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INFORMATION TECHNOLOGY —
GENERIC CABLING FOR CUSTOMER PREMISES -

Part 9901: Guidance for balanced cabling in support
of at least 40 Gbit/s data transmission

FOREWORD

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

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

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

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

5) 1SO and IEC do not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. ISO or IEC are not responsible
for any services carried out by independent certification bodies.

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

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

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

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

The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

ISO/IEC TR 11801-9901, which is a technical report, has been prepared by subcommittee 25:
Interconnection of information technology equipment, of ISO/IEC joint technical committee 1:
Information technology.

The list of all currently available parts of the ISO/IEC 11801 series, under the general title
Information technology — Generic cabling for customer premises, can be found on the
IEC web site.

This Technical Report has been approved by vote of the member bodies, and the voting
results may be obtained from the address given on the second title page.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

IMPORTANT — The “colour inside” logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this publication using a colour printer.
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INTRODUCTION

This Technical Report provides guidance for balanced cabling in support of at least 40 Gbit/s
data transmission. The guidance proposes of two new channel specifications, namely Class |
and Class Il, with two connections able to support future 40GBASE-T up to at least 30 m.

In addition, this Technical Report contains the description of channels with two connections
based on existing Category 6, and Category 7, components with and without characterization
beyond the current upper frequency and length up to at least 30 m.

In order to evaluate the different channel approaches this Technical Report offers a
preliminary assessment of Shannon capacity and reach using the channel transmission
performance data described in this report. This assessment is not a definition of 40GBASE-T.
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INFORMATION TECHNOLOGY —
GENERIC CABLING FOR CUSTOMER PREMISES -

Part 9901: Guidance for balanced cabling in support
of at least 40 Gbit/s data transmission

1 Scope

This part of ISO/IEC 11801 covers the following channel descriptions constructed from
components with a nominal impedance of 100 Q.

a) Class I: 30 m channel based on upcoming Category 8.1 components. This channel
provides increased margin compared to ISO/IEC 11801, Class E, channels, and an upper
frequency limit of 1 600 MHz (2 000 MHz (ffs) (see Clause 4).

b) Class II: 30 m channel based on upcoming Category 8.2 components. This channel
provides increased margin compared to ISO/IEC 11801, Class F, channels, and an upper
frequency limit of 1 600 MHz (2 000 MHz ffs) (see Clause 4).

c) Channels based on Category 6, components of ISO/IEC 11801, length corrected to 30 m
(Clause 5).

d) Channels based on Category 7, components of ISO/IEC 11801, length corrected to 30 m
(Clause 5).

e) Channels based on Category 6, components of ISO/IEC 11801, length corrected to 30 m,
characterized beyond the current upper frequency (see Annex B).

f) Channels based on Category 7, components of ISO/IEC 11801, length corrected to 30 m,
characterized beyond the current upper frequency (see Annex B).

This Technical Report offers an assessment (see Annex A) of expected capacity and reach for
the channels defined in Clause 4, Clause 5 and Annex B.

All 30 m channels comprise a 2 m cord (50 % derated) attached at each end of a permanent
link of 26 m length. These assumptions are for modelling only.

ISO/IEC 11801 gives the freedom to use different configurations as long as the channel
values are fulfilled.

Specific component requirements are not addressed in this Technical Report. Any inferred
component requirements are not intended to be normative.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.
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ISO/IEC 11801:2002, Information technology — Generic cabling for customer premises
Amendment 1:2008
Amendment 2:20101

IEC TR 61156-1-3, Multicore and symmetrical pair/quad cables for digital communications —
Part 1-3: Electrical transmission parameters for modelling cable assemblies using
symmetrical pair/quad cables

3 Terms, definitions and abbreviations

3.1 Terms and definitions

For the purposes of this document the terms and definitions of ISO/IEC 11801 and the
following apply.

3.1.1

background noise

noise calculated from electronic background noise from transmit power and the maximum
considered frequency

Note 1 to entry: Background noise is calculated in decibel (dB).
Note 2 to entry: Background noise is given in dBm/Hz.
Note 3 to entry: Transmit power (Tp) is given in dBm.

Note 4 to entry: The maximum considered frequency (fmax_system) is given in Hz.

3.1.2

cabling noise

single channel cabling noise is the power sum of return loss, power sum near end crosstalk
and power sum far end crosstalk

3.1.3
connection
two mated connectors

EXAMPLE Jack and plug.
3.2 Abbreviations

For the purposes of this document the abbreviations of ISO/IEC 11801 and the following apply.

ACR Attenuation CRosstalk

ANEXT Alien (EXogenous) Near-End crosstalk loss
AACR Attenuatin to Alien (exogenous) CRosstalk
BNp Background Noise

CN NEXT Cancellation

CF FEXT Cancellation

CR Return loss (Echo) Cancellation

ELTCTL Equal Level TCTL

ffs for further study

NEXT Near-End crosstalk attenuation (loss)

1 A consolidated version of this publication exists, comprising ISO/IEC 11801:2002,
ISO/IEC 11801:2002/AMD 1:2008 and ISO/IEC 11801:2002/AMD 2:2010. Documents
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TCL Transverse Conversion Loss

TCTL Transverse Conversion Transfer Loss

fmax_system maximum frequency considered for the calculation of capacity
PS Power Sum

Tp Transmit power

4 Channel requirements using components with enhanced performance and
extended frequency

4.1 General

This clause specifies the transmission performance up to 1 600 MHz (2 000 MHz ffs) of 30 m
channels assembled from two sets of enhanced components subject to future standardisation:

a) Class | based on upcoming Category 8.1 components
b) Class Il based on upcoming Category 8.2 components

The parameters specified in this clause apply to screened channels.

For a balanced cabling installation to perform in accordance with this Technical Report:

1) the channel performance should meet the specifications of this clause;

2) the interfaces to the cabling shall conform to the requirements of ISO/IEC 11801:2002,
with its amendments 1:2008 and 2:2010, Clause 10, with respect to mating interfaces;

3) local regulations concerning safety and EMC shall be met as applicable to the location of
the installation.

4.2 Return loss
The return loss for each pair of a channel shall not exceed the limits computed, to one

decimal place, using the formulae of Table 1. The limits shown in Table 2 are derived from the
formulae at key frequencies.

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

Return loss values at frequencies where the insertion loss is below 3 dB (ffs) are for
information only (see Table 2).

Table 1 — Formulae for return loss limits for a channel

Frequency Minimum return loss Class | and
Class Il
MHz dB
1<f<10 19,0
10 < f <100 24 - 5 1g(f)
100 < f <1000 26 — 6 Ig(f)
1000 < f <1600 8,0
1600 <f<2000 8,0 ffs
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Frequency Minimum return loss Class | and
Class Il
MHz dB
1,0 19,0
16,0 18,0
100,0 14,0
250,0 11,6
500,0 9,8
600,0 9,3
1 000,0 8,0
1 600,0 8,0
2 000,0 ffs 8,0 ffs

Full document details: ISO IEC TR 11801-9901-2014
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4.3 Insertion loss

The insertion loss for each pair of a channel shall not exceed the limits computed, to one
decimal place, using the formulae of Table 3. The limits shown in Table 4 are derived from the
formulae at key frequencies. Table 4 is given for information only.

Table 3 — Formulae for insertion loss limits for a channel

Frequency Maximum insertion loss
MHz dB
Class | 0,32(1,8,/T+0,005 +0,25/{/ ) + 0,0324/
1<f<250 32-20Ig( f /100) 51-20Ig( f /100)
+2 0,016835\/7 -10lg| 1-10 -10 -10lg| 1-10 -10

0,32(1,8,/f +0,005 +0,25// ) +0,0324,/

250 < f < 500 32-20lg( f /100) 43,04-301g( /250)
+2| 0016835,/ -10lg/ 1-10 ~ -10 ~10lg 1-10 -10

0,32(1,8,/f +0,005 +0,25/,/ ) +0,0324,/

500 < f < 1 000 32-20Ig( f /100) 34-401g( f /500)
+2|0,016835,/f -10lg/1-10 ~ -10 -10lg/1-10 10

0,32(1,8/f +0,005  +0,25/{/f ) + 0,0324,/

34-40lg(f/500)
1600 < <2000 ffs +2| 0,016835,/f +0,283-10lg| 1-10 ~ -10

1000 <f<1600

NOTE The term 0,032 4+f is ffs.

Class i 1<f<1600 0,32(1,8/F 0,005 1 +0,25//T ) + 20,02/
1 600 < f <2000 ffs

For measurements the values below 4,0 dB revert to 4,0 dB (ffs).
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Table 4 — Insertion loss limits for a channel at key frequencies

Frequency Maximum insertion loss
MHz dB

Class | Class Il

1,0 0,7 0,7

16,0 2,6 2,5

100,0 6,6 6,3

250,0 10,6 10,1

500,0 15,3 14,6

600,0 16,9 16,1

1 000,0 22,5 21,1

1600,0 29,2 27,2
2 000,0 ffs 33,4 ffs 30,8 ffs

4.4  Near-end crosstalk loss (NEXT)
4.4.1 Pair-to-pair NEXT

The pair-to-pair NEXT for each pair combination of a channel shall meet the limits computed,
to one decimal place, using the formulae of Table 5.The limits shown in Table 6 are derived
from the formulae at key frequencies. The length dependency of cables and channels is
neglected because it affects only low frequencies. Table 6 is given for information only.

Table 5 — Formulae for pair-to-pair NEXT limits for a channel

Frequency Minimum NEXT
MHz dB
Class | 75,3-15lg(f) 94-20lg(f)
-20lg|10 20 42x10 20
1<f<500
For measurements 65,0 ffs maximum.
75,3-15lg(f) 40-38lg( f /500)
500< f < 1 600 -20lg/ 10 20 4+2x10 -20

1600 < f <2000 ffs
For measurements 65,0 ffs maximum.

Class Il
105,4-15g( f 116,3-20Ig(f)
1<f<1000 —201lg|10 -20 +2x10 -20

For measurements 65,0 ffs maximum.

105,4-151g( ) 56,3-60Ig( f /1 000)
—20lg| 10 -20 +2x10 -20

1000<f<1600
1600 < f <2000 ffs

For measurements 65,0 ffs maximum.
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Table 6 — Pair-to-pair NEXT limits for a channel at key frequencies

Frequency Minimum NEXT
MHz dB
Class | Class Il
1,0 73,5 101,5
16,0 53,9 80,7
100,0 40,5 66,4
250,0 33,6 59,1
500,0 28,4 53,6
600,0 26,2 52,1
1 000,0 19,6 47,9
1600,0 12,9 37,1
2 000,0 ffs 9,6 ffs 31,7 ffs

4.4.2 Power sum NEXT (PS NEXT)

The PS NEXT for each pair combination of a channel shall meet the limits computed, to one
decimal place, using the formulae of Table 7. The limits shown in Table 8 are derived from the
formulae at key frequencies. The length dependency of cables and channels is neglected
because it affects only low frequencies. Table 8 is given for information only.

Table 7 — Formulae for PS NEXT limits for a channel

Frequency Minimum PS NEXT
MHz dB
Class | 72,3-15Ig(f) 91-20Ig(f)
—20lg|10 20 42x10 20
1<f<500
For measurements 62,0 ffs maximum.
72,3-15lg(f) 37-38lg( f /500)
500< f < 1 600 -20lg/ 10 20 4+2x10 -20

1600 < f <2000 ffs

For measurements 62,0 ffs maximum.

Class Il

102,4-15Ig(f) 113,3-201g(f)
1<f<1000 -20lg|10  -20 +2x10 -0

For measurements 62,0 ffs maximum.

102,4-15lg(f) 53,3-601g( f /1 000)
1000 < f< 1600 —20lg| 10 -20 +2x10 -20

1600 < f <2000 ffs

For measurements 62,0 ffs maximum.
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Table 8 — PS NEXT limits for a channel at key frequencies

Frequency Minimum PS NEXT
MHz dB

Class | Class Il

1,0 70,5 98,5

16,0 50,9 77,7

100,0 37,5 63,4

250,0 30,6 56,1

500,0 25,4 50,6

600,0 23,2 49,1

1 000,0 16,6 44,9

1600,0 9,9 34,1
2 000,0 ffs 6,6 ffs 28,7 ffs

4.5 Attenuation to crosstalk loss ratio near-end (ACR-N)
4.5.1 Pair-to-pair ACR-N

This value is calculated from NEXT and insertion loss. For information, see
ISO/IEC 11801:2002, with its amendments 1:2008 and 2:2010.

4.5.2 Power sum ACR-N (PS ACR-N)

This value is calculated from PS NEXT and insertion loss. For information, see
ISO/IEC 11801:2002, with its amendments 1:2008 and 2:2010.

4.6  Attenuation to crosstalk ratio far-end (ACR-F)
4.6.1 Pair-to-pair ACR-F

The ACR-F for each pair combination of a channel shall meet the limits computed, to one
decimal place, using the formulae of Table 9. The limits shown in Table 10 are derived from
the formulae at key frequencies. Table 10 is given for information only.
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