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FOREWORD

ISO (the International Organization for Standardization) and IEC (the International Electro-
technical Commission) form the specialised 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. ISO and IEC technical committees collaborate in fields of
mutual interest. 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 com-
mittee, ISO/IEC JTC 1. Draft International Standards adopted by the joint technical committee
are circulated to national bodies for voting. Publication as an Internationg andardosequires
approval by at least 75 % of the national bodies casting a vote.

International Standard ISO/IEC 11801 was prepared by the Jo
ISO/IEC JTC 1, Information Technology, Subcommittee 25, i ormation
Technology Equipment.

This consolidated version of ISO/IE
ments 1 (1999) and 2 (1999) and the ¢
(June 1997).

Q

It bears the edition number A

A vertical line in the
amendments 1 and 2, a

Annexes A, B an
Annexes D, E, F, G
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INTRODUCTION

Within customer premises, the importance of the cabling Infrastructure 1s similar to that of
other fundamental building utilities such as heating, lighting and mains power. As with other
utilities, interruptions to service can have serious impact. Poor quality of service due to lack of
design foresight, use of inappropriate components, incorrect installation, poor administration or
inadequate support can threaten an organisation's effectiveness.

Historically, the cabling within a premises comprised both application specific and multipurposge
networks. Appropriate use of this International Standard will enable a controlled migration_te
generic cabling. Certain circumstances may warrant the introduction of application spégific
cabling; these instances should be minimised.

This International Standard provides:

a) users with an application independent generic cabling syste
cabling components;

b) users with a flexible cabling scheme such that modifications are hot

c) building professionals (for example, architects) with
of cabling before specific requirements are known;
construction or refurbishment;

d) industry and applications standardisation bgdies

b) applications develap
of ITU-T 3): for_exa
SG 13 5); <,>

c) planning and insta

generic cabli . 5S¢ requirements, together with statistics concerning premises
geography f i G pies and the model described in 6.1.1, have been used to

cabling NS,. AS<a result, generic cabling defined within this International Standard is

It is anticipated that the generic cabling system defined by this International Standard will have
a life expectancy in excess of 10 years.

/" International Electrotechnical Commission — Technical Committee 46

2 International Organization for Standardization/International Electrotechnical Commission — Joint Technical
Committee 1

3) International Telecommunication Union — Telecommunications

4 Subcommittee 25 — Working Group 4

5 Study Group 13
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INFORMATION TECHNOLOGY —
GENERIC CABLING FOR CUSTOMER PREMISES

1 Scope

International Standard ISO/IEC 11801 specifies generic cabling for use within commercial
premises, which may comprise single or multiple buildings on a campus.

The International Standard is optimised for premises having a geographical™>span{of’up to
W 50vand 50 000
persons. It is recommended that the principles of this Internationa be “qpplied to

installations that do not fall within this range.

Cabling defined by this International Standard supports a wi
voice, data, text, image and video.

icés including

This International Standard specifies:

a) the structure and minimum configuration for g€

b) implementation requirements,

and may be covered by other standards
ational Standard may be of assistance in

1) Cables and cords used to connect application specific equipment to the generic cabling system are outside of
the scope of this standard. Since they have significant effect on the transmission characteristics of the channel,
assumptions and guidance are provided on their performance and length.
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2 Normative references

The Tollowing normaiive documenis confain provisions thaf, through reference In this text,
constitute provisions of ISO/IEC 11801. At the time of publication, the editions indicated were
valid. All normative documents are subject to revision, and parties to agreements based on this
International Standard are encouraged to investigate the possibility of applying the most recent
editions of the normative documents indicated below. Members of IEC and ISO maintain
registers of currently valid International Standards.

IEC 60068-1:1988, Basic environmental testing procedures — Environmental testing — Part ‘1.
General and guidance

IEC 60068-2-2:1974, Basic environmental testing procedures — Part 2:
heat

Tests B: Dry

IEC 60068-2-6:1982, Basic environmental testing procedures —
guidance: Vibration (sinusoidal)

IEC 60068-2-14:1984, Basic environmental testing procee ests — Test N:

methods

IEC 60189-1:19@0 & ¢ Bs avid wires with p.v.c. insulation and p.v.c. sheath —
Part 1: General test z es i G

IEC 60227-2:1979 de’ insulated cables of rated voltages up to and including
450/750 V -
IEC 6054 echanical components for electronic equipment; basic testing
procedures s

IEC 60512=2:1985, “Electromechanical components for electronic equipment; basic testing
procedures and measuring methods — Part 2: General examination, electrical continuity and
contactresistance tests, insulation tests and voltage stress tests

Amendment 1 (1988)

IEC 60603-7:1990, Connectors for frequencies below 3 MHz for use with printed boards —
Part 7: Detail specification for connectors, 8 way, including fixed and free connectors with
common mating features

IEC 60708-1:1981, Low-frequency cables with polyolefin insulation and moisture barrier
polyolefin sheath — Part 1: General design details and requirements

IEC 60793-1:1992, Optical fibres — Part 1: Generic specification

IEC 60793-1 (all parts), Optical fibres — Part 1: Generic specification
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IEC 60793-2:1992, Optical fibres — Part 2: Product specifications

TEC60794-171993, Opticat fibre cabtes — Part 1. Generic Specification
IEC 60794-2:1989, Optical fibre cables — Part 2: Product specifications

IEC 60807-8:1992, Rectangular connectors for frequencies below 3 MHz — Part 8: Detailed
specification for connectors, four signal contacts and earthing contacts for cable screen

IEC 60811-1-1:1993, Common test methods for insulating and sheathing materials of electric
cables — Part 1: Methods for general application — Section 1: Measurement of thickness\and
overall dimensions — Tests for determining the mechanical properties

IEC 60874-1:1993, Connectors for optical fibres and cables — Part 1: &8

IEC 60874-10:1992, Connectors for optical fibres and cables — P
for fibre optic connector — Type BFOC/2,5

IEC 60874-14:1993, Connectors for optical fibres and ca
for fibre optic connector — Type SC

IEC 61035-1, Specification for condui
requirements

ISO/IEC 8802-
Token ring access™Mqg

Information technology — Local and metropolitan area networks — Part 5:
hod and physical layer specifications

CISPR\22:1993, Limits and methods of measurement of radio disturbance characteristics of
information technology equipment

U-T Rec. G.117:1988, Transmission aspects of unbalance about earth (definitions and
methods)

ITU-T Rec. G.650:1993, Transmission media characteristics — Definition and test methods for
the relevant parameters of single-mode fibres

ITU-T Rec. G.651:1993, Characteristics of a b0/125 pum multimode graded index optical fibre
cable

1) To be published.
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ITU-T Rec. G.652:1993, Characteristics of a single-mode optical fibre cable

ITuU-1 KeC. U.9.19060, IVI(:’dbUfiIIg arrarigerrieriis 10 dssess e adegree or urtodiarice doout edrliri

3 Definitions and abbreviations

3.1 Definitions

For the purposes of this International Standard, the following definitions are applicable.

3.1.1

application
a system, with its associated transmission method which is supported
cabling

Qunications

3.1.2
balanced cable
a cable consisting of one or more metallic symmetrical cabte e g pairs or quads)

3.1.3

building backbone cable
a cable that connects the building disti
may also connect floor distributors in

3.1.4
building distributor
a distributor in which the b

3.1.5
building entranc"%’ i
a facility that provide

relevant regulations

3.1.7
cable element

the smallest construction unit (for example pair, quad, or single fibre) in a cable. A cable
element may have a shield

371.8

cable unit

a single assembly of one or more cable elements of the same type or category. The cable unit
may have a shield

NOTE A binder group is an example of a cable unit.

2.1 .0

cabling
a system of telecommunications cables, cords, and connecting hardware that can support the
connection of information technology equipment
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3.1.10
campus

" bt

3.1.11

campus backbone cable

a cable that connects the campus distributor to the building distributor(s). Campus backbone
cables may also connect building distributors directly

3.1.12
campus distributor
the distributor from which the campus backbone cabling emanates

3.1.13

channel
the end-to-end transmission path connecting any two pieces of appl
Equipment and work area cables are included in the channel

3.1.14

cross-connect
a facility enabling the termination of cable elements 3
patch cords or jumpers

3.1.15
distributor
the term used for the functions of a cgtte (¢] onents (such as, patch panels, patch
cords) used to connect cables

3.1.16
equipment cable

a cable connectin? eq
3.1.17

equipment room
a room dedicated

3.1.18
floor dispributo
the distributor usedito~conpect between the horizontal cable and other cabling subsystems or
equipment.

See felescomrhunications closet)

3.1.19

generi¢ cabling

a structured telecommunications cabling system, capable of supporting a wide range of
applications. Generic cabling can be installed without prior knowledge of the required
applications. Application specific hardware is not a part of generic cabling

3.1.20
horizontal cable
a cable connecting the floor distributor to the telecommunications outlet(s)

3121

hybrid cable

an assembly of two or more different types of cable units, cables or categories covered by an
overall sheath. It may be covered by an overall shield
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3.1.22
individual work area

3.1.23

interconnect

a location at which equipment cables are terminated and connected to the cabling subsystems
without using a patch cord or jumper

3.1.24
interface
a point at which connections are made to the generic cabling

3.1.25
jumper
a cable unit or cable element without connectors, used to make &
connect

A Cross-

3.1.26
keying

intended for another purpose

3.1.27
link

and work area cables
3.1.28

optical fibre cable (or g
a cable comprisi

3.1.29

3.1.30

optical fibres

3.1.31
pair
a twjsted pair or one side circuit (two diametrically facing conductors) in a star quad

3.1.32
patch cord
flexible cable unit or element with connector(s), used to establish connections on a patch panel

3.1.33

patch panel

a cross-connect designed to accommodate the use of patch cords. It facilitates administration
for moves and changes
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3.1.34
permanent link

3.1.35

public network interface

a point of demarcation between public and private network. In many cases the public network
interface is the point of connection between the network provider's facilities and the customer
premises cabling

3.1.36
quad
see star quad

3.1.37
side circuit
see pair

3.1.38
shielded cables

3.1.39

shielded twisted pair cables
an electrically conducting cable comprising
shielded. There may be an overall shie
twisted pair cable with an gverall shie

3.1.40
splice

a joining of cond@

3.1.41
star quad
a cable eleme

telecommunications

a branch-of technology concerned with the transmission, emission and reception of signs,
signals, writing, images and sounds; that is, information of any nature by cable, radio, optical or
other-electromagnetic systems. The term telecommunications has no legal meaning when used
in\this International Standard

3.1.43

telecommunications closet

an enclosed space for housing telecommunications equipment, cable terminations, and cross-
connect cabling. The telecommunications closet is a recognized cross-connect point between
the backbone and horizontal cabling subsystems

3.1.44

telecommunications outlet

a fixed connecting device where the horizontal cable terminates. The telecommunications
outlet provides the interface to the work area cabling
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3.1.45

cable connects to round cable or cables with differing numbers of elements are joined

3.1.46

twisted pair

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

3.1.47

unshielded twisted pair cable
an electrically conducting cable comprising one or more pairs none of whig
may be an overall shield, in which case the cable is referred to as unsh
an overall shield

ielded."There
ted’ pair with

3.1.48
work area
a building space where the occupants interact with teleco nal equipment
3.1.49

work area cable
a cable connecting the telecommunicatigns outl

3.2 Abbreviations

a.c.

ACR

BD

BEF

BFOC

B-ISDN

BRI

CD

c

CISPR

CSMA/

d.c.

DCE Datg’Circuit Terminating Equipment
DTE Data Terminal Equipment

DUT Device Under Test

EMC Electromagnetic Compatibility

EMI Electromagnetic Interference

ER Equipment Room

FD Floor Distributor

FDDI Fibre Distributed Data Interface
f.f.s. for further study

FOIRL Fibre Optic Inter-Repeater Link
FWHM Full Width Half Maximum

IC Integrated Circuit

IDC Insulation Displacement Connection
IEC International Electrotechnical Commission
ISDN Integrated Services Digital Network

ISO International Organization for Standardization
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ITU-T International Telecommunication Union — Telecommunications (formerly
CCITT)

ITE Joimt-TFechmcat-Commrittee

LAN Local Area Network

LCL Longitudinal Conversion Loss

LCTL Longitudinal Conversion Transfer Loss

N/A Not Applicable

N-BNC N type to BNC Convertor

NEXT Near End Crosstalk

OTDR Optical Time Domain Reflectometer

PBX Private Branch Exchange

PDAM Proposed Draft Amendment

PMD Physical Layer Medium Dependent

PVC Polyvinyl chloride

SC Subscriber Connector (optical fibre connector)

SC-D Duplex SC connector

STI Surface Transfer Impedance

TC Telecommunications Closet

TDR Time Domain Reflectometer
TO Telecommunications Outlet
TP Transition Point

4 Conformance

natien andard the following applies.

For a cabling installation to conform to this

b) The interfaces to the sabling sha e requirements of clause 9.
c) The entire syster shall be zowpo f ligks that meet the necessary level of performance
specified in 4Se i
requirements of

ang Nentatio
clause 7, and ability reguirgments of clause 9, are met.

d) System ini i 3 neet the requirements of clause 11.
e) Localregulation rning safety and EMC shall be met.

The link perfo sp¥cified in clause 7 is in accordance with clause 6. The link perform-
ance is met wher_components specified in clauses 8 and 9 are installed in a workmanlike
manner angh'in accordance with supplier's and designer's instructions, over distances not
exceeding.those specified in clause 6. It is not required to test the transmission characteristics
of the_ link in that case.

Conformance testing to the specifications of clause 7 should be used in the following cases:

a) the design of links with lengths exceeding those specified in clause 6;
b) the design of links using components different from those described in clauses 8 and 9;

c) the evaluation of installed cabling to determine its capacity to support a certain group of
applications;
clauses 6, 8 and 9.

Specifications marked "f.f.s." (for further study) are preliminary specifications, and are not
required for conformance to this International Standard.
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References to the requirements and classifications specified in this International Standard shall
specifically d|fferent|ate components and systems conformlng to ISO/IEC 11801 (1995) from

amendment 2 (1999) by specmcally referencmg ISO/IEC 11801 (1995) mcludmg amend—
ment 1 (1999) and amendment 2 (1999). For the purpose of component marking and system
identification, it is appropriate to directly reference the year of publication of the second
amendment, or to use a specific designation that provides linkage to it.

5 Structure of the generic cabling system

This clause identifies the functional elements of generic cabling, describes how they\are
connected together to form subsystems, and identifies the interfaces at—which application

implementing generic cabling are also provided.

Applications are supported by connecting equipment to the tele
distributors. The components used to make this connection do n gric cabling.

5.1 Structure

5.1.1 Functional elements

Campus Distributor
Campus Backbone Cable
Building Distributor
Building Backbone Ca
Floor Distributor
Horizontal Cable
Transition P(@)

TelecommunicatiQ

Groups of these f hona s-dre connected together to form cabling subsystems.

Generic cab i ree cabling subsystems: campus backbone, building backbone and

g 8 composition of the subsystems are described in 5.1.3, 5.1.4 and 5.1.5.
The cabling'subsystems are connected together to create a generic cabling structure as shown
in figure(1y*The distributors provide the means to configure the cabling to support different
topologies like bus, star and ring.
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FD TP 70 Terminal
(Optional) equipment

CD

Campus . Building Horizontal cabling
backbone ' backbone subsystem
cabling +cabling

subsystem . subsystem

Generic cabling system <\\ \
N

Figure 1 — Structure of ge

The campus backbone cabling subsystem_exte to the BD(s) usually located in
separate buildings. When present, it iffcludes pus backbone cables, the mechanical
termination of the campus backbone\ ca 3 fhe CD and BD(s)) and the cross-
connections at the CD. The \ also interconnect BD(s).

A building bac abli { [ exiénds from BD(s) to the FD(s). The subsystem
includes the b the mechanical termination of the building back-
bone cables (at botK ) ; RDAS)) and the cross-connects at the BD. The building
backbone cables in TPs) copper backbone cables should not contain splices.

iz ystem extends from FD(s) to the TO(s). The subsystem includes
the horizon ; he_mechanical termination of the horizontal cables at the FD, the cross-
connections at the FD\and the TOs.

Horizontal Jcables should be continuous from the FD to the TOs. If necessary, one TP is
permitted between an FD and any TO. The transmission characteristics of the horizontal
cabling shall be maintained. The incoming and outgoing pairs and fibres at the TP shall be
cepnected so that a 1:1 correspondence is maintained. All cable elements at the TP shall
be mechanically terminated. The TP shall not be used as a point of administration (that is, not
used as a cross-connect), and application specific equipment shall not be located there. The
TP may only contain passive connecting hardware. Refer to 8.3 for restrictions on the use of
multi-unit cables.

5.1.6 Work area cabling

The work area cabling connects the TO to the terminal equipment. It is non-permanent and
application specific and therefore lies outside the scope of this International Standard.
Assumptions have been made concerning the length and the transmission performance of the
work area cable; these assumptions are identified when relevant.
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5.2 Overall structure

The number and type of subsystems that are included in a generic cabling implementation
depends upon the geography and size of the campus or building, and upon the strategy of
the user. For example, in a campus having only one building the primary distribution point is
the BD, and there is no need for a campus backbone cabling subsystem. On the other hand,
one large building may be treated as a campus, with a campus backbone subsystem and
several BDs. Further information on the application of the cabling structure is given in D.3 of
annex D.

Cables s n adjacent levels in the structure. This forms a hierarchical star
in ™ provides the high degree of flexibility needed to accommodate a
~Anhnex D details how to configure various networks within the
archical star topology. These topologies are established by the inter-

connection_of the cabtée elements at cross-connects, and at the application specific equipment.

For some applications, additional direct connections between FDs or BDs are desirable and
are permitted. The building backbone cable may also interconnect FDs. However, such
connections shall be in addition to those required for the basic hierarchical star topology.

The functions of multiple distributors may be combined. Figure 3 shows an example of generic
cabling. The building in the foreground shows each distributor housed separately. The building
in the background shows that the functions of the BD and FD have been combined into a single
distributor.
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0

TP optional

Information about addi

9,
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5.3 Location of distributors

shows how the functional elements are typically accommodated in a building.

Telecommunications
closets

Campus
backbone
cable

Equipment

Public network
room

I><| Cross—coPRect

ic acwation of functional elements

e pathways which may take a variety of forms including ducts,

Cables are place
tunnels, cable tra
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5.4 Interfaces to the generic cabling system

equipment can be connected at these points. Figure 5 shows potential interfaces at the
distributors and TO. Any distributor may have an interface to an external services cable, and
may use either interconnects or cross-connects.

The distance from external services to the CD can be significant. The performance of the cable
between these points should be considered as part of the initial design and implementation of
customer applications.

CD BD FD

External
services
cable

Equipment Cross Eqbipment
Conr%\ ﬂ
Equip%m

B interface to the gegeric

[ Equipmen@eﬂ\
A\

N

re Potential interfaces to generic cabling

made at the\public\network interface. The location of the public network interface, if present,
and the facilities which must be provided may be regulated by national, regional, and local
regulations. If the public network interface is not connected directly to a generic cabling
interface the performance of the intermediate cabling should be taken into account. The type of
cross=connect and the intermediate cable may be governed by national regulations. These
regulations should be considered in planning the generic cabling.
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5.5 Dimensioning and configuring

55 1 Floordistributor

There should be a minimum of one FD for every 1 000 m2 of floor space reserved for offices.
A minimum of one FD should be provided for every floor. If a floor is sparsely populated (for
example, a lobby), it is permissible to serve this floor from the FD located on an adjacent floor.

5.5.2 Preferred cable types for pre-cabling and recommended use

Table 1 gives general guidelines regarding the use of different media in a particular subsystem
for pre-cabling before applications used are known.

Table 1 — Recommended media for pre-cabling

N\
Subsystem Media Type Recommenéd\y\sg \ \

Horizontal Balanced cables Voice and data (se)a/tal{Ie\Q.éb\l)

Optical fibre Data (see table G.E\l) ‘\ \ \/

Building Balanced cables Voice and lointo mediym ed da
backbone
Optical fibre Mediﬁn to-high %Qed\ua@ >
Campus Optical fibre or \Qs/t% ligations\c by using optical fibre —
backbone round potenti ifferepces and other sources
of interferepce way overcome
Balanced cables ™\ \Aineécked 2)

1) Under certain conditions, (for example, envir tal sonditions, security concerns, etc.),
sabling siysystem should be considered.

2) € xampus) ba cabling subsystem in cases when the
for exanmpte PBX lines
~—"
5.5.3 Telecom icatigns ougte
TOs are located on Isewhere in the work area, depending on the design of
the building. The dg i ling should provide for TOs to be installed in readily

accessible locatio 3 able floor space. A high density of TOs will enhance the

TOs may b
of two.

A minimUm ‘of one TO served by 100 Q or 120 Q cable shall be provided at each work areal)
(100 Q\preferred). Other TOs shall be supported by either balanced cable or by fibre optical
cable?). In the horizontal cabling, at least one TO shall be configured as specified in item b of
6:1.3 (balanced or optical fibre cable) or at least one TO shall be served by either class D or
optical class, as identified in 7.1.1. When a TO is supported by balanced cable, 2 pairs3)
or 4 pairs shall be provided at each TO; all pairs shall be terminated. If less than four pairs are
provided, the outlet shall be clearly marked4). Emerging balanced cable applications may be
limited by differential delay of pairs that serve a single telecommunications outlet. See clause 9
for TO specifications that correspond to each of the cables listed above.

1) When the greatest flexibility is desired, four pair or two quad cable should be used (see annex G).

2 When the largest bandwidth is desired the use of optical fibre is recommended.

3) Installation of 2 pairs not capable of forming class D links may limit the applications supported.

4 See annex G for number and performance of pairs needed for different applications and their pin assignment.
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Outlets shall be marked with a permanent label that is visible to the user. Care should be taken
that the initial pa|r asslgnment and all subsequent changes are recorded (see clause 10)

outIet Pair reaSS|gnment by means of mserts is aIIowed

5.5.4 Telecommunications closets and equipment rooms

A TC should provide all the facilities (space, power, environmental control etc.) for passive
components, active devices, and public network interfaces housed within it. Each TC should
have direct access to the backbone.

An ER is an area within a building where telecommunications equipment is housed and.may or
may not contain distributors. ERs are treated differently from TCs becau f the mature or
complexity of the equipment (e.g. PBXs or extensive computer installati Qre/than one
distributor may be located in an ER. If a telecommunications space & _than one
distributor it should be considered an ER.

5.5.5 Building entrance facilities

place.

5.6 Electromagnetic compatibility

agnetic emissions and immunity (such
as CISPR 22), and local ' i en into account. Premises cabling is

active equipment which s desi ecific medium is required to meet relevant EMC
standards on this medit
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6 Implementation

This clause specifies a cabling design thaf, when properly Installed, conforms 0o the
requirements of this International Standard. The design should be applicable to the majority of
installations. Maximum lengths are defined for the horizontal and backbone cabling subsystems
(see figure 6).

CD BD FD

EQP EQ EQP
| |

G //J\\F E
e ih

&

TO

1500 m 500 m
D C o

Campus Building

backbone backbone

cable cable

NOTE 1 See anne@
NOTE 2 The 10 m (A'+

nature, because they ipgy

The requif
clause

categories of increasing performance. The transmission characteristics of category 3, 4 and 5
componentsiare speeified up to 16 MHz, 20 MHz, and 100 MHz respectively.

Cables.;-and connecting hardware of different categories may be mixed within a subsystem
and/oer the cabling link, but the transmission of the link will be determined by the category of the
least performing component.

Cables of different nominal characteristic impedances shall not be mixed within a cabling link.
Optical fibres of different core diameters shall not be mixed within a cabling link.

Multiple appearances of the same conductor or conductors continuing past the point of
termination (bridged taps) shall not exist as part of the cabling system.
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6.1 Horizontal cabling

6.1.1 Horizontal distances

The maximum horizontal cable length shall be 90 m independent of medium (see figure 6).
This is the cable length from the mechanical termination of the cable in the floor distributor to
the telecommunications outlet in the work area.

In establishing the maximum length of the horizontal channel, the optional use of a
crossconnect or an interconnect places different requirements on the total length of the flexible
cables used. Figure 7 shows examples of horizontal channel implementations which reflect
these differing requirements of maximum cable length.

Channel

A
Yy

Permanent link

EQP[C

(@]
(@]

FD

!

m
[oe]

Figure 7a — Balanced cop

Channel

Permanent link

EQP

FD
A+ E =10 m maximum
Figire b
E\ \ i Permanent link , i
EQP[C clls sHc ic] TE
TO U

FD

90 m max.

A+ E =10 m maximum

Figure 7c — Optical fibre cabling (with interconnect)
Key
C connection (e.g. plug and jack or mated optical connection)

S optical fibre splice

EQP application specific equipment

NOTE 1 All lengths are mechanical lengths.

NOTE 2 See annex C for further information on flexible cables.

Figure 7 — Examples of horizontal channel implementation
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In figure 7a, the maximum total length of work area cable, equipment cable and patch cord
|s 9 m based upon erX|bIe cables W|th 50 % greater attenuation than the horrzontal cable and

area cable and eqmpment cable is 10 m also based upon erX|bIe cables W|th 50 % greater
attenuation than the horizontal cable and includes an interconnect in the floor distributor. In
both cases the transition point is optional. It is required that the performance of the horizontal
cabling is not degraded by the inclusion of the transition point.

For optical fibre, the implementation is shown in figure 7c. An optical fibre splice, in
accordance with clause 9, is allowed at both ends of the horizontal cable.

See clause 9 and annex C for requirements for patch cords and other flexible cables.>n all
cases, equipment cables that meet or have better performance characteris an patch cord
requirements are recommended.

6.1.2 Choosing cable types

The following cable types are recommended for use in the horiz

Preferred:

a) 100 Q balanced cable — (see 8.1).
b) 62,5/125 um multimode optical fibre

Alternative:

a) 120 Q balanced cable — (see 8.1).
b) 150 Q balanced cable — (see 8.2).

cable types, associated connecting

The two TOs' i
configured«as follo

ork area corresponding to the minimum configuration of clause 5 are

a) One_telecommunications outlet shall be supported by balanced cable category 3 or higher
according to 8.1.

h)\"A second telecommunications outlet shall be supported either by balanced cable of
category 5, according to 8.1, a balanced cable according to 8.2, or an optical fibre cable
according to 8.3.

NOTE See 9.2.5,9.3.5 and 9.4.4 for TO requirements that correspond to each of the cables listed above.
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A typical horizontal and work area cabling scenario is represented in figure 8.

Horizontal Maximum cable length
cabling 90 metres
Work areas

6.2 Backbone cabling

6.2.1 Physical topolog

There shall be n@
to limit signal degradz

Vlevels of cross-connects in the backbone cabling
ems and to simplify administration in keeping track of

The star/topology is applicable to the cable elements of the transmission medium, such as
individual-fibres or pairs. Depending on the physical characteristics of a site, cable elements
thatsare terminated at different locations may be part of the same cable over a portion of the
distance, or may use individual cables over the entire distance. Hybrid and multi-unit cables
that meet the requirements of 8.3 may be used in the backbone cabling subsystem.

An example of the backbone star topology is given in figure 9.
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Campus backbone

Building backbone
cable

cable

Figure 9 — Backbone star topolo s

6.2.2 Choosing cable types

f@ dia are
ge 8.4)and 8.5 respectively). The

CDtoFDmax=2000m

“BDtoFD
»max =500 m

@\\@

NOTE These maximum distances are not applicable for all combinations of cabling media and applications. It is
recommended that equipment manufacturers, applications standards, and system providers be consulted before
selecting a backbone medium. See also table 2.

Figure 10 — Maximum backbone distances
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The distance between the CD and FD shall not exceed 2 000 m. The distance between the BD
and FD shaII not exceed 500 m. The 2 000 m maX|mum dlstance from the CD to the FD may be

capabllltles of smglemode f|bre may aIIow for end—to—end d|stances of up to 60 km, CD to FD
distances greater than 3 km are considered beyond the scope of this International Standard.
Note, however, that the infrastructure shall conform to the structural requirements in clause 5.

In the BD and CD, jumper and patch cord lengths should not exceed 20 m. Lengths in excess
of 20 m shall be deducted from the maximum permissible backbone cable length.

6.2.3.2 External services

External services (for example, broadcast services received by antennae) enter aycampus

or building at locations remote from a distributor. The distance between these external service
entry points and the distributor to which the services are connecteg shaII be isidered in
determining maximum cable lengths. Regulatory policies within the( Rich xelate to
the location of the network interface, if any, will also influence thi [ applicable,

the length and diameter of the media used shall be recorded, 3 vailable to
the service provider upon request.

6.2.3.3 Connections to telecommunications equipme

Cables that connect telecommunications equipm
have been assumed not to exceed 30 i
distances should be reduced accordingly.

directly to a CD or BD
are used, the backbone

7.1.1 General

This clause defi < and” channel performance requirements of installed
generic cabling. Thé i abling is specified for individual permanent links and
channels and for t fatypes (balanced cables and optical fibre). A tutorial on the

material in this cl

containing sgmporents speci i . It is not necessary to measure every

i \ lause as conformance may also be proven by suitable design. The
anriel specifications in this clause allow for the transmission of defined
over distances other than those of clause 6, and/or using media and
érent transmission performances than those of clauses 8 and 9.

classes of application
componentsiwith di

Thepermanent link and channel performance requirements specified in this clause shall be
met.at each interface specified for each medium.

The performance requirements described in this clause may be used as verification tests for
any implementation of this International Standard, using the test methods defined, or referred
to, by this clause. The permanent link requirements are primarily intended to provide a basis
for the acceptance testing of installed cabling. The channel requirements are primarily for
application developers but are able to be used for troubleshooting where application support is
under development.
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Permanent link and channel performance specifications shall be met for all temperatures at
which the cablrng is mtended to operate Performance testrng may be carried out at ambrent

cablrng components as per therr specrfrcatrons The effects of agemg should aIso be taken |nto
account. In particular, consideration should be given to measuring performance at worst case
temperatures, or calculating worst case performance based on measurements made at other
temperatures.

Care should be exercised in the interpretation of any results obtained from alternative test
methods or practices. When needed, correlation factors should be identified and applied.

7.1.2 Permanent links

using three links; two

balanced cable links ate co
a cross-connec @
permanent link. Mtérfa

application specific &g
are not included igf tf

. g each end of a permanent link. Interfaces to the cabling are
specified 2 ¢ { any’point where application specific equipment is connected to the
guipment cables are not included in the permanent link.

NOTE For balanced cabling the limits for the permanent link in this clause are calculated on the basis of 90 m of
installed cabletand two~copnections.

7.1.3 Channels

Theyperformance of the channel is specified at and between interfaces to the channel. The
cabling comprises only passive sections of cable, connecting hardware, work area cords,
equipment cords and patch cords.

Figure 12b shows an example of terminal equipment in the work area connected to a host
using two channels; an optical fibre channel and a balanced cabling channel. The optical fibre
and balanced cabling channels are connected together using an optical fibre to balanced cable
converter. There are four channel interfaces; one at each end of the copper channel, and one

at each end of the opfical fibre channel. Equipment connections are not considered to be part
of the channel. All work area, equipment cables and patch cords are included in the channel.
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Terminal

€D BD FD equipment
TP TO
| Optical fibre Optical fibre 7 Balanced cable
permanent permanent permanent link

link link

Opto-electronic
converter (optip

Figure 12a — Location of cabling interfaces and extent of associated 3 i
Terminal
equipment
TO aup

Balanced cable channel

Opto-electronic
converter (optional)

g interfaces and extent of associated channels

TP TO

A

Horizontal cable
(90 m)

A+B+C=9m

NOTE For balanced cabling, this example assumes the use of flexible cables with 50 % greater attenuation (dB/m)
than the horizontal cable, and a cross-connection in the floor distributor, thus 3 connections. In this case, the
maximum length of work area, equipment, and patch cable is 9 m. A longer channel length may be achieved by
using flexible cables with better attenuation performance.

Figure 12c — Class D channel implementation (with cross-connection)
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TP IO

5m

Horizontal cable
o (90 m)

NOTE For balanced cabling, this example assumes the use of flexible cables with 50 % greater attenuation (dB/m)
than the horizontal cable. In this case, the maximum length of work area and equipment cables is 10 m. This
example results in a calculated channel attenuation of 23,9 dB at 100 MHz using category 5 compohent
requirements.

Figure 12d — Class D channel implementation (with interconnecti

Key
l Interface to the generic cabling

X Optional interface when using a crossconnection

Figure 12 — Examples of cablj e

nd cha

7.2 Classification of applications, links
7.2.1 Application classification

Five application classes for cabling haye been \ o\ for the purposes of this International
Standard. This ensures that the limiting\ req pe system do not unduly restrict other

Class A requency applications. Copper cabling permanent

fing* Class A applications are referred to as Class A
A channels respectively.

Class B Y [0) bit rate data applications. Copper cabling permanent links and

Class C i high bit rate data applications. Copper cabling permanent links and

links and Class C channels respectively.

Class)D includes very high bit rate data applications. Copper cabling permanent links
and channels supporting* Class D applications are referred to as Class D
permanent links and Class D channels respectively.

Optical Class includes high and very high bit rate data applications. Optical fibre permanent
links and channels supporting* Optical Class applications are referred to as
Optical Class permanent links and Optical Class channels respectively.

NOTE *Permanent link specifications are provided for field test verification. Channel values provide minimum

requairements 10r apphication support.

Annex G gives examples of applications that fall within the various classes.
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7.2.2 Link and channel classification

ic_cahli I ; el - .

permanent links and channels. Five permanent link and channel classes are defined, which
relate to the application classes as indicated in 7.2.1.

Permanent link/channel class A specified up to 100 kHz

Permanent link/channel class B specified up to 1 MHz
specified up to 16 MHz
specified up to 100 MHz

specified to support applications specified at 10 MHz
and above.

Permanent link/channel class C
Permanent link/channel class D
Optical permanent link/channel class

Other characteristics of applications,
distances.

o
e

Médium Channel length

A(\ Class B Class C Class D Optical class
Category 3 balanceéa\s{e\(g.l) 2 km 200 m 100m Y - -
Category 4 baWéa\ble.\m\ 3 km 260 m 150 m 2 - -
Category Wlén\ced\(}l%g (é\l) \/ 3 km 260 m 160 m 2 100 m Y -
150 Q bMMIM > 3 km 400 m 250 m 2 150 m 2 -
Multimode opNB\re (§\<1) N/A N/A N/A N/A 2 km 3
Singlemode.optical fi\brﬂ,({&S) N/A N/A N/A N/A 3km#

1) The ,400/m distance includes a 90 m length permanent link and a maximum allowance of 10 m of flexible
cable_for patch cords/jumpers, work area and equipment connections.

2)_For) distances greater than 100 m of balanced cable in the horizontal cabling subsystem, the applicable
application standards should be consulted.

)" The minimum bandwidth for a 2 km multimode optical link is specified in 7.4.2. Multimode applications may be
limited to distances shorter than 2 km. Consult application standards for limitations.

4 3 km is a limit defined by the scope of the International Standard and not a medium limitation.

1) The use of link in clause 6 allows for a wider range of configurations than a permanent link in this amendment.
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Consideration should be given, when specifying and designing cabling, to the possible future
connect|on of cabling subsystems to form Ionger I|nks and channels The performance of these

channels from WhICh they are constructed Measurement of permanent I|nks and channels
should be made initially, upon installation of each cabling subsystem. Testing of combined
subsystems should be performed as required by the application.

7.3 Balanced cabling permanent links and channels
7.3.1 General

The parameters specified in this subclause apply to permanent links and channels with shielded
or unshielded cable elements With or Without an overaII shield, unless explicjty

be in accordance flth L

7.3.3 Return loss

The return loss 6
tables 3 and 4

shall be measureu ds to allow a correct evaluation of the permanent link or
channel. Tegmi matched to the nominal impedance of the cable (specifically
100Q, 1 halllbe connected to the cabling elements under test at the remote end

Table 3 — Minimum return loss for permanent link

Frequency Minimum return loss
MHz ds
Class C Class D
1<f<16 15 17
16<f<20 N/A 17
20 < f< 100 N/A 17-7 log(f/20)
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Table 4 — Minimum return loss for a channel

Lroouiancoy I\II n R vnf HR Iru-g—
N - dB
MHz
Class C Class D
1<f<16 15 17
16 < f< 20 N/A 17
20 < f<100 N/A 17-10 log(f/20)

7.3.4 Attenuation (insertion loss)

materials used. The attenuation of the permanent link or channel s
to IEC 61935-1, except that the measured attenuation shall not be

Table 5 — Maximum attenuation aI e

Frequency \ \% \Qattw
MHz

Clas A Cla s Class C Class D

0.1 16,0, N5 N/A N/A

1,08 ( \ sg 3.1 2.1

Mo N/ 5,8 41

10,0 \:(A N/A 9,6 6.1

< D160 N/A 12,6 7.8
(200 \/ N/A N/A 8,7
¢\ 34,25 N/A N/A N/A 11,0
52,5 /A N/A N/A 16,0
\J00R N/A N/A N/A 20,6

Table 6 — Maximum attenuation values for a channel

Frequency Maximum attenuation

MHz ds
Class A Class B Class C Class D
0,1 16,0 5,5 N/A N/A
1,0 N/A 5,8 4,2 2,5
4,0 N/A N/A 7,3 4,5
10,0 N/A N/A 11,5 7,0
16,0 N/A N/A 14,9 9,2
20,0 N/A N/A N/A 10,3
31,25 N/A N/A N/A 12,8
62,5 N/A N/A N/A 18,5
100,0 N/A N/A N/A 24,0
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7.3.5 NEXT loss

7351 D:\ir-fn-lnnir NEXT loss

The pair-to-pair NEXT loss of a permanent link and channel shall meet or exceed the
values shown in tables 7 and 8 respectively, and shall be consistent with the design values of
cable length and cabling materials used. The NEXT loss shall be measured according to
IEC 61935-1 except that the measured NEXT loss shall not be adjusted for length. The NEXT
loss shall be measured from both ends to allow a correct evaluation of the permanent link or
channel. See also A.1.1.

The values in tables 7 and 8 are based on the NEXT loss requirements of the applications
listed in annex G.

Table 7 — Minimum NEXT loss for a permanent Iy\

Frequency Minimum NEXT loss \

MHz a8 (\ >

Class A Class B C}a@s\c\ \Cﬁs B\

0,1 27,0 40,0 \N[Q N \\N\(Q)
1,0 N/A 25,0 / A~ N \51,2
4,0 N/A Ph‘ﬁ\\ / R,? 51,8
TN BT AN PR S DT BT
16,0 N/A N/A\ \21(y 42,3
20,0 N/ﬁ/A \Q%\ N/A 40,7
31,25 RN EZN N/A 37,6
62,5< m\ \)\l/ﬁ‘\\ > N/A 32,7
1000 A \N/} N/A 29,3

&&A\%ﬂ NEXT loss for a channel
A\

Freguency Minimum NEXT loss

M dB
. Class A Class B Class C Class D
Q \ \ 0,1 > 27,0 40,0 N/A N/A
) \1,0 N/A 25,0 39,1 60,3
4,0 N/A N/A 29,3 50,6
10,0 N/A N/A 22,7 44,0
16,0 N/A N/A 19,3 40,6
20,0 N/A N/A N/A 39,0
31,25 N/A N/A N/A 35,7
62,5 N/A N/A N/A 30,6
100,0 N/A N/A N/A 27,1

Equipment connectors are not accounted for in table 8 and may contribute to additional

crosstalk degradation.
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7.3.5.2 Power Sum NEXT loss (PSNEXT)

The PSNEXT parameter is applir‘ahlp to class D nnly The PSNEXT of a class D permanent
link and channel shall meet or exceed the values shown in tables 9 and 10 respectively.
PSNEXT is computed from pair-to-pair NEXT as follows:

PSNEXT = -10log (10 10 +10 10 +10 10 7

] H

Table 9 — Minimum PSNEXT loss for a permanent link

Frequency Minimum PSNEXT loss /\(
dB
MHz faN

Class D /\\ \
Y IR >
10,0 42,5 \ AN

16,0 393N N\
20,0 (37(77

31,25 (\\3{9/ AN \
N A
100,0 \ Nz

Table 1 Mini & ss for a channel

l\

Frequen Mlnlmum PSNEXT loss

\ Class D
PEENARADN
AR N

N\ 100 41,0

@1,25 32,7

62,5 27,6

100,0 24,1

Rower Sum NEXT is met if measured pair-to-pair NEXT values for each pair combination are at
least 1,8 dB better than those specified in tables 7 and 8 for permanent links and channels
respectively.

7.3.6 Attenuation to crosstalk loss ratio
7.3.6.1 Pair-to-pair ACR

IS IS the diiference between the 0SS an € attenuation of the cabling n IS
related to, but distinct from, the signal to crosstalk ratio (SCR) which accommodates the
transmit and receive signal levels of an application. By applying the requirements of 7.3.3,
7.3.4 and 7.3.5, the transmission requirements of the applications listed in annex G will be met.
The ACR of cabling is calculated by:
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ACR=ay —a (dB)
where

ACR is the attenuation to crosstalk loss ratio;

ay is the NEXT loss, measured between any two pairs of the cabling. The NEXT loss shall
be measured according to IEC 61935-1, except that the measured NEXT loss shall not
be adjusted for length;

a is the attenuation of the cabling when measured according to IEC 61935-1, except that
the measured attenuation shall not be scaled to a standard length.

Table 11 — Minimum ACR values for permanent link

Frequency Minimum ACR
MHz dé
Class D pa
1,0 59,1 N\

40 47,7 < \
10,0 394 /N \ \g

16,0 3 \
31,25 A\ K 26}6/ ~
ZeYTLAR

100,0

N
<><V§\OQ 5 Chasso

[

57,8
2,07\ 46,1
100/ 37,0
6.0 31,4

\ N50.0 28,7

> 31,25 22,9
62,5 12,1
100,0 3.1

7.376.2 Power Sum ACR (PSACR)

The PSACR parameter is applicable to class D only. The PSACR of a class D permanent link
and channel shall meet or exceed the values shown in tables 13 and 14 respectively. The
Power Sum ACR is computed from Power Sum NEXT and attenuation as follows:

PSACR = PSNEXT — a
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Table 13 — Minimum PSACR values for permanent link

Freguency MirrR-AGR
MHz a8
Class D

10 56,1

40 44,7
10,0 36,4
16,0 31,5
20,0 29,0
31,25 23,6
62,5 13,7

100,0 5.7 A

Table 14 — Minimum PSACR values for chdnne

Fre:\qﬂu:zncy Mlnlm;g]&\\
Flass 0 >

PNV
4.0 A 3] (\}>

10,0 \ 34,0

7.3.7 ELFEXT %

su from both ends to allow a correct evaluation of the permanent

ple 15 — Minimum ELFEXT values for permanent link

Frequency Minimum ELFEXT

dB

MHz

Class D

1,0 59,6
4,0 47,6
10,0 39,6
16,0 35,5
20,0 33,6
31,25 29,7
62,5 23,7
100,0 19,6
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Table 16 — Minimum ELFEXT values for channels

Fregaerey MR

dB

MHz

Class D

1,0 57,0
4,0 45,0
10,0 37,0
16,0 32,9
20,0 31,0
31,25 27,1
62,5 21,1
100,0 17,0

7.3.7.2 Power Sum ELFEXT

The PSELFEXT parameter is applicable to class . L T of a class D
permanent link and channel shall meet or exceed/the va own\in tables 17 and 18

-ELFEXTpp,1 -
PSELFEXT = -10log 10 10 +10

H

Table 17 E%Qrﬂ\m PW T values for permanent link

Q Fréque "\ Minimum PSELFEXT
dB
M
< Class D
N 57,0
},o 45,0
\ 10,0 37,0
/16,0 32,9
20,0 31,0
31,25 27,1
62,5 21,1
100,0 17,0
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Table 18 — Minimum Power Sum ELFEXT values for channels

Fregaerey MRS EEEXT

dB

MHz

Class D

1,0 54,4
4,0 42,4
10,0 34,4
16,0 30,3
20,0 28,4
31,25 24,5
62,5 18,5
100,0 14,4

channels respectively.

7.3.8 DC loop resistance

The loop resistance of pairs shall be jéss_th
application. These figures are derivedfom

shall be measured according to IEC 6193%-1.
pair and the loop resistance is measyred at t
consistent with the length and diameten of t on tars dsed in the cable.

I\ op resistance
}\abll c}/\ \E\zksskx Class B Class C Class D

MaX| @KJ\ S.;}Q/ 170 40 40

measured according to IEC 61935-1, shall be less than the limits given
d)y21\These limits are derived from system requirements. Any measured or
hoyld be consistent with the lengths and materials used in the cabling.

in tables 20
calculated value

Table 20 — Maximum propagation delay for permanent link

Measurement Class Delay
frequency
MHz us
1<f<16 c 0,486 + 0,036/ V/f
1< f<100 D 0,486 + 0,036/ V/f
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Table 21 — Maximum propagation delay for a channel

Measurement Gass Belay
frequency
MHz us
1<f<16 c 0,544 + 0,036/ \f
1<f<100 D 0,544 + 0,036/ \f

The class C and D channel delay requirements ensure that the delay requirements of the
applications listed in annex G are fulfilled.

7.3.10 Delay skew

The difference in propagation delay between any two pairs in a calling be less

than the limits given in tables 22 and 23.

Table 22 — Maximum delay skew for pewt ligk

Measurement Class eﬁt skew
frequency
MHz A\ f us

Z) (), o

1<f<100 / 0,043

Table 23 - Max@wwa channel

Meas mN Delay skew

fheque
us

Q
Q > 1{@ 16< C 0,050
A<1§_\§s 0 \/\\/ D 0,050
N

7.3.11 Longitudi differential conversion loss (balance)

The longitudi rsjon loss, measured as LCL and as LCTL according to ITU-T
Recommendatign’' G.1N7, should exceed the values shown in table 24.

Table 24 — Longitudinal to differential conversion loss

Frequency Minimum longitudinal to differential conversion loss
MHz dB

Class A Class B Class C Class D

0,1 30 45 45 45

1,0 N/A 20 30 40

4,0 N/A N/A f.f.s. f.f.s.

10,0 N/A N/A 25 30
16,0 N/A N/A f.f.s. f.f.s.
20,0 N/A N/A N/A f.f.s.
100,0 N/A N/A N/A f.f.s.
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The measurement of these values on installed systems is not yet well established. It is
sufficient to verify the values by design.

7.3.12 Transfer impedance of shield

This parameter applies to shielded cabling only. The measurement of transfer impedance for
installed cabling is not well developed. Connector termination practices may be verified by
laboratory measurements of representative samples of short lengths of terminated cable. The
transfer impedance requirements for shielded cables and connectors in clauses 8 and 9 should
be applied. See clause 10 for guidance on the use of shielded cabling.

7.4 Optical fibre permanent links/channels

7.4.1 General

will be found in the application standards. There ;
cabling concerning wavelength multiplexing.

channels are considered in this subclause.

Unless otherwise stated, test procedures ar@c ihed

7.4.2 Optical attenuation

The maximum attenuatioh\ (iRSe ~ Ot exceed the values specified in table 25 in
the wavelength i 26 and 27. The allowable attenuation of optical
fibre permanent is ap ation dependent. Consult the application standards for

limitations.

The attenuatig 6 i e 25 have been calculated for optical fibre permanent
links/channel$ i bsystem, assuming a worst case installation philosophy of a

— Attenuation of optical fibre cabling subsystems

Cab\h‘n{ Link/channel Attenuation
subsystem length V) dB
m
Singlemode Multimode
1310 nm 1550 nm 850 nm 1300 nm
Horizontal 100 2,2 2,2 2,5 2,2
Building backbone 500 2,7 2,7 3,9 2,6
Campus backbone 1500 3,6 3,6 7,4 3,6

1 The link/channel lengths and attenuation values given here are achievable using optical
fibre components meeting the minimum requirements of 8.4, 8.5 and 9.4.

Diiterent ink lengths could be achieved IT other optical Tibre components were used.
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Table 26 — Wavelength windows for multimode optical fibre cabling

Nemial ovwertHrt HapetrtHimit Referepee—test MERHR
wavelength wavelength spectral
width FWHM
nm nm nm nm nm
850 790 910 850 50
1 300 1285 1330 1 300 150

Table 27 — Wavelength windows for singlemode optical fibre cabling

/TN
Nominal Lower limit Upper limit Reference test aximu
wavelength wavelength spéctral
idth\EWNM
nm nm n
1310 1288 \ \LQ \>
1 550 1525 N \10

7.4.3 Multimode modal bandwidth

For multimode optical fibre permanentlin wgdal bandwidth shall exceed
the minimum values shown in table 28.

Table 28 — Min|mu

tic G
( ave@i (nyin bandwin
(e 100
\\;{o\?\\\/ 250
%

sed in the optical link/channel shall be measured in
escribed in IEC 60793-1. See table 2 for achievable

The optical ret
in table 29,

of any interface of an optical link/channel shall exceed the values shown

Table 29 — Minimum optical return loss

Multimode Singlemode
850 nm 1 300 nm 1310 nm 1 550 nm
20 dB 20 dB 26 dB 26 dB

7.4.5 Propagation delay

For some applications, knowledge of the delay of optical fibre permanent links/channels is
important to ensure compliance with end-to-end delay requirements of complex networks
consisting of multiple cascaded links/channels. For this reason, it is important to know the
lengths of optical fibre permanent links/channels. It is possible to calculate propagation delay
based on cable performance (see clause 8).
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8 Cable requirements

This clause provides the requirements for the cable for the horizontal and backbone cabling
subsystems. For additional requirements regarding flexible balanced cables, see annex C.

All cables shall meet the applicable safety requirements as specified by the relevant local
authorities. This clause provides essential mechanical and transmission characteristics for
each medium. Due to inherent limitations of some telecommunications services, the use of
cables described below to support applications other than those listed in annex G may not
always result in acceptable service performance. The user is advised to consult standards
associated with the planned service or equipment in order to determine any specific limitation:

In the following tables, the requirements for attenuation and NEXT
discrete frequencies only. They have to be fulfilled, however, for all interr
Requirements at intermediate frequencies are derived by linear j

delay of 5,00 ns/m (0,667 ¢) may be used. This value ¢
without verification.

The mechanical and elec
100 Q and 120 Q cables.
(120 Q).

Table 3 istics of 100 Q and 120 Q balanced cables

Ca(&&cte\\yé\ > Units Subsystem Test method
1 Mecha/m&Q NICS Backbone Horizontal Subclause
1.1 | Diaméter OWC r 1\) mm 0,4 to 0,65 3.4.1 of
IEC 61156-1
1.2 meWe W conductor 2 mm <1,4 3.4.1 of
IEC 61156-1
1.3 NumberWtors in a cable per 2/4
element pair/per
quad
1.4 Shield around cable element 3 Optional. Refer to clause 10
1.5 Number of cable Pairs 24 2n(n=1,2,3,..)
Elements in a unit Quads >2 nn=123,..)
1.6 Shield around cable unit 3 Optional
1.7 Number of cable units in a cable 21Y
1.8 Shield around cable 3 Optional. Refer to clause 9
1.9 Outer diameter of cable % mm <90 <20 3.4.1 of
IEC 61156-1
1.10 | Temperature range without °C Installation: 0 to +50 f.f.s.
mechanical degradation ™’ Operation: —20 to +60
1.11 | Minimum bending radius for pulling 8 times outer cable diameter 3.4.8 of
during installation IEC 61156-1
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Cable characteristics Units Subsystem Test method
1.12 | Minimum bending radius installed 6 (f.f.s.) times 4 (f.f.s.) times f.f.s.
outer cable outer cable
diameter diameter
1.13 | Pulling strength 7 N/mm? >50 3.4.9 of
% CUpin IEC 61156-1
1.14 | Fire rating According to IEC 61156 unless As applicable
otherwise requested by local
regulation
1.15 | Colour coding ® As required by local regulations
preferably IEC 60708-1
1.16 | Cable marking As required by local regulati
or national specification‘s?m\

1) Conductor diameters below 0,5 mm may not be compatible with all connecting h dvﬁre

2) Diameters over the insulated conductor up to 1,6 mm may be used i

3 If it is intended to use cables with shielding, care shall be taken t
designed to terminate the shielding.

4 Care has to be taken to meet the NEXT loss requirements giye
5) Should be minimised to make best use of duct and crosscofinec

6

n
o
=
(]
o)
=
o
=}
o
k=]
h=1
o
!
=
o
=}
2]
~
)
«
o
=
o
o
Y
=2
5
Q

) This is an indication for cable performa e,

maximum pulling force of 50 N/mm? times co ton, excluding shields, if present.
8) For cables with fewer cable elements tha i 60708, pair colours should be consistent
with all pairs or quads specified starting from 1(up f elements in the cable.

The following electrica
ion materials may result in a non-linearly

temperature. Soihe
dependence of electrj 5 temperature. Thus, especially for temperatures
above 40 °C, speciakins ate ay be necessary.

Table 3% — I teristics of 100 Q and 120 Q balanced cables

Cal{\\ﬁar:}qterls\ﬁe{ Cable category % Test method ¥
2 Elec cal\l%c \IS.%/ Units MHz 3 4 5
at 20 °
2.1 | Maximum d.cNoop Q/100 m d.c. 19,29 19,2V 19,29 3.2.1 of
resistance IEC 61156-1
2.2 Nonminal phase velocity 1 0,4c 0,6 c 0,65c 3.3.1 of
of propagation 10 0,6 c 0,6 c 0,65 c IEC 61156-1
100 N/A N/A 0,65 c
2.3C~[Minimum NEXT loss 2 [ dB at 100 m 0,772 43 58 64 3.3.4 of
cable length 1 41 56 62 IEC 61156-1
4 32 47 53
10 26 41 47
16 23 38 44
20 N/A 36 42
31,25 N/A N/A 40
625 N/A N/A 35
100 N/A N/A 32
2.4 Maximum resistance % d.c. 3 3 3 3.2.2 of
unbalance IEC 61156-1
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Cable characteristics Cable category 3 Test method 3
2.5 Minimum longitudinal dB 0,064 45 (f.f.s.) 45 (f.f.s.) | 45 (f.f.s)) ITU-T 0.9
conversion loss
2.6 Maximum capacitance pF/km 0,0008 3400 3400 3400 3.2.6 of
unbalance pair to or IEC 61156-1
ground 0,001
2.7 Maximum transfer mQ/m 1 50 50 50 3.2.7 of
Impedance 10 100 100 100 IEC 61156-1
(only applicable when 100 N/A N/A ffs.
shields are present)
2.8 Minimum d.c. insulation MQ km d.c. 150 150 150 3.2.4of
resistance IEC,61156-1
2.9 Dielectric strength d.c. or 1kV, 1 minor2,5KkV, :{s 3273 of
conductor/conductor - MEC 61156-1
and conductor/shield a.c. 07r0§) ;/k\llrr;% (\
2.10 | Minimum structural dB at 1t0<10 | 12 (ffs) | 21 (1) \ 28 (1.A8) v
return loss 100 m cable
i 10to<16 | 10 (ffs) | 197rEs)\ | 23.(Rfs.) |\ 1EC 61156-1
16 to <20 N/A 18 (F.£.5 )} 28\(F.F.3). f.fs.
20 to 100 N/A A 23-10log
(1/20)
\ $5.)
2.11 |Delay skew ns/100 m 1to <16 / 45~ B |> 45 IEC 61935-1
16t0<20 f~\ \ S/ 45 45
o100 \7 /N > 45

1 If all other values are fulfilled, the maximum

2) Unless otherwise specified, cable NEXT los
combination” testing. See 8.3 for additional N

%) The test method shall be as stated in the column
stated in the column "Cable capaqory“.

c.lo

sistance may be as hEﬁ as 30 Q /100 m.

8.1.1 Additional@i
This subclause co

=

Table - al characteristics of 100 Q balanced cables
\Cabl‘e\b&ra\{eriw Cable category est method
3 mm% Units MHz 3 4 5
charactesistics a0 2
3.1 Characteyistic Q 0,1 75 to 150 75 to 150 | 75 to 150 IEC 61156-1
impedanc
>1 100 = 15 100 £ 15 100 £ 15 (u.c)
3.2 Maximum attenuation dB/ 0,064 0,9 0,8 0,8 3.3.2 of
IEC 61156-1
100 m 0,256 1,3 1,1 1,1
0,512 1,8 1,5 1,5
0,772 2,2 1,9 1,8
1 2,6 2,1 2,1
4 5,6 4,3 4,3
10 9,8 7,2 6,6
16 13,1 8,9 8,2
20 N/A 102 92
31,25 N/A N/A 11,8
62,5 N/A N/A 17,1
100 N/A N/A 22,0
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8.1.2 Additional requirements for 120 Q balanced cable

Table 33 — Additional electrical characteristics of 120 Q balanced cables

Cable characteristics Cable category Test method

3 Electrical Units MHz 4 5

characteristics at 20 °C
3.1 Characteristic Q 0,1 75 to 150 75 to 150 IEC 61156-1

Impedance =1 120 + 15 120 + 15
3.2 Maximum attenuation dB/ 0,064 0,8 0,8 3.3.20f IEC.61156-1

100 m 0,256 1,1 1,1,/
0,512 1,5

AN
0,772 1,7 A5\
1 2,0 EN
4 4.0 3,60\
10 6.7 N\ SR
16 8N AN
20 |/ 92 N0
31,25 ~ [\ WA ° 8,8
<\ 6260\~ MA{\] pes
fo0 NA ] 17,0
N/

This subclause covers
mechanical requirements,

balanced cables. Table 34 gives the
equirements for 150 Q balanced cables.

Tgm%3 — Mec i haractexistics of 150 Q balanced cables

Cable characte{(\ti its Requirement Test method

1 Mechanical CR{\?\E{\SUC

1.1 Diameter onguct mm 0,6 — 0,66 3.4.1 of
IEC 61156-1
1.2 ulated Sondudior 2 mm <2.6 3.4.1 of
IEC 61156-1
N

1.3 Number of\gonductyrs in a cable per pair/ 2/4
element per quad
1.4 Shigldaround cable element Optional. Refer to clause 10
1.5 Number of cable elements in a unit pairs: 2
quads: 1
1’6 Shield around cable unit Yes, but optional, if 1.4 is fulfilled.
Refer to clause 10
1.7 Number of cable units in a cable >1
1.8 Shield around cable Optional. Refer to clause 10
1.9 Outer diameter of cable ¥ mm <11 3.4.1 of
IEC 61156-1
1.10 |Temperature range without °C Installation: 0 to + 50 f.f.s.
mechanical degradation -
Operation: =20 to + 60 f.f.s.
1.11 | Minimum bending radius for pulling cm 7,5 3.4.9 of

during installation IEC 61156-1
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Cable characteristics Units Requirement Test method
1.12 | Minimum bending radius installed f.f.s. f.f.s.
1.13 | One time bend radius mm 20
1.14 | Pulling strength 4 N/mm? >50 3.4.8 of
X CUpin IEC 61156-1
1.15 | Fire rating According to IEC 61156-1 unless As applicable
otherwise requested by local regulation
1.16 | Colour coding Preferably IEC 60708 or pair 1: red/green
pair 2: orange/black S~
1.17 | Cable marking As required by local rules opgational
specifications (\

1

2)
3)

The two measured values using the IEC method must be averaged and
compliance verification.

Values above 1,6 mm may not be compatible with all connecting hardware
Only for cables with one cable unit.

pa d\m\th§imit for

4) This is an indication for cable performance, installation needs are f N This results in a maximum
pulling force of 50 N/mm? times copper conductor cross- sectlon \ .
Table 35 — Electrical charactensﬂi@’\@ ?%ed cables
Cable charactensﬁ(;s \R/equnement Test method
2 Electrical ni
characteristics at 20 °C /k
2.1 Characteristic impedance [ | —a N1 150 + 15 IEC 61156-1
2.2 Maximum d.c.-loop tance \@ m d.c 12,0 3.2.1 of
{Q\ /\ N IEC 61156-1
2.3 Maximum attenyation W 1 11 3.3.2 of
4 2,2 IEC 61156-1
10 3,6
16 4,4
20 4,9
31,25 6,9
62,50 9,8
100 12,3
2.4 im asewe |ty6( m/s 1-100 0,6c 3.3.1 of
<mlk IEC 61156-1
2.5 UMNEXT 10ss” dB at 1 68
cabllgc:enr:gth 4 58 IEg.g.l“lgg-l
10 53
16 50
20 49
31,25 46
62,50 41
100 38
2.6 Maximum resistance unbalance % d.c. 4 3.2.2 of
IEC 61156-1 2
2.7 Minimum longitudinal conversion loss dB 0,064 f.f.s. ITU-T 0.9
2.8 Maximum capacitance unbalance pair pF/100 m 0,001 100 3.2.6 of
to ground IEC 61156-1
.9 Viaximuim trarnsrer fnpeddarice ms2/m 1 oU S.2.1 0T
IEC 61156-1
10 100
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Cable characteristics Requirement Test method
L.lU rviillilllulll L;.L,. illbuiaLiUll chiblallbc O3z ;\III d.b. l O.L.“f U;
IEC 61156-1
2.11 Dielectric strength d.c. 1 kV, 1 min or 3.2.3 of
or 25kV,2s IEC 61156-1
a.c. 700 V, 1 min or
1,7kV,2s
2.12 Minimum structural return loss dB 3 to <20 24 (f.f.s.)
at 100 m
cable length 20 to 100 24 1(()f|;)g )(f/20) f.f.s.
2.13 Delay skew ns/100 m 1to 100 45

1) The attenuation variation with temperature follows the curve described by the equation
a = 0,03 x (T-23) x vfin dB, where T is the temperature in °C and fis the frequency in
4 MHz to 100 MHz (f.f.s.).

2 The test method shall be as stated in the IEC reference while the required valu
above.

in the/hange of

all mgetthe values stated

OV

to the presence of

8.3 Additional crosstalk considerations for balanced cable

This subclause covers cabling system implementat lea

multiple signals on the same cable.

In the backbone cabling subsystem,
meet the requirements of 8.3.1.

sum crosstalk™@r untorrelated disturbing pairs is calculated from the |nd|V|duaI pair-to-pair
crosstalk meéasuremerts at a given frequency.

8.3.2 Hybrid and multi-unit cables and cables connected to multiple TOs

Examples of the types of cables that are covered by this clause include hybrid cables and
multi-unit cables and cables that are connected to multiple TOs through a transition point or
other means. The units may be of the same type or of different types, and of the same category
or of different categories. Cables required to meet this clause shall also meet the transmission
and colour-code requirements for the corresponding cable type given in 8.1 and 8.2.

For cables required to meet this clause, NEXT loss between any balanced cable unit or
element shall be at least better by ANEXT loss than the specified NEXT loss of 8.1 (same

category) or 8.2, where

ANEXT = 6dB +10 x log(n + 1)dB,

where nis the number of adjacent non-fibre units within the cable.
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NOTE The above equation is intended to minimize potential for sheath sharing incompatibilities. In that case, a
maximum power budget between maximum power of the different supported applications of 6 dB is taken into
account Cables that meet the power summatlon reqwrement for NEXT loss may not support services with dlfferent

6 dB is not assured W|th|n a common sheath
8.4 Multimode optical fibre cables

The three parts to the requirement for optical fibre cables are the optical fibre requirements,
the cable transmission performance requirements and the physical cable requirements.
a) Optical fibre requirements

The fibre shall be multimode, graded-index optical fibre waveguide with nominal
62,5/125 um or 50/125 pum core/cladding diameter complying with A or Afla fibre
respectively of IEC 60793-2.

b) Cable transmission performance requirements

c) Physical cable requirements

The mechanical and environmental requirements
are defined in accordance with IEC 60794-1 and

Table 36 — Cable tra mlssm

Wavelength nuaion JWinimum modal
bandwidth
pm dB/km aty20 MHzEm at 20 °C
VS
0, 85 \ 3\§ 200V
\ % \\/ 500

1) When usi |bre ith almodgal b of 160 MHz[Em the minimum require-
me% of tableM 3\ ause can only be met for links up to 1,6 km.

The three pa
cable transmis

b) Cable-transmission performance requirement:
1) (Attenuation:

each fibre in the cable shall have an attenuation of less than 1 dB/km at wavelength
of 1 310 nm and 1550 nm. Attenuation shall be measured in accordance with
IEC 60793-1.

2) Cut-off wavelength:

the cut-off wavelength of cabled singlemode fibre shall be <1 280 nm when measured in
accordance with IEC 60793-1.

c) Physical cable requirements:

the mechanical and environmental requirements for indoor and outdoor fibre opfic cable are
defined in accordance with IEC 60794-2 and IEC 60794-1.
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9 Connecting hardware requirements

9.1 General requirements

This clause provides guidelines and requirements for connecting hardware used with generic
cabling. For the purposes of this clause, a connector (sometimes referred to as a connection)
is considered to consist of a device or a combination of devices used to connect two cables or
cable elements. Unless otherwise specified, all connectors shall be tested in a mated state. It
should be noted that this clause does not address requirements for media adapters, or other
devices with passive or active electronic circuitry (for example, impedance matching
transformers, terminating resistors, LAN equipment, filters and protection devices) whose main
purpose is to serve a specific application, or to provide compliance with other rules Yand
regulations. When required, such devices are not considered to be part of abling~and may
have significant detrimental effects on network performance. Therefore

their compatibility with the cabling system and active equipment be <conside before use.
These requirements apply only to individual connectors and cog which
include, but are not limited to, telecommunications outlets, patch C ectors,
and cross-connect blocks. Transmission characterisation of S does not

include the effects of cross-connect jumpers or patch cables

frequencies only. Requirements at intermediate f - be derived by linear
interpolation between two specified frequencie mic (NEXT loss) or
logarithmic (attenuation) scale.

NOTE 1 It is intended to supplement the perfermance ‘and fuRctional requirements in this clause by reference to

guarantee mechanical compatibility, the transs
specifications are available.

NOTE 2 The requirements of thi i con ectivg hardware as measured by the manufacturer.
It is assumed that these charagteristics/do notkchangessighificanfty for connecting hardware installed according to

a) i 0 Building Backbone and Campus Backbone cabling and

b) i 3 iting tonyections to the Building Backbone cabling and active equipment;

c)
permitting cennections to active equipment;
d) at the harizontal>¢abling transition point (if provided);

e) atthe-TO.

9.1.2 Design
The connecting hardware should be designed to provide:

a) means to interconnect cabling with cross-connect jumpers, patching or applications
dependent equipment;

b) means to identify cabling for installation and administration as described in clause 11;

AY + 'S &l l ol +
) medaro tU YTlinmt UTuUtTITy Lalic TImarrdyciiTtcTit,

d) means of access to monitor or test cabling and active equipment;
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e) reasonable protection against physical damage and ingress of contaminants that may affect
continuity;

T) a termination density that IS space efficient, bul that also provides ease of cable
management and ongoing administration of the cabling system;

g) means to accommodate shielding and bonding requirements, when applicable.

When connections of the same mechanical type used at the TO are used at the CD, BD or FD,
they shall meet the same requirements as those specified for the TO connector.

9.1.3 Operating environment

The connecting hardware shall be designed to operate reliably for temperatures ranging from
—10 °C to 60 °C. Connecting hardware shall be protected from physical damage aqd fram direct
exposure to moisture and other corrosive elements. This protection : plished by
installation indoors or in an appropriate enclosure for the environment

9.1.4 Mounting

Connecting hardware should be designed to provide flexil ~ g (for example, on
walls, in walls, in racks, or on other types of distribution [

9.1.5 Cross-connect jumpers and patch cords

Cables used for cross-connect jumpers
the performance requirements in 9.4.6
) g system. (For example, connections
between cables with differe i ara istig¥mpedance values shall not be made.)

9.1.6 Installatlogac

The manner and ta st the _cagbling is implemented are a significant factor in the
performance and e q tion of installed cabling systems. Installation and cable
management pre \ 8 d’be observed include the elimination of cable stress as
caused by tens

s ent and maximum shield effectiveness (where shielded cabling is
used) by, prope ble preparation, termination practices (in accordance with manufacturer's
guidelines) and well organised cable management;

b) room)for mounting telecommunications equipment associated with the cabling system.
Racks should have adequate clearances for access and cable dressing space.

In~cabling pathways and in the vicinity of connecting hardware, the cable shall meet the bend
radius requirement of clause 8.

NOTE 1 Pathways should be designed and installed to accommodate the cable bend radius requirements in
clause 8.

NOTE 2 Some connections are used to perform a cross-over function between two elements in order to properly
configure cabling links for transmit and receive connections.

may also create loop antenna effects resulting in levels of 5|gna| radlatlon that may exceed regulatory requirements.
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9.1.7 Marking and colour coding

to ensure that terminations are properly located with respect to connector positions and their
corresponding cable elements. Such provisions may include 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 (for example,
different performance categories, 100 Q and 120 Q balanced cables, or 62,5 pum and 50 pm
optical fibres), they shall be marked in such a way as to allow each cabling type to be clearly
identified. See clause 11.

9.2 Connecting hardware for 100 Q and 120 Q cabling
9.2.1 General requirements

The following requirements apply to all connecting hardwa
connections for the balanced cables specified in 8.1 (100

connecting hardware used with shielded cabling sha
requirements of clause 10.

corpliance with the applicable

9.2.2 Performance marking

Connecting hardware intended for use—wi 120
designate transmission performance
any, shall be visible during jnstallation.

cabling should be marked to
the manufacturer. The markings, if

specified in table
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Table 37 — Mechanical characteristics of connecting hardware
intended for use with 100 Q or 120 Q cabling

1 Mechanical Units Requirement Component or test
characteristics standard
1.1 Physical dimensions only Unshielded 3 and 5 of IEC 60603-7, IEC 60603-7Y
at TO interface Shielded mating dimensions and IEC 60603-71: 2
gauging
1.2 Cable termination compatibility
1.2.1 | Nominal conductor diameter mm 0,5-0,65% -
1.2.2 | Conductor type Patching/ Stranded or solid -
Jumpers conductors
Other Solid conductors
1.2.3 [ Nominal diameter of insulated conductor mm 0,7-1,4%% 83 of IEG-60811-1-1
1.2.4 | Number of conductors TO 8 \ .
Other >2n (0= 1,23,
1.2.5 |Cable outer diameter TO mm <209 \ 3 51{(3>0811-1-1
Other NAA_ \
1.2.6 | Means to connect shield See tableQS, ro 3 7\ > -
1.3 Mechanical operation (Durability) \ ¢
1.3.1 | Conductor termination cycles \>2?TS& \ > Annex B
1.3.2 | Plug interface cycles velA o 6 and 7 of
/\ IE 0603:7) IEC 60603-7

ies\ of hp/to, 8 z. Unfil IEC 60603-7 is revised,
te te@d pr ed to be in compliance with the

D The scope of IEC 60603-7:1990 is limited to frequen
connectors may be qualified for use at highepnfrequencie
performance requirements specified in tablg” 38>

2 |EC 60603-7:1990 does not have provision 0
3) Because it is not required that connectlng harew tihle with cables outside this range, special care

4 Use of the modular plug e ified_in NEC ¢ is typically limited to cables having insulated
conductor diameters in the r t
5)

(when used) and

6 Use of the mod
diameters in the rangg

If it is intended t
the shielding.

7

8 The d@(&qu ment oR\1.3.1 is only applicable to connections designed for more than a single termination
for

operatio ose that are used to administer cabling system changes).

9.2.4 Electrical characteristics

Connecting hardware intended for use with 100 Q or 120 Q cabling of a given category shall
meet the corresponding performance requirements of table 38.

Connecting hardware shall be tested with each cable impedance that it is intended to support.
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Table 38 — Electrical characteristics of connecting hardware
intended for use with 100 Q or 120 Q cabling

2 Electrical characteristics Units | Frequency Requirements Component
at 20 °C MHz or test
standard
2.1 Contact reliability TO Clause 7 of IEC 60603-7 IEC 60603-7
Other Annex B Annex B
2.2 Transmission performance Connector category
3 4 5
221 Maximum attenuation ) dB 1 0,42 0,1 0,1 Annex A,
4,0 049 [ 01 0,1 A.ZNE
10,0 042 | 01 0,1
16,0 042 | 0.2 /0,2
20,0 - 0,2 AN 0,2
31,25 - - . Of
62,5 - - \ \.0,3 >
100 - | AN\ 0
2.2.2 | Minimum NEXT loss 1) dB 1 58 | $65 \$65 Annex A,
4,0 46 58 L .0Y D65 A2.3.2
10,0 38\ Ba\ (\° 60)
16,0 3aN[ 6. N\ g6
200 [[ -~ 44 > 54
3.2 \| 2/ JON 50
626 \ 1" AN\ - 44
TR 20
2.2.3 Minimum return loss d@\ 1\§?‘§20 /= /53 26 Annex A,
120 < ks 200, \ - — | 26-20%log (fi20) | A-2:3-3
2.2.4 |Input to output resistance )3 me | —~ud.c N 300 IEC 60512-2
2.3 Maximum transfer impedarse ) mk\ \ \1\ 100 (f.f.s.)
(Applicable only when afoverall \ N9 N 200 (f.f.s.)
shield is present) A ) 100 ) ffs. f.f.s.

those with internal swichi
equivalent of two cd
exceed 6 dB worse thap'the

DC resistance is a s
Whereas d.c. resi

frequency sig
electrical conne tions.

2)

3)

out patch cords or cross-connect jumpers (for example,

oubput resistance, and transfer impedance shall not exceed the

roSs-GONRECLIONS Wi
¥ input
tch eora\of the same category. Also, NEXT loss of such devices shall not

9.2.5 Telec\m i

Each 100 @and 12

outlet requirements

horizontal cable shall be terminated at the TO with an unkeyed jack that

meets 9.2.3 and 9.2.4. Pin and pair grouping assignments shall be as shown in figure 13.

A A A

1 2 3 4 5 6 7 8

JACK POSITIONS

Figure 13 — Eight position jack pin and pair grouping assignments
(This illustration is a front view of the connector.)
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If two pairs are provided at the TO, the default pair assignment shall be pins 4-5 and 3-6 with
consistent pair groupings to those of figure 13.

Pair re-arrangement at the TO should not involve modification of the horizontal cable
terminations. If pair re-arrangement is used at the TO, the configuration of the outlet
terminations shall be clearly marked.

NOTE 1 When two physically similar cabling links are used in the same installation (for example, different
performance categories and cables with different nominal impedance), special precautions are required to ensure
that they are properly identified (see clause 11).

NOTE 2 To ensure proper connectivity, care is needed to ensure that pairs are terminated consistently at the.TO
and FD. If pairs are terminated on different positions at the two ends of a link, through connectivity will be lost:;See
clause 11 for cabling system administration.

9.2.6 Installation practices

Installed transmission performance o
performance categories (that is, cable

get requirements of different
ok patch cords that are not rated for the
ast performing component in the link.

Connecting hardware intended for use with 150 Q cabling should be marked to designate
transmission performance at the discretion of the manufacturer. The markings, if any, shall be
visible during installation.

NOTE Performance markings are in addition to, and do not replace, other markings specified in 9.1.7, clause 11 or
those required by local codes or regulations.

9.3.3 Mechanical characteristics

Connecting hardware intended for use with 150 Q cabling shall meet the requirements
specified in table 39.
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Table 39 — Mechanical characteristics of connecting hardware
intended for use with 150 Q cabling

1 Mechanical characteristics Units Requirements Cpmponent or test
standard
1.1 Physical dimensions only at TO interface IEC 60807-8, Mating dimensions IEC 60807-8
and gauging
1.2 Cable termination compatibility
1.2.1 | Nominal conductor diameter mm 0,5t0 0,651 -
1.2.2 | Conductor type Patching/ Stranded or solid conductor -
jumpers
Other Solid conductor
1.2.3 | Nominal diameter of insulate conductor mm 1,1t0 1,92 ( E?S\of IEC/60811-1-1
1.2.4 | Number of conductors | TO 4 /\\ -

Other 22n (n =1, 2, 3/)\

Other N/A

1.2.5 | cable outer diameter | TO mm <20 9) \ S.W%ll-l-l

1.2.6 | Shield performance See tatg{ENB‘Q/ ZW\
XN

1.3 Mechanical operation (Durability)

1.3.1 | Conductor termination cycles / /\22}){{5) \ Annex A

1.3.2 | Plug interface cycles /\\ ) 2}\006\ IEC 60807-8

1) Because it is not required that connecting
shall be taken to ensure compatibility betvie
and the connecting hardware they are used W

2) Because it is not required for connecting ha

3) Use of the connector specifiéd |

4) For shielded cables, car

cables with ove hields only,> assgppOsed Mo cgbles having both individually shielded elements and an
overall shield.

The durability requi
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Table 40 — Electrical characteristics of connecting hardware
intended for use with 150 Q cabling

2 Electrical characteristics Units Hrequency Requirement Component or test
MHz standard
2.1 Contact reliability TO Clause 7 of IEC 60807-8 IEC 60807-8
Other Annex B Annex B
2.2 Transmission performance
2.2.1 | Maximum attenuation V) dB 1,0 0,05 Annex A,
A.2.3.1
4,0 0,05
10,0 0,10
16,0 0,15 ]
20,0 0,15
31,25 015 {
62,5 0,207 \|
100 0,25\ \
2.2.2 | Minimum NEXT loss V) dB 1,0 ¢ >65 \ \| \>nnex A,
4,0 \>65. N\ \ A.2.3.2
10,0 4 365
16,0 62N~ \
200/ N\obos N\
31258 | )] ON566
625 /1 N\~ 506
L oo LN wes
2.2.3 Minimum return loss \\1 MI}\( \ ﬁG 4 Annex A,
SLOWHZN 369 A.2.33
>1BMMZ 36-20 log (/16) ¥
( X100 MH2 36-20 log (f/16) ¥
2.2.4 | Input to output resistafice: 2/~ N mQ Y.c. > f.f.s. IEC 60512-2
2.3 Maximum transfer jimpedanca\P 1)V 100 (f.f.s.) f.f.s.%
(Applicable only Wn 10 200 (ff.s.)
shield is pre;\ent) 100 fis

-copnections without patch cords or cross-connect jumpers, (for

NOTE Requiremefgs\@F
1) For connecting deVice
9 ation, input to output resistance, and transfer impedance shall

not exceed the equivalen v and 5 m of patch cord of the same category. Also, NEXT loss of
such devices shall BXCE s yYworse than the values in 2.2.2 above.

2) DC resistange isNa_depaxate ‘Weasdrement from the contact resistance measurements required in normative
annex B. W ) S measured to determine the connector’s ability to transmit direct current

3) Although the 2 gst method is intended for coaxial cables, it may be applied to measurements on
connectors useeto terminate balanced cables with an overall shield, when signal carriers are excited in a
common mode:

4 Values @bove 26 dB need not be tested for conformance.

9:3.5 Telecommunications outlet requirements

Each 150 Q horizontal cable shall be terminated at the TO with an interface connector that
meets 9.3.2 and 9.3.3, and pair assignments specified by ISO/IEC 8802-5.

9.3.6 Installation practices

should be as short as possible. Only the length of cable jacket required for termination and
trimming should be removed or stripped back. Also, it is recommended that pair twisting be
maintained to within 13 mm of the termination. The use of quad cable may require that each
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side circuit of the quad be twisted separately. This recommendation is provided to minimise the
impact of terminations on transmission characteristics, and is not intended to constrain twist

lenath for cable or iumner construction
) ) g

Grounding requirements and shield continuity considerations for cables with an overall shield
are specified in clause 10.

9.4 Optical fibre connecting hardware
9.4.1 General requirements
The requirements of 9.4.2 to 9.4.6 apply to all connecting hardware used to provide

connections between optical fibre cables specified in clause 8 with the following exception. The
requirements of section 9.4.4 and table 41, item 1.1 apply to the TO only.

9.4.2 Marking and colour coding

positions may be used to ensure that correct polarlty E * S duplex links. See
annex H.

NOTE These markings are in addition to, and do not replace
required by local codes or regulations.

pecified in clause 11, or those

9.4.3 Mechanical and optical charact

Optical fibre connecting hardware shall

Table 41 — MechanicalMti(@al\QK ptical fibre connecting hardware

1 Mechanical and cal \”"’KJ Requirements Component or test
characteristics standard

1.1 Physical gfm only \/ IEC 60874-19, Mating IEC 60874-19 (SC-D)

interface dimensions and gauging
1.2 Cable termin/q@n }s@p}(@iliM
1.2.1 Nominal ckaddipg™\diam er\/ pm 125 5 (Ala, Alb) and 32.2
(B.1) of IEC 60793-2
1.2.2 | Nomfqal bufteNdiayeter, > mm - 6.1 of IEC 60794-2
1.2.3 able duterdiametel mm - 6.1 of IEC 60794-2
1.3 ‘WMechanicghbperation Durability)
131 |Plug mr&rf\ace \ | cycles | >500 4.5.32 of IEC 60874-1
1.4 Transmissio rformance
1.4.1 Maximum attenuation %) Other dB 0,52 27.1 of IEC 60874-1
(Method 7)
Splice 0,3 IEC 61073-1
4.2 Minimum return loss Multimode dB 20 27.4 of IEC 60874-1
Singlemode 26
1 See 9.4.4.

2) Attenuation of installed connections will reflect optical fibre tolerances and may exhibit an average attenuation
equal to or less than 0,5 dB per random connection. Absolute maximum attenuation shall be 0,75 dB. This
value is based on maximum backbone length as defined in clause 6 and assumes active components in the FD
and CD Expansmn into the horizontal cabling may be achieved with shorter backbone lengths or by

nnnnnnnnnnnnn L +h ah nl-u—nl He—a .m..m r\i‘i‘r\nllr\i‘ oh nf r\ (= AD

3) Attenuation values of connectors and splices as specified, shall be met with the referenced test method where

the optical source produces an overfilled launch condition (e.g. an LED source). However, measurements with
an optical source that produces an underfilled launch condition (e.g. a laser source) will always produce lower
attenuation values.
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9.4.4 Telecommunications outlet requirements

cables in the work area shall be connected to the horizontal cabling with a duplex SC
connector, (SC-D), that complies with sectional specification IEC 60874-14.

Networks, having an installed base of IEC 60874-10 (BFOC/2,5) connectors and adapters, may
remain with the BFOC/2,5 connector and adapter for both existing and future additions to their

fibre network.

The optical fibre connector used shall meet the requirements of 9.4.3.

9.4.5 Cross-connect jumpers and patch cords

Cables used for cross-connect jumpers and patch cords in the CD, BD llFmeet the

performance requirements described in clause 8. See also annex H.

9.4.6 Optical fibre connectivity

All connectivity options shall use colour coding and labellin e tween the optical
fibre types of clause 8.

cabling system by means of physical Keying i or example labelling), or both.
Polarisation assignments should be as gt i N_(figures H.1 to H.3).

Guidelines on recommended
annex H.

10 Shielding practi

ormance are subject to national and local regulations, are
Rip, and are at times only accomplished with installation specific

properly bonded. Shielding, to be effective, requires that all cabling components are shielded
and meetrequirements for transfer impedance 1) given in clauses 8 and 9. Shielding has to be
continuous for the complete channel. This means that work area, equipment cables and the
equipment attachment, while not part of the generic cabling, must also satisfy the continuity
fequirement. Cabling components (including work area and equipment cables) should be
carefully chosen, properly installed and inter-connected. Particular attention should be paid to
connecting hardware and termination practices.

NOTE 1 The 1990 edition of International Standard IEC 60603-7 does not address termination of shields. The
revision of this International Standard will include specification of shielding.

NOTE 2 By installing components with shields, EMC regulations are not necessarily fulfilled.

1) Low transfer impedance of cables and connecting hardware alone is not sufficient. Cables have to be terminated
in the connecting hardware in such a way that shielding effectiveness is maintained. The termination methods
are dependent on the type and design of the cable and connecting hardware. Supplier's instructions should
provide the information necessary to meet this requirement. Methods to determine shielding effectiveness for
class B and better are under study.
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10.2 Grounding

only. There are significant safety conS|derat|0ns assomated with bondlng cable shlelds and
other metallic parts (for example moisture barriers) to ground which need to be taken into
account. Local regulations shall apply and safety practices should be followed.

Bonding shall be in accordance with applicable electrical codes.

All shields of the cables should be bonded at each TC. Normally, the shields are bonded to the
equipment racks, which are, in turn, bonded to building ground.

The bond shall be designed to ensure that

a) the path to ground shall be permanent and continuous. It is
equipment rack is individually bonded, at the local distributi
continuity of the ground path,

b) the cable shields provide a continuous ground path to all
interconnected by it.

on the network. It is recommended that
should be bonded to the ground conducto

ng is properly admlnlstered Administration involves accurate
| eping of all the components which comprise the cabling system as
well as the pathwy t ecommunications closets and other spaces in which it is installed. All
should be recorded as and when they are carried out; this is essential to
ty. Computer based administration of records is strongly recommended.

maintaining_its flexibil

11.1_ Seope of administration

The’/requirements for administration described in this clause apply to generic cabling, and to
the pathways and spaces in which it is installed. It is strongly recommended that the principles
of administration described in this clause are also applied to any application specific cabling
and equipment installed.

11.2 Identifiers

1 A [l d 10
be readily |dent|f|able A umque |dent|f|er (such as name, colour, number and/or string of
characters) shall be assigned to every cable, distributor, and termination point in the cabling.

2) See annex J, Bibliographical references
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Each TO should be labelled to reference the following information regarding the choice and
implementation of installed cabling.

a) TO: IEC 60603-7 Cable impedance, category of cabling components and pair count at
the TO.

b) TO: optical fibre Optical fibre design.

Suitable identifiers shall also be applied to the pathways and spaces in which the cabling is
installed.

The elements to which the identifiers are assigned shall be clearly marked in some way.
Cables should be marked at both ends.

11.3 Records

facilitate troubleshooting in case of problems.

11.3.1 Documentation

ensure that suitable procedures are \|mplemen
documentation with change sqnfigura

JTC 1/SC 25.
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Annex A
(normative)

Test procedures

This annex on test procedures is divided into three parts. A.1 applies to the cabling, A.2 applies
to individual components of the cabling and A.3 illustrates how to make measurements on<he
components. The number of samples to be tested is not necessarily 100 % but depends on‘the
quality assurance level that is specified in the context of a specific installation

It is intended to replace all of the specifications in this annex by r nternational
specifications as they become available.

A.1 Link performance testing

The test procedures described in this section are defined s s.apd are intended to
add clarity to the parameters specified in clause 7,0f thi i tandard. It is the
intention to describe what has to be measured rather ake the measurements.
Making measurements at high frequencies requiyes sopre/ kngwledge and expertise, and often
specialised test equipment. 6

Care should be exercised in the interpreta arice of any results obtained from
detailed test methods or practices oth wn here. Correlation factors should be

category using a

the highest referente 1
0,15 MHz in the 1.9 nge and no greater than 0,25 MHz in the region above
31,25 MHz.

Attenuation shall Ie o the highest referenced frequency for a given

The electrical performance of the links can be measured by connecting the source and load
circuits~in/ the measurement configuration shown in figure A.1. The voltage sources are
assumed to have negligible source impedance, but they can contain part or all of the series
registances R;, R,. Sources V; and V, need not be applied simultaneously. R; equals 50 Q. R,
and” Ry are half the nominal differential characteristic impedance at the measurement
frequency (Z./2).

Near end crosstalk (V7 and Vg) is measured at any interface not directly connected to the pair
connected to the source.
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Pair A :/?77

Voo
42 Cabling

Pair B

d_difectly, their effective values can be deduced
igure A.2. The effective value of V; then equals
4 With V, set to zero. The effective value of V,
red values of V5 and V, with V,; set to zero. This

using the calibratign configuratie
the sum of the *@ 3 K
equals the differente/b c

The balance ould be such that the ratio of the sum of V3 and V, to V, with
V, set tg’z e tio of the difference between V3 and V, to V; with V, set to zero,
should be st 40dB 5 aller than the cabling balance performance requirement at each
frequency is_condition“should be met in the calibration conf|gurat|on with either polarity of

Va
R, |
1

Figure A.2 — Calibration configuration
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A.1.1.3 Longitudinal conversion loss

Measurement shall he based upon ITU-T Rec_ 09

Longitudinal conversion loss is measured with V, set to zero.

[Va (F) - v ()

a) Measured at a single port (LCL) balance = - 20log1g in dB
vy (f)
- _ Vs () - Vs ()
b) Transmission unbalance (LCTL) = - 20IoglOTm dB
vilf

The validity of measurements of LCL and LCTL on installed cabling require
the measurement is validated, conformance to this International Standa
design.

study. Until
chieved by

A.1.1.4 Return loss and propagation delay

A voltage V, is applied. V; is set to zero, R, = Z./2.

|V3(f)‘V4(fX

a) Return loss = - 20 logipHd - —V(f)_
2

b) Propagation delay is measured by\applying . > with V; =0, R, = Z¢/2 and
R, = Open circuit and/or short circuit: i nchronization with the applied
step.

The value V(1) = V5(1t) -V,

rénts for the selected application, then further tests should
the application to guarantee its correct operation.

The test procedutites for measuring the transfer impedance of shielded cables are specified in
IEC 60096-1) clause/18. The test procedures for measuring shielded cabling are for further
study. Until 'the tests are developed, conformance with the requirements of this International
Standard can be achieved by design.

A2 Testing optical fibre cabling links
The test procedures for optical cable installations are based on the test methods described in

CCITT (ITU-T) Recommendations G.650 and G.651. Later IEC standards apply when available.
The test methods can be applied to optical cables irrespective of dimensions.

A.1.2.1 Requirements of the test equipment

Measurements should be made at one or more wavelengths in the ranges shown in tables 11
and 12.


https://standardsiso.com/api/?name=e1385bc98f0664a801d5286245cc3ab5

ISO/IEC 11801:1995 —61-
+A1:1999+A2:1999(E)

The characteristics of the optical source for all of the test measurements described below shall
comply with the requwements of IEC 60793-1. The source may or may not be modulated,

such as claddmg mode strlppers mode fllters optlcs mode scramblers or others as
appropriate.

The characteristics of the optical receiver for all of the test measurements below shall comply
with the requirements of IEC 60793-1.

Field measurement of multimode optical bandwidth needs only to be considered for
measurement when the optical bandwidth of the input fibre is unknown. Additionally, most field

bandwidth measurement equipment requires a minimum of 1 000 m of fibre to perforn-an
accurate and repeatable test.

A.1.2.2 Attenuation measurements
The initial measurement set-up is configurated as shown in figure A.3,

The received optical power P, is measured and recorded.

Jpl

Optical

source
launchin g

system

The calibrated source and'receivgr a

in figure A.4.

Optical \/
source >Optica| cabling [ ] Optical
launching under test receiver

system

Figure A.4 — Test set-up

The link (under test is than connected as shown in figure A.4, and the received optical power,
P,, is measured and recorded. The attenuation of the cabling is then defined by:

A= lOIoglOHP—l%n dB
P>

A.1.2.3 Propagation delay measurements

(f.f.s.)

At 24— Opticatreturmioss measuremeTTts

(f.f.s.)
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A.1.3 Link tests

(‘ahling link tests can he used in a number of Ways:

a) Acceptance testing

As a means of validating installed cabling which is known to meet the requirements of
clauses 6, 8 and 9, or which has been previously verified by the tests referred to in c¢)
below.

b) Troubleshooting

As a means of troubleshooting installed cabling. Appropriate tests should be selected from
those indicated.

c) Compliance testing

As a means of testing installed cabling, comprising known or un
compliance with the requirements of clause 7.

ponents, for

In Table A.1, the type of test likely to be carried out for each link

Table A.1 — Parameters for testing caplin

)
Balanced cabling link tests Accepta% ou shooti\nQ Compliance

Characteristic impedance /\\ }/ N (X)

Propagation delay /\ A > / 3 N >
DC resistance \ /
Near-end crosstalk loss /l \
Attenuation \ ( )
Return loss ( f\\ \) . >

)

Shield d.c. resistance ’\ (\

X | X | X | X|[X

Echo response
Continuity of ¢ duc orsQ]/le\ %N&s% X
short and open c u}é\

Optical fibre I|nk/tré‘s\
Multimode po\a\b\an\}tsq

Propagation delay \ \ )

EEEE RN
™S

X | X[ X[X]X]|X

X | X | X|[X

Return lo

The values of the parameters measured should meet the requirements of clause 7, and be
consistent with the length of the installed cabling.

A.2 Transmission testing of connecting hardware for balanced cabling

As LAN speeds increase and users invest in high performance balanced cabling, it is important
to specify connecting hardware that has compatible transmission characteristics with the
various grades of cable presently available. Careful selection of connecting hardware will help
to assure that the impact of connectors on channel performance is minimised. This annex

requirements given in clause 9.
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Categories of connecting hardware specified in clause 9 correspond with cable types and
categones found in cIause 8, so that cables used with connectors of the same category WI||

categones of balanced cabllng systems are descnbed in clause 6.

NOTE Test reports on connecting hardware transmission performance should reference the nominal impedance of
the test set-up (that is, test leads, test baluns and impedance matching terminations used).

A.2.1 Purpose and scope

The purpose of this annex is to specify transmission performance requirements for connecting
hardware that are consistent with the balanced cables requirements given in clause 7. \Fhis
annex contains the minimum set of transmission parameters and test methgods necessary to
assure that properly installed connectors will have minimal effects on/cable\performance.

elements, the na S€, b6 i/ such that, when conducted properly, worst case trans-

mission perfq pair groupings of a specific connector,

independentf t i able elements that it is capable of terminating. For example, it
¢ sample groupings of adjacent pairs on cross-connect blocks designed for

use in 1Q.or nts to determine worst case crosstalk performance variations

Test results, on ing hardware shall be based on products terminated per manufacturer's

guidelines<and recorhmended installation methods. For connecting hardware with modular
interface\_components (such as plug and jack connectors), transmission tests shall be
performed with both components in a mated state. For qualification testing, both plug and jack
components shall be identified. Product compliance shall be determined using worst case
measured values based upon a minimum of ten (10) randomly selected production samples,
consisting of a minimum of at least one of each unique circuit design or layout. For example, a
multiple port circuit assembly is tested with a minimum of 10 of each port having a unique
circuit design or layout. For connecting hardware having multiple ports on the same assembly
(such as a patch panel), the samples shall be tested from a minimum of two separate finished
assemblies.
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For mateable connectors where one component is intended to be fixed (rigidly mounted, such
as modular sockets) and the other is free (such as modular plugs) product compllance shaII be

component and a minimum of f|ve (5) of each free component (that is 10 sockets and f|ve
plugs) tested in a minimum of ten (10) combinations total. There shall be no more than two
socket samples tested with the same plug. All test specimens shall be randomly selected from
production samples. For IEC 60603-7 connectors, additional test plug requirements are

specified in A.3.2.

A.2.3 Test parameters

A.2.3.1 Attenuation

and-s’derived

Attenuation is a measure of signal power loss due to the connecting hardware
> sads before

from swept frequency voltage measurements on short lengths of balg
and after inserting the connector under test.

Tables 24 and 26 in clause 9 specify worst case attenuation o gnnector for

the applicable balanced cable type and performance categor

A.2.3.2 Near-end crosstalk (NEXT) loss

Tables 24 and 26 in claus i E oss of any pair combination within a
connector for the applicalde b performance category.

A.2.3.3 Return loss

Connector retur
and connector, and |

degree of impedance matching between the cable
requency voltage measurements on short lengths of

test leads with 3 8 aracteristic impedance before and after inserting the
connector under . pdt signal is applied to a connector pair, while signals that
are reflected Bas gpedance discontinuities are measured at the same port from which
the signal is 47and 26 in clause 9 specify worst case return loss at specific

single connettign’is mad& to the network analyser.

A.2.4 Transmission testing of connecting hardware for balanced cables
A.2.A4:1.” General

The transmission tests described in this annex typically require the use of a network analyser
or equivalent, coaxial cables, baluns, balanced test leads, and impedance matching
terminations. Each setup component shall be qualified to a measurement bandwidth of at least
1 MHz to 100 MHz. Calibration procedures for attenuation, NEXT loss, and return loss
measurements are specified by the manufacturer of the test equipment.

NOTE Because the transmission performance of modular jack and plug connectors is determined in a mated state,
and because cables used for modular patch cords are subject to the requwements of annex C, the performance

tested separately, and not by the performance of the finished cable assembly Although this annex provrdes
requirements on connections to test plugs for proper performance characterisation of modular jack and plug
connections, termination practices and qualification guidelines for factory and field administered modular plug and
cable terminations are a subject of future study.
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A.2.4.2 Test set-up and apparatus

_  Balanced test leads are used for connections to and from the test sample Testleadsshallbe
taken from cables that meet or exceed requirements for the highest performance 100 Q, 120 Q
or 150 Q cable given in clause 8 or annex C. The balanced test leads shall be limited to a
length of 65 mm between each balun and the connector under test. If used, coaxial cable
assemblies extending to and from test equipment should be as short as possible. It is
recommended that they do not exceed 0,6 m each. If a balun ground plane is used, a
separation of at least 10 mm shall exist between it and the balanced test leads at the point they
are connected to the baluns. In addition, separation between the active conductors of the
product under test and the balun ground plane (if present) shall be at least 50 mm. If ¢he
balanced test leads are shielded, the shield shall be connected in common with the batun
casing on at least one end.

Table A.2 — Test balun perfmceg@%teri
Parameter \ Ualue

. 1
Impedance, primary ( L \ 50 Q (unbalanced)

Impedancg/sscondar 2) \ \ \@)\Z{,lzo Q or 150 Q (balanced)

kAtt}(QJat})Q( - \\/ 1,2 dB max.

Returrlhs\s,){wrecti@\a\ ./ 20 dB min.
/\ *sower r%inh\ > 0,1 min.

\bngitatinal balapse X\ 50 dB min.

edarce ayﬁljffe Ynecessary to accommodate analyser outputs other

test baluns shall be matched to the nominal impedance of the
or 150 Q).

For crosstalk measurements, near-end of the transmission test setup corresponds to the end
from which test signals are applied. Far-end is defined as the end of the product under test that
is not .directly connected to measurement equipment. For NEXT loss and return loss
measurements, pairs at the far-end are terminated with impedance matching terminations.

For pairs not under test, impedance matching terminations are not required on the near-end.
Product orientation, with respect to near-end and far-end, may affect measurement results.
Due to these effects, the connector shall be tested in the orientation that best reflects installed
field use. Products that are intended to receive near-end signals from either orientation (for
example, those that may be used as TOs as well as in telecommunications closets for
patching) shall be tested in both orientations for NEXT loss, attenuation, and return loss.
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A.2.4.3 Test method

measurements of attenuatlon NEXT loss and return loss with respect to the appropriate
balanced test leads. Calibration and/or reference data sweeps are collected with balanced test
leads in place to assure a minimum noise floor of 80 dB for attenuation and NEXT loss
measurements. For return loss measurements, the set-up return loss shall be greater than, or
equal to, 50 dB when calibrated with the specified impedance matching terminations.

After calibration, reference sweeps, or both are performed, the test leads and impedance
matching terminations are connected to the test sample and connector transmission
performance data is collected for each parameter.

See figure A.11 for an example of a set-up implementation that yields acc and repeatable

connectors.

A.2.4.4 Measurement precautions

To assure a high degree of reliability for connecting hardwa
following measurement precautions are required.

a) That consistent and stable balun and resistg inations used for each pair
throughout the test sequence. In order to reducel\variabili imatihg resistors should be

b) That cable and test lead discontinuities, as_In ysical flexing, sharp bends and
restraints, be avoided before, during

less is acceptahle)? Where practical, a rigid test fixture is recommended.

The sensiftivity to setup variations for these measurements at high frequencies warrants
thorough’ documentation of all measurement facilities and procedures. Data interpretation and
application of the requirements in this annex are appropriate only if satisfactory measurement
repeatability is achieved.

A.2.4.5 Set-up validation

For two port measurements, such as attenuation and NEXT loss, tests shall be performed to
assure an acceptable level of accuracy and linearity throughout the frequency range of interest.
The two tests include set-up attenuation of the baluns plus test leads, and an attenuation

measurement on the bhaluns and test leads using resistors These requirements provide a
general indication of the ability of the setup to provide consistent and accurate measurements
over the frequency range of 1 MHz to 100 MHz.
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The measured attenuation of the combined baluns and test leads shall not exceed 3 dB from
1 MHz to 100 MHz (figure A.5).

Network anal yzer

N-BNC N-BNC
adapter adapter
Coax cable g 3dBmax g Coax cable

attenuation

Wideband }”J#{C Wideband
balun = = balun
Total len gth of

balanced test leads
used in test

balanced outputs of the test baluns (one 100 Q,
with, and on each end of the balanced
from 1 MHz to 100 MHz (figure A.6).

Wideband
balun

%

<5mr¢n m

Coax cab

4

]

100 Q, 120 Q or 150 Q

wideband By \¥/ < wideband

balun

Total length of
balanced test leads
used in test

Figure A.6 — Attenuation measurement using resistors

A.3 Termination procedure and set-up verification for modular jack and plug
testing

Because of variations that are inherent to the termination of balanced cables to modular plugs
(and to a lesser extent, modular jacks) of the type specified in IEC 60603-7, the following
requirements and guidelines have been developed. When implemented properly, these
guidelines assure that accuraie and rfepeataple transmission test measurements wi [
performed with minimal variations between test facilities and personnel. These specifications
are not intended to replace other requirements and guidelines in this annex, and are not
applicable to connecting hardware other than those with the modular interface specified by the
IEC 60603-7.
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Because the IEC 60603-7 connector is specified as the TO interface for 100 Q and 120 Q
balanced cabling only, these guidelines are provided for connecting hardware testing with

nnnnnn + it 100 0O o120 0O tact laadc

ISP Tl T U TOU S UT T2 U S (LSt IcTusSe

A.3.1 Test plug termination

Connections between the balanced test leads and the modular test plug should be made using
the following procedure. It should be noted that the termination procedure described below will
not always result in test plugs that meet the requirements of A.3.3. Familiarity with these
guidelines through repeated use have been observed to yield improved consistency between
terminations.

a) Strip or position the jacket so that the twisted conductors extend a distance of({20 mm

beyond it. The jacket itself should be at least 13 mm long.

b) Position the cable pairs so that they are sequenced 1 and 2, 3 g
respectively (figure A.7). To prevent physical invasion between g
the plug is crimped, the side-by-side orientation of the test leg 7
a distance of at least 8 mm, creating a flat portion. The ffa s dpoction of the test
leads will appear to be oblong in cross-section.

O

Flat portion

Conductors 1&2
Conductors 3&6

Round jacket

Conductors 4&5
Conductors 7&8

|4 l\m - -
| \> .
a%eads and jacket prior to untwisting
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10mm=+=1

U |

Round jacket Flat portion

beyond the back of the plug by at least 6 mm.

Primary strain relief N

Conductors /

bottomed out

igure A.9 — Completed test plug

easure the conductor and jacket dimensions again to ensure that
required geometry.

A.3.2 ,Balun and test plug qualification

Once the test plug is terminated (see A.3.1), its characteristics shall be verified by measuring
its_crosstalk loss in an unmated state, with impedance matching resistors connected in parallel
with the 100 Q or 120 Q test leads where they connect to the baluns.

For each of the six test plug pair combinations, connect a 100 Q or 120 Q impedance matching
termination (see A.2.4.2) in parallel with the test leads (where they connect to the baluns), and
measure NEXT (figure A.10). In order to minimise inductive effects, the resistor leads should
be kept as short as possible (5 mm or Iess per S|de) For each of the six palr combinations, the

parallel with the balanced test Ieads shaII measure in the range shown in table A.3. This
measurement is sometimes referred to as "terminated open circuit" or TOC test. For
gualification of baluns and setup, the logarithmic recording of NEXT loss versus frequency is a
straight line. Therefore, the difference between the NEXT loss measured at 100 MHz and the
NEXT loss measured at 10 MHz for the baluns and setup shall be 20 dB + 0,5 dB.
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Table A.3 — Test plug NEXT loss requirements

Pircombination Festphg-NEXFtess
at 100 MHz

4and5-3and 6 > 40 dB

3and6-1and 2 > 45 dB

3and 6 -7 and 8 > 45 dB

4and5-1and 2 > 55 dB

4and5-7and 8 > 55 dB

land2-7and8 > 55 dB
If the test plug complies with these requirements, the 100 Q or 12 S s shall be
removed from the baluns before any mated plug/socket measuremexits g
For product qualification testing, a minimum of five (5) test p gs s TOC NEXT
results may be rounded to the nearest 0,1 dB. Of the mini ive tes pI gs used, three are
subject to the following additional TOC requirements for p nd 5 as well as
3and 6

a) At least one of the five test plugs used shall e} i EXT loss in the range

b) At least one of the five test pl NEXT loss in the range

from =40,5 dB to <41,5 dB at 100 M

c) At least one of the five test plugs used s it TOC NEXT loss of 241,5 dB at
100 MHz.
NOTE The test plug should b ic IIy exanl edf ysi ear and mechanical degradation.
O N alyzer
N-BNC
ada 100 Q or 120 adapter
Coaxyabl Coax cable
\ 1
idegband Wideband
alun balun

Total length of 100 Q or
120 Q balanced test
leads used in test

8-pin plug
front view

Figure A.10 — Test plug qualification measurement

A.3.3 Typical TO measurement procedure

An example of a measurement procedure that may be used to categorise near-end crosstalk

for various types of TOs Is shown In figure A.11. Although It may not be directly applicable to
other types of connecting hardware, it is shown to illustrate a setup that is accurate, simple to
implement, and that will allow a large number of connectors to be characterised in a short
period of time. Set-up variations that yield equivalent results are also acceptable.
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Advantages of this procedure are lack of any soldered connections, the re-use of one 8-pin
modular plug that is termmated W|th balanced test Ieads and that all test leads can be as short

to the network analyser The separatlon between baluns is m|n|m|sed To make solderless
connections to balun ports, the test leads are fitted with pins from an integrated circuit (IC)
socket. These pins may be easily removed from a socket and attached to the terminals of the
balun. Connections to the baluns are then made by inserting conductors from the test leads
into the hollow portion of the pin receptacles (figure A.11, detail B). This connection is
comparable to inserting an IC into a socket. A pressure fit is provided, and no soldering is
required, nor are any special tools required.

The 8-pin plug used in this setup is terminated per A.3.1 with a short piece of category 5 cable,
which has the outer jacket removed approximately 6 mm beyond the plug (see A.3.1).(Beyond
the jacket, the cable elements are oriented 90° with respect to one anothér as shown-in figure

To factor out attenuation of the set up, a series of norm tructed from PC
mountable jacks. There is one normalising jack for € possible~pair combinations
(based on four test pairs). Each normalising jack conhe eciffetransmit pair to a specific
receive pair. For example, when measuring pins A 3 e normalising jack for

this combination allows a signal enteripg\pins 4~ana ins 3 and 6. Care should be
taken to assure that the loop-back e ising jack are configured to
preserve balun polarity. Once the jac rement plug, the analyser is
calibrated. Since the connector under te

it is important that the normalising and cali procedyres do not factor out crosstalk noise

that may be attributed to th ck sombination. To measure a TO, the plug is
then mated with the test j& INNosshmeasurgments are performed. When terminating
the test jack with 100 0 , they)Should be connected directly to the cable

termination.
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Network Analyzer

N-BNC N-BNC
adapter adapter

Coax cable Coax cable

L

Detail A: Test setup-witl 5DV

Wideband
balun

8-pin plug plus
PC mount jack for
loop-back

Balun

\A Wire
/ Insulation

Balanced test leads

(no shield shown)

Jacket

Detail C: 8-pin plug

Figure A.11 — Typical TO NEXT measurement set-up
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Annex B
(normative)

Reliability testing of connecting hardware for balanced cabling

B.1 Introduction

The reliability of connecting hardware is vital to the cabling system. Changes in contact
resistance because of operational and environmental stress can negatively affect\{sthe
transmission characteristics of the building cabling system. Product life testing is accomyplished
by subjecting the product to a number of mechanical and environmental sgnditions and

3ystems will
ing the test

To ensure that all connecting hardware for the 100 Q, 120 Q 3
perform reliably under field installation conditions, it sha
sequence illustrated in figure B.1, when mounted and
manufacturer's guidelines. Unless otherwise specifi

B.3

INSULATION
RESISTANCE

TESTING
IEC 60068-2-60

RELAXATION
IEC 60068-2-2

W B.9 B.6
DMRABMNITY ( RATION CORROSION STRESS
C 60068-2-6

IEC 60512-2 Q
87

B.7
THERMAL \\ THERMA
SHO \E SHO
I

C
IEC 600@\ C §0068-2-14

B.8 B.8
HUMIDITFY/ — HUMIDITY/
TEMP CYCLE TEMP CYCLE

IEC\60068-2-38 IEC 60068-2-38

Figure B.1 — Reliability test programme

For each test sequence, a minimum of 10 product samples, consisting of at least eight test
circuits (conductors) each, or a minimum of 20 product samples, consisting of at least four test
circuits (conductors) each, shall be used to compile data for supporting a conclusion that pass
criteria are satisfied. Unless otherwise specified, two-piece connectors shall be in a mated
state during environmental conditioning.

NOTE 1 It is intended to replace the specifications in this annex by reference to international specifications as
they become available.

NOTE 2 For connecting hardware with 8-position modular connectors, the modular connection shall comply with
the level A reliability requirements of IEC 60603-7. For connecting hardware with 4-position hermaphroditic
connectors, the hermaphroditic connection shall comply with IEC 60807-8 reliability requirements.
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B.2 Contact resistance measurement

h the following requirements.

(Millivolt Level Method) and shall conform wit

a) If voltage probes cannot be placed within 1,3 mm from the connection point, bulk resistance
should be measured and subtracted out to determine contact resistance.

b) Initial interface resistance between mated elements of connecting hardware as well as
between connecting hardware and cabling shall not exceed 2,5 mQ. Also, elements of a
connecting system that are subject to more than a single connecting operation throughout
normal use shall not exhibit an initial interface resistance in excess of 2,5 mQ, when newly
terminated, at prescribed measurement intervals during or after environmental conditiening.

c) Whenever contact resistance measurements are required on the follg

For 2-piece connectors and shield terminations, the interface resista
or shield connection shall not exceed 20 mQ initially, or at/th
intervals during or after environmental conditioning.

B.3 Insulation resistance

, Test 3a, Method C,
ductors shall be at least

Insulation resistance shall be measured in accor
Test Voltage 500 V d.c. Insulation resjstance
100 MQ.

B.4 Durability

Elements of the conne * to more than a single connecting operation

throughout normagh use
failing. 100 cycl

additional 100 cycles

8hock and Humidity/Temperature Cycling, and an
g and after these environmental tests.

Evaluation
Inspect and mes sistance after 100 cycles. These specimens shall be used as

recommended.

B.5 Vibration

Vibration tests shall be performed in accordance with IEC 60068-2-6, Test Method Fc and
Guidance.

a) Test conditions

1) Frequency range: 10 Hz - 55 Hz

2) Displacement amplitude: 0,75 mm

3) Sweep cycles: 20 (each of three linear axes)
4) Endurance time: 1 h 45 min (each axis)

b) Evaluation
Inspect and measure contact resistance after vibration cycling of each axis.
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B.6 Stress relaxation

a) Test conditions
1) Test temperature: (70 £ 2) °C
2) Duration: 500 h

b) Evaluation

Inspect and measure contact resistance at (168 + 10) h intervals.

B.7 Thermal shock

a) Test conditions
1) Low temperature (Tp): (40 £ 2) °C
2) High temperature (Tg): (70 £ 2) °C

3) Minimum average rate
of temperature change:

4) Exposure time (1):
5) Number of cycles:

6) Sample group B shall
50 temperature cyeles:

b) Evaluation
Inspect and meas
cycling. The@ i

Humidity/te
Test Meth

unmated
state only.

a) Test conditions
This tést is performed only on product that has passed thermal shock testing.

1)/ Low temperature: (25 2) °C
2) High temperature: (65 +2) °C
3) Cold subcycle: (<10 £ 2) °C

4) Relative humidity
at high and low temperature): (93 £ 3)%

5) Cycle time: 24 h

&) Nt hbhaor

[0}

oc: 1
\"x=r (="

O tNoTTT

7) Sample group B shall be subjected to 33 insertion and withdrawal cycles after 7 days
and an additional 34 cycles after 21 days.
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b) Evaluation
Inspect and measure contact resistance (for groups A and B) and insulation resistance (for

group A only) immediately upon removal from the test chamber at /7 day intervals, and aiter
final drying. Recovery of insulation resistance from a humid state to at least 100 MQ shall
occur within 1 h.

B.9 Corrosion testing

Corrosion testing shall be performed in accordance with IEC 60068-2-60 TTD, Method C.
a) Test conditions:
1) Mixture of polluting gases: SO, (0,5%0,1) x 106 (vol./vol.)
H,S (0,1 * 0,02) % 10-6 (vol./v

2) Temperature: (25+2)°C
3) Relative humidity: (75£3) %
4) Duration: 10 days

b) Evaluation

Inspect and measure contact resistance upon re amber.

The corrosion test requirements of this
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Annex C
(normative)

Requirements for flexible 100 Q, 120 Q and 150 Q balanced cables

C.1 General requirements

This annex covers additional requirements for flexible patch cords for use with 100 Q, ¥20 Q
and 150 Q balanced cables and connecting hardware. It is strongly recommended_that other
flexible cables, such as work area and equipment cables, conform to thése reqw ements. The

electrical performance of stranded work area cabling, patch cords ant cables
should fulfil the electrical requirements of the installed horizontal ¢ 100 Q
and 120 Q balanced cables of the same category, and in 8.2 Woy: . In

The attenuation in dB/100 m and the d.c. loop resistancg shguld not be more than
50 % higher than required in clause 8. It should b€ he e values lead to a maximum
equivalent electrical length of 15 m bagé gth. If these values of the
flexible cable exceed the value pressribed echani€al length shall be reduced
accordingly.

NOTE 1 Equivalent NEXT loss requirements i ) nents for short lengths of flexible cables with

and without connectors are for further study.

NOTE 2 It is intended to supf ire is annex by reference to International Standards as
these become available.

In addition to the kig e i .c. loop resistance for 150 Q flexible cables the
mechanical ents of tables C.1 and C.2 shall supersede the
correspondin i - .27for solid 150 Q cables.

iffarent mechanical characteristics for 150 Q flexible cables

\%ble r}l\aracterlstlcs Units |ReqU|rements Test method

1 Mechantegt characteristics

11 Diameter of conductor mm 0,46 to 0,52 3.4.1 of IEC 61156-1
1.2 Diameter over insulated conductor mm <1,9 3.4.1 of IEC 61156-1
1.7 Number of cable units in a cable 1

1.9 Outer diameter of cable mm <9,5 3.4.1 of IEC 61156-1
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