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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INFORMATION TECHNOLOGY -
TELECOMMUNICATIONS CABLING REQUIREMENTS
FOR REMOTE POWERING OF TERMINAL EQUIPMENT

FOREWORD

O (International Organization for Standardization) and IEC (International Electrotechnical Commission
e specialized system for worldwide standardization. National bodies that are members of }SO-o
articipate in the development of International Standards. Their preparation is entrusted(to- tec

reparatory work. International governmental and non-governmental organizations liaising With’ ISO an
Iso participate in this preparation.

O/IEC JTC 1. Draft International Standards adopted by the joint technical gommittee are circulat
ational bodies for voting. Publication as an International Standard requires approval by at least 75 %
ational bodies casting a vote.

he formal decisions or agreements of IEC and ISO on technical matters ‘\express, as nearly as possib
international consensus of opinion on the relevant subjects since each-~technical committee has represen
om all interested IEC and ISO member bodies.

C, ISO and ISO/IEC publications have the form of recommendations for international use and are acc
y IEC and ISO member bodies in that sense. While all reasonable efforts are made to ensure thg
chnical content of IEC, ISO and ISO/IEC publications is aceurate, IEC or ISO cannot be held responsib
the way in which they are used or for any misinterpretation by any end user.

In order to promote international uniformity, IEC and,1SO member bodies undertake to apply IEC, ISQ
IISO/IEC publications transparently to the maximum/extent possible in their national and regional publica
Any divergence between any ISO/IEC publication‘ahd the corresponding national or regional publication s
be clearly indicated in the latter.

ISO and IEC provide no marking procedure to indicate their approval and cannot be rendered responsib
gny equipment declared to be in conformity with an ISO/IEC publication.

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

No liability shall attach to IEC or ISO or its directors, employees, servants or agents including indi
¢xperts and members ofytheir technical committees and IEC or ISO member bodies for any personal i
property damage or othier,damage of any nature whatsoever, whether direct or indirect, or for costs (incl
Iegal fees) and expenses arising out of the publication of, use of, or reliance upon, this ISO/IEC publicat
gny other IEC, ISO 01 ISO/IEC publications.

Attention is drawn to the normative references cited in this publication. Use of the referenced publicatid
ihdispensable\for the correct application of this publication.

Attentionvis drawn to the possibility that some of the elements of this Technical Report, type 2 may b
qubject-of patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent rig

form
IEC
nical

ommittees; any ISO and IEC member body interested in the subject dealt with may patticipate i this

IEC

the field of information technology, ISO and IEC have established a joint technical comnfittee,
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The main task of IEC and ISO technical committees is to prepare International Standards. In
exceptional circumstances, ISO/IEC JTC 1 or a subcommittee may propose the publication of a
technical report of one of the following types:

type 1, when the required support cannot be obtained for the publication of an Internati
Standard, despite repeated efforts;

onal

type 2, when the subject is still under technical development or where, for any other

reason, there is the future but not immediate possibility of an agreement on an Internati
Standard;

onal

type 3, when the technical committee has collected data of a different kind from that which

is normally published as an International Standard, for example ‘state of the art’.
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Technical reports of types 1 and 2 are subject to review within three years of publication to
decide whether they can be transformed into International Standards. Technical reports of
type 3 do not necessarily have to be reviewed until the data they provide are considered to be
no longer valid or useful.

ISO/IEC TR 29125, which is a technical report of type 2, was prepared by subcommittee 25:
Interconnection of information technology equipment, of ISO/IEC joint technical committee 1:
Information technology.

This document is issued in the type 2 technical report series of pub!Lcations (according to

16.ﬂmem_mmma¢mmwm_ﬁ_am_mﬂm_
prosjpective standard for provisional application in the field of remote powering of tern

equi

pment, because there is an urgent requirement for guidance on how standards in-this

shoyld be used.

This
appl

document is not to be regarded as an International Standard. It is proposed.for provis
cation so that information and experience of its use in practice (may be gathg

Confments on the content of this document should be sent to IEC Central/@ffice.

A review of this type 2 technical report will be carried out not later\than three years afte

publ

cation with the option of extension for a further three’yéars, conversion intg

Intefnational Standard or withdrawal.

This
may

This

Technical Report has been approved by vote of the mémber bodies, and the voting re
be obtained from the address given on the secondditle page.

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

as a
ninal
field

onal
red.

rits
an

sults

IMP
that
of it

DRTANT — The 'colour inside’' loego on the cover page of this publication indicg

5 contents. Users should therefore print this document using a colour printer.

tes

it contains colours which are.considered to be useful for the correct understanding
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INTRODUCTION

This Technical Report specifies the use of generic balanced cabling for customer premises, as
specified in international standards ISO/IEC 11801, ISO/IEC 15018, ISO/IEC 24702 and
ISO/IEC 24764, for remote powering of terminal equipment. It provides guidance on new
cabling installations and renovations. The customer premises may encompass one or more
buildings or may be within a building that contains more than one organisation. The cabling
may be installed prior to the selection of remote powering equipment or powered terminal
equipment.

- 1764
r cabling subsystems that support‘ajwide
rande of applications. They provide appropriate equipment interfaces to the cabling
structure in equipment rooms, telecommunications rooms and work areas.

A grpwing number of organisations employ equipment at locations that require the provision of
remote powering. This Technical Report was created to provide supplemeéntary informatign to
ISO/JEC 11801 to implement remote powering over generic balanced cabling as specifigd in
IEC 11801, ISO/IEC 15018, ISO/IEC 24702 and ISO/IEC 24764.

This| Technical Report provides additional guidance for remote” powering on the usg of
balahced cabling systems as specified in ISO/IEC 11801, ISONEC 15018, ISO/IEC 24702|and
ISOJIEC 24764 guidance on different installation conditions that'require special consideratipns;

e ipformation to bring together all the considerations about remote powering in a single
document,

e duidance on mating and unmating of connectors that convey remote power.

This| Technical Report does not include reguitements from national or local safety standards
and Jregulations.

powering over telecommunications(¢abling under different installation conditions. Consult|with
the |relevant safety standardss@and regulations, application standard, and with equipment
manufacturers for guidance_en-factors that should be taken into account during design of the
gengric balanced cabling that’supports the distribution of remote powering.

The|Technical Report was developed\based on a number of contributions describing rexote
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INFORMATION TECHNOLOGY -
TELECOMMUNICATIONS CABLING REQUIREMENTS
FOR REMOTE POWERING OF TERMINAL EQUIPMENT

0(E)

1 Scope

ThisFeehnical-Repert:

o targets the support of applications that provide remote power over balanced cabling to
terminal equipment;

e govers the transmission and electrical parameters needed to support remote”power jover
bhalanced cabling;

e govers various installation scenarios and how these may impact the capability of balapced
¢abling to support remote powering;

e gpecifies design and configuration of cabling as specified in—International Standards
ISO/IEC 11801, ISO/IEC 15018, ISO/IEC 24702 and ISO/IEC 24764;

e provides requirements and guidelines that will enable the Sypport of a wide variety of gxtra
Ipbw voltage (ELV) limited power source (LPS) applications using remote power supplied
gver balanced cabling.

Reqlirements and guidelines are provided with respectto

e gabling selection and performance (Clause 5),

e ipstallation conditions (Clause 6),

e transmission requirements (Clause 7);

e power delivery (Clause 8),

e g¢onnecting hardware (Clause 9);

e nitigation considerations (Annex A).

Safqgty (electrical, fire, efc:), and electromagnetic compatibility (EMC) requirements are oufside

the $cope of this Technical Report.

2 Normativereferences

The [following referenced documents are indispensable for the application of this document| For

date{d references, only the edition cited applies. For undated references, the latest editign of

the neferenced document (including any amendments) applies.

ISO/IEC 11801, Information technology — Generic cabling for customer premises

ISO/IEC 14763-2,—

premises cabling — Part 2: Planning and installation1

ISO/IEC 15018, Information technology — Generic cabling for homes

ISO/IEC 18010,

cabling

1 To be published.

Information technology — Implementation and operation of customer

Information technology — Pathways and spaces for customer premises
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ISO/IEC 24702, Information technology — Generic cabling — Industrial premises

ISO/IEC TR 24746, Information technology — Generic cabling for customer premises —
span DTE power insertion

ISO/IEC 24764, Information technology — Generic cabling systems for data centres

3 Terms, definitions and abbreviations

3.1

Mid-

For |the purposes of this document, the terms and definitions given in ISO/IEEC 11
ISOJIEC 18010, ISO/IEC 14763-2, and the following apply.

3.1.
power source equipment
equipment that provides power

curnent carrying capacity

maxjmum current a cable circuit (one .or several conductors) can support resulting
spegified increase of the surface .temperature of the conductor beyond the amf
temperature, not exceeding the maximum allowed operating temperature of the cable

[IEC{61156-1:2007, 3.24]

3.1.

temperature rise

difference in the temperature in degrees C between the initial temperature of the condd
surface without power and the final temperature at the surface of the powered conduct
steady state

801,

in a
bient

ctor
br at

4 Conformance

For cabling to conform to this Technical Report the following applies:

e the design of the cabling shall conform to the relevant cabling design standard such as

ISO/IEC 11801, ISO/IEC 15018, ISO/IEC 24702 and ISO/IEC 24764);

e the installation conditions meet the additional requirements of this Technical Report.
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5 Cabling selection and performance

The

remote powering should be implemented using 4-pair balanced cabling.

0(E)

NOTE Two pairs may be used as an alternative to four pairs, however this may not support some applications.

This channel will be used simultaneously to support signal transmission and remote power
feeding for the terminal equipment. This Technical Report assumes the use of balanced
cabling models and components specified in the reference implementation clause of the
relevant design standards.

6

6.1

Cab
etc.,
shal
exar
mor

The

infomation in 6.3.

6.2

The
the

pow
with
opet

6.3

Whe
to reg
cabl
a st
high

rati
tem

nstallation conditions

General

ing may be installed in different types of pathway systems such as trays,-conduit, hang
and shall be installed in accordance with ISO/IEC 14763-2. The ipstallation condi
not compromise safety regulations (e.g. exceed the temperature sating of the cable)

b heat than smaller cable bundles.

cable bundle size should take account of the tempetature rise and current cap

Ambient temperature

ers,
ions
For

nple, assuming all 4 pairs are energized, larger cable bundles (number of cables) r¢tain

Acity

t on

ambient temperature at different length segments of a link or channel has an impad

br delivery to the powered terminal equipment. The worst case installed cabling con
respect to the maximum ambient temperature shall be used to determine the maxi
ating temperature for a link or channel when under electrical load.

Temperature rise and current capacity

n remote power is applied\to balanced cabling, the temperature of the cabling will rise
sistive heat generation.in the conductors. Depending on cable construction and inst
ng conditions, the heat generated will be dissipated into the surrounding environment
pady state is reached with the temperature of the cable bundle (operating tempera

g of the/cable. Generally, balanced cables used in commercial premises hay
erature(rating of 60 °C.

Te

ISOMEE 11801 and should he taken into account when selecting cables

perature rise in the cable will lead to an increase in insertion loss as specifig

ocal temperature rise of the cable used for'the link or channel and may limit the re{ote

ition
um

due
alled
until
ure)

er than the ambient temperature of the surrounding environment. The maxium
temrIerature of ahy.cable (at the cable conductor surface) shall not exceed the temperg

ture
e a

The maximum current per pair for different temperature rises in a bundle of 100 cables of
4 pair category 5 cables with solid conductors with all pairs energized is shown in Table 1. For
example, cable bundles up to 100 cables are expected to support remote powering with all
pairs energized with up to 600 mA, if the ambient temperature along the cabling is less than
50 °C for 60 °C rated cables.
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Table 1 — Maximum current per pair versus temperature rise in a bundle
of 100 4 pair Category 5 cables (all pairs energized)

Temperature rise Current per pair
°C mA
5,0 420
7,5 520
10,0 600
12,5 670
4576 720
NOTE These values are based on conductor temperature measurement of typical cables.
Table 2 shows current capacity for different categories of cable, independent of‘construc

for 4

infomation relating to a specific cable.

given temperature rise. Manufacturers’/suppliers’ specifications should. be“consulte

Table 2 — Current per pair versus temperature rise in a‘bundle
of 100 4 pair cables (all pairs energized)

tion,
i for

Temperature Current per pair-?
rise mA
© Category 5 Category 6 Category 64 Category 7 Category| 7a
2,0 268 294 316 316 330
4,0 380 416 447 447 467
6,0 465 509 547 547 572
8,0 537 588 632 632 660
10,0 600 657 706 706 738
12,0 657 720 774 774 809
14,0 710 778 836 836 873
a Calculated values for worst case.
NOTE 1 The values in this table are based on the implicit DC resistance derived from the insertion loss ¢f the
varioyis categories of cable. Manufacturers’/suppliers’ specifications should be consulted for information relating to
a spdcific cable.
NOTE 2 The current per pair for each category is dependent on the cable construction.
6.4 | Factors affecting temperature increase
6.4. General
The 'excessheatresponsibtefor-the—conductor-temperatureriseofany power—carrying—cable is

the difference of the resistive heat generation in the cable minus the heat dissipated into the
environment, be it the open atmosphere, trays, ducts or other cables which may also be power
carrying cables.

6.4.2 Cable count within a bundle

This Technical Report uses 100-cable bundles as the basis for developing the temperature rise
and current per pair with all pairs energized. The correlation between cable bundle size and
temperature rise was established from measured data. For other cases (e.g. where bundle
count exceeds 100 cables), the guidelines provided in this clause can be used. Refer to
Table 3 to determine the maximum temperature rise using 600 mA per pair for cable bundles of

diffe

rent count.
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Table 3 — Temperature rise for a category
of cable versus cable bundle size (600 mA per pair)

Cable bundle Temperature rise ?
size (number of °C
cables) Category 5 Category 6 Category 64 Category 7 Category 7a
1 0,8 0,6 0,6 0,6 0,6
7 1,4 1,1 1,0 1,0 0,9
19 2,6 2,1 1,8 1,8 1,6
37 4T 357 372 352 29
61 6,9 5,5 4,8 4,8 4.4
91 9,7 7,7 6,7 6,7 6,2
127 13,1 10,4 9,0 9,0 8,3
169 16,9 13,5 11,7 11,7 10,8
@ Cglculated values for worst case.

NOTE 1 The temperature rise (°C) is based upon a current of 600 mA per pair, for all pairs in all cables i
bundle.

NOTE 2 The values in this table are based on the implicit DC resistance derived from the insertion loss
varioyis categories of cable. Manufacturers’/suppliers’ specifications should_be“consulted for information relat
a spdcific cable.

NOTE 3 The current per pair for each category is dependent on the cable construction.

h the

f the
ng to

6.4.3 Reducing temperature increase

Minimizing the cabling temperature rise is recommended, as it

a) rneduces the impact on the transmission performance (e.g. insertion loss) of the cabling,

b) neduces the HVAC loading within the premises,

c) 4llows operation in higher ambient temperatures without exceeding the cable tempers
rating,

d) reduces the overall cost{of*delivering remote power by minimizing the resistive heating
power dissipated in the, cabling).

The [temperature rise_can be reduced by minimizing the heat generation and maximizing

heaf dissipation. Examples of how this may be achieved include:

Wising highef-category cable;

gelecting a larger conductor size which decreases per unit length DC resistance;

ture

loss

the

improving thermal dissipation by selecting cable with

e improved thermal conductivity,

e improved heat transfer coefficient between materials,

e improved heat transfer coefficient between cable sheath and air,

e screen or other additional metallic elements,

e solid insulation,

e alarger diameter;

reducing the number of energized pairs;

choosing pathways and spaces with good air circulation, e.g. open trays or baskets;
reducing the number of cables per bundle and avoiding tight cable bundles;

selection of applications and devices that use lower current.
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Table 4 shows the effect of energizing the number of pairs within a 100-cable bundle for
different cable categories. For example, the temperature rise for applications delivering
600 mA on two pairs of each cable in a 100-cable bundle of Category 5 is 5 °C.

Table 4 — Temperature rise for a category of cable versus the number
of energized pairs in a 100-cable bundle (600 mA per pair)

Number of Temperature rise ?
pairs °C
Category 5 Category 6 Category 64 Category 7 Category 7a
2z 0,6 0,5 0,4 0.4 0.4
48 1,2 1,0 0,9 0,9 0y8
96 2,4 2,0 1,7 1,7 1,5
144 3,6 3,0 2,6 2,6 2,4
192 4,8 4,0 3,5 3,5 3,2
200 5,0 4,2 3,6 3,6 3,3
236 5,9 4,9 4,2 4,2 3,8
284 7.1 5,9 51 5,1 4,7
332 8,3 6,9 6,0 6,0 5,5
380 9,5 7,9 6,8 6,8 6,2
400 10,0 8,3 7,2 7,2 6,6

@ Calculated values for worst case.

NOTE 1 The temperature rise (°C) is based upon a current'of 600 mA on each energized pair.
NOTE 2 The values in this table are based on the implicit DC resistance derived from the insertion loss ¢f the
varioyis categories of cable. Manufacturers’/suppliersi(specifications should be consulted for information relating to
a spdcific cable.

NOTE 3 The current per pair for each category'is dependent on the cable construction.

7 [fransmission requirements

Figure 1 shows examples of specified transmission paths used in generic balanced cab]ling.
The|channel is the transmission path between equipment such as a LAN switch/hub and the
terminal equipment: ~The channel does not include the connections at the data source
equipment and the .terminal equipment. The channel, the permanent link or the CP link ghall
meef the transmission requirements specified in the design standards.

8 emote power delivery over balanced cabling

Remote power may be provided to terminal equipment via balanced cabling equipment
interfaces. Remote power may be introduced to the balanced cabling channel at the FD using
spare pairs, if available, or by remote power supplied over the phantom circuit of data pairs
from the power sourcing equipment, as shown in Figure 1.
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Powered Switch/Hub Powered Terminal Equipment

JOOOU(
—
) 0000

>

™S .
|=3|gnal
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power [—| [ power
source balanced pair — ¢sink
Polwered Switch/Hub Powered Terminal Equipment
= =1 =
sijgnal &3 =I=8|gnal
power power
source sink
siignal E EIE signal

Figure 1 — Examples of(end point powering systems
using signal pairs (top) and spare pairs (bottom)

Altefnatively, remote power may be-supplied by mid-span power source equipment that ingerts
remote power independent of the data source equipment, as shown in Figure 2.
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Unpowered Switch/Hub Midspan Power Insertion Powered Terminal Equipment
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Figure 2 — Examples of midspan powering systems
using signal pairs (top) and spare pairs (bottom)

Whgn mid-span power source equipment replaces a generic balanced cabling component or
components, the data pairs shall.meet the performance requirements of the component or
components it replaces (e.g., patch cord, patch panel or combination thereof), regardlegs of
the ¢quipment interfaces used.for input and output connections. Placement of mid-span ppwer
inseftion equipment shall be _external to the permanent link, see ISO/IEC TR 24746.

Figure 3 shows an example of endpoint powering with two power sources and two power sinks.
As illustrated in Figures 1, 2 and 3, power may be provided to terminal equipment vig the
common mode cireuit of balanced cabling.
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Figure 3 — Examples of endpoint powering systems with two power sources and sin

9 [Connecting hardware

Conpecting hardware in channels used to support remote power applications shall hav
appropriate current rating when mated. Connecting hardware contacts may deteriorate
resuft of mating or unmating under electrical stréss, leading to possible degradatio
trangmission characteristics. Manufacturers should. be consulted regarding the numbe

ks

B an
Hs a
n of
r of

mating and unmating cycles supported by connecting hardware while conveying the intepded

leve|s of electrical power.

The|temporary removal of remote powenr should be considered before mating or unmating

connecting hardware in a remotely powered channel. Consideration should also be given to
operational impact that loss of remote power may have, especially when a remote p
source is shared by multiple end stations.

It is|preferable that remote( powering is not present during mating or unmating of conne
hardware.

Intelligent powering ;systems such as IEEE 802.3 Power over Ethernet and Power
Ethgrnet-plus (IEEE™ 802.3at) automatically recognise compliant loads before applying
required level of rfemote power, thus eliminating electrical stress during connector mating.

IEEE 802.3."Power over Ethernet also defines optional features to remotely manage
provision-of electrical power to each port via port power management which may be usgq

any
bwer

cting

over
the

the
d to

remave remoite pow om 4 pPd lid NANNEe| Prio Q unmatng CONn O

Port power management is therefore the preferred approach to reconfiguration of remotely

powered cabling channels.
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Where it is not practicable to switch off the remote power before mating or unmating (e.g. for
power sources that do not have power management), connecting hardware having the required
performance for mating and unmating under the relevant levels of electrical power and load
should be chosen. These requirements are not within the scope of the balanced connecting
hardware standards (e.g. IEC 60603-7, IEC 61076-3-104 and IEC 61076-3-110) referenced
from ISO/IEC 11801 and equivalent standards but may be assessed using additional test
schedules.

NOTE A test schedule for engaging and separating connectors under electrical load is currently under consideration. It
will be described in IEC 60512-99-001.2

2 Under consideration.
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