-17Ig( 1) 3 60,0 -171g( /) ® 60.0 - 17Ig( 1) ®
il tsf<2000 screened pairs 50,0-17Ig(s) ®¢ | 50,0 -17ig(s) ¢ 50,0 ~ 17g( 1) - ¢

Calculated values of greater than 40 dB shall revert to a minimum requirement of 40 dB.
Calculated values of greater than 30 dB shall revert to a minimum requirement of 30 dB.
Calculated values of less than 3 dB shall revert to a requirement o1 3 dB.
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Table 24 - Informative TCL values for Class | and Il screened channels
at key frequencies

Minimum TCL
dB
Class
Frequency ! y " I

MHz (unscreened pairs) (screened pairs) (unscreened pairs) (screened pairs)

E, E, E, E, E, E, E, E, E, E, E, E,
1 40,0 40.0 40.0 30.0 30.0 30,0 40.0 40,0 | 40.0 30.0 30.0 | 300
100 26,0 | 260 | 26,0 | 160 | 16,0 | 160 | 26.0 | 26.0 | 26.0 | 16.0 | 16.0 | 16,0
250 192 | 192 | 19.2 g2 9,2 9,2 19,2 | 19.2 | 19,2 9,2 9.2 9.2
500 141 141 14,1 4.1 4.1 4.1 14 1 141 141 4.1 4.1 4.1
1000 9.0 9.0 9.0 3.0 3.0 3.0 9.0 9.0 9.0 3.0 3.0 30
1600 5.5 5.5 5.5 3.0 3.0 3.0 55 5.5 55 3.0 3.0 3.0

2 000 3.9 3.9 3.9 3.0 3.0 3,0 3,9 39 3.9 3.0 3.0 3,0

6.3.3.12.3 Unbalance attenuation, far-end

The unbalance attenuation far-end is measured as equal level transverse conversion transfer

loss (ELTCTL).

Minimum ELTCTL requirements are only applicable to channel Classes D through Ea, | andg Il.

The ELTCTL of a channel that is intended to be subjected to an environmental classification
E, shall meet the requirements in Table 25. The ELTCTL of a Class | or Il channel shall meet

the requirements of Table 27.

The ELTCTL of each pair of a channel, at maximum implementation, at key frequencies is
given in Table 26 and Table 28 for information only.

The ELTCTL requirements shall be met at both ends of the cabling and shall be achieved by
design and installation in accordance with manufacturer’s instructions.

Table 25 — ELTCTL for channel for unscreened systems

Class Frequency Envircnmental classification
MHz
E, E, E,
Minimum ELTCTL?
dB
D.E.E,. 1< /<30 30- 201g( 1) 40-201g( /) 50 - 20ig( ()

Calculated values of greater than 40 dB shall revert to a minimum requirement of 40 dB.
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Table 26 — Informative ELTCTL values for unscreened channels at key frequencies

Minimum ELTCTL
dB
Class
Frequency D,E E,
MHz

E, E, E,
1 30,0 40,0 40,0
16 5.9 15,9 25,9
30 0,5 10,5 20,5

Table 27 - ELTCTL for Ciass | and |l channels

Environmental classification
Class Frequency Cable pair E, E, £,
MHz screening
Minimum ELTCTL
dB
| 1< f < 2000 unscreened pairs 446 -20ig(f) ¢ 44,6 -20g(f} > © 44.6 - 20ig(f) > ¢
| 15 £< 2000 screened pairs 34,6-201g(f) ¢ 34.6-20ig( /) B¢ 346-20g(f) ®*
I i< f <2000 unscreened pairs 446 -20g(f) - ¢ 446 - 20Ig( /'y ¢ 44,6~ 20Ig{ f) * ©
I} 1< £ 2000 screened pairs 346-20lg(f) >¢ 346 -20lg(fy > ¢ 346-20Ig(r) b-¢

Caiculated values of greater than 40 dB shall reverl to a minimum requirement of 40 dB.
Calculated values of greater than 30 dB shall revert to a minimum requirement of 30 dB.
¢ Calculated values of less than 3 dB shall revert to a requirement of 3 dB.

Table 28 — Informative ELTCTL values for Class | and Il channels at key frequencies

Minimum ELTCTL

dB
Class
Frequency I ! n L

MHz {(unscreened pairs) {screened pairs) (unscreened pairs) (screened pairs)

E, E, Es E, E, E, E, E; E, E, E,
1 40,0 | 40,0 | 40,0 | 30,0 | 30,0 | 30,0 | 40,0 | 40,0 | 40,0 | 30,0 | 30,0 | 30,0
100 4,6 4.6 4,6 3.0 3.0 3.0 4.8 4,6 4,6 3.0 3,0 3,0
250 3.0 3.0 3.0 3.0 3.0 3.0 3,0 3,0 3,0 3.0 3.0 3,0
500 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
1000 3.0 3,0 3.0 3.0 3,0 3.0 3.0 3,0 3,0 3.0 3.0 3.0
1600 3.0 3,0 3.0 3,0 3,0 3,0 3.0 3,0 3.0 3.0 3,0 3,0
2 000 3.0 3.0 3.0 3.0 3,0 3.0 3.0 3.0 3,0 3.0 3.0 3,0

6.3.3.12.4 Coupling attenuation

Minimum coupling attenuation requirements are only applicabte to channel Classes D through

Fa. BCT-B, I and II.

The coupling attenuation of a channel that is intended to be subjected to an environmental
classification E_ shall meet the requirements in Table 29. The coupling attenuation
requirements shall be met at both ends of the cabling and shall be achieved by design and
instalkation in accordance with manufacturer's instructions.
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Table 29 - Coupling attenuation for a channel for screened systems

Class Frequency Environmental classification
MHz
€, E, E,
Minimum coupling attenuation
dB
30 < f< 100 40 50 80
D E.E, F,F, -

100< 7<) ° 80 - 201g{( f) 90 - 20ig( /) 100 - 20ig( 1)

30 < /<300 85 85 85

BCT-B 300 £ f <470 80 80 80

470 s £ £1000 75 75 75

30s f< 100 50 50 60

Al

100 € £ 5 2000 90 - 20lg( /) 90 - 20ig{ 1) 100 - 201g( /)

* j, is the upper frequency of the Class.

6.3.3.13 Alien crosstalk
6.3.3.13.1 General

The following alien crosstalk requirements are applicable to Classes Ep, Fa, |, and 1. Alien

crosstalk of Class F is considered to be as good as the alien crosstalk performance specified
for Class Ea. For qualification of alien crosstalk using coupling attenuation see 6.3.3.13.6.

6.3.3.13.2 Power sum alien NEXT

The PS ANEXT of each pair of a channel shall meet the requirements derived by the formuia
in Table 30.

The PS ANEXT of each pair of a channel, at maximum implementation, at key frequencies is
given in Tabie 31 for information only.

The PS ANEXT requirements shall be met at both ends of the channel.

PS ANEXT, of pair k is computed as follows:

—ANEXT);
Nn 10
PS ANEXT, =-101g/ > > 10 (6)

{=1i=1
where
k is the number of the disturbed pair in the disturbed channel;
i is the number of the disturbing pair in a disturbing channel /,
! is the number of the disturbing channel;
N is the number of disturbing channels;
I is the number of disturbing pairs in disturbing channel /,

ANEXT, ;. is the alien near-end crosstalk loss coupled from pair i of disturbing channel (/) to
the pair k of the disturbed channel.
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Table 30 - PS ANEXT for a channel

Class Fre’?;:-'ezncy Minimumdgs ANEXT
N 1S £ <100 80-10lg( 1)
A 100 < f < 500 90 - 151g{ )
C e 12 £ <100 95-101g( /)
A 100 < £ <1000 105 - 15ig( /)
1 £ <100 105~ 101g(f)
' 100 < £ €2000 115-151g( /)
15 f <100 105 -10Ig( f)
" 100 < 5 < 2000 151519/}

3 PSS ANEXT at frequencies that correspond to calculated values of greater than 67.0 dB shall revert to a

minimum requirement of 67,0 dB.
If the average insertion loss of all disturbed pairs at 100 MH2, L, g4 p47 avgr is less than 7 dB, then subtract
the following for /2100 MHz:

. F =100 7-fly0ommzavg f-100
minimum{7 - . . 6.
400 ILrgommzavg 400

where
t is the frequency in MHz;

4
1
#100MHz, avg = vy Z HapoMHz,
i1
.400MmHz,; 1S the insertion loss of a pair i at 100 MHz.

PS ANEXT at frequencies that correspond to calculated values of greater than 75.0 dB shall revert to a
minimum requirement of 75,0 dB.

Table 31 - Informative PS ANEXT values for a channel at key frequencies

Minimum PS ANEXT

The PS ANEXT,

dB
Frequency Class

MHz E, F, | ]

1 67.0 67.0 75.0 75.0
100 60,0 67.0 75,0 75,0
250 54,0 67.0 75,0 75,0
500 49.5 64.5 74,5 74,5
1000 - 60.0 70.0 70,0
1600 - - 66,9 66,9
2 000 - - 65,5 655

6.3.3.13.3  PS ANEXT,q

avg of a channel shall meet the requirements derived by the formulas in

Table 32.

The PS ANEXT

avg of each pair of a channel, at maximum implementation, at key frequencies

is given in Table 33 for information only.

The PS ANEXT,4 requirements shali be met at both ends of the channel.



ISO/IEC 11801-1:2017 © ISO/IEC 2017 -61-

PS ANEXT,yg is computed as follows:

PS ANEXTy,q = %[éps ANE)(T,(} (7)
where
k is the number of the disturbed pair in the disturbed channel,
n is the number of disturbed pairs in the disturbed channel;
PS ANEXT, is the power sum alien near-end crosstalk loss coupled to pair & of the
disturbed channel.
Table 32 - PS ANEXT,yq for a channel
Class Freml_'ezncy Minimum PSdgNEXTavg ab
1< £ <100 82,25 - 10ig{s)
E 100 £ £ <500 92,25-15lg(f)

& PSS ANEXTayq at frequencies that correspond to calculated values of greater than 67.0 dB shalt revert to a
minimum requirement of 67,0 dB.

b If the average insertion loss of all disturbed pairs at 100 MHZ, /L 0gMHz.avg IS |ess than 7 dB, then subtract
the following for /2100 MHz:

minimum {7- 7100 7 lioomrzang g f-100
400 L100MHz.avg 400
where
fis the frequency in MHz;
108
.A00MHz.2vg = —4-21 HA00MHzZ.i +
=

IL1gommHz, 1S the insertion loss of a pair i at 100 MHz.

Table 33 - Informative PS ANEXT .4 values for a channel at key frequencies

Frequency Mi;i;n:r:ECxI?ss Ea
MHz avg
dB
1 67.0
100 62,3
250 56,3
500 51.8

6.3.3.13.4 Power sum alien ACR-F
The PS AACR-F of each pair of a channel shall meet the requirements in Table 34.

The PS AACR-F of each pair of a channel, at maximuem implementation, at key frequencies is
given in Table 35 for information only.

The PS AACR-F shall be met at both ends of the channel.

The PS AACR-F is computed based on PS AFEXT, and insertion losses of disturbing and
disturbed channels.

The PS AACR-F, of disturbed pair k is determined according to Equation (8).
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PS AACR-F, = PS AFEXT, - IL; (8)
where
L, is the measured insertion loss of pair & in the disturbed channel;
PS AFEXT, is the power sum alien far-end crosstalk loss coupled to pair &.
with
-AFLXTy ;&
Nn 10
PS AFEXT, =-101g/ > >'10 (9)
f=1i=1
where
k is the number of the disturbed pair in the disturbed channel;
i is the number of the disturbing pair in a disturbing channel /;
! is the number of the disturbing channel;
N is the number of disturbing channels;
n is the number of disturbing pairs in disturbing channel /;
AFEXT; i« is the alien far-end crosstalk loss coupled from pair i of disturbing channel (/)
to the pair 4 of the disturbed channel.
Table 34 - PS AACR-F for a channel
Class Frequency Minimum PS AACR-F
MHz dB
E © 1< £ 2500 77 - 20ig( /')
Fo2© 1€ £ <1000 92-20ig( /)
| b9 15 f 52000 101- 20g( f)
nbo.d 1% £ 22000 101~ 20ig( /)

3 PSS AACR-F at frequencies that correspond to calculated PS AFEXT values of greater than 67,0 dB or
102 ~ 15ig(r) dB shall be for information only.

b PSS AACR-F at frequencies that correspond to calcutated values of greater than 75,0 ¢8 shall revert to a
minimum requirement of 75,0 dB.

¢  The reference lengths are 100 m.
9 The reference lengths are 30 m.
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Table 35 - Informative PS AACR-F values for a channel at key frequencies

Minimum PS AACR-F

dB
Frequency Class

MH2 e ‘s " "

18 64,7 64.8 75.0 75.0
100 37.0 52,0 61.0 61.0
250 29,0 44,0 53,0 53.0
500 23,0 38,0 47,0 47,0
1000 - 320 41.0 41,0
1 600 - - 36.9 36.9
2 000 - - 35,0 35,0

®  PS AACR-F values at 1 MHz are affected by the computed insertion loss.
b values reflect reduced channel lengths as compared o those of other Classes.

6.3.3.13.5 PS AACR-F,
The PS AACR-Fj,,q of a channel shall meet the requirements in Table 36.

The PS AACR-F,,q of each pair of a channel, at maximum implementation, at key frequencies
is given in Table 37 for information only.

The PS AACR-F,yq requirements shall be met at both ends of the channel.

PS AACR-Fayg is computed as follows:

1 [ .
PSAACR-Fayg = _[ S PSAAC R-Fk] (10)
nlr=1
where
k is the number of the disturbed pair in the disturbed channel;
n is the number of disturbed pairs in the disturbed channel;
PSAACR-F, is the power sum alien far-end crosstalk loss coupled to pair & of the
disturbed channel relative to insertion loss of pair 4 of the disturbed channel.
Table 36 — PS AACR-F,,4 for a channel
Class Frequency Minimum PS AACR-Favg a
MH2z dB
E, 1< f <500 81-20Ig( /)
a ps AACR-FMg at frequencies that correspond to PS AFEXT values of greater than 67.0d8 or
102 - 15lg{f} dB shall be for information only.
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Table 37 - Informative PS AACR-F, o values for a channel at key frequencies

Frequency Minimum Class E, PS AACR-F_

MHz dB

12 64.7

100 41,0

250 33.0

500 27.0

8  PS AACR-Fa,q values at 1 MHz are affected by the computed insertion loss.
9

6.3.3.13.6  Alien crosstalk and coupling attenuation for screened channels

When coupling attenuation for a channel meets or exceeds the values of Tabie 38, the
PS ANEXT limits are met by design.

When coupling attenuation for a channel meets or exceeds the values of Table 38, the
PS AACR-F limits are met by design.

Table 38 - Alien crosstalk and coupling attenuation for screened channels

Class Frequency Minimum coupling Minimum coupling attenuation
MHz attenuation to meet to meet PS AACR-F limits
PS ANEXT limits dB
dB

30 y< 100 50 50

Fa 1005 f < 500 90 - 20ig( /) 90 - 20lg{ /)
30< /< 100 50 50

F 100 € £ £ 600 90 - 20Ig{ 1) 90 — 20lg( /)
305 /< 100 65 65

& 100 5 £ < 1000 105 - 201g( /) 105 ~ 201g (/)
305 £ < 100 50 65

100 & £ < 2000 90 - 201 (/) 105 - 20ig (/)
30< £ < 100 50 65

! 100 /£ 2000 90 - 20Ig( /) 105 - 20Ky ( f)

6.4 Coaxial cabling transmission performance
6.4.1 General

This document specifies Class BCT-C up to 3000 MHz. The insertion loss performance of
BCT-C cabling is further subdivided into two sub-Classes, L and M. These sub-Classes have
identical performance requirements for all other transmission parameters.

Annex E lists known applications by Classes,

The performance limits for coaxial cabling channels are given in 6.4.3. These limits are
derived from the component performance limits of Clauses 9 and 10 using the reference
implementations of the cabling design documents. The performance limits for coaxial cabling
links are given in Clause 7.
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The requirements in 6.4 are given by limits computed to one decimal place, using the formula
for a defined frequency range. The limits for propagation delay are computed to three decimal
places. The additional tables are for information only and have limits derived from the relevant
formula at key frequencies.

6.4.2 Component choice

The nominal impedance of channels is 75 . This is achieved by suitable design and
appropriate choice of cabling components. For the purposes of this document, insertion loss
is measured with source and load impedances of 75 Q.

6.4.3 Channel parameters
6.4.3.1 Return loss
The return loss (RL) of a channel shall meet the requirements in Table 39,

The return loss requirements shall be met at both ends of the cabling.

Table 39 — Return loss for a channel

Class Frequency Minimum return loss
MHz dB
55 f <470 18,0
BCT-C 470 5 £ <1000 16,0
1000< s <3000 10,0

6.4.3.2 Insertion loss

The insertion loss (/L) of a channe! shall meet the requirements in Table 40.

The IL at maximum implementation, at key frequencies is given in Table 41 for information

only.
Table 40 - Insertion loss for a channel
Frequency Maximum insertion loss @
Class MHz dB
15 f <100 (0.3 +0.05)x (0.625 o+ 0.0001_:‘)+ 2x0,0001 f
8CT-C-L —
100 < £ < 3000 (03 +0.05)x (0,577 +0.0026 1 )+ 20,0001 f
1< f <100 (0,69 + 0.05)x (0‘625\37 - 0,0001¢ )+ 2x0.0001 f
BCT-C-M
100 < £ < 3000 (069 1 0.05)x (0.597,[7 +0.0026 1 )+ 2 0.0001 f

maximum requirement of 2.0 dB.

8 |nsertion loss (/L) at frequencies that correspond to calculated values of less than 2,0 dB shall revert to a
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Table 41 — Informative insertion loss values for a channel at key frequencies

Frequency Maximum insertion loss
MHz dB
Class BCT-C-L Class BCT-C-M
1 2.0 2,0
10 2,0 2.0
100 2,2 4.7
200 3,2 6,7
600 5.8 12,1
1000 77 16,1
2 400 12,9 26,7
3 000 14,8 30.6
6.4.3.3 Direct current loop resistance

The DC loop resistance of a channel shall meet the requirements in Table 42,

6.4.3.4

Table 42 — DC loop resistance for a channel

Maximum DC loop resistance

4]

Class Class
BCT-C-L BCT-C-M
3.2 6,7

DC current carrying capacity

The minimum DC current carrying capacity of a channel shall meet the requirements
in Table 43. This shall be achieved by an appropriate design.

6.4.3.5

Table 43 — DC current carrying capacity for a channel

Minimum DC current carrying capacity

mA

Class
BCT-C

500.0

Operating voltage

The minimum operating voltage of a channel shall meet the reguirements in Table 44. This

shall be achieved by an appropriate design.

6.4.3.6

The minimum screening attenuation of a channel shall meet the requirements in Table 45.

Table 44 — Operating voltage for a channel

Minimum operating voltage
vV DC

Class
BCT-C

72,0

Screening attenuation

This shall be achieved by an appropriate design.
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Table 45 — Screening attenuation for a channel

Class Frequency Minimum screening attenuation
MHz dB
30 €y <300 85.0
300 £ f <470 80.0
BCT-C
470 < £ <1000 75.0
1000< f <3000 55,0

6.5 Optical fibre cabling transmission performance
6.5.1 Component choice

Optical fibre components are referenced in Clauses 9, 10 and 11. The optical fibres are
defined in terms of physical construction (core/cladding diameter} and their transmission
performance Category within a cable. The selection of an optical fibre cabling channel design
for use within a generic cabling system should be made with reference to Annex E.

6.5.2 Channel parameters
6.5.2.1 Channel attenuation

For the purpose of defining channe! limits, the cable requirements of Table 93 and the
connecting hardware requirements of Table 136 shail be used.

The attenuation of a channel shall be measured according to ISO/IEC 14763-3.

The attenuation of channels at a specified wavelength shall not exceed the sum of the
specified attenuation values for the componentis at that wavelength (where the attenuation of
a length of cabled optical fibre is calculated from its attenuation coefficient multiplied by its
length).

6.5.2.2 Propagation delay

Propagation delay of a channel can be approximated by the application of a conservative
value per unit length described in 9.5.2.4. The channel length shall comply with the
application length requirements (see Annex E for information for supported applications}.

7 Link performance requirements

7.1  General

The 2-connection link cabling under test in Figure 7 may be either in the backbone or in the
premises-specific cabling subsystems (the permanent link (PL)) defined in the cabling design
standards. The designation of the TE is dependent upon the applicable cabling subsystem.

The 3-connection link cabling under test in Figure 7 may be found in the premises-specific
cabling subsystems defined in the cabling design standards and is also termed the permanent
link. It comprises a fixed cabling element from Distributor 1 to the Consolidation point and a
Consolidation point cord to the TE outlet. The designation of the Consolidation peint and the
TE is dependent upon the applicable cabling subsystem. Measurements made for this
configuration are invalid if the Consolidation point cord is changed.

The consolidation point link shall be tested according to the requirements of a 2-connection
link. The name applied to this link is defined in the premises-specific cabling subsystems
defined in other parts of the ISO/IEC 11801 series.

In all configurations the test reference plane of a link is within the test cord. The test cord
connector which mates with the termination point of the link under test is part of the link under
test.

Consideration should be given to calculating worst case performance at the worst case
temperatures, when measuring performance at other temperatures.
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Figure 6 — Link options
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A The limits for the 2-connection PL are those of a 2-connection link.
®  The limils for the CP link are those of a 2-connection link.
¢ The limils for the 3-connection PL are those of a 3-connection link.

Figure 7 - Link designations

7.2 Balanced cabling
7.21 General

Subclause 7.2 contains requirements for balanced links of Classes A through F,, BCT-B,
Class | and Il.

Two- and three-connection links of Figure 6 and Figure 7 are supported by Classes A through
Fa link models.

Three-connection links of Figure 7 are not supported by Class BCT-B, Class | or Il link
models.

The parameters specified in 7.2 apply to balanced links with screened or unscreened cable
elements, with or without an overall screen, unless explicitly stated otherwise. When required,
link measurements (including those required for link calculations) shall be measured
according to IEC 61935-1, uniess otherwise specified in 7.2.

The nominal impedance of balanced links is 100 Q. This impedance is achieved by suitable
design, and an appropriate choice of cabling components.

The requirements in 7.2 are given by limits computed, to one decimal place, using the formula
for a defined frequency range. The limits for the propagation delay and delay skew are
computed to three decimal places. Where refevant, in the informative tables for maximum
implementation at key frequencies, the values of L, ¥ and » are: Y = 1 for all Classes, L = 90,
and n = 3 for Classes A0 Fy, /. =78 and n = 2 for Class BCT-B-L, /. =21,0 and n = 2 for

Class BCT-B-M, and L = 26,0 and n = 2 for Classes | and |l. Link requirements for unbalance
attenuation and coupling attenuation are ffs. Many specifications in 7.2 have a plateau in the
specified requirement. These plateaus do not accurately depict the system performance. They
have been added for measurement purposes.
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7.2.2 Return loss

The RL of each pair of a 2-connection or 3-connecticn link shall meet the requirements
derived by the formula in Table 46.

The RL of each pair of a link at key frequencies is given in Table 47 for information only,

The RL requirements shall be met at both ends of the cabling.

Table 46 — Return loss for 2-connection or 3-connection link

Class Freﬁnl.:‘{ezncy Minimum :;%turn loss 2
C 15f 518 15,0
o 1<f <20 19,0
20 </ <100 32 -101g(n
1< <10 21,0
E 10 <f <40 26 - 5 Ig(/)
40 < f < 250 34 - 10 1g(/)
1<f <10 21.0
E, 10 <f 540 26 - 5 1g(/)
40 < f £ 3981 34 - 10 Ig(n)
398.1 < f <500 8.0
1< <10 21,0
£ 10 < £ < 40 26 - 5 Ig{/)
40 <f £251,2 34 - 101g(n
251,2 < f < 600 10.0
1<f <10 21.0
10<f <40 26 - 51g(/)
Fa 40 < f 5 251,2 34 - 10 Ig()
2512 <f<631 10,0
631 << 1000 38 — 10 1g(/)
15 £ <10 21,0
102 £ <100 27.6 - 6.3 Ig(/)
BCT-B 100 £ f < 2542 25 - 51g{n
251,2< f <600 25,7 - 5.3 Ig{))
600 < [ <1000 36 - 9 1g{/)
1€ <3 21+4Ig(%)
35 /<10 210
102 /<40 26-51g(r)
40 < £ <100 180
! 100 € f < 464.2 42 -121g(f)
464.2< f <63 10,0
6315 £ <1000 38-101g(£)
1000 < £ < 1600 8.0
1600 < £ < 2000 8- 191g——)
1600
1< f <3 21”'9(%)
3< <10 21,0
" 10 /<40 26-5lg(/)
40 < f <100 18.0
100 £ f < 464.2 42-121g{ 1)
4642 < F <631 100
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Frequency Minimum return loss @
Class MHz a8
631 < 4 < 1000 38-101g(r)
1000 £ § < 1600 8.0
1600 < J < 2000 8—1919(-’—f-)
1600

?  RL values at frequencies where the insertion loss is below 3,0 dB are for information only.

Table 47 - Informative return loss values for links at key frequencies

Minimum return loss
dB
Frequency Class

MHz c ] E E, F F, BCT-B I n
1 15,0 19,0 21,0 21,0 21,0 21,0 21,0 19,1 18,1
18 15,0 19,0 20,0 20,0 20,0 20,0 20,0 20,0 20,0
100 - 12,0 14,0 14.0 14,0 14,0 15,0 18.0 18.0
250 - - 10,0 10,0 10,0 10,0 13,0 13.2 13.2
500 - - - 8,0 10.0 10,0 11,4 10,0 10,0
600 - - - - 10,0 10,0 11,0 10,0 10.0
1000 - - - - - 8.0 9,0 8.0 8,0
1600 - - - - - - - 8.0 8.0
2000 - - - - - - - 6,2 6,2

7.2.3 Insertion loss/attenuation

The insertion loss of each pair of a 2-connection or 3-connection link shall meet the
requirements derived by the formula in Table 48.

A method of establishing conformant link performance is to demonstrate that the margin
between the measured value and the channel limits of Table 5 are adequate to accommodate
any additional cabling components used to create a channel.

The insertion loss of each pair of a link, with maximum implementation, at key frequencies is
given in Table 49 for information only.
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Table 48 — Insertion loss for 2-connection or 3-connection link

Class Frequency Maximum insertion loss @
MHz dB
A =01 16,0
4 =01 55
B
s =1 58
c 1<f<16 09x(3.23/7 )+ 3x02
D 1</ 2100 (11100)x{1.910 87 +0.0222x 7 +02/7 )+ nx0.04 %7
E 1<f 250 (Lr100)x (18247 - 0.016 9% 1 - 0.25/ {7 )} nx0.02x 7
Ea 157 £500 (11100} (1.82,7 + 0009 1x 1 + 0.25/\/7 J+ nx 0025
F 1<f 5600 (moo)x (1 ByYS +001x /4 0.2/\;’7) + 1% 0,02 x \)'?
Fa 15/ 51000 (moo)x (1,8 f ~0005x f+ 0,25/\)'_?)+ " x O‘OZxJ.]_'
BCT-B 1< /<1000 (11100)x (1,8\17' 10,005 x £ +0,25/ 1 )+ 2x0,02x\f ®
1< f <500 (L1100} [1,3\,‘7 +0.005x f + 335 J +2x (voz x JT) s
!
'
500 ' fr 9.25 ) e
< f <2000 {£1100)x{ 1.8y7 +0.005x f + i 2x(0.006 49 %7 + 0000605 x f
!
n 15 £ £2000 (11100} (1,84 +0.005 x 7 + 025/\7 )+ 20027 ¢
L =legtlepx ¥
where

Lee is the length of fixed cable (m);

Lep is the length of link extension, where present (m):

4 is the ratio of link extension cable insertion loss (dB/m) to fixed cable insertion loss (dB/m) (see 9.3.2.6).
n = 2 for 2-connection link configurations (see Figure 6)

n = 3 for 3-connection link configurations {see Figure §)

8 Insertion loss {IL) at frequencies that correspond to calculated values of less than 4.0 dB shall revert to a
maximum requirement of 4.0 dB.

b Insertion loss {IL) at frequencies that correspond 1o calculated values of less than 2.0 dB shall revert to a
maximum requirement of 2,0 dB.

¢ Insertion loss (/L) at frequencies that correspond to calculated values of less than 3,0 dB shall revert to a
maximum requirement of 3.0 dB.
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Table 49 — Informative insertion loss values for links with
maximum implementation at key frequencies

Maximum insertion loss
dB
Class
Frequency
MHz A B Cc D E E, F Fa BCT- |BCT-B- | il
B-L M

01 16,6 55 - - - - - - - - -

1 - 5.8 4.0 4,0 4.0 40 4.0 4,0 2,0 2,0 3,0 3,0

16 - - 12,2 7.7 7.1 7.0 6.9 6.8 20 2.0 3.0 3.0
100 - - - 204 | 185 | 17.8 17,7 17,3 2.0 4.3 5.2 5.2
250 - - - - 30,7 | 28,9 28,8 27,7 3,0 6.9 8.4 8,4
500 - - - - - 421 42,1 39,8 4.2 9.9 12.0 12,0
600 - - - - - - 46.6 43.9 4.6 10.9 13,3 13,2
1 000 - - - - - - - 57.6 6.1 14,3 17.7 17,4
1 600 - - - - - - - - - - 23.3 22,4
2 000 - - - - - - - - - - 26.5 253

7.2.4 NEXT

7.2.4.1 Pair-to-pair NEXT

The NEXT of each pair combination of a 2-connection or 3-connection link shall meet the
requirements derived by the formula in Table 50.

The NEXT of each pair combination of a link, with maximum implementation, at key
frequencies is given in Table 51 for information only.

The NEXT requirements shall be met at both ends of the cabling.

Table 50 — NEXT for 2-connection or 3-connection link

Class Frequency Minimum NEXT 3 .h
MHz dB
A =01 27.0
B 01sfs1 25 -5Ig( )
c 15f <16 40,1 - 15,819(/)

65,3 -151g( /) 83 -20ig(/)
o] 157 100 -201g] 10 -20 +10 -20

743 ~151g(f) 94 - 201tg( /)
E 15/ <250 - 20 1g| 10 -20 +10 20

743-15lg(f)  94-20ig(/)
1</ <300 -201g(10  -20 410 -2

300 < f < 500 87.46 - 21,57 Ig (1) ¢ ¢




ISO/IEC 11801-1:2017 € ISO/IEC 2017 -73 -
Class Frequency Minimum NEXT @-B.h
MKz dB
102.4 -151g{/) 1024 -151g(/)
F 1<f <600 -201g| 10 -20 +10 -20
- 15 f 5600 106,1 - 18.51g {r)
A 600 </ < 1000 124.85 — 25.251g (£) *!
15f 5600 106,1 - 18.51g (')
BCT-B .
600 </ < 1000 124,85 - 25,25 1g (/')
75.3-151g(/) 94 -201g(/)
15 f £ 500 -201g | 10 - 20 +2x10 -20
t
753 - 151g( /) 40-381g(/1500) )
500 < f £ 2000 - 201g | 10 -20 +2%x10 ~-20
(1054 -151g(/) 116.3 — 201g(s)
1< f <1000 -201g] 10 -20 +2x10 -20
/
1054 151g(f) 56,3 -~ 901g{/ /1000)
i 1000 < / < 1600 ~201g | 10 -20 +2x10 -20
1054 -151g( /) 37.93 - 40ig( / /1 1600)
1600 < / $ 2000 -201g [ 10 -20 -2%10 ~20

¥ NEXT at frequencies that correspond to calculated values of greater than 65,0 dB shall revert to a minimum
requirement of 65,0 dB.

b NEXT values at frequencies where the insertion loss (/L) is below 4,0 dB are for information only.

¢ For 3-connection link configurations (see Figure 7), this formula is 102,22 = 27,54 Ig {/).

9 For 2-connection links, whenever the class E, link insertion loss at 450 MHz is less than 12 dB, subtracl the
term 1.4({y 450)/50) from the formula stated above for the range of 450 MHz to 500 MHz.

% For 3-connection link configuration (see Figure 7), this formuta is 139.7 - 30,6 Ig {f).

' For 2-connection links, whenever the class F, link insertion loss at 900 MHz is less than 17 dB, subtract the
term 2.8((s - 900)/100) from the formula stated above for the range of 900 MHz to 1000 MHz.

9 When using connecling hardware with enhanced performance at the conneclion B (see 10.2.5.1), the
consolidation point link limits do not represent appropriate minimum performance requirements, and
therefore do not apply. In this case, the 3-connection link shall be tested for compliance instlead.

The terms in the formuias are not inlended to imply component performance.
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Table 51 — Informative NEXT values for links
with maximum implementation at key frequencies

Minimum NEXT

dB
Frequency Class
MHz A B c D E E, F F, BCT-B I 1
0,1 270 | 40,0 | - - - - - - - - -
1 - 25,0 | 40.1 | 64,2 | 65.0 65,0 65.0 65.0 65.0 65.0 65,0
16 - - | 211 ] 452 | 548 | 546 65.0 65.0 65.0 53,9 65.0
100 - - - 323 | 41,8 | 41,8 65,0 65,0 65,0 40,5 65,0
250 - - - - 353 [ 353 60.4 61,7 61.7 33.6 59.1
29.2
500 - - - - - | @rop| %59 56.1 56.1 28,4 53,6
600 - - - - - - 54,7 54,7 54,7 26,2 52,1
49,1
1 000 - - - - - - - @r.9p | 499 18.6 47.9
1 800 - - - - - - - - - 12.9 31,5
2 000 - - - - - - - - - 9.6 27,7

& Vvalue applicable to 3-connection link configuration (see Figure 7).

7.2.4.2 Power sum NEXT
The PS NEXT requirements are applicable to Classes D through F,, BCT-B, | and Il

The PS NEXT of each pair of a 2-connection or 3-connection link shall meet the requirements
derived by the formula in Table 52.

The PS NEXT of each pair of a link, with maximum implementation, at key frequencies is
given in Table 53 for information only.

The PS NEXT requirements shall be met at both ends of the cabling.

PS NEXT, of pair k is computed as follows:

~NEXT,
PSNEXT, =-10lg 310 19 (11)
i=lizk
where
i is the number of the disturbing pair;
k is the number of the disturbed pair;
n is the total number of pairs;

NEXT,;, is the near-end crosstalk loss coupled from pair / into pair k.
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Table 52 - PS NEXT for 2-connection or 3-connection link

Class Frequency Minimum PS NEXT #. & "
MHz dB
62.3-151g(/) 80 -201g{/)
D 1<f <100 -201g[ 10 -20 «10 ~20
723-154g{s)  90-20lg(/)
E 1<f <250 -20lg| 10 -20 vt0 -20
\
723-151g(y) 90 20{/))
En 1<f 2300 - 201g| 10 - 20 +1p -20
A \ 7/
300 < 1 < 500 87.56 — 22,67g () &9
99.4-151g(/)  99.4 ~15lg(S)
F 15/ <600 -20ig{10 - 20 1 10 -20
o 1<fF <8600 103,1 ~18.51g (/)
A 600 < £ 5 1000 121,85 -2525ig{f '
13/ 5600 103.1 - 18,51
BCT-B / g (s
600 < r <1000 121,85 - 25,25 g (/)
723 -151g(r) 91- 20ig(/)
15 f £500 -201g | 10 -20 ~2x10 20
I
723 -15ig(/) 37 - 381g{f 1 500)
500 < / < 2000 ~-20lgj10 -20 +2x10 -20
102,4 -1501g(f) 113.3 ~ 20ig(/)
1< /7 £1000 - 2019 | 10 -20 +2%10 - 20
1024-1519(s)  533-90ig(//1000)
H 1000 < f < 1600 -201g [ 10 -20 +2x10 -20
102.4 -151g( /) 34.93 - 401g( 11600}
1600 < f < 2000 -201g |10 ~20 v 2x10 -20

a  ps NEXT at frequencies that correspond to calculated values of greater than 62,0 dB shall revert to a
minimum requirement of 62,0 dB.

b  pS NEXT values at frequencies where the insertion loss (/L} is below 4,0 dB are for information only.

¢ For 3-connection link configurations (see Figure 7) this formula is 104.65 - 29,57 Ig (/).

9 For 2-connection links, whenever the class E, link insertion loss at 450 MHz is less than 12 dB. subtract the
term 1,4((/ — 450)/50) from the formula stated above for the range of 450 MHz 16 500 MHz.

°  For 3-connection link configurations (see Figure 7) this formula is 136,7 - 30,6 ig (/).

T For 2-connection links, whenever the class F, link insertion loss at 900 MHz is less than 17 dB, subtract the
term 2,8({/ - 900)/100) from the formula stated above for the range of 900 MHz to 1000 MHz.

9 When using connecling hardware with enhanced performance at connection B (see 10.2.5.1), the
consolidation point link limits do not represent appropriate minimum performance requirements, and
therefore do not apply. In this case, the 3-connection link shall be tested for compliance instead.

b The terms in the formulas are not intended to imply component performance.
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Table 53 — Informative PS NEXT values for links with
maximum implementation at key frequencies

Minimum PS NEXT
dBe
Frequency Class

MHz D E E, F Fa BCT-B 1 u
1 57.0 62.0 62,0 62,0 62,0 62.0 62.0 62,0
16 42,2 52,2 52.2 62.0 62,0 62,0 50,9 62,0
100 29.3 39,3 39.3 62,0 62,0 62,0 375 62,0
250 - 32,7 32,7 57,4 58,7 58,7 30,6 56,1
500 - - (zzf';)a 52.9 53,1 53,1 25,4 50,6
600 - - - 51,7 51,7 51,7 23,2 49,1
1000 - - - - (:46‘.91)8 461 16,6 44.9
1600 - - - - - - 9,9 28,5
2000 - - - - - - 6.6 247

2 Value applicable to 3-connection link configurations {see Figure 7).

7.2.5 Attenuation to crosstalk ratio at the near-end
7.2.51 General
The ACR-N requirements are applicable only to Classes D through F,, BCT-B, | and II.

7.2.5.2 Pair-to-pair ACR-N
Pair-to-pair ACR-N is the difference between the pair-to-pair NEXT and the insertion loss of
the cabling in decibels.

The ACR-N of each pair combination of a 2-connection or 3-connection link shall meet the
difference of the NEXT requirement of Table 50 and the insertion loss requirement of
Table 48 of the respective class.

The ACR-N of each pair combination of a link, with maximum implementation, at key
frequencies is given in Table 54 for information only.

The ACR-N requirements shall be met where the NEXT requirements apply, and at both ends
of the cabling.

ACR-N; of pairs i and k is computed as follows:

ACR-Ny, = NEXT, - IL, (12)
where
i is the number of the disturbing pair;
k is the number of the disturbed pair;

NEXT,, is the near-end crosstalk {oss coupled from pair i into pair &

1L, is the insertion loss of pair £.
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Table 54 — Informative ACR-N values for links with
maximum implementation at key frequencies

Minimum ACR-N

dB
Frequency Class
MHz
D E E, F Fa BCT-B-L | BCT-B-M ( ]

1 60,2 61,0 61,0 61,0 61,0 63.0 63.0 62,0 62,0
16 37,5 47,5 47,6 58.1 58,2 63,0 63,0 50,9 62.0
100 11,9 23,3 24,0 47.3 47,7 63.0 60,7 35,3 59,8
250 - 4,7 6,4 31,6 34,0 58,7 54,8 25,2 50,7
500 - - -12.9 13,8 16,4 51,0 46,2 16,4 416

(-14.2) \ . . . . .
600 - - - 8,1 10,8 50,1 438 12,9 38,9
1000 - - - - ~8.5
(-9,7) 43,0 34,8 1,9 30,5
1600 - - - - - - - -10,4 9,1
2000 - - - - - - - -16,9 2,4

2 Value applicable to 3-connection link configurations (see Figure 7).

7.2.5.3

Power sum ACR-N

The PS ACR-N of each pair of a 2-connection or 3-connection link shail meet the difference of
the PS NEXT requirement of Table 52 and the insertion loss requirement of Table 48 of the
respective class.

The PS ACR-N of each pair of a link, with maximum implementation, at key frequencies is

given in Table 55 for information only.

The PS ACR-N requirements shall be met where the PS NEXT requirements apply, and at
both ends of the cabling.

PS5 ACR-N, of pair % is computed as follows:

where

k

PS NEXT,
L,

is the number of the disturbed pair;

PS ACR-N; = PS NEXT, — IL,

is the power sum near-end crosstalk loss of pair &;

is the insertion loss of pair &.

(13)
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Table 55 — Informative PS ACR-N values for links with
maximum implementation at key frequencies

Minimum PS ACR-N
dB
Class
Frequency
MHz D E E, F Fa BCT- | BCT- I n
B-L B-M
1 53.0 58,0 58.0 58.0 58,0 61,0 61,0 59,0 59,0
16 34,5 45,1 45,2 55,1 55,2 61,0 61.0 47.9 59.0
100 8.9 20,8 21.5 443 447 61,0 58,7 323 56.8
250 - 2.0 38 28,6 310 56,7 52,8 22,2 47,7
500 - - -15.7 10.8 13,4 49.9 44,2 13.4 38.6
(-16.3)® ! ! ) ! ' !
600 - - - 5.1 7.8 48,1 41,8 9.9 359
-11,5
1 000 - - - - (-12.7)° 41,90 32,8 -1.1 27,5
1 600 - - - - - - - -13.,4 6.1
2 000 - - - - - - - -19,9 -0.6
a8 Value applicable to 3-connection link configurations (see Figure 7).

7.2.6 Attenuation to crosstalk ratio at the far-end
7.2.6.1 General
The ACR-F requirements are applicable only to Classes D through F, BCT-B, | and Il

7.2.6.2 Pair-to-pair ACR-F

The ACR-F of each pair combination of a 2-connection or 3-connection link shall meet the
requirements in Table 56.

The ACR-F of each pair combination of a link, with maximum implementation, at key
frequencies is given in Table 57 for information only.

ACR-F; of pairs i and & is computed as follows:

ACR-Fy = FEXT, = IL, (14)
where
i is the number of the disturbing pair;
k is the number of the disturbed pair;

FEXT, s the far-end crosstalk loss coupled from pair i into pair k;

I, is the insertion loss of pair 4.

NOTE The difference of input-to-output FEXT and the insertion loss of the disturbed pair is relevant to the signal-
to-noise consideration. The results computed to the formal definition above cover all possible combinations of
inserticn loss of pairs and corresponding input-to-output FEXT.
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Table 56 - ACR-F for 2-connection or 3-connection link

Class Frequency Minimum ACR-F 2.t
MHZz dB
63,8 -201g{s) 75,1-201g(s}
D 15/£<100 -201g| 10 ~20 +nx10 ~20
\
67,8 -201g(/) 83,1 - 201g( /)
E 155250 -201g| 10 -20 +nx10 ~-20
67,8 - 201g{ /) 83,1-201g(/)
E. 15 /5500 -201g) 10 -20 +nx10  -20
94-201g9(/) 90 -1519(/)
F 1< /<600 -20igl10  -20 4ux10 20
95,3 -201g( /) 103,9 201g(/)
Fa 15151000 -20Ig] 10 -20 +nx10 -20
( 91-2019¢s) 1039 - 201g( f)
BCT-B-L 1<5£5 1000 -201g Jo,omlio -20 =2x10 ~20
91-201g(/) 103,9 - 2019( )
BCT-B-M 1<f< 1000 -201g| Jo21/10 -20 +2x10 -20
B0 - 201g(/) 83.1-20Ig(/)
I 15 f £2000 ~201g[ 10 -20 +2x10 -20
101,6 - 201g( /) 103,9 - 201g{f)
1< /21000 -201g| 10 -20 +2x10 -20
101,6 - 201g( /) 43,9 - 901g(/ /1000)
T 1000 < f <1600 -201g| 10 -20 +2x10 -20
101,6 - 201g( /) 25,52 - 401g( s £ 1600)
1600 € / <2000 -201g| 10 -20 +2x10 -20

n = 2 for 2-connection link configurations (see Figure 6).
# = 3 for 3-conneclion link configurations (see Figure 6).

a

only.

requirement of 65,0 dB.

ACR-F at frequencies that correspond to measured FEXT values of greater than 70,0 dB are for information

AGR-F at frequencies that cofrespond to calcuiated values of greater than 65,0 dB shall revert to a minimum
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Table 57 — Informative ACR-F values for links with
maximum implementation at key frequencies
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Minimum ACR-F
d8
Frequency Class
MH2 D E E, F Fa BCT-B-L | BCT-B-M I n
1 58.6 64,2 64,2 65.0 65.0 65,0 65,0 65,0 65.0
16 34,5 40,1 401 59.3 64.7 65.0 65.0 48,3 65,0
100 18,6 24,2 24,2 46,0 48.8 53,7 51,8 32,4 53.5
250 - 16,2 16,2 19,2 40,8 45,7 43,8 24,4 45,6
500 - - 10.2 34,0 34.8 39,7 37.8 18,4 39,5
600 - - - 32,6 33.2 38,1 36,2 16.8 38.0
1 000 - - - - 28.8 33.7 31.8 12,4 33,5
1 600 - - - - - - - 8,3 18,5
2 000 - - - - - - - 6,4 14,8
7.2.6.3 Power sum ACR-F
The PS ACR-F of each pair of a 2-connection or 3-connection link shall meet the

requirements derived by the formulas in Table 58.

The PS ACR-F of each pair of a link, with maximum implementatian, at key frequencies is

given in Table 59 for information only.

PS ACR-F, of pair k is computed as follows:

where

i is the number of the disturbing pair;
k is the number of the disturbed pair;
n is the total number of pairs;

n
PSACR-Fy =(-10lg D10 10 )iy

-FEXT

i=lizk

FEXT,;, is the far-end crosstalk loss coupled from pair i into pair &;

1L, is the insertion loss of pair 4.

(13)
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Table 58 — PS ACR-F for 2-connection or 3-connection link

Class Frequency Minimum PS ACR-F 2. B. ¢
MHz d8
60.8 -201g(7) 72.1-201g{/)
D 12f <100 -20Ig} 10 -20 ~nx10  -20
J
64,8 -~ 201g(/f) 80,1-2019(/) )
E 1<f <250 - 20lg] 10 -20 +ax10 -20
J
[ 64.8-201g(/) 80,1-201g(/)
Ex 1< f <500 -201g! 10 -20 cnx10 - 20
91-201g{f) 87 -1519(f)
F 15/ <600 -20ig/10  -20  4+,x10 -20
92,3-201g(/) 100,9 - 201g(/)
Fa 1<f 51000 - 201g| 10 -20 +ax10 -20
88-201g(s) 100,9 - 201g( 1)
BCT-B-L 15£<1000 -201g| Y0078 10  —20 +2x10 -20
88 - 201g(/) 100,9 - 201g( 1)
BCT-B-M 15£< 1000 ~201g| yo21]10 -20 +2x10 -20
77 -2019(/) 80,1-201g(f)
I 1< £ 52000 -201g/10 -20 s2x10 -20
98,6 - 201g(/) 1009 -201g{s)
15 f 51000 - 201g| 10 -20 +2x10 -20
98,6 - 201g( ) 40,9 - 901g(y /1000)
1" 1000 < f <1600 -201g| 10 - 20 +2x10 -20
98,6 - 201g(/) 22,52 - 401g( f 1 1600)
1600 < f <2000 -201g| 10 -20 +2x10 -20

n = 2 for 2-connection link configurations {see Figure 6).
r = 3 tor 3-connection link configurations (see Figure 6).

a  PS ACR-F at frequencies that correspond to measured

information only.

PS ACR-F at frequencies that cerrespond lo calculated
minimum requirement of 62,0 dB.

PS FEXT values of greater than 70,0 dB are for

values of greater than 62,0 dB shall reverl to a

The terms in the formulas are not intended to imply component performance.
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Table 59 — Informative PS ACR-F values for links with
maximum implementation at key frequencies

Minimum PS ACR-F
dB
Frequency Class
MHz D E E, F F, |BCT-B-L|BCT-BM| 1 "

1 55,6 61,2 61,2 62,0 62,0 62,0 62.0 62,0 62.0
16 31.5 371 371 56.3 81.7 62.0 62.0 45,3 62,0
100 16,6 21,2 21,2 43,0 45.8 50,7 48.8 29.4 50.5
250 - 13,2 13,2 36,2 37,8 42,7 40,8 21,4 42,6
500 - - 7.2 31.0 31.8 36,7 34.8 15.4 36.5
600 - - - 29,6 30.2 35.1 33.2 13,8 35.0
1 000 - - - - 25.8 30,7 28,8 9.4 30,5
1600 - - - - - - - 5.3 15,5
2 000 - - - - - - - 3.4 11.8

7.2.7 Direct current loop resistance
The DC loop resistance of each pair of a 2-connection or 3-connection link shall meet the
requirements derived by the formula in Table 60 when measured at or corrected to 20 °C.

The DC loop resistance of each pair of a link, with maximum implementation, at key
frequencies is given in Table 61 for information only.

Table 60 — DC loop resistance
for 2-connection or 3-connection link

Class Maximum DC loop resistance
Q
A 530
B 140
C 34
D (£1100) x 19 + n x 0.4
E {LI100)x 19+ n x04
E, (£L1100) x 19 + 7 x 0.4
F (L1100} x 19 +  x 0.4
Fa {L1100) x 19 + n x 0,4
BCT-B (LI100) x 19+ 2 x 0,4

| (L100) x 14,0 + 2 x 0,4
I (L1100) x 14.0 + 2 x 0.4

L=lgetlepx¥

where

Lec s the length of fixed cable (m);

Lop is the length of consolidation point cord. where present (m);

s is the ratio of consolidation point cord cable insertion loss (dB/m) to fixed cable insertion loss (dB8/m)
{see 9.3.2.6).

n = 2 for 2-connection link configurations (see Figure 6}
n = 3 for 3-connection link configurations (see Figure 6)
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Table 61 — Informative DC loop resistance for links with
maximum implementation

Maximum DC loop resistance
0

Class

F Fa BCT-B-L |BCT-B-M | ]

530 140 34 18,3 18,3 18,3 18,3 18.3 2.3 4.8 4.4 4.4

7.2.8 Direct current resistance unbalance

The DC resistance unbalance between the two conductors within each pair of a 2-connection
or 3-connection link shall not exceed the greater of 3 % or 0,150 Q for all Classes.

The maximum DC resistance unbalance between pairs within a link shall not exceed 7 % or
100 mQ, whichever is greater.

NOTE For the purposes of field measurements, caiculations that provide values of less than 200 m{ revert to
200 m0).

7.2.9 Propagation delay

The propagation delay of each pair of a 2-connection or 3-connection link shall meet the
requirements derived by the formulas in Table 62.

A method of establishing conformant link performance is to demonsirate that the margin
between the measured value and the channel limits of Table 17 are adequate to
accommodate any additional cabling components used to create a channel. This is fulfilled if
the insertion loss requirement and the delay skew requirement for the 2-connection or
3-connection link are met.

The propagation detay of each pair of a link, with maximum implementation, at key
frequencies is given in Table 63 for information only.
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Table 62 — Propagation delay for 2-connection or 3-connection link
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Class Frequency Maximum propagation delay
MHz [VES
A s =0 19,400
B 015/ $1 4,400
c 15/ 516 (11100} = {0.534 - 0036/ )+ nx0,0025
D 157 <100 (£1oo} x(0.534 - 0,036/J_7)+ nx0,0025
E 15f 250 (¢1100} x(0.534 +0036/{r )+ #%0,0025
E, 1<f <500 (11100 x(0.534 - 0036/y/7 ) + n x0.0025
F 15/ <600 (1100} = (0.534 - 0,036/, )+ n x0.0025
Fa 15/ <1000 (21100 = (0.534  0,036/{{7 )+ » x 0.0025
BCT-B 1<f <1000 (£1100) < (0534 + 0,036/ {7 )+ 2x00025
| 15 /£ 2000 (1100) x (0534 + 0,036/ 7 )+ 2x0,0025
Y 1< £ £ 2000 (11100) <(0.534 + 0,036/{7 )+ 20,0025

L=lpe+Lep

where

Lee 18 the length of fixed cable (m);

Lep s the length of consolidation point cord, where present (m).

n = 2 for 2-connection link configurations (see Figure 6)
n = 3 for 3-connection link configurations (see Figure 6)

Table 63 - Informative propagation delay values for links with
maximum implementation at key frequencies

Maximum propagation delay

ps
Frequency Class
MHz A B c D E E, F F. | BCT-| BCT-[ | T
B-L | B-M
0,1 19.400 [ 4.400 [ - - - - - - - - - -
1 - | 4400 [ 0.521 | 0.521 | 0.521 | 0.521 | 0.521 | 0.521 | 0.049 | 0.125 | 0.350 | 0.150
16 - - | 0496 [ 0.496 | 0,496 [ 0,496 | 0,496 | 0,496 | 0,047 | 0,119 | 0,142 [ 0.142
100 - - - [ o0.491 ] 0491 | 0.491 | 0.491 | 0.491 | 0.047 | 0.118 | 0.141 [ 0.141
250 - - - - ] o0.490 ] 0,490 [ 0,490 [ 0.490 | 0.047 [ 0,118 [ 0.141 | 0,141
500 - - - - - | 0.490 [ 0490 | c.a90 [ 0,047 | 0,117 | 0,141 [ 0,141
600 - - - ~ - - | 0489 | 0.489 | 0,047 | 0,117 | 0.141 | 0.141
1000 - - - - - - - [o0.489 ] 0.047 [ 0,117 | 0.140 | 0,140
1600 - - - - - - - - - - o140 [ 0,140
2 000 - - - - - - - - - - Jo.140 {0,140

7.2.10 Delay skew

The delay skew between all pairs of a 2-connection or 3-connection link shall meet the
requirements derived by the formulas in Table 64.



ISO/IEC 11801-1:2017 © ISO/IEC 2017 -85~

A method of establishing a conformant link performance is to demonstrate that the margin
between the measured value and the channel limits of Table 19 are adequate to
accommodate any additional cabling components used to create a channel. This is fulfilled if
the insertion loss requirement and the propagation delay requirement for the 2-connection or
3-connection link are met.

The delay skew between all pairs of a link, with maximum implementation, at key frequencies
is given in Table 65 for information only.

Table 64 — Delay skew for 2-connection or 3-connection link

Class Frequency Maximum delay skew
MHz ys
s =01 NIA
B 0.1sf =1 NIA
c 157516 (£1100) x0.045 + # 20,601 25
D 1512100 (£/100) x0.045 + 2% 0,001 25
E 1</ 5250 (1/100) x0,045 « # x 0,001 25
En 1<f <500 (£1100) x 0,045 + ux 0,001 25
F 1<f <600 (1.1100) x 0,025 + #x 0,001 25
Fa 15/ $1000 (1.1100) x0,025 + nx0,001 25
BCT-B 1</ <1000 (£1100) x0,025 + 2x 0,001 25
[ 1<f <2000 (£100) x 0,045 + 2x0,00125
" 1</ €2000 (1./100) x0,025 + 2x 0,001 25

Lelegtic

where

Lge is the length of fixed cable (m);

Lep is the length of consolidation point cord, where present (m).

# =2 for 2-connection link configurations (see Figure 6)
# =3 for 3-connection link configurations (see Figure 6)
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Table 65 — Informative delay skew for links with maximum implementation

Class Frequency Maximum delay skew
MHz VK]
A r=01 N/A
B 0.1<f <1 N/A
C 1<f <16 0,044 2
D 1<f <100 0,044 2
E 1<f <250 0,044 2
E, 1<f <500 0,044 2
F 18 f <600 0,026 ®
Fa 1<f <1000 0,026 &
BCT-B-L 1£f <1000 0,004 °
BCT-B-M 1<f 51000 0,008 9
1 1<f£2000 0.0142¢
I 157 <2000 0.008 '
2 This is the result of the calculation 0,9 x 0,045 + 3 x 0,00125.
b This is the result of the calculation 0,9 x 0,025 + 3 x 0.001 25.
¢  This is the result of the calculation 0,078 x 0,025 + 2 x 0,001 25.
9 This is the result of the calculation 0.21 x 0.025 + 2 x 0,001 25.
€ This is the result of the calculation 0,26 x 0,045 + 2 x 0,001 25.
' This is the result of the calculation 0,26 x 0.025 + 2 x 0,00125.

7.2.11 Unbalance attenuation and coupling attenuation

7.2.11.1 General

Unbalance attenuation {TCL and ELTCTL) and coupling attenuation are specified for Class |
and Class |l screened systems.

7.2.11.2 Unbalance attenuation, near-end

The unbalance altenuation near-end is measured as transverse conversion {oss (TCL).

Minimum TCL requirements are applicable to Class | and |l screened systems. The TCL of a
Class | or Il permanent link shall meet the requirements of Table 66.

The TCL of each pair of a link, with maximum implementation, at key frequencies is given in
Table 67 for information only.

The TCL requirements shall be met at both ends of the cabling and shall be achieved by
design and installation in accordance with manufacturer’s instructions.
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Table 66 — TCL for Class | and Il screened permanent links

Environmental classification
Class Frequency Cable pair E, E, E,
MHz screening
Minimum TCL
dB
] 1< f < 2000 unscreened pairs 60.0 - 171g( /) ? 60,0 - 171g( /) @ 60,0 - 17ig( /) ®
| 1< £ <2000 screened pairs 50,0 -17Ig( s} ®- ¢ 50.0 -17ig(f} ® ¢ 50,0 - 17ig(f) b ¢
" 15 /52000 | unscreened pairs | 60.0-17ig(/) ® 60.0 - 171g( ) ® 60,0 ~ 171g( /) 2
1} 1< f <2000 screened pairs 50,0 - 171g( f) ™ © 50,0 - 17ig( £) > © 50,0 - 171g(7) > ©

a

]

c

Calculated values of greater than 40 dB shall revert to a minimum requirement of 40 dB.
Calculated values of greater than 30 dB shall revert to a minimum requirement of 30 dB.
Calculated values of less than 3 dB shall revert to a requirement of 3 dB.

Table 67 — Informative TCL values for Class | and |l

screened permanent links at key frequencies

Minimum TCL
dB
Class
Frequency ! ! it n

MHz (unscreened pairs) (screened pairs) (unscreened pairs) (screened pairs)

E, E, E, E, E, E; E, E; E, E, E, Ey
1 40,0 | 40,0 | 40.0 | 30,0 | 30,0 | 30.0 | 40.0 | 40,0 | 400 30.0 | 30,0 | 30,0
160 260 | 26,0 | 26,0 | 160 | 160 | 160 | 26,0 | 26,0 | 26.0 16,0 | 16.0 | 16,0
250 19,2 | 19,2 | 19,2 9.2 9,2 9,2 19,2 | 19,2 | 19,2 9,2 9,2 9,2
500 14,1 14,1 14,1 4.1 4,1 41 14 1 14,1 14,1 4.1 4,1 4,1
1 000 9.0 9.0 9,0 3.0 3.0 3.0 9.0 9.0 9,0 3,0 3.0 3.0
1 600 5.5 55 55 3.0 3.0 3.0 55 55 5.5 3.0 3.0 3,0
2000 3.9 39 3.9 3,0 3.0 3.0 3.9 3.9 3.9 3.0 3.0 3,0

7.2.11.3  Unbalance attenuation, far-end

The unbalance attenuation far-end is measured as equal level transverse conversion transfer

loss (ELTCTL).

Minimum ELTCTL requirements are only applicable to permanent link Classes | and |l. The

ELTCTL of a Class | or Il channel shail meet the requirements of Table 68.

The ELTCTL of each pair of a link, with maximum implementation, at key frequencies is given
in Table 69 for information only.

The ELTCTL requirements shall be met at both ends of the cabling and shall be achieved by
design and installation in accordance with manufacturer’s instructions.
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Table 68 — ELTCTL for Class | and Il permanent links
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Environmental classification
Frequency Cable pair E, E, =
Class MHz screening
Minimum ELTCTL
dB
| 1< < 2000 unscreened pairs 446 - 20ig( /) > € 44.6-20ig(1) ® ¢ 44,6 - 20ig( /) * ©
l 1< f £ 2000 screened pairs 346-20lg(r) > ¢ 346 -201g(s) > 34.6 - 201g(f) > ¢©
I 1< f 5 2000 unscreened pairs 446~ 201g(r) * ¢ 44,6 - 20lg( /) o © 446 -20lg(/) ¢
I 15 f < 2000 screened pairs 34,6 - 20ig{f) ® ¢ 34,6 -201g(/) ©-* | 34,6 - 20Ig( () ¥ ©

2 Calculated values of greater than 40 dB shall revert to 3 minimum requirement of 40 dB.

® Calculated values of greater than 30 dB shall revert to a minimurn requirement of 30 dB.

¢ Calculated values of less than 3 dB shall revert to a requirement of 3 dB.

Table 69 — Informative ELTCTL values for Class | and Ii
permanent links at key frequencies

Minimum ELTCTL

dB
Class
Frequency ! ! n n

MHz (unscreened pairs) (screened pairs) (unscreened pairs) {screened pairs)

Ey E, E, E, E, E, E, E; E, E, E; E,
1 400 | 400 | 400 | 300 | 300 | 300 | 40,0 | 40,0 | 40.0 | 30.0 | 30,0 | 30.0
100 4.6 4,6 4.6 3.0 3.0 3.0 4.6 4.6 4.6 3.0 3.0 3,0
280 3,0 3.0 3,0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
5C0 30 3,0 3.0 3.0 3,0 3.0 3,0 3,0 3.0 3.0 3,0 3,0
1 000 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3,0 3.0
1600 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
2 000 3.0 3.0 3.0 3,0 3,0 3.0 3.0 3.0 3.0 3.0 3.0 3,0

7.2.11.4 Coupling attenuation

Minimum coupling attenuation requirements are only applicable to permanent link Classes |
and Il. The coupling attenuation of a permanent link that is intended to be subjected to an
environmental classification E, shall meet the requirements in Table 70.

The coupling attenuation of each pair of a link, with maximum implementation, at key
frequencies is given in Table 71 for information only.

The coupling attenuation requirements shall be met at both ends of the cabling and shall be
achieved by design and installation in accordance with manufacturer’s instructions.
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Table 70 — Coupling attenuation for a screened permanent link

Environmental classification
Frequency E, E, E;
Class MHz
Minimum coupling attenuation
dB
30 < £ < 100 50 50 60
in
100 < £ < 2000 90 - 209 (/) 90 - 201g( /) 100 - 20g( /)
Table 71 - Informative coupling attenuation values
for screened permanent links at key frequencies
Minimum coupling attenuation
dB
Class
Frequency | I

MHz

E, E, E, E, E, E,
1 - - - - - -

30 50,0 50,0 60,0 50,0 50,0 60,0
160 50,0 50.0 60.0 50.0 50.0 60.0
250 42,0 42,0 52,0 42,0 42,0 52.0
500 36,0 36,0 46,0 36.0 36.0 46.0
1000 30.0 30,0 40.0 30,0 30.0 40,0
1600 259 259 35.9 259 259 359
2000 24,0 24.0 34,0 24,0 24,0 34,0

7.2.12 Alien crosstalk
7.2.12.1 General

The following alien crosstalk requirements are applicable to Classes E,, Fp, | and Il. Alien

crosstalk of Class F is considered to be as good as the alien crosstalk performance specified
for Class E5. For information on alien crosstatk performance of Class E cabling, see

ISO/IEC TR 24750. For qualification of alien crosstalk using coupling attenuation see
7.2.12.86.

7.2.12.2 Power sum alien NEXT

The PS ANEXT of each pair of a 2-connection or 3-connection link shall meet the
requirements derived by the formulas in Table 72.

The PS ANEXT of each pair of a link, with maximum implementation, at key frequencies is
given in Table 73 for information only.

The PS ANEXT requirements shall be met at both ends of the cabling.
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PS ANEXT, of pair & is computed as follows:

- ANEXTy; 1
Noe 10
PSANEXT, =-101gl 3 310 {16)
1=1i=1
where
k is the number of the disturbed pair in the disturbed link;
i is the number of the disturbing pair in a disturbing link /;
! is the number of the disturbing link;
N is the total number of disturbing links;
" is the number of disturbing pairs in disturbing link /
ANEXT, ., is the alien near-end crosstalk loss coupled from pair i of disturbing link / to the
pair k of the disturbed link.
Table 72 — PS ANEXT for 2-connection or 3-connection link
Class Freat:{ezncy Minimumdl;S ANEXT
£ o 1</ <100 80 - 10ig (/)
100 £ f £ 500 90 - 15Ig (/)
£ 0 1<7 <100 95 - 10ig (/)
100 < f < 1 000 105 — 151g {N
1< f <100 105-10ig(f)
r* 100 < 5 £ 2000 115-181g( /1)
1< f <100 105-10Ig( /)
" 100 < f < 2000 115-15ig(/)

where

®  PS ANEXT at frequencies that correspond to calculated values of greater than 67,0 dB shall revert to a
minimum requirement of 67,0 dB.

® If the average insertion loss of all disturbed pairs at 100 MHz, IL 3 oomHz.avg’ is less than 7 dB, then subtract
the following for £ 100 MHz:

- 7-1 -
7, =100 LA00MHz . avg ext 100
400 Mooz .avg 400

minimum

f'is the frequency in MHz;

4
4
1L400MHz. avg = ry Z I oonsiiz,
et

1L 001nz, , 1S the insertion loss of a pair / at 100 MHz.

¢ PS ANEXT at frequencies that correspond to calculated values of greater than 75,0 dB shall revert to a
minimum requirement of 75,0 dB.
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Table 73 - Informative PS ANEXT values for links at key frequencies

Minimum PS ANEXT

dB
Frequency Class
MHz E F I I

A A
1 67,0 67,0 75.0 75.0
100 60,0 67.0 75,0 75,0
250 54,0 67.0 75,0 75,0
500 49.5 64.5 74,5 74.5
1000 - 60.0 70,0 70.0
1600 - - 66,9 66.9
2000 - - 65,5 65,5

7.2.12.3  PS ANEXTayq

The PS ANEXT,,y of each 2-connection or 3-connection link shall meet the requirements

derived by the formulas in Table 74.

The PS ANEXT, 4 of each pair of a link, with maximum implementation, at key frequencies is

given in Table 75 for information only.

The PS ANEXT,

avg requirements shall be met at both ends of the cabling.

PS ANEXT,,q is computed as follows:

PSANEXTy,q = _1.[ 3 PSA;\"EXT,‘} (17)
7 [k=1

where

k is the number of the disturbed pair in the disturbed link;

n is the number of pairs in the disturbed link.
Table 74 - PS ANEXT,,, for 2-connection or 3-connection link

L o
Class Freat:iezncy Minimum Psd;NEXT"" 2
e 15£<100 82,25 - 10 g ()
A 100 < / < 500 92,25 - 15 Ig (/)

2 PSS ANEXTMg at frequencies that correspond to calculated values of greater than 67.0 dB shall revert to a
minimum requirement of 67,0 dB.

5 If the average insertion loss of all disturbed pairs at 100 MHz, IL, 4001, avgr is less than 7 dB, then subtract
the following for f 2 100 MHz:

_ 7-1 -
7t 100 Ligoanz m,ij 100
400 gz avg 400

minimum

where
7is the frequency in MHz,
1 8
HAapomsz. avg 272 HaogMz. -
i=1

is the insertion loss of a pair i at 100 MHz.

11’100MHZ. i
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Table 75 - Informative PS ANEXTavg values for links at key frequencies

Frequency Mil:;l‘l:::ECxI:SS €a
MHz 48 avg
1 67.0
100 62,3
250 56,3
500 51.8

7.2.12.4 Power sum alien ACR-F for Class E,, F,, I, and Il 2-connection or 3-
connection link

The PS AACR-F of each pair of a 2-connection or 3-connection link shall meet the
requirements derived by the formula in Tabie 76.

The PS AACR-F of each pair of a link, with maximum implementation, at key frequencies is
given in Table 77 for information only.

The PS AACR-F shall be met at both ends of the cabling.

The PS AACR-F is computed based on AFEXT, and insertion losses of disturbing and
disturbed links.

The PS AACR-F, of disturbed pair & is determined according to Equation {18).
PSAACR-F, = PSAFEXT - i1, (18)

Table 76 — PS AACR-F for 2-connection or 3-connection link

Class Frequency Minimum PS AACR-F
MHz dB

E,® 1</ <500 77 - 20ig( /)

Fa? 15/ <1000 92 - 20ig( /)

j8.b 1< f < 2000 102- 201g( 1)

TER 15 <2000 102 - 20ig (/)

3 PSS AACR-F at frequencies that correspond to calculated PS AFEXT values of greater than 67,0 d8 or
102 - 151g(r} oB shall be for information only.

b PSS AACR-F at frequencies that correspond to calculated values of greater than 67,0 ¢B shall revert to a
minimum requirement of 67,0 dB.
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Table 77 — Informative PS AACR-F values for links at key frequencies

Minimum PS AACR-F

dB
Frequency Class
MHz
E, F, I ]

1 67.0 67.0 75.0 75.0
100 37.0 52.0 62.0 62.0
250 29,0 44.0 54,0 54,0
500 23,0 38,0 48.0 48.0
1000 - 32,0 42,0 42,0
1600 - - 37.9 37.9
2000 - - 36.0 36,0

7.212.5 PS AACR-F,,

The PS AACR-F,,q of each 2-connection or 3-connection link shall meet the requirements

derived by the formulas in Table 78.

The PS AACR-Fan of each pair of a link, with maximum implementation, at key frequencies is

given in Table 79 for information only.

The PS AACR-F,,4 requirements shall be met at both ends of the cabling.

PS AACR-F,,4 is computed as follows:

11 =«
PSAACR-Fayq = —[ > PSAA('R-Fk]
k=1

where

k is the number of the disturbed pair in the disturbed link;
n is the number of pairs in the disturbed link.

Table 78 — PS AACR-F for a 2-connection or 3-connection link

(19)

avg
Class Frequency Minimum PS AACR-F, 2 P.¢©
MHz
dB
E, 1sf s500 81-201g( /)

102 - 15 Ig() dB shall be for information only.

minimum requirement of 67,0 d8.

" PSAACR-F, al frequencies that correspond to calculated PS AFEXT‘wg values of greater than 67,0 dB or

b ps AACR—FM at frequencies that correspond to caiculaled valuas of greatsr than 67,0 dB shall revert to a

¢ PS AACR-F, for Class F, links is met if the Class F, PS AACR-F specificalion fimits in Table 25 are mel.
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Table 79 - Informative PS AACR-FMg values for links at key frequencies

Frequency Mi:lsm::c(';liss Ea
MHz ovg
dB
1 67.0
100 41.0
250 33.0
500 27,0

7.2.12.6 Alien crosstalk and coupling attenuation for screened links

When coupling attenuation for a link meets or exceeds the values of Table 80 the PS ANEXT
limits are met by design.

When coupling attenuation for a link meets or exceeds the values of Table 80, the PS AACR-
F limits are met by design.

Table 80 — Alien crosstalk and coupling attenuation for screened links

Class Frequency Minimum coupling attenuation to Minimum coupling attenuation to meet
MHz meet PS ANEXT limits PS AACR-F limits

dB dB8
30< f< 100 () 50

Ea 100< £ < 500 90 - 20g{ ) 90 - 20ig( /)
30 s 5100 50 50

F 100 < /< 600 90 - 20ig(f) 90 - 20ig{ /)
305 f< 100 &5 65

Fa 100 5 /< 1000 165 - 201g{f) 105 20ig(/)
305 £ 100 50 65

! 1005 /s 2000 90 - 209 ( 1) 105 - 20ig{7#)
30< f< 100 50 65

" 100< < 2000 90 - 20ig( ) 105 - 201g( /)

7.3  Coaxial cabling

7.31 General

Clause 7.3 contains requirements for coaxial links of Class BCT-C.

The requirements in 7.3 are given by limits computed, to one decimal place, using the formula
for a defined frequency range., The limits for the propagation delay are compuled to three
decimal places. Where relevant, in the informative tables for maximum implementation at key
frequencies, L = 30,0 for Class BCT-C-L and /. = 69,0 for Class BCT-C-M. The insertion loss
specifications in 7.3 have a plateau in the specified requirement. These plateaus do not
accurately depict the system performance. They have been added for measurement purposes.
7.3.2 Return loss

See 6.4.3.1.

7.3.3 Insertion loss
The insertion loss {/L) of a link shall meet the requirements in Table 81.
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The IL of a link, with maximum implementation, at key frequencies is given in Table 82 for
information only.

Table 81 - Insertion loss for link

Frequency Maximum insertion loss ?
Class MHz B
1< £ 5100 moo::(o.szs‘ﬁ+0.00011‘)+zno.0001r
BCT-C
100 < f < 3000 L1100 x (o.sgr\f;_- +0.0026 / ),« 2x0.0001y

% |nsertion ioss {/L) at frequencies that correspond to calculated values of less than 2,0 dB shall revert to a
maximum requirement of 2,0 dB.

Table 82 - Informative insertion loss values for link at key frequencies

Frequency Maximum insertion loss
MHz dB
Class BCT-C-L Class BCT-C-M

1 2,0 2.0
10 2,0 2,0
100 20 4.3
200 2,7 6.2
600 5,0 113
1 000 6.6 15.0
2400 1.1 250
3000 12,7 28,5

7.3.4 Direct current loop resistance

The DC loop resistance of a link shall meet the requirements in Table 83.

Table 83 - DC loop resistance for link

Maximum DC loop resistance
Q

Class Class
BCT-C-L BCT-C-M
2.7 6,2

7.3.5 DC current carrying capacity
See 6.4.3.4.

7.3.6 Screening attenuation
See 6.4.3.6.

7.4  Optical fibre cabling

The attenuation of links (by reference to Figure & and Figure 7) at a specified wavelength
shall not exceed the sum of the specified attenuation values for the components at that
wavelength (where the attenuation of a length of cabled optical fibre is calculated from its
attenuation coefficient multiplied by its length),

For the purpose of defining link limits, the cable requirements of Table 93 and the connecting
hardware requirements of Table 136 shall be used.
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8 Reference implementation for backbone cabling subsystems

8.1 General

Clause 8 contains reference implementations for campus and building backbone cabling
subsystems (see 5.3.3). For detailed information on reference implementations of other
cabling subsystems, see the appropriate premises-specific cabling design standard.

8.2 Balanced cabling

8.2.1 Component choice

The selection of balanced components will be determined by the channel lengths required and
the class of applications to be supported. Refer to Annex E for guidance.

The balanced cabling reference implementations described in 8.2 contain reductions in
channel length where operating temperatures are in excess of 20 °C. In order to maintain
specific channel lengths under such conditions (due to the effect of ambient temperature
and/or the impact of applications supported by the cabling) it may be necessary to either

1) specify cables with lower insertion loss specifications than those detailed in 8.2, or

2) provide appropriate protection to reduce the operating temperature of the channel.

Using the configurations of 8.2.2,

a) Category 5 components provide Class D balanced cabling performance,

b) Category 6 companents provide Class E balanced cabling performance,

c) Category 6, components or Category 8.1 components provide Class E, balanced cabling
performance,

d) Category 7 components provide Class F balanced cabling performance,

e} Category 7, components or Category 8.2 components provide Class F, balanced cabling
performance.

8.2.2 Dimensions

Figure 8 shows the model used to correlate cabling dimensions specified in 8.2 with the
channel specifications in Clause 6. The backbone channel shown (either building or campus)
contains a cross-connect at each end. This represents the maximum configuration for a Class
D, E, E,, F or Fy backbone channel.

- Channel
Backbone cabie
(11211717 R S — 1. j . Distnbutor
EQP ] cH fc ] Eap
s i .
Equipment Patch cord! Patch cord/  Equipment
cord jumper jurnper cord
1EC
Key
C connection {(mated pair)

Figure 8 — Backbone cabling model
The channel includes additional cords comprising patch cords/jumpers and equipment cords.
In Table 84 it is assumed that

a) the flexible cable within these cords may have a higher insertion loss than that used in the
backbone cable,

b) all the cords in the channel have a common insertion loss specification.
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In order to accommodate the higher insertion loss of cables used for patch cords, jumpers and
equipment cords, the length of the cables used within a channel of a given Class shall be
determined by the equations shown in Table 84.

The following general restrictions apply for Classes D, E, E,, F and Fp.

1) The physical length of channels shall not exceed 100 m.

2) When four connections are used in a channel, the physical length of the backbone cable
shouid be at least 15 m.

The maximum length of the backbone cable will depend on the total length of cords to be
supported within a channel. The maximum lengths of cords shall be set during the design
phase and a management system is required to easure that these lengths are not exceeded
during the operation of the cabling system.

Table 84 — Backbone link length equations

Implementation equations 2
cg;':gggf;“ m:ss Class B ClassC | ClassD | ClassE | ClassE, | ClassF | ClassF,
5 2 000 250‘.3 Z X 170."—) !: X 10513 Z x0T - - -
6 2000 260’373_,( 1851378-x meZ.x 102@::.)( - - -
Sa0rdi 12000 26013 Z X 189.'2 z X 114137a X 105%1: X 10213’: X - -
7 2000 260IE .'=a X 190.'- 1: X 1151312 X ‘05]3’: X ‘04’3’: X 10215 73 x| T
720182 |2000| 50" 1: X 192“-) Iza x| r=a X 108Ift=a X ‘07!3’: X ‘02’2': X ‘0713’2 X

l,  the maximum length of the backbone cable (m)

1, combined length ot patch cords/jumpers and equipment cords (m)

X the ratio of cord cable insertion loss (dB/m) to backbone cable insertion loss (dB/m)

For operating temperatures above 20 °C, /, should be reduced by

1) 0.2 % per °C for balanced screened cables up to 60 °C,

2) 0.4 % per °C lor unscreened balanced cables up to 40 °C

3) 0.6 % per °C lor unscreened balanced cables belween 40 °C and 60 °C.

These are default values and should be used where the actual characteristic of the cable is not known.

Manutacturers or supphers infermation shall be consulled where the itended operating temperature exceeds
60 °C

NOTE Where channels contain a differant number of conrections than in the model shown in Figure 8, the
fixed cable length is reduced (where more connections exisl) or increased (where fewer connections exist) by
2m per connection tor Category 5 cables and 1 m per connection for Category 6, 6,, 7 and 7, cables.

Additionally, the NEXT, return loss (RL) and ACR-F performaace should be verified.

8 Applications limited by propagalicn delay, delay skew cr DC resistance may not be supported il channel
lengths exceed 100 m.

B.3 Optical fibre cabling
8.3.1 General

Optlical fibre components are referenced in Clauses 9, 10, and 11. The optical fibres are
defined in terms of physical construction (core/cladding diameter) and their transmission
performance Category within a cable.

Within the reference implementations of 8.3, the optical fibres used in each cabling channel
shall have the same physical construction specitication and the cabled optical fibres shall be
of the same Category.
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When more than one physical construction or cabled optical fibre Category is used in a
cabling subsystem, the cabling shall be marked to allow each cabling type to be clearly
identified.

8.3.2 Compaonent selection

The selection of optical fibre components shall be determined by the channel lengths required
and the applications tc be supported. Refer to Annex E for guidance.

8.3.3 Dimensions

The channel length is limited by channel length restrictions of the cabled optical fibre
Category used, see Annex E. It should be noted that the connection system, used to
terminate optical cabling, may contain mated connsacting hardware and splices (permanent or
re-useable) and that cross-connects may comprise re-useable splices.

In order to accommodate increased quantities of mated connections and splices used within a
channel, the total length of the channel may have to be reduced to accommodate the
additional attenuation.

Additional connections may be used if the maximum channel insertion loss (or optical power
budget, as applicable} of the application allows (see Annex E).

9 Cable requirements

9.1 General

Ciause 9 specifies the minimum requirements for cables installed within generic cabling
subsystems as specified within the reference implementations in the ISO/IEC 11801 series.
The requirements in Clause 9 are specified at a temperature of 20 °C.

9.2 Operating environment

For each M, I, C or E group, the classification of a given environment is determined by the
most demanding parameter within the M, I, C or E group. However, the selection of
components shall be based on the specific demands of each of the parameters within the M, |,
C or E group, which may be less demanding than the overall ¢lassification of the group.

in general, conformance to the limits and test methods specified by, and product
specifications referenced in, Clause 9 for individual transmission parameters cannot be
considered to provide assurance of performance when simultaneously subjected to the full
range of environmental conditions of a given environmental classification.

It is assumed that if a channel is canstructed entirely of components meeting requirements
based on a M,1,CE, classification according to the reference implementations of the relevant
part of the ISO/IEC 11801 series, then the required channel transmission performance is
achieved in a M,l,C,E, environment based upon a statistical approach of performance

modelling.

The maintenance of functional performance under specific combinations of environmental
conditions within a given environmental classificalion of Table 2 should be indicated by the
supplier. Agreement shall be reached belween customer and supplier that the product
maintains transmission performance when subjected to specific combinations of
environmental conditions.

9.3 Balanced cables

9.3.1 Basic requirements

Both mechanical and electrical requirements of caoles meeting the minimum requirements to
support the transmission performance Classes A through F,, BCT-B, | and Il as specified in
6.3 are given in the generic specification IEC 61156-1 and the relevant sectional
specifications detailed in Table 85.
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Table 85 - Basic requirements of balanced cables

IEC 61156-2 Multicore and symmetrical pairfquad cables for digital communications — Part 2: Symmetrical
pair/quad cables with transmission characteristics up to 100 MHz - Horizontal floor wiring -
Sectional specitication

IEC 61156-3 Multicore and symmetrical pair/quad cables for digita! communications — Part 3: Work area
cable — Sectlional specification

IEC 61156-4 Multicore and symmetrical pair/quad cables for digital communications — Part 4. Riser cables
- Sactional specification

IEC 61156-5 Multicare and symmetrical pair/quad cables for digital communications — Part 5: Symmetrical
pair/quad cables with transmission characteristics up to 1 000 MHz —Horizontal floor wiring —
Sectional specification

IEC 61156-6 Multicare and symmetrical pair/quad cables for digital communications — Part 6: Symmaetrical
pair‘quad cables with transmission characteristics up to 1 000 MHz — Work area wiring —
Sectional specification

IEC 61156-7 Muiticore and symmetrical pair/quad cables for digital communications ~ Part 7: Symmetrical
pair cables with transmission characteristics up to 1 200 MHz ~ Sectional specification for
digital and analog communication cables

IEC 61156-9 Multicore and symmetrical pair/quad cables for digital communications ~ Part 9: Cables for
channels with transmission characteristics up te 2 GHz - Secticnal specification

IFC A115R-10 Multicare and symmetrical pair/quad cables tor digital communications — Part 10: Cables far
cords with transmission characteristics up o 2 GHz — Sectional specification

9.3.2 Balanced cables of Category 5 through 7,, 8.1 and 8.2

9.3.2.1 General

In addition to 9.3.1, the environmenial, mechanical and electrical requirements given in 9.3.2
shall be met. Measurements shall be performed according to IEC 61156-1. In case of conflict
with referenced standards, the limits in this document appiy.

9.3.2.2 Environmental characteristics

Balanced cable shall meet mechanical and environmental requirements of the relevant
Category in conjunction with a completed detail specification based upon those within
IEC 61156-5-1 and IEC 61156-6-1, as appropriate.

9.3.2.3 Mechanical characteristics
Balanced cables shall meet the mechanical raquirements of 9.3.1 as appropriate in
conjunction with the requirements detailed in Table 86.

Table 86 — Mechanical characteristics of balanced
cables of Category 5,6, 64, 7 and 74

Cable characteristics Units Requirements
1.1 Diameter of cenductor? mm 0.4t0 0,8
1.2 Diameter over-insulated conductor? mm <16
1.3 Quter diameter of backbone cable mm < 90
1.4 Temp_eralure range without mechanical or o installation: 0 to +50
electrical degradation operation; -20 to +60

2 Conductor diameters below 0,5 mm and above 0,65 mm may not be compatible with all connecting hardware.

t  Diameters over the insufated conduclor up to 1.7 mm may be used if they meet all other performance
requirements. These cables may not be compatible with all connecting hardware.

9.3.2.4 Electrical characteristics
9.3.2.4.1 General

The Category 5 of this document corresponds to the Category 5e of the International
Standards referenced in Table 85.
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Category 8.2 cables are backward compatible and interoperable with cables of all other
categories. Category 8.1 cables are backward compatible and interoperable with Category 6,

and lower.

9.3.2.4.2 Characteristic impedance

Refer to IEC 61156-5, measured according to tEC 61156-1, on a standard length of 100 m.
The nominal impedance shall be 100 €.

Alternative test methodologies that have been stown to correlate with these requirements
may alsc be used.

9.3.2.4.3 Attenuation

For the attenuation of Category 5 cable, the constants specified in 6.3.3.2 of
IEC 61156-5:2009 shall be used. They result in a lower attenuation than given in
IEC 61156-5:2009, 6.3.3.1 (Table 4), for example in 21,3 dB/100 m at 100 MHz.

Calculations that result in attenuation below 4 dB snall revert to a requirement of 4 dB.

9.3.2.4.4 Coupling attenuation

Screened cables shall meet the requirements of Type I as specified in IEC 61156-5:2012,
and IEC 61156-9:2016, as applicable.

9.3.2.4.5 Unbalance attenuation, near-end
Unscreened cables shall meet the requirements of level 2 as specified in IEC 61156-5.

9.3.2.5 Hybrid and multi-unit cables
9.3.2.5.1 Cable sharing

Subsystem 2, 3 and 4 cables required to support multiple signals shall meet the requirements
of 9.3.2.5.2.

In the subsystem cable 1 cabling subsystem, when more than one terminal equipment (TE})
outlet is served by a single cable, the near-end crosstalk of cable elements that extend to any
two or more outlets shall meet the requirements of 9.3.2.5.3. The requirements of 9.3.2.5.3
also apply between units of hybrid and multi-unit cables used in either the subsystem cable 1,
2, 3 or 4 subsystems.

9.3.2.5.2 Power summation in subsystem 2, 3, and 4 cables

Examples of the types of cables covered by 9.3.2.5.2 include cables with two or more
elements within a cable unit that are used for backbone subsystems.

Cables shall meet the requiremenis for the corresponding cable Category and type.
Additionally, these cables shall meet the PS NEXT requirements for crosstalk, i.e.
IEC 61156-5.

NOTE PS NEXT takes the total crosstalk power into account Therefore a higher count of adjacent pairs requires

a higher pair-pair NEXT to achieve the same PS NEXT.

9.3.2.5.3 Hybrid, multi-unit and cables connected to more than one terminal
equipment outlet

Examples of the types of cables that are covered by 9.3.2.5.3 include hybrid cables and multi-
unit cables and any cable connected to more than one terminal equipment (TE) outlet. The
units may be of the same type or of different types, and of the same Category or of different
Categories.

Cables shall meet the requirements for the corresponding cable Category and type.
Additionally, PS NEXT between any balanced cable unit or element shall meet the
requirements specified in IEC 61156-5.

NOTE 1 The above requirement is intended (o minimize the potential for sheath sharing incompatibilities. Cables
thal meet the power summation requirement for NEXT may nct support services with ditferent signalling schemes.
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The use of different applications. supported by metallic cabling, with a maximum power budget exceeding 3 dB is
not assured within a common sheath.

NOTE 2 The PS NEXT of Category 6 is 1 dB more restrictiva than needed to fulfil Clause 5 using the reference
implementations of the ISO/IEC 11801 series.

8.3.2.5.4 Alien crosstalk

Cables used in class E,, Fy, | and Il channels shall meet alien crosstalk requirements for
Category 64, 74, 8.1 and 8.2 cables, respectively, as specified in IEC 61156-5, IEC 61156-6,
IEC 61156-9, and IEC 61156-10.

9.3.2.6 Additional performance requirements for filexible cables

The electrical performance of these cables shall meel the general requirements for balanced
cables as specified in 9.3.2.4 for the respective Category with the exception of attenuation
and DC loop resistance, which are specified in 9.3.2.6.

The attenuation in decibels per 100 m and DC loop resistance shall not be more than 50 %
higher than specified in 9.3.2.4. The impact of this increased attenuation is indicated in the
reference implementations within the reference cabling design standards.

Return loss (AL) shall be measured on a test length of 100 m. Alternate test methodologies
that have been shown to correlate with these requirements may also be used.

9.3.3 Balanced cables of Category BCT-B

9.3.3.1 General

In addition to 9.3.1, the environmental, mechanica and electrical requirements given in 9.3.3
shall be met. Measurements shall be performed according to IEC 61156-1. In case of conflict
with referenced standards, the limits in this document apply.

9.3.3.2 Environmental characteristics

BCT-B cables shall meet the environmental requirements of balanced cables, see 9.3.2.2.

9.3.3.3 Mechanical characteristics

BCT-B cables shall meet the minimum requiremerts for mechanical characteristics specified
in Table 87.
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Table 87 — Mechanical characteristics of balanced cables of Category BCT-B

Cable characteristics Units Value
1 Diameter of conductor mm 0.4t00.8°
2 Diameter over insulated conductor mm s16°%
3 Number of conductoss in a cable per pair; perquad |2/4
element
4 Screen around cable element Optional
5 Number of cables pairs x4
Elements in a unit guads 22
6 Screen around cable unit Optional
7 Screen around cable Required
8 Quter diameter of cable ¢ mm <9
9 Temperature range ¢ °C installation; 0 to +50
operation: -20 to +80
10 Minimum bending radius for pulling 8 times outer cable diameter
during installation
11 Minimum bending radius instalted 4 times outer cable diameter
12 Fire rating According 1o IEC 61156-1, or in accordance
with national or local regulations
13 Colour coding As required by local regulations or
customer, preferred IEC 60708-1
14 Cable marking As required by customer

Conductor diameters below 0.5 mm and above 0,65 mm may not be compatible with all connecting hardware.

Diameters over the insulated conducter up to 1,7 mm may be used it they meet all other perfermance
requirements. These cables may nol be compatible with all connecting hardware.

Should be minimized to make best use of duct and ¢ross-connect capacity. In case of under-carpet cable, the
value is not applicable,

For certain applications (e.g. precabling buildings in a cold climate), a cable with a lower temperature bending
performance of -30 °C may be required.

9.3.3.4

Electrical characteristics

BCT-B cables shall meet

a)
b)

c)
d)
Se

the Category 7, requirements of 9.3.1,

the allenualion requirements of 1EC 61156-7, for 1 MHz = 3 1000 MHz (subject lu a
minimum of 4 dB),

the return loss requirements of IEC 61156-7, for 600 MHz < /< 1000 MHz,
minimum requirements specified in Table 88.
e IEC 61156-7 for specifications of cables that eet these requirements.

Table 88 — Minimum transmission performance requirements BCT-B balanced pairs

Minimum coupling
Frequency a
MHz attenuation

dB

30 £ f < 300 85

300 < f < 470 80

470 £ £ <1000 75

a The channel performance ol 6.3 3. 12.4 ig not ensured when using
minimally comphant components.
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9.3.3.5 Additional performance requirements for flexible cables

The electrical performance of these cables shall meet the general requirements for balanced
cables as specified in 9.3.3 with the exception of attenuation, DC loop resistance and return
loss (ARL), which are specified in 9.3.3.5.

The attenuation in decibels per 100 m and DC loop resistance shall not be more than 50 %
higher than specified in 9.3.3. The impact of this increased attenuation is indicated in the
reference implementations within the reference cabling design standards.

Return loss (AL) shall be measured on a test length of 100 m. Alternate test methodologies
that have been shown to correlate with these requirements may also be used.

9.4 Coaxial cables

9.4.1 General

Mechanical, electrical and environmental requirements of coaxial cables meeting the minimum
requirements to support the transmission performance of BCT-C cabling as specified in 6.4
are given in the generic specification IEC 61196-1, and the relevant sectional specifications
detailed in Table 89.

Table 89 — Basic requirements of coaxial cables

IEC 61196-6 | Coaxial communication cables — Part 6: Sectional specification for CATV drop cables

Coaxial communication cables = Part 7: Sectional specification for cables for BCT cabling in
IEC 61196-7 |accordance with ISO/IEC 15018 — Indoor drop cables for systems operating at 5 MHz - 3
000 MHz

9.4.2 Environmental characteristics
Coaxial cables shall meet the environmental requirements of 9.3.2.2.

9.4.3 Mechanical characteristics

BCT-C cables shall meet the minimum requirements for mechanical characteristics specified
in Table 90 for compatibility with connectors specified in 10.3.

Table 90 — Mechanical performance requirements for coaxial BCT cables

Cable characteristics Units Value
! Diameter of inner conductor # mm 0,6to 1,2
12 Diameter over dielectric 2 mm 3t06
: 3 Outer diameter of outer conductor mm 351065
4 Number of coaxial cable elemenlts in a cable | pairs 21
5 Outer diameter of cable ® mm <1
6 Temperature range © °C ?ps;?;ﬁgg?:_g{;?;fgo
7 mg:gﬁ:agending radius for pulling during 10 times outer cable diameter
8 Minimum bending radius installed 4 times ouler cable diameter
g Cable marking as required

8 Conductor diameters below 0.6 mm and above 1.2 mm may not be compatible with all connecting hardware.
The two measured values using the [EC method shall be averaged and then compared to the limit for
compliance verification.

b Should be minimized to make best use of duct and ¢ross-connect capacity. In case of under-carpet cable, the
value is not applicable.

¢ For cerlain applications (e.g. precabling buildings in a cold climate), a cable wilh a lower temperature bending
performance of -30 °C may be requireg.
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No. Electrical characteristics Units Fre&t}x_‘zncy Requirements
1 | Mean characteristic impedance Q 100 75+ 3
S5<f<470 20
> ::d;g:renum return loss {RL) on 100 m dB 470 < £ <1000 18
1000< f<3 000 12
Maximum insertion loss 1553000 0.835xyf +00025 f
f-5 4,0
=10 4.0
S =100 8.6
3 dB/100 m F =200 12,3
Informative values at key frequencies
f =600 22.0
£ =1000 28,9
f=2400 46,9
f=3000 53,2
4 | Maximum (DC) loop resistance /100 m DC 9
5 | DC current carrying capacity A DC 0.5
6 | Operating voltage v DC 72
7 | Velocity ratio Yo > 66
30 < f < 300 85
300 < f < 470 85
8 Minimum screening attenuation dB 470 < f <1 000 85
1000 < f £2 000 75
2000 < f 53000 85
fF=5 5
9 | Maximum transfer impedance m{/m
f =30 5
9.5 Optical fibre cable {cabled optical fibres)
9.5.1 Mechanical and environmental characteristics

Optical fibre cable shall meet mechanical and environmental requirements of the relevant
Category in conjunction with a completed detail specification based upon those within

IEC 60794-2, iIEC 60794-3 or IEC 60794-5, as appropriate.

The mechanical and environmental test methods for optical fibre cables are referenced in
IEC 60794-1-21 and IEC 60794-1-22.

Optical fibre cables used for simplex and duplex cords shall meet IEC 60794-2-51 and cables
used for cords with multiple optical fibres shall meet the relevant product specification in

IEC 60794-2.
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9.5.2 Cabled optical fibre Categories
9.5.2.1 General

The limits to be met for cabied oplical fibre transmission pertormance are specified in
Table 92 and Table 93. Attenuation shall be measured in accordance with 1IEC 60793-1-40,

Table 92 — Cabled optical fibre attenuation (maximum), dB/km

Cabled optical fibre attenvation {(maximum)
dB/km
OM3 and OM4 . . .
multimode OMS multimode 0S51a single-mode 0S2 single-mode
1300 1300 1310 1383 1550 1310 1383 1550
Wavelength | 850 nm am 850 nm am am am nm am am am
Attenuation 3.5 1.5 3.0 1,5 1.0 1,0 1,0 0,4 0,4 0.4

Table 93 - Multimode optical fibre modal bandwidth

Minimum modal bandwidth
MHz x« km
Overtilled launch bandwidth Effective modal
bandwidth
Wavelength 850 nm 953 nm 1300 nm 850 nm 953 nm
Category Nominal core diameter
pm
OM3 50 1500 NiA 500 2000 N/A
OoM4 50 3500 N/A 500 4700 N/A
OM5S 50 3500 1850 500 4700 2470

NOTE 1 Modal bandwidth requirements apply to the optical fibre used to produce the relevant cabled optical
fibre category and are assured by the parameters and test methods specified in IEC 60793-2-10.

NOTE 2 In addition to supporting the same 850 nm and 1 308 nm bandwidth as OM4, OM5 offers advantage
for future applications using wavelength division multiplexing in the 850 nm to 953 nm wavelength range.

9.5.2.2 Cabled multimode optical fibres of Cateqory OM3, OM4 and OM5

The cabled optical fibre Categories designated as OM3, OM4 and OMS are achieved using a
multimode, graded-index optical fibre waveguide with nominal 507125 um core/cladding
diameter and numerical aperture complying with Ala.2, Ala.3 and Ala.4 optical fibre,
respectively, of IEC 80793-2-10.

9.5.2.3 Cabled single-mode optical fibre of Categories 0S1a and 052

The cabled optical fibre categories designated as OS1a and OS2 are achieved using a single-
mode oplical fibre complying with B1.3 or B8 of IEC 60793-2-50. Two cabled optical fibre
designs are specified, one for indoor use (OS1a) and one for outdoor use (0S2).

The requirements for cabled optical fibre transmission performance are specified for the cut-
off wavelength being less than 1 260 nm when measured in accordance with IEC 60793-1-44.

NOTE If concatenating different cabled optical fibres manufactured with different optical fibre types, refer to
IEC TR 62000:2010 for additional guidance.

B6 optical fibre is recommended when it is expected that the optical fibre or the cable will
have to suppaort smaller bend radii than 25 mm.
9.5.2.4 Propagation delay

A conservative conversion value for unit propagation delay of 5,00 ns/m (0,667¢) may be
used. This value can be used to calculate channel delay without verification.
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10 Connecting hardware requirements

10.1 General requirements
10.1.1  Overview

Clause 10 specifies the minimum requirements for connecting hardware instalied within
generic cabling subsystems as specified within the reference implementations in the cabling
design documents.

Connecting hardware for connecting cables shall only provide direct onward attachment for
gach conductor and shall not provide any contact between more than one incoming and one
putgoing conductor (e.g. bridge taps shall not be used).

Unless otherwise specified, this document specifies the minimum performance of mated
connecters as part of a link or channel. The requirements used in Clause 10 apply to mated
connections. The requirements of the detail specifications for free connectors and fixed
connectors referenced in Clause 10 shall also be met.

These requirements apply to individual connectors which include terminal equipment (TE)
outlets, patch panels, consolidation point connectors, splices and cross-connects.
Requirements for balanced cords are provided in Clause 11.

NOTE Clause 10 does nol address requirements for devices with passive or aclive electronic circuitry, including
those whose main purpose is to serve a specific application or {0 provide compliance with other rules and
regulations. Examples include media adapters, impedance matching transformers, terminating resistors, LAN
equipment, filters and protection apparatus. Such devices are outside the scope of generic cabling and may have
significant detrimental effects on network performance. Therefore, it is important that their compatibility with the
cabling system and equipment be considered betore use.

Performance of the connecting hardware shall be maintained over temperatures ranging from

~-10 °C to +60 °C.

10.1.2 Location

Connecting hardware shall be compatible with the environment at its intended location as

defined by the environmental classification of 6.2.

10.1.3 Design

In addition to its primary purpose, connecting hardware should be designed to provide

a) a means to identify cabling for installatian and administration as specified in
ISO/IEC 14763-2,

b} a means to permit crderly cable management,

c) a means of access to monitor or test cabling and equipment,

d) protection against physical damage and ingress of contaminants,

e) a termination density that is space efficien:, but that also provides ease of cable
management and ongoing administration of the cabling system,

f) a means 1o accommodate screening and bonding requirements, when applicable.

When connections of the same mechanical type as the terminal equipment (TE) outlet are
used at the distributors, they shall meet the transmission requirements specified for the
terminal equipment (TE) outlet, and they shall meet the environmental requirements as
specified at that location. Connecting hardware should be protected from physical damage
and from direct exposure to moisture and other corrosive elements. This protection can be
accomplished by installation indoors or in an appropriate enclosure for the environment
according to the relevant IEC standard.

It shall be possible to protect connecting hardwarz in a non-mated state to meet the stated
environmental class of 6.2.2. Such protection can, for example, take the form of blind inserts,
protective caps or overall enclosures of the connection or connections.
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10.1.4 Operating environment
10.1.4.1  General
For information regarding the operating environment, see 9.2,

10.1.4.2 Connecting hardware for balanced cabling

Connecting hardware for balanced cabling shall meet the mechanical and transmission
performance requirements of 10.2 as appropriate in conjunction with the performance
requirements detailed in Table 94 for the relevant environmental classifications of Table 2.

Table 94 — Environmental performance specifications
for balanced cabling connecting hardware

Mechanical M, M, M, Reference
Bump a a a IEC 60512-6-2
Shock a a 3 IEC 60512-6-3
Vibration sinusoidal a a 2 IEC 60512-6-4
Tensile strength 10N 50N 100N IEC 605i2-16-4
Cable clamp resistance h h n IEC 60512-17-4
to cable torsion
Cable qlamp resistance b b b IEC 60512-17-4
to rotation

Ingress L I, 1,

Particulate IP2X IP 6X IP 6X IEC 60529

Liquid / Immersion IP X0 IP X5 IP X5 and X7 IEC 60528

Climatic and chemical c, c, C,

Ambient temperature a a a IIEI(EJCS%%?‘;lﬁQ%ld

o tnge of a a a IEC 60512-11-4

1ISO 4892-1

Solar radiation a a a 1SO 4892-2

Damp heat cyclic a a a {EC 60512-11-12

Fluid resistance a a a IEC 60512-19-3

Fid e s : a a

Electromagnetic E, E, E;

Shielding effectiveness a a a IEC 60512-23-3, and
IEC 60512-4-2 for
partial discharge

RF a a a IEC 60512-23-3

Voltage proof a a 2 IEC 60512-4-i

NQTE Although not contained in Table 2, "weld splatter" may also be considered during the development of a
detail specification.

3 Connecting hardware shall maintain mechanical and electrical performance during exposure to the relevant
environmental conditions specified in Table 2.

Connecting hardware shaill maintain mechanical and electrical performance during exposure to the relevant
environmentai conditions.

All two-piece connections that are not covered by 10.2.4.2 shall comply with the mechanical
and environmental performance reguirements specified in Annex B. All electrical requirements
shall be met before and after mechanical and environmental performance testing, as
prescribed in Annex B.
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10.1.4.3 Connecting hardware for coaxial cabling

Connecting hardware for coaxial cabling shall meet the mechanical and transmission
performance requirements of 10.4 as appropriate in conjunction with the performance
requirements detailed in Table 95 for the relevant environmental classifications of Table 2.

Table 95 — Environmental performance specifications
for coaxial cabling connecting hardware

Mechanical M, M, M, Reference
Bump a a a IEC 61169-1
Shock & a a IEC 61169-1
Vibration sinusoidal 2 a a IEC 61169-1
Tensile strength 10N 50N 100 N IEC 81169-1
b b b
garlz:?afiloat:np resistance b b b IEC 61169-1

Ingress I b I
Particulate P2x | IPex P6X |  IEC 60966-1
Liquid / Immersion IP X0 1P X5 IP X5 and X7 IEC 61169-1

Climatic and chemical c, c, C,
Ambient temperature a a a IEC 611891
2?:12:3?39 of a a a IEC 61169-1
Solar radiation a a a SO 4892-1
ISO 4892-2
Damp heat cyclic a a a IEC 611691
Fluid resistance a a a IEC 61169-1
Clowng mied g ; a :

Electromagnetic E, E, E;
Shielding effectiveness a a a IEC 61169-1
RF a a a IEC 61169-1
Voltage proof a a a IEC 61169-1

NOTE Although not contained in Table 2, “weld splatter” may also be considered during the devetopment of a
detail specification.

& Connacling hardware shall maintain mechanical and electrical performance during exposure to the relevant
environmental conditions specified in Table 2,

b Connecting hardware shall maintain mechanical and electrical performance during exposure to the relevant
gnvironmental conditions.

10.1.4.4 Connecting hardware for optical fibre cabling

Connecting hardware for optical fibre cabling shall meet the mechanical and transmission
performance requirements of 10.5 as appropriate in conjunction with the performance
requirements detailed in Tabte 96 for the relevant environmental classifications of Table 2.
The IEC fibre optic connector product specifications are based on the IEC 61753 performance
standard.
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Table 96 — Environmental performance specifications
for optical fibre cabling connecting hardware

Mechanical M, M, M, Reference
Bump a 8 a Requested from IEC SC 868
Shock a a a IEC 61300-2-9
Vibralion sinuscidal a 2 a IEC 61300-2-1
Fibre and cable relention 10 N 50 N 100 N IEC 61300-2-4
Torsion o b b IEC 61300-2-5
Fiexing of the strain relief of fibre optic b b b IEC 61300-2-44
devices
ingress 1 1, 1,
Particulate IP 2X 1P 6X IP 6X In development by IEC SC 86B
Liquid /' Immersion IP X0 IP X5 IP X5 and X7 [In development by IEC SC 868
Climatic and chemical c, c, c,
Dry Heat — High Temperature a 3 a IEC 61300-2-18
endurance
Change of temperature a 2 a IEC 61300-2-22
Solar radiation achieved by measuring a a a 1SO 4882-1
UV radiation ISO 4892-2
Damp heat cyclic a a a IEC 61300-2-46
Resistance to solvents and a a a IEC 61300-2-34
contaminating fluids of interconnecting
components and closures
Flowing mixed gas corrosion test a a a Requested from IEC SC 86B

@ Connecting hardware shall maintain mechanical and oplical performance during exposure to the relevant
environmental conditions specitied in Table 2.

P Connecting hardware shall maintain mechanical and optical performance during exposure to the relevant
environmental conditions.

10.1.5 Mounting

Connecting hardware should be designed to provide flexibility for mounting, either directly or
by means of an adapter plate or enclosure. For example, connecling hardware should have
mounting provisicns for placement on walls, in walls, in racks, or on other types of distribution
frames, and mounting fixtures.

10.1.6 Installation practices

The manner and care with which the cabling is implemented are signiticant factors in the
performance and ease of administration of installed cabling systems. Installation and cabie
management precautions should include the elimination of cable stress as caused by tension,
sharp bends and tightly bunched cables.

The connecting hardware shali be installed to permit

a) minimal signal impairment and maximum screen effectiveness (where screened cabling is
used) by proper cable preparation, termination practices (in accordance with
manufacturer's guidelines) and well organized cable management,

b) room for mounting telecommunications equipment associated with the cabling system.
Racks should have adequate clearances for access and cable dressing space.

The connecling hardware shall be identified according to the requirements of
{ISO/IEC 14763-2. Planning and installation of connecting hardware should be carried out in
accordance with ISO/IEC 14763-2.
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NOTE 1 Some connections are used to perform a crossover function between two elements toe properly configure
sabling links for transmit and receive connections.

NOTE 2 Improper termination of any balanced cable elemert or screen can degrade transmission performance,
ncrease emissions and reduce immunity.

10.1.7 Marking and colour coding

In order to maintain consistent and correct poini-to-point connections, provisions shall be
made to ensure that terminations are properly located with respect to connector positions and
their corresponding cable elements. Such provisions may inciude the use of colours,
alphanumeric identifiers or other means designed to ensure that cables are connected in a
consistent manner throughout the system.

When two physically similar cabling types are used in the same subsystem, they shall be
marked in such a way as to allow each cabling type to be clearly identified. For example,
different performance categories, different nominal impedance and different optical fibre core
diameters should carry unique markings or colours to facilitate visual identification.

Connecting hardware shall be marked or colour coded for identification purposes. The means
of identitication can be used to indicate transmission and envircnmental performance in
accordance with Clause 10. The means of identification may be an element of the
administration system.

Where a protective housing prevents the identification of the connecting hardware type, the
protective housing shall be suitably marked or colour coded.

10.2 Category 5 through 7,4, 8.1, and 8.2 connecting hardware for balanced cabling

10.2.1  General

The following requirements apply to all connecting hardware used to provide electrical
conneclions with balanced cables that comply with the requirements of 9.3. It is desirable that
hardware used to directly terminate balanced cable elements be of the insulation piercing
connection (IPC) type or the insulation displacement connection (IDC) type. In addition to
these requirements, connecting hardware used with screened cabling shall be in full
compliance with ISQ/IEC 14763-2.

Connecting hardware should be designed in such a way that the untwisted length in a cable
element, resulting from its termination to connecting hardware is as short as possible.
Connecting hardware should permit a minimum length of exposed pairs between the end of
the cable sheath and the point of termination. In addition, only the length of cable sheath
required for termination and trimming should be removed or stripped back. These
recommendations are provided to minimize the impact of terminations on transmission
performance and are not intended to constrain twis: length for cable or jumper construction.

Earthing reguirements and screen continuity considerations are specified in ISO/IEC 14763-2.

10.2.2 Performance marking

Connecting hardware intended for use with balanced cabling should be marked to designate
transmission performance at the discretion of the manufacturer. The markings, if any, shall be
visible during installation and do not replace other markings specified in 10.1.7,
ISQ/IEC 14763-2 or those required by local codes or regulations.

10.2.3 Mechanical characteristics

Connecting hardware intended for use with balanced cabling shall meet the requirements
specified in Table 97,
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Table 97 - Mechanical characteristics of connecting hardware for use

with balanced cabling

Mechanical characteristics

Requirement

Component or test

standard
Category 5 unscreened | Mating dimensions and gauging IEC 60603-7-2
Category 5 screened Mating dimensions and gauging IEC 60603-7-3
Category 6 unscreened | Mating dimensions and gauging IEC 60603-7-4
Category 6 screened Mating dimensions and gauging IEC 60603-7-5

Category 6, unscreened

IEC 60603-7-41

Physical Mating dimensions and gauging
a} |dimensions l - - -
(TE only) Category 6, screened Mating dimensions and gauging IEC 60603-7-51
Category 7 screened Mating dimensions and gauging IEC 60603-7-7 P
Category 7A screened Mating dimensions and gauging IEC 60603-7-71 M
Category 8.1 screened Mating dimensions and gauging IEC 60603-7-81
Category 8.2 screened Mating dimensions and gauging IEC 60603-7-82 ™
Cable termination compatibility
Nominal conductor diameter — mm 0.5t 0,652 -
Patching 9 Stranded or s¢lid conductors -
Cable type Jumpers Stranded or solid conductors -
Other Solid conductors -
Nominal Categories 5 and 6 07to 1,45¢
diameter of
insulated Categories 6,, 7, 7, and -
b) |conductor BCT% AT TA 07101,680%¢
mm i
Terminal equipment (TE} 8
Number of outlet Visual inspection
conductors
Qther z2xn{n=1,23,..)
Cable outer Qutlet <20
diameter -
mm Free connector (plug) £9¢
| Mechanical and environmental Annex B and
Means to connect screen performance ISO/IEC 14763-2
Mechanical operation {durability)
Cabl Non-reusable IDC 1 IEC 60352-3 or IEC 60352-4
able
termination Reusable IDC =20 |IEC 60352-3 or IEC 60352-4
(cycles
y ) Non-reusabie IPC 1 IEC 60352-6
c
) Jumper termination {cycles) 2 200¢ IEC 60352-3 or IEC 60352-4
‘ IEC 60603-7 (unscreened)
TE-type interface (cycies) 2 750! or
IEC 60603-7-1 {screened}
Other connections 2 200 Annex B
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2 It is not required that connecling hardware be compatible with cables oulside of this range. However, when
cables with conductor diameters as low as 0.4 mm or as high as 0.8 mm are used, special casre should be
taken 1o ensure compatibility with connecting hardware to which they connect.

b Use of the free connector (plug) specified in series IEC 60603-7 is typically limited to cables having insulated
conductor diameters in the range of 0,8 mm to 1,0 mm.

€ It is not required that connecting hardware be compatible with cables outside of this range. However, when
cables with insulated conducter diamelers as high as 1.6 mm are used, special care should be taken to
ensure compatibility with connecting hardware to which they connect.

9 Free connectors (plugs) shail be compatible with the solid or stranded cable selected for work area or
equipment cords.

e  Applicable oniy to individual cable units.

£ If it is intended to use screened cabling, the connector should be designed to terminate the screen. There
may be a difference between conneclors designed 10 terminate balanced cables with overall screens only, as
opposed to cables having both individually screened elemeants and an overali screen (see Annex D).

9 This durability requirement is only applicable to connections designed to administer cabling system changes
{i.e. at a distributor).

P In installations where other factors, such as BCT applications (see ISO/IEC 11801-4), take preference over
the backward compatibility offered with {EC 60603-7-7 and |EC 60603-7-71, the interface specified in
IEC 61076-3-104 may be used.

i It backwards compatibility is not required, the free conrector {plug) specified in IEC 61076-3-110 may be
used.

I See IEC §0512-99-001 for information on PoE support for unmating under load.

Where the design of the TE interface allows and is required by the environmental
classification of the location, the protective housing for TE outlets shall meet the mechanical
and physical requirements of IEC 61076-3-106, Variant 04, by the use of appropriate inserts
(IEC 61754-20-100).

10.2.4 Electrical characteristics
10.2.4.1  General

Free and fixed connectors (plugs and jacks) that are physically intermateable
(e.g. IEC 60603-7 series) shall be backward compatible with those of different performance
Categories. Table 98 does not imply intermateability of diverse connector types allowed in this
document (e.g. IEC 681076-3-104 fixed connectors are not intermateable with IEC 61076-3-
110 free connectors).

Backward compatibility means that the mated cecnnections with free and fixed connectors
(plugs and jacks) from different categories shall meet all of the requirements for the lower
category component. See Table 98 for a matrix of backward compatible mated free and fixed
connectors (plug and jack) performance that is represantative of backward compatible
connectivity.
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Table 98 — Matrix of backward compatible mated free and fixed connector
(plug and jack) performance

Fixed connector (jack) performance at the TE

Category 5 | Category 6 | Category 6, |Category 8.1| Category 7 | Category 7, | Category 8.2
Category 5 |Category 5 |Category5 |Category5 |Category 5 |Category 5 [Category 5 |Category S
'g‘» Category 6 |Category 5 |Category 6 |Category & |Category 6 |[Category & |(Category6 |Category &
:i" Category 6A [Categery 5 [Category 6 [Category 6, [Category 6, [Category 6, ® |[Category 6, |Category 6,
";og Category 8.1 (Category § |Category 6  jCategory 8, [Category 8.1 |Category 6, @ [Category 6A Category 8.1
g Category 7 [Category 5 |Category 6 [Category 6, ® [Category 6, ? |Category 7 [Category 7  |Category 7
E Category 7A |Category 5 |Category 6 (Category 6, [Category 6, |[Category 7 [Calegory 7, [Category 7,
Category 8.2 (Category 5 Category 6 Calegory 6, [Category 8.1 Category 7 Category 7, |Category 8.2

Not including alien crosstalk.

Connecling hardware intended for use with balanced cabling shall meet the performance
requirements ot 10.2.4.2 irrespective of the mating intertace used. Connecting hardware shall
be tested with terminations and test leads that match the nominal characteristic impedance of
the types of cable that they are intended to terminate (see 9.3).

10.2.4.2

Performance requirements

in Table 99 to Table 129, requirements are provided for a range of frequencies. Performance
values at discrete frequencies are provided for reference only.

Table 99 — Return loss

Minimum return loss 2

dB
Frequency
MHz Connector category
7, and
6 A

5 6 A 7 BCT-B 8.1 8.2
1<f<100 | 60 - 201g(N - - - - _ _
1< /<250 - 64 - 20 lg(n - - - - -
1<££<500 - - 68 - 20 Ig(/ - - - -
125600 - - - 68 - 20 lg(n - - -
151000 - - - - 68 - 20 lg(n® - -
15 f< 2000 - - - - - 72 - 20 1g{N*172 - 20 Ig(H°

®  Return loss at frequencies thal correspond to calculated values
minimum requirement of 30,0 dB.

®  Calculated values below 10,0 dB revert to a 10,0 dB plateau.
© Calculated values below 12,0 dB revert to a 12,0 dB plateau.

of greater than 30,0 dB shall revert o a
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Table 100 — Informative return loss values for connector at key frequencies

Minimum return loss
dB
Frequency Connector categor
MHz gory
7, and
6 7 A A .
® ° A BCT-B 8 8.2
1 30.0 30.0 30,0 20,0 30,0 30.0 30,0
100 20.0 24,0 28.0 z8.0 28.0 30,0 30,0
250 - 16,0 20.0 20.0 20,0 240 24,0
500 - - 14,0 14.0 14,0 18.0 18,0
600 - - - 12,4 12,4 16,4 16,4
1000 - - - - 10,0 12,0 12,0
1600 - - - - - 12,0 12,0
2000 - - - - - 12,0 12,0
Table 101 — Insertion loss
Frequency Maximum insertion loss 2
MHz dB
Connector category
7, and
6 A . .

5 6 A 7 BCT-B 8.1 8.2
1€ <100 0.047 - - - - - -
15f5250 - 002y f - - - - -
155500 - - | oo2{r - - 0027 -

1 <f< 600 - - - 0021 - - -
1<5<1000 - - - - 0.02y s N 0027
- - - - - 0,006 49y f + -
500 < £ < 2000
G.000605
- - - - - - 002y f +
1000 < f< 2000
0,0005( f — 1000}

4 Insertion loss at frequencies that correspond to calculated values of less than 0,1 dB shall revert to a
requirement of 0,1 dB maximum.
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Table 102 - Informative insertion loss values for connector at

- 115~

key frequencies

Maximum insertion loss
dBs
Fre&t}s_lezncy Connector category
Kl 8.2
S L N A = I
— 010 0.10
1 0,10 0,10 0,10 0,10 0.10
0.20 0.20
100 0.40 0.20 0.20 0.20 0,20
0.32 0.32
250 - 0.32 0.32 0,32 0,32
0.45 0.45
500 - - 0,45 0,45 0,45
0‘52 0,49
600 - - - 0,49 0,49
0.81 0.63
1000 - - - ~ 0,63
1'23 1,10
1600 - - - - -
1,50 1,39
2000 - - - - -
Table 103 — Near-end crosstalk (NEXT)
Minimum NEXT
ds
Frequency
MHz Connector category
T gA® 8.2°
5 a 6 a sA a 7 a 7A : ]
1<f5100 83 - _ - - - -
201g(f) | —
1515250 _ 94 - _ - _ g4 - 20190
2019y | 94~ 201809
46,04 — -
250 < f < 500 - - 46,04 — . - olg(lf250)
301g(//250) 3
151g(/) 201g{n
600 < f< 1000 - - - B 60,73 - - 116,3 - 20lg()
401g//600)
] 37 - -
500 < f< 2000 - - - - - 401g(f/500)
- 563 -
1000 £ < 1600 - - - - - 901g{//1 000)
_ _ _ _ _ - 3793 -
1600 £ f< 2000 401g(f/1 600)

8  NEXT at trequencies that correspond to caiculated values of greater than 75,0 dB shall revert to @ minimum
requirement of 75,0 dB.

b NEXT at frequencies that correspond lo caiculated values of greater than 80,0 dB shall revert to a minimum
requirement of 80,0 dB.
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Table 104 - Informative NEXT values for connector at key frequencies

Minimum NEXT
dB
Frequency
MHz Conneclor category
5 6 6, 7 74 8.1 8.2
1 75.0 75.0 75,0 75.0 75,0 80.0 80,0
100 43,0 54,0 54,0 72,4 75,0 54,0 76.3
250 - 46,0 46,0 56,4 68.3 46,0 68.3
500 - - 37,0 51,9 62,3 37,0 62,3
600 - - - 50.7 60.7 33.8 60,7
1000 - - - - 51,9 25.0 56.3
1600 - - - - - 16,8 37.9
2000 - - - - - 12.9 34,1
Table 105 - Power sum near-end crosstalk (PS NEXT)
(for infarmation only)
Minlmum PS NEXT 2
dB
Frequency
MHz Connector category
5 6 6, 7 7. 8.1 8.2
1<££100 80 - _ - - - - -
201g()
15250 - 90 - 90 - - - - -
20g() | 201g( 90 - 20 Igty)
250 < < 500 - _ 42,04 - - - 42,04 - -
301g(s /250) 301g{r7250)
1 < £<600 - - - 99.4 - 113.3 - - 113,3 -
151g(f) 201g(N 201g(n
5773 - - 113,3 -
600 <f=1000 - - - - 401g{/7600} 201g(f)
- - - - - a3 - -
500 £ f< 2000 401g(f500)
- - - - - - 53,3 -
1000 < f< 1600 90Ig(/71 000)
- - - - - - 34,93 -
1600 < £< 2000 401g(7/1600)

2 PS NEXT at trequencies that correspond to calculated values of greater than 72.0 dB shall revert to a
minimum requirement of 72,0 dB.
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Table 106 - Informative PS NEXT values for connector at key frequencies

Minimum PS NEXT
dB
Frequency
MHz Connector category
5 6 6, 7 7a 8.1 8.2
1 72.0 72.0 72,0 72,0 72,0 72,0 72,0
100 40,0 50,0 50,0 69,4 72,0 50,0 72,0
250 - 42,0 42,0 63.4 65,3 42,0 65.3
500 - - 33,0 58,9 59,3 33.0 59.3
600 - - - 57,7 57,7 29.8 57,7
1000 - - - - 48,9 21,0 53.3
1600 - - - - - 14,8 34,9
2000 - - - - - 8.9 311
Table 107 — Far-end crosstalk (FEXT)
Minimum FEXT ¢
aB
Frequency
MHz Connector category
52 62 6,7 72 7,2 8.1° 8.2°
172100 751 - _ - - - - -
201g(5)
i< (<250 - 83,1 - - - - - -
201g(n
155500 - - 83,1-20 - - - -
()
1<7<600 - - - 90 - _ - -
15ig()
1<f<1000 - - - _ 103.9 - - 103,9 -
201g(n 201g(
1<7<2000 - - - - - 83.1-20 -
lair)
1000 5 f5 1600 - - - - - - 43,9 -
901g{f/1 000)
1600 < <2000 - - - - - - 25,52 -
401g(f/1 600)

&  FEXT at Irequencies that correspond to calculated values of greater than 75,0 dB shall revert 1o a minimum
requirement of 75,0 dB.

b FEXT at frequenciea that correspond to calculated values of greater than 80.0 dB shall revert 10 & minimum
requirement of 80,0 dB.

¢  For connectars, the difference between FEXT and ACR-F is minimal. Therefore, connector FEXT
requiremenis are used to model ACR-F perfermance for links and channels.
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Table 108 - Informative FEXT values for connector at key frequencies

Minimum FEXT
dB
Frequency
MHz Connector category
5 6 6, 7 75 8.1 8.2
t 75.0 75.0 75.0 75.0 75,0 80,0 80.0
100 3541 43,1 43,1 60,0 63.9 431 63,9
250 - 35,1 35,1 54,0 55.9 35.1 55,9
500 - - 29,1 49,5 49,9 29,1 49,9
600 - - - 48,3 48,3 27,5 48,3
1000 - - - - 43,9 23.1 43,9
1600 - - - - - 19,0 25,5
2000 - - - - - 17,1 21,6
Table 109 — Power sum far-end crosstalk (PS FEXT)
(for information only)
Minimum PS FEXT 2.
dB
Frequency
MHz Connector category
5 6 64 7 7, 8.1 8.2
12100 72,1 - - - - - - -
201g()
1< [ 250 _ 80,1 - - - - - -
201g(n
1< <500 _ _ 80,1 - - - - -
20lg{n
1< <8600 - - - 87 - 15I1g(n - - -
11000 - - - _ 100.9 - - 100.9 -
201g(f 201g{)
1£f<2000 - - - - - 80,1 - 20 Ig(n -
1000 5 f< 1600 - - - - - - 40.8 -
901g(f'1 000)
1600 < <2000 - - - - - - 2252~

40Ig(f#1 600)

PS FEXT at frequencies that correspond to calculatec values of greater than 72,0 dB shall revert 10 a
minimum reguirement of 72,0 dB.

For connectors, the difference between PS FEXT and PS ACR-F is minimal. Therefors, connector PS FEXT

requirements are used to model PS ACR-F performance for links and channels.
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Table 110 - Informative PS FEXT values for connector at key frequencies

Minimum PS FEXT
Frequency dB
MHz Connector category
5 6 6, 7 Ta 8.1 8.2
1 72,0 72,0 72.0 72,0 72,0 72,0 72,0
100 32,1 401 40,1 57.0 60,9 40,1 60,9
250 - 321 32,1 51,0 52,9 321 52,9
500 - - 26,1 46,5 46,9 26.1 46,9
600 - - - 45,3 453 24,5 45,3
1000 - - - - 40,9 20,1 40,9
1600 - - - - - 16,0 22,5
2000 - - - - - 14.1 18,6
Table 111 — Input to output resistance
Maximum input to output resistance
m{
Frequency Connector category
5 6 6, 7 74 8.1 8.2
DC 200 200 200 200 260 200 200
Table 112 - Input to output resistance unbalance
Maximum input to output:sistance unbalance
m{2
Frequency Connector category
5 6 6, 7 7a 8.1 8.2
DC 50 50 50 50 50 50 50
Table 113 - DC current carrying capacity
Minimum DC current carrying capacity *®
A
Frequency Connector category
5 6 6, 7 Ta 8.1 8.2
DC €75 0.75 0,75 0,75 0,75 0,75 0,75
& Appticable tor an ambient temperature of 60 °C.
®  Applicable 1o each conductor including the screen, if present.
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Table 114 — Propagation delay

Maximum propagation delay ?
ns
Frequency
MHz Connector category

5 6 6, 7 7s 8.1 8.2
1< <100 2,5 - - - - - -
1212250 - 2,5 - - - - -
15500 - - 2,5 - - - -
15 fs600 - - - 2,5 - - -
1<f<1000 - - - - 2.5 - -
1€ f<2000 - - - - - 2.5 2,5

a  This parameter shall be met by design.

Table 115 — Delay skew

Maximum delay skew ?

ns
Frequency

MHz Conneclor category

5 6 6, 7 7, 8.1 8.2

Py

< fs 100 1.25 ~ - - - - -

pury

< f<250 - 1.25 - - - - -

-—t

£ /<500 - - 1.25 - - - -

—

< f< 600 - - - 1,25 - - -

1<£<1000 - - - - 1.25 - -

1< f<2000 - - - - - 1,25 1.25

a  This parameter shall bg met by design.

Table 116 — Transverse conversion loss (TCL)

Minimum transverse conversion loss (TCL)
dB
Frequency
MHz Connector category
53 62 6,7 73 7.2 81°b 82b
155100 |66 = 201Q(H - - - - - -
1<f<250 - 68 - 201g(n - - - - -
1< £<500 - - 68 - 201g( - - - -
12f<5600 - - - 68 - 201g{f) - - -
{ £f£< 1000 - - - - 68 ~ 20tg(n - -
1<£<2000 - - ~ - - 74 - 201g{) | 74 - 20lg{N
a8 TCL at frequencies that correspond to calculated values of greater than 50,0 dB8 shall revert to a minimum
requirement of 50,0 dB.
b 7CL at trequencies that correspond to calculated values of greater than 40,0 dB shall revert to a minimum
requirement of 40,0 dB.
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Table 117 - Informative TCL values for connector at key frequencies

Minimum transverse conversion loss (TCL)

Frequency a8
MHz Connector category
5 6 6, 7 7s 8.1 8.2
1 50,0 50,0 50.0 50,0 50.0 40,0 40,0
100 26.0 28,0 28.0 28,0 28.0 34,0 34,0
250 - 20,0 20,0 20,0 20,0 28,0 26,0
500 - - 14,0 14,0 14.0 20,0 20,0
600 - - - 12,4 12,4 18,4 18,4
1000 - - - - 8,0 14,0 14,0
1600 - - - - - 9.9 8.9
2000 - - - - - 8,0 8.0
Table 118 — Transverse conversion transfer loss (TCTL)
Minimum transverse conversion transfer loss (TCTL)
Frequency a8
MHz Connector category
59 62 6,2 78 752 8.1° 8.2°
1<£<100 | 66 - 2019} - - - - - -
1< fs250 - 68 - 20 Ig{) - - - - -
1< /%500 - - 68 - 20 1g() - - - -
1< <600 - - - 68 - 20 Ig(n - - -
1551000 - - - - 68 - 20 Ig({/ - -
1552000 - - - - - 78 - 201g(n | 78 - 201g(n

a

requirement of 50,0 dB.

requirement ot 40,0 dB.

TCTL at frequencies thal correspond o calculated values of greater than 50,0 dB shall revert to a minimum

TCTL at frequencies that correspond to calculated values of greater than 40,0 dB shall revert to a minimum

Table 119 -~ Informative TCTL values for connector at key frequencies

Minimum transverse conversion loss {TCTL)

Frequency o8

MHz Connector category
5 6 6, 7 Ta 8.1 8.2
1 50.0 50,0 50,0 50.0 50,0 40,0 40.0
100 26,0 28,0 28,0 28,0 28,0 38.0 38,0
250 - 20.0 20,0 20.0 20,0 30.0 30,0
500 - - 14,0 14,0 14.0 24.0 240
600 - - - 12,4 12,4 224 22.4
1000 - - - - 8.0 18,0 18.0
1600 - - - - - 13.9 13.9
2000 - - - - - 12,0 12,0
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impedance (screened connectors only)

ISO/IEC 11801-1:2017 © ISO/IEC 2017

Maximum transfer impedance

Q

Frequency
MHz Connector category
5 6 6, 7 7, 8.1 8.2
1gf<to 0,103 0,193 0,1 92 0,05 793 | 005593 | 0,05 /03 0,05 703
10 < f< 80 0,027 0,02 f 0,02y 0.01f 0.01f 0,01y 0.01
Table 121 - Informative transfer impedance values
(screened connectors only) at key frequencies
Maximum transfer impedance
Q
Frequency
MHz Connector category
5 6 6, 7 74 8.1 8.2
1 0,10 0,10 0,10 0.05 0,05 0.05 0.05
10 0,20 0,20 0,20 0.10 0.10 0.10 0.10
80 1,50 1,60 1,60 0,80 0,80 0.80 0,80
Table 122 — Coupling attenuation (screened connectors only)
Minimum coupling attenuation
dB
Frequency
MHz Connector category
5 6 6, 7 74 8.1 8.2
30<y< 100 2 45,0 2450 z 45,0 2450 2450 85 - 20ig(n | 85~ 20Ig(n
100<fsf @ - 85 - 201g()} |85 - 201g{n | 85 ~ 201g(N | 85~ 20l9(N | BS - 20Ig(n) | 85 - 26ig(n
2 J, is the upper frequency ot the Class.
Table 123 —- Informative coupling attenuation values
{screened connectors only) at key frequencies
Minimum coupling attenuation
dB
Frequency
MHz Connector category
5 6 6, 7 Ta 8.1 8.2
30 45,0 45,0 45,0 45,0 45.0 55.5 55.5
100 45,0 45,0 45,0 45,0 45,0 45,0 45.0
250 - 37,0 37,0 37,0 37,0 37,0 37.0
500 - - 31,0 31,0 31,0 31,0 31,0
600 - - - 29.4 29.4 29,4 29.4
1000 - - - - 25.0 25.0 25.0
1600 - - - - - 20,9 20.9
2000 - - - - - 19,0 19,0




ISO/IEC 11801-1:2017 © ISG/IEC 2017

- 123 -

Table 124 ~ Insulation resistance

Minimum insulation resistance
M€Y
Frequency Connector category
5 6 6, 7 A 8.1 8.2
oC 100 100 100 100 100 160 100
Table 125 - Voltage proof
Minimum voltage proof
v
Electrical
characteristics Frequency Connector category
5 6 6, 7 7, 8.1 8.2
Conductor 10 conductor bC 1 000 1000 1 000 1 000 1000 1000 | 1000
Conductor to test panel
(and screen, if present) DC 1 500 1 500 1 500 1 500 1 500 1500 | 1500
Table 126 — Power sum alien near-end crosstalk (PS ANEXT)
Minimum power sum alien near-end crosstalk (PS ANEXT)
dB
Frequency
MHz Connector ¢category
6,° 7,2 81°b 8.2%

15 f£<500 110,5 - 201g(f) - - -

1<7<1000 - 125,56 - 201g(/) - -

1< f<2000 - - 135,56 - 201g(9) 135.5 - 201g(p)

3  PS ANEXT at frequencies that correspond to calculaled values of greater than 72,0 dB shall revert to a
minimum requirement of 72,0 dB.

b PSS ANEXT at frequencies that correspond to calculated values of greater than 84.0 dB shall revert to a
minimum reguirement of 84,0 dB.

Table 127 — Informative PS ANEXT values at key frequencies

Minimum power sum alien near-end crosstalk (PS ANEXT)

Frequency a8

MHz Connector category
6, 7, 8.1 8.2
1 72.0 72,0 84.0 84.0
100 70.5 72,0 84,0 84,0
250 62.5 72,0 84.0 84,0
500 56.5 71,5 81.5 81,5
1000 - 65,5 75,5 75.5
1600 - - 71.4 71,4
2000 - - 69,5 69,5
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Table 128 — Power sum alien far-end crosstalk (PS AFEXT)

Minimum power sum alien far-end crosstalk (PS AFEXT) ¢
dB
Frequency
MHz Connector category
6,° 7,0 8.1°% 8.2t

1< /<500 107 - 20 Ig(H - - -
1<£<1000 - 122 - 20 1g(n - -

1< <2000 - - 131 = 20 Ig{ 128,8 - 20 Ig{/

2 PSS AFEXT at trequencies thal correspond to calcuiated vaiues of greater than 72,0 dB shall revert to a

minimum requirement of 72,0 dB.

b PS5 AFEXT at frequencies that correspond to calculated values of greater than 84,0 dB shall revert to a

minimum requirement >f 84,0 dB.

¢ For connectors, the difference betlween PS AFEXT and PS AACR-F is minimal.
PS AFEXT requirements are used to model PS AACR-F performance for links and channels.

Therefore, connector

Table 129 - Informative PS AFEXT values at key frequencies

Minimum power sum alien far-end crosstalk (PS AFEXT)
dB
Frequency

MHz Connector category
6, 7a 8.1 8.2
1 72,0 72,0 84.0 84,0
100 67,0 72,0 84,0 84.0
250 59,0 72,0 83,0 80.8
500 53,0 68,0 77,0 74,8
1000 - 62.0 71.0 68.8
1600 - - 66,9 64,7
2000 - - 65,0 62,8

10.2.5 Additional requirements
10.2.5.1

If the consolidation point link of a Class F, 3-connection permanent link (see Figure 7) uses

cable in accordance with IEC 61156-5, the connecting hardware at the connection B in
Figure 7 requires NEXT and PS NEXT performance that is 6 dB better than the Category 74

requirements specified in Table 103 and Table 105.

3-connector permanent links

10.2.5.2

For connecting devices that provide cross-connections without patch cords or jumpers,
electrical performance shall not be worse than the equivalent of two connectors and 5 m of
patch cord of the sams Category. Applicable parameters include insertion loss, input tc output
resistance, input to output resistance unbalance, propagation delay, delay skew, and transfer
impedance. In addition, crosstalk, return loss and unbalance attenuation (near-end, TCL) of
such devices shall not exceed 6 dB worse than the minimum values specified in 10.2.4.2.
Cross-connections with "internal® switching that replaces jumpers or patch cords are an
example of such devices.

Cross-connections without cords/jumpers
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10.3 BCT-B connecting hardware

The performance of BCT-B connecting hardware shall meet the requirements for Category 7,
connecting hardware as specified in 10.2.4 with the exception ol coupling attenuation, which
is specified in 10.3.

The coupling attenugtion of BCT-B connecting hardware shall meet the requirements in
Table 130.

Table 130 — Coupling attenuation for BCT-B connecting hardware

Frequency Minimum coupling attenuation ®
MHz dB
30<,<100 2 85,0
100 < f< 1000 125 ~ 20 1g())
The channel performance of 6.3.3.12.4 is not ensured when using minimally
compliant components.

10.4 Connecting hardware for use with coaxial cabling for BCT applications
10.4.1 General requirements

The following requirements apply to all connecting hardware used to provide electrical
connections with balanced cables that comply with the requirements of 9.4, In addition ta
these requirements, connecting hardware used with screened cabling shall be in full
compliance with ISO/IEC 14763-2.

10.4.2 Performance marking

Connecting hardware intended for use with balanced cabling should be marked to designate
transmission performznce at the discretion of the manufacturer. The markings, if any, shall be
visible during installation and do not replace other markings specified in 10.1.7,
ISO/IEC 14763-2 or tFrose required by local codes or regulations.

10.4.3 Electrical characteristics

In Table 131 to Table 135, requirements are provided {or a range of frequencies. Performance
values at discrete frequencies are provided for reference only.

Table 131 — Formulae for return loss limits for BCT-C connecting hardware

Category Frequency Minimum return loss
MHz dB
1< f<2000 23,0
BCT-C
2000< <3000 23 - 731g( s 12000}
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Frequency Minimum return loss

MHz dB

5 23.0

10 23.0

100 23.0

200 23.0

1000 23.0

2000 23,0

2400 17.2

3000 10,0

Table 133 - Formulae for insertion loss limits for BCT-C connecting hardware

Category Frequency Maximum insertion loss
MHz dB
BCT-C 1< f<3000 0.0001x £, 0,10 min.

Table 134 — Insertion loss limits for BCT-C connecting hardware at key frequencies

Frequency Maximum insertion loss
MHz dB
1 0.10
10 0.10
100 0,10
200 0.10
1000 0,10
2000 0.20
2400 0.24
3000 0.30

Table 135 — Screening attenuation limits for BCT-C connecting hardware

Frequency Minimum screening
attenuation
MHz B
30 £ f < 300 85
300 < f < 470 80
470 < j <1000 75
1000 = f < 3 000 55

10.5 Optical fibre connecting hardware

10.5.1

General requirements
The requirements of 10.5.3 apply to all connecting hardware used to provide connections

between optical fibre cables described in 9.5.2.
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Optical fibre adapters and connectors should be protected from dust and other contaminants,
specifically while they are in an unmated state. Conneclor end-faces shall be inspected for
contamination with low resolution microscopes, accerding to ISO/IEC 14763-3 and cleaned, if
necessary. Prior to any connection being made, the connector end-faces shall be re-inspected
to verify that the cleaning has been effective. The quality of plugs on the test cords may be
inspected using the inspection requirements as stated in Annex B of ISO/IEC 14763-3:2014.

Additionally, all optical ports should comply with IEC 60825-2.

10.5.2 Marking and colour coding

Consistent coding of connectors and adapters, tor example by colour, should be used to
identify connections batween

» different cabled multimode optical fibre types, and
s incompatible single-mode connecting hardware (e.g. blue for connectors with PC ferrules
and green for connectors with APC ferrules).

In addition, keying and the identification of optical fibre positions may be used to ensure that
correct polarity is maintained for duplex links.

NOTE 1 These markings are in addition to, and do not replace, other markings required by local codes or
regulations.

NOTE 2 The following colour codes apply to IEC 62664 series LC duplex connectors but can aiso be used for
other connector types.

Multimode 50 pm: Beige

Singie-mode PC: Blue
Singie-mode APC:

Green

10.5.3 Mechanical and optical characteristics

All multimode connections shall be in accordance with a published standard in the IEC 61754
series and shall provide the optical performance of Table 136 and Table 137 in conjunction
with the optical fibres of 9.5.2.2. The mechanical and environmental conditions specified in
IEC 81753-022-2 shall be applied.

NOTE 1 This requirement does not specify dimensions.

All single-mode connections shall be in accordance with a published standard in the
IEC 61754 series and shall provide the optical performance of Table 136 and Table 137 in
conjunction with the optical fibres of 9.5.2.3. The mechanical and environmental conditions
specified in IEC 61753-021-2 shall be applied. Where the connecting hardware is to be used
in more extreme environments the mechanical and environmental conditions specified in
IEC 61753-021-3 or IEC 61753-1-3 provide appropriate references.

NOTE 2 This requirement does not specify dimensions.

Table 136 — Attenuation of connecting hardware for optical fibre

Table 137 - Return loss of optical fibre connecting hardware

Optical characteristics Maximum attenuation
aB
Mated connectors 0,75
Splice 0.3

Optical characteristics Minimum return loss
dB
Multimode 20,0
Single-mode PC 35,0
Singie-mode APC 60,0
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Where the design of the TE interface allows and as required by the environmental
classification of the location, the protective housing for TE outlets shall meet the mechanical
and physical requirements of 1EC 61076-3-106, Variant 04, by the use of appropriate inserts
(IEC 61754-20-100).

10.6 Connecting hardware in accordance with IEC 60603-7 series
Where the cabling design standards specify the use of connecting hardware in accordance
with the IEC 60603-7 series, they shall be as referenced in Table 138,

Table 138 — Electrical characteristics of terminal equipment
outiets intended for use with balanced cabling

Electrical characteristics of the Requirement Component or test
terminal equipmenti outlet standard
Interface type fFrequency range
MHz
Category 5 unscreened DC. 10100 All IEC 60603-7-2
Category 5 screened DC, 1t0 100 All IEC 60603-7-3
Category 6 unscreened DC, 1to 250 Al IEC 60603-7-4
Category 6 screened DC, 1 to 250 Al IEC 60603-7-5
Category 6, unscreened DC. 1 to 500 Al IEC 60603-7-41
Category 6, screened DC, 110 500 Al IEC 60603-7-51
Calegory 7 screened DC, 1 to 600 All IEC 60603-7-7 ?
Category 7, screened DC, 1 to 1000 All IEC 60603-7-71 2
Category 8.1 screened DC, 1to 2000 All IEC 60603-7-81
Category 8.2 screened DC, 110 2000 All IEC 60603-7-82 2

8 |In installations where other factors, such as BCT applications (see ISO/IEC 11801-4), take preterence over
the backward compatibility offered with IEC 60603-7-7 and |EC 60603-7-71, the inlerface specified in
IEC 61076-3-104 may be used.

Pin and pair grouping assignments shall be as shown in Figure 9 or Figure 10.

AN /A T A
IHRREBEER

Figure 9 — Pin grouping and pair assignments for IEC 60603-7 series interface for
Categories 5, 6, 6, and 8.1 (front view of fixed connector (jack), not to scale)
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NOTE Pin designations 1.2, 3', 4, 5!, 6', 7 and 8 are used for Categories 7, 7, , 8.2 and BCT-B, and correspond
1o pin designations 1, 2, 3, 4, 5, 6, 7 and 8 lor Categories 5, 6, and 6,.

Figure 10 — Pin grouping and pair assignment for the IEC 60603-7 series interface for
Categories 7, 7,, 8.2 and BCT-B (front view of fixed connector (jack), not to scale)

10.7 Connecting hardware in accordance with IEC 61076-3-104
Pin and pair grouping assignments shall be as shown in Figure 11.

ANA

LATCH |

el ] 7l

I I
VooV

NOTE Pin designations correspond ta those of the IEC 60603-7 series interface.

Figure 11 — Pin grouping and pair assignments for the IEC 61076-3-104 interface for
Categories 7, 7,, 8.2 and BCT-B (front view of tixed connector (jack), not to scale)

10.8 Connecting hardware in accordance with IEC 6§1076-2-101 (Type D, 4 poles)
The pin grouping and pair assignments shall be as shown in Figure 12,

IEC

Figure 12 - Four position jack pin and pair grouping assignments for
IEC 61076-2-101 connecting hardware (front view of connector)

10.9 Connecting hardware in accordance with IEC 61076-2-109 (Type X, 8 poles)
The pin grouping and pair assignments shall be as shown in Figure 13.
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it

Figure 13 — Eight position jack pin and pair grouping assignments for
IEC 61076-2-109 connecting hardware {front view of connector)

IEC

10.10 Connecting hardware in accordance with IEC 61169-2 and IEC 61169-24 (Type F)
The conductor assignment shall be as shown in Figure 14.

1EC

Figure 14 — Conduclor assignment of IEC 611693-2 and IEC 61169-24 (Type F) connector

10.11 Connecting hardware for two optical fibres

The optical fibre assignments shall be as shown in Figure 15 (see ISO/IEC 14763-2 for further
information regarding polarity maintenance).

Plane {iroatal) view
e % % 2] Simplex
L Hhih connectors

B A AB
Heorizontally mounted

‘: B A

=

NOTE Shading and A/B markings are tor information only.
Figure 15 — Optical fibre assignments for connecting hardware for two optical fibres

10.12 Connecting hardware for twelve and twenty-four optical fibres

For the termination of more than two optical fibres in rows of up to twelve optical fibres, the
interface should be of an MPO type in accordance with IEC 61754-7-1 {one row) or
IEC 61754-7-2 (two rows of 12 fibres).
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I I

t 2 3456 7 8 9101112
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I

t 2 3 456 7 8 9101112
00000000O0OCGOS

00000 0000OCGS
13 14 15 16 17 18 19 20 21 22 23 24

IEC

Figure 16 — Optical fibre assignments for connecting hardware for
12 and 24 optical fibres (front view of fixed or free connector)

The optical fibre assignments shall be as shown in Figure 16 (see ISO/IEC 14763-2 for further
information regarding polarity maintenance).

11 Cord requirements

11.1 General

The performance of channels is dependent upon the performance of cords. The moves,
additions and changes made using cords represent a greater risk to operational ¢hannel
performance than that of fixed cables within cabling subsystems.

Clause 11 specifies the requirements for terminated cables used as cords.

The use of cables and connecting hardware suitable for use when subject to certain
environmental conditions does not automatically assure that the cord meets the applicable
transmission performance of Clause 11 when subjected to those environment conditions.

11.2 Operating environment
For information regarding the operating environment, see 9.2.

11.3 Balanced cords of Category 5 through 7,, 8.1, 8.2 and BCT-B

11.3.1  General

Subclause 11.3 covers balanced cords constructed with balanced cables as specified in the
IEC 61156 series and two free connectors (plugs) as specified in 10.2. The components used
in these cords shall meet the requirements of 9.3.2 and 10.2, respectively. The cable used to
make balanced cords shall meet the requirements of IEC 61156-6 or IEC 61156-10, as
appropriate, for the corresponding category. The purpose of cords is to connect to connecting
hardware that utilizes fixed connectors (jacks) that are also defined in 10.2. Compliance to
transmission parameters that are not specified in 11.3 are considered to be met by design.

NOTE 1t is expected that cords that use connectors with interfaces other than the |EC 60603-7 series also meet
the requirements of 11.3.

Subclause 11.3 specifies the minimum requirements for cords within the reference
implementations of Clause 8. Connecting hardware performance is subject tc influence by the
properties of the plug termination, and therefore cords should be tested to determine the
guality of the assembly. Cords constructed and tested in accordance with IEC 61935-2 meet
the requirements of 1°.3. BCT-B cords shall meet the requirements of Category 7, cords.

11.3.2 Identification
Each cord shall be identified to indicate

a) length,
b) Category of cord,
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c) wire-map status where a direct pin-pin relationship does not exist (i.e. cross-over cords).
11.3.3 Operating environment

Detail specifications based upon the blank detail specification |IEC 61935-2-X shall be used to
specify cord performance requirements under the environmental classifications of
Table 2.

11.3.4 Return loss

Balanced cords shall meet RL requirements specified in Table 139. The cords shall meet the
electrical and mechanical requirements of IEC 61935-2.

The RL of each pair of a cord at key frequencies is given in Table 140 for information only.

Table 139 ~ Minimum return loss for balanced cords

Frequency Return loss @
MHz MHz
Cord category
5 6 6, 7 7a 8.1 8.2
Vs fe25 19.8 + 19,8 + 19,8 + 19.8 + 19.8 + 19,8 + 19.8 +
31g(N 3lg{n 3ig(n 3lg(h 3lg(n 31g(r) 31g(n
38.0 - 38.0 - 38,0 - 38,0 - 38.0 - 38,0 - 38.0 -
25 < f<100 1CIg(n 101g(p) 101g() 10lg(f) 101g(n 101g(/) 10ig()
38,0 - 38,0 - 38,0 - 38.0 - 38,0 - 38,0 -
100 < f= 250 - 101g{(/) 10ig( 101g(/) 101g(f) 101g(/) 101g(/)
14 - 38,0 - 38,0 - 38,0 - 38,0 -
250 < f's 500 - - 151g(f250) | 101g() 101g(h 101g(f) 101g()
38,0 - 38,0 - 38,0 - 38.0 -
500 < f< 600 - - - 1wigyy | 10ig( 10ign | 10ig(n
38,0 - 38,0 - 38,0 -
600 < <1000 - - - - 10ignt | 10ig(n® | 10ig(n®
1000 < £ < 2000 - - - - - 8.0 8,0

8  Return loss values at frequencies below 4 MHz are for information only.
b Calculated values below 10,0 dB reverl to a 10,0 dB plateau.

Table 140 — Informative values of return loss for balanced cords at key frequencies

Return loss
Freguency %®

MHz Cord category
5 6 6, 7 7a 8.1 8.2
1 19,8 19,8 198 14,8 19.8 19.8 19.8
100 18,0 18,0 18,0 18,0 18.0 18,0 18,0
250 - 14,0 14,0 14,0 14,0 14,0 14,0
500 - - 9.5 11,0 11.0 11,0 11.0
600 - - - 10,2 10,2 10.2 10,2
1000 - - - - 10,0 10,0 10,0
1600 - - - - - 8.0 8,0
2000 ffs - - - - - 8,0 8.0

11.3.5 NEXT

Balanced cords shall meet the requirement of Equation {20) when measured in accordance
with IEC 61935-2.
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- ('\'Exrcable. L * 2 eonnector )

- NEXT,
C:)SI'IECIOFS 10 (20)
NEXTyqq = ~101g| 10 +10 - RFEXT
where
NEXT ora is the NEXT of the cord;
NEXT.onnectors 1S the NEXT of both connectors in the cord, taking insertion loss into
account;
NEXT capie t is the NEXT of the cable adjusted for length;
ILeonnector is the insertion loss of one connector;
RFEXT is the reflected FEXT.
NOTE All variables are e>pressed in decibels.
with
- NEXT |ocal '(’VEXT remote * 2 [ Leable *+ Mconnector D
- (21)
NEXTeonnectors == 20 lof 10 20 +10 20
NEXTlOCBl = NEXTremote = NEXTconnec:or (22)
M.~ L 23
cable ~ ®cable,100 m 100 (23)
where
NEXT ocal is the NEXT of the connector at the local end of the cord,
NEXT emote is the NEXT of the connector at the remote end of the cord;
ILcaple is the insertion loss of the cable;
ILconnector is the insertion loss of the connector;
NEXT onnector is the NEXT of each conneclor as specified in Table 103, with the
exception of Category 5 which is equal to 87 — 20 Ig(/);
Hcable,100 m is the insertion loss of 100 m of the cable used for the cord;
L is the length of the cable in the cord.
NOTF  Ali variables are papresged in dR. exrept I which is axprescsed in metras
The length corrected near-end crosstalk of the cable of the cord is given by:
—a i
L cable, 100 m
‘10 100 5
- - -1
NEXT aple, L = MEXT (24)

5

cable, 100 m ~ 1019 _
{ “cable, 100 m ]
1-10 J

where

NEXT.apie, 100 m is the NEXT of a 100 m long cable section.
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Calculations yielding NEXT limits in excess of 65 dB shall revert to a minimum requirement of
65 dB. Table 142, Tabie 143 and Table 144 list informative values of NEXT at key frequencies
for different length cords using the variable values outlined in Table 141.

Table 141 - Assumptions for cabling components used
in the calculation of NEXT informative values

Variable Component category . °
5 6 6,y 7 7, 8.1 8.2
@aore 100m 1.5 x 1,5 x (1.82 1,5 x (1,82 1,5 % (1,8
(19108 J7 | Jr+007: | Jr + Jr _ 025
+0,02227+ 025 0.0091 1+ +0,01; 1.5 x (1,8f + 0,005+ 77 )
0.2 * 77 ) 0.25 02
—) f —) + —=)
5 v/ Vi
NEXT 65,3 - 74,3 - 151g(r) 102,4 - 105,4-15lg(/) | 74,3 - | 1054 -
cable. 100 m | L) 151g(/) 15lg(s | 1519(7)
)
. connector 0.04 JT 0,02 J,_ See Table 101
NEXT g pnsctor 87 -201g() | 94-201g() | 94-201g(r), | 102.4 - 116,3 - See Table 103
€250 MHz 151g(7} 20 Ig{f)
££ 600 MHz
46,04 -
301g(s7250) 60,73 -
7 > 250 MHz 401g(y /600)
§ > 600 MHz
REEXT 0 0.5

3 All formulas apply from 1 MHz to the upper frequency of the category unless otherwise indicated.
b values used for calculations may differ from the values specified in IEC 61156-5 and IEC 61156-6.

Table 142 - Informative values of NEXT for 2 m balanced cords at key frequencies

NEXT
dB
Frequency
MH2z Cord category ]
5 6 6, 7 7a 8.1 8.2
1 65.0 65.0 65.0 65.0 65,0 65.0 850
100 39,0 46,2 48,2 65,0 65,0 46,2 65,0
250 - 38,7 38.7 60,7 62,6 38,7 62,6 |
500 - - 31,0 56.5 57,1 31,0 _jl_,
600 - - - 55,4 55,6 28,3 55.6
1000 - - - - 47,4 20,4 51.6
1600 - - - - 13.1 &2__-__‘
2000 - - - - 9.6 30.7
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Table 143 - Informative values of NEXT for 5 m balanced cords at key frequencies

NEXT
de
Frequency

MHz Cord category
5 6 6, 7 7, 8.1 8.2
1 65,0 65,0 65,0 65,0 65,0 65,0 65,0
100 37.4 451 451 65,0 65,0 45,1 65.0
250 - 38,0 38.0 61,2 63.3 38,0 63,3
500 - - 31,3 57,2 58,0 31,3 58,0
600 - - - 56.2 56,7 28,9 56,7
1000 - - - - 48,9 21,7 52,9
1600 - - - - - 14,6 35,9
2000 - - - - - 11,1 32,3

Table 144 — Informative values of NEXT for 10 m balanced cords at key frequencies

NEXT
dB8
Frequency

MHz Cord category
5 ] 6, 7 7. 8.1 8.2
1 65,0 65,0 65,0 65,0 65,0 65,0 65.0
100 36.4 44,2 44,2 65,0 65.0 442 65.0
250 - 37.6 37,6 61,9 64,1 37.6 64,1
500 - - 31,7 58,0 59,1 31,7 59,1
600 - - - 57,0 57.8 29,6 57.8
1000 - - - - 50,2 22.8 54,0
1600 - - - - - 15,6 37,0
2000 - - - - - 12,0 33.3

11.4 Coaxial cords

Cords shall meet IEC 60966-2-4, IEC 60966-2-5 and |IEC 60966-2-6.

11.5 Optical fibre cords
11.5.1 General

Cords shall be assembled using flexible cables in accordance with 9.5 and connectors in
accordance with 10.5 with the exception of the equipment connectors used on apparatus
attachment and equipment cords that lie outside the scope of this document.

The construction of the flexible cables shall reflect the specified bend radius and any
requirements for repelitive bending/flexing of the cord during installation and operation.

The cable shall be terminated to the connectors following the procedures and using the tools
specified by the manufacturers of the connectors.

The connecting hardware and the means of maintaining polarity within the cord shall be in
accordance with the intended use of the cord and shall be a logical extension to the cabling
interface(s) to which il is to be connected.

Connecting hardware shall meet the mechanical and transmission performance requirements
of 10.5 and 10.1.4.4 for the relevant environmental classifications of Table 2.
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Factory terminated fibre optical cords should be used.

11.5.2 ldentification
Each cord shall be identified to indicate

a) length,

b) type of fibre,

c¢) Category of cable,

d) port-map status where a direct port-port relationship does not exist {i.e. cross-over cords).
11.5.3 Performance requirements for patch cords

11.5.3.1  Attenuation/insertion loss

Attenuation/ingertion loss measurements of cords shall not exceed the attenuation/ingertion
loss requirements of the connection at each end plus the attenuation/insertion loss
requirement for the cable, scaled for length. The attenuation/insertion loss performance is
achieved by design.

11.5.3.2 Pertormance specifications

Performance standards based upon IEC 61753-1 shall be used to specify cord performance
requirements under the environmental classifications of Table 2.
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Annex A
(normative)

Conformance testing procedures for balanced cabling
of Classes A to F,, | and Il and optical fibre cabling

A.1 General

Annex A contains requirements and recommendations for testing of channels, and links in
order to determine their conformance to this document. It is not intended to represent or
replace requirements for contractual installation acceptance testing which are defined within
an installation specification. Guidance for such testing is provided in ISO/IEC 14763-2.

A.2 Channel and link performance testing

A.2.1 General

Performance testing can be undertaken either

a) in a laboratory, where channels or links contain specific cabling components in a specific
implementation, or

b) in the field, after installation.

There are two kinds of conformance testing, both of which may be performed in order to give

greater levels of confidence of compliance:

1) Reference conformance testing (also known as type 1esting).

This testing is performed on a sample of instalied cabling in a laboratory where an
assessment against the confermance criteria of the ISO/IEC 11801 series is required. The
assessment documentation shall inciude details of the number of channels or links tested,
test evalualion criteria, supplier’s declarations and certification, laboratory accreditation
and calibration cerlification, etlc.

This testing may also be used for
¢ the comparison of measurements performed with laboratory and field test instruments,
+ assessing cabling models in a laboratory environment,
s assessing parameters thal cannot be tested in an instaflation.
2) Installation conformance testing.

This testing is performed on installed cabling where an assessment against the
conformance criteria of the ISQ/IEC 11801 series is required. Installation conformance
testing may be performed to

+ give a greater degree of confidence in the accuracy of installation acceptance test
results,

+ resolve contractual Issues,
« determine performance under the circumstances described in A.2.2.
A2.2 Conformance testing of balanced cabling channels, and links
Testing to determine conformance with the requirements of Clause 5 is optional. Testing
should be performed in the following cases:
a) channels or links with lengths exceeding, or having moere components than, those
specified in reference implementations of the cabling design documents;

b) links using components whose transmission performance is lower than those specified in
Clauses 9 and 10;

c¢) channels using components whose transmission performance is lower than those
specified in Clauses 9, 10 and 11;



- 138 - ISO/IEC 11801-1:2017 © ISO/IEC 2017

d) channels created by adding more than one cord to either end of a link meeting the
requirements of Clause 7;

e¢) evaluation of cabling to determine its capacity to support a certain group of applications;

f) confirmation of rerformance of cabling designed in accordance with the reference
implementations of the ISO/IEC 11801 series using Clauses 9, 10 and 11;

g) channels containing cable segments with lengths that are ouiside the assumed ranges in
Clause 5.

The test procedures for balanced cabling channels and links are specified in IEC 61935-1.

A2.3 Installation conformance testing of optical fibre cabling channels

Testing to determine confarmance with the requirements of Clause 6 is optional. Testing
should be performed in the following cases:

a) evaluation of cabling to determine its ability to support appiications;

b) confirmation of performance of cabling designed in accordance with Clauses 9, 10 and 11,
The test procedures for optical fibre cabling channels and permanent links are specified in
ISO/IEC 14763-3.

A.3 Overview of test schedules

A test regime for each of the two kinds of confermance testing (see A.2.1) is defined for each
transmission parameter. The test regime for balanced cabling reference conformance and
installation conformance testing is shown in Table A.1. The test regime for optical fibre
cabling reference conformance and installation conformance testing is shown in Table A.2.
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Table A.1 - Test regime for reference conformance and installation
conformance — Balanced cabling of Classes A through F,, BCT-B, | and Il

Reference Installation
Transmission parameter 2 conformance conformance
testing testing

Return loss N N

lnsertion loss

Pair-to-pair NEXT

PS NEXT

Pair-to-pair ACR-N

PS ACR-N

Pair-to-pair ACR-F

PS ACR-F

Direct current {(DC) loop rasistance

Divect current (DC) resistance unbalance within a pair

Direct current (DC) resistance unbalance between pairs

Propagation delay

Delay skew

Unbalance attenuation, near-end (TCL)

Unbalance attenuation, far-end (ELTCTL)

Coupling atlenuation

PS ANEXT

olZ|lo|lojolz|z|o|o|=z|lo|z|o|0o|lo|Z

PS ANEXT,,

PS AACR-F

P
'3

9]

PS AACR-F,,

Z Ol Z|0|lZ|Z2|lZz|lZ|lZz|lZz|Z|Z2|Z2|O|Z|O0|O0(O]|Z

Wire-map

Continuity:

*  signal conductors,
¢ screen conductors (if present), N N
« short circuits;

e« Oopen gircuits.

Length ® | !

C is calculated with pass/fail criteria.

| is informative testing without pass/fail criteria, if not met by design.

N is normative (100 %) testing with pass/fail criteria, it not met by design.

N_ is normative {samplec} testing, if not met by design. The sample size to be tested should be in accordance
with ISC/IEC 14763-2

O is optional testing witk pass/fail criteria, if net met by design.

s

NOTE The term *met by design” refers to a requirement which may be met by the selection ot appropriate
materials and installation techniques.

3 Only those parameters specified for each Class of cabling need to be tested, as required in Clause 6 and
Clause 7.

® Length is not a pass/fail criterion.
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Table A.2 — Test regime for reference conformance
and installation conformance — Optical fibre cabling

Reference Installation
Transmission parameter conformance conformance
testing testing
Attenuation N N
Propagation delay ? | i
Polarity N N
Length b ¢ I N

|
N

is informative (optionzl) testing.
is normative (100 %) testing.

Propagation delay is not a pass/fail criterion.
Length is not a pass/tail criterion.
Length may be determined by sheath marking or physical measurement.
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Annex B
(normative)

Mechanical and environmental performance testing
of connecting hardware for balanced cabling

B.1 Overview

The mechanical and environmental performance of connecting hardware is vital to the cabling
system. Changes in contact resistance because of operationa! and environmental stress can
negatively affect the fransmission characteristics of the cabling system. Product acceptance
testing is accomplished by subjecting the product to a number of mechanical and
environmental conditions and measuring any resistance deviations at prescribed intervals and
after compilction of cach conditioning scquence. In addition, the product shall not show
evidence of degradation with respect to the ease of mechanical termination, safety or other
functional attributes during or after environmental conditioning.

Connecting hardware often contains a combination of solderless connections and a separable
contact interface (free connector/tixed connector interface). All connections shall be tested.
Where a combination of connections and/or separable contact interfaces are tested together,
care should be taken to ensure the use of the most stringent test schedute as the test
schedules vary by type of connection.

Annex B provides mechanical connection performance requirements for connections that are
net covered by a specific IEC connector standard. Annex B is intended to be replaced by
reference to international standards, as soon as they become available.

Connection interfaces that conform to the mechanical and environmental performance
requirements of IEC 60603-7 (unscreened) or IEC 60603-7-1 (screened) comply with Annex B
as these standards specify appropriate tests. Connection interfaces that are covered by
international standards other than the |EC 60603-7 series shall comply with at least the
equivalent mechanica’ and environmental performance requirements specified in Annex B.

B.2 Solderless connections

To ensure reliable solderless terminations of balanced cable with insulated conductors, and to
ensure reliable solderless connections between component parts within connecting hardware,
solderless connections shall meet the requirements of the applicable standards specified in
Table B.1.

Table B.1 - Standards for solderless connections

Connection type Standard
Crimped ccnnection IEC 60352-2
Accessible IDC IEC 60352-3
Non-accessible IDC IEC 60352-4
Press-in connection IEC 60352-5
IPC IEC 60352-6
Spring clamp connection IEC 60352-7
Compression mount IEC 60352-8

The default criteria and conditions in the relevant standards in Table B.1 apply, except as
specified in the remainder of B.2.

The maximum initial contact resistance for an insulation displacement connection shall be
2,5 mQ and the maximum change in contact resistance during and after conditioning shall be
5 mQ2 from the initial value.
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The following test conditions are specified, as detailed by the type test requirements of the
IEC 60352 series.

a) Vibration test severity: 10 Hz 1o 500 Hz.
b) Low temperature (LCT): =40 °C.
c) Electrical load anc temperature, test current: 1 A DC.

B.3 Free and fixed connectors (modular plugs and jacks)

Fixed and free connectors (modular plugs and jacks) shall comply with the reliability
requirements of the applicable standard specified in Table B.2.

M12 style connectors shall comply with the reliability requirements of the applicable standard
specified in Table B.3

Table B.2 - Standards for free and fixed connectors (modular plugs and jacks)

Category and type Standard
Category 5, unscreened IEC 60603-7-2
Category 5, screened IEC 60603-7-3
Category 6. unscreened IEC 60603-7-4
Category 6, screened IEC 60603-7-5
Category 6,, unscreened IEC 60603-7-41
Category 6,. screened IEC 60603-7-51
Category 7, screened IEC 60603-7-7
S ka5 st 5 o
Category 8.1 screened IEC 60603-7-81
S e o 150 700 51

Table B.3 — Standards for M12 style connectors

Category and type Standard
Category 5, screened IEC 61076-2-101
Category 6,, screened IEC 61076-2-109

The default criteria and conditions in the relevant standards in Table B.2 and Table B.3 apply,
except as specified in the remainder of B.3.

The number of mating cycles (insertions and withdrawals) for free and fixed connectors
(modular plugs and jacks), and the number of conductor re-terminations per solderless
connection shall comgly with the specifications in Table B.4.
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Table B.4 — Free and fixed connectors (modular plugs and jacks) operations matrix

Connecting hardware type insertion and withdrawal, and Minimum number of operations ¢
conductos re-termination,
operations
Insertion / withdrawal with fixed 750
Free connector (modular 2lug) conneclor {modular jack)
Cable re-termination 0
Insertion ¢ withdrawal with free 750

Fixed connector (modular jack) conneclor {modular plug)

Cable re-termination 2080

3 Unless not intended for re-termination, in which case this value equals 0.
b The range of conductor size and lype shall be in accordance with the manulacturer's instructions.
€ This does not appiy for the M12 style connectors.

Between terminations the solderless connection shall be inspecied for debris and extraneous
material shall be remcved.

B.4 Other connecting hardware
Examples of other connecting hardware include

a) cross-connect blocks and plugs,
b} pin and socket connectors,

The reliability of connecting hardware, other than free and fixed connectors (modular plugs
and jacks), shall be demonstrated by complying with the applicable requirements of the
standards specified in Table B.5. The connecting hardware shall be terminated, mounted, and
operated in accordance with the manufacturer's instructions for use. A minimum of 100
individual electrical contact paths {e.g. connecting hardware, input to output) shall be tested
without failure.

The following tests shall be as per the manufacturer's specification:

1) examination of dimensions and mass,
2) insertion and withdrawal force requirements,
3) eftectiveness of any connector coupling device requirements,
4) gauging and gauging continuity requirements,
5) arrangement for contact resistance test,
6) arrangement for vibration {(dynamic stress) test.
Table B.5 — Reference for reliability testing of other connecting hardware

Category and type Standard

All Categories, unscreened IEC 60603-7
All Categories, screened IEC 60603-7 and |IEC 60603-7-1

Clause 6 and Clause 7 2

8  Excluding subclauses addressing pin and pair grouping assignment, creepage and clearance distances,
transmission characteristics, transfer impedance. and test group EP {transmission testing}.

The default criteria and conditions in the relevant standards in Table B.5 apply, unless
otherwise specified in B.4.

The number of mating cyctes (insertions and withdrawals) for other connecting hardware, and
the number of conductor re-terminations per solderless connection shall comply with the
specifications in Tabie B.6.
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Connecting hardware type

Insertion and withdrawal, and conductor
re-termination, operations

Minimum number
of operations

Other connecting hardware Insertion / withdrawal operations with “fixed connector” 200
"free connector (plug)” Cable re-termination 0
Insertion / withdrawal operations with “free connector” 200
Other connecting hardware . ot ab
"fixed connector (socket)” Cable re-termination 20
Jumper re-termination 200

8 Unless not intended for re-termination, in which case this value eguals 0.

b

The range of conductor size and type shall be in accordance with the manutacturer's instructions.

Between terminations the solderless connection shall be inspected for debris and extraneous

material shall be remcved.
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Annex C
(informative)

Electromagnetic characteristics

Cabling consists of passive components and can therefore only be verified for conformance to
electromagnetic compliance, see CISPR 32 and CISPR 35, when attached to application-
specific equipment. However, electromagnetic characteristics of a network installation are
influenced by parameters such as the balance and/or screening properties of the cabling.

Balance is characterzed by unbalance attenuation, i.e. the ratio between the unwanted
common mode signal power and the injected differential mode signal power. This common
mode signal which arises from imperfections in the cabling system, such as asymmetry,
causes electromagnetic emission and affects noise immunity. Unbalance attenuation is
characterized for ccmpenents, including cables and connecting hardware. Limits for
unbalance attenuation are also given for cabling. Screening effectiveness is characterized for
components including cables, connecting hardware and patch cords. At frequencies up to
100 MHz, the effectiveness of component screening can be characterized by transfer
impedance. Transfer impedance is the ratic of the longitudinal voltage developed on the
secondary side of a screen to the current flowing in the screen. This unwanted current causes
radiation and affects immunity. At higher frequencies screening effectiveness may be
characterized by screening attenuation, i.e. the ratio between the common mode signal in the
conductors enclosed in the screen and the radiated signal outside the screen.

Coupling attenuation is the ratio between the signal power and the radiated power from the
cabling, taking into account both the balance of the pair and the effect of the screening.
Coupling attenuation can be applied to screened and unscreened cables, connecting
hardware and cabling. For the purposes of ISO/IEC 11801-1, coupling attenuation is specified
from 30 MHz to the ugper frequency of the Category or Class.

Use of components with good eleciromagnetic characteristics, the use of screened or
unscreened components throughout a system, and installation according to manufacturers'
instructions, will help 1o achieve good electromagnetic characteristics of the cabling.

The electromagnetic characteristics of the components referenced in this document may be
used for guidance when application-specific electronic equipment is constructed, and tested
for compliance with CISPR-32 and CISPR-35. The relationship between the CISPR
requirements and these characteristics is a subject for further study.
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Annex D
(informative)

Acronyms for balanced cables

There is a great variety of cable constructions and a number of systems 1o describe these
constructions in a shortened form. These abbreviations have been used to describe the
difference in construction as well the difference in impedance. Since such acronyms are used
in many commercial documenis and have never been clearly specified by a standard, the
same term could mean different kinds of constructions in different contexts.

The intention of Annex D is to clarify this siluation and give guidance on how to use
abbreviations for the main constructions used for communication cables. This document uses
the words balanced cable. unscreened/screened cable and unscreened/screened cable
element for the cable constructions described in Annex D.

To reduce confusion, a more systematic naming is specified in Figure D.1. lt is understood
that cable names baszad on this schema only describe the lypes of constructions and not any
transmission characteristics such as impedance. All screened cables, whether individually or
overall, foiled, braided or both, require matching connecting hardware capable of handling all
of the screens involved.

Figure D.2 gives examples of cable constructions and their names based on this schema.

ACRONYM
XXIYZZ
“— Fem—
T F Y A
OVERALL CONSTRUCTION PAIR OR QUAD
U = Unscreened TP = Twisted Pair
F = Foil Screened TQ = Twisted Quad

S = Braid Screened
SF = Braid and Foil Screened

ELEMENT

U = Unscreened

F = Foil Screened IEC

EXAMPLES:
WUTP  overall unscreened cabte with unscreened twisted pairs {often referred to as UTP)
F/UTP overall screened cable with unscreened twisted pairs {often referred 10 as FTP)
/FTP  overall braid screened cable with foil screened twisted pairs (often referred to as STP or PiMF)}
SF/UTP averall braid and foil screened cable with unscreened twisted pairs

Figure D.1 — Cable naming schema
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U/UTP: uuTQ:
= -' Cable sheath

Pair

Cable sheath
Quad
Pair / side circuit

Conductor

Conductor

FIUTP:

Cable sheath
Foil screen
Pair

Conductor

U/FTQ:
Cable sheath
U/FTP: — Foil quad screen
Cable sheath el
Foil pair screen
i Conductor

S/FTQ:

Cable sheath
Braid screen
Foil quad screen
Quad

Pair / side circuit

Conductor

Figure D.2 — Cable types

IEC
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Annex E
(informative)

Supported applications
E.1 Supported applications for balanced cabling

Balanced cabling specified in this document is intended to support the applications detailed in
Annex E. Cabling exceeding 2 km is outside the scope of this document. Other applications,
not listed, may be supported too.

Balanced cabling applications are matched to channel performance Classes specified in
Clause 5. Generic caoling has been designed to support electrically balanced transmission.
Applications using unbalanced transmission are outside the scope of this document.

Table E.1 and Table E.2 contain applications with mature or technically stable international
specifications (for example, published ITU recommendations, ISO/IEC standards at least at
DIS/CDV development stage, or IEEE 802.3 applications as soon as the documents are
released for working group ballot).
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Table E.1 — Applications using balanced cabling

Application Specification reference | Date J Additional name / reference

Class A (defined up to 0,1 MHz)

PBX National requirements

X.21 ITU-T Rec. X.21 1992

V.11 ITU-T Rec. X.21 1996
Class B (defined up to 1 MH2)

S0-Bus {exiended) ITU-T Re¢. 1.430 1993 ISDN Basic Access (Physical Layer)

S0 Point-{o-Point ITU-T Rec. 1.430 1993 1ISD2 Basic Access (Physical Layer)

51/82 ITU-T Ree. 1.431 1993 ISDN Primary Access (Physical Layer)

Class C {(defined up to 16 MHz)

ISO/IEC/IEEE 8802-3:2017,

Ethernet 10BASE-T Clause 14 2

2005 10M Ethernet over Twisted Pairs

Class D 1995 (defined up to 100 MHz)

ISO/IEC/IEEE 8802-3:2017,

_Txat i
Ethernel 100BASE-TX Clause 25 @ 2005 100M Ethernet over Twisted Pairs
ISCHEC/EEE 8802-3:2017,
PoE Type 1 Clause 33 © 2015 Power over Ethernet

Class D 2002 (defined up to 100 MHz)

ISCHEC/IEEE 8802-3:2017,

Ethernet 1000BASE-T 2005 Gigabit Ethernet over Twisted Pairs

Clause 40 2
Fibre Channel 1 Gbit/s ISCHEC 14165-115 2007 Twisted-pair Fibre Channel 1G
Firewire 100 Mbit/s IEEE 1394b 2002 Firewire/Category 5
PoE Type 2 SSSLEBC;;EEE 8802-3:2017. 2015 Power over Ethernet
PoE Type 3 \EEE 802.3b1:2018, Clause 33 °| 2018 Power over Ethaernet, IEEE 802.3bt
PoE Type 4 IEEE 802.3b1:2018, Clause 33°| 2018 Power over Ethernet, IEEE 802.3bt

Class E 2002 (defined up to 250 MHZ)

|

Class E, 2008 (defined up to 500 MHz)

; IEEE 802.3bz:2018, 2.5 Gigabit Ethernet over Twisted Pairs,

Ethernet 2. 5GBASE-T Clause 126 @ 2016 IEEE 802.3bz

IEEE 802.3b2:2018, 5 Gigabit Ethernet over Twisted Pairs,
Ethernet SGBASE-T Clavse 176 7 2016 IEEE 802 9bz
Ethernet 10GBASE-T ISO”EC“EaEE 8802-3:2017, 2006 10 Gigabit Ethernet over Twisted Pairs

Clause 55
Fibre Channel 2 Gbit/s | INCITS 435 2007 | 'Wisted-pair Fibre Cnannel 2G-FCBASE-
Fibre Channel 4 Gbit/s | INCITS 435 2007 | TWisted-pair Fibre Channel 4G-FCBASE-
Multimedia distribution IEEE 1911.2 2015 HDBaseT

Class F 2002 (defined up to 600 MHZ)

FC 100 MByte/s | 1s0nEC 14165-114 | 2005 | FC-100-DF-EL-S

Class F, 2008 (defined up to 1000 MHz)

I [

Class | 20xx (defined up to 2000 MHz)

25 Gigabit Ethernet over Twisted Pairs,

Ethernet 25GBASE-T IEEE 802.3bq:2016. Clause 113 | 2016 IEEE 802.3bq

40 Gigabit Ethernet over Twisted Pairs,

Ethernet 40GBASE-T IEEE 802.3bq:2016, Clause 113 | 2016 IEEE 802.3bq

Class I 20xx (defined up to 2000 MHz)

25 Gigabit Ethernel over Twisted Pairs,

Ethernet 25GBASE-T IEEE 802.3bq:2016, Clause 113 | 2016 IEEE 802.3bq
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40 Gigabit Ethernet over Twisted Pairs,
IEEE 802.3bq

a8 Including support for remote power feeding defined by ISO/IEC/IEEE 8802-3:2017, Clause 33 {Types 1 and 2)
and IEEE 802.3bt:2018 (Types 3 and 4).

b  For channels used to support applications requiring remocte power, see ISOVIEC TS 29125,

¢ Remote power teeding for 10GBASE-T detined by IEEE 802.3b1:2018.

The minimum performance of Class E and F channels is insufficient to support 10GBase-T. Channels

implemented using Catecory 6 or 7 components will support 10GBase-T provided they meet the additional

requirements specified in ISO/IEC TR 24750. Such support may require mitigation and might be limited to
channels shorter than 100 m. Class E, or better is recommended for new installations.

Ethernet 40GBASE-T IEEE 802.3bq:2016, Clause 113 | 2016

The minimum performance of Class D 2002 channels is insufficient to support 2.5GBase-T or 5GBASE-T.
Channels implemented us ng Category 5 2002 components will support 2.5GBase-T and 5GBASE-T provided they
meel the additional requirements specified in 1ISO/IEC TR 11801-9904. Such support may require mitigation and
might be limited to channeis shorter than 100 m. Class E, or betler is recommended for new installations.

The minimum performance of Class E 2002 channels is insufficient to support 8GBASE-T. Channels implemented
using Category 6 2002 components will support SGBASE-T provided they meet the additional requirements
specified in ISO/IEGC TR 11801-9904. Such support may require mitigation and might be limited to channels
shorter than 100 m, Class E, or better is recommended for new instaliations.

The minimum performance of Calegory 6,, 7 or 7, components are insufficient to support 30 m 2-connector
channels tor 25GBASE.-T. Channels implemented using Category 6, (is), 7 (ts) or 7, components or better will

support 25GBASE-T provided they mee! the additional requirements specified in ISO/IEC TR 11801-9905. Such
support may require mitigation and might be timited to channels shorter than 30 m. Class | or Class Il cabling is
recommended [or new inslallations.

NOTE Applications supported by a given class are also supported by higher classes. Some applications may run
on a lower class in cases where the specilic channel in question meets the performance criteria of the
application.

Table E.2 — Industrial applications using balanced cabling

Application # Specification reference Date Addirlei?;aelnr;:mel
Foundation Fieldbus IEC 61784-5-1 2013
C/P 211 (ControlNet™ 2) IEC 61784-5-2 2013
CP 2:/2 (EtherNet/IP™ 3) IEC 61784-5-2 2013
CP 2/3 (DeviceNgt™ 4} IEC 61784-5-2 2013
PROFINET IEC 61784-5-3 2013
P-NET IEC 61784-5-4 2015
INTERBUS IEC 61784-5-6 2013
CC-Link IE 1IEC 61784-5-8 2013
Vnet/tPTM IEC 61784-5-10 2015
TCnet IEC 61784-5-11 2013
EtherCAT IEC 61784-5-12 2015
Ethernet POWERLINK IEC 61784-5.13 2013
EPA Ethernet for Plant Automation IEC 61784-5-14 2013
Modbus RTPS IEC 61784-5-15 2015
SERCOS 1 IEC 61784-5-16 2013
RAPIENnet IEC 61784-5.17 2013
SafetyNET p IEC 61784-5-18 2013
Mechatrolink 111 IEC 61784-5-19 2013

3 Applications are listed for the convenience of users of this document. This does not constitute an
endorsement by 1SO o IEC of these products.

Applications supported by generic balanced cabling listed in Table E.1 use the pin assignment
recorded in Table E.3. This mapping relates the modular connector pinning specified by each
application standard to the channel performance Classes specified in Clause 6.
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Table E.3 — Modular connector pin assignment for applications

- 151 -

Application Pins 1 and 2 Pins 3 and & Pins 4 and 5 Pins 7 and 8
PBX Class A Class A 2 Class A Ciass A 2
X.2i Class A Class A
V.11 Class A Class A
50-Bus (extended) b Ciass B Class B b
S0 Point-to-Point b Class B Class B b
S1/82 Class B < Class B b
Ethernet 10BASE-T Class C Class C b b
Ethernet 100BASE-TX Class D Class D
Ethernet 1000BASE-T Class D Class D Class D Class D
1G FCBASE-T Class D Class D Class D Class D
Ethernet 2.5GBASE-T Class E, Class E, Class E, Class E,
Elhernet 5GBASE-T Class £, Class E, Class E, Class E,
Ethernet 10GBASE-T Class E, Class E, Class E, Class E,
Ethernet 25GBASE-T Class I, Il Class |. Il Class I, 1l Class I, Il
Ethernet 40GBASE-T Class I, 1l Class I, Il Class |, |l Class I, li
2G FCBase-T Class E, Class E, Class E, Class E,
4G FCBase-T Class E, Class E, Class E, Class E,
FC-100-DF-EL-S ¢ Class F Class F
a8 Option dependent on supplier.
b Optional power sources.
¢ Option for continuity ol cable screen.
4 Option outside TE as ISO/IEC 14165-114 specifies IEC 61076-3-104.

E.2 Supported applications for optical fibre cabling

Optical fibre cabling soecified in this document is intended to support the applications detailed
in Annex E. Other applicaticns, not listed, may also be supported.

Table E.4 contains applications with mature or technically stable internaticnal specitications
(for example, published ITU recommendations, ISO/EC standards at least at DIS/CDV
development stage or IEEE 802.3 applications as soon as the documents are released for
working group ballot). Table E.4 also contains emerging applications being prepared as future
international standards.

Details of applicatiocn support are provided for each cabled optical tibre Category included in
Clause 9, and additional information is provided in Table E.4, Table E.5 and Table E.6
concerning maximum channel lengths. Cabled optical fibre categories OM3, OM4, 0S1a and
OS2 are described in Clause 9.

Maximum channel lengths assume 1,5 dB total connecting hardware attenuation within a
channel.
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Table E.4 — Maximum channel attenuation for supported

applications using optical fibre cabling

Max. channel attenuation

dB
Network application Multimode Single-mode
850 nm 1300 nm 1310 nm
ISO/IEC/IEEE 8802-3:2017, Clause 9: FOIRL 6.8 - -
ISO/IEC/IEEE 8802-3:2017, Clauses 15-18: 10BASE-FLand FB 6.8 - -
ISOAEC/IEEE 8802-3:2017, Clause 38: 1000BASE-SX 2 3.56 - -
ISO/IEC/IEEE 8802-3:2017, Clause 38: 1000BASE-LX 2 - 2,35 4,56
ISO/IEC/IEEE 8802-3,2017, Clause 26: 100BASE-FX - 6,0 -
ISO/IEC/IEEE 8802-3:2017, Clause 53: 10GBASE-LX4 ® - 2,00 6.20
ISO/IEC/IEEE 8802-3:2017, Clause 68: 10GBASE-LRM 2 - 1.9 -
ISO/IEC/IEEE 8802-3:2017, Clause 52: 10GBASE-ER - - 10,9
2,60 (OM3) - -
ISO/EC/IEEE 8802-3:2017, Clause 52: 10GBASE-SR 2,90 (OM4)
ISO/IEC/EEE 8802-3:2017, Clause 52: 10GBASE-LR - - 6,20
1,9 (OM3)
ISO/IEC/IEEE 8802-3:2017, Clause 86: 40GBASE-SR4 2-° 1.5 (OM4) - -
1SO/IEC/IEEE 8802-3:2017, Clause 87: 40GBASE-LR4 - - 6.7
ISO/IEC/IEEE 8802-3:2017, Clause 89: 40GBASE-FR 4,0
1.8 (OM3)
ISO/IECAEEE 8802-3:2017, Clause 95: 100GBASE-SR4 2. 1,8 (OM4) - -
ISO/IEC/IEEE 8802-3:2017, Clause 86: 100GBASE-SR10 2.® -9 (OM3) - -
: 1.5 (OM4)
1ISO/IEC/IEEE 8802-3:2017, Clause 88: 100GBASE-LR4 - - 6,3
ISO/IEC/IEEE 8802-3:2017, Clause 88: 100GBASE-ER4 - - 18,0
1 Gbit's FC (1,0625 GBd) ? 2,62 (OM3) - 7.8
2 Gbit/s FC {2,125 GBd) * 3,31 {OM3) - 7.8
4 Gbitls FC (4,25 GBd) @ 2,88 (OMB3) _ 48
2,95 (OM4) '
8 Gbit/s FC (8,5 GBd) 2 2,04 (OM3) _ 6.4
2,19 {OM4) '
16 Gbit/s FC (14,025 GBd * 1,86 (OM3) _ 6.4
1,95 (OM4)
32 Gbit/s FC 2 1,75 (OM3) _ 64
1.86 (OM4) '

3 A bandwidth-limited application at the channel lengths shown.

produce channels exceeding the values shown canngt be recommended.

The use of lower attenuation components to

These are muiti-fibre applications and are subject to a delay skew requirement which is met by design if all

the optical fibres providing a channet transverse the same cable and cord sheaths from end-te-end.
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Table E.5 - Maximum channel lengths supported by
optical fibre applications for multimode optical fibre

Network application Neminal transmission Maximum channel
wavelength length
nm m
507125 um optical fibre
1SO/IECAEEE 8802-3:2017, Clause 9: FOIRL 850 514
ISO/IEC/IEEE 8802-3:2017, Clauses 15-18:10BASE-FL & FB 850 1514
ISO/IECHEEE 8802-3:2017, Clause 38: 1000BASE-SX b 850 550
ISO/IEC/IEEE 8802-3:2017, Clause 52: 10GBASE-SR P 859 3002, 400°
ISO/IEC/AEEE 8802-3:2017, Clause 86° 40GBASE-SR4 b. ¢ 850 1007, 1509
ISO/IEC/IEEE 8802-3:2017, Clause 95: 100GBASE-SR4 v ¢ 850 702, 1009
ISO/IEC/IEEE 8802-3:2017, Clause 86: 100GBASE-SR10Y ¢ 850 1002, 150°
1 Goit’s FC (1,0625 GBd) ® 850 500
2 Gbitls FC (2,125 GBd) ® 850 300
4 Ghit/s FC (4,25 GBd) ® 850 380 2, 400 ©
8 Gbit/s FC (8,5 GBd) b 850 1502, 190 ¢
16 Gbit/s FC (14,025 GBd ® 850 100 8,125 ¢
32 Gbit/s FC ® 850 702, 100 ¢
ISO/IEC/EEE 8802-3:2017, Clause 26: 100BASE-FX 1300 2000
ISO/IEC/IEEE 8802-3:2017, Clause 38: 1000BASE-LX b 1300 550
ISO/IEC/IEEE 8802-3:2017, Clause 53: 10GBASE-LX4 ® 1300 300
ISO/IEC/EEE 8802-3:2017, Clause 68: 10GBASE-LRM® 1300 220

% Minimum cabled opticzl fibre performance of Category OM3 is specified.

b These applications are bandwidth limited at the channel lengths shown. The use of lower attenuation
componenis {o produce channeis exceeding the values shown cannot be recommended.

¢ Minimum cabled opticzl fibre performance of Category OM4 is specified.

4 Minimum cabled optical fibre performance of Category OM4 is specified {subject to a maximum total
connecling hardware loss of 1,0 dB).

¢  These are multi-libre applications and are subject to a delay skew requirement which is met by design if all
the optical fibres providing a channel transverse the same cable and cord sheaths from end-to-end.
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Table E.6 — Maximum channel length supported by optical fibre applications
for single-mode optical tibre

Nominal Maximum channel
Network application "::je'?eiﬁsgi&n length
nm m

ISOMEC/HEEE 8802-3:2017, Clause 38: 1000BASE-LX 1310 2000
ISO/IEC/IEEE 8802-3:2017, Clause 87: 40GBASE-LR4 1310 2000
ISO/IEC/IEEE 8802-3:2017, Clause 88: 100GBASE-LR4 1310 2000
1 Gbit/sis FC (1,062 5 GBd} 1310 2000
2 Gbit/sis FC (2,125 GBdi 1310 2000
4 Gbit/s/s FC (4.25 GBd) 1310 2000
8 Gbit/s/s (8.5 GBd) 1310 2000
16 Gbit/s/s (14,025 GBd) 1310 2000
32 Gbil/sfs (28,05 Gbd) 1310 2000
10 Gbit/s/s FC (10,518 75 Gbd) 1310 2000
ISO/IEC/IEEE 8802-3:2017, Clause 52: 10GBASE-LR/AW 1310 2000
1 Gbitisis FC 1550 2000
2 Gbit/s/s FC 1550 2000
ISO/IEC/IEEE 8802-3:2017, Clause 52: 10GBASE-ER/EW 1550 2000
ISO/IEC/IEEE 8802-3:2017, Clause 88: 100GBASE-ER4 1550 2000
ISO/IEC/IEEE 8802-3:2017, Clause 89: 40GBASE-FR 1550 2000

E.3 Supported applications for coaxial cabling

Table E.7 and Table E.8 contain established and emerging applications defined by the
relevant application committees.

Table E.7 — Supported BCT applications using balanced cabling

Class BCT-B (defined up to 1 000 MHz)

Analogue TV ITU-R BT.470-6 (2008) IEC 60728-1 (PAL-x, SECAM-y)
Analogue radic ITU-R BS.412-9 IEC 60728-1 (FM Radio)
DvB-T ITU-RP.1546 IEC 60728-1 (DVB-T, T-DAB)
Digital TV 1998 IEC 60728-1 (DVB-C)

Digital TV 2004 IEC 60728-1 (DVB-T)

Digital radio 2001 IEC 60728.1 (DAB)

Digital radio 1998 IEC 60728-1 (DVB-C)

Data streaming 1998 IEC 60728-1 (DVB-C)




ISO/IEC 11801-1:2017 © ISO/IEC 2017

- 155 -

Table E.8 — Supported BCT applications using coaxial cabling

Application Specification Reference Date interface standard
Analogue TV ITU-R BT .470-6 IEC 60728-1 {PAL-x, SECAM-y)
Analogue radio ITU-R BS.412-9 IEC 60728-1 {FM Radio)

DVB-T ITU-R P.1546 IEC 60728-1 {DVB-T, T-DAB)
Digital TV 1998 IEC 60728-1 {DVB-C)

Digital TV 1997 IEC 60728-1 {DVB-S)

Digital TV 2004 IEC 60728-1 (DVB-T)

Digital radio 2001 IEC 60728-1 (DAB)

Digital radio 1998 IEC 60728-1 {DVB-C)

Data streaming 1998 IEC 60728-1 {DVB-C)

E.4

Supported industrial applications for optical fibre cabling

Table E.9, and Table E.10 contain established and emerging applications defined by the
relevant application committees.

Tabte E.9 contains detailed information of the greatest channel lengths supported by process
monitoring and control applications for each recognized cabled all-silica multimode optical

fibre Category.

Tabie E.10 centains detailed information of the greatest channel lengths supported by process
monitoring and contr¢l applications for each recognized cabled all-silica single-mode optical

fibre Category.

Table E.9 — Supported applications and maximum channel
lengths with cabled multimode optical fibres

A Core oM3
nm diameter
pm
Network application CILe Le
dB m
ControIlNET 1300 50 6,5 i514

application standard.

8 (CIL is the maximum channel insertion loss (or optical power budget, as applicable) as defined in the

L 7 is the lower of eilhar the maximum channel length specified in the application standard or a calculated
length from the CM. with 1,5 dB allocated to connecting hardware.

Table E.1¢ — Supported applications and maximum channel lengths

with cabled all-silica single-mode optical fibres

A 051a 0s2
nm
Network application WIK 1o CiLe A
dB m dB m
ControINET 1310 10,0 8000 10,0 20000

application standard.

a3 CH is the maximum channel insertion loss (or optical power budget, as applicable) as defined in the

® L is the lower of eithar the maximum channel length specified in the application standard or a calculated
length from the CIt with 2,0 dB allocated to connecting hardware.
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Annex F
(informative)

Optical fibre cable OM1, OM2 and OS1

Annex F contains a historical record of, and provides a reference to the requirements of
earlier editions and amendments of ISO/IEC 11801. Table F.1 includes the specifications for
cabled optical fibre categories OM1, OM2, and OS1. Table F.2 and Table F.3 include
information on supported applications as well as maximum channel lengths for cabled optical
fibre categories OM1, OM2, and OS1.

Table F.1 — Grandfathered OM1, OM2 and OS1 specifications

Maximum Minimum overfitled
Cabled fibre . . Wavelength % modal bandwidth-
category Optical fibre type am a"‘ég‘;:{::“ length product
(MHz-km)})

OM1 62,5/125 pm Multimode 850 3.5 200
IEC 60793-2-10 Type Alb 1300 1,5 500
OM2 50/125 um Multimode 850 3.5 500
IEC 60793-2.10 Type Ala.1 1300 1.5 500
0s1 Single-mode 1310 1,0 N:A
IEC 60793-2-50 Type B1.1 1550 1,0 N/A

Table F.2 — Supported applications and maximum channel lengths
with cabled all-silica multimode optical fibres

i Core
diameter OM1 OoM2
am um
Network application CILe P 12 Lk
dB m dB m
ControlNET 1300 50 6,5 1514 6,5 1514
62.5 11,3 6533 11,3 6533

ClL is the maximum channel insertion loss (or oplical power budget, as applicable) as defined in the
application standard.

L is the lower of eithar the maximum channel length specified in the application standard or a calcutated
length from the C/L. with 1,5 dB allocaled to connecting hardware.

Table F.3 — Supported applications and maximum channel lengths
with cabled all-silica singlemode optical fibres

A 081
nm
Network application cr? P Class
g8 m
ControlNET 1310 10,0 8000 OF-5000

3 CIL is the maximum channel insertion loss (or optical power budget, as applicable) as defined in the

application standard.

. is the lower of eith2r the maximum channel length specified in the application standard or a calcuiated
length from the CIL wih 2,0 dB allacated to connecling hardware.
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vertical flame spread of vertically-mounted bunched wires or cables

IEC 60364-1, Low-voltage electrical installations - Part1: Fundamental principles,
assessment of general characteristics, definitions

IEC 60512 (all parts), Connectors for electronic equipment — Tests and measurements

IEC 60512-1, Connectors for electronic equipment - Tests and measurements -—
Part 1: General

IEC 60512-1-1, Connectors for electronic equipment — Tests and measurements — Part 1-1;
General examination - Test 1a: Visual examination

IEC 60512-1-2, Connectors for electronic equipment — Tests and measurements — Part 1-2:
General examination - Test 1b: Examination of dimension and mass

IEC 60512-2-5, Connectors for electronic equipment — Tests and measurements — Part 2-5:
Electrical continuity and contact resistance tests — Test 2e: Contact disturbance

IEC 60512-13-1, Connectors for electronic equipment — Tests and measuremenls — Part 13-1:
Mechanical operation tests — Test 13a: Engaging and separating forces

IEC 60512-15-6, Connectors for electronic equipment — Tests and measurements — Part 15-6:
Connector tests (mechanical) — Test 15f: Effectiveness of connector coupling devices

IEC 60512-15-8, Electromechanical components for electronic equipment — Basic testing
procedures and measuring methods — Part 15. Mechanical tests on contacts and terminations
— Section 8: Test 15h — Contact retention system resistance to tool application

IEC 60512-25-3, Connectors for electronic equipment — Tests and measurements — Part 25-3:
Test 25c — Rise time degradation

IEC 60793-1-4X (all parts), Optical fibres — Part 1-4X: Measurement methods and les!t
procedures

IEC 60793-2, Optical fibres — Part 2: Product specifications — General
IEC 60794-1 (all parts), Optical fibre cables — Part 1: Generic specification
IEC 60794-1-1, Optical fibre cables — Part 1-1: Generic specification - General

IEC 60794-1-2, Optical fibre cables — Part 1-2: Generic specification — Basic optical cable test
procedures — General guidance

IEC 60807-8, Rectargular connectors for frequencies below 3 MHz - Part 8. Detail
specification for connectors, four-signal contacts and earthing contacts for cable screen
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IEC 60825-1, Safety c¢f laser products — Part 1: Equipment classification and requirements

IEC 60825-2, Safety of laser products - Part 2: Safety of optical fibre communication systems
(OFCS})

IEC 60874-1, Fibre optic interconnecting devices and passive components — Connectors for
optical fibres and cables — Part 1. Generic specification

IEC 60950 (all parts), Information technology equipment — Safety

IEC 61000-2-2, Electromagnetic compatibility (EMC) = Part 2-2: Environment - Compatibility
levels for low-frequenrcy conducted disturbances and signalling in public iow-voltage power
supply systems

IEC TR 61000-5-2, Electromagnetic compatibility (EMC) - Part 5: Installation and mitigation
guidelines — Section 2: Earthing and cabling

IEC 61073-1, Fibre optic interconnecting devices and passive componenls — Mechanical
splices and fusion splice protectors for optical fibres and cables — Part 1: Generic
specification

IEC 61280 (all parts), Fibre optic communication subsystem test procedures

IEC 61280-4-1, Fibre optic communication subsystem test procedures — Part 4-1: Installed
cable plant — Multimode attenuation measurement

IEC 61280-4-2, Fibre optic communication subsystem test procedures — Part 4-2: Installed
cable plant — Single-mode attenuation and optical return loss measurement

IEC 61300 {all parts), Fibre optic interconnecling devices and passive components — Basic
test and measuremen! procedures

IEC 61300-1, Fibre optic interconnecting devices and passive components — Basic test and
measurement procedures — Part 1. General and guidance

IEC 61300-2-2, Fibre optic interconnecting devices and passive components — Basic test and
measurement procedures — Part 2-2: Tests — Mating durability

IEC 61300-2-6, Fibre optic interconnecting devices and passive components — Basic test and
measurement procedures ~ Part 2-6: Tests - Tensile strength of coupling mechanism

IEC 61300-2-12, Fibre optic interconnecting devices and passive components — Basic test
and measurement procedures — Part 2-12: Tests — Impact

IEC 61300-2-17, Fibre optic interconnecting devices and passive componen!s — Basic test
and measurement procedures -~ Part 2-17; Tests - Cold

IEC 61300-2-19, Fibre optic interconnecting devices and passive components — Basic test
and measurement procedures — Part 2-19: Tests — Damp heat (steady state)

IEC 61300-2-42, Fibre optic interconnecting devices and passive components — Basic test
and measurement procedures — Part 2-42: Tests — Static side load for strain relief

IEC 61300-3-6, Fibre oplic interconnecting devices and passive components ~ Basic test and
measurement procedures — Part 3-6: Examinations and measurements — Return loss

IEC 61300-3-34, Fibre optic interconnecting devices and passive caemponents — Basic test
and measurement prccedures — Part 3-34; Examinations and measurements — Attenuation of
random mated connectors

IEC 61753-1-3, Fibre optic interconnecting devices and passive components — Performance
standard -~ Part 1-3: General and guidance for single-mode fibre optic connector and cable
assembly for industrial environment, Category |
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IEC 61754-7-1, Fibre optic interconnecting devices and passive components — Fibre oplic
connector interfaces — Part 7-1: Type MPQ connector family — One fibre row

IEC 61754-7-21, Fibre optic interconnecting devices and passive components — Fibre optic
connector interfaces — Part 7-2: Type MPO connector family — Two fibre rows

IEC 61935-3, Testing of balanced and coaxial information technology cabling — Part 3:
Installed cabling as specified in ISO/IEC 15018 and reiated standards

IEC TR 82000:2010, Guidance for combining different single-mode fibres types

ISO/IEC 8877, Information technology — Telecommunications and information exchange
between systems — interface connector and contact assignments for ISDN Basic Access
Interface located at reference points S and T

ISO/IEC 11801-2, Information technology — Generic cabling for customer premises — Part 2:
Office premises

ISO/IEC 11801-3, Information technology — Generic cabling for customer premises — Part 3:
industrial premises

ISO/IEC 11801-4, Information technology — Generic cabling for customer premises — Part 4.
Single-tenant homes

ISQ/EC 11801-5, Information technology — Generic cabling for customer premises — Part 5:
Data centres

ISO/IEC 11801-6, Information technology — Generic cabling for customer premises — Part 6:
Distributed building services

ISO/IEC 14165-114, Information technology — Fibre channel — Part 114. 100 MB/s balanced
copper physical interface (FC-100-DF-EL-S)

ISO/EC 14709-1, Information technology - Configuration of Customer Premises Cabling
{CPC) for applications — Part 1. Integrated Services Digital Network (ISDN) basic access

ISONEC 14709-2, Information technology — Configuration of Customer Premises Cabling
(CPC) for applications — Part 2: Integrated Services Digital Network (ISDN) primary rate

ISO/IEC 14763-2, Information technology — Implementation and operation of customer
premises cabling - Part 2: Planning and installation

ISO/EC 14763-3, Information technology -~ Implementation and operation of customer
premises cabling — Part 3: Testing of optical fibre cabling

ISO/IEC 18598, Information technology - Automaled infrasiructure management (AIM)
systems — Requirements, data exchange and applications

ISO/NEC TR 24704, Information technology ~ Customer premises cabling for wireless access
points

ISO/IEC TR 24750, Information technology — Assessment and mitigation of installed balanced
cabling channeis in order to support 10GBASE-T

ISO/IEC TR 29108, Information technology — Generic cabling - Introduction to the MICE
environmental classification

ISO/IEC TS 29125, Information technology - Telecommunications cabling requirements for
remote powering of terminal equipment

1 Under preparation. Stage at time of publication: IEC CDV 61754-7-2:2016.
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ISO/AEC/IEEE 8802-3, Informalion technology - Telecommunications and information
exchange between systems — Local and metropolitan area networks — Specific requirements ~
Part 3: Standard for Ethernet

ITU-T Rec. 1.430, Basic user-network interface — Layer 1 specification
ITU-T Rec. 1.431, Primary rate user-network interface — Layer 1 specification

ITU-T Rec. X.21, Interface between data terminal equipment (DTE) and data circuit-
terminating equipmen! (DCE) for synchronous operation on public data networks

IEEE 802.3, IEEE Standard for Etherne!

JEEE 802.3bt, IEEE Standard for Ethernet Amendment: Physical Layer and Management
Parameters for DTE Fower via MD! over 4-Pair

IEEE 802.3bq, /EEE Standard for Ethernet Amendment 3: Physical Layer and Management
Parameters for 25 Gb/s and 40 Gb/s Operation, Types 25GBASE-T and 40GBASE-T

IEEE 802.3bz, /EEE Standard for Ethernet Amendment 7: Media Access Control Parameters,
Physical Layers, and Management Parameters for 2.5 Gb/s and 5 Gb/s Operation, Types
2.5GBASE-T and 5GBASE-T

IEEE 1394b, IEEE Standard for Higher-Performance Serial Bus
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