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INFORMATION TECHNOLOGY -
GENERIC CABLING FOR CUSTOMER PREMISES -

Part 9904: Assessment and mitigation of installed balanced cabling
channels to support 2,5GBASE-T and 5GBASE-T

FOREWORD

1) 1SO (International Organization for Standardization) and IFC (International Flectrotechnical Commission) for|
the specialized system for worldwide standardization. National bodies that are members of ISO orAE
participate in the development of International Standards. Their preparation is entrusted to technicd
committees; any I1SO and IEC member body interested in the subject dealt with may participate\in thi
preparatory work. International governmental and non-governmental organizations liaising with ISO and IE
also participate in this preparation.

— CJ

A2

2) In the field of information technology, ISO and IEC have established a joint technical committeg
ISO/IEC JTC 1. Draft International Standards adopted by the joint technical committee “are circulated t
national bodies for voting. Publication as an International Standard requires approval by \at least 75 % of the
national bodies casting a vote.

O

3) The formal decisions or agreements of IEC and ISO on technical matters express, as nearly as possible, a
international consensus of opinion on the relevant subjects since each technigalkcommittee has representatio
from all interested IEC and ISO member bodies.

e

4) IEC, ISO and ISO/IEC publications have the form of recommendationssfar/international use and are accepted
by IEC and ISO member bodies in that sense. While all reasonable, efforts are made to ensure that th
technical content of IEC, ISO and ISO/IEC publications is accurate; }EC or ISO cannot be held responsible fg
the way in which they are used or for any misinterpretation by any end user.

= 0

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

6) [SO and IEC provide no marking procedure to indicate their approval and cannot be rendered responsible fd
any equipment declared to be in conformity with’an ISO/IEC publication.

=

7)) All users should ensure that they have theJatest edition of this publication.

8) No liability shall attach to IEC or 4SO or its directors, employees, servants or agents including individug
experts and members of their technical committees and IEC or ISO member bodies for any personal injury
property damage or other damage-of any nature whatsoever, whether direct or indirect, or for costs (includin
legal fees) and expenses arising out of the publication of, use of, or reliance upon, this ISO/IEC publication d
any other IEC, ISO or ISO/NEC publications.

=

9) 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.

=

110) Attention is drawh to the possibility that some of the elements of this Technical Report may be the subject g
patent rightsitNNSO and |IEC shall not be held responsible for identifying any or all such patent rights.

he main.task of the joint technical committee is to prepare International Standards. Howevet,
he joint technical committee may propose the publication of a Technical Report when it hag
I

ollected data of a different kind from that which is normally published as an Internations
tandard for example "state of the art"

(n O —+

ISO/IEC TR 11801-9904, 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.

ISO/IEC TR 11801-9904 should be read in conjunction with IEEE Std. 802.3bz.
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This document has been approved by vote of the member bodies, and the voting results may
be obtained from the address given on the second title page.

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

This document provides guidance on whether installed Class D and Class E channels
specified in ISO/IEC 11801:2002 will support 2,5GBASE-T and 5GBASE-T. This document
also provides mitigation procedures to improve the performance of Class D and Class E
channels to the point where these applications are supported. Higher classes according to
ISO/IEC 11801:2002 will support 2,5GBASE-T and 5GBASE-T without mitigation up to 100 m.

The support of 2,5GBASE-T and 5GBASE-T includes additional parameters and an extended

frequency range for Class D. Conformance of installed cabling beyond the original cabjin

pecifications should be determined on a case-by-case basis, and is primarily needed due 't
new application requirements. Whether these requirements are met by a specific channel i
influenced by the components and installation practices used. As 2,5GBASE-T an
JGBASE-T use frequencies above those specified for Class D of ISO/IEC 11801;2002 as we
gds exogenous noise parameters, input from supplier and installer might be helpful-to evaluat
the performance of installed Class D and Class E channels.

|

his document takes into account the design goals for 2,5GBASE~T and 5GBASE-]
quipment such as frequency signal range up to 100 MHz for 2,5GBASE-T and up to 250 MH
br 5GBASE-T.

—h D

!
D
)
[

N
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INFORMATION TECHNOLOGY -
GENERIC CABLING FOR CUSTOMER PREMISES -

Part 9904: Assessment and mitigation of installed balanced cabling
channels to support 2,5GBASE-T and 5GBASE-T

1 Scope

=]

his part of ISO/IEC 11801

d) specifies the transmission performance for balanced cabling channels\~to suppo
2,5GBASE-T and 5GBASE-T,

B) specifies the methods to assess whether installed Class D and Class)E channels mesd
2,5GBASE-T and 5GBASE-T requirements,

meet the 2,5GBASE-T and 5GBASE-T requirements,

d) provides cabling recommendations for new installations.

FEE Std 802.3bz:2016.

NOTE 2 |EEE Std 802.3bz:2016 specifies requirements beyond“the frequency range specified for Class D d
BO/IEC 11801:2002 and additional parameters to thosev 'specified for Class D and Class E cabling i
BO/IEC 11801:2002.

NOTE 3 This document does not re-specify Class D and\Class E cabling of ISO/IEC 11801:2002.

Normative references

| N

he following documents are referred to in the text in such a way that some or all of the
ontent constitutes requirements of this document. For dated references, only the editio
ited applies. For undated references, the latest edition of the referenced document (includin
ny amendments) applies:

Q O O -

SO/IEC 11801:2002¢./nformation technology — Generic cabling systems
SO/IEC 11801:2002/AMD1:2008

(%)

Terms; definitions and abbreviations

3.1 Terms and definitions

d) provides mitigation techniques to improve the performance ofc¢aq~existing installation tp

NOTE 1 The channel transmission performance specified (in~"this document is derived from

= =

- =

Hor the purposes of this document, the terms and definitions given in ISO/IEC 11801:200

NJ

and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following

addresses:

e |EC Electropedia: available at http://www.electropedia.org/
e |SO Online browsing platform: available at http://www.iso.org/obp
3.1.1

alien (exogenous) crosstalk
signal coupling from a disturbing pair of a channel to a disturbed pair of another channel
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[SOURCE: ISO/IEC 11801:2002/AMD1:2008, 3.1.2]

3
a

1.2
lien (exogenous) far-end crosstalk loss

AFEXT
signal isolation between a disturbing pair of a channel and a disturbed pair of another

Cc

hannel, measured at the far-end

[SOURCE: ISO/IEC 11801:2002/AMD1:2008, 3.1.3]

K

o

Lwn) O O T 0 — QA O T
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glien (exogenous) near-end crosstalk loss

1.3

NEXT
ignal isolation between a disturbing pair of a channel and a disturbed pairyof anothe
hannel, measured at the near-end

SOURCE: ISO/IEC 11801:2002/AMD1:2008, 3.1.4]

1.4

ttenuation to alien (exogenous) crosstalk ratio at the far-end
\ACR-F

ifference, in dB, between the alien far-end crosstalk loss fromva disturbing pair of a channg
nd the insertion loss of a disturbed pair in another channgel

SOURCE: ISO/IEC 11801:2002/AMD1:2008, 3.1.7]

1.5

ttenuation to alien (exogenous) crosstalk ratio at the near-end

\ACR-N

ifference, in dB, between the alien near-end crosstalk loss from a disturbing pair of
hannel and the insertion loss of a disturbed pair in another channel

SOURCE: ISO/IEC 11801:2002/AMD1:2008, 3.1.8]

.1.6

ttenuation to crosstalk ratio at the far-end

\CR-F

ifference, in dB, between the far-end crosstalk loss from a disturbing pair of a channel an
ne insertion loss (0fja disturbed pair of the same channel

SOURCE: ISQ/IEC 11801:2002/AMD1:2008, 3.1.9]

1.7
ttenuation to crosstalk ratio at the near-end
CR-N

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

[SOURCE: ISO/IEC 11801:2002/AMD1:2008, 3.1.10]

3.1.8

equal level far-end crosstalk ratio

ELFEXT

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

[SOURCE: ISO/IEC 11801:2002/AMD1:2008, 3.1.35]
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3.1.9
power sum alien (exogenous) far-end crosstalk loss
PSAFEXT

power sum of the signal isolation between multiple disturbing pairs of one or more channels

and a disturbed pair of another channel, measured at the far-end
[SOURCE: ISO/IEC 11801:2002/AMD1:2008, 3.1.64]

3.1.10

Hower sum alien (exogenous) near-end crosstalk 10Ss
SANEXT

=
gower sum of the signal isolation between multiple disturbing pairs of one or more channel
gnd a disturbed pair of another channel, measured at the near-end

SOURCE: ISO/IEC 11801:2002/AMD1:2008, 3.1.65]

—

1.1

ower sum attenuation to alien (exogenous) crosstalk ratio at the far-end

SAACR-F

ifference, in dB, between the power sum alien far-end crosstalk 16ss from multiple disturbin
airs of one or more channels and the insertion loss of a disturbed pair in another channel

T O 7T W

SOURCE: ISO/IEC 11801:2002/AMD1:2008, 3.1.66]

—

3.1.12

power sum attenuation to alien (exogenous) crosstalk ratio at the near-end

RSAACR-N

difference, in dB, between the power sum: alien near-end crosstalk loss from multipl
disturbing pairs of one or more channels and)the insertion loss of a disturbed pair in anothe
ghannel

SOURCE: ISO/IEC 11801:2002/AMD1:2008, 3.1.67]

—

.1.13

ower sum attenuation to crosstalk ratio at the far-end

SACR-F

ifference, in dB, between the power sum far-end crosstalk loss from multiple disturbing pair
f a channel and thetinsertion loss of a disturbed pair in the same channel

O O 7T W

[FOURCE: ISOAEC 11801:2002/AMD1:2008, 3.1.68]

U7

W

3

)

3.1.14
power_sum attenuation to crosstalk ratio at the near-end
RSACR:N
diffetrence, in dB, between the power sum near-end crosstalk loss from multiple disturbin
+ £ lo 1 ol + i 1 £ aliat 1o =l H + 4l la 1
ditos Ul a Linaltich arttu turc ImiosTIrtiulT TUSS Ul a UloluTutUu palt 1 i oallic LIitartiinet

[SOURCE: ISO/IEC 11801:2002/AMD1:2008, 3.1.69]

3.1.15
power sum equal level far-end crosstalk ratio
PSELFEXT

power sum of all disturbing pairs of a channel, of the difference, in dB, between the far-end

crosstalk loss and the insertion loss of each disturbing pair

[SOURCE: ISO/IEC 11801:2002/AMD1:2008, 3.1.70]
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3.2 Abbreviations

For the purposes of this document, the abbreviations given in ISO/IEC 11801:2002 and the
following apply.

AACR-F attenuation to exogenous crosstalk ratio at the far-end
AACR-N attenuation to exogenous crosstalk ratio at the near-end
ACR-F attenuation to crosstalk ratio at the far-end

ACR-N attenuation to crosstalk ratio at the near-end

AFEXT exogenous far-end crosstalk loss

ALSNR alien (exogenous) limited signal to noise ratio

ANEXT exogenous near-end crosstalk loss

BLFEXT equal level far-end crosstalk ratio

RBO power back off

RSAACR-F power sum attenuation to exogenous crosstalk ratio at the far-end
RSAACR-N power sum attenuation to exogenous _crosstalk ratio at the near-end
RSACR-F power sum attenuation to crosstalk ratio at the far-end
RSACR-N power sum attenuation to crosstalk ratio at the near-end
RSAFEXT power sum exogenous far-end crosstalk loss

RSANEXT power sum exogenous near-end crosstalk loss

RSD power spectral density

RSELFEXT power sum equal level far-end crosstalk ratio

WAP wireless access point

4 Channel transmission performance

4.1 General

Clause 4 spegifies the transmission performance of cabling channels

<4 < 100-MHz to support 2,5GBASE-T,

—+ <\250 MHz to support 5GBASE-T.

Ihe channel performance described in 4.2 10 4.9 for frequencies up to 100 MHz and 250 MHz
are for re-assessment of internal parameters (IL, RL, NEXT, PSNEXT, ACR-F, PSACR-F,
Delay, Delay Skew) of Class D channels.

Class E channel internal parameters do not need any changes to support these two
applications.

Additionally, the alien limited signal-to-noise ratio (ALSNR) criterion in 4.12 has to be met by
both Class D and Class E channels.
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4.2 Insertion loss

Insertion loss should meet or be less than the values determined using the formulas shown in
Table 1 for all specified frequencies.

NOTE For 2,5GBASE-T the formulas are applicable only to 100 MHz.

Table 1 — Channel insertion loss

Frequency Channel insertion loss
MHz dB
1< /<250 1,05 x (1,9108 [ +0,0222x f + 0,2/ﬁ)+ 4x004xf

The channel insertion loss values in Table 2 are provided for information only.

Table 2 — Maximum channel insertion loss

Frequency Channel insertion loss
MHz dB
1,00 2,4
4,00 4,5
8,00 6,4
10,00 1,2
16,00 9,1
20,00 10,2
25,00 11,5
31,25 12,9
62,50 18,7
100,00 241
200,00 35,4
250,00 40,2

4.3 Return loss

The channel return loss should meet or exceed the values determined using the formula
ghown in Tabje*3 for all specified frequencies.

NOTE [Eor2,5GBASE-T the formulas are applicable only to 100 MHz.

Table 3 — Channel return loss

Frequency Return loss
MHz dB
1<f<20 17

20 < <250 30 — 10log(f)

The channel return loss values in Table 4 are provided for information only.

"2
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4.4 NEXT

Lo e s |

Frequency Channel return loss

MHz dB

1,00 17,0
4,00 17,0
8,00 17,0
10,00 17,0
16,00 17,0
20,00 17,0
25,00 16,0
31,25 15,1
62,50 12,1
100,00 10,0
200,00 7,0
250,00 6,0

he channel NEXT should meet or exceed the values determined using the formulas shown i
able 5 for all specified frequencies. Calculations that-result in channel NEXT values greatdr

nan 60 dB should revert to a requirement of 60 dB minimum.

NOTE For 2,5GBASE-T the formulas are applicable only t6.100 MHz.

Table 5 —"Channel NEXT

H

Frequency NEXT
MHz dB
(65,3 —15log(f)) (83 —20log( 1))
1</<100 —~20log| 10 -20 +2x10 -20
(65,3 —-15log(f)) (83 -401og(f))
100 <7$250 ~20log| 10 20 +2x10 20

The channel NEXT loss values in Table 6 are provided for information only.
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Table 6 — Minimum channel NEXT

Frequency Channel NEXT
MHz dB
1,00 60,0
4,00 53,5
8,00 48,6
10,00 47,0
16,00 43,6
20,00 42,0
25,00 40,3
31,25 38,7
62,50 33,6
100,00 30,1
200,00 21,4
250,00 18,2

4.5 PSNEXT

U7

The channel PSNEXT should meet or exceed the values determined using the formula
ghown in Table 7 for all specified frequencies. Calculations that result in Class D channg
RSNEXT values greater than 57 dB should revert to/a requirement of 57 dB minimum.

NOTE For 2,5GBASE-T the formulas are applicable only t6.100 MHz.

Table 7 — Channel PSNEXT

Frequency PSNEXT
MHz dB
(62,3 -15log(f)) (80 —20log( £))
1<£<100 —20log| 10 -20 +2x10 -20
(62,3 -15l0g(f)) (80 —40log(f))
100 < £< 250 —20log 10 -20 +2x10 -20

The channel PSNEXT values in Table 8 are provided for information only.
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Table 8 — Minimum channel PSNEXT

Frequency Channel PSNEXT
MHz dB
1,00 57,0
4,00 50,5
8,00 45,6
10,00 44,0
16,00 40,6
20,00 39,0
25,00 37,3
31,25 35,7
62,50 30,6
100,00 27,1
200,00 18,4
250,00 15,2

4.6 ACR-F

The channel ACR-F should meet or exceed the values determined using the formulas show
in Table 9 for all specified frequencies. Due to measurement considerations, channel ACR-
VMalues that correspond to measured channel FEXT values of greater than 70 dB are fqg
i

information only.

NOTE For 2,5GBASE-T the formulas are applicable only*to 100 MHz.

Table: 9~ Channel ACR-F

=]

Frequency ACR-F
MHz dB
(63,8 —-20log( 1)) (751-20log( 1))
1< f<250 —20log| 10 -20 +4x10 -20

The channel ACR:F values in Table 10 are provided for information only.
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Table 10 — Minimum channel ACR-F

Frequency Channel ACR-F
MHz dB
1,00 57,4
4,00 45,4
8,00 39,3
10,00 37,4
16,00 33,3
20,00 31,4
25,00 29,4
31,25 27,5
62,50 21,5
100,00 17,4
200,00 11,4
250,00 9,4

4.7 PSACR-F

The channel PSACR-F should meet or exceed the values determined using the formula
shown in Table 11 for all specified frequencies.

NOTE For 2,5GBASE-T the formulas are applicable only t0;100 MHz.

Table 11 — Channel PSACR-F

Frequency Channel PSACR-F
MHz dB
(60,8 —20log( f)) (72,1—20log( 1))
1< f<250 ~20log| 10 -20 +4x10 -20

The channel PSACR-=FE values in Table 12 are provided for information only.

7
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Table 12 — Minimum channel PSACR-F

Frequency Channel PSACR-F
MHz dB
1,00 54,4
4,00 42,4
8,00 36,3
10,00 34,4
16,00 30,3
20,00 28,4
25,00 26,4
31,25 24,5
62,50 18,5
100,00 14,4
200,00 8,4
250,00 6,4

4.8 Propagation delay

he channel propagation delay should not exceed 570 ns/at all frequencies between 1 MHg
nd 250 MHz. For field testing channels, it is sufficieat to test at 10 MHz only and channs
gropagation delay at 10 MHz should not exceed 57@ ns:

=]

Q

NOTE For 2,5GBASE-T the requirements are applicable only to 100 MHz.
4.9 Propagation delay skew

The channel propagation delay skew should be less than 50 ns for all frequencies from 1 MHg
tb 250 MHz. For field testing chanmels, it is sufficient to test at 10 MHz only and channg
gropagation delay skew at 10 MHz should not exceed 50 ns.

NOTE For 2,5GBASE-T the requiréements are applicable only to 100 MHz.

4.10 PSANEXT

RSANEXT performance values are not specified for ISO/IEC 11801:2002 Class D and Class
dhannels. See 4-12/for ALSNR criterion.

4.11 PSAACR-F

SAAGR-F performance values are not specified for ISO/IEC 11801:2002, Class D andg
Class_E channels. See 4.12 for ALSNR criterion.

|

4.12 Alien (exogenous) limited signal-to-noise ratio (ALSNR)

NOTE The ALSNR procedure requires measurements up to 200 MHz while the internal parameters defined in
Clause 3 require measurements up to 250 MHz for 5GBASE-T.

The procedure and terminology in 4.12 is adopted from IEEE Std 802.3bz:2016"1 and contains
additional measurement and computational details.

1 |EEE has granted permission to use "Subclause 126.7.3.1 'Alien Crosstalk Limited Signal-to-Noise Ratio
Criteria' from |IEEE Std 802.3bz-2016 2.5G/5GBASE-T. Copyright IEEE 2016. All rights reserved" in 4.12.
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The ALSNR is met by design if the coupling attenuation for all victims and disturbers
to be assessed meets the requirements of ISO/IEC 11801:2002 and
ISO/IEC 11801:2002/AMD1:2008, Class Ep.

ALSNR criterion is specified to ensure the total noise from exogenous crosstalk due to
exogenous NEXT and exogenous FEXT is limited. The following procedure is prescribed for
calculation of the ALSNR criterion.

In 4.12 the following indices are used:

i 1to 4 pair of the disturbed channel

K 1to 4 pair of the disturbing channel

m 1TtoM index of the disturbing channel

M is the number of disturbing channels

Uinear spacing with a minimum of 100 points should be used across the frequency range df
measurement. The frequency points spacing according to IEC 61935-1 may-also be used.

d) Step 1

Neasure the insertion loss of all the pairs in the disturbed'\channel and the disturbing
dhannels in the frequency range given by Table 13.

Table 13 — Frequency range of insertion.loss measurements

Application running on FEfequency range of measurement
the disturbed channel
2,5GBASE-T 1</<100 MHz
5GBASE-T 1< /<2002 MHz
a8 Aligns with the baud of 5GBASE-T

Denote each pair of the disturbed channel insertion loss as ILgjsturbeq;

|

enote each pair of the disturbing channel insertion loss as ILgisturbing,

Vhile disturbing sighals might contain higher frequencies, the received power, whic
etermines the _PBO, is dominated by the power below 100 MHz for 2,5GBASE-T an
GBASE-T and‘when 10GBASE-T PBO is to be computed, frequencies up to 200 MHz shoul
e used. Neglecting the higher frequencies has no appreciable effect in computing th
0GBASE-T or 5GBASE-T PBO.

= O (M O =
L1720 = "y & mpges )

k) Step 2

1

etermine the received signal transmit power including PBQO, S;, for each pair, i, of th
disturbed channel, at each frequency point.

1) Step 2a

Determine the nominal (i.e. without PBO) received signal transmit power for each pair
of the disturbed channel, Rx_TP_dBmgisurheq;; @t each frequency point by using
Formula (1).

RxTPdBmdisturbedi(f) = TemplatePSDdisturbed (f) - ILdisturbedi(f) (dBm/HZ) (1)

Determine the signal PSD. TemplatePSDgisturbeq 1S Provided by Table 14, according to
which application is running on the disturbed channel. Ensure that the same selection
as the frequency range selected in Step 1 is made.
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Table 14 — Template PSD for disturbed channel

Application running on Template PSD
the disturbed channel (dBm/Hz)
sn (o) £y
2,5GBASE-T ~77,9 + 20log,, W —~ 10log,, <1 + (m) )
200
(I (o)) | £y
5GBASE-T 807+ 20l0g,0 | =) g (4 ( L))
T U \4907 ]
400
2) Step 2b

3)

4)

Calculate the received signal transmit power, for each pair of the disturbed channel,
at each frequency point, to a linear magnitude and multiply by the frequency step siz
according to Formula (2).

L2

<Rx—TP—dBmdisturbedi(f))
Rx—TPdeisturbedi(f) = Af (10 " ) (mW) (2)

where Af is the step size between frequency pojntssat that data point in Hz (ndt
MHZz).

Step 2c

Calculate the total received power in dBm, TOtal—Rx—TPdBmdisturbedi’ for each pair, i, df
the disturbed cable according to Formula (3Y-

Total_Rx_TPagmaisuarped = 1010810 (S5 Rx_TPaw gisrarped, (F)) )

where f,;, and f,,x are provided by Table 13.
Step 2d

Determine the PBO forthe disturbed cable, PBOgisturbed, PY calculating the mean valu
of TOtal—Rx—TPdBmdisturbedi across the pairs, and determining PBOgjsturbea from Table 15,

for 2,5GBASE-T,orTable 16 for 5GBASE-T running on the disturbed channel.
For each value of m:

A%

i=4
(zizt Total,Rx,TPdBmdismrbedi)

- ()

Rx_TPyisturbed =

Table 15 - PBO for 2,5GBASE-T

Total Received Power 2,5GBASE-T PBO
dBm dB
'413 < Rx—TPdlsturbed 2
Rx—TPdlsturbed s '4‘3 0
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Table 16 — PBO for 5GBASE-T

Total Received Power 5GBASE-T PBO
dBm dB

-5,8 < RX_TPassturbed

'710 < Rx—TPdlsturbed = '5,8

'912 < Rx—TPdlsturbed = '7,0

-1 < Rx—TPdlsturbed < '912

olfN| | O |

Rx—TPdlsturbed <-11

5) Step 2e

Calculate the received signal transmit PSD including PBO, §;, for each pair of th
disturbed channel at each frequency point by using Formula (5).

Fori=1to 4:

A%

Si(f) = Rx_TP_dBmgjsturbed; (f ) — PBOgisturbed G)]

d) Step 3

[ |

etermine the PBO for applications running on each disturbing channel PBO,,. This step
hvolves selecting which application is running on eachcdisturbing channel (see Step 8 fg
Lirther details of calculations for all possible permutationsy:

=3

—h

NOTE 1 The PBO for 1000BASE-T is always 0 dB.

OTE 2 When 2,5GBASE-T is running on the disturbed“channel, then the calculations only need to considqr
,5GBASE-T and 1000BASE-T running on the disturbing\ehannels.

1) Step 3a

Determine the nominal (i.e. without PBO applied) received signal transmit power
Rx_TP_dBmMyg;sturbingy,, (f), forceach pair, k, of the disturbing channel, m, at each

frequency point by using Fermula (6).

N Z

Rx—TP—dBmdisturbingk‘m(f) = TemplatePSD,(f) — ILdisturbingk‘m (f) (dBm/Hz) ()

where TemplatePSD,, is provided by Table 17.
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Table 17 — Template PSD for disturbing channel

Application T | pSD
running on the emplate
disturbing (dBm/Hz)
channel
1000BASE-T —72,4 + 20l0 sinizs — 10log,o 1+ (L)Z +10logy, [ 0,625 + 0,375c0s (2 f)
, 810 (Tl.'_f) 810 100 810 125
n 4
2,5GBASE-T 779+ 20]0g10< n? 0)|) — 10logy, <1 + (4£0) )
(280)
Jsin (#53)| N
5GBASE-T ~807 + 20logs | < | - 10logss (1 + (490) )
(400)
| SM\80 0)| £
10GBASE-T ~80,89 + 20log,, (ﬂf) ~ 10log,, <1 +(55) )

2)

3)

4)

Step 3b

Convert the received signal transmit power for each ‘pair, k, of each disturbing channe|,
m, at each frequency point to a linear magnitude_and multiply by the frequency ste
size.

o

Rx_TP_dBmdiSmrbingk‘m(f))

Rx—TP—deisturbingk‘m(f) = Af 10< 1 (mW) (7

~

where A f is the step size between frequency points at that data point in Hz (not MHz)
Step 3c

Calculate the total received power in dBm, for each pair, &, of each disturbing channe
m, by adding the values at each frequency point and converting to dBm usin
Formula (8).

\\ ]

Total_Rx_TRBMaisturbing,y, = 1010810 (T2 Rx TP MWaisturbing,,,, (f))  (dBm) (8

where finn/and f.x are provided by Table 13.

Step)3d

Determine the PBO, PBO,,, for each disturbing channel, m, by calculating the mea
value of Total_Rx_TP_dBmyisturbingy,, ACr0SS the pairs, for each channel, and determining
PBO,, from Table 18 for 2,5GBASE-T, Table 19 for 5GBASE-T or Table 20 fo

100RAQE TFla DRO-£ 4000R-A

=]

—

TUODAOVL" I IUIIIIIIIU UTI I.IIU UIDLUIUIIIS bIIdIIIICI e ropou 10Ul IUUUDI"‘\QI: I ID CIIVVCIy

0 dB.

For each value of m:

Zk 1Total Rx_TP dBmdlSturblngkm

- (9)

Rx—TPdlsturbmgm
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Table 18 — PBO for 2,5GBASE-T

Total Received Power 2,5GBASE-T PBO
dBm dB
'4‘3 < Rx—TPdlsturbmgm 2
Rx—TPdlsturbmgm = '4‘3 0

Table 19 — PBO for 5GBASE-T

Total Received Power 5GBASE-T PBO
dBm dB
-5,8 < Rx_TPysturbing,, 8
-7,0 < Rx_TPgsturbing,, < -5,8 6
-9,2 < Rx_TPgsturbingy, < -7,0 4
=11 < RX_TPqssturbmgy, < 9,2 2
Rx_TPgiseurbing,, < -11 0

Table 20 - PBO for 10GBASE-T

Total RetaeE:\r;ed Power 10GF?€§E-T

dB

-1,1 < Rx_TPgystaromgn, 10
-2,3 < Rx_TPassturbingy, < -1.1 8
-3,3 < RX_TPgisturbing, S -233 6
-4,2 < RX_TPyisturbingy, $-3.3 4
-5,0 < RX_TPysibutg, < -4:2 2
R TPaaingy, < 5.0 0

d) Step 4

=

leasure the ANEXT-and AFEXT combinations for each disturbing channel, m.

m

ach disturbing.channel will provide 16 ANEXT combinations and 16 AFEXT combination
electing («the disturbing channels in accordance with ISO/IEC 11801:2002 an
SO/IEC (11801:2002/AMD1:2008.

—

Denote the measurements as ANEXTeasurement; s @Nd AFEXTieasurement; g -

where:

i 1to 4 is the pair of the disturbed channel

k 1to 4 is the pair of the disturbing channel
m is the index of the disturbing channel

1-M is the number of disturbing channels

Uy
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e) Step 5

Calculate the AXT components including PBO for each alien (exogenous) crosstal

k

measurement for each disturbing channel at each frequency point using Formula (10) and
Formula (11). Ensure that the frequency points are measured or interpolated to the same

frequencies used for the insertion loss measurements.

ANEXTcomponenti,k,m (f) = TemplatePSDm (f) - ANEXTmeasurementi‘k,m(f) - PBOm (f) (1 0)

AFEXTcomponenti,k,m(f) = TemplatePSDm(f) - AFEXTmeasurementi_k_m (f) - PBOm(f) (11

where TemplatePSD,,(f) and PBO,,(f) are from Steps 3a and 3d, respectively.
f) Step 6

Calculate the total noise received by each pair, i, of the disturbed channelby calculating th
gower sum of the ANEXT and AFEXT components together at each frequency point.

Hor i = 1 to 4:

<ANEXTcomponenti,kym(f)) <AFEXTcomp0nenti’k'm(f)) add noise
N;(f) = 10logso | ZM_, Y%_, (10 10 ) + (10 10 ) + (10(—10 )) (12

where M is the number of disturbing channels andsadd_noise is in Table 21.

Table 21 — Values‘of’add_noise noise term

Application running on the disturbed Value of impl_comp
link segment
2,5GBASEAT -129 dBm/Hz
5GBASE-T -135 dBm/Hz

[{e]}

) Step 7

Calculate the ALSNR*for each pair, i, of the disturbed channel by using Formula (13).

ALSNR; = (=) B (5,(f) = N(f)Af (13

where Af'is the step size between frequency points at that data point in MHz.

W

~

Determine the minimum of ALSNR;, across all pairs, providing ALSNR ;n-
h) Step 8
Calculate ALSNR  iteria USing Formula (14).
ALSNRCriteria = ALSNRmm - 28 dB (14

The ALSNR criterion is met if ALSNR¢yiteria = 0.

Note that 28 dB indicates a budgeted SNR component due to alien (exogenous) crosstalk tha

)

t

includes extra margin to account for PBO uncertainties and the differences between what is
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theoretically possible and what is feasible in the implementation of receivers. This is referred
to as SNR“nkreq in IEEE Std 802.3bz:2016.

In addition, the ALSNR.wria Should be =0 for every possible permutation of application
running on the disturbing channels. See step 9 for further details.

i) Step 9 — Multiplicity

Steps 1 to 8 determine the ALSNR,,;, for a given application running on the disturbed channel,

O -

Q Q ~ T

n

(3,1

M O OO J0 0O O O (n

g

cpeat steps 3 to 8 using every possible permutation of applications running on the disturbing

8.2 Assessment procedure

nd-a3 aiven-nermutation-of anpnlicationsrunninaon-the disturbina channels
Re——ghHreR—peHdtaHoR—-o—appHeato s g-oehtHeGistdaHhg-cRahiets-

o calculate the worst case permutation of applications running on the disturbing channe

hannels, and determine ALSNR . :ria fOr €ach permutation of disturbing applications:

or a given application on the disturbed channel (2,5GBASE-T or 5GBASE-T), the number ¢
mes this process needs to be repeated is determined by the number of disturbing channel
ccording to Table 22. Select the disturbed channels in accordance with ISO/IEC 11801:200
nd ISO/IEC 11801:2002/AMD1:2008.

U=

Table 22 — Calculated permutations

Application Required'permutations
2,5GBASE-T M
5GBASE-T 4M

Use cases

| General

upport of 2,5GBASE-T and 5GBASE-T protocols on installed cabling will be largel
etermined by the alien (exogenous) crosstalk coupling between cables and the insertion los
f the cabling. These factors, can be measured and the results calculated using the method
f 4.12. Performance testing of cabling for ALSNR (see 4.12) can be minimized through

ombination of physicalnspection together with the use of tables in Clause 5, and mitigation.
his initial assessment will help to determine channels that merit further testing based upo
verall lengths and<bundled lengths of cabling. The methodology in Clause 5 is an example ¢
reasoned assessment of cabling infrastructure that will guide the user to understand whic
abling links are-likely to support 2,5GBASE-T and 5GBASE-T and those that require furthe
valuation totsupport these protocols.

<

= 0 —h 3

). {Acabling expert should inspect the facility to determine capability of existing installation

to support 2 SGBASE-T or 5GBASE-T

b) Visually inspect the facility and examine the cabling layout using blueprints, administration

system, and selective site measurements.

c) If the inspection finds bundled Category 5 or Category 6 equipment cords to the intended

location of the 2,5GBASE-T or 5GBASE-T equipment, then it is recommended to unbundle
the equipment cords. The risk matrices in Table 23 through Table 25 are based on such
unbundling.

d) Identify and list cabling performance Classes, distances and bundling lengths in different

areas of the building.

e) Compare these use cases against the risk matrices for bundled lengths and cabling types

as shown in Table 23 through Table 25 to assess the risk of supporting 2,5GBASE-T or
5GBASE-T ALSNR criterion.
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f) The system administrator should mark the channels that are identified as capable on

blueprints or administration system.

g) The test technician should test the remaining channels using statistical sampling methods

to determine capability of supporting 2,5GBASE-T or 5GBASE-T.

h) Products that compress cables together should not be used.

5.3

Risk assessment tables

Tables 23, 24, 25 indicate the risk of not meeting the ALSNR criterion with installed cabling

¢

N

dttenuation.

ased on bundling lengths and victim channel lengtns.

OTE See 4.12 for ALSNR specifications including alternative qualification of screened cabling using~caupling

Table 23 — ALSNR risk matrix for Class D

Victim length
Class D Speed 1mto20m 20mto 75 m 75 m to 100 m
2,5 Gbit/s Low Low Low
bundled distance up to 20 m
5 Gbit/s Low Low Medium
2,5 Gbit/s N/A low Medium
bundled distance 20 m to 75 m
5 Gbit/s N/A Medium High
2,5 Gbit/s N/A N/A Medium
bundled distance 75 m to 100 m
5 Gbit/s N/A N/A High

NOTE Risk refers to risk of bundled cable configurations‘not supporting an ALSNR
28 dB.

min

greater than or equal to

Table 24 — ALSNR risk matrix for Class E

Victim length
Class E Speed 1mto20m 20mto75m 75 m to 100 m
2,5 Gbit/s Negligible Low Low
bundled distance up to 2Qm
5 Gbit/s Negligible Low Low
2,5 Gbit/s N/A Low Low
bundled distance 20.m to 75 m
5 Gbit/s N/A Medium Medium
2,5 Gbit/s N/A N/A Medium
bundled distance 75 m to 100 m
5 Gbit/s N/A N/A High

NOTE _ RisK refers to risk of bundled cable configurations not supporting
28 dB-

an ALSNR . greater than or equal to
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Table 25 — ALSNR risk matrix for Class Ep

Victim length
Class E, Speed 1mto20m 20mto 75 m 75 m to 100 m
2,5 Gbit/s None None None
bundled distance up to 20 m

5 Gbit/s None None None
2,5 Gbit/s N/A None None

bundled distance 20 m to 75 m
5 Gbit/s N/A None None
2,5 Gbit/s N/A N/A None

bundled distance 75 m to 100 m
5 Gbit/s N/A N/A None

NOTE Risk refers to risk of bundled cable configurations not supporting an ALSNR
28 dB.

min greater than or équal to

6 Guidance for existing installations and cabling for new installations

q.1 Certification, measurement and documentation

=]

he test procedures for balanced cabling installations are{specified in IEC 61935-1 i
ccordance with ISO/IEC 11801:2002 and ISO/IEC 14763-2

Q

I

dditional care should be taken for the documentation.of channels intended to be used fo
,5GBASE-T and 5GBASE-T since these are evaluated beyond the original specifications.

N

Recommendations for new installations are described in Annex A.

g.2 Mitigation procedures for existing’installations

=

litigation procedures for internal chanhel parameters are described in Annex B and mitigatio
grocedures for exogenous channelsparameters are described in Annex C.

=3

-
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