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Foreword

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 1SOortE€ participate i tiredeveloprrentof ttermatiomat-Stamdards—throughtechmicat
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.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval critetia.-needed for the
different types of ISO/IEC documents should be noted.

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE-SA) Standards Beard. The IEEE develops its
standards through a consensus development process, approved by the, American National Standards
Institute, which brings together volunteers representing varied viewpgijtits and interests to achieve the
final product. Volunteers are not necessarily members of the Instittite’and serve without compensation.
While the IEEE administers the process and establishes rules‘to promote fairness in the consensus
development process, the IEEE does not independently evaluatéytest, or verify the accuracy of any of the
information contained in its standards.

Attention is drawn to the possibility that some of thecelements of this document may be the subject of
patent rights. ISO and [EC shall not be held respongsible for identifying any or all such patent rights. Details
of any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents) or the IEC list of patent
declarations received (see patents.iec.ch).

Any trade name used in this documents information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the woluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to the World
Trade Organization (- (WTO) principles in the Technical Barriers to Trade (TBT),
see www.iso.org/iso/foreword.html. In the IEC, see www.iec.ch/understanding-standards.

ISO/IEC/IEEE 8802-3:2021/Amd.2 was prepared by the LAN/MAN of the IEEE Computer Society (as
IEEE Std 802.3bt-2018) and drafted in accordance with its editorial rules. It was adopted, under the “fast-
track procedure” defined in the Partner Standards Development Organization cooperation agreement
between,*[SO and IEEE, by Joint Technical Committee ISO/IEC]JTC1, Information technology,
Subcommittee SC 6, Telecommunications and information exchange between systems.

Alist of all parts in the ISO/IEC/IEEE 8802 series can be found on the ISO and IEC websites.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html and www.iec.ch/national-

committees.

© IEEE 2019 - All rights reserved iii



https://www.iso.org/iso-standards-and-patents.html
https://patents.iec.ch/
https://www.iso.org/foreword-supplementary-information.html
https://www.iec.ch/understanding-standards
https://www.iso.org/members.html
http://www.iec.ch/national-committees
http://www.iec.ch/national-committees
https://standardsiso.com/api/?name=fdf442bac309d23186993e822f9c6342



https://standardsiso.com/api/?name=fdf442bac309d23186993e822f9c6342

IEEE Std 802.3bt™-2018
(Amendment to IEEE Std 802.3™-2018
as amended by IEEE Std 802.3cb™-2018)

IEEE Standard for Ethernet

Amendment 2:

Physical Layer and

Management Parametersdor
Power over Ethernet over 4 Pairs

Sponsor

LAN/MAN Standards Committee
of the
IEEE Computer Society

Approved 27 September2018
IEEE-SA Standards Board



https://standardsiso.com/api/?name=fdf442bac309d23186993e822f9c6342

ISO/IEC/IEEE 8802-3:2021/Amd.2:2021(E)

Abstract: The maximum Powered Device (PD) power available is increased by this amendment to
IEEE Std 802.3-2018 by utilizing all four pairs in the specified structured wiring plant. This
represents a substantial change to the capabilities of Ethernet with standardized power. The
power classification information exchanged during negotiation is extended to allow meaningful

power management capability. These enhancements solve the problem of higher power and more
efficient standardized Power over Ethernet (PoE) delivery systems.

Keywords: amendment, DTE power via MDI, Ethernet, IEEE 802.3™, |EEE 802.3bt™, PoE,
Power over Ethernet
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Important Notices and Disclaimers Concerning IEEE Standards
Documents

1 . . . . . . . 1
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disclaimers, or a reference to this page, appear in all standards and may be found under the heading “Important Notices
and Disclaimers Concerning IEEE Standards Documents.” They can also be obtained on request from IEEE or viewed at
http://standards.ieee.org/ipr/disclaimers.html.

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are-developed
within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards Association (“IEEE-SA”)
Standards Board. IEEE (“the Institute”) develops its standards through a consensus development procéss; approved by
the American National Standards Institute (“ANSI”), which brings together volunteers representing varied viewpoints
and interests to achieve the final product. IEEE Standards are documents developed through scientific, academic, and
industry-based technical working groups. Volunteers in IEEE working groups are not necessarily members of the
Institute and participate without compensation from IEEE. While IEEE administers the pracess and establishes rules to
promote fairness in the consensus development process, IEEE does not independently” gvaluate, test, or verify the
accuracy of any of the information or the soundness of any judgments contained in its,standards.

IEEE Standards do not guarantee or ensure safety, security, health, or enyitonmental protection, or ensure against
interference with or from other devices or networks. Implementers and-users of IEEE Standards documents are
responsible for determining and complying with all appropriate safety, security, environmental, health, and interference
protection practices and all applicable laws and regulations.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and expressly
disclaims all warranties (express, implied and statutory) nét included in this or any other document relating to the
standard, including, but not limited to, the warranties ‘of: merchantability; fitness for a particular purpose; non-
infringement; and quality, accuracy, effectiveness, curreney, or completeness of material. In addition, IEEE disclaims
any and all conditions relating to: results; and workmanlike effort. IEEE standards documents are supplied “AS IS” and
“WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary.The existence of an IEEE standard does not imply that there are no other
ways to produce, test, measure, purchase, imarket, or provide other goods and services related to the scope of the IEEE
standard. Furthermore, the viewpoint expressed at the time a standard is approved and issued is subject to change
brought about through developments'in the state of the art and comments received from users of the standard.

In publishing and making its\standards available, IEEE is not suggesting or rendering professional or other services for,
or on behalf of, any person-er entity nor is IEEE undertaking to perform any duty owed by any other person or entity to
another. Any person ftilizing any IEEE Standards document, should rely upon his or her own independent judgment in
the exercise of reasonable care in any given circumstances or, as appropriate, seek the advice of a competent
professional in“determining the appropriateness of a given IEEE standard.

IN NO~EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMRIZARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: PROCUREMENT OF
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE
PUBLICATION, USE OF, OR RELIANCE UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY
OF SUCH DAMAGE AND REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Transtations

The IEEE consensus development process involves the review of documents in English only. In the event that an IEEE
standard is translated, only the English version published by IEEE should be considered the approved IEEE standard.
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Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board Operations Manual
shall not be considered or inferred to be the official position of IEEE or any of its committees and shall not be considered

to be, or be relied upon as, a formal position of IEEE. At lectures, symposia, seminars, or educational courses, an
individual presenting information on IEEE standards shall make it clear that his or her views should be considered the
personal views of that individual rather than the formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of membership
affiliation with IEEE. However, IEEE does not provide consulting information or advice pertaining to IEEE-Standards
documents. Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Since IEEE standards represent a consensus of concerned interests, it igamportant that
any responses to comments and questions also receive the concurrence of a balance of interests. Forthis reason, IEEE
and the members of its societies and Standards Coordinating Committees are not able to provide.an‘ifistant response to
comments or questions except in those cases where the matter has previously been addressed. For the same reason, IEEE
does not respond to interpretation requests. Any person who would like to participate in reviSions to an IEEE standard is
welcome to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with the provisions
of any IEEE Standards document does not imply compliance to any applicable regulatory requirements. Implementers of
the standard are responsible for observing or referring to the applicable regulatory requirements. IEEE does not, by the
publication of its standards, intend to urge action that is not in compliance with applicable laws, and these documents
may not be construed as doing so.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws. They are made
available by IEEE and.are“adopted for a wide variety of both public and private uses. These include both use, by
reference, in laws and\regulations, and use in private self-regulation, standardization, and the promotion of engineering
practices and methods. By making these documents available for use and adoption by public authorities and private
users, IEEE ddes 110t waive any rights in copyright to the documents.

Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to photocopy portions
of any individual standard for company or organizational internal use or individual, non-commercial use only. To
arrange for payment of licensing fees, please contact Copyright Clearance Center, Customer Service, 222 Rosewood
Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions of any individual standard for
educational classroom use can also be obtained through the Copyright Clearance Center.
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Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time by the
issuance of new editions or may be amended from time to time through the issuance of amendments, corrigenda, or

errata. An official IEEE document at any point 1n time consists of the current edition of the document together with any
amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten years old and has
not undergone a revision process, it is reasonable to conclude that its contents, although still of some value, do not
wholly reflect the present state of the art. Users are cautioned to check to determine that they have the latest edition of;
any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended through the
issuance of amendments, corrigenda, or errata, visit the IEEE-SA Website at http://ieeexplore.ieee.org or eentact IEEE
at the address listed previously. For more information about the IEEE SA or IEEE’s standards development process, visit
the IEEE-SA Website at http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL:
http://standards.ieee.org/findstds/errata/index.html. Users are encouraged to checksthis URL for errata periodically.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter covered by
patent rights. By publication of this standard, no position is takefuby the IEEE with respect to the existence or validity of
any patent rights in connection therewith. If a patent holder dr patent applicant has filed a statement of assurance via an
Accepted Letter of Assurance, then the statement is listed on the IEEE-SA Website at
http://standards.ieee.org/about/sasb/patcom/patents.html:\Letters of Assurance may indicate whether the Submitter is
willing or unwilling to grant licenses under patent,rights without compensation or under reasonable rates, with
reasonable terms and conditions that are demonstrably free of any unfair discrimination to applicants desiring to obtain
such licenses.

Essential Patent Claims may exist for which/a Letter of Assurance has not been received. The IEEE is not responsible for
identifying Essential Patent Claims for which a license may be required, for conducting inquiries into the legal validity
or scope of Patents Claims, or détermining whether any licensing terms or conditions provided in connection with
submission of a Letter of Assuratice, if any, or in any licensing agreements are reasonable or non-discriminatory. Users
of this standard are expresslysadvised that determination of the validity of any patent rights, and the risk of infringement
of such rights, is entirely~their own responsibility. Further information may be obtained from the IEEE Standards
Association.
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Introduction

This introduction is not part of IEEE Std 802.3bt-2018, IEEE Standard for Ethernet—Amendment 2: Physical Layer

4D

IEEE Std 802.3™ was first published in 1985. Since the initial publication, many projects have added
functionality or provided maintenance updates to the specifications and text included in the standard. Each
IEEE 802.3 project/amendment is identified with a suffix (e.g., [EEE Std 802.3ba™-2010).

The half duplex Media Access Control (MAC) protocol specified in IEEE Std 802.3-1985 is Carrier Sense
Multiple Access with Collision Detection (CSMA/CD). This MAC protocol was key to the experimental
Ethernet developed at Xerox Palo Alto Research Center, which had a 2.94 Mb/s data rate. Efherhet at
10 Mb/s was jointly released as a public specification by Digital Equipment Corporation (DEC),/ntel and
Xerox in 1980. Ethernet at 10 Mb/s was approved as an IEEE standard by the IEEE Standards Board in 1983
and subsequently published in 1985 as IEEE Std 802.3-1985. Since 1985, new media options; new speeds of
operation, and new capabilities have been added to IEEE Std 802.3. A full duplex MAC(protocol was added
in 1997.

Some of the major additions to IEEE Std 802.3 are identified in the marketplace with their project number.
This is most common for projects adding higher speeds of operation(or\new protocols. For example,
IEEE Std 802.3u™ added 100 Mb/s operation (also called Fast Ethernef)/ IEEE Std 802.3z added 1000 Mb/s
operation (also called Gigabit Ethernet), IEEE Std 802.3ae added 10~Gb/s operation (also called 10 Gigabit
Ethernet), IEEE Std 802.3ah™ specified access network Ethernet{also called Ethernet in the First Mile) and
IEEE Std 802.3ba added 40 Gb/s operation (also called 40 Gigabit Ethernet) and 100 Gb/s operation (also
called 100 Gigabit Ethernet). These major additions are ‘all now included in and are superseded by
IEEE Std 802.3-2018 and are not maintained as separate-decuments.

At the date of publication for IEEE Std 802.3bt:2018, IEEE Std 802.3 was composed of the following
documents:

IEEE Std 802.3-2018

Section One—Includes Clausé\} through Clause 20 and Annex A through Annex H and Annex 4A.
Section One includes the specifications for 10 Mb/s operation and the MAC, frame formats and service
interfaces used for all spéeds of operation.

Section Two—Ineludes Clause 21 through Clause 33 and Annex 22A through Annex 33E. Section
Two includes, management attributes for multiple protocols and speed of operation as well as
specifications. for providing power over twisted pair cabling for multiple operational speeds. It also
includes general information on 100 Mb/s operation as well as most of the 100 Mb/s Physical Layer
specifications.

Seetion Three—Includes Clause 34 through Clause 43 and Annex 36A through Annex 43C. Section
Three includes general information on 1000 Mb/s operation as well as most of the 1000 Mb/s Physical
Layer specifications.

Section Four—Includes Clause 44 through Clause 55 and Annex 44A through Annex 55B. Section
Four includes general information on 10 Gb/s operation as well as most of the 10 Gb/s Physical Layer
specifications.

Section Five—Includes Clause 56 through Clause 77 and Annex 57A through Annex 76A. Clause 56
through Clause 67 and Clause 75 through Clause 77, as well as associated annexes, specify subscriber
access and other Physical Layers and sublayers for operation from 512 kb/s to 10 Gb/s, and defines
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services and protocol elements that enable the exchange of IEEE Std 802.3 format frames between
stations in a subscriber access network. Clause 68 specifies a 10 Gb/s Physical Layer specification.
Clause 69 through Clause 74 and associated annexes specify Ethernet operation over electrical
backplanes at speeds of 1000 Mb/s and 10 Gb/s.

Section Six—Includes Clause 78 through Clause 95 and Annex 83A through Annex 93C. Clause 78
specifies Energy-Efficient Ethernet. Clause 79 specifies IEEE 802.3 Organizationally Specific Link
Layer Discovery Protocol (LLDP) type, length, and value (TLV) information elements. Clause 80
through Clause 95 and associated annexes include general information on 40 Gb/s and 100 Gb/s
operation as well the 40 Gb/s and 100 Gb/s Physical Layer specifications. Clause 90 specifies Ethernet
support for time synchronization protocols.

Section Seven—Includes Clause 96 through Clause 115 and Annex 97A through Annex'115A.
Clause 96 through Clause 98, Clause 104, and associated annexes, specify Physicaly‘Ldyers and
optional features for 100 Mb/s and 1000 Mb/s operation over a single twisted pair. Claus¢’100 through
Clause 103, as well as associated annexes, specify Physical Layers for the operation of the EPON
protocol over coaxial distribution networks. Clause 105 through Clause 114 and“associated annexes
include general information on 25 Gb/s operation as well as 25 Gb/s Physical Layer specifications.
Clause 99 specifies a MAC merge sublayer for the interspersing of express/traffic. Clause 115 and its
associated annex specify a Physical Layer for 1000 Mb/s operation ovei'\plastic optical fiber.

Section Eight—Includes Clause 116 through Clause 126 andsAnhex 119A through Annex 120E.
Clause 116 through Clause 124 and associated annexes include)general information on 200 Gb/s and
400 Gb/s operation as well the 200 Gb/s and 400 Gb/sPhysical Layer specifications. Clause 125
and Clause 126 include general information on 2.5 Gb/s:and 5 Gb/s operation as well as 2.5 Gb/s and
5 Gb/s Physical Layer specifications.

IEEE Std 802.3cb™-2018

Amendment 1—This amendment includes changes to IEEE Std 802.3-2018 and its amendments, and
adds Clause 127 through Clause 130,-Annex 127A, Annex 128A, Annex 128B, and Annex 130A. This
amendment adds new Physical Layers'for operation at 2.5 Gb/s and 5 Gb/s over electrical backplanes.

IEEE Std 802.3bt-2018

Amendment 2—This athendment includes changes to IEEE Std 802.3-2018 and adds Clause 145,
Annex 145A, Annex145B, and Annex 145C. This amendment adds power delivery using all four pairs
in the structured \wiring plant, resulting in greater power being available to end devices. This
amendment al$o allows for lower standby power consumption in end devices and adds a mechanism to
better manage-the available power budget.

A companion document, IEEE Std 802.3.1, describes Ethernet management information base (MIB)
modules-or use with the Simple Network Management Protocol (SNMP). IEEE Std 802.3.1 is updated to
add management capability for enhancements to IEEE Std 802.3 after approval of those enhancements.

IEEE Std 802.3 will continue to evolve. New Ethernet capabilities are anticipated to be added within the
next few years as amendments to this standard.
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IEEE Standard for Ethernet

Amendment 2:

Physical Layer and

Management Parameters for
Power over Ethernet over 4 Pairs

[This amendment is based on IEEE Std 802.3¥M-2018 as amended by IEEE Std 802.3¢b™-2018.]

NOTE—The editing instructions contained. insthis amendment define how to merge the material contained therein into
the existing base standard and its amendndents to form the comprehensive standard.

The editing instructions are shown invbold italic. Four editing instructions are used: change, delete, insert, and replace.
Change is used to make correctionsufi existing text or tables. The editing instruction specifies the location of the change
and describes what is being ¢hanged by using strikethrough (to remove old material) and underscore (to add new
material). Delete removes existing material. Insert adds new material without disturbing the existing material. Deletions
and insertions may require.réenumbering. If so, renumbering instructions are given in the editing instruction. Replace is
used to make changes_in figures or equations by removing the existing figure or equation and replacing it with a new
one. Editing instruétions, change markings, and this NOTE will not be carried over into future editions because the
changes will be incorporated into the base standard.

Cross 1references that refer to clauses, tables, equations, or figures not covered by this amendment are highlighted in
green.

! Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the standard.
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1. Introduction

1.3 Normative references

Insert the following reference into 1.3 in alphanumeric order:

ANSI/TIA-568.0-D, Generic Telecommunications Cabling for Customer Premises.”

1.4 Definitions
Insert the following new term and definition, 1.4.139a, after 1.4.139 “agile device”:

1.4.139a ampacity: The maximum current, in ampere, that a conductor can carry continuously under the
conditions of use without exceeding its temperature rating.

Insert the following new term and definition, 1.4.236a, after 1.4.236 “dual duplex”:

1.4.236a dual-signature PD: A PD that has independent detection signatures¢class signatures, and maintain
power signatures on each pairset. (See IEEE Std 802.3, Clause 145.)

Insert the following new term and definition, 1.4.287a, after 1.4.287 \“Idle mode”:

1.4.287a IEEE 802.3 Power over Ethernet (IEEE 802.3 PoE):-A system consisting of one PSE and one
PD that provides power across balanced twisted-pair cabling. (See IEEE Std 802.3, Clause 33 and
Clause 145.)

Change 1.4.308 as follows:

1.4.308 link section: Fhep o-point-medium-connection-between-the-active PSE- Powe
and-the PDPL-The portion of the link betwéen the PSE Power Interface (PI) and the PD PI.

Insert the following new term and définition, 1.4.374a, after 1.4.374 “page”:

1.4.374a pairset: Either of the*two valid 4-conductor connections, Alternative A or Alternative B, as listed
in IEEE Std 802.3, 145.2.4. The PSE Alternative A and Alternative B connections are referred to as Mode A
and Mode B, respectivelyat the PD.

Change 1.4.407 as follows:

N o hage ata A o h halaneed nole o na o afarrad
O € € a € a O O

A DTE or midspan device that provides power to a single link section, which may also carry data

2 ANSI/TIA publications are available from the IHS Standards Store (http://global.ihs.com/) or from the Telecommunications Industry
Association (http://www.tiaonline.org).
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4 pair systems, see IEEE Std 802.3, Clause 33 and Clause 145; for single pair systems. see IEEE Std 802.3,
Clause 104).

Insert the following new term and definition, 1.4.453a, after 1.4.453 “single-port device”:

1.4.453a single-signature PD: A PD that simultaneously shares the same detection signature, class
signature, and maintain power signature between both pairsets. (See IEEE Std 802.3, Clause 145.)

Change 1.4.488, 1.4.489, 1.4.490, and 1.4.491 as follows:

1.4.488 Type 1 PD: A PD that prevides-a-Class-0;1—2-or3-signature-requests Class 0 to Class 3 during
Physical Layer classification, and that is not a PoDL PD. (See IEEE Std 802.3, Clause 33.)

1.4.489 Type 1 PSE: A PSE that supports-enly—aType+PDB Class 0 to Class 3 power levelsydnd provides
power over 2 pairs. (See IEEE Std 802.3, Clause 33.)

1.4.490 Type2 PD: A PD that—prevides—a—Class—4—signature—duringPhysical*Layer—elassification;
understands2-Event-elassifieation;-and-is-eapable-of DataLink Layerelassifieatien requests Class 4 during

Physical Layer classification, supports 2-Event Classification, and supports Data Iink Layer classification.
(See IEEE Std 802.3, Clause 33.)

1.4.491 Type 2 PSE: A PSE that supports-beth-aTypet-and-aType2PD Class 0 to Class 4 power levels
and provides power over 2 pairs. (See IEEE Std 802.3, Clause 33.)

Insert the following new terms and definitions, 1.4.491a to 1.4.491d, after 1.4.491 “Type 2 PSE”:

1.4.491a Type 3 PD: A single-signature PD that requests Class 1 to Class 6, or a dual-signature PD that
requests Class 1 to Class 4 on both Modes, during¢Physical Layer classification. Additionally, the PD
implements Multiple-Event classification and -aceepts power on both Modes simultaneously. (See

IEEE Std 802.3, Clause 145.)

1.4.491b Type 3 PSE: A PSE that supports up to Class 6 power levels, supports short MPS, and may
support 4-pair power. (See IEEE Std 802.3, Clause 145.)

1.4.491¢c Type 4 PD: A single-Signature PD that requests Class 7 or Class 8, or a dual-signature PD that
request Class 5 on at least oné-Mode, during Physical Layer classification. Additionally, the PD implements
Multiple-Event classification, is capable of Data Link Layer classification, and accepts power on both

Modes simultaneously.'(See IEEE Std 802.3, Clause 145.)

1.4.491d Type4-PSE: A PSE that supports at least Class 7 power levels, in addition to lower PD Classes,
short MPS, and,4-pair power. (See IEEE Std 802.3, Clause 145.)

Delete the definitions for I1p,,, (1.4.294), Vpp (1.4.502), and Vg (1.4.503).

1.5'Abbreviations
Insert the following new abbreviation into 1.5 in alphabetic order:

PoE Power over Ethernet
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14. Twisted-pair medium attachment unit (MAU) and baseband medium,
type 10BASE-T including type 10BASE-Te

T14.3 MAU electrical specifications
14.3.1 MAU-to-MDI interface characteristics
14.3.1.1 Isolation requirement

Change the first paragraph of 14.3.1.1 as follows:

A MAU with a MDI that is a PI (see 33.1.3) shall meet the isolation requirements defined in\334.1_or
145.4.1.
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25. Physical Medium Dependent (PMD) sublayer and baseband medium,
type 100BASE-TX

29.4 Specific requirements and exceptions
25.4.5 Change to 9.1.7, “Worst case droop of transformer”

Change 25.4.5 as follows:

A 100BASE-TX receiver in a Type 2, Type 3. or Type 4 Endpoint PSE or Type 2. Type 3. or Type 4 PD
(see Clause 33_and Clause 145) shall meet the requirements of 25.4.7. A 100BASE-TX transmitter \in a
Type 2 Endpoint PSE or Type 2 PD delivering or accepting more than 13.0 W average powetr-shall meet
either the Open Circuit Inductance (OCL) requirement in 9.1.7 of TP-PMD; or meet the requir€ments of
25.4.5.1._A 100BASE-TX transmitter in a Type 3 or Type 4 Endpoint PSE or Type 3 orType 4 PD shall
meet either the Open Circuit Inductance (OCL) requirement in 9.1.7 of TP-PMD, or meet\the requirements
of 25.4.5.1.

25.4.6 Replacement of 8.4.1, “UTP isolation requirements”
Change the first paragraph of 25.4.6 as follows:

A PMD with a MDI that is a PI (see 33.1.3_and 145.1.3) shall m¢etythe isolation requirements defined in
33.4.1.and 145.4.1.

25.4.7 Addition to 10.1, “Receiver”

Change 25.4.7 as follows:

Differential voltage signals generated by a remote transmitter that meets the specifications of Clause 25;
passed through a link specified in 25.4.8;.and’received at the MDI of a 100BASE-TX PMD in a Type 2,

Type 3. or Type 4 Endpoint PSE or a Type 2, Type 3, or Type 4 PD shall be translated into one of the
PMD_UNITDATA .indicate messageswith a bit error ratio less than 107 after link reset completion.
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25.6 Protocol implementation conformance statement (PICS) proforma for Clause 25,
Physical Medium Dependent (PMD) sublayer and baseband medium, type
100BASE-TX3

25.6.3 Major capabilities/options
Change the title of 25.6.3.1 as follows:
25.6.3.1 BFHEPRowervia-MBI-Power over Ethernet major capabilities/options

25.6.4 PICS proforma tables for the Physical Medium Dependent (PMD) sublayer and
baseband medium, type 100BASE-TX

Change the title of 25.6.4.4 as follows:

25.6.4.4 BFEPowervia-MBIPower over Ethernet compliance

3 Copyright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be used for its intended purpose and may further publish the completed PICS.
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30. Management

30.2 Managed objects

30.2.2 Overview of managed objects

30.2.2.1 Text description of managed objects

Delete entry “oPD” and its description (“The managed object ... PSE system.”) in 30.2.2.1.
30.2.3 Containment

Replace Figure 30-4 as follows (oPD object deleted):

oRepeater
30.4.1
\ 4
A v
oResourceTypelD oGroup
30.4.2
\ 4
v
oRepeaterPort
30.4.3
voo v
oPSE oMAU
30.9.1 30.5.1
2 v
O'S?SSUICE’T_VEG’LD oAutoNegotiation
| Present if MIl ! 30.6.1

———>pp Denotes one-to-many relationship
————» Denotes one-to-one relationship

Figure 30-4—Repeater entity relationship diagram
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30.2.5 Capabilities

Change Table 30-4 as follows:

Table 30—-4—DTE Power via MDI capabilities

HE
Rl
)
25
o|o
i££z
% g|m
S 8
L (L [ &
2
oResourceTypelD managed object
aResourceTypeIDName ATTRIBUTE GET
aResourcelnfo ATTRIBUTE GET X
oMidSpan managed object class (30.10.1)
aMidSpanID ATTRIBUTE GET X
aMidSpanPSEGroupCapacity ATTRIBUTE GET X
aMidSpanPSEGroupMap ATTRIBUTE GET X
nMidSpanPSEGroupMapChange NOTIFICATION X
oPSEGroup managed object class {30.10.2)
aPSEGroupID ATTRIBUTE GET X
aPSECapacity ATTRIBUTE GET X
aPSEMap ATTRIBUTE GET X
nPSEMapChanggé NOTIFICATION X
oPSE managed object class (30.9.1)
aPSEID ATTRIBUTE GET X
aPSBAdminState ATTRIBUTE GET X
aPSEPowerPairsControl Ability ATTRIBUTE GET X
aPSEPowerPairs ATTRIBUTE GET-SET X
aPSEPowerDetectionStatus ATTRIBUTE GET X
aPSEPowerDetectionStatusA ATTRIBUTE GET X
aPSEPowerDetectionStatusB ATTRIBUTE GET X
aPSEPowerClassification ATTRIBUTE GET X
aPSEPowerClassificationA ATTRIBUTE GET X
aPSEPowerClassificationB ATTRIBUTE GET X
aPSEInvalidSignatureCounter ATTRIBUTE GET X
aPSEInvalidSignatureCounterA ATTRIBUTE GET X
aPSEInvalidSignatureCounterB ATTRIBUTE GET X
aPSEPowerDeniedCounter ATTRIBUTE GET X
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Table 30—-4—DTE Power via MDI capabilities (continued)

PSE Basic Package (mandatory)
Midspan Basic Capability (mandatory)

X X [ X [ X [IX |IX | X |IX|PXARPSE Recommended Package (optiondl)

aPSEPowerDeniedCounterA ATTRIBUTE GET
aPSEPowerDeniedCounterB ATTRIBUTE GET
aPSEOverLoadCounter ATTRIBUTE GET
aPSEOverLoadCounterA ATTRIBUTE GET
aPSEOverLoadCounterB ATTRIBUTE GET
aPSEShoertCeunter AFFRIBUTE GEF
aPSEMPSAbsentCounter ATTRIBUTE GET
aPSEMPSAbsentCounterA ATTRIBUTE GET
aPSEMPSAbsentCounterB ATTRIBUTE GET
acPSEAdminControl ACTION X
aPSEActualPower ATTRIBUTE GET X
aPSEPowerAccuracy ATTRIBUTE GET X
aPSECumulativeEnergy ATTRIBUTE GET X
o e o [ |x

Common Attributes Template

| aCMCounter | ATTRIBUTE | GET | x| |
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Change Table 30-7 as shown:

Table 30-7—LLDP capabilities

LLDP Power via MDI Measurements Remote Package (conditional)

LLDP MAC/PHY €enfiguration/Status Remote Package (conditional
LLDP Link Aggregation Local Package-(conditional)

LLDP MAC/PHY Configuration/Status Local Package (conditional)
LLDP Power via MDI{ocal Package (conditional)

LLDP Power via MDI Remote Package (conditional)

LLDP Link Aggregation Remote Package-(conditional)

LLDP Maximum Frame Size Local Package/conditional)

LLDP Maximum Frame Size Remote Package (eonditional)

LLDP Basic/Rackage (mandatory)
LLDP EEE Local Package (optional
LLDP EEE Remote Package (optional)

oLIdpXdot3Config managed object class (30.12.1)

aLldpXdot3PortConfigTLVsTxEnable ATTRBUTEY | GETSET x| | | | [ [ [ [ | | | ]
oLIdpXdot3LocSystemsGroup managed object class (30.12.2)
aLldpXdot3LocPortAutoNegSupported ATTRIBUTE GET X
alLldpXdot3LocPortAutoNegEnabled ATTRIBUTE GET X
aLldpXdot3LocPortAutoNegAdvertisedCap ATTRIBUTE GET X
aLldpXdot3LocPortOperMauType ATTRIBUTE GET X
aLldpXdot3LocPowerPortClass ATTRIBUTE GET X
aLldpXdot3LocPowerMDISupported ATTRIBUTE GET X
aLldpXdot3LocPowerMDIEnabled ATTRIBUTE GET X
aLldpXdot3LocPowerPairControllable ATTRIBUTE GET X
aLldpXdot3LocPowerRairs ATTRIBUTE GET X
alLldpXdot3LocPowerClass ATTRIBUTE GET X
aLldpXdot3LocEinkAggStatus ATTRIBUTE GET X
alLldpXdot3FocLinkAggPortld ATTRIBUTE GET X
aLldpXdot3LocMaxFrameSize ATTRIBUTE GET X
al.ldpXdot3LocPowerType ATTRIBUTE GET X
alldpXdot3LocPowerSource ATTRIBUTE GET X
aLldpXdot3LocPowerPriority ATTRIBUTE GET-SET X
aLldpXdot3LocPDRequestedPowerValue ATTRIBUTE GET X
aLldpXdot3LocPSEAllocatedPowerValue ATTRIBUTE GET X
AL TP X0 oCP DREqUESIcdPOWeT Value A ATTRIBUTE GET X
alldpXdot3LocPDRequestedPowerValueB ATTRIBUTE GET X
alldpXdot3LocPSEAllocatedPowerValueA ATTRIBUTE GET X
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Table 30—7—LLDP capabilities (continued)
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alldpXdot3LocPSEAllocatedPowerValueB ATTRIBUTE GET X
aLldpXdot3LocPSEPoweringStatus ATTRIBUTE GET X
alldpXdot3LocPDPoweredStatus ATTRIBUTE GET X
alldpXdot3LocPowerpairsExt ATTRIBUTE GET X
alldpXdot3LocPDLoad ATTRIBUTE GET X
alldpXdot3LocPowerClassExtA ATTIRIBUTE GET X
alldpXdot3LocPowerClassExtB ATTRIBUTE GET X
alldpXdot3LocPowerClassExt ATTRIBUTE GET X
aLldpXdot3LocPowerTypeExt ATTRIBUTE GET X
aLldpXdot3LocPD4PID ATTRIBUTE GET X
aLldpXdot3LocPSEMaxAvailPower ATTRIBUTE GET X
alldpXdot3LocPSEAutoclassSuppaert ATTRIBUTE GET X
alldpXdot3LocAutoclassGompleted ATTRIBUTE GET X
alLldpXdot3LocAutoclassRequest ATTRIBUTE SET X
aLldpXdot3LocPowerDownRequest ATTRIBUTE SET X
alldpXdot3LgcPowerDownTime ATTRIBUTE SET X
alldpXdof3[lo¢MeasVoltageSupport ATTRIBUTE GET X
al.ldpXdot3LocMeasCurrentSupport ATTRIBUTE GET X
alldpXdot3LocMeasPowerSupport ATTRIBUTE GET X
al.ldpXdot3LocMeasEnergySupport ATTRIBUTE GET X
aLldpXdot3L ocMeasurementSource ATTRIBUTE GET X
alldpXdot3LocMeasVoltageRequest ATTRIBUTE GET X
alldpXdot3LocMeasCurrentRequest ATTRIBUTE GET X
aLldpXdot3L ocMeasPowerRequest ATTRIBUTE GET X
aLldpXdot3L ocMeasEnergyRequest ATTRIBUTE GET X
alLldpXdot3LocMeasVoltage Valid ATTRIBUTE GET X
alldpXdot3LocMeasCurrentValid ATTRIBUTE GET X
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Table 30—7—LLDP capabilities (continued)

LLDP Power via MDI Measurements Remote Package (conditional)

LLDP Link Aggregation kocakPackage (conditional)

LLDP MAC/PHY Configuration/Status Remote Package (condjtional

LLDP Powef'via MDI Local Package (conditional)

LLDP MAC/PHY Configuration/Status Local Package (conditignal)
LLDP Power Via'MDI Remote Package (conditional)

LLDP Link Aggregation Remote-Package (conditional)

LLDP Maximum Frame Size Logal/Rackage (conditional)

LLDP Maximum Frame Size Remote Package (conditional)

ELDP Basic Package (mandatory)
LLDP EEE Local Package (optional)
LLDP EEE Remote Package (optional)

X 1< 1< (1< (1< (1< (1< |1 [1¢ [1x |1 |[LLDP Power via MDI'Measurements Local Package (conditional

aLldpXdot3LocMeasPowerValid ATTRIBUTE GET

alldpXdot3LocMeasEnergyValid ATTRIBUTE GET

aLldpXdot3LocMeasVoltageUncertainty ATTRIBUTE GET

alldpXdot3LocMeasCurrentUncertainty ATTRIBUTE GET

alldpXdot3LocMeasPowerUncertainty ATTRIBUTE GET

alLldpXdot3LocMeasEnergyUncertainty ATIRIBUTE GET

aLldpXdot3LocVoltageMeasurement ATTRIBUTE GET

aLldpXdot3LocCurrentMeasurement ATTRIBUTE GET

alldpXdot3LocPowerMeasurement ATTRIBUTE GET

alLldpXdot3LocEnergyMeasurement ATTRIBUTE GET

alldpXdot3LocPSEPowerPricelndex ATTRIBUTE GET

aLldpXdot3LocResponseTime ATTRIBUTE GET X

aLldpXdot3LocReady ATTRIBUTE GET X
abldpXdet3LecReducedOperationPowerValue AFFRIBUTE GEF %

aLldpXdot3LocTxTwSys ATTRIBUTE GET X
alLldpXdot3LacTxTwSysEcho ATTRIBUTE GET X
alldpXdof3DocRxTwSys ATTRIBUTE GET X
aLldpXdot3LocRxTwSysEcho ATTRIBUTE GET X
alldpXdot3LocFbTwSys ATTRIBUTE GET X
alldpXdot3TxDIIReady ATTRIBUTE GET X
aLldpXdot3RxDIIReady ATTRIBUTE GET X
aLldpXdot3LocDIlEnabled ATTRIBUTE GET X
aLldpXdot3LocTxFw ATTRIBUTE GET X
alLldpXdot3LocTxFwEcho ATTRIBUTE GET X
alldpXdot3LocRxFw ATTRIBUTE GET X
alldpXdot3LocRxFwEcho ATTRIBUTE GET X
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Table 30—7—LLDP capabilities (continued)

ELDP Basic Package (mandatory)

LLDP MAC/PHY Configuration/Status Local Package (conditignal)

LLDP MAC/PHY Configuration/Status Remote Package (condjtional

LLDP Powef'via MDI Local Package (conditional)

LLDP Power Via'MDI Remote Package (conditional)

LLDP Power via MDI Measurements Remote Package (conditional)

LLDP Link Aggregation kocakPackage (conditional)

LLDP Link Aggregation Remote-Package (conditional)

LLDP Maximum Frame Size Logal/Rackage (conditional)

LLDP Maximum Frame Size Remote Package (conditional)

LLDP EEE Local Package (optional)

LLDP EEE Remote Package (optional)

oLIdpXdot3RemSystemsGroup managed object class (30.12.3)

aLldpXdot3RemPortAutoNegSupported

ATTRIBUTE GET

aLldpXdot3RemPortAutoNegEnabled

ATTRIBUTE GET

aLldpXdot3RemPortAutoNegAdvertisedCap

ATTRIBUTE GET

aLldpXdot3RemPortOperMauType

ATTRIBUTE GET

X | X[ X | X
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alLldpXdot3RemPowerPortClass ATIRIBUTE GET X
aLldpXdot3RemPowerMDISupported ATTRIBUTE GET X
aLldpXdot3RemPowerMDIEnabled ATTRIBUTE GET X
aLldpXdot3RemPowerPairControllable ATTRIBUTE GET X
aLldpXdot3RemPowerPairs ATTRIBUTE GET X
aLldpXdot3RemPowerClass ATTRIBUTE GET X
aLldpXdot3RemLinkAggStatus ATTRIBUTE GET X
alldpXdot3RemLinkAggPortld ATTRIBUTE GET X
alLldpXdot3RemMaxErameSize ATTRIBUTE GET X
aLldpXdot3RemPowerType ATTRIBUTE GET X
aLldpXdot3RémBowerSource ATTRIBUTE GET X
aLldpXdot3RemPowerPriority ATTRIBUTE GET X
aLldpXdot3RemPDRequestedPowerValue ATTRIBUTE GET X
aCldpXdot3RemPSEAllocatedPowerValue ATTRIBUTE GET X
akldpXdot3RemPDRequestedPowerValueA ATTRIBUTE GET X
aLldpXdot3RemPDRequestedPowerValueB ATTRIBUTE GET X
aLldpXdot3RemPSEAllocatedPowerValueA ATTRIBUTE GET X
alldpXdot3RemPSEAllocatedPowerValueB ATTRIBUTE GET X
alldpXdot3RemPSEPoweringStatus ATTRIBUTE GET X
aLldpXdot3RemPDPoweredStatus ATTRIBUTE GET X
alldpXdot3RemPowerPairsExt ATTRIBUTE GET X
alLldpXdot3RemPDLoad ATTRIBUTE GET X
32



https://standardsiso.com/api/?name=fdf442bac309d23186993e822f9c6342

ISO/IEC/IEEE 8802-3:2021/Amd.2:2021(E)

IEEE Std 802.3bt-2018
|EEE Standard for Ethernet—Amendment 2: Physical Layer and Management Parameters
for Power over Ethernet over 4 Pairs

Table 30—7—LLDP capabilities (continued)
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alldpXdot3RemPowerClassExtA ATTRIBUTE GET X
aLldpXdot3RemPowerClassExtB ATTRIBUTE GET X
alLldpXdot3RemPowerClassExt ATTRIBUTE GET X
alldpXdot3RemPowerTypeExt ATTRIBUTE GET X
aLldpXdot3RemPD4PID ATTRIBUTE GET X
aLldpXdot3RemPSEMaxAvailPower ATIRIBUTE GET X
aLldpXdot3RemPSEAutoclassSupport ATTRIBUTE GET X
alldpXdot3RemAutoclassCompleted ATTRIBUTE GET X
aLldpXdot3RemAutoclassRequest ATTRIBUTE GET X
aLldpXdot3RemPowerDownRequest ATTRIBUTE GET X
alldpXdot3RemPowerDownTime ATTRIBUTE GET X
alldpXdot3RemMeasVoltageSuppoft ATTRIBUTE GET X
alldpXdot3RemMeasCurréntSupport ATTRIBUTE GET X
alLldpXdot3RemMeasPowerSupport ATTRIBUTE GET X
aLldpXdot3RemMeasEnergySupport ATTRIBUTE GET X
alldpXdot3R¢mMe&asurementSource ATTRIBUTE GET X
aLldpXdof3RemMeasVoltageRequest ATTRIBUTE GET X
aLldpXdot3RemMeasCurrentRequest ATTRIBUTE GET X
alldpXdot3RemMeasPowerRequest ATTRIBUTE GET X
al.ldpXdot3RemMeasEnergyRequest ATTRIBUTE GET X
aLldpXdot3RemMeasVoltageValid ATTRIBUTE GET X
alldpXdot3RemMeasCurrentValid ATTRIBUTE GET X
aLldpXdot3RemMeasPowerValid ATTRIBUTE GET X
alldpXdot3RemMeasEnergyValid ATTRIBUTE GET X
aLldpXdot3RemMeasVoltageUncertainty ATTRIBUTE GET X
alLldpXdot3RemMeasCurrentUncertainty ATTRIBUTE GET X
alldpXdot3RemMeasPowerUncertainty ATTRIBUTE GET X
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Table 30—7—LLDP capabilities (continued)

ELDP Basic Package (mandatory)

LLDP MAC/PHY Configuration/Status Local Package (conditignal)

LLDP MAC/PHY Configuration/Status Remote Package (condjtional

LLDP Powef'via MDI Local Package (conditional)

LLDP Power Via'MDI Remote Package (conditional)

LLDP Link Aggregation kocakPackage (conditional)

LLDP Link Aggregation Remote-Package (conditional)

LLDP Maximum Frame Size Logal/Rackage (conditional)

LLDP Maximum Frame Size Remote Package (conditional)

LLDP EEE Local Package (optional)

LLDP EEE Remote Package (optional)

< (I [ |1 |1x | |[LLDP Power via MDI Measurements Remote Package (condifional)

aLldpXdot3RemMeasEnergyUncertainty ATTRIBUTE GET
alldpXdot3RemVoltageMeasurement ATTRIBUTE GET
alldpXdot3RemCurrentMeasurement ATTRIBUTE GET
alldpXdot3RemPowerMeasurement ATTRIBUTE GET
alldpXdot3RemEnergyMeasurement ATTRIBUTE GET
alldpXdot3RemPSEPowerPricelndex ATIRIBUTE GET
aLldpXdot3RemTxTwSys ATTRIBUTE GET
alLldpXdot3RemTxTwSysEcho ATTRIBUTE GET
alldpXdot3RemRxTwSys ATTRIBUTE GET
alldpXdot3RemRxTwSysEcho ATTRIBUTE GET

aLldpXdot3RemFbTwSys

ATTRIBUTE GET

aLldpXdot3RemTxFw

ATTRIBUTE GET

aLldpXdot3RemTxFwEchg

ATTRIBUTE GET

aLldpXdot3RemRxFw

ATTRIBUTE GET

aLldpXdot3RemRxFwEcho

ATTRIBUTE GET

XX |IX | X | X | X |X|[X|X
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Change the title of 30.9 as follows:

30.9 Management for-BFERewervia-MBl_ Power over Ethernet

30.9.1 PSE managed object class

30.9.1.1 PSE attributes

Change 30.9.1.1.2 through 30.9.1.1.5 as follows:
30.9.1.1.2 aPSEAdminState

ATTRIBUTE

APPROPRIATE SYNTAX:
An ENUMERATED VALUE that has one of the following entries:

enabled PSE functions enabled
disabled PSE functions disabled
BEHAVIOUR DEFINED AS:

A read-only value that identifies the operational state of the PSE funetions. An interface which can
provide the PSE functions specified in Clause 33 will be enabled to do so when this attribute has
the enumeration “enabled”. When this attribute has the enumh¢rdtion “disabled”, the interface will
act as it would if it had no PSE function. The operational state of the PSE function can be changed
using the acPSEAdminControl action. For Type 1 orType 2 PSEs, itf a Clause 22 MII or
Clause 35 GMII is present, then this will map to the'PSE Enable bit specified in 33.5.1.1.6.;

30.9.1.1.3 aPSEPowerPairsControlAbility

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINED AS:
Indicates the ability to control which PSE Pinout Alternative (see 33.2.3 and 145.2.4) is used for
PD detection and power. When “true”, the PSE Pinout Alternative used can be controlled through
the aSeetionSESs-aPSEPowerPairs attribute. When “false”, the PSE Pinout Alternative used
cannot be confrolled through the aSeetionSESs-aPSEPowerPairs attribute. For Type 1 or Type 2
PSEs, iff a Clatise 22 MII or Clause 35 GMII is present, then this will map to the Pair Control
Ability bit specified in 33.5.1.2.12;

30.9.1.1.4 aPSEPowerPairs

ATTRIBUTE

ARPROPRIATE SYNTAX:
An ENUMERATED VALUE that has one of the following entries:

signal PSE Pinout Alternative A

spare PSE Pinout Alternative B

both PSE Pinout Alternative A and Alternative B
BEHAVIOUR DEFINED AS:

Aread-write value that 1dentities the supported PSE Pinout Alternative specitied in 33.2.3 and
145.2.4. A GET operation returns the PSE Pinout Alternative in use. ASET-eperation-changes-the-
S e R o B OTIcd el

“trae”-If the attribute aPSEPowerPairsControlAbility is “true”, a SET operation will cause the
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PSE functions to be disabled. the PSE Pinout Alternative used to be changed to the value indicated
if supported, and then the PSE functions to be enabled. If the attribute aSeetionSESThreshold-
aPSEPowerPairsControlAbility is “false”, a SET operation has no effect.

The enumeration “signal” indicates that PSE Pinout Alternative A is used for PD detection and
power. The enumeration “spare” indicates that PSE Pinout Alternative B is used for PD detection
and power. The enumeration “both” indicates that the PSE Pinout uses both Alternative A and
Alternative B for detection and power. For Type 1 or Type 2 PSEs, iff a Clause 22 MII or
Clause 35 GMII is present, then this will map to the Pair Control bits specified in 33.5.1.1.4;

30.9.1.1.5 aPSEPowerDetectionStatus

ATTRIBUTE

APPROPRIATE SYNTAX:
An ENUMERATED VALUE that has one of the following entries:

disabled PSE disabled
searching PSE searching
deliveringPower PSE delivering power
test PSE test mode
fault PSE fault detected
otherFault PSE implementation specific fault detceted
BEHAVIOUR DEFINED AS:
A read-only value that indicates the current status of the’PD Detection function specified in 33.2.5
and 145.2.6.

The enumeration “disabled” indicates that th¢ BSE State diagram (Figure 33-9 or Figure 145-13)
is in the state DISABLED. The enumeration “deliveringPower” indicates that the PSE State
diagram is in the state POWER _ON. The.enumeration “test” indicates that the PSE State diagram
is in the state TEST MODE. The enunieration “fault” indicates that the PSE State diagram is in
the state TEST_ERROR. The enunieration “otherFault” indicates that the PSE State diagram is in
the state IDLE due to the variable error_condition = trae TRUE. The enumeration “searching”
indicates the PSE State diagram is in a state other than those listed above. Type 3 and Type 4 PSEs
do not use the values “test¥ or “fault”. For Type 1 or Type 2 PSEs, iffa Clause 22 MII or Clause 35
GMII is present, then this will map to the PSE Status bits specified in 33.5.1.2.11.

NOTE—A derivative attribute’'may wish to apply a delay to the use of the “deliveringPower” enumeration as the PSE
state diagram will entet_and then quickly exit the POWER ON state if a short-circuit or overcurrent condition is
present when power is first applied.;

Insert the following new subclauses, 30.9.1.1.5a and 30.9.1.1.5b, after 30.9.1.1.5:
30.9.1,1.5a aPSEPowerDetectionStatusA

ATTRIBUTE

APPROPRIATE SYNTAX:
An ENUMERATED VALUE that has one of the following entries:

searchingAltA PSE searching
deliveringPowerAltA  PSE delivering power
faultAltA PSE fault detected
BEHAVIOUR DEFINED AS:
A read-only value that indicates the current status of the PD Detection function specified in
145.2.6.
36
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The enumeration “deliveringPowerAltA” indicates that the PSE State diagram is in the state
POWER ON PRI ifalt pri=‘a’ or the state POWER ON_SEC if alt_pri=‘b’. The enumeration
“faultAltA” indicates that the PSE State diagram is in the state IDLE PRI ifalt pri=‘a’ or the state

IDLE_SEC if alt_pri=‘b’ due to the variable error_condition_pri = TRUE (if alt_pri=a’) or
error_condition_sec = TRUE (ifalt_pri=‘b’). The enumeration “searchingAltA” indicates the PSE
State diagram is in a state other than those listed above.

NOTE—A derivative attribute may wish to apply a delay to the use of the “deliveringPowerAltA” enumeration as the
PSE state diagram will enter and then quickly exit the POWER ON PRI (if alt pri=‘a’) state or the
POWER_ON_SEC (if alt_pri=‘b’) state if a short-circuit or overcurrent condition is present when power is, first
applied.;

30.9.1.1.5b aPSEPowerDetectionStatusB

ATTRIBUTE

APPROPRIATE SYNTAX:
An ENUMERATED VALUE that has one of the following entries:

searchingAltB PSE searching
deliveringPowerAltB  PSE delivering power
faultAltB PSE fault detected
BEHAVIOUR DEFINED AS:
A read-only value that indicates the current status of the PD Detection function specified in
145.2.6.

The enumeration “deliveringPowerAltB” indicates that the PSE State diagram is in the state
POWER _ON_SEC if alt_pri=°‘a’ or the statct POWER_ON PRI if alt pri=‘b’. The enumeration
“faultAltB” indicates that the PSE State diagram is in the state IDLE_SEC if alt_pri=°‘a’ or the state
IDLE PRI ifalt pri="b’ due to the variable error condition_sec = TRUE (if alt_pri=°a’) or
error_condition pri=TRUE (if alt/pri=‘b’). The enumeration “searchingAltB” indicates the PSE
State diagram is in a state othenthan those listed above.

NOTE—A derivative attribute may wish/to apply a delay to the use of the “deliveringPowerAltB” enumeration as the
PSE state diagram will enter and\ then quickly exit the POWER_ON_SEC (if alt pri=‘a’) state or the
POWER ON PRI (if alt pri="b’) state if a short-circuit or overcurrent condition is present when power is first
applied.;

Change 30.9.1.1.6 as follows:
30.9.1.1.6 aPSEPowerClassification

ATTRIBUTE

APPROPRIATE SYNTAX:
An ENUMERATED VALUE that has one of the following entries:

class0 Class 0 PD
classl Class 1 PD
class2 Class 2 PD
class3 Class 3 PD
class4 Class 4 PD
class5 Class 5 PD
class6 Class 6 PD
class7 Class 7 PD
class8 Class 8 PD

37
Copyright © 2019 IEEE. All rights reserved.



https://standardsiso.com/api/?name=fdf442bac309d23186993e822f9c6342

ISO/IEC/IEEE 8802-3:2021/Amd.2:2021(E)

IEEE Std 802.3bt-2018
|EEE Standard for Ethernet—Amendment 2: Physical Layer and Management Parameters
for Power over Ethernet over 4 Pairs

BEHAVIOUR DEFINED AS:
A read-only value that indicates the PD Class of a detected PD as specified in 33.2.6.1_and
145.2.8.1.

This value is only valid while a PD is being powered, that is the attribute alineSESThreshold-
aPSEPowerDetectionStatus reporting the enumeration “deliveringPower”. For Type 1 or Type 2

PSEs, iff a Clause 22 MII or Clause 35 GMII is present, then this will map to the PD Class bits
specified in 33.5.1.2.10.;

Insert the following new subclauses, 30.9.1.1.6a and 30.9.1.1.6b, after 30.9.1.1.6:
30.9.1.1.6a aPSEPowerClassificationA

ATTRIBUTE

APPROPRIATE SYNTAX:
An ENUMERATED VALUE that has one of the following entries:

classl Class 1 PD

class2 Class 2 PD

class3 Class 3 PD

class4 Class 4 PD

class5 Class 5 PD

BEHAVIOUR DEFINED AS:

A read-only value that indicates the PD Class of a detected dual-signature PD as specified in
145.2.8.1.

This value is only valid while a PD is beinggowered, that is the attribute
aPSEPowerDetectionStatusA reporting the«numeration “deliveringPowerAltA”.;

30.9.1.1.6b aPSEPowerClassificationB

ATTRIBUTE

APPROPRIATE SYNTAX:
An ENUMERATED VALUE that has one of the following entries:

classl Class 1 PD

class2 Class 2 PD

class3 Class 3 PD

class4 Class 4 PD

class5 Class 5 PD

BEHAVIOURDEFINED AS:

A read-only value that indicates the PD Class of a detected dual-signature PD as specified in
145.2.8.1.

This value is only valid while a PD is being powered, that is the attribute
aPSEPowerDetectionStatusB reporting the enumeration “deliveringPowerAltB”.;
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Change 30.9.1.1.7 as follows:

30.9.1.1.7 aPSElnvalidSignatureCounter

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment rate of 2 counts per
second.

BEHAVIOUR DEFINED AS:
This counter is incremented when the Type 1 and Type 2 PSE state diagram (Figure 33-9) enters
the state SIGNATURE INVALID. This counter is not defined for Type 3 and Type 4 PSEs. For
Type 1 or Type 2 PSEs, iff a Clause 22 MII or Clause 35 GMII is present, then this willanap to the
Invalid Signature bit specified in 33.5.1.2.6.;

Insert the following new subclauses, 30.9.1.1.7a and 30.9.1.1.7b, after 30.9.1.1.7:
30.9.1.1.7a aPSEInvalidSignatureCounterA

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment rate of 2 counts per
second.

BEHAVIOUR DEFINED AS:
This counter is incremented when the do_detect, pri or do_detect sec function in Figure 145-13,
Figure 145—15, and Figure 145—16, whichever\corresponds to Alternative A depending on the
value of alt_pri, returns ‘invalid’.;

30.9.1.1.7b aPSEInvalidSignatureCounterB

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment rate of 2 counts per
second.

BEHAVIOUR DEFINEDAS:
This counteris/incremented when the do_detect pri or do_detect_sec function in Figure 145-13,
Figure 145—15, and Figure 14516, whichever corresponds to Alternative B depending on the
valug-of\alt pri, returns ‘invalid’.;

Change 30:9.1.1.8 as follows:
30.9.1,1.8 aPSEPowerDeniedCounter

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment rate of 2 counts per
second.

BEHAVIOUOR DEFINED AS:
This counter is incremented when the PSE state diagram (Figure 33-9 and Figure 145—13) enters
the state POWER_DENIED. For Type 1 or Type 2 PSEs, ilf a Clause 22 MII or Clause 35 GMII
is present, then this will map to the Power Denied bit specified in 33.5.1.2.4;
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Insert the following new subclauses, 30.9.1.1.8a and 30.9.1.1.8b, after 30.9.1.1.8:

30.9.1.1.8a aPSEPowerDeniedCounterA

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment rate of 2 counts per
second.

BEHAVIOUR DEFINED AS:
This counter is incremented when the PSE state diagram (Figure 145—15 or Figure 145—16) entefs
the state POWER _DENIED PRI if alt pri=‘a’ or enters the state POWER DENIED_ SEG if
alt pri=b’.;

30.9.1.1.8b aPSEPowerDeniedCounterB

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum inCrement rate of 2 counts per
second.

BEHAVIOUR DEFINED AS:
This counter is incremented when the PSE state diagram (Figure 145—15 or Figure 145—16) enters
the state POWER_DENIED_SEC if alt_pri=‘a’ or enterSthe state POWER_DENIED_ PRI if
alt pri="b’,;

Change 30.9.1.1.9 as follows:
30.9.1.1.9 aPSEOverLoadCounter

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettablé.gounter. This counter has a maximum increment rate of 2 counts per
second.

BEHAVIOUR DEFINED AS:
This counter is\ineremented when the PSE state diagram (Figure 33—9 and Figure 145—13) enters
the state ERROR—DEEAY—OVER ERROR_DELAY. For Type 1 or Type 2 PSEs, iffa Clause 22
MII or Glause 35 GMII is present, then this will map to the Overload bit specified in 33.5.1.2.8;

Insert the following new subclause, 30.9.1.1.9a, after 30.9.1.1.9:
30.9.11:9a aPSEOverLoadCounterA

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment rate of 2 counts per
second.

BEHAVIOUR DEFINED AS:

Thiscoumter s merememed wien tie PSE state diagram(Figure T4 5=t 5or Figure H45=16)Tnters
the state ERROR_DELAY PRI ifalt pri=‘a’ or enters the statt ERROR_DELAY SEC if
alt pri=b’.;
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Change 30.9.1.1.10 as follows:

30.9.1.1.10 aRSEShoertGounter aPSEOverLoadCounterB

ATTRIBUTE

APPROPRIATE SYNTAX:

Generalized nonresettable counter. This counter has a maximum increment rate of 2 counts per
second.

BEHAVIOUR DEFINED AS:

This counter is incremented when the PSE state diagram (Figure 145-15 or Figure 145-16) enters
the state ERROR_DELAY_SEC if alt_pri=°‘a’ or enters the state ERROR_DELAY PRI if

alt_pri="b’.;

Change 30.9.1.1.11 as follows:
30.9.1.1.11 aPSEMPSAbsentCounter

ATTRIBUTE

APPROPRIATE SYNTAX:

Generalized nonresettable counter. This counter hag asftaximum increment rate of 2 counts per
second.

BEHAVIOUR DEFINED AS:
This counter is incremented when the PSE\state diagram (Figure 33-9 and Figure 145-13)
transitions directly from the state POWER: ON to the state IDLE due to tmpdo_timer_done being
asserted. For Type 1 or Type 2 PSEs, #¥f a Clause 22 MII or Clause 35 GMII is present, then this
will map to the MPS Absent bitspéeified in 33.5.1.2.9.;

Insert the following new subclauses, 30:9.1.1.11a and 30.9.1.1.11b, after 30.9.1.1.11:
30.9.1.1.11a aPSEMPSAbsentCounterA

ATTRIBUTE

APPROPRIATE SYNTAX:

Generalized nonresettable counter. This counter has a maximum increment rate of 2 counts per
second)

BEHAVIOUR DEFINED AS:
This counter is incremented when the PSE state diagram (Figure 145—15 or Figure 145-16)
transitions directly from the state POWER_ON_PRI to the state IDLE PRI due to
mpdo_timer pri_done being asserted if alt pri=‘a’ or transitions directly from the state
POWER_ON_SEC to the state IDLE_SEC due to mpdo_timer_sec_done being asserted if
alt pri="b’,;
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30.9.1.1.11b aPSEMPSAbsentCounterB

ATTRIBUTE

ARPPROPRIATE QSVUNTANY.
I Y T O TN Iz Yzy.
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Generalized nonresettable counter. This counter has a maximum increment rate of 2 counts per
second.

BEHAVIOUR DEFINED AS:
This counter is incremented when the PSE state diagram (Figure 145-15 or Figure 145-16)
transitions directly from the state POWER_ON_SEC to the state IDLE_SEC due to
mpdo_timer sec_done being asserted if alt_pri=a’ or transitions directly from the state
POWER _ON PRI to the state IDLE PRI due to mpdo_timer pri_done being asserted if
alt pri=b’.;

30.9.1.2 PSE actions
Change 30.9.1.2.1 as follows:
30.9.1.2.1 acPSEAdminControl

ACTION

APPROPRIATE SYNTAX:
Same as aSeetionStatus-aPSEAdminState

BEHAVIOUR DEFINED AS:
This action provides a means to alter aSeetionStatis-aPSEAdminState.;

Delete 30.9.2 “PD managed object class” and its sibclauses in their entirety.

30.12 Layer Management for Link Layer Discovery Protocol (LLDP)
30.12.2 LLDP Local System Group:managed object class

30.12.2.1 LLDP Local System Group attributes

Change 30.12.2.1.6 througti 30.12.2.1.10 as follows:

30.12.2.1.6 aLldpXdot3LocPowerMDISupported

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINED AS:
For a PSE, this attribute contains a A-read-only Boolean value used to indicate whether the MDI
power is supported on the given port associated with the local system. For a PD. the value of this

attribute is undefined.;

30.12.2.1.7 aLldpXdot3LocPowerMDIEnabled

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN
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BEHAVIOUR DEFINED AS:
For a PSE, this attribute contains a A-read-only Boolean value used to identify whether MDI power
is enabled on the given port associated with the local system. For a PD, the value of this attribute
is undefined.;

30.12.2.1.8 aLldpXdot3LocPowerPairControllable

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOU

o e rtocd vwiths the local .

A read-only Boolean value used to indicate the ability to control which PSE Pinoeut Alternative

(see 33.2.3 and 145.2.4) is used for PD detection and power. For a PSE, thi€attribute contains the
value of the aPSEPowerPairsControlAbility attribute (see 30.9.1.1.3). For a PD, the contents of
this attribute are undefined.;

30.12.2.1.9 aLldpXdot3LocPowerPairs

ATTRIBUTE
APPROPRIATE SYNTAX:
Fhe-same-as-used-for-aPSEPowerPairs
An ENUMERATED value list that has the follewing entries:

signal PSE Pinout Alternative A
spare PSE Pinout Alternative B
BEHAVIOUR DEFINED AS:

S 260 b ted eith the ot he tocsl .
A read-only value that identifies the PSE Pinout Alternative (see 33.2.3 and 145.2.4) in use for
detecting and supplying-power to the PD. For a PSE, this attribute contains a value derived from
the aPSEPowerPairs.dttribute (see 30.9.1.1.4). For a PD, the contents of this attribute are
undefined. A TypeB.or Type 4 PSE detecting or supplying power on both PSE Pinout Alternatives

may return either-PSE Pinout Alternative as this configuration is communicated through the
alLldpXdot3LhocPowerPairsExt attribute. A Type 3 or Type 4 PSE supplying power on only one
PSE Pinout Alternative returns that PSE Pinout Alternative. For a PD, the contents of this attribute
are undefined.;

30.12.2.1:10 aLldpXdot3LocPowerClass

ATFRIBUTE
APPROPRIATE SYNTAX:
- | foraPSEP Cassifieati
An ENUMERATED value list that has the following entries:

classO Class 0 PD
classl Class 1 PD
class2 Class 2 PD
class3 Class 3 PD
class4 Class 4 PD
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BEHAVIOUR DEFINED AS:

A read-only value that indicates the requested Class of thePD as specified in 33.2.6 and 145.2.8.

This attribute returns an enumeration of “class4” for a PD of Class 4 or higher as such PD Classes
are identified through the al.ldpXdot3LocPowerClassExt attribute.;

Change 30.12.2.1.14 as follows:
30.12.2.1.14 aLldpXdot3LocPowerType

ATTRIBUTE

APPROPRIATE SYNTAX:
BIT STRING [SIZE (2)]

BEHAVIOUR DEFINED AS:
A GET attribute that returns a bit string indicating whether the local systempis-a PSE or a PD and
whether it is Type | orFype2 greater than Type 1. The first bit indicates_Fype 1 or-Fype-2 greater
than Type 1. The second bit indicates PSE or PD. A PSE shalt-sets thisbit to indicate a PSE. A PD
shal sets this bit to indicate a PD._See also al.ldpXdot3LocPowerTypeExt.;

Change 30.12.2.1.17 as follows:
30.12.2.1.17 aLldpXdot3LocPDRequestedPowerValue

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:

A GET attribute that returns the-.PD-fequested power value in units of 0.1 W. For a PD, it is the
power value that the PD has curréntly requested from the remote system. The PD requested power
value is the maximum input:average power the PD ever draws under this power allocation if
accepted. For a PSE, it is.the power value that the PSE mirrers-echoes back to the remote system.
This is the PD requested power value that was used by the PSE to compute the power it has
currently allocated/to the remote system.-Fhe-PD-requested-power-value-is-encoded-aceordingto-

O W 5

Insert the following new subclauses, 30.12.2.1.17a and 30.12.2.1.17b, after 30.12.2.1.17:
30.12.2.1.17a,aLldpXdot3LocPDRequestedPowerValueA

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
A GET attribute that returns the PD requested power value for the Mode A pairset in units of
0.1 W. For a PD, it is the power value that the PD has currently requested from the remote system
for the Mode A pairset. For a PSE, it is the power value for the Alternative A pairset that the PSE

TCITOTS back to the TEIMote SySIeNT;
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30.12.2.1.17b aLldpXdot3LocPDRequestedPowerValueB

ATTRIBUTE

ARPPROPRIATE QSVUNTANY.
I Y T O TN Iz Yzy.

7Yr T IcOoT T

INTEGER

BEHAVIOUR DEFINED AS:
A GET attribute that returns the PD requested power value for the Mode B pairset in units of
0.1 W. For a PD, it is the power value that the PD has currently requested from the remote system
for the Mode B pairset. For a PSE, it is the power value for the Alternative B pairset that the PSE

echoes back to the remote system.;

Change 30.12.2.1.18 as follows:

30.12.2.1.18 aLldpXdot3LocPSEAllocatedPowerValue

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
A GET attribute that returns the PSE allocated power valueitunits of 0.1 W. For a PSE, it is the
power value that the PSE has currently allocated to the rémote system. The PSE allocated power
value is the maximum input average power that the RSE wants the PD to ever draw under this
allocation if it is accepted. For a PD, it is the power‘value that the PD mirrers-echoed back to the

remote system.

Insert the following new subclauses, 30.12:2.4.18a through 30.12.2.1.18am, after 30.12.2.1.18:
30.12.2.1.18a aLldpXdot3LocPSEAllocatedPowerValueA

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
A GET attribute that returns the PSE allocated power value for the Alternative A pairset in units
of(0.1"W. For a PSE, it is the power value for the Alternative A pairset that the PSE has currently
allocated to the remote system. For a PD, it is the power value for the Mode A pairset that the PD

€choes back to the remote system.;

30.12.2.1.18b aLldpXdot3LocPSEAllocatedPowerValueB

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUOR DEFINED AS:
A GET attribute that returns the PSE allocated power value for the Alternative B pairset in units
of 0.1 W. For a PSE, it is the power value for the Alternative B pairset that the PSE has currently
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allocated to the remote system. For a PD, it is the power value for the Mode B pairset that the PD
echoes back to the remote system.;

30.12.2.1.18c aLldpXdot3LocPSEPoweringStatus

ATTRIBUTE

APPROPRIATE SYNTAX:
An ENUMERATED VALUE that has one of the following entries:

4PdualsigPD 4-pair powering a dual-signature PD
4PsinglesigPD 4-pair powering a single-signature PD
2P 2-pair powering

BEHAVIOUR DEFINED AS:

A read only value that indicates the powering status of the PSE. For a PD, the contents '0f this
attribute are undefined.;

30.12.2.1.18d aLldpXdot3LocPDPoweredStatus

ATTRIBUTE

APPROPRIATE SYNTAX:
An ENUMERATED VALUE that has one of the following ehtries:

4PdualsigPD 4-pair powered dual-signature PD

2PdualsigPD 2-pair powered dual-signature-PD

singlesigPD powered single-signature PD
BEHAVIOUR DEFINED AS:

A read only value that indicates the powering status of the PD. For a PSE, the contents of this
attribute are undefined.;

30.12.2.1.18e aLldpXdot3LocPowerPairsExt

ATTRIBUTE

APPROPRIATE SYNTAX:
An ENUMERATED VALUE that has one of the following entries:

altA Alternative A

altB Alternative B

both Both Alternatives
BEHAVIOUR DEFINED AS:

A readsonly value that identifies the supported PSE Pinout Alternative specified in 145.2.4. For a
PSE, this attribute contains the value of the aPSEPowerPairs attribute (see 30.9.1.1.4). For a PD,
the contents of this attribute are undefined.;

30.12.2.1.18f aLIdpXdot3LocPowerClassExtA

ATTRIBUTE

APPROPRIATE SYNTAX:
An ENUMERATED VALUE that has one of the following entries:

singlesig Single-signature PD or 2-pair only PSE
classl Class 1
class2 Class 2
class3 Class 3
46
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class4 Class 4
class5 Class 5
BEHAVIOUR DEFINED AS:
L d 1 1 + 10IAY A 1 1 that 1 ds s e N tad 1 £ Mad

3 2 1. Acd3a3c1
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Physical Layer Classification (see 145.3.6). For a single-signature PD, a read-only value set to
‘singlesig’.

For a PSE connected to a dual-signature PD, a read-only value that indicates the currently assigned
Class for Mode A (see 145.2.8). For a PSE connected to a single-signature PD or a PSE that
operates only in 2-pair mode, a read-only value set to ‘singlesig’.;

30.12.2.1.189g aLldpXdot3LocPowerClassExtB

ATTRIBUTE

APPROPRIATE SYNTAX:
An ENUMERATED VALUE that has one of the following entries:

singlesig Single-signature PD or 2-pair only PSE
classl Class 1
class2 Class 2
class3 Class 3
class4 Class 4
class5 Class 5
BEHAVIOUR DEFINED AS:

For a dual-signature PD, a read-only value that indicates the requested Class for Mode B during
Physical Layer Classification (see 145.3.6). For a §ingle-signature PD, a read-only value set to
‘singlesig’.

For a PSE connected to a dual-signature PDjawead-only value that indicates the currently assigned
Class for Mode B (see 145.2.8). For a RSE eonnected to a single-signature PD or a PSE that
operates only in 2-pair mode, a read-only value set to ‘singlesig’.;

30.12.2.1.18h aLldpXdot3LocPowerClassExt

ATTRIBUTE

APPROPRIATE SYNTAX:
An ENUMERATED VALUE that has one of the following entries:

dualsig Dual-signature PD
classl Class 1
class2 Class 2
class3 Class 3
cldss# Class 4
class5 Class 5
Class6 Class 6
class7 Class 7
class8 Class 8
BEHAVIOUR DEFINED AS:

For a single-signature PD, a read-only value that indicates the requested Class during Physical
Layer Classification (see 145.3.6). For a dual-signature PD, a read-only value set to ‘dualsig’.
For a PSE connected to a single-signature PD or a PSE that operates only in 2-pair mode, a read-
only value that indicates the currently assigned Class (see 145.2.8). For a PSE connected to a dual-

signature PD, a read-only value set to ‘dualsig’.;
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30.12.2.1.18i aLldpXdot3LocPowerTypeExt

ATTRIBUTE

ARPPROPRIATE QSVUNTANY.
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An ENUMERATED VALUE that has one of the following entries:

type4dualsigPD Type 4 dual-signature PD

typedsinglesigPD Type 4 single-signature PD

type3dualsigPD Type 3 dual-signature PD

type3singlesigPD Type 3 single-signature PD

type4PSE Type 4 PSE

type3PSE Type 3 PSE
BEHAVIOUR DEFINED AS:

A read-only attribute that returns a value to indicate if the local system is a Type 3 o5 Type 4 PSE
or PD and, in the case of a Type 3 or Type 4 PD, if it is a single-signature PD ora dual-signature
PD,;

30.12.2.1.18j aLldpXdot3LocPDLoad

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINED AS:
For a dual-signature PD, a GET attribute that returns whether the load of a dual-signature PD is
electrically isolated, as defined in 79.3.2.6d.2. Eor a-single-signature PD or a PSE, the value of this
attribute is FALSE.;

30.12.2.1.18k aLldpXdot3LocPD4PID

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINED AS:
A read-only Boolean attribute indicating whether the local PD system supports powering of both
PD Modes.;

30.12.2.1.18l aLldpXdot3LocPSEMaxAvailPower

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
A GET attribute that returns the local PSE maximum available power value in units of 0.1 W.;

30.12.2.1.18m aLldpXdot3LocPSEAutoclassSupport

ATTRIBUTE

APPROPRIATE SYNTAX:
BIT STRING [SIZE (1)]
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BEHAVIOUR DEFINED AS:
A read-only attribute that returns a bit string indicating whether the local PSE system supports
Autoclass.;

30.12.2.1.18n aLldpXdot3LocAutoclassCompleted

ATTRIBUTE

APPROPRIATE SYNTAX:
BIT STRING [SIZE (1)]

BEHAVIOUR DEFINED AS:
A read-only attribute that returns a bit string indicating whether the local PSE system has
completed the Autoclass measurement.;

30.12.2.1.180 aLldpXdot3LocAutoclassRequest

ATTRIBUTE

APPROPRIATE SYNTAX:
BIT STRING [SIZE (1)]

BEHAVIOUR DEFINED AS:
A read-only attribute that returns a bit string indicating whetherthe local PD system is requesting
an Autoclass measurement and power budget adjustment.;

30.12.2.1.18p aLldpXdot3LocPowerDownRequest

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
A SET attribute that indicates the’local PD system is requesting a power down when the value is
0x1D.;

30.12.2.1.18q aLldpXdot3LocPowerDownTime

ATTRIBUTE

APPROPRIATE SY¥YNTAX:
INTEGER

BEHAVIOURDEFINED AS:
A SET attribute that indicates the number of seconds the PD requests to stay powered off. A value
of zero indicates an indefinite amount of time.;

30.12.2.1.18r aLldpXdot3LocMeasVoltageSupport

ATTRIBUTE

APPROPRIATE SYNTAX:
BIT STRING [SIZE (1)]

BEHAVIOUOR DEFINED AS:
A GET attribute that indicates the local device is capable of providing a voltage measurement.;
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30.12.2.1.18s aLldpXdot3LocMeasCurrentSupport

ATTRIBUTE
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BIT STRING [SIZE (1)]
BEHAVIOUR DEFINED AS:
A GET attribute that indicates the local device is capable of providing a current measurement.;

30.12.2.1.18t aLIdpXdot3LocMeasPowerSupport

ATTRIBUTE

APPROPRIATE SYNTAX:
BIT STRING [SIZE (1)]

BEHAVIOUR DEFINED AS:
A GET attribute that indicates the local device is capable of providing a paywer measurement.;

30.12.2.1.18u aLldpXdot3LocMeasEnergySupport

ATTRIBUTE

APPROPRIATE SYNTAX:
BIT STRING [SIZE (1)]

BEHAVIOUR DEFINED AS:
A GET attribute that indicates the local deviceAs capable of providing an energy measurement.;

30.12.2.1.18v aLldpXdot3LocMeasurementSource

ATTRIBUTE

APPROPRIATE SYNTAX:
BIT STRING [SIZE (2)]

BEHAVIOUR DEFINED AS:
A SET attribute value that indicates to local device on which Alternative or Mode the measurement
is to be taken.;

30.12.2.1.18w aLldpXdot3LocMeasVoltageRequest

ATTRIBUTE

APPROPRIATE SYNTAX:
BIT STRING [SIZE (1)]

BEHAVIOUR DEFINED AS:
A GET attribute that indicates the local device is requesting a voltage measurement from the
remote device.;

30.12.2.1.18x aLldpXdot3LocMeasCurrentRequest

ATTRIBUTE

APPROPRIATE SYNTAX:
BIT STRING [SIZE (1)]
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BEHAVIOUR DEFINED AS:
A GET attribute that indicates the local device is requesting a current measurement from the
remote device.;

30.12.2.1.18y aLldpXdot3LocMeasPowerRequest

ATTRIBUTE

APPROPRIATE SYNTAX:
BIT STRING [SIZE (1)]

BEHAVIOUR DEFINED AS:
A GET attribute that indicates the local device is requesting a power measurement from theremote
device.;

30.12.2.1.18z aLldpXdot3LocMeasEnergyRequest

ATTRIBUTE

APPROPRIATE SYNTAX:
BIT STRING [SIZE (1)]

BEHAVIOUR DEFINED AS:
A GET attribute that indicates the local device is requesting\afivenergy measurement from the
remote device.;

30.12.2.1.18aa aLldpXdot3LocMeasVoltageValid

ATTRIBUTE

APPROPRIATE SYNTAX:
BIT STRING [SIZE (1)]

BEHAVIOUR DEFINED AS:
A GET attribute that indicates\the local device’s voltage measurement is valid.;

30.12.2.1.18ab aLldpXdot3LocMeasCurrentValid

ATTRIBUTE

APPROPRIATE SYNTAX:
BIT STRING [SIZE (1)]

BEHAVIOUR-DEFINED AS:
A(GET attribute that indicates the local device’s current measurement is valid.;

30.12.24:18ac aLldpXdot3LocMeasPowerValid

ATTRIBUTE

APPROPRIATE SYNTAX:
BIT STRING [SIZE (1)]

BEHAVIOUR DEFINED AS:
A GET attribute that indicates the local device’s power measurement is valid.;
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30.12.2.1.18ad aLldpXdot3LocMeasEnergyValid

ATTRIBUTE
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BIT STRING [SIZE (1)]
BEHAVIOUR DEFINED AS:
A GET attribute that indicates the local device’s energy measurement is valid.;

30.12.2.1.18ae aLldpXdot3LocMeasVoltageUncertainty

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
A GET attribute that indicates the expanded uncertainty (coverage factor k=2) for the device’s
voltage measurement. See Table 79-8a.;

30.12.2.1.18af aLIdpXdot3LocMeasCurrentUncertainty

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
A GET attribute that indicates the expandeddincertainty (coverage factor k = 2) for the device’s
current measurement. See Table 79-8a.;

30.12.2.1.18ag aLldpXdot3LocMeasPowerUncertainty

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
A GET attribute-that indicates the expanded uncertainty (coverage factor k = 2) for the device’s
power measurement. See Table 79-8a.;

30.12.2.1.18ah-alldpXdot3LocMeasEnergyUncertainty

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
A GET attribute that indicates the expanded uncertainty (coverage factor k = 2) for the device’s
energy measurement. See Table 79-8a.;
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30.12.2.1.18ai aLIldpXdot3LocVoltageMeasurement

ATTRIBUTE
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INTEGER
BEHAVIOUR DEFINED AS:
A GET attribute that returns the measured device voltage. See Table 79-8a.;
30.12.2.1.18aj aLldpXdot3LocCurrentMeasurement

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
A GET attribute that returns the measured device current. See Table 79—847;

30.12.2.1.18ak aLldpXdot3LocPowerMeasurement

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
A GET attribute that returns the measured device power. See Table 79-8a.;

30.12.2.1.18al aLldpXdot3LocEnergyMeasuréement

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
A GET attribute thatafeturns the measured device energy. See Table 79-8a.;
30.12.2.1.18am aLldpXdot3LocPSEPowerPricelndex

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHANIOUR DEFINED AS:
A GET attribute that returns an index of the price of power being sourced by the PSE. For a PD,
this value is undefined.;

Delete 30.12.2.1.21 “aLldpXdot3LocReducedOperationPowerValue.”
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30.12.3 LLDP Remote System Group managed object class

30.12.3.1 LLDP Remote System Group attributes

Change 30.12.3.1.6 through 30.12.3.1.10 as follows:
30.12.3.1.6 aLIdpXdot3RemPowerMDISupported

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINED AS:
This attribute contains a A-read-only Boolean value used to indicate whether the MDI power is
supported on the given port associated with the remote PSE system. When the remete system is a

PD, the value of this attribute is undefined.;

30.12.3.1.7 aLldpXdot3RemPowerMDIEnabled

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINED AS:
This attribute contains a A-read-only Boolean valugtused to identify whether MDI power is
enabled on the given port associated with the remote PSE system. When the remote system is a
PD, the value of this attribute is undefined.;

30.12.3.1.8 aLldpXdot3RemPowerPairControllable

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

A read-only*Boolean value used to indicate the ability to control which PSE Pinout Alternative
(see 33.2°3 and 145.2.4) is used for PD detection and power on the given port on the remote system.
ForaPD, this attribute contains the value of the aPSEPowerPairsControlAbility attribute (see
30:9.1.1.3) on the given port on the remote system. For a PSE, the contents of this attribute are
tndefined.;

30.12.3.1.9 aLldpXdot3RemPowerPairs

ATTRIBUTE
APPROPRIATE SYNTAX:
Fhe-same-as-used-for-aPSEPowerPairs
An ENUMERATED value list that has the following entries:

signal PSE Pinout Alternative A
spare PSE Pinout Alternative B
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BEHAVIOUR DEFINED AS:

A read-only value that identifies the supported PSE Pinout Alternative (see 33.2.3 and 145.2.4) in

use for supplying power to the PD on the given port on the remote system. For a PD, this attribute
contains a value derived from the aPSEPowerPairs attribute (see 30.9.1.1.4) on the given port on
the remote system. For a PSE, the contents of'this attribute are undefined. When the remote system
is a Type 3 or Type 4 PSE supplying power on both PSE Pinout Alternatives, the value of this
attribute can indicate either pinout. If the al. ldpXdot3RemPowerPairsExt attribute is available, it
will report this configuration.;

30.12.3.1.10 aLldpXdot3RemPowerClass

ATTRIBUTE
APPROPRIATE SYNTAX:
T | for-aPSEP Cassifieati
An ENUMERATED value list that has the following entries:

class0 Class 0 PD
classl Class 1 PD
class2 Class 2 PD
class3 Class 3 PD
class4 Class 4 PD
BEHAVIOUR DEFINED AS:

A read-only value that identifies the requestéd Class of the PD as specified in 33.2.6 and 145.2.8
on the given port on the remote system. This attribute will return an enumeration of “class4” for a
PD of Class 4 or higher as such PD Classes are identified through the
alLldpXdot3RemPowerClassExt attribute.;

Change 30.12.3.1.14 as follows:
30.12.3.1.14 aLldpXdot3RemPowerType

ATTRIBUTE

APPROPRIATE SYNTAX:
BIT STRING [SIZE (2)]

BEHAVIOURDEFINED AS:
A (GET attribute that returns a bit string indicating whether the remote system is a PSE or a PD and
whether it is Type 1 or Fype-2 greater than Type 1. The first bit indicates Type 1 or-Fype-2 greater
than Type 1. The second bit indicates PSE or PD. See also al.ldpXdot3RemPowerTypeExt.;

Change 30.12.3.1.17 as follows:
30.12.3.1.17 aLldpXdot3RemPDRequestedPowerValue

ATTRIBUTE
APPROPRIATE SYNTAX:

INTEGER
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BEHAVIOUR DEFINED AS:
A GET attribute that returns the PD requested power value that was used by the remote system to
compute the power value that is it has currently allocated to the PD. For a PSE, it is the PD
requested power value received from the remote system. The definition and encoding of PD

requested power value is the same as described in aLldpXdot3LocPDRequestedPowerValue
(30.12.2.1.17). For a PD, it is the mirrored copy of the requested power field echoed back by the
remote PSE.;

Insert the following new subclauses, 30.12.3.1.17a and 30.12.3.1.17b, after 30.12.3.1.17:
30.12.3.1.17a aLldpXdot3RemPDRequestedPowerValueA

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
A GET attribute that returns the PD requested power value for the Mod€/A pairset that was used
by the remote system to compute the power value that it has currently«<allocated to the PD. For a
PSE, it is the PD requested power value for the Alternative A paits¢tfeceived from the remote
system. For a PD, it is the PD requested power value for the Altermative A pairset that the PSE
echoes back to the remote system. The definition and encoditig’of PD requested power value for
the Mode A pairset is the same as described in aLldpXd¢t3[hocPDRequestedPowerValueA
(30.12.2.1.17a).;

30.12.3.1.17b aLldpXdot3RemPDRequestedPowerValueB

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
A GET attribute that returns'the PD requested power value for the Mode B pairset that was used
by the remote system to-compute the power value that it has currently allocated to the PD. For a
PSE, it is the PD requested power value for the Alternative B pairset received from the remote
system. For a PDjit.is the PD requested power value for the Alternative B pairset that the PSE
echoes back to.the'remote system. The definition and encoding of PD requested power value for
the Mode B pairset is the same as described in aL.ldpXdot3LocPDRequestedPowerValueB
(30.12.241.17b).;

Change 30.12.3.1.18 as follows:
30.12.31.18 aLldpXdot3RemPSEAllocatedPowerValue

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
A GET attribute that returns the PSE allocated power value received from the remote system. For

d rSE, il ib the PSE di‘lobdlcd POWCT vatue lhdl. WS unvtl ‘u_y e TeIotE Sy Stolit tO COTHp Ut lll\/

power-value-thatit-has-eurrently requested-fromthe PSE was echoed back by the remote PD. For

a PD, it is the PSE allocated power value received from the remote system. The definition and
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encoding of PSE allocated power value is the same as described in
alLldpXdot3LocPSEAllocatedPowerValue (30.12.2.1.18).;

Insert the following new subclauses, 30.12.3.1.18a through 30.12.3.1.18am, after 30.12.3.1.18:

30.12.3.1.18a aLIldpXdot3RemPSEAllocatedPowerValueA

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
A GET attribute that returns the PSE allocated power value for the Alternative A pairsetweceived
from the remote system. For a PSE, it is the PSE allocated power value for the Alternative’A pairset
that was echoed back by the remote PD. For a PD, it is the PSE allocated power value for the Mode
A pairset received from the remote system. The definition and encoding of PSE allocated power
value for the Alternative A pairset is the same as described in
alLldpXdot3LocPSEAllocatedPowerValueA (30.12.2.1.18a).;

30.12.3.1.18b aLldpXdot3RemPSEAllocatedPowerValueB

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
A GET attribute that returns the PSE allocatéd'power value for the Alternative B pairset received
from the remote system. For a PSE, it is thé\PSE allocated power value for the Alternative B pairset
that was echoed back by the remote PD..For a PD, it is the PSE allocated power value for the Mode
B pairset received from the remote system. The definition and encoding of PSE allocated power
value for the Alternative B pairset\s’the same as described in
alLldpXdot3LocPSEAllocatedPowerValueB (30.12.2.1.18b).;

30.12.3.1.18c aLldpXdot3RemPSEPoweringStatus

ATTRIBUTE

APPROPRIATE SYNTAX:
An ENUMERATED VALUE that has one of the following entries:

4PdualsigPD 4-pair powering a dual-signature PD
4PsinglesigPD 4-pair powering a single-signature PD
2P 2-pair powering

BEHANIOUR DEFINED AS:

A read only value that indicates the powering status of the remote PSE. For a PSE, the contents of
this attribute are undefined.;

30.12.3.1.18d aLldpXdot3RemPDPoweredStatus

ATTRIBUTE
APPROPRIATE SYNTAX:

An ENUMERATED VALUE that has one of the following entries:
4PdualsigPD 4-pair powered dual-signature PD
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2PdualsigPD 2-pair powered dual-signature PD
singlesigPD powered single-signature PD
BEHAVIOUR DEFINED AS:
2| 1 1 that 1o ds £ 1+l toty £iloa o ta. P T RPD_th taat
—retd-ortyeattre-thattrdientesthe povertrgstattrof theremote PR or o PBthecontentsof

this attribute are undefined.;
30.12.3.1.18e aLldpXdot3RemPowerPairsExt

ATTRIBUTE

APPROPRIATE SYNTAX:
An ENUMERATED VALUE that has one of the following entries:

altA Alternative A

altB Alternative B

both Both Alternatives
BEHAVIOUR DEFINED AS:

A read-only value that identifies the supported PSE Pinout Alternative specified in 145.2.4. For a
PD, this attribute contains the value of the aPSEPowerPairs attribute (s¢£30.9.1.1.4) as sent by the
remote PSE. For a PSE, the contents of this attribute are undefined(

30.12.3.1.18f aLIdpXdot3RemPowerClassExtA

ATTRIBUTE

An ENUMERATED VALUE that has one of the following &ntries:
singlesig Single-signature PD ot ,2-pair only PSE
classl Class 1
class2 Class 2
class3 Class 3
class4 Class 4
class5 Class 5

BEHAVIOUR DEFINED AS:

For a dual-signature PD, aréad-only value that indicates the currently assigned Class for Mode A
by the remote 4-pair PSE."For a single-signature PD or a dual-signature PD connected to a 2-pair
only PSE, a read-only-value set to ‘singlesig’ by the remote PSE. For a PSE connected to a dual-
signature PD, a read-only value that indicates the requested Class for Mode A during Physical
Layer classification (see 145.2.8) by the remote PD. For a PSE connected to a single-signature PD,
a read-only value set to ‘singlesig’ by the remote PD.;

30.12.3.1.18g.aLldpXdot3RemPowerClassExtB

ATTRIBUTE

ARLENUMERATED VALUE that has one of the following entries:
singlesig Single-signature PD or 2-pair only PSE
classl Class 1
class2 Class 2
class3 Class 3
class4 Class 4
class5 Class 5

BEHAVIOUR DEFINED AS:

For a dual-signature PD, a read-only value that indicates the currently assigned Class for Mode B
by the remote 4-pair PSE. For a single-signature PD or a dual-signature PD connected to a 2-pair
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only PSE, a read-only value set to ‘singlesig’ by the remote PSE. For a PSE connected to a dual-
signature PD, a read-only value that indicates the requested Class for Mode B during Physical
Layer classification (see 145.2.8) by the remote PD. For a PSE connected to a single-signature PD,
a read-only value set to ‘singlesig’ by the remote PD.;

30.12.3.1.18h aLldpXdot3RemPowerClassExt

ATTRIBUTE

APPROPRIATE SYNTAX:
An ENUMERATED VALUE that has one of the following entries:

dualsig Dual-signature PD
class1 Class 1
class2 Class 2
class3 Class 3
class4 Class 4
class5 Class 5
class6 Class 6
class7 Class 7
class8 Class 8
BEHAVIOUR DEFINED AS:

For a single-signature PD or a dual-signature PD connected t0'4.2-pair only PSE, a read-only value
that indicates the currently assigned Class by the remote(PSE. For a dual-signature PD connected
to a 4-pair capable PSE, a read-only value set to ‘dualsig”by the remote PSE. For a PSE connected
to a single-signature PD, a read-only value that indicates the requested Class during Physical Layer
classification (see 145.2.8) by the remote PD. Eor aPSE connected to a dual-signature PD, a read-
only value set to ‘dualsig’ by the remote PDS

30.12.3.1.18i aLldpXdot3RemPowerTypeExt

ATTRIBUTE

APPROPRIATE SYNTAX:
An ENUMERATED VALUE that has one of the following entries:

type4dualsigPD Type 4 dual-signature PD

typedsinglesigPD Type 4 single-signature PD

type3dualsigPD Type 3 dual-signature PD

type3singlesigPD Type 3 single-signature PD

type4PSE Type 4 PSE

type3PSE Type 3 PSE
BEHAVIOURDEFINED AS:

A read-only attribute that returns a value to indicate if the remote system is a Type 3 or Type 4 PSE
or PD and, in the case of a Type 3 or Type 4 PD, if it is a single-signature PD or dual-signature PD.;

30.12.3.1.18j aLIdpXdot3RemPDLoad

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINEDAS
For a PSE, a GET attribute that returns whether the load of the remote dual-signature PD is
electrically isolated, as defined in 79.3.2.6d.2. For a PD, this attribute is set to FALSE.;
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30.12.3.1.18k aLldpXdot3RemPD4PID

ATTRIBUTE

ARPPROPRIATE QSVUNTANY.
I Y T O TN Iz Yzy.

7Yr T IcOoT T

BOOLEAN

BEHAVIOUR DEFINED AS:
A read-only Boolean attribute indicating whether the remote PD system supports powering of both
PD Modes.;

30.12.3.1.18I aLldpXdot3RemPSEMaxAvailPower

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
A GET attribute that returns the remote PSE maximum available powet_value in units of 0.1 W.;

30.12.3.1.18m aLldpXdot3RemPSEAutoclassSupport

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINED AS:
A read-only Boolean attribute indicating whéther the remote PSE system supports Autoclass.;

30.12.3.1.18n aLldpXdot3RemAutoclassConmpleted

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINED AS;
A read-only Boolean attribute indicating whether the remote PSE system has completed the
Autoclass measurement.;

30.12.3.1.180 aLidpXdot3RemAutoclassRequest

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINED AS:
A read-only Boolean attribute indicating whether the remote PD system is requesting an Autoclass
measurement.;

30.12.3.1.18p aLldpXdot3RemPowerDownRequest

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER
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BEHAVIOUR DEFINED AS:
A read-only attribute that indicates the remote PD system is requesting a power down when the
value is 0x1D.;

30.12.3.1.18q aLldpXdot3RemPowerDownTime

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
A GET attribute that indicates the number of seconds the remote PD requests to stay powered off.
A value of zero indicates an indefinite amount of time.;

30.12.3.1.18r aLIdpXdot3RemMeasVoltageSupport

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINED AS:
A GET attribute that indicates if the remote device is capable.0fproviding a voltage measurement.;

30.12.3.1.18s aLldpXdot3RemMeasCurrentSupport

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINED AS:
A GET attribute that indicates if'the’remote device is capable of providing a current measurement.;

30.12.3.1.18t aLIdpXdot3RemMeasPowerSupport

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINED AS:
A GET attribute that indicates if the remote device is capable of providing a power measurement.;

30.12.3.1:18u aLldpXdot3RemMeasEnergySupport

ATFRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINED AS:
A GET attribute that indicates if the remote device is capable of providing an energy
measurement.;
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30.12.3.1.18v aLldpXdot3RemMeasurementSource

ATTRIBUTE

ARPPROPRIATE QSVUNTANY.
I YT O LT IN Iz Y7y,

ZYr T IcOoT T

BIT STRING [SIZE (2)]

BEHAVIOUR DEFINED AS:
A SET attribute value that indicates on which Alternative or Mode the measurement was taken by
the remote device.;

30.12.3.1.18w aLldpXdot3RemMeasVoltageRequest

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINED AS:
A GET attribute that indicates the remote device is requesting a voltageimeasurement from the
local device.;

30.12.3.1.18x aLldpXdot3RemMeasCurrentRequest

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINED AS:
A GET attribute that indicates the remote‘device is requesting a current measurement from the
local device.;

30.12.3.1.18y aLldpXdot3RemMeasPowerRequest

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINEDAS:
A GET attribute that indicates the remote device is requesting a power measurement from the local
device.;

30.12.3.1.18z aLldpXdot3RemMeasEnergyRequest

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINED AS:
A GET attribute that indicates the remote device is requesting an energy measurement from the
local device.;
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30.12.3.1.18aa aLldpXdot3RemMeasVoltageValid

ATTRIBUTE

ARPPROPRIATE QSVUNTANY.
I Y T O LT TN Iz Y7y,

7Yr T ICOoT T

BOOLEAN
BEHAVIOUR DEFINED AS:
A GET attribute that indicates the remote device’s voltage measurement is valid.;

30.12.3.1.18ab aLldpXdot3RemMeasCurrentValid

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINED AS:
A GET attribute that indicates the remote device’s current measurement isvalid.;

30.12.3.1.18ac aLldpXdot3RemMeasPowerValid

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINED AS:
A GET attribute that indicates the remote deviee’s'power measurement is valid.;

30.12.3.1.18ad aLldpXdot3RemMeasEnergyValid

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINED AS:
A GET attribute that.ndicates the remote device’s energy measurement is valid.;

30.12.3.1.18ae aLldpXdot3RemMeasVoltageUncertainty

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHANIOUR DEFINED AS:
A GET attribute that indicates the expanded uncertainty (coverage factor k = 2) for the remote
device’s voltage measurement. See Table 79—8a.;

30.12.3.1.18af aLldpXdot3RemMeasCurrentUncertainty

ATTRIBUTE
APPROPRIATE SYNTAX:

INTEGER
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BEHAVIOUR DEFINED AS:
A GET attribute that indicates the expanded uncertainty (coverage factor k = 2) for the remote
device’s current measurement. See Table 79-8a.;

30.12.3.1.18ag aLldpXdot3RemMeasPowerUncertainty

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
A GET attribute that indicates the expanded uncertainty (coverage factor k = 2) for the remote
device’s power measurement. See Table 79-8a.;

30.12.3.1.18ah aLldpXdot3RemMeasEnergyUncertainty

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
A GET attribute that indicates the expanded uncertainty (coveérdge factor k = 2) for the remote
device’s energy measurement. See Table 79-8a.;

30.12.3.1.18ai aLldpXdot3RemVoltageMeasurement

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
A GET attribute that returns the measured remote device voltage. See Table 79-8a.;

30.12.3.1.18aj aLldpXdot3RemCurrentMeasurement

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOURDEFINED AS:
A(GET attribute that returns the measured remote device current. See Table 79-8a.;

30.12.314:18ak aLldpXdot3RemPowerMeasurement

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
A GET attribute that returns the measured remote device power. See Table 79-8a.;
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30.12.3.1.18al aLldpXdot3RemEnergyMeasurement

ATTRIBUTE

ARPPROPRIATE QSVUNTANY.
I Y T O TN Iz Yzy.

7Yr T IcOoT T

INTEGER
BEHAVIOUR DEFINED AS:
A GET attribute that returns the measured remote device energy. See Table 79-8a.;

30.12.3.1.18am aLldpXdot3RemPSEPowerPricelndex

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
A GET attribute that returns an index of the price of power being sourced by-the remote PSE. For
a PSE, this value is undefined.;
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Change the title of Clause 33 as follows:

33.

MBH Power over Ethernet over 2 Pairs

33.1 Overview

Insert the following paragraph after the first paragraph (“This clause defines ....”) in 33.1:

This clause specifies Type 1 and Type 2 devices. References to PSEs and PDs without a Type qualifier refer
to Type 1 and Type 2 devices. See Clause 145 for the specification of Type 3 and Type 4 devices,

Change the first sentence in the now third paragraph of 33.1 as follows:

DTE-pewering-Power over Ethernet is intended to provide a 10BASE-T, 100BASE=TX, ex-1000BASE-T,
2.5GBASE-T, SGBASE-T, or 10GBASE-T device with a single interface to both the data it requires and the

power to process this data.

33.1.1 Objectives

Change item c) and item d) in 33.1.1 as follows:

c)

d)

Compatibility—Clause 33 utilizes the MDIs of 10BASE-T, 100BASE-TX, and 1000BASE-T
without modification. Type 1 operation adds nor significant requirements to the cabling. Type 2
operation requires ISO/IEC 11801:1995 Clasg'D,'or better cabling and a derating of the cabling

maximum ambient operatmg temperature JEhe—e}&&se—dees—ﬂet—&ddress—the—eper&treﬂ—ef
I

Szmpllczty—The powering system descrrbed here is no more burdensome on the end users than the
requirements of 10BASE-T, 100BASE-TX, er—1000BASE-T, 2.5GBASE-T, 5GBASE-T, or
10GBASE-T.
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Change the title and first two paragraphs of 33.1.3 and the titles of Figure 33—1, Figure 33-2, and
Figure 33-3 as follows:

33.1.3 Relationship of BFERewervia-MBI-Power over Ethernet to the IEEE 802.3

Architecture

PTFEPewer—via-MBIPower over Ethernet comprises an optional non-data entity. As a non-data entity, it
does not appear in a depiction of the OSI Reference Model. Figure 33—1 depicts the positioning of BTE
PowerviaMBIPower over Ethernet (PoE) in the case of the PD.

Physical Interface Circuitry

N
|MD|/P||J “““““““““““““ 1
S Medium|

|
|
| PHY PD
|
|

MDI = Medium Dependent Interface
PD = Powered Device
PHY = Physical Layer Device

Pl = Power Interface

Figure 33-1—BDFERewervia-MBI-PoE powered device relationship to the physical
interface circuitry and the IEEE 802:3)CSMA/CD LAN model

Figure 33-2 and Figure 33-3 depict the positioning'of DPTFEPewervia MBI Power over Ethernet in the cases
of the Endpoint PSE and the Midspan PSE, respéeetively.

Physical Interface Circuitry

PHY PSE

\ \Wmm” ]

| Medium 8

MDI = Medium Dependent Interface
PHY = Physical Layer Device

PI = Power Interface

PSE = Power Sourcing Equipment

Figure 33—-2—BFEReowervia-MBI-PoE Endpoint power sourcing equipment relationship to
the physical interface circuitry and the IEEE 802.3 CSMA/CD LAN model
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re - - - - — — — — — — 1
| Physical Interface Circuitry | F— — — — — 1
| | .
I PHY I | Midspan |
L — — -] |- — — — - | PSE |
MDI | ' |
[ Medium [ | l
| IT
L — — — — i
MDI = Medium Dependent Interface Pl

PHY = Physical Layer Device
PI = Power Interface
PSE = Power Sourcing Equipment

Figure 33-3—BFE-Rewervia-MBIPoE Midspan power sourcing equipment relationship to
the physical interface circuitry and the IEEE 802.3 CSMA/CD LAN.model

33.2 Power sourcing equipment (PSE)

33.2.1 PSE location

Change the last paragraph of 33.2.1 as follows:

The PSEs ean—be—specification is designed to be compatibles with any of the following: 10BASE-T,

100BASE-TX, andfer-1000BASE-T, 2.5GBASE-T, SGBASE-T, 10GBASE-T. PSEs may support either
Alternative A, Alternative B, or both.

33.2.2 Midspan PSE types
Change the first paragraph of 33.2.2 as follows:
There are twe-types-several variants of Midspan PSEs defined::

Insert the following new variant descriptions after the “1000BASE-T Midspan PSE” description in
33.2.2:

2.5GBASE-T Midspan PSE:
A Midspan PSE that results in a link that can support 1000BASE-T and 2.5GBASE-T operation
and optionally support IOBASE-T and 100BASE-TX operation (see Figure 33-7).
5GBASE-FMidspan PSE:
AMidspan PSE that results in a link that can support 1000BASE-T, 2.5GBASE-T, and SGBASE-T
operation and optionally support 10BASE-T and 100BASE-TX operation (see Figure 33—7).
10GBASE-T Midspan PSE:
A Midspan PSE that results in a link that can support 1000BASE-T, 2.5GBASE-T, SGBASE-T,
and 10GBASE-T operation and optionally support I0BASE-T and 100BASE-TX operation (see
Figure 33-7).

Change the titles of Figure 33-5 and Figure 33-7 as follows:

Eigure 33=-5-—1000/2.5G/5G/10GBASE-T Endpoint PSE location overview

Figure 33-7—1000/2.5G/5G/10GBASE-T Midspan PSE location overview
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33.3 Powered devices (PDs)

33.3.1 PD PI

Change the note in 33.3.1 as follows:

NOTE—PDs that implement only Mode A or Mode B are specifically not allowed by this standard. PDs that
simultaneously require power from both Mode A and Mode B are specifically not allowed by this_clause-standard. A PD

may indicate the ability to accept power on both pairsets from a Clause 145 PSE using TLV variable PD 4PID; see
79.3.2.4.2a.

33.4 Additional electrical specifications

Change 33.4 as follows:

This clause defines additional electrical specifications for both the PSE and PD. The specifications apply for
all PSE and PD operating conditions at the cabling side of the mated connection of the PI. The requirements

apply during data transmission only when specified as an operating condition.

The requirements of 33.4 are consistent with the requirements of the 10BASE-T MAU and the 100BASE-
TX, and-1000BASE-T, 2.5GBASE-T, 5GBASE-T, and 10GBASE-T PHYS:

33.4.2 Fault tolerance
Change the first paragraph of 33.4.2 as follows:

Each wire pair of the PI, when it is also an MDI (e.g.,.an Endpoint PSE or PD), shall meet the fault tolerance
requirements of the appropriate specifying clause:“(See 14.3.1.2.7, 25.4, and—40.8.3.4, 55.8.2.3, and
126.8.2.4.) When a PI is not an MDI (e.g., acMidspan PSE), the PSE PI shall meet the fault tolerance
requirements of this subclause.

33.4.3 Impedance balance

Change the first paragraph of 33.4.3, including the deletion of Equation (33-15) and Equation (33-16), as
follows:

Impedance balance is a measurement of the common-mode-to-differential-mode offset of the PI. The
common-mode-to-differential-mode impedance balance for the transmit and receive pairs shall exceed_the
limits in Table 33=19a for all supported PHY speeds:.
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Insert Table 33-19a into 33.4.3 after the first paragraph:

Table 33-19a—Impedance balance limits for supported speeds

Supported speed Impedance balance limit (dB) Frequency range
10 Mb/s MAU 29 — 17 x log,((f/'10) 1 <f<20MHz
100 Mb/s or 1000 Mb/s PHY 34 -19.2 x log,(f/50) 1 <f<100 MHz
2.5 Gb/s PHY 48 1 <f<10 MHz
48 — 20 x log,,(f/ 10) 10 < f< 20 MHz
42— 15 x log,,(f/20) 20 << 125 MHz
5 Gb/s PHY 48 1 <f<30MHz
44 —19.2 x log,,(f/50) 30 ©f <250 MHz
10 Gb/s PHY 48 <’f < 30 MHz
44 —19.2 x log,,(f/50) 30 < <500 MHz

33.4.4 Common-mode output voltage
Change the first paragraph of 33.4.4 as follows:

The magnitude of the common-mode AC output _¥oltage measured according to Figure 33-21 and
Figure 33-22 at the transmit PI while transmitting data and with power applied, E¢p, oy shall not exceed

when—ope o 00 Mb /s ororeate

weney—of-the—m hall b om o—1+00-MHz—the Value in Table 33719 while

operating at the specified speed. when measfired over the specified bandwidth.

Insert Table 33-19b into 33.4.4 afterFigure 33-22:

Table 33-19b-~Common-mode output voltage for given operating speed

Operating speed Cog::ﬁgg:?g:j::)p ut Measurement bandwidth
10'Mb/s MAU 50 mV peak 1 <f<100 MHz
100 Mb/s or 1000 Mb/s PHY | 50 mV/,, 1</<100 MHz
2.5 Gb/s PHY 50 mVy, 1<f<100 MHz
5 Gb/s PHY 50 mVy, 1 <f<250 MHz
10 Gb/s PHY 50 mVy, 1 <f<500 MHz
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33.4.6 Differential noise voltage

Change 33.4.6 as follows:

TFhe-For 10/100/1000 Mb/s, the coupled noise, E4 ¢ in Figure 33-22, from a PSE or PD to the differential
transmit and receive pairs shall not exceed 10 mV peak-to-peak when measured from 1 MHz to 100 MHz
under the conditions specified in 33.4.4, item 1) and item 2).

For 2.5GBASE-T, SGBASE-T, or 10GBASE-T, the coupled noise, Ej o, in Figure 33-22, from a PSE or
PD to the differential transmit and receive pairs shall not exceed 10 mV peak-to-peak when measured in thé
band from 1 MHz to 10 MHz and shall not exceed 1 mV peak-to-peak when measured in the band from
10 MHz to 100 MHz for 2.5GBASE-T, 10 MHz to 250 MHz for SGBASE-T, and 10 MHz to 500 MiHz for
10GBASE-T under the conditions specified in 33.4.4, item 1) and item 2).

33.4.7 Return loss
Change 33.4.7 as follows:

The differential impedance of the transmit and receive pairs at the PHY’s,MDI shall be such that any
reflection shall meet the return loss requirements as specified in 143833.4 for a 10 Mb/s PHY,
in ANST INCITS 263-1995 for a 100 Mb/s PHY, and-in 40.8.3.1 for a 1000 Mb/s PHY, in 126.8.2.2 for a
2.5 Gb/s or 5 Gb/s PHY, and in 55.8.2.1 for a 10 Gb/s PHY. In addition, all pairs terminated at an MDI
should maintain a nominal common-mode impedance of 75 Q2. The common-mode termination is affected
by the presence of the power supply, and this should be considered’to determine proper termination.

33.4.9 Midspan PSE device additional requirements
Change the third paragraph of 33.4.9 as follows:
The insertion of a Midspan PSE at the Floor Distributor (FD) shall comply with the following guidelines:

a) If the existing FD configuration 15 of the “Interconnect model” type, the Midspan PSE can be
added, provided it does not increase the length-insertion loss of the resulting “channel” to more
than that specified for the same Class or category 100 m channel as-defined in ISO/IEC 11801 or
ANSI/TIA-568-C.0.

b) If the existing FDconfiguration is of the “Cross-connect model” type, the Midspan PSE can
needs-te-be installed instead of one of the connection pairs in the FD. In addition, the installation
of the Midspan PSE shall not increase the length-insertion loss of the resulting “channel” to more
than that specified for the same Class or category 100 m channel as-defined in ISO/IEC 11801 or
ANSI/TIA-568-C.0.

¢) For a 10GBASE-T midspan PSE, in meeting either of the above requirements, the Midspan PSE
may) be substituted for up to two connection pairs in the FD.

Charige 33.4.9.1 and 33.4.9.1.1 through 33.4.9.1.3 as follows:
33.4.9.1 £Connector—ertelecom-outliet® Midspan PSE device transmission requirements
The Midspan PSE equipment to be inserted as “connector” or “telecom outlet? shall meet the following

transmission parameters. These parameters should be measured using the test procedures of ISO 11801:2002
or ANSI/TIA-568-C.2 for connecting hardware.
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There are fourtypes-five variants of Midspan PSEs defined with respect to transmission requirements:

1) 10BASE-T/ IOOBASE TX connector eHe}eeem—e&t}et—Mldspan PSE

3) 2.5GBASE-T connector Mldspan PSE

4) S5GBASE-T connector Midspan PSE
5) 10GBASE-T connector Midspan PSE

33.4.9.1.1 Near End Crosstalk (NEXT)

NEXT loss is a measure of the unwanted signal coupling from a transmitter at the near-end into neighboring
pairs measured at the near-end. NEXT loss is expressed in dB relative to the received signal 'level. For
operation with 1000BASE-T and lower rates, NEXT loss for Midspan PSE devices shallrmeet the values
determined by Equation (33—18) when measured for the transmit and receive pairs from-J\MHz to 100 MHz.
Hewever;-For operation with SGBASE-T and lower rates, for frequencies that coftespond to calculated
values greater than 65 dB, the requirement reverts to the minimum requirement of65,dB.

{NEXTconn} 4z >40.0 —20.0 x 10810('_]('

100) (33-18)

where

NEXTconn is the Near End Crosstalk loss
f is the frequency expressed in MHz

For 2.5GBASE-T, NEXT loss for Midspan PSE devices Shiall meet the values determined by Equation (33—
18a) when measured for the transmit and receive paits\from 1 MHz to 100 MHz. For 5GBASE-T, NEXT
loss for Midspan PSE devices shall meet the values determined by Equation (33—18a) when measured for
the transmit and receive pairs from 1 MHz to 250’MHz. For operation with 2.5GBASE-T and SGBASE-T,
for frequencies that correspond to calculated.values greater than 65 dB, the requirement reverts to the

minimum requirement of 65 dB.

{NEXTconn} g5 > 43 - 20 x 1og10(i

1 oo) (33-18a)

where

NEXTconn is the NearEnd Crosstalk loss
f is the frequency expressed in MHz

For 10GBASELfT)operation, NEXT loss for Midspan PSE devices shall meet the values determined by

Equation (33%18b) when measured for the transmit and receive pairs from 1 MHz to 500 MHz. However, for

frequencies that correspond to calculated values greater than 75 dB, the requirement reverts to the minimum
requirement of 75 dB.

5420 x 1og10(%) for (1 <£<250)
{NEXTconn} 4z < (33-18b)
46.04 — 40 x 1og10(i) for (250 < £< 500)

250
dB

where

NEXTconn is the Near End Crosstalk loss in dB
f is the frequency expressed in MHz
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33.4.9.1.2 Insertion loss

Insertion loss is a measure of the signal loss between the transmitter and receiver, expressed in dB relative to
the received signal level. For other than SGBASE-T or 10GBASE-T operation, ilnsertion loss for Midspan

PSE devices shall meet the values determined by Equation (33—-19) when measured for the transmit and
receive pairs from 1 MHz to 100 MHz. Hewever,for For SGBASE-T capable midspans, insertion loss for
Midspan PSE devices shall meet the values determined by Equation (33—19) when measured for the transmit
and receive pairs from 1 MHz to 250 MHz. For frequencies that correspond to calculated values less than
0.1 dB, the requirement reverts to the maximum requirement of 0.1 dB. For 10GBASE-T operation,
insertion loss for Midspan PSE devices shall meet the values determined by Equation (33—19) when

measured from the transmit and receive pairs from 1 MHz to 500 MHz.

{ILconn} 4 < 0.040 x \/f (33-19)

where

ILconn is the insertion loss
f is the frequency expressed in MHz

33.4.9.1.3 Return loss

Return loss is a measure of the reflected energy caused by impedanee,mismatches in the cabling system and
is expressed in dB relative to the reflected signal level. Return 10ss for Mldspan PSE dev1ces shall meet or
exceed the values specified in Table 33-20-w he-tra : a
100-MHz.

Table 33—-20—Connector return loss

Midspan PSE variant Frequency Return loss
10/100/1000BASE-T 1 MHz < f <20 MHz 23 dB

20 MHz < f <100 MHz 14 dB

2.5GBASE-T I MHz < f<31.5 MHz 30dB

31.5MHz < <100 MHz | 20— 20 log;((f/100)

SGBASE-T 1 MHz < f<31.5 MHz 30dB

31.5MHz < <250 MHz | 20— 20 log;((f/ 100)

10GBASE-T 1 MHz < f <79 MHz 30dB

79MHz < f <500 MHz 28 — 20 log, o(f/ 100)

Change the subclause number, title, and text of 33.4.9.1.4 as follows:

33.4.9.1a 334944 Werk-area-oreqtipment-eable-Cord Midspan PSE

Replacing the work area or equipment cable with a cable that includes a Midspan PSE should not alter the

requirements of the cable. This cable shall meet the requirements of this clause and the specifications for a

Category—5—(jumper) cord as—speeifiedinISOAECH80+H:2002-0r ANSHA-568-C-2—for insertion loss,

NEXT, and return loss for the transmit and receive pairs, as shown in Table 33-20a.
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There are five variants of Midspan PSEs defined with respect to transmission requirements:

1) 10BASE-T/100BASE-TX cord Midspan PSE
2) 1000BASE-T cord Midspan PSE

3) 2.5GBASE-T cord Midspan PSE
4) 5GBASE-T cord Midspan PSE
5) 10GBASE-T cord Midspan PSE

Insert Table 33-20a into 33.4.9.1a after the second paragraph:

Table 33-20a—Cord specifications for use with Midspan PSEs

Highest PHY rate . .
supported Cord specification Frequency range
Up to 1000BASE-T Category 5 cord in ISO/IEC 11801:2002 or 1 MHz<f <100 MHz
ANSI/TIA-568-A:1995
Up to 2.5GBASE-T Category Se cord in ISO/IEC 11801:2002 or I MHz < f <100 MHz
ANSI/TIA-568-C.2
Up to 5SGBASE-T Category 6 cord in ISO/IEC 11801:2002 or 1 MHz < f <250 MHz
ANSI/TIA-568-C.2
Up to 10GBASE-T Category 6A cord in ISO/IEC 11801-1 or 1 MHz £ f £500 MHz
ANSI/TIA-568-C.2

Insert the following new subclauses (33.4.9.1a.1, 33.4.9.1a.2, and 33.4.9.1b with its subclauses) after
33.4.9.1a:

33.4.9.1a.1 Maximum link delay

The propagation delay contribution:of’the Midspan PSE device shall not exceed 2.5 ns from 1 MHz to the
highest referenced frequency.

33.4.9.1a.2 Maximum link‘delay skew

The propagation delay skew of the Midspan PSE device shall not exceed 1.25 ns from 1 MHz to the highest
referenced frequency.

33.4.9.1b Coupling parameters between link segments

Midspan_PSEs intended for operation with 2.5G/5G/10GBASE-T (variants 3 through 5 in 33.4.9.1 and
33.4:9)1a) are additionally required to meet the following parameters for coupling signals between ports
relating to different link segments. Noise coupled between the disturbed duplex channel in a link segment
and the disturbing duplex channels in other link segments is referred to as alien crosstalk noise. To bound
the total alien NEXT loss and alien FEXT loss coupled between link segments, multiple disturber alien near-
end crosstalk (MDANEXT) loss and multiple disturber alien FEXT (MDAFEXT) loss are specified.
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33.4.9.1b.1 Multiple disturber power sum alien near-end crosstalk (PSANEXT) loss

PSANEXT loss for 2.5G/5G/10GBASE-T capable Midspan PSE devices shall meet or exceed the values
determined using Equation (33—19a). For other than SGBASE-T or 10GBASE-T operation, PSANEXT loss

for Midspan PSE devices shall meet the values determined by Equation (33—19a) from 1 MHz to 100 MHz.
For 5GBASE-T capable midspans, PSANEXT loss for Midspan PSE devices shall meet the values
determined by Equation (33—19a) from 1 MHz to 250 MHz. For 10GBASE-T capable midspans, PSANEXT
loss for Midspan PSE devices shall meet the values determined by Equation (33-19a) from 1 MHz to
500 MHz. When the computed PSANEXT value at a certain frequency exceeds 67 dB, the PSANEXT result
at that frequency is for information only.

PSANEXT Loss = 70.5 —20log,,(f/100) (33-19a)
33.4.9.1b.2 Multiple disturber power sum alien far-end crosstalk (PSAFEXT) loss

PSAFEXT loss for 2.5G/5G/10GBASE-T capable Midspan PSE devices shall meet oriexceed the values
determined using Equation (33—19b). For other than SGBASE-T or I0GBASE-T operation, PSAFEXT loss
for Midspan PSE devices shall meet the values determined by Equation (33—19b)“ffom 1 MHz to 100 MHz.
For 5GBASE-T capable midspans, PSAFEXT loss for Midspan PSE deviceS shall meet the values
determined by Equation (33—19b) from 1 MHz to 250 MHz. For l0GBASE-T\capable midspans, PSAFEXT
loss for Midspan PSE devices shall meet the values determined by Equation (33—19b) from 1 MHz to
500 MHz. When the computed PSAFEXT value at a certain frequency'‘exceeds 67 dB, the PSANEXT result
at that frequency is for information only.

PSAFEXT Loss = 67— 20log,(f/100) (33-19b)

33.6 Data Link Layer classification

33.6.3 Power control state diagrams

33.6.3.3 Variables

Change the second paragraph of the following definitions in 33.6.3.3 as shown:

MirroredPDRequestedPowerValue

The copy ....

Values: 6-1 through 255
MirroredPSEAllocatedPowerValue

The copy~....

Valies:©-1 through 255
PDRequestedPowerValueEcho

This variable ....

Values: 6-1 through 255
PDRequestedPowerValue

Integer that ...

Values: 6-1 through PD DLLMAX VALUE
PSEAllocatedPowerValue

Integer that ...

Values: 6-1 through 255

PSEATIocatedPower vValueEcho
This variable ....
Values: 8-1 through 255
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Change the last paragraph of 33.6.3.3 as follows:

A summary cross-references between the DFE-PowerviaMBPIFPower over Ethernet classification local and
remote object class attributes and the PSE and PD power control state diagrams, including the direction of

the mapping, is provided in Table 33-23.
Change the title of 33.8 as follows:

33.8 Protocol implementation conformance statement (PICS) proforma for
Clause 33, BDFEPRewervia-MBl Power over Ethernet over 2 Pairs?*

33.8.1 Introduction
Change the first paragraph of 33.8.1 as follows:
The supplier of a protocol implementation that is claimed to conform to Clause 33-BFEPewervia-MDI

Power over Ethernet over 2 Pairs, shall complete the following protocol impleinentation conformance
statement (PICS) proforma.

33.8.2 Identification
33.8.2.2 Protocol summary

Change 33.3.8.2 as follows:

IEEE Std 802.3bt-2018, Clause 33, DTEPeowervia-

Identification of protocol standard MBI Power over Ethernet over 2 Pairs

Identification of amendments and corrigenda to this
PICS proforma that have been completed as part.6f this
PICS

Have any Exception items been required?;  No [ ] Yes [ ]
(See Clause 21; the answer Yes means that the implementation does not conform to IEEE Std 802.3bt-2018.)

Date of Statement

4Copyright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be used for its intended purpose and may further publish the completed PICS.
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33.8.3 PICS proforma tables for-BFEPRewervia-MB! Power over Ethernet over 2 Pairs

33.8.3.4 Electrical specifications applicable to the PSE and PD

Change the following table rows in 33.8.3.4 as shown (note that unchanged rows are not shown):

Item

Feature

Subclause

Value/Comment

Status

Support

EL13

Common-mode to differential-
mode impedance balance for
transmit and receive pairs

3343

ExeeedsEquation(33—15)for-
10-Mbss-PHYs-and-Eguation-
33—16)for 100Mb/s-or greater
PHY s

Exceeds value in Table 33—19a
for all supported PHY speeds.

Yes [ ]

EL14

Common-mode AC output
voltage

33.44

Not to exceed the'values in
Table 33-19b

Yes [ ]

From+ MHztoH00-MH=z

EL17a

Coupled noise Ey ¢

33.4.6

Not to exceed 10 mV peak-to-
peak in the band from 1 MHz

to 10 MHz

<

Yes

EL17b

Coupled noise Ey

Not to exceed 10 mV peak-to-
peak in the band from 10 MHz
to 100 MHz (for 2.5GBASE-
T). 10 MHz to 250 MHz (for
SGBASE-T), and 10 MHz to
500 MHz (for 10GBASE-T)
under the conditions specified
in 33.4.4.

<
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40. Physical Coding Sublayer (PCS), Physical Medium Attachment (PMA)
sublayer and baseband medium, type 1000BASE-T

40.6 PMA electrical specifications
40.6.1 PMA-to-MDI interface tests

40.6.1.1 Isolation requirement

Change the first paragraph of 40.6.1.1 as follows:

A PHY with a MDI that is a PI (see 33.1.3) shall meet the isolation requirements defined in\33'4.1_or
1454.1.
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55. Physical Coding Sublayer (PCS), Physical Medium Attachment (PMA)
sublayer and baseband medium, type 10GBASE-T

55.5 PMA electrical specifications
55.5.1 Isolation requirement
Change 55.5.1 as follows:

A PHY with a MDI that is a PI (see 33.1.3) shall meet the isolation requirements defined in 33.4: \or
145.4.1.

Fhe-A PHY with a MDI that is not a PI shall provide electrical isolation between the port devic€ circuits,
including frame ground (if any) and all MDI leads. This electrical isolation shall withstand at least one of the
following electrical strength tests:

a) 1500 V rms at 50 Hz to 60 Hz for 60 s, applied as specified in Section 5.22,0f TEC 60950-1:2001.

b) 2250V dc for 60 s, applied as specified in Section 5.2.2 of IEC 60950>1:2001.

¢) A sequence of ten 2400 V impulses of alternating polarity, applied atintervals of not less than 1 s.
The shape of the impulses is 1.2/50 ps (1.2 ps virtual front time, 50 p's virtual time or half value), as
defined in Annex N of IEC 60950-1:2001.

There shall be no insulation breakdown, as defined in Section 5:2)2 of IEC 60950-1:2001, during the test.
The resistance after the test shall be at least 2 MQ, measured at 500 V dc.
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79. IEEE 802.3 Organizationally Specific Link Layer Discovery Protocol
(LLDP) type, length, and value (TLV) information elements

79.1T Overview

79.1.1 IEEE 802.3 LLDP frame format

79.1.1.3 Length/Type field

Change 79.1.1.3 as follows:

The Ler}gth/Type field of an IEEE 802.3 LLDP frame is a 2-octet field that contains 0x88CC. the

hexadeeimal-value: 88-CC—This value carries the Type interpretation (see 3.2.6); and has been universally
assigned for LLDP.

79.3 IEEE 802.3 Organizationally Specific TLVs

Change Table 79-1 as follows:

Table 79-1—IEEE 802.3 Organizationally Specific TLVs

IEEE 802.3 subtype TLV name Subclause reference
1 MAC/PHY Configuration/Status 79.3.1
2 Power Via Medium Depéndent Interface (MDI) | 79.3.2
3 Link Aggregation (deprecated) 79.3.3
4 Maximum Frame'Size 79.3.4
5 Energy-Effieiént Ethernet 79.3.5
6 EEE fasf\wake 79.3.6
7 Addifional Ethernet Capabilities 79.3.7
8 Power Via MDI Measurements 79.3.8
9 8to 255 Reserved —

79.3.2 Power ViaMDI TLV
Change the textof 79.3.2 as follows:

Clause33)and Clause 145 defines two optional power entities: a Powered Device (PD) and Power Sourcing
Equipnient (PSE). These entities allow devices to draw/supply power over the same generic cabling as used
for data transmission. The Power Via MDI TLV allows network management to advertise and discover the
Power over Ethernet MBPIpewersuppert-capabilities of the sending IEEE 802.3 LAN station. This TLV is

also required to perform Data Link Layer classification as defined in 33.6_and 145.5. Figure 79-3 shows the
format of this TLV.
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The Power via MDI TLV shown in Figure 79—3 was originally defined in IEEE Std 802.1AB-2005 Annex
G.3. This original TLV supported only the first three fields of Figure 79-3, labeled basic fields, enabling
discovery and advertisement of Power via MDI capabilities. The Power via MDI TLV was revised by IEEE
Std 802.3at-2009 to add a further three fields, labeled DLL classification extension, to provide Data Link
Layer (DLL) classification capabilities. The Power via MDI TLV was revised again by IEEE Std 802.3bt-
2018 to add a further nine fields, labeled Type 3 and Type 4 extension, to support additional capabilities
offered by Type 3 and Type 4 PSEs and PDs.

Power entities may continue to use the Power Via MDI TLV basic fields shown in Figure 79~3 prior to
supplying/drawing power to/from the Power Interface (PI), as defined in 1.4.406. The DLI~classification
extension fields and Type 3 and Type 4 extension fields shown in Figure 79-3 shall not be-sernt by the PSE
unless it is supplying power to a PI encompassed within an MDI and by the PD unless.it is"drawing power
from the PI.

If a Type 1 or Type 2 power entity implements Data Link Layer classification, it\shall support the Power Via
MDI TLV DLL classification extension fields shown in Figure 79-3 after’the”PI has been powered. If a
Type 3 or Type 4 power entity implements Data Link Layer classification)'it shall support both the DLL
classification extension fields and Type 3 and Type 4 extension fields;shown in Figure 79-3 after the PI has
been powered. Type 1 and Type 2 devices shall not include the Type'3 and Type 4 extension fields in the
transmitted Power via MDI TLV.

Replace Figure 79-3 with the following:

A

TV | TLY information | 'SEGED2S | iEEEg023 | MDL p'za'ér Power
type=127 string length 00-12-OF subtype=2 support pair class
7 bits 9 bits 3 octets 1 octet 1 octet 1 octet 1 octet .
< > |
TLV header TLV information string
Basic fields 4
Type/ PD PSE PD requested PD requested PSE allocated
source/ requested allocated power value power value power value
priority power’value | power value Mode A Mode B Alternative A
1 octet 2\octets 2 octets 2 octets 2 octets 2 octets

v

TLV inform

ation string (continued)

A

DLL classification extension

PSE allocated Power Svstem PSE Power
power value status syetup maximum Autoclass down
Alternative B available power

2 octets 2 octet 1 octet 2 octets 1 octet 3 octets

TLV information string (continued)

A A

Type 3 and Type 4 extension (continued)

The TLV information string length is

Basic fields: 7 octets
Basic fields and DLL classification extension: 12 octets.

A A 4

A AN A

Type 3 and Type 4 extension

Figure 79-3—Power Via MDI TLV format
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79.3.2.1 MDI power support

Change Table 79-3 as follows:

Table 79-3—MDI power eapabilities/status support field

Bit Function Value/meaning HFFREC3621-objeetreferenee

74 Reserved for future L .
’ standardization

3 PSE pairs control ability 1 = pair selection can be controlled pethPsePortPowerPairContolAbtity

0 = pair selection can not be controlled

1 = enabled

— 4 pethPsePertAdmtinEnable-
2 PSE MDI power state 0 = disabled
1 = supported
SeeNéte2-and Nete 3-
1 PSE MDI power support 0 = not supported
1=PSE
0 Port class 0=PD SeeNete+

Insert the following new subclauses, 79.3.2.1.1 through'79.3.2.1.4, after 79.3.2.1:
79.3.2.1.1 Port class

The ‘Port class’ field transmitted shall indicateif the port is a PSE or a PD.
79.3.2.1.2 PSE MDI power support

The ‘PSE MDI power support’ field transmitted by a PSE shall indicate if MDI power is supported. The
value of the ‘PSE MDI power, support’ field transmitted by a PD is undefined.

79.3.2.1.3 PSE MDI power state

The ‘PSE MDI pewer state’ field transmitted by a PSE shall indicate if the PSE function is enabled or
disabled. When disabled all PSE functions are disabled and behavior is as if there was no PSE functionality.
The value of the ‘PSE MDI power state’ field transmitted by a PD is undefined.

79.3.2.1:4 PSE pairs control ability

The” ‘PSE pairs control ability’ field transmitted by a PSE shall indicate if the PSE has the capability to

control which PSE Pinout Alternative (see 33.2.3 and 145.2.4) is used for PD detection and power. The
value of the ‘PSE pairs control ability’ field transmitted by a PD is undefined.
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79.3.2.2 PSE power pair

Change the text of 79.3.2.2 as follows:

The ‘PSE power pair’ field transmitted by a PSE shall contain an integer value as defined in Table 79-3a
based on aPSEPowerPairs (see 30.9.1.1.4). A Type 3 or Type 4 PSE that is supplying power on a single

pairset shall use the value that defines that pairset. Either pairset may be indicated when a PSE is detecting

or supplying power on both pairsets. The ‘PSE power status value’ field defined in 79.3.2.6¢ indicates whén

a PSE is supplying power on both pairsets. The value of the ‘PSE power pair’ field transmitted byca PD is

undefined.

Insert Table 79-3a at the end of 79.3.2.2:

Table 79-3a—PSE power pair field

Value Meaning Altérnative
1 signal Alternative A
2 spare Alternative B

79.3.2.3 Power class

Change the text of 79.3.2.3 as follows:

The ‘Power class’ field transmitted by a PSE shall contain an integer value as defined in Table 79-3b based
on aPSEPowerClassification (5€e/30.9.1.1.6). Class 4 and above is indicated with the same value in this
field. Class 5 and above is communicated by the ‘Power Class ext’ field defined in 79.3.2.6¢.6. The ‘Power
class’ field transmitted by a-PD is undefined.

Insert Table 79-3b-at the end of 79.3.2.3:

Table 79-3b—Power class field

Value Meaning
1 Class 0 PD
2 Class 1 PD
3 Class 2 PD
4 Class 3 PD
5 Class 4 and above PD
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Change 79.3.2.4 as follows:

79.3.2.4 Requested-pPower type/source/priority

The pewer-"Power type/source/priority’ field shall contain a bit-map of the Power type, source, and priority
defined in Table 79—4 and is reported for the device generating the TLV.

Table 79—-4—Power type/source/priority field

Bit Function Value/meaning
7:6 | pPower type 7 6

1 1 =Type 1 PD

1 0 =Type 1 PSE

0 1 =Type2PD

0 0 =Type2PSE
5:4 | pPower source Where pPower type = PD

5 4

1 1 =PSE and local

1 0 =Reserved

0 1 =PSE

0 0 = Unknown

Where pPower type = PSE

5 4

1 1 =Reserved

1 0 = Backup soutce

0 1 = Primary{power source

0 0 = Unknown
32 Reserved Transmit as zero,‘ignore on receive
2 PD 4PID 1 = PD.supports powering of both Modes simultaneously

0 = PDdwes not support powering of both Modes simultaneously

1:0 | pPower priority P," 0

1 1 =low

1 0 =high

0 1 =critical

0 0 =unknown (default)

79.3.2.4.1 Poweér-type

Change 79.3.2:4.1 as follows:

This~field shall be set according to Table 79-4. Type 3 or Type 4 PSEs shall set this field to the value
cofresponding with Type 2 PSEs. Type 3 or Type 4 PDs shall set this field to the value corresponding with

JLype 2 PDs.

Insert the following new subclause, 79.3.2.4.2a, after 79.3.2.4.2:

79.3.2.4.2a PD 4PID

This field shall be set according to Table 79—4 when the Power type is PD to indicate whether the PD
supports powering of both Modes simultaneously. This field shall be set to ‘0’ when the Power type is PSE.
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79.3.2.5 PD requested power value

Change 79.3.2.5 as follows:

The ‘PD requested power value’ field shall contain the PD’s requested power value defined in Table 79-5.
See 33.6.3.3 and Table 14542 for permitted value ranges.

Table 79-5—PD requested power value field

Bit Function Value/meaning

15:0 | PD requested =0:
power value Power expressed in units of 0.1 W.
Valid values for these bits are decimal +-0 through255 999.

Power = {0 T XX}y 95

where

Power -is-the-effective requested PD-pewervalue
“PD requested power value” is the maximum input average’ power (see 33.3.7.2_and 145.3.8.2) the PD-wants
te-draw is requesting. “PD requested power value” isythe power value at the-input-te-the PD’s PI._A value

higher than 713 requires the PSE to support a power‘level higher than Py, pp_at the PD PI. See 145.2.8
and 145.3.8.2. .

79.3.2.6 PSE allocated power value
Change 79.3.2.6 as follows:

The ‘PSE allocated power valuéfield shall contain the PSE’s allocated power value defined in Table 79—6.
See 33.6.3.3 and Table 14541 for permitted value ranges.

Table 79-6—PSE allocated power value field

Bit Function Value/meaning

15:0 | PSE allocated =0:
power value Power expressed in units of 0.1 W.
Valid values for these bits are decimal +-0 through-255999.
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“PSE allocated power value” is the maximum input average power (see 33.3.7.2_and 145.3.8.2) the PSE
expects the PD to draw. “PSE allocated power value” is the power at the-input-te-the PD>s PI. The PSE uses
this value to compute P, defined in 33.2.6_and 145.2.8. A value higher than 713 indicates that the PSE is
capable of supporting a power level beyond P, pp_at the PD PI. This may require an output power level

higher than Prype min. See 145.2.8.

Insert the following new subclauses, 79.3.2.6a through 79.3.2.6g with their subclauses, after 79.3.2.6:
79.3.2.6a Dual-signature PD requested power value for Mode A and Mode B

The ‘PD requested power value Mode A’ field and ‘PD requested power value Mode B’ field shall contain

the PD requested power value defined in Table 79—6a for Mode A and in Table 79—6b for Mode B of"a dual-
signature PD.

Table 79-6a—PD requested power value Mode A field

Bit Function Value/meaning

15:0

Dual-signature PD requested power value
for Mode A

Power expressed in units of Q7L W.
Valid values for these bjts are decimal 0 through 499.

Table 79-6b—PD requested power value Mode B field

Bit

Function

Value/meaning

15:0

Dual-signature PD requested power value
for Mode B

Power expressed in units of 0.1 W.
Valid values for these bits are decimal 0 through 499.

The ‘PD requested power value Mode A* field and ‘PD requested power value Mode B’ field are the
maximum input average power levels (seg 145.3.8.2) the PD is requesting for the respective Mode.

79.3.2.6b PSE allocated power-value Alternative A and Alternative B
The ‘PSE allocated power, value Alternative A’ field and the ‘PSE allocated power value Alternative B’ field

shall contain the valueg-in.Table 79—-6¢ and Table 79-6d for Type 3 and Type 4 PSEs operating over both
pairsets when connectedto a dual-signature PD.

Table 79—-6c—PSE allocated power value Alternative A field

Bit Function Value/meaning
15:0 | PSE allocated power value for Power expressed in units of 0.1 W.
Alternative A Valid values for these bits are decimal 0 through 499.
Table 79-6d—PSE allocated power value Alternative B field
Bit Function Value/meaning
15:0 | PSE allocated power value for Power expressed in units of 0.1 W.
Alternative B Valid values for these bits are decimal 0 through 499.

86

Copyright © 2019 IEEE. All rights reserved.



https://standardsiso.com/api/?name=fdf442bac309d23186993e822f9c6342

ISO/IEC/IEEE 8802-3:2021/Amd.2:2021(E)

IEEE Std 802.3bt-2018
|EEE Standard for Ethernet—Amendment 2: Physical Layer and Management Parameters
for Power over Ethernet over 4 Pairs

The ‘PSE allocated power value Alternative A’ and ‘PSE allocated power value Alternative B’ fields are the
maximum input average power levels (see 145.3.8.2) the PSE expects the dual-signature PD to draw on the
respective Alternatives when the PSE provides power over 4-pair. These fields are the power levels at the
dual-signature PD PI. The PSE uses these values to compute Pj,¢.op as defined in 145.2.8.

79.3.2.6¢c Power status

The ‘Power status’ field contains the PSE's bit-map of the PSE power pair and PSE or PD power class,
defined in Table 79—-6e, and is reported for the device generating the TLV.

Table 79-6e—Power status field

Bit Function Value/meaning

15:14 PSE powering status 15 14
1 1 =4-pair powering dual-signature PD
1 0 =4-pair powering single-signature PD
0 1 =2-pair powering
0 0 =Reserved/Ignore

13:12 PD powered status 13 12
1 1 =4-pair powered dudlssignature PD
1 0 =2-pair powered.dual-signature PD
0 1 = Powered single-signature PD
0 0 =Reserved/ignore

11:10 PSE power pairs ext 11 10
1 1 = Both'Alternatives
1 0 =Alternative B
0 1 =Alternative A
0 O\ =Reserved/Ignore

9:7 Dual-signature 97, 8 17

power Class ext Mode A 1 1 1 = Single-signature PD or 2-pair only PSE

1 1 0 = Reserved/Ignore
1 0 1 =Class 5
1 0 0 =Class4
0 1 1 =Class 3
0 1 0 =Class2
0 0 1 =Class 1
0o 0 0 = Reserved/Ignore

6:4 Dualssignature 6 5 4

power Class ext Mode B 1 1 1 = Single-signature PD or 2-pair only PSE
1 1 0 = Reserved/Ignore
1 0 1 =Class 5
1 0 0 =Class4
0 1 1 =Class 3
0 1 0 =Class2
0 0 1 =Class 1
0 0 0  =Reserved/Ignore
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Table 79—6e—Power status field (continued)

Bit Function Value/meaning
3:0 Power Class ext 3 2 10

1 1 1 1 =Dual-signature PD
1 1 1 0 =Reserved/Ignore

1 1 0 1 =Reserved/Ignore

1 1 0 0 =Reserved/Ignore

1 0 1 1 =Reserved/Ignore

1 0 1 0 =Reserved/Ignore

1 0 0 1 =Reserved/Ignore

1 0 0 0 =Class8

0 1 1 1 =Class?

0 1 1 0 =Class6

0 1 0 1 =Class5

0 1 0 0 =Class4

0 0 1 1 =Class3

0 0 1 0 =Class2

0 0 0 1 =Classl

0 0 0 0 =Reserved/Ignore

79.3.2.6¢c.1 PSE powering status

The ‘PSE powering status’ field is used to indicate the existing-powering configuration as shown in
Table 145-41 and thus to indicate that the PSE is using the ‘PSE allocated power value’ field or is using the
‘PSE allocated power value Alternative A’ field and ‘PSE @Jlocated power value Alternative B’ field as
specified in Table 79—6¢ and Table 79-6d. A PSE shall.set this field according the current powering status
as defined in Table 79—6e. A PD shall set the field to 0;

79.3.2.6¢.2 PD powered status

The ‘PD powered status’ field is used to indicate the existing powered configuration of the PD as shown in
Table 145-42 and thus to indicate that.the PD is using the ‘PD requested power value’ field or is using the
‘PD requested power value Mode Axfiéld and the ‘PD requested power value Mode B’ field as specified in
Table 79-6a and Table 79-6b. A.PD shall set this field according to its signature configuration and the
current powering status as defined in Table 79—6e. A PSE shall set the field to 0.

79.3.2.6¢.3 PSE power; pairs ext

The ‘PSE power paits ext’ field shall contain the powering status of the PSE, as defined in Table 79-6e. A
PD shall set the.field to 0.

79.3.2,6¢.4 Dual-signature power Class ext Mode A

Assingle-signature PD shall set this field to value 7. A dual-signature PD shall set this field per its requested
Class on Mode A defined in 145.3.6. A 2-pair only PSE or a PSE connected to a single-signature PD shall
set this field to value 7. A PSE connected to a dual-signature PD shall set this field to the PSEs assigned
Class for Alternative A as defined in 145.2.8.
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79.3.2.6¢.5 Dual-signature power Class ext Mode B

A single-signature PD shall set this field to value 7. A dual-signature PD shall set this field per its requested
Class on Mode B defined in 145.3.6. A 2-pair only PSE or a PSE connected to a single-signature PD shall

set this field to value 7. A PSE connected to a dual-signature PD shall set this field to the PSEs assigned
Class for Alternative B as defined in 145.2.8.

79.3.2.6¢.6 Power Class ext

A single-signature PD shall set this field per its requested Class as defined in 145.3.6. A dual-signature P
shall set this field to value 15. A 2-pair only PSE or a PSE connected to a single-signature PD shall set\this
field to the PSEs assigned Class as defined in 145.2.8. A PSE connected to a dual-signature PD shall set'this
field to value 15.

79.3.2.6d System setup

The ‘System setup’ field shall contain the device bit-map of the Power Type ext ard-PD Load defined in
Table 79—6f and is reported for the device generating the TLV.

Table 79-6f—System setup field

Bit Function Value/meaning
7:4 Reserved Transmit as zero. Ignore on receive,
3:1 Power Type ext 3 21
1 1 1 = Resetyed'/ ignore
1 1 0 = Reserved / ignore
1 0 1 =Type 4 dual-signature PD
1 0 0 =Type 4 single-signature PD
0o 1 1 = Type 3 dual-signature PD
0o 1 0 = Type 3 single-signature PD
0 0 =Type 4 PSE
0 00 =Type 3 PSE
0 PD Load 1 =RD is dual-signature and power demand on Mode A and Mode B are electrically
igolated.
0 = PD is single-signature or dual-signature and power demand on Mode A and Mode B
are not electrically isolated.

79.3.2.6d.1Power Type ext
This fi€ldyshall be set according to Table 79—6f.
79.3.2.6d.2 PD Load

This field shall be set according to Table 79—6f when the Power type is PD. This field shall be set to 0 when
the Power type is PSE. See 145.4.1 for details.

79.3.2.6e PSE maximum available power value

The ‘PSE maximum available power value’ field shall contain the highest power the PSE can grant as
defined in Table 79-6g. The PSE sets the value of this field taking available power budget and hardware
capabilities into account. When connected to a dual-signature PD this value refers to the total amount of
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power available at the PI, even though power is allocated separately on a per pairset basis. A PD shall set
this field to 0.

lable /9-bg—PSE maximum available power value tield

Bit Function Value/meaning

15:0 PSE maximum available power value Power expressed in units of 0.1 W.
Valid values for these bits are 1 through 999.

79.3.2.6f Autoclass
The ‘Autoclass’ field shall contain the bits defined in Table 79—6h to control Autoclass..See 145.2.8.2 and

145.3.6.2 for details on Autoclass. Using the ‘Autoclass’ field to trigger a new Autdoclass measurement
allows a PD to change maximum power consumption.

Table 79-6h—Autoclass field

Bit Function Value/meaning
7:3 Reserved Transmit as zero:Ignore on receive.
2 PSE Autoclass support 1 = PSEssupports Autoclass

0 =PSE does not support Autoclass

1 Autoclass completed ['= Autoclass measurement completed
0 = Autoclass idle

0 Autoclass request 1 = PD requests Autoclass measurement
0 = Autoclass idle

79.3.2.6f.1 PSE Autoclass stipport

When the Power type is PSE, this field shall be set to indicate if the PSE supports Autoclass over DLL
according to Table 49—6h. When the Power type is PD, this field shall be set to 0.

79.3.2.6f.2 Autoclass completed

When the*Power type is PSE, this field shall be set to indicate that the PSE has concluded the Autoclass
measurement. This happens after a request for Autoclass is made by the PD using the ‘Autoclass request’
fi€ld defined in Table 79—6h. When the Power type is PD, this field shall be set to 0.

79.3.2.6f.3 Autoclass request

When the Power type is PD, this field may be set to 1 to request a Autoclass measurement by the PSE. The

PD sets this field when it is in a state where it consumes its maximum amount of power. In all other cases,
tba P todtbhac £old o0 0 Y7L S _4lac 14 o1l b VP PNAY

tha D 4 M b}
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79.3.2.6g Power down

The ‘Power down’ field shall contain the bits defined in Table 79—-6i. The ‘Power down’ field allows the PD
to request power delivery to be terminated, either indefinitely or for a certain period of time.

Table 79-6i—Power down field

Bit Function Value/meaning

23:18 Power down request Value = 0x1D requests a power down.
Any other value is ignored.

17:0 Power down time The amount of time in seconds the PD requests to be unpowefed.
A value of zero means to remain unpowered indefinitely.
Valid values are 0 through 262143.

79.3.2.6g.1 Power down request

When the Power type is PD, this field may be set to 0x1D to indicate a request.for' power down. If power is
to be maintained, the field shall be set to 0. When the Power type is PSE, this field shall be set to 0.

79.3.2.6g9.2 Power down time

This field controls the amount of time in seconds the PD is requesting to be unpowered. When the Power
type is PD, this field shall be set per the description in Table-79—6i. When the Power type is PSE, this field
shall be set to 0.

Insert the following new subclause, 79.3.8 with its subclauses, after 79.3.7.2:
79.3.8 Power via MDI Measurements TLV

Clause 33 and Clause 145 define two optional power entities: a Powered Device (PD) and Power Sourcing
Equipment (PSE). These entities alloy devices to draw/supply power over the same generic cabling as used
for data transmission. The Power~+Via MDI Measurement TLV allows network management to read
electrical measurement data from’the sending IEEE 802.3 LAN station. Figure 79-9 shows the format of
this TLV.

; ; IEEE 802.3 PSE
TLV TLVAinformation IEEE 802.3 .
type=127 | string'length=26 OoﬂLZJ-IOF subtype=8 Measurements PO"i"n"geF;”CG
7 bits 9 bits 3 octets 1 octet 20 octets 2 octets
TLV header TLV information string

Figure 79-9—Power Via MDI Measurements TLV format for Type 3 and Type 4

79.3.8.1 Measurements

This field shall be set according to Table 79—8a.

I'he " Voltage measurement” field carries the measured voltage value at the Pl, the "Current measurement”
field carries the measured current value at the PI, the ‘Power measurement’ field carries the measured power
value at the PI, and the ‘Energy measurement’ field carries the measured energy consumption value at the
PI, as defined in Table 79-8a.
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Measurement values (voltage, current, power, or energy) shall be set to 0 in case the corresponding request
bit is 0. If a device does not support a particular measurement, the corresponding measurement value shall

be set to 0.
Table 79-8a—Measurements
Bit Function Value/meaning
159 Voltage support 1 = Device supports voltage measurement
0 = Device does not support voltage measurement
158 Current support 1 = Device supports current measurement
0 = Device does not support current measurement
157 Power support 1 = Device supports power measurement
0 = Device does not support power measurement
156 Energy support 1 = Device supports energy measurement
0 = Device does not support energy measuremeft
155:154 | Reserved
153:152 | Measurement source Determine where the measurementdst0be taken.
153 152
0 0 No request
0 1 Pairset Alt€rhative A / Mode A
1 0 PairsetAlternative B / Mode B
1 1 Port total
151 Voltage request 1 = Request fopvoltage measurement
0 = No request for voltage measurement
150 Current request 1 = Request for current measurement
0 = Ne'téquest for current measurement
149 Power request [1= Request for power measurement
0 = No request for power measurement
148 Energy request 1 = Request for energy measurement
0 = No request for energy measurement
147 Voltage measurement 1 = Voltage measurement field contains valid data
valid 0 = Voltage measurement disabled
146 Cufrent measurement 1 = Current measurement field contains valid data
valid 0 = Current measurement disabled
145 Power measurement valid | 1=Power measurement field contains valid data
0 = Power measurement disabled
144 Energy measurement valid | 1 = Energy measurement field contains valid data
0 = Energy measurement disabled
143:128 | Voltage uncertainty Expanded uncertainty (coverage factor k = 2) for the voltage measurement,
expressed in units of 1 mV.
Valid values are 1 through 65000.
127:112 Current uncertainty Expanded uncertainty (coverage factor k = 2) for the current measurement,
expressed in units of 0.1 mA.
Valid values are 1 through 65000.
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Table 79-8a—Measurements (continued)

Bit Function Value/meaning

111:96 Power uncertainty Expanded uncertainty (coverage factor k = 2) for the power measurement,
expressed in units of 10 mW.
Valid values are 1 through 65000.

95:80 Energy uncertainty Expanded uncertainty (coverage factor k = 2) for the energy measurement,
expressed in units of 0.1 kJ.
Valid values are 1 through 65000.

79:64 Voltage measurement Vport pD-2p €Xpressed in units of 1 mV. When the Measurement soutee is
set to ‘Port total’ this field contains the measurement of the pairsef with the
highest voltage.

Valid values are 0 through 65000%.

63:48 Current measurement Iport OF Ipysiop €xpressed in units of 0.1 mA.
Valid values are 0 through 20000.

47:32 Power measurement Power sourced or drawn expressed in units of YO mW.
Valid values are 0 through 10000.

31:0 Energy measurement Energy consumed at the port or pairset'expressed in units of 0.1 kJ since

power on.
Valid values are 0 through 4294967295.

2 The valid range of this field extends beyond the allowed operating range of Vport_pp-2p; see 33.3.8.1 and 145.3.8.1.

79.3.8.2 PSE power price index

The ‘PSE power price index’ field shall contain‘an’index of the current price of electricity compared to what
the PSE considers the nominal electricity_ptice. The determination of the nominal electricity price is
implementation dependent. The field is eficeded as defined in Equation (79-1). The PSE sets the value of
this field taking the availability of powér from any external and internal resources, and the relative supply
and demand balance, into account. Awalue of OXFFFF means that no power price index is available.

Power price index + 10046) x 2.5 12) 5
Ko = (¢ ¥
e 75046 (79-1)
where
Kppy is the power price index expressed as a factor ranging from 0.0004 to 100 times
the nominal price
Poweérprice index is the value of the ‘Power price index’ field defined in Table 79—8b

Table 79-8b—Power price index

Bit Function Value/meaning

15:0 Power price index | Valid values for these bits are decimal 0 through 65000, and

hexadecimat vatue OXFFEE.
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79.3.8.3 Power Via MDI Measurements TLV usage rules

An LLDPDU should contain no more than one Power Via MDI Measurements TLV.

79.4 IEEE 802.3 Organizationally Specific TLV selection management

79.4.2 IEEE 802.3 Organizationally Specific TLV/LLDP Local and Remote System group
managed object class cross references

Insert the following new rows into Table 79-10 at the end of the “Power via MDI” TLV name group:

Table 79-10—IEEE 802.3 Organizationally Specific TLV/LLDP Local System Group’'managed
object class cross references

LLDP Local System Group

TLV name TLV variable managed object class attribute
Power via MDI PD requested power value Mode A aLldpXdot3LocPDRequestedPowerValue A
PD requested power value Mode B aLldpXdot3LiocPDRequestedPowerValueB

PSE allocated power value Alternative A | aLldpXdet3LocPSEAllocatedPowerValueA

PSE allocated power value Alternative B | aLldpXdot3LocPSEAllocatedPowerValueB

PSE powering status al’ldpXdot3LocPSEPoweringStatus
PD powered status al.ldpXdot3LocPDPoweredStatus
PSE power pairs ext aLldpXdot3LocPowerPairsExt

Dual-signature power Class extMode A | aLldpXdot3LocPowerClassExtA

Dual-signature power ¢lass ext Mode B | aLldpXdot3LocPowerClassExtB

Power class ext alLldpXdot3LocPowerClassExt

Power Type ext aLldpXdot3LocPowerTypeExt

PD 4PID aLldpXdot3LocPD4PID

PP [oad aLldpXdot3LocPDLoad

PSE maximum available power value al.ldpXdot3LocPSEMaxAvailPower

PSE Autoclass support al.ldpXdot3LocPSEAutoclassSupport

Autoclass completed al.ldpXdot3LocAutoclassCompleted

Autoclass request al.ldpXdot3LocAutoclassRequest

Power down request aLldpXdot3LocPowerDownRequest

Power down time aLldpXdot3LocPowerDownTime
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Insert the following new TLV name group into Table 79-10 after the “Power via MDI” TLV name group

(and before the “Link Aggregation (deprecated)” row):

Iable r9-1T0—IEEE 6UZ.5 Organizationally specific ILV/LLDP Local system Group managed
object class cross references (continued)

TLV name TLV variable LLDP Loc%ll System Gr(?up
managed object class attribute
Power via MDI Voltage support aLldpXdot3LocMeasVoltageSupport
Measurements

Current support

aLldpXdot3LocMeasCurrentSupport

Power support

aLldpXdot3LocMeasPowerSupport

Energy support

aLldpXdot3LocMeasEnergySupport

Measurement source

al.ldpXdot3LocMeasurementSource

Voltage request

al.ldpXdot3LocMeasVeltageRequest

Current request

aLldpXdot3LocMeasCurrentRequest

Power request

aLldpXdot3LecMeasPowerRequest

Energy request

aLldpXdot3LocMeasEnergyRequest

Voltage measurement valid

al'ldpXdot3LocMeasVoltageValid

Current measurement valid

al.ldpXdot3LocMeasCurrentValid

Power measurement valid

alLldpXdot3LocMeasPowerValid

Energy measurement valid

al.ldpXdot3LocMeasEnergy Valid

Voltage uncertainty

aLldpXdot3LocMeasVoltageUncertainty

Current uncertainty

aLldpXdot3LocMeasCurrentUncertainty

Power uncertainty;

aLldpXdot3LocMeasPowerUncertainty

Energy uncettainty

aLldpXdot3LocMeasEnergyUncertainty

Voltage measurement

alldpXdot3LocVoltageMeasurement

Current measurement

aLldpXdot3LocCurrentMeasurement

Power measurement

al.ldpXdot3LocPowerMeasurement

Energy measurement

al.ldpXdot3LocEnergyMeasurement

PSE Power price index

al.ldpXdot3LocPSEPowerPricelndex
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Insert the following new rows into Table 79-11 at the end of the “Power via MDI” TLV name group:

Table 79-11—IEEE 802.3 Organizationally Specific TLV/LLDP Remote System Group

managed object class Ccross reterences

LLDP Remote System Group

TLV name TLV variable managed object class attribute
Power via MDI PD requested power value Mode A aLldpXdot3RemPDRequestedPowerValueA
PD requested power value Mode B aLldpXdot3RemPDRequestedPowerValueB

PSE allocated power value Alternative A | aLldpXdot3RemPSEAllocatedPowerValaeA'

PSE allocated power value Alternative B | aLldpXdot3RemPSEAllocatedPowérValueB

PSE powering status aLldpXdot3RemPSEPoweringStatds
PD powered status alLldpXdot3RemPDPoweredStatus
PSE power pairs ext alLldpXdot3RemPowerPairsExt

Dual-signature power Class ext Mode A | aLldpXdot3RemPowerClassExtA

Dual-signature power Class ext Mode B | aLldpXdot3RemPowerClassExtB

Power class ext alLldpXdot3RemPowerClassExt

Power Type ext dLldpXdot3RemPowerTypeExt

PD 4PID al.ldpXdot3RemPD4PID

PD Load al.ldpXdot3RemPDLoad

PSE maximum available power ‘value aLldpXdot3RemPSEMaxAvailPower

PSE Autoclass support alLldpXdot3RemPSEAutoclassSupport

Autoclass completed: al.ldpXdot3RemAutoclassCompleted

Autoclass request al.ldpXdot3RemAutoclassRequest

Power dowh request al.ldpXdot3RemPowerDownRequest

Powe¢r'down time aLldpXdot3RemPowerDownTime
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Insert the following new TLV name group into Table 79-11 after the “Power via MDI” TLV name group

(and before the “Link Aggregation (deprecated)” row):

Iable /9-1T1—IEEE 6UZ.5 Urganizationally specitic 1LV/LLDF Remote system Group
managed object class cross references (continued)

LLDP Remote System Group

TLV name TLV variable managed object class attribute
Power via MDI Voltage support alLldpXdot3RemMeasVoltageSupport
Measurements

Current support

alLldpXdot3RemMeasCurrentSupport

Power support

alLldpXdot3RemMeasPowerSupport

Energy support

al.ldpXdot3RemMeasEnergySupport

Measurement source

aLldpXdot3RemMeasurementSource

Voltage request

al.ldpXdot3RemMeasValtageRequest

Current request

aLldpXdot3RemM¢asCurrentRequest

Power request

aLldpXdot3RemMeasPowerRequest

Energy request

alLldpXdet3RemMeasEnergyRequest

Voltage measurement valid

al ldpXdot3RemMeasVoltage Valid

Current measurement valid

alL.ldpXdot3RemMeasCurrentValid

Power measurement valid

alldpXdot3RemMeasPowerValid

Energy measurement valid

al.ldpXdot3RemMeasEnergy Valid

Voltage uncertainty

aLldpXdot3RemMeasVoltageUncertainty

Current uncertainty

aLldpXdot3RemMeasCurrentUncertainty

Power uncertainty’

aLldpXdot3RemMeasPowerUncertainty

Energy uncertainty

aLldpXdot3RemMeasEnergyUncertainty

Voltage-measurement

aLldpXdot3RemVoltageMeasurement

Currént measurement

alLldpXdot3RemCurrentMeasurement

Power measurement

alLldpXdot3RemPowerMeasurement

Energy measurement

alLldpXdot3RemEnergyMeasurement

PSE Power price index

alLldpXdot3RemPSEPowerPricelndex
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79.5 Protocol implementation conformance statement (PICS) proforma for IEEE 802.3
Organizationally Specific Link Layer Discovery Protocol (LLDP) type, length, and
value (TLV) information elements®

79.5.3 Major capabilities/options

Change 79.5.3 as follows:

Item Feature Subclause Value/Comment Status Suppert
*MP MAC/PHY 79.3.1 (0] Xes ]
Configuration/Status TLV No'[ ]
*PV Power Via MDI TLV 79.3.2 (0] Yes [ ]
No[]
*PT12 Device is a Type 1 or 79.3.2 Q Yes
Type 2 PSE or PD No
*PT34 Device is a Type 3 or 79.3.2 (6] Yes
Type 4 PSE or PD No
*LA Link Aggregation TLV 79.3.3 TLV deprecated. o Yes [ ]
No|[]
*FS Maximum Frame Size TLV | 79.3.4 (0] Yes [ ]
No[]
*EE EEE TLV 79.3.5 (0] Yes [ ]
No[]
*EEFW EEE Fast Wake TLV 79.3.6 (0] Yes [ ]
No[]
*AE Additional Ethernet 7987 (6] Yes [ ]
Capabilities TLV No[]
*PM Power via MDI 79.3.8 (6] Yes
Measurements TLV No

3 Copyright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be used for its intended purpose and may further publish the completed PICS.
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Item Feature Subclause Value/Comment Status Support
PVTI1 Not send DLL classification | 79.3.2 Unless supplying or drawing PV:M Yes [ ]
or Type 3 and Type 4 power from the PI N/AT]
extension fields
PVT2 Type 1 or Type 2 power 79.3.2 Support the Power Via MDI PV*PT12:M Yes [\]
entity DLL classification TLV DLL classification N/AT]
extension fields extension fields shown in
Figure 79-3 after the PI has
been powered
PVT3 Type 3 or Type 4 power 79.3.2 Support the Power Via MDI PV*RT34:M Yes [ ]
entity DLL classification TLV DLL classification N/AT]
extension fields extension fields and Type 3
and Type 4 extension fields
shown in Figure 79-3 after the
PI has been powered
PVT4 Not support Type 3 and 79.3.2 Not include the Type'3 and PV*PT12:M Yes [ ]
Type 4 power entity DLL Type 4 extensionAfi¢lds in N/AT]
Classification Power via MDF TLVs
PVT5 ‘Port class’ field 79.3.2.1.1 Indicates ifthe’portisa PSEor | PV:M Yes [ ]
a PD whentransmitted N/AT[]
PVT6 ‘PSE MDI power support’ 79.3.2.1.2 Indicates if MDI power is PV'M Yes [ ]
field supported ’ N/AT]
PVT7 ‘PSE MDI power state’ 79.3.2.1.3 Indicates if the PSE function is PV-M Yes [ ]
field enabled or disabled ’ N/AT[]
PVT8 ‘PSE pairs control ability’ 79.3.2.1.4 Indicates if the PSE has the PV:M Yes [ ]
field capability to control which N/A[]
PSE Pinout Alternative is used
for PD detection and power
PVT9 ‘PSE power pair’ field 79.3.2.2 Integer value as defined in PV:M Yes [ ]
Table 79-3a based on N/AT[]
aPSEPowerPairs (30.9.1.1.4)
PVT10 | ‘PSE power pair’ field for 79.3.2.2 To use value that defines that PV:M Yes [ ]
Type 3-erType 4 PSEs pairset N/AT]
furpishing power on a
single pairset
PVTI11 ‘Power class’ field 79.3.2.3 Integer value as defined in PV:M Yes [ ]
Table 79-3b by the N/A[]
aPsePortPowerClassification
(30.9.1.1.6)
PVTI12 ‘Power 79.3.2.4 Contains a bit-map of the PV:M Yes [ ]
type/source/priority”’ field Power type, source, and N/A[]
priority defined in Table 794
PVT13 | ‘Power type’ field 79.3.2.4.1 Set according to Table 794 PV:M Yes [ ]
NrATT
PVT14 | ‘Power type’ field for 79.3.2.4.1 Set to the value corresponding | PV*PT34:M Yes [ ]
Type 3 or Type 4 PSEs with Type 2 PSEs N/AT]
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Item Feature Subclause Value/Comment Status Support
PVTI15 | ‘Power type’ field for 79.3.2.4.1 Set to the value corresponding | PV*PT34:M Yes [ ]
Type 3 or Type 4 PDs with Type 2 PDs N/A[]
PVTI16 ‘PD 4PID’ field when 79.3.2.4.2a | Setaccording to Table 794 to | PV*PT34:M Yes [ ]
Power type is PD indicate whether the PD N/A[]
supports powering of both
Modes simultaneously
PVT17 | ‘PD 4PID’ field when 79.3.2.4.2a | Setto ‘0’ PV:M Yes [ ]
Power type is PSE N/ATd
PVT18 | ‘PD requested power value’ | 79.3.2.5 Contains the PD’s requested PV:M Yes' ]
field power value defined in NIA[ ]
Table 79-5
PVTI19 ‘PSE allocated power 79.3.2.6 Contains the PSE’s allocated PV:M Yes [ ]
value’ field power value defined in N/AT]
Table 79-6
PVT20 ‘PD requested power 79.3.2.6a Contains the PD’s requested PY*PT34:M Yes [ ]
Mode A’ field and ‘PD power value defined in N/AT[]
requested power Mode B’ Table 79-6a for Mode A and
field Table 79-6b for Mode B
PVT21 ‘PSE allocated power 79.3.2.6b Contains the values i PV*PT34:M Yes [ ]
Alternative A’ field and Table 79—6¢ and/Table 79-6d N/A[]
‘PSE allocated power
Alternative B’ field
PVT22 | ‘PSE powering status’ field | 79.3.2.6c.1 | Set tothe current powering PV*PT34:M Yes [ ]
for PSEs stagiis\as defined in N/A[]
Table’79—-6¢
PVT23 ‘PSE powering status’ field 79.3.2.6c. 1. {\Set to ‘0’ PV*PT34:M Yes [ ]
for PDs N/AT]
PVT24 | ‘PD powered status’ field 79.3¢2:6¢.2 | Set to the current powered PV*PT34:M Yes [ ]
for PDs status as defined in N/AT]
Table 79—6¢
PVT25 ‘PD powered status’ field 79.3.2.6¢c.2 | Setto ‘0’ PV*PT34:M Yes [ ]
for PSEs N/A[]
PVT26 ‘PSE power pairs.ext’ field 79.3.2.6¢c.3 | Contain powering status of the | PV*PT34:M Yes [ ]
for PSEs PSE as defined in Table 79—6¢ N/AT]
PVT27 | ‘PSE powerpairs ext’ field 79.3.2.6¢.3 | Setto ‘0’ PV*PT34:M Yes [ ]
for PDs N/AT]
PVT28 ‘Dual-signature power 79.3.2.6c.4 | Setto ‘7’ PV*PT34:M Yes [ ]
Class ext Mode A’ field for N/A[]
single-signature PDs
PYT29 | ‘Dual-signature power 79.3.2.6c.4 | Set to the requested Class PV*PT34:M Yes [ ]
Class ext Mode A’ field for (see 145.3.6) for Mode A N/A[]
dual-signature PDs
PVT30 ‘Dual-signature power 79.3.2.6c.4 | Setto ‘7’ PV*PT34:M Yes [ ]
Class ext Mode A’ field for N/A[]
2-pair only PSEs or PSEs
connected to a single-
signature PD
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Item Feature Subclause Value/Comment Status Support
PVT31 ‘Dual-signature power 79.3.2.6c.4 | Set to the assigned Class PV*PT34:M Yes [ ]
Class ext Mode A’ field for (see 145.2.8) for Mode A N/AT]
PSEs connected to a dual-
signature PD
PVT32 | ‘Dual-signature power 79.3.2.6¢c.5 | Setto ‘7’ PV*PT34:M Yes [ ]
Class ext Mode B’ field for N/AT]
single-signature PDs
PVT33 | ‘Dual-signature power 79.3.2.6¢c.5 | Set to the requested Class PV*PT34:M Yes [
Class ext Mode B’ field for (see 145.3.6) for Mode B N/AL]
dual-signature PDs
PVT34 | ‘Dual-signature power 79.3.2.6¢c.5 | Setto ‘7’ PV*PT34:M Yes [ ]
Class ext Mode B’ field for N/AT]
2-pair only PSEs or PSEs
connected to a single-
signature PD
PVT35 | ‘Dual-signature power 79.3.2.6¢c.5 | Set to the assigned Class PV*PT34:M Yes [ ]
Class ext Mode B’ field for (see 145.2.8) for Mode B N/A[]
PSEs connected to a dual-
signature PD
PVT36 | ‘Power Class ext’ field for 79.3.2.6¢.6 | Set to the requested\Class PV*PT34:M Yes [ ]
single-signature PDs (see 145.3.6) N/AT]
PVT37 | ‘Power Class ext’ field for 79.3.2.6¢c.6 | Setto ‘7’ PV*PT34:M Yes [ ]
dual-signature PDs N/AT]
PVT38 | ‘Dual-signature power 79.3.2.6¢c.6 | Sefito)the assigned Class PV*PT34:M Yes [ ]
Class ext Mode B’ field for (see 145.2.8) N/AT]
2-pair only PSEs or PSEs
connected to a single-
signature PD
PVT39 | ‘Dual-signature power 793.2.6c.6 | Setto ‘7’ PV*PT34:M Yes [ ]
Class ext Mode B’ field for N/AT[]
PSEs connected to a dual-
signature PD
PVT40 | ‘System setup’ field 79.3.2.6d Contains the device bit-map of | PV*PT34:M Yes [ ]
the Power Type ext and PD N/A[]
Load defined in Table 79—6f
PVT41 ‘Power type ext’ field 79.3.2.6d.1 | Set according to Table 79—-6f PV*PT34:M Yes [ ]
N/A[]
PVT42 | ‘PD.Load’ field when 79.3.2.6d.2 | Set according to Table 79-6f PV*PT34:M Yes [ ]
‘Power type’ is PD N/A[]
PVT43\T ‘PD Load’ field when 79.3.2.6d.2 | Setto ‘0’ PV*PT34:M Yes [ ]
‘Power type’ is PSE N/A[]
RVT44 | ‘PSE maximum available 79.3.2.6¢ Contains the highest power the | PV*PT34:M Yes [ ]
power value’ field PSE can grant as defined in N/AT]
Table 79—-6¢g
PVT45 ‘PSE maximum available 79.3.2.6¢ Set to ‘0’ PV*PT34:M Yes [ ]
power value’ field for PDs N/AT]
PVT46 | ‘Autoclass’ field 79.3.2.6f Contains the bits defined in PV*PT34:M Yes [ ]
Table 79—6h N/A[]
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Item Feature Subclause Value/Comment Status Support
PVT47 | ‘PSE Autoclass support’ 79.3.2.6f.1 Set to indicate if the PSE PV*PT34:M Yes [ ]
field when ‘Power type’ is supports Autoclass over DLL N/AT]
PSE according to Table 79—-6h
PVT48 | ‘PSE Autoclass support’ 79.3.2.6f.1 Set to ‘0’ PV*PT34:M Yes [ ]
field when ‘Power type’ is N/AT]
PD
PVT49 | ‘Autoclass completed’ field | 79.3.2.6f.2 | Setto indicate that the PSE has | PV*PT34:M Yes [ ]
when ‘Power type’ is PSE concluded the Autoclass N/A [
measurement
PVT50 | ‘Autoclass completed’ field | 79.3.2.6f2 | Setto ‘0’ PV*PT34:M Yes [ ]
when ‘Power type’ is PD N/AT[]
PVTS51 ‘Autoclass request’ field 79.3.2.6f.3 Set to 0’0 PV*PT34:M Yes [ ]
when ‘Power type’ is PSE N/A[]
PVT52 | ‘Power down’ field 79.3.2.6g Contains the bits defined in PV*PT34:M Yes [ ]
Table 79-61 N/AT]
PVTS53 | ‘Power down request’ field 79.3.2.6g.1 | Setto ‘0’ PV*PT34:M Yes [ ]
when ‘Power type’ is PD N/AT[]
and power is to be
maintained
PVT54 | ‘Power down request’ field 79.3.2.6g.1 | Setto ‘0’ PV*PT34:M Yes [ ]
when ‘Power type’ is PSE N/AT]
PVT55 | ‘Power down time’ field 79.3.2.6g.2 | Set pef the description in PV*PT34:M Yes [ ]
when ‘Power type’ is PD Talgle\79-61 N/A[]
PVT56 | ‘Power down time’ field 79.3.2.6g.2 JSetto ‘0’ PV*PT34:M Yes [ ]
when ‘Power type’ is PSE N/AT[]
Insert the following new subclause, 79.5.12, after 79.5.11:
79.5.12 Power via MDI Measurements TLV
Item Feature Subclause Value/Comment Status Support
PMTI ‘Measurements’ field 79.3.8.1 Set according to Table 79-8a PV*PT34:M | Yes[ ]
N/AT]
PMT2 Measurement values 79.3.8.1 Set to ‘0’ in case the PV*PT34:M | Yes|]
(voltage, current, power, or corresponding request bit is ‘0’ N/AT]
energy)
PMT3 No support for 79.3.8.1 Value that is not supported set PV*PT34:M | Yes|]
Measurement values to ‘0’ N/AT]
(voltage, current, power, or
energy)
PMT4 ‘PSE power price index’ 79.3.8.2 Contains an index of the PV*PT34:M | Yes|[]
field current price of electricity N/AT]
compared to what the PSE
considers the nominat
electricity price
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126. Physical Coding Sublayer (PCS), Physical Medium Attachment (PMA)
sublayer, and baseband medium, types 2.5GBASE-T and 5GBASE-T

120.9 PMA electrical specitications
126.5.1 Isolation requirement

Change 126.5.1 as follows:

A PHY with a MDI that is a PI (see 33.1.3) shall meet the isolation requirements defined in 33.4: \or
145.4.1.

Fhe-A PHY with a MDI that is not a PI shall provide electrical isolation between the port devic€ circuits,
including frame ground (if any) and all MDI leads. This electrical isolation shall withstand at least one of the
following electrical strength tests:

a) 1500 V rms at 50 Hz to 60 Hz for 60 s, applied as specified in Section 5.2&2,0f IEC 60950-1:2001.

b) 2250 V dc for 60 s, applied as specified in Section 5.2.2 of [IEC 60950-152001.

c) A sequence of ten 2400 V impulses of alternating polarity, applied.atintervals of not less than 1 s.
The shape of the impulses is 1.2/50 ps (1.2 ps virtual front time, 50 p's virtual time or half value), as
defined in Annex N of IEC 60950-1:2001.

There shall be no insulation breakdown, as defined in Section 522 of IEC 60950-1:2001, during the test.
The resistance after the test shall be at least 2 MQ, measured at 500 V dc.
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Insert new Clause 145 after Clause 130 (Clause 131 to Clause 144 are reserved for future amendments):

145. Power over Ethernet

145.1 Overview

This clause defines the functional and electrical characteristics of an enhanced Power over Ethernet (PoE)
system. The original PoE system is defined in Clause 33. Clause 145 includes the capability to provide
power over 4 pairs while maintaining compatibility with equipment designed in accordance with Clause, 33

A PoE system consists of three separately specified major elements. They are the power supply, & hon-data
entity which is called the Power Sourcing Equipment (PSE), the powered load, another non-data entity
which is called the Powered Device (PD), and the standards based, balanced, twisted-pair cabling
connecting the two.

The cabling portion of the system is defined as the link section. The link section/shares use of the cabling
with the link segment used for data transmission. The PSE is normally an element of the powering DTE but
may, instead, be located within the cabling portion of the system. PSEs located{within the cabling portion of
the system are called Midspan PSEs, or simply Midspans. The PD is an elément of the powered DTE.

The system specified here is for use with IEEE 802.3 MAUs conneoted by 4-pair twisted pair cabling that
have been qualified as being compatible with this clause. Thos€WMAUs are defined in Clause 14 and the
PHYSs are defined in Clause 25, Clause 40, Clause 55, and Clduse 126. Use in other environments is outside
the scope of this standard. Power over Ethernet allows deyices'to supply / use power using the same generic
cabling as is used for data transmission.

PSEs and PDs are categorized by Type. This clause specifies Type 3 and Type 4 devices as well as their
interaction with Type 1 and Type 2 devices. References in this clause to PSEs and PDs without a Type
qualifier refer exclusively to Type 3 and Typé4 devices. See Clause 33 for the specification of Type 1 and
Type 2 devices.

Power over Ethernet is intended tovprovide a 10BASE-T, 100BASE-TX, 1000BASE-T, 2.5GBASE-T,
S5GBASE-T, or 10GBASE-T deyice with a single cabling interface for both data and power. This clause
specifies the following:

a) A PSE to add power to the 100 Q2 balanced cabling system

b)  The characteristics of a PD’s load on the PSE and the structured cabling
c) A protocolallowing the detection of a PD that requests power from a PSE
d) Methods to classify a PD based on its power needs

e) Aumethod for a connected PSE and PD to dynamically negotiate power

)~ \A’method for scaling supplied power back to the detect level when power is no longer requested or
required

The importance of item c¢) above should not be overlooked. Given the large number of legacy devices (both
IEEE 802.3 and other types of devices) that could be connected to a 100 Q2 balanced cabling system, and the
possible consequences of applying power to such devices, the protocol to distinguish compatible devices
and non-compatible devices is important to prevent damage to non-compatible devices.

The detection and powering algorithms are likely to be compromised by cabling that is not point-to-point,
resulting in unpredictable performance and possibly damaged equipment.
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This clause differentiates between the two ends of the powered portion of the link, i.e. the link section,
defining the PSE and the PD as separate but related devices.

145.1.1 Compatibility considerations

The requirements in this Clause are designed such that PSEs and PDs that meet these requirements are
compatible at their respective Power Interfaces (PIs). Designers are free to implement circuitry within the
PD and PSE in an application-dependent manner provided that the respective PI specifications are satisfied.

145.1.2 Relationship of Power over Ethernet to the IEEE 802.3 Architecture

Power over Ethernet comprises an optional non-data entity. As a non-data entity, it does not app€ar 'in a
depiction of the OSI Reference Model. Figure 145—1 depicts the positioning of PoE in the case of the PD.

Physical Interface Circuitry

PHY

PD

N

MDI/PI|

Medlum |

MDI = Medium Dependent Interface
PD = Powered Device

PHY = Physical Layer Device

Pl = Power Interface

Figure 145-1—Power over Ethernet powered/device relationship to the physical interface
circuitry and the IEEE'802.3 Ethernet LAN model

Figure 145-2 and Figure 145-3 depict the positioning of PoE in the cases of the Endpoint PSE and the

Midspan PSE, respectively.

Physical Interface Circuitry

PHY

PSE

HMDI/PI|

| Medium

MDI = Medium Dependent Interface
PHY = Physical Layer Device

Pl = Power Interface

PSE = Power Sourcing Equipment

Figure 145-2—Power over Ethernet Endpoint power sourcing equipment relationship to
the physical interface circuitry and the IEEE 802.3 Ethernet LAN model
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The Power Interface (PI) is the mechanical and electrical interface between the PSE or PD and the
transmission medium as defined in 1.4.406.

In an Endpoint PSE and in a PD, the PI is the MDI as defined in 1.4.324.

In the case of a Midspan PSE, the PI is physically separate from the MDI and is contained within the cabling
portion of the data transmission system.

r— - - — — — — — — — — 1
: Physical Interface Circuitry : F—_— — — = -
| PHY | | Midspan |
ST Twol | T T T T T - : PSE :
—>
NN
[ Medium | | °
| IT
L — — — 1
MDI = Medium Dependent Interface Pl

PHY = Physical Layer Device
PI = Power Interface
PSE = Power Sourcing Equipment

Figure 145-3—Power over Ethernet Midspan power sourcing equipment relationship to
the physical interface circuitry and the IEEE 802.3 Ethernet LAN model

145.1.3 System parameters

A valid power system consists only of a single"PSE sourcing power, a single PD, and the link section
connecting them. The PSE and PD can each be of a Type defined in Clause 33 or Clause 145, in any
combination. The power system has certain(basic parameters defined according to Table 145-1. See 33.1.4
for these parameters as applicable to Type 1 and Type 2 devices. These parameters define not only certain
performance characteristics of the (8ystem, but are also used in calculating the various electrical
characteristics of PSEs and PDs as-described in 145.2 and 145.3.

Table 145-1—System parameters

¢ . Channel pairset
PSE Nominal hlghe.st Number of maximum DC o )
current per pair powered . Minimum cabling type
Type a A) pairs loop resistance
Cable> Rcps Q)
Type.3 0.6 2or4 12.5 Class D (ISO/IEC11801:1995) or
Category 5 (ANSI/EIA/TIA-568-A:1995)
Type 4 0.6 2 12.5
0.96 4 12.5

NOTE—The current on the pairs may be impacted by pair-to-pair system resistance unbalance. See 145.2.10.6.1. For
additional information on pair-to-pair resistance unbalance in structured cabling systems, see TIA TSB-184-A [Bx2]

2
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Icaple specified in Table 145-1, is the current on one twisted pair in the balanced twisted-pair cable. When
power is delivered over 2 pairs, two twisted pairs are required to source Iqypje, One carrying (+ Iogpe) and
one carrying (— Icypje), from the perspective of the PI.

When power is delivered over 4 pairs, four twisted pairs are required to source 2 X I, tWo €ach carrying
a nominal current (+ I,pje) and two each carrying a nominal current (— Iq,p;e), from the perspective of the
PI. Greater than Class 4 power delivery requires 4 pairs.

Icaple 1s the highest nominal current on a pair for a system without pair-to-pair current unbalance. When
power is provided over 4 pairs, the current may be unbalanced, causing one pair to have a higher current
than Iy, While the other pair of the same polarity carries a corresponding lower current than I,p.. \The
maximum nominal total 4-pair current is twice the value of I,p).. See TIA TSB-184-A [Bx2] and ISOAEC
TS 29125 for additional information on pair-to-pair resistance unbalance.

The cable references use “DC loop resistance,” which refers to two single conductors in series. This clause
uses “pairset DC loop resistance” (R¢y,), which refers to two pairs in series. Therefore, Rigp 15 related to, but
not equivalent to, the “DC loop resistance” called out in the cable references. Inc@ddition to Icyp)e, the
requirements of this clause reference the total current and the per pairset current, which are described here.

Ipoyt is the total current on both pairs with the same polarity and is defined in"Eqtation (145-7).

Iportop is the current on the negative pair of a pairset and is derivedfrom Ipyy op_pri and Ipgrop_gec In
Equation (145-5).

Pairset current is the current on the negative pair associated with a given pairset. Note that the positive pair
and the negative pair of a pairset may carry a different amount'of current, caused by the independent pair-to-
pair current unbalance in the positive pairs, and in the{negative pairs, when the system is providing power

over more than 2 pairs.

2-pair mode refers to power delivery using eitherOne pair at positive Vpgg and one at negative Vpgg, or to
using two pairs at positive Vpgg and one atnegative Vpgg.

4-pair mode refers to power delivery using two pairs at positive Vpgg and two at negative Vpgg.
Ry, is the maximum pairset DE [0op resistance, as defined in Table 145-1.

Rpan 18 the actual DC resistance from the PSE PI to the PD PI and back. R(y,,, has a maximum value of
Ry / 2 when operatingtin/4-pair mode. Ry, has a maximum value of R, when operating in 2-pair mode.

Rhan-2p 18 the actual pairset DC resistance from the PSE PI to the PD PI and back. Ry a,-2p has a maximum
value of Ry
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Vpp is the voltage at the PD PI. For a single-signature PD, Vpp is measured between any positive conductor
of a pairset and any negative conductor of the corresponding pairset, for the pairset with the highest voltage.
For a dual-signature PD, Vpp is measured between any positive conductor of a pairset and any negative
conductor of the corresponding pairset, for the given Mode.

Vpsg is the voltage at the PSE PI. When connected to a single-signature PD and operating in 4-pair mode,
Vpgg is measured between any positive conductor and any negative conductor. When connected to a dual-
signature PD, when operating in 2-pair mode, or when the PD signature configuration has not yet been
identified, Vpgg is measured between any positive conductor of the pairset and any negative conductor of
the corresponding pairset, for the given Alternative.

145.1.4 Cabling requirements

Class D or better cabling as specified in ISO/IEC 11801:1995, with the additional requirenient that the
channel DC loop resistance is 25 Q or less, is required to support operation as specified in this’Clause. These
requirements are also met by Class D or better cabling as specified by ISO/IEC 11801:2002,"Category Se or
better cable and components as specified in ANSI/TIA-568-C.2, or Category 5 cable'and components as
specified in ANSI/TIA/EIA-568-A-1995.

Cable ambient operating temperature guidelines for Type 3 and Type 4 opetation are provided in ISO/IEC
TS 29125 [B48]6 and TTIA TSB-184A [Bx2]. For Type 3 and Type 4 PoE, systems, managing the temperature
rise can require a reduction in the maximum number of cables bundled<See ISO/IEC TS 29125, TIA TSB-
184-A, as well as applicable local codes and regulations, e.g., the)National Electrical Code® (NEC®)
(NFPA 70®, 2017 Edition) [Bx1], for more information.

Planning considerations for PoE systems are provided in ISOAEC CD 14763-2 supported by the information
in ISO/IEC TS 29125 and TIA TSB-184-A, as well as d@pplicable local codes and regulations.

Within Clause 145 and its annexes, the term link\section refers to the point-to-point medium connection
between two and only two active Power Interfaces (PIs). Type 3 and Type 4 operation requires link sections
to comply with the intra-pair resistance unbalance requirements for twisted-pair cabling as specified in
ISO/IEC 11801:2002 and ANSI/TIA-568-€.2. Refer to Annex 145A for more information including the
requirements for pair-to-pair resistanceinbalance when operating over 4 pairs.

The numbers in brackets correspond to those of the bibliography in Annex A.
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145.2 Power sourcing equipment (PSE)

The PSE is the portion of the end station or midspan equipment that provides the power to a single PD. The
PSE’s main functions are as follows:

— To search the link section for a PD

— To supply power to the detected PD through the link section

— To monitor the power on the link section

— To remove power when no longer requested or required, returning to the searching state

An unplugged link section is one instance when power is no longer required.

In addition, power classification mechanisms exist to provide the PSE with detailed information, regarding
the power needs of the PD.

A PSE is electrically specified at the point of the physical connection to the cabling.
Additional electrical specifications that apply to the PSE are specified in 145.4.
145.2.1 PSE Type descriptions

A PSE can be categorized as either a Type 1, Type 2, Type 3 or Type4dPSE. See 33.2 for the specification
of Type 1 and Type 2 PSEs.

Type 1, Type 2, Type 3, and Type 4 PSEs interoperate with\ Type 1, Type 2, Type 3, and Type 4 PDs,
subject to power limitations. See 145.2.8.

Table 145-2 summarizes the supported parameters of Type 3 and Type 4 PSEs. The PSE Type can only
change when the PSE state diagram (Figure 145—13)'is in IDLE.

Table 145-2—PSE supported parameters

Supports Hishest Class Short Physical Data Link
PSE Type 4- aiI:-p ower SE orted® MPS Layer Layer Autoclass®
pairp PP support® | classification® | classification?
Type 3 No / Yes 1to4 Yes Multiple-Event | Optional Optional
Yes 1to6
Type 4 Yes 7to8
4 See 1457208, Table 145-11 and Table 145-12.
b Seei45.2.12.
€ See)l45.2.8.2 and 145.3.6.2.
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145.2.2 PSE location

PSEs may be placed in two locations with respect to the link segment, either coincident with the
DTE/Repeater or midspan. A PSE that is coincident with the DTE/Repeater is an “Endpoint PSE”. A PSE

that is located within a link segment that is distinctly separate from and between the MDIs is a “Midspan
PSE”. The requirements of this document apply equally to Endpoint and Midspan PSEs unless the
requirement contains an explicit statement that it applies to only one implementation. The location of
various Endpoint and Midspan PSEs are illustrated in Figure 145—4 to Figure 145-11.

PSEs can be compatible with any of the following: 10BASE-T, 100BASE-TX, 1000BASE-T, 2.5GBASE-T,
5GBASE-T, 10GBASE-T.

145.2.3 Midspan PSE variants
There are several variants of Midspan PSEs defined.

10BASE-T/100BASE-TX Midspan PSE:
A Midspan PSE that results in a link that can support only 10BASE-T and100BASE-TX operation
(see Figure 145-8 and Figure 145-10). Note that this limitation is ‘due to the presence of the
Midspan PSE whether it is supplying power or not.

1000BASE-T Midspan PSE:
A Midspan PSE that results in a link that can support 10BASE-T, 100BASE-TX, and
1000BASE-T operation (see Figure 145-9 and FigureJ45-11).

2.5GBASE-T Midspan PSE:
A Midspan PSE that results in a link that“can support 1000BASE-T and 2.5GBASE-T
operation, and optionally support I0BASE~T and 100BASE-TX operation (see Figure 145-9 and
Figure 145-11).

5GBASE-T Midspan PSE:
A Midspan PSE that results in a\link that can support 1000BASE-T, 2.5GBASE-T, and SGBASE-T
operation, and optionally support 10BASE-T and 100BASE-TX operation (see Figure 145-9 and
Figure 145-11).

10GBASE-T Midspan PSE:
A Midspan PSE. that results in a link that can support 1000BASE-T, 2.5GBASE-T, SGBASE-T,
and 10GBASE-T operation, and optionally support I0BASE-T and 100BASE-TX operation (see
Figure 145-9-and Figure 145-11).

NOTE—See 145.4°9.3 for Alternative A Midspan PSEs.
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Figure 145-4—10BASE-T{100BASE-TX 2-pair Endpoint PSE location overview
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Figure 145-5—1000/2.5G/5G/10GBASE-T 2-pair Endpoint PSE location overview
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Figure 145-6—10BASE-T/100BASE-TX 4-pair Endpoint PSE location'overview
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Figure 145-7—1000/2.5G/5G/10GBASE-T 4-pair Endpoint PSE location overview
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Figure 145~-8—10BASE-T/100BASE-TX 2-pair Midspan PSE location overview
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Figure 145-10—10BASE-T/100BASE-TX 4-pair Midspah/PSE location overview
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Figure 145-11—1000BASE-T, 2.5G, 5G, or 10GBASE-T 4-pair Midspan PSE location
overview
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145.2.4 PSE PI

for Power over Ethernet over 4 Pairs

A PSE device may provide power via one or both of the two valid four-conductor connections, named
pairsets. A pairset consists of a pair at the positive Vpgg and a pair at the negative Vpgg. The two conductors

associated with a pair each carry the same nominal current in both magnitude and polarity. Figure 145-12, in
conjunction with Table 145-3, illustrates the pairsets, which for PSEs are named Alternative A and

Alternative B.

PSEs are required to switch the negative pairs, and may switch the positive pairs as defined in 145.4.1.1.
This may lead to both positive pairs providing current in 2-pair mode.

3
23456
/8

Figure 145-12—PD and PSE eight-pin modular jack

Table 145-3—PSE Pinout Alternatives

Conductor A'Eﬁ,rlg}t_z; A Alt‘g\‘,}?;};e A Alternative B(X) | Alternative B(S)
1 Negative.Vpsg Positive Vpgg — —
2 Negative Vpgg Positive Vpgg — —
3 Positive Vpgg Negative Vpgg — —
4 — — Negative Vpgg Positive Vpgg
5 — — Negative Vpgg Positive Vpgg
6 Positive Vpgg Negative Vpgg — —
7 — — Positive Vpgg Negative Vpgg
8 — — Positive Vpgg Negative Vpgg
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PSEs shall use only the permitted polarity configurations associated with Alternative A and Alternative B
listed in Table 145—4 corresponding with their Type. For further information on the placement of MDI vs.
MDI-X, see 14.5.2.

Table 145-4—Permitted Pinout Alternatives per Type

Alternative A Alternative A . .
PSE Type (MDI-X) (MDI) Alternative B(X) Alternative B(S)
Type 3 Yes Yes Yes Yes
Type 4 Yes No No Yes

Type 3 PSEs shall implement Alternative A, Alternative B, or both. Type 3 PSEs providing Class 5 or
Class 6 power levels and Type 4 PSEs shall implement Alternative A and Alternative/B-"'PSEs may operate
simultaneously on both Alternatives, when the requirements of 145.2.9 are met.

The PSE specifications related to current apply on the negative pair or pairs‘unl€ss otherwise noted.
145.2.5 PSE state diagrams

PSEs shall provide the behavior of the state diagrams shown in Eigure 14513 to Figure 145-18.
145.2.5.1 State diagram overview and timing

If power is to be applied, the PSE turns on power after a valid detection in less than T, as defined in
Table 145-16. If the PSE cannot supply power within T, it initiates and successfully completes a new
detection cycle before applying power. See 145.2:10.14 for details.

It is possible that two separate PSEs) one that implements Alternative A and one that implements
Alternative B (see 145.2.2), may be-atfached to the same link segment. In such a configuration, and without
the required backoff algorithm, the~PSEs could prevent each other from ever detecting a PD by interfering
with the detection process of the'other.

A PSE performing detectionf using only Alternative B may fail to detect a valid PD detection signature.
When this occurs, the PSE shall back off for at least Ty, as defined in Table 145-16 before attempting
another detection, éxcept in the case of an open circuit as defined in 145.2.6.5. During this backoff, the PSE
shall not apply(a“yeltage greater than V¢ to the PI. See 145.2.6.5 for more information on Alternative B
detection backoff requirements.

If a PSEperforming detection using Alternative A detects an invalid detection signature, it should complete
a seéeond detection in less than Ty, after the beginning of the first detection attempt. This allows an
Alternative A PSE to complete a successful detection cycle prior to an Alternative B PSE present on the
same link section that may have caused the invalid detection signature.

Connection Check timing requirements are specified in Table 145-10. Detection and power turn-on
timing requirements are specified in Table 145-16. Classification timing requirements are specified in
Table 145—14. Autoclass timing requirements are specified in Table 145-15.
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In the state diagram, each Alternative serves a distinct role during 4-pair operation. In any implementation,
the roles of the Alternatives shall be established in IDLE and be maintained in every other state. In the state
diagram, the roles of the Alternatives are named Primary Alternative and Secondary Alternative.

NOTE—During 4-pair operation, it may be necessary to swap the roles of Alternative A and Alternative B in IDLE in
order to detect a PD.

The state diagram consists of multiple state diagrams that operate concurrently. Depending on the connected
PD being identified as single-signature or dual-signature, the state diagram operates in a different manner.
The top level state diagram consists of Figure 145—13.

If the connected PD is identified as dual-signature, the top level state diagram will proceed to SISM _START
and remain in that state, at which point the semi-independent state diagrams for the Primary and Secohdary
Alternative become active. The dual-signature semi-independent state diagram is defined in Figure 145-15
and Figure 145-16 for the Primary and Secondary Alternative respectively.

Monitoring of MPS is described by the state diagrams in Figure 145—17 and Figure 145¢18.

145.2.5.2 Conventions

The notation used in the state diagrams follows the conventions of state/diagrams as described in 21.5. In
addition a precedence order for operators is established in Table 145-5./Operators of equal precedence are
evaluated left-to-right. Operator precedence in qualifiers is a local convention for this clause.

Table 145-5—State diagram operators in order of precedence (highest to lowest)

Operator Meaning
0 Indicates precedence
S, > 2, E Less than, less thanor equal to, greater than, greater than or equal to, equals, not equals
! Boolean.NOT
* Boolean AND
" Boolean XOR
+ Boolean OR
= Assignment operator

Some.$tates in the state diagrams use an [F-THEN-ELSE-END construct to condition which actions are
taken-within the state. If the logical expression associated with the IF evaluates TRUE all the actions listed
between THEN and ELSE will be executed. In the case where ELSE is omitted, the actions listed between
THEN and END will be executed. If the logical expression associated with the IF evaluates FALSE the
actions listed between ELSE and END will be executed. After executing the actions listed between THEN
and ELSE, between THEN and END, or between ELSE and END, the actions following the END, if any,
will be executed.

State diagrams may span over multiple pages. Arcs between states located on a ditterent page within the
same state diagram are drawn using a label containing the destination state’s name at the originating state.
An empty label is used at the destination state to indicate that there exists an entry, or entries, from another
state.
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145.2.5.3 Constants

CC_DET_SEQ
A constant indicating the sequence in which the PSE performs connection check and detection. See

Annex 145B for timing diagrams.

Values:
0: Connection Check is followed by staggered detection for a single-signature PD
and parallel or staggered detection for a dual-signature PD.
1: Detection on a pairset is followed by connection check and then detection on the

other pairset for a single-signature PD and parallel or staggered (starting witht
first pairset) detection for a dual-signature PD.

2: Connection check and detection on both pairsets are performed within @)single
T et Window.

3: Connection check is followed by staggered detection.

Parallel detection refers to detection on both pairsets being performed in the same\T 4. time period.
Staggered detection refers to detection on both pairsets being performed in a different e, cycle.

145.2.5.4 Variables

alt_done pri
A variable used to coordinate the main single-signature state.diagram with the semi-independent
dual-signature state diagram for the Primary Alternative,

Values:
FALSE: The semi-independent state diagram is not ready to return to IDLE within the
single-signature state diagrame
TRUE: The semi-independent state‘diagram is ready to return to IDLE within the single-

signature state diagram.
alt done_sec
A variable used to coordinate the main*single-signature state diagram with the semi-independent
dual-signature state diagram for th€'\Secondary Alternative.

Values:
FALSE: The semi-ifidependent state diagram is not ready to return to IDLE within the
single-signature state diagram.
TRUE: The'semi-independent state diagram is ready to return to IDLE within the single-
signature state diagram.
alt_pri
A variable used’to select which Alternative assumes the role of Primary Alternative in the state
diagram,
Values:
a: Alternative A assumes the role of Primary Alternative. When operating over
4 pairs, Alternative B assumes the role of Secondary Alternative.
b: Alternative B assumes the role of Primary Alternative. When operating over
4 pairs, Alternative A assumes the role of Secondary Alternative.
alt pwrd pri

A variable that controls the circuitry that the PSE uses to power the PD over the Alternative that
has been assigned as Primary.

Values:
FALSE: The circuitry that applies operating voltage to the Primary Alternative is
disabled.
I'RUE: T'he circuitry that applies operating voltage to the Primary Alternative 18 enabled.

alt pwrd_sec
A variable that controls the circuitry that the PSE uses to power the PD over the Alternative that
has been assigned as Secondary.
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Values:
FALSE: The circuitry that applies operating voltage to the Secondary Alternative is
disabled.
TRUE: The circuitry that applies operating voltage to the Secondary Alternative is
enabled.

autoclass_enable
A variable indicating that the PSE is enabled to check if the PD is requesting Autoclass via
Physical Layer classification; see 145.2.8.2 and 145.3.6.2.

Values:
FALSE: Autoclass is disabled in the PSE.
TRUE: Autoclass is enabled in the PSE.

class 4PID mult_events_pri
A variable indicating if the PSE generates 3 class events on the Primary Alternative to determine if
a dual-signature PD is a candidate for 4-pair power.

Values:
FALSE: The PSE does not need to generate 3 class events to determing if the PD is a
candidate for 4-pair power.
TRUE: The PSE generates at least 3 class events to determine if the PD is a candidate for

4-pair power.
class 4PID mult events sec
A variable indicating if the PSE generates 3 class events on the,Secondary Alternative to determine
if a dual-signature PD is a candidate for 4-pair power.

Values:
FALSE: The PSE does not need to generate,37¢lass events to determine if the PD is a
candidate for 4-pair power.
TRUE: The PSE generates at least 3 class events to determine if the PD is a candidate for

4-pair power.
det_once sec
This variable indicates if the PSE has probed the Secondary Alternative at least once following exit
from ENTRY_SEC.
Values:
FALSE: The PSE has not'probed the Secondary Alternative since entering the Secondary
Alternativesstate diagram.
TRUE: The PSE\has probed the Secondary Alternative at least once since entering the
Secondary Alternative state diagram.
det_start_pri
A variable that\indicates to the Secondary Alternative that the Primary Alternative is between
START DETECT and POWER_UP.

Values:
FALSE: The Primary Alternative is not between START DETECT and POWER_ UP.
TRUE: The Primary Alternative is between START DETECT and POWER_UP.

det_start sec
A variable that indicates to the Primary Alternative that the Secondary Alternative is between
START _DETECT and POWER_UP.

Values:
FALSE: The Secondary Alternative is not between START DETECT and POWER_UP.
TRUE: The Secondary Alternative is between START DETECT and POWER_UP.
det temp

A variable that indicates whether a 4-pair PSE has completed detection on one and only one
Alternative or if the PSE has completed detection on neither or both Alternatives.

vatues:
both_neither: The PSE has completed detection on both Alternatives or neither Alternatives.
only one: The PSE has completed detection on only one Alternative.
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error_condition
A variable indicating the status of implementation-specific fault conditions or optionally other
system faults that prevent the PSE from meeting the specifications in Table 145-16 and that
require the PSE not to source power. This variable may be set by the PSE at any time.

Values:
FALSE: No fault indication.
TRUE: A fault indication exists.

error_condition_pri
A variable indicating the status of implementation-specific fault conditions or optionally other
system faults that prevent the PSE from meeting the specifications in Table 145-16 and that
require the PSE not to source power over the Primary Alternative. This variable may be set by, the
PSE at any time.

Values:
FALSE: No fault indication.
TRUE: A fault indication exists.

error_condition_sec
A variable indicating the status of implementation-specific fault conditiofis‘or optionally other
system faults that prevent the PSE from meeting the specifications,ify Table 145-16 and that
require the PSE not to source power over the Secondary Alternative: ‘Bhis variable may be set by
the PSE at any time.

Values:
FALSE: No fault indication.
TRUE: A fault indication exists.
error_pri
Alias for the following terms: short_det pri + ovld _det pri + option_vport lim_pri.
error_sec

Alias for the following terms: short _det sec ¥’ oyld det sec + option_vport_lim_sec.
iclass_lim det

A variable indicating if any I¢,¢ measured by the PSE during do_classification is invalid or equal

to or greater than Iy, 1 min ,as “defined in Table 145-14. This variable is set per this

description.
Values:
FALSE: Measured, (i, 18 not invalid or is less than Iy v min  during
do_classification or this function is not active.
TRUE: Measured I¢p,s is invalid or equal to or greater than Igj,e v min during

doclassification.
iclass_lim det pri
A variable * indicating if any Ic,¢, measured by the PSE over the Primary Alternative
during-declassification_pri is invalid or equal to or greater than Iqj,e 1 min as defined in
Tabte 145-14. This variable is set per this description. -

Values:
FALSE: Measured Icp,qe Over the Primary Alternative is not invalid or is less than
Icass v min during do_classification_pri or this function is not active.
TRUE: Measured Ij,ss over the Primary Alternative is invalid or equal to or greater than

Iclass Liv min during do_classification_pri.
iclass lim det sec -
A variable indicating if any I¢j,s measured by the PSE over the Secondary Alternative
during do_classification_sec is invalid or equal to or greater than I¢p,q v Min as defined in

Tabla 145 14 Tl solla vs sl d 1t
Fable45—4—This-variable-ts-set-per-this-deseription:
Values:

FALSE: Measured I, Oover the Secondary Alternative is not invalid or is less than

Iclass Lomv min during do_classification_sec or this function is not active.
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TRUE: Measured Iy, Over the Secondary Alternative is invalid or equal to or greater
than Iy, v Min during do_classification_sec.
MirroredPDAutoclassRequest

A variable ontpnt by the PSE power control state diagram that indicates whether the PSFE hag

received an Autoclass measurement request from the PD via the Data Link Layer. See 145.5. This
variable is assigned through Table 145-38.

Values:
FALSE: The PSE has not received an Autoclass measurement request from PD.
TRUE: The PSE has received an Autoclass measurement request from PD.
mps_valid

The PSE monitors the Maintain Power Signature (MPS, see 145.2.12). This variable indicates\the
presence or absence of a valid MPS, when the connected PD is a single-signature PD, or the PSE is
operating in 2-pair mode. This variable is set per this description.

Values:
FALSE: MPS is absent.
TRUE: MPS is present.

mps_valid_pri
The PSE monitors the Maintain Power Signature (MPS, see 145.2.12),0n(the Primary Alternative.
This variable indicates the presence or absence of a valid MPS on the Primary Alternative, when
the connected PD is a dual-signature PD. This variable is set per this\description.

Values:
FALSE: MPS is absent.
TRUE: MPS is present.

mps_valid_sec
The PSE monitors the Maintain Power Signatures (MPS, see 145.2.12) on the Secondary
Alternative. This variable indicates the presenCe or absence of a valid MPS on the Secondary
Alternative, when the connected PD is a dualssignature PD. This variable is set per this description.

Values:
FALSE: MPS is absent.
TRUE: MPS is present.
option_2ev
This variable indicates if PSE will generate 2 or 3 class events when pse_avail pwr is 4.
Values:
FALSE: The PSE-is not restricted to 2 class events when pse_avail_pwr is 4.
TRUE: The*BSE is restricted to 2 class events when pse_avail pwr is 4.

option_class_probe
This variable indicates if the PSE should determine the PD requested Class via the do_class_probe
function. When set to TRUE, the PSE will issue 3 class events to determine the PD
requested Class, perform a classification reset by applying Vet for at least Troqo¢ to the PI (see

Tablel145—14), followed by a normal classification procedure.

Values:
FALSE: The PSE will not probe for the PD requested Class.
TRUE: The PSE probes for the PD requested Class.

option_class_probe_pri
This variable indicates if the PSE should determine the PD requested Class on the Primary
Alternative via the do_class probe pri function. When set to TRUE, the PSE will issue 3 class
events to determine the PD requested Class, perform a classification reset by applying Vgt for at

least Tgeget to the Primary Alternative (see Table 145-14).

Values:
EALSE- The PSE uallnotnrobe forthe PD requested Class
: v P guested -
TRUE: The PSE probes for the PD requested Class.
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option_class probe sec
This variable indicates if the PSE should determine the PD requested Class on the Secondary
Alternative via the do_class probe sec function. When set to TRUE, the PSE will issue 3 class
events to determine the PD requested Class, perform a classification reset by applying Vg for at

least TReqet to the Secondary Alternative (see Table 145-14).

Values:
FALSE: The PSE will not probe for the PD requested Class.
TRUE: The PSE probes for the PD requested Class.

option_detect ted
This variable indicates if detection can be performed by the PSE during the ted timer interval.

Values:
FALSE: Do not perform detection during ted timer interval.
TRUE: Perform detection during ted_timer interval.

option_detect_ted pri
This variable indicates if detection can be performed by the PSE on the Primary Altérnative during
the ted timer pri interval.

Values:
FALSE: Do not perform detection during ted_timer_pri interval.
TRUE: Perform detection during ted timer pri interval.

option_detect ted sec
This variable indicates if detection can be performed by the’PSE on the Secondary Alternative
during the ted timer_sec interval.

Values:
FALSE: Do not perform detection during ted “timier_sec interval.
TRUE: Perform detection during ted timer,'sec interval.

option_probe_alt_sec
This variable indicates if the PSE will continue fo detect and conditionally perform Physical Layer
classification on the Secondary Alternative. in the event power is not applied to the Primary

Alternative.
Values:
FALSE: PSE does not pfobe the Secondary Alternative if power is not applied to the
Primary Altemative.
TRUE: PSE does.probe the Secondary Alternative if power is not applied to the Primary
Alternative.

option_vport_lim_pri
This variable indieates if Vpgg on the Primary Alternative is out of the operating range during
normal operating\state. This variable is set per this description.

Values:
FAILSE: Vpsg on the Primary Alternative is within the Vpo psgop operating range as
defined in Table 145-16 or the PSE does not implement this option.
FRUE: Vpsg on the Primary Alternative is outside of the V¢ pgg_op Operating range as

defined in Table 145-16.
option” vport lim_sec
This variable indicates if Vpgg on the Secondary Alternative is out of the operating range during
normal operating state. This variable is set per this description.

Values:
FALSE: Vpsg on the Secondary Alternative is within the Vpo pggop operating range as
defined in Table 145—16 or the PSE does not implement this option.
TRUE: Vpsg on the Secondary Alternative is outside of the Vo, psg.op operating range

as defined 1n Table 145-16.
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ovld_det pri
A variable indicating if the PSE output current has been in an overload condition on the Primary
Alternative; see 145.2.10.8. This variable is set per this description.

Values:
FALSE: The PSE has not detected an overload condition on the Primary Alternative.
TRUE: The PSE has detected an overload condition on the Primary Alternative.

ovld det sec
A variable indicating if the PSE output current has been in an overload condition on the Secondary
Alternative; see 145.2.10.8. This variable is set per this description.

Values:
FALSE: The PSE has not detected an overload condition on the Secondary Alternative.
TRUE: The PSE has detected an overload condition on the Secondary Alternative)

pd_4pair_cand
This variable is used by the PSE to indicate that a connected PD is a candidate to receive’power on
both Modes. This variable is a function of the results of detection, connection~chéck, Physical
Layer classification, and PD 4PID; see 145.2.9.

Values:
FALSE: The PD is not a candidate to receive power on both Mades.
TRUE: The PD is a candidate to receive power on both Modes,

pd_cls 4PID pri
This variable indicates that the Type of the dual-signature PD has been established on the Primary
Alternative by Physical Layer classification.
Values:
FALSE: The PD is not a candidate for 4-pait-power or the PSE has not used Physical
Layer classification to determine the PD Type.
TRUE: The PD is a candidate for 4-pair power and has been identified as a Type 3 or
Type 4 PD, see Table 145-27.
pd_cls_4PID sec
This variable indicates that the Type «Of the dual-signature PD has been established on the
Secondary Alternative by Physical Layer classification.
Values:
FALSE: The PD is not a“candidate for 4-pair power or the PSE has not used Physical
Layer classification to determine the PD Type.
TRUE: The PD-is*a candidate for 4-pair power and has been identified as a Type 3 or
Type 4)PD, see Table 145-27.
pd_req pwr
The variable indicates the PD requested Class. When a PD requests a higher Class than a PSE can
support, the PSE assigns the PD to Class 3, Class 4, or Class 6, whichever is the highest Class it
can support. If pse avail pwr is less than 4 and option_class_probe is FALSE, this variable may
not contail the PD requested Class; do_class_probe also returns this variable.

Valtes:
0: Class 0
1: Class 1
2: Class 2
3: Class 3
4: Class 4
5: Class 5
6: Class 6
7: Class 7
8: Class 8
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power_available
Variable that is asserted in an implementation-dependent manner when the PSE is no longer
capable of sourcing sufficient power to support the attached PD. Sufficient power is defined by
classification; see 145.2.8. This variable may be set by the PSE at any time.

Values:
FALSE: PSE is no longer capable of sourcing power to a PD.
TRUE: PSE is capable to continue to source power to a PD.

power_available pri
Variable that is asserted in an implementation-dependent manner when the PSE is no longer
capable of sourcing sufficient power on the Primary Alternative to support the attached PD
Sufficient power is defined by classification; see 145.2.8. This variable may be set by the PSEYat

any time.

Values:
FALSE: PSE is no longer capable of sourcing power on the Primary Alternative:
TRUE: PSE is capable to continue to source power on the Primary Alternative.

power_available sec
Variable that is asserted in an implementation-dependent manner when @he-PSE is no longer
capable of sourcing sufficient power on the Secondary Alternative to<Support the attached PD.
Sufficient power is defined by classification; see 145.2.8. This variabl¢ may be set by the PSE at

any time.

Values:
FALSE: PSE is no longer capable of sourcing power.owvthe Secondary Alternative.
TRUE: PSE is capable to continue to source powet on the Secondary Alternative.

pse_allocated pwr
A variable that indicates the Class that has been assigned to the PD.
Values:
0: No power has been assigned to the PD
Class 1
Class 2
Class 3
Class 4
Class 5
Class 6
Class 7
8: Class@
pse_alternative
This variable indieates which Pinout Alternative the PSE uses to apply power to the PI (see
Table 145-3).

AN R AT

Values:
a: The PSE uses PSE pinout Alternative A.
b: The PSE uses PSE pinout Alternative B.
both: The PSE uses both Alternative A and Alternative B.

pse.avail pwr
This variable indicates the highest Class the PSE may assign to the PD by Physical Layer
classification. The value is restricted to the allowed range defined in Table 145-6 and set in an
implementation-specific manner.

Values:
1: Class 1
2: Class 2
3: Class 3
L Class=
5: Class 5
6: Class 6
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7: Class 7
8: Class 8
pse_avail pwr pri
This variable indicates the highest Class the PSE may assign to the PD by Physical Layer

classification on the Primary Alternative. The value is restricted to the allowed range defined in
Table 145—6 and set in an implementation-specific manner.

Values:
1: Class 1
2: Class 2
3: Class 3
4. Class 4
5: Class 5

pse_avail_pwr_sec
This variable indicates the highest Class the PSE may assign to the PD by Physical Layer
classification on the Secondary Alternative. The value is restricted to the allowedtange defined in
Table 145—6 and set in an implementation-specific manner.

Values:
1: Class 1
2: Class 2
3: Class 3
4: Class 4
5: Class 5

pse_dll_capable
This variable indicates whether the PSE is capable ‘of) performing optional Data Link Layer
classification. See 145.5 for a description of Data Linik Layer functionality. A variable that is set in
an implementation-dependent manner.

Values:
FALSE: The PSE’s Data Link Layer classification capability is not enabled.
TRUE: The PSE’s Data Link Layer classification capability is enabled.

pse_dll _enable
A variable indicating whether the.Data Link Layer classification mechanism is enabled. See 145.5.

Values:
FALSE: Data Link Eayer classification is not enabled.
TRUE: Data Link Layer classification is enabled.

pse_dll_ready
An implementationdspecific variable that indicates that the PSE has initialized Data Link Layer
classification. This’variable maps into the aLldpXdot3LocReady attribute (30.12.2.1.20). This
variable may be/set by the PSE at any time.

Values:
FALSE: Data Link Layer classification has not completed initialization.
TRUE: Data Link Layer classification has completed initialization.

pse_enable

A variable that selects PSE operation. This variable may be set by the PSE at any time.

Values:
disable: All PSE functions disabled (behavior is as if there was no PSE functionality).
enable: Normal PSE operation.

pse_power_update
A variable that is set when the PSEAllocatedPowerValue in the DLL state diagram in
Figure 145-40 has been updated. This variable may be set by the PSE at any time.

Values:
FATSE: Tievatueof PSEATocarcdPower Vatue fras ot ciramnged:
TRUE: The value of PSEAllocatedPowerValue has changed.
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pse_power update pri
A variable that is set when the PSEAllocatedPowerValue alt(X) in the DLL state diagram in
Figure 145-42 or Figure 14543 has been updated, where X is the Primary Alternative. This
variable may be set by the PSE at any time.

Values:
FALSE: The value of PSEAllocatedPowerValue alt(X) has not changed.
TRUE: The value of PSEAllocatedPowerValue alt(X) has changed.

pse_power_update sec
A variable that is set when the PSEAllocatedPowerValue alt(X) in the DLL state diagram in
Figure 145-42 or Figure 14543 has been updated, where X is the Secondary Alternative. This§
variable may be set by the PSE at any time.

Values:
FALSE: The value of PSEAllocatedPowerValue alt(X) has not changed.
TRUE: The value of PSEAllocatedPowerValue _alt(X) has changed.
pse_ready

Variable that is asserted in an implementation-dependent manner to probe the‘link segment. This
variable may be set by the PSE at any time.

Values:
FALSE: PSE is not ready to probe the link segment.
TRUE: PSE is ready to probe the link segment.

NOTE—Care should be taken when negating this variable in a PSE performing,detection using Alternative A after an
invalid detection signature is detected due to the delay it introduces betweefidetection attempts (see 145.2.5.1).

pse_reset
Controls the resetting of the PSE state diagram. Condition that is TRUE until such time as the
power supply for the device that contains the PSE overall state diagrams has reached the operating
region. It is also TRUE when implementation=specific reasons require reset of PSE functionality.
This variable is set per this description.

Values:
FALSE: Do not reset the PSE state diagram.
TRUE: Reset the PSE state diagram.

pse_reset_pri
Controls the resetting of the“PSE state diagram on Primary Alternative. Condition that is TRUE
until such time as the power supply for the device that contains the PSE overall state diagrams has
reached the operating tegion. It is also TRUE when implementation-specific reasons require reset
of PSE Primary Alternative functionality. This variable is set per this description.

Values:
FALSE: Do not reset the PSE state diagram.
TRUE: Reset the PSE state diagram.

pse_reset_sec
Controls the resetting of the PSE state diagram on Secondary Alternative. Condition that is TRUE
until such time as the power supply for the device that contains the PSE overall state diagrams has
teached the operating region. It is also TRUE when implementation-specific reasons require reset
of PSE Secondary Alternative functionality. This variable is set per this description.

Values:
FALSE: Do not reset the PSE state diagram.
TRUE: Reset the PSE state diagram.

pse_ss_mode
A variable that controls whether the PSE provides power over 2 pair or 4 pair to a single-signature
PD accignpd to Class 1 ‘rhrmlgh (Class 4 _This variable mav be set by the PSE at any time

0: Single-signature PD is powered over 2 pair.
1: Single-signature PD is powered over 4 pair.
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pse_ss_mode update
A variable that is used to cause the PSE to re-evaluate the value of pse ss mode when it is in
POWER_ON. This variable may be set by the PSE at any time.

Values:
FALSE: pse_ss_mode is not re-evaluated.
TRUE: pse_ss_mode will be re-evaluated.
pwr_app_pri

A variable indicating that the PSE has begun steady state operation on the Primary Alternative by
having asserted alt pwrd pri, completed the ramp up of voltage, is not in a current limiting mode,
and is operating beyond the POWER UP requirements of 145.2.10.7. This variable is set per thi§
description.
Values:

FALSE: The PSE is either not applying power or has begun applying power but.s still in

POWER_UP on the Primary Alternative.
TRUE: The PSE has begun steady state operation on the Primary Alternative.
pwr_app_sec

A variable indicating that the PSE has begun steady state operation on the(Seeondary Alternative
by having asserted alt pwrd sec, completed the ramp up of voltage, isinot in a current limiting
mode, and is operating beyond the POWER UP requirements of 145:2.10.7. This variable is set
per this description.
Values:

FALSE: The PSE is either not applying power or has'begun applying power but is still in

POWER_UP on the Secondary Alternative)
TRUE: The PSE has begun steady state operation on the Secondary Alternative.
semi_pwr_en

A variable indicating if, in the case of a single-signature PD, the PSE uses the method consisting of
turning off only the pairset on which a short-eirsuit, overload or out of range Vpgg is detected.

Values:
TRUE: Only the pairset with the\fault condition is turned off.
FALSE: Both pairsets are turned off if there is a fault on one pairset.

short_det pri
A variable indicating if the PSE\output current has been in a short circuit condition on the Primary
Alternative. This variable is@et per this description. See 145.2.10.9.

Values:
FALSE: The'PSE has not detected a short circuit condition on the Primary Alternative.
TRUE: The-PSE has detected a short circuit condition on the Primary Alternative.

short_det_sec
A variable indicating if the PSE output current has been in a short circuit condition on the
SecondaryrAlternative. This variable is set per this description. See 145.2.10.9.

Values:
FALSE: The PSE has not detected a short circuit condition on the Secondary Alternative.
TRUE: The PSE has detected a short circuit condition on the Secondary Alternative.
sism
A variable used by the single-signature state diagram to initiate the semi-independent dual-
signature state diagrams.
Values:
FALSE: Single-signature state diagram has control of the Alternatives.
TRUE: Single-signature state diagram has passed control of the Alternatives to the semi-
independent dual-signature state diagrams.
temp var

A 'variable used to store the previous value of the variable pd class_sig.

temp_var_pri
A variable used to store the previous value of the variable pd class sig pri for the Primary
Alternative.
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temp_var sec
A variable used to store the previous value of the variable pd class sig sec for the Secondary
Alternative.

PSEs shall set pse_avail pwr, pse_avail pwr pri, and pse_avail pwr_sec from the range in Table 145-6.

Table 145-6—Allowed Type 3 and Type 4 PSE permutations for pse_avail_pwr

PSE Type pse_avail_pwr pse_avail_pwr_pri, pse_avail_pwr_sec
Type 3 1to 6 1to4
Type 4 1to8 1to5

145.2.5.5 Timers

All timers operate in the manner described in 14.2.3.2 with the following addifion?a timer is reset and stops
counting upon entering a state where “stop x_timer” is asserted.

tauto_psel timer
A timer used to delay Autoclass power measurement. following transition into POWER_ON;
see TAUTO PSE1 in Table 145-15.

tauto_pse2_timer
A timer used to limit Autoclass power measufement following transition into POWER_ON;
see ToyTo psgs in Table 145-15.

tcc2det_timer
A timer used to limit the time between‘Cofinection check and detection when CC_DET SEQ =0 or
CC_DET_SEQ =3. See Tpqe in Table 145-10.

tcev_timer
A timer used to limit the secend through fifth class event time in Multiple-Event classification;
see Tcgy in Table 145-14.

tcev_timer pri
A timer used to limit.the second through fourth class event time in Multiple-Event classification on
the Primary Alternative; see Ty in Table 145-14.

tcev_timer sec
A timer u8ed to limit the second through fourth class event time in Multiple-Event classification on
the Secondary Alternative; see Tcgy in Table 145-14.

tclass_acs(timer
A ‘timer used to indicate when the PSE may measure the class current during the first long class
event, to check if the PD is requesting Autoclass. See Tyaes acs in Table 145-14.

telass_reset timer
A timer used to limit the classification reset time; See Tgege; in Table 145-14.

tclass_reset timer pri
A timer used to limit the classification reset time on the Primary Alternative; see Tgege
in Table 145-14.

tclass_reset timer sec

A_timer used to limit the classification reset tjme on the Secg_ndan} A tgmatj;;e' SEe. |R

in Table 145-14.
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tdbo_timer
A timer used to regulate backoff upon detection of an invalid detection signature; see T g,
in Table 145-16.

tdet timer

A timer used to limit an attempt to detect a PD; see T, in Table 145-16.

tdet_timer pri
A timer used to limit an attempt to detect a PD on the Primary Alternative; see Ty
in Table 145-16.

tdet_timer_sec
A timer used to limit an attempt to detect a PD on the Secondary Alternative; see Tgu
in Table 145-16.

tdet2det timer
A timer used to limit the time between the completion of a detection on one pairset and the
beginning of a detection on the other; see Tyqp 40t in Table 145-10.

ted_timer
A timer used to regulate a subsequent attempt to power a PD after an error ¢endition causes power
removal; see T,y in Table 145-16. The default state of this timer is ted_tirher “done.

ted_timer pri
A timer used to regulate a subsequent attempt to power a PD after an‘efror condition causes power
removal from the Primary Alternative; see T,y in Table 145—-16, The default state of this timer is
ted_timer _pri_done.

ted_timer_sec
A timer used to regulate a subsequent attempt to power @ PD after an error condition causes power
removal from the Secondary Alternative; see Toq in Table 145-16. The default state of this timer is
ted timer_sec_done.

tinrush_timer pri
A timer used to monitor the duration of the inrush event on the Primary Alternative; see Typyush
in Table 145-16.

tinrush_timer_sec
A timer used to monitor the duration of the inrush event on the Secondary Alternative; see Typsn
in Table 145-16.

tlce timer
A timer used to limit-the first class event time in Multiple-Event classification; see Tpcg
in Table 145-14.

tlce_timer pri
A timer used(toyhmit the first class event time in Multiple-Event classification on the Primary
Alternative; ‘see Ty ¢ in Table 145-14.

tlce timer_sece
A timer‘used to limit the first class event time in Multiple-Event classification on the Secondary
Alternative; see T g in Table 145-14.

tme ICtimer
A timer used to limit mark event times for all but the last mark event time during Multiple-Event
classification; see Tyg; in Table 145-14.

tmel timer pri
A timer used to limit mark event times for all but the last mark event time during Multiple-Event
classification on the Primary Alternative; see Ty in Table 145-14.

tmel timer sec
A timer used to limit mark event times for all but the last mark event time during Multiple-Event

classification on the Secondary Alternative; see Tyg; in Table 145-14.
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tme2_timer
A timer used to limit the final mark event time in Multiple-Event classification; see Ty,
in Table 145-14.

tme2 timer pri

A timer used to limit the final mark event time in Multiple-Event classification on the Primary
Alternative; see Tyg, in Table 145-14.

tme2_timer_sec
A timer used to limit the final mark event time in Multiple-Event classification on the Secondary
Alternative; see Ty, in Table 145-14

tmpdo_timer
A timer used to monitor the dropout of the MPS; see Typpg in Table 145-16.

tmpdo_timer pri
A timer used to monitor the dropout of the MPS on the Primary Alternative;.sée Tyvppo
in Table 145-16.

tmpdo_timer sec
A timer used to monitor the dropout of the MPS on the Secondary Altctnative; see Typpo
in Table 145-16.

tpon_timer
A timer used to limit the time for power turn-on; see T, in Table }45416.

tpon_timer pri
A timer used to limit the time on the Primary Altergafive for power turn-on; see T,
in Table 145-16.

tpon_timer_sec
A timer used to limit the time on the Secondary. Alternative for power turn-on; see Ty,
in Table 145-16.

145.2.5.6 Functions

The variable formed by the function name appended with “ done” is used to indicate when the function has
completed. This variable is set to FALSE when the function is called and is set to TRUE once the function is
complete and its output variables are valid.

do_autoclass_measure

This function measures:P p  oc1ass @S defined in 145.2.8.2.
do_autoclassification

This function feturns the following variable:

pd_autoelass: This variable indicates whether the PD requests Autoclass during Physical Layer
classification. pd_autoclass is set to True when a class signature of ‘0’ is detected during the
Tcasy Acs window, as defined in Table 145-14, otherwise it is set to False.

Values:
FALSE: The PD does not request Autoclass.
TRUE: The PD requests Autoclass.

do_class_probe
This function discovers the PD requested Class by producing a number of class events. The class
events produced are limited to CLASS EVI LCE to MARK EV3. The tlce timer in
CLASS EV1 LCE may be replaced with the tcev_timer to allow abbreviated class timing
duration. This function returns the following variable:

pd_req pwr: See pd_req pwr in 145.2.5.4.
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do_class probe pri
This function discovers the PD requested Class by producing a number of class events on the
Primary Alternative. The class events produced are limited to CLASS EV1 LCE PRI to
MARK EV3 PRI. The tlce timer pri in CLASS EV1 LCE PRI may be replaced with the

tcev_timer pri to allow abbreviated class timing duration. This function returns the following
variables:

pd_req_pwr_pri: See do_classification_pri function.
pd_cls_4PID pri: See pd_cls_4PID priin 145.2.5.4.
do_class probe sec

This function discovers the PD requested Class by producing a number of class events on\ the
Secondary Alternative. The class events produced are limited to CLASS EV1 LCE (SEC to
MARK _EV3 SEC. The tlce timer sec in CLASS EV1 LCE SEC may be replaced\with the
tcev_timer_sec to allow abbreviated class timing duration. This function returnstlie following
variables:

pd_req _pwr_sec: See do_classification_sec function.
pd_cls 4PID sec: See pd_cls 4PID sec in 145.2.5.4.

do_class_reset
This function produces the classification reset voltage; See Vgt itivIable 145-14. This function
does not return any variables.

do class_reset pri
This function produces the classification reset voltage ‘on) the Primary Alternative; See Vgeger
in Table 145—-14. This function does not return any variables.

do_class_reset sec
This function produces the classification reset<yoltage on the Secondary Alternative; See VReget
in Table 145—14. This function does not returinany variables.

do_classification
This function produces the classificationevent voltage and determines the PD's class signature.
This function returns the following variable:

pd_class_sig: The PD class signature seen on the negative pair or pairs during the most recent class
event; see Table 145-13 andd'45.2.8.
Values:

0: class'signature 0

1 class signature 1

2 class signature 2

3: class signature 3

4 class signature 4
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do_classification_pri
This function produces the classification event voltage and determines the PD's class signature for
the Primary Alternative. This function returns the following variables for the Primary Alternative:

pd_req_pwr_pri: This variable indicates the PD requested Class. When a PD requests a higher
Class than a PSE can support, the PSE assigns the PD Class 3 or 4, whichever is the highest that it
can support. See 145.2.8. The returned value is based on all previous do_classification_pri function
calls since the last time in DETECT EVAL PRI or CLASS RESET PRI. See Table 145-27 for a
determination of the PD requested Class.

Values:
1: Class 1
2: Class 2
3: Class 3
4: Class 4
5: Class 5

pse_allocated pwr pri: This variable indicates the Class assigned to the,PD for the Primary
Alternative. The returned value is based on all previous do_classification, pri function calls since
the last time in DETECT EVAL PRI or CLASS RESET PRI(Se¢ Table 145-11 for a
determination of the PSE assigned Class.

Values:
1: Class 1
2: Class 2
3: Class 3
4: Class 4
5: Class 5

pd_class_sig_pri: The PD class signature seen’on the negative pair associated with the Primary
Alternative during the most recent class event; see Table 145—13 and 145.2.8.

Values:
0: class signature 0
1: class signature 1
2: class signature'2
3: class signature 3
4: class signature 4

do_classification_sec
This function produces the classification event voltage and determines the PD's class signature for
the Secondary Alternative. This function returns the following variables for the Secondary
Alternative:

pd_req_pwr_sec: This variable indicates the PD requested Class. When a PD requests a higher
Class‘than a PSE can support, the PSE assigns the PD Class 3 or 4, whichever is the highest that it
can support. See 145.2.8. The returned value is based on all previous do classification sec
function calls since the last time in DETECT EVAL SEC or CLASS RESET SEC. See
Table 145-27 for a determination of the PD requested Class.

Values:
1: Class 1
2: Class 2
3: Class 3
4: Class 4
5 Class 8§
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pse_allocated pwr _sec: This variable indicates the Class assigned to the PD for the Secondary
Alternative. The returned value is based on all previous do_classification_sec function calls since
the last time in DETECT EVAL SEC or CLASS RESET SEC. See Table 145-11 for a
determination of the PSE assigned Class.

Values:
1: Class 1
2: Class 2
3: Class 3
4: Class 4
5: Class 5

pd_class_sig_sec: The PD class signature seen on the negative pair associated with the Secondary
Alternative during the most recent class event; see Table 145—13 and 145.2.8.

Values:
0: class signature 0
1: class signature 1
2: class signature 2
3: class signature 3
4: class signature 4
do_cxn chk

This function initiates the Connection Check as defined in,145.2.7. This function returns the
following variable:

sig_type: This variable indicates the PD signature configiration connected to the PI, with respect
to 4-pair operation.

Values:
invalid: Neither a single-signature €0t *a dual-signature configuration has been found.
This includes an open cirtuit condition on either pairset.
single: The PSE has determined there is a single-signature PD configuration connected
to the PL.
dual: The PSE has determined there is a dual-signature PD configuration connected to
the PI.

do_detect pri
This function returns the following variables (see 145.2.6):

sig_pri: This variable indicates the presence or absence of a valid PD detection signature on the
Primary Alternative:
Values:
open ‘eircuit: The PSE has detected an open circuit.
valid: The PSE has detected a valid PD detection signature.
inyalid: Neither an open circuit nor a valid PD detection signature has been found.
do_detect, sec
This function returns the following variables (see 145.2.6):

sig_sec: This variable indicates the presence or absence of a valid PD detection signature on the
Secondary Alternative.
Values:

open_circuit: The PSE has detected an open circuit.

valid: The PSE has detected a valid PD detection signature.

invalid: Neither an open circuit nor a valid PD detection signature has been found.
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do_initialize
This function returns the following variables (see 145.2.5.4):

alt pri

autoclass_enable
class 4PID mult events pri
class 4PID mult _events sec
option_2ev
option_class_probe
option_class_probe pri
option_class_probe_sec
option_detect ted
option_detect ted pri
option_detect_ted sec
option_probe_alt sec
pse_alternative
pse_avail pwr
pse_avail pwr pri
pse_avail pwr_sec
pse_dll_capable
semi_pwr_en
do_mark
This function produces the classification mark event voltage. This function does not return any
variables.
do_mark pri
This function produces the classification mark’ event voltage on the Primary Alternative. This
function does not return any variables.
do_mark_sec
This function produces the classificationnmark event voltage on the Secondary Alternative. This
function does not return any variables.
do_update pse allocated pwr
A function that updates the pseqallocated pwr based on the value of PSEAllocatedPowerValue as
defined in Table 145—12. This function returns the following variable:

pse_allocated pwr: Seé pse_allocated pwr in 145.2.5.4.

do_update pse allocated \pwr pri
A function _that- updates the pse allocated pwr pri value based on the value of
PSEAllocatedRowerValue alt(X) as defined in Table 145—12. This function returns the following
variable:

pse(allocated pwr pri: See pse_allocated pwr pri in 145.2.5.4.

do_update -pse_allocated pwr_sec
A~ function that updates the pse allocated pwr sec value based on the value of
PSEAllocatedPowerValue alt(X) as defined in Table 145—12. This function returns the following
variable:

pse_allocated pwr_sec: See pse_allocated pwr_sec in 145.2.5.4.
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145.2.5.7 State diagrams

(pse_enable = enable) *

pse_enable = disable (pse_reset + iclass_lim_det +
error_condition)

DISABLED ' 4 IDLE <
alt_pwrd_pri < FALSE do_initialize
alt_pwrd_sec < FALSE pse_enable = enable alt_pwrd_pri <= FALSE
sism < FALSE alt_pwrd_sec < FALSE
pse_allocated_pwr < 0
sig_type < invalid

sig_pri < invalid

« | sig_sec < invalid
((CC_DET_SEQ =0) + (CC_DET_SEQ = 3)) dgt—_temp & both_neither

] (pse_alternati\ie = both) * pse_ready * pse_dll_enable < FALSE
? i(pwr_app_pri + pwr_app_sec) * (pse_enable = enable) | sism < FALSE

pd_4pair_cand < FALSE ]
¢ IF (pse_alternative # both) THEN
START CXN CHK alt_pri < pse_alternative
= o END
do_cxn_chk stop tcc2det_timer

stop tdet2det_timer
stop tinrush_timer_pri
stop tinrush_timer, sec

do_cxn_chk_done

\ 4
CXN_CHK_EVAL ((CC_DET_SEQ =1) +

IF (CC_DET SEQ=0)+ (pse_alternative = a) + (pse_alternative = b)) *
_| —oEd = pse_ready * !(pwr_app_pri + pwn app_sec) *
(Cgtgr[t)ltE;:_Z%E?tﬁn%)rTHEN (pse_enable = enable)

END ?
y

- - P START_DETECT
(sig_type = single) *

(((CC_DET_SEQ=0)+(CC_DET_SEQ'%3))* | start tdet_timer

ltcc2det_timer_done + (CC_DET_SEQ+= 1) * IF (pse_alternative = both) THEN
(sig_pri = valid) * !tdet2det_timer_done) IF (det_temp = both_neither) THEN
do_detect_pri

det_temp < only_one

DETECT_EVAL |« ELSE
<:‘ ltdet_timer_done * do_detect_sec

{(do_detect_pri_done * det_temp < both_neither
((det_temp = only_one) + | _ END
(Pse_alternative # both))) + | ELSE )
(do_detect_sec_done * | _ do_detect_pri
(pse_alternative = both) * [ END
(sig._type = dual) ™ (det_temp = both_neither)))
((CC_DET SEQ = 0) +
(CC_DET-SEQ = 3))*
ltcc2det_timer_done +

I(t%Ct—Z%EtT?SEQ; 0" (CC_DET_SEQ = 2) * (pse_alternative = both) *
ltdet2det_timer_done) pse_ready * |(pwr_app_pri + pwr_app_sec) *

? (pse_enable = enable)
y v

tdet_timer_done |

SISM_START START_CXN_CHK_DETECT
sism < TRUE start tdet_timer
- do_cxn_chk
alt_done_pri * alt_done_sec do_detect_pri
do_detect_sec
do_cxn_chk_done *
do_detect_pri_done * .
do_detect_sec_done * tdet_timer_done
) ) ) ltdet_timer_done »
{aluz_d‘lyilct.— LLI IV(&:I\;’ 1'+
cc2det_timer_done
tdet2det_timer_done _’| CXN_CHK_DETECT_EVAL >

A 4 A 4

Figure 145-13—Top level PSE state diagram
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Y

Y

DETECT_EVAL

start tdet2det_timer
ELSE

start tpon_timer
END

IF (det_temp=only_one) THEN

CXN_CHK_DETECT_EVAL

(pse_alternative = b) *
(sig_pri = invalid)

BACKOFF

start tdbo_timer

tdbo_timer_done

IF (sig_type=single) * (sig_pri=valid) *
(sig_sec=valid) THEN

start tpon_timer
END

((pse_alternative # both) *
(sig_pri = valid)) +
((det_temp = both_neither) *
(sig_sec = valid))

(sig_type = single) *
(sig_pri = valid) *
(sig_sec = valid)

_>| CLASSIFICATION >

(pse_alternative = both) *
(CC_DET_SEQ=1)*
(sig_pri = valid) *
(det_temp = only_one)

—>| START_CXN_CHK >

pse_alternative = both)*
((CC_DET_SEQ =Q)+

det_temp = only_‘ene) *

SISM (START

(sig_type = dual) *
((sig_pri = valid) +
(sig_sec = valid))

(sig_type = invalid) +
(sig_type = single) *
((sig_pri # valid) +
(sig_sec # valid)) +

(
ECC_BET_§EQ £3)*
(

sig_pri = valid)™
ltdet2det_timer_done)

—-;| START_DETECT >

(pse_alternative = both) * ((det_temp = only_one) * (sig_pri # valid) +
(det_ temp = both_neither) * (sig_sec # valid) +

(((CC_DET_SEQ =0) + (CC_DET_SEQ=3)) *

(det_temp = only_one) * tdet2det_timer_done)) +

(pse_alternative = a) * (sig_pri # valid) +

N (pse_alternative = b) * (sig_pri = open_circuit)

(sig_type = dual)
(sig_pri # valid)
(sig_sec # valid

)

Figure 145-13—Top level PSE state diagram (continued)
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CLCASSIFICATION
pse_allocated_pwr < 0 option_class_probe
pd_req_pwr <0 » CLASS_PROBE
IF (sig_type = single) THEN
pd_4pair_cand < TRUE do_class_probe
END
loption_class_probe do_class_probe_done
y
CLASS_RESET
h 4 tclass_reset_timer_done | do_class_reset
CLASS_EV1_LCE < start tclass_reset_timer
do_classification
start tice_timer tice_timer_done * )
start tclass_acs_timer (pd_class_sig = 4) * (pse_avail_pwr = 4)

pd_autoclass < FALSE

*

tice_timer_done * tclass_acs_timer_done * ltice_timer_done
((pd_class_sig # 4) + autoclass_enable * (pd_class_sig # 0)
(pse_avail_pwr < 4))

A 4
tlce_timer_done *
CLASS_EV1_AUTO (pd:clasg:sig = 4)*
do_autoclassification (pse_avail_pwr 2 4) A
4 MARK_EV1
do_mark
tice_timer_done * start tme1_timer
((pd_class_sig # 4) + (pse_avail_pwr < 4))
<
tme1_timer_done
CLASS_EV2 <
do_classification tcev_timer_done * (pd_class_sig = 4) *
start tcev_timer (((pse_avail_pwr > 4) * (pse_alternative = both)) + loption_2ev)
pse_allocated_pwr < 4
toc;\ilo_gl_n%g/_ gone | tcev_timer_done * (pd_class_sig # 4) y
((pse_avail_pwr'=4)+ MARK_EV2
< (pse_alternative # both)) * v q
P o_mark
(pd_class_sig=4) IDLE start tme1_timer
tme1_timer_done
CLASS_EV3 <
do.classification
start tcev_timer - - » MARK_EV3
pd_req_pwr < 4 tcev_timer_done
pse_alternative = bo _|
( Iternati both) * do_mark
- " (pd_class_sig # 4) * start tme1_timer
tcev_tlrrller_do.ne 4 both) + (((pse_avail_pwr =5)* pd_req_pwr<
((pse_alternative # both) (pd_class_sig = 0)) + sum(pd_class_sig, 5)
P (pd_class_sig = 4) + (pse_avail_pwr > 5)) temp_var < pd_class_sig
<« (((pse_avail_pwr = 5) * - -

(pd_class_sig # 0)) + (pse_avail_pwr < 5)))

MARK_EV_LAST

7 tme1_timer_done

CLASS_EV4

Figure 145-13—Top level PSE state diagram (continued)
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Y

CLASS_EV4

do_classification
start tcev_timer

pse_allocated_pwr <= min(6, pd_req_pwr)

tcev_timer_done * (pd_class_sig # temp_var)

tcev_timer_done *
(pd_class_sig = temp_var) *

((pd_req_pwr < 6) +
(pse_avail_pwr < pd_req_pwr))

tcev_timer_done *

(pd_req_pwr > 6) *
(pse_avail_pwr 2 pd_req_pwr) *
(pd_class_sig = temp_var)

CLASS_EV5

A 4

MARK_EV4

do_mark
start tme1_timer

tme1_timer_done

A

do_classification
start tcev_timer

pse_allocated_pwr < min(8, pd_req_pwr)

tcev_timer_done * (pd_class_sig # temp_var)

Y

tcev_timer_done *
(pd_class_sig = temp_var)

MARK_EV_LAST

do_mark

start tme2_timer

IF pd_req_pwr =0 THEN
pd_req_pwr < pd_class_sig

END

END
IF pse_allocated_pwr = 0 THEN
IF pd_class_sig = 0 THEN
pse_allocated_pwr < 3
ELSE
pse_allocated_pwr <

END
END

IF (pd_req_pwr = 4) * (pd_class_sig # 4) THEN
pd_req_pwr < sum(pd_class_sig, 5)

min(pd_class_sig, pse_avail_pwr)

y

tme2_timer_done

CLASS_EVAL

((pd_req_pwr > pse_avail_pwr) * (pse_avail_pwr < 3)) +
((pd_req_pwr = 0) * (pse_avail_pwr < 3)) +
lted_timer_done + !ted_timer_pri_done + !ted_timer_sec_done

»l

(pse_avail_pwr > 2)) *

(((pd_req_pwr # 0) * (pd_req_pwr < pse_avail_pwr)) +

ted_timer_done * ted_timer_pri_done * ted_timer_sec_done

» POWER DENIED >
»  POWER_UP

1

>

Figure 145-13—Top level PSE state diagram (continued)
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POWER_UP
alt_pwrd_pri < TRUE
start tinrush_timer_pri ltpon_timer_done *
IF ((pse_alternative = both) ((tinrush_timer_pri_done * !pwr_app_pri) +

(pse_ss_mode = 1)) +
(pse_allocated_pwr > 6) THEN
alt_pwrd_sec < TRUE
start tinrush_timer_sec
END

(tinrush_timer_sec_done * Ipwr_app_sec))

ERROR DELAY 33

tpon_timer_done

Itpon_timer_done *

tinrush_timer_pri_done * pwr_app_pri * A 4
(lalt_pwrd_sec + IDLE
(tinrush_timer_sec_done * pwr_app_sec))

POWER_UPDATE
4 ucT OQER U Nl

POWER_ON < do_update_pse_allocated_pwr

- pse_power_update <= FALSE
IF (pse_alternative = both) THEN

IF ((pse_allocated_pwr > 4) +
(pse_ss_mode = 1)) THEN

al_pwrd_pri < TRUE pse_ss_mode (update *
alt_pwrd_sec < TRUE power_available™
ELSE 'tmpdo_timer~done pse_power_update *
alt_pwrd_pri < TRUE {(error_print error_sec) lpse_ss_mode_update *
alt_pwrd_sec < FALSE power_available *
END tmpdo_timer_done *
END I(error_pri + error_sec)

IF pse_dIl_capable THEN
pse_dll_enable < TRUE

END

pse_ss_mode_update < FALSE

Ipower_available * lerror_pri * lerror_sec

:I POWER_DENIED >

(Isemi_pwr_en * (error_pri + error_sec)) +

semi_pwr_en * error_pri * (error_sec + lalt_pwrd_sec)}
(Semi_pwr._ _pri” (error. P >)| ERROR DELAY >

semi_pwr_en * lerror_pri * error_sec

;I PRIMARY_SEMI_PWRON >

semi_pwr_en * alt_pwrd_sec * lerror_sec * error_pri

»|SECONDARY_SEMI_PWRON >

power_available * tmpdo_timer_done * !(error_pri + error_sec)
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Y

Terror_pri PRIMARY_SEMI_PWRON

Ipower_available error_pri
alt_pwrd_sec < FALSE

pse_allocated_pwr < min(pse_allocated_pwr, 4)

lerror_pri * power_available *
tmpdo_timer_done

A 4
IDLE

Y

SECONDARY_SEMI_PWRON

alt_pwrd_pri < FALSE
? pse_allocated_pwr < min(pse_allocated_pwr, 4) ?
\ 4 y

N
POWER_DENIED < | | 4 ERROR_DELAY
lerror_sec * error_sec -
Ipower_available start ted_timer
alt_pwrd_pri < FALSE
uct alt_pwrd_sec < FALSE
lerror_sec * -
power_available * ted_timer_done +
tmpdo_timer_done option_detect_ted
pi¢

) 4
| IDLE I

Figure 145-13—Top level PSE state diagram (continued)

i!(pwr_app_pri + pwr_app_sec)

—p IDLE_ACS
stop tauto_pse1_timer - » WAIT_ACS
stop tauto_pse2_timer pd_autoclass * !tpon_timer_done * —

tinrush_timer_pri_done * pwr_app_pri * start tauto_pse1_timer
(‘alt_pwrd_sec + (tinrush_timer_sec_done * | start tauto_pse2_timer
pwr_app_sec))

pse_dll_ready * MirroredPDAutoclassRequest tauto_pse1_timer_done

A 4

v MEASURE_ACS

MEASURE_ACS_DLL

do_autoclass_measure

do_autoclass_measure

do_autoclass measure _done * do _autoclass _measure done *

IMirroredPDAutoclassRequest ~ tauto_pse2_timer_done

<

Figure 145-14—PSE Autoclass state diagram
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] sism * (pse_reset_pri + lsism
Y error_condition_pri + iclass_lim_det_pri)
A 4 y
> IDLE_PRI ENTRY_PRI
alt_pwrd_pri < FALSE alt_done_pri < FALSE
sig_pri < invalid
det_start_pri < FALSE
stop tinrush_timer_pri sism
lalt_pwrd_sec * Ipwr_app_pri *
ldet_start_sec pwr_app_sec
INIT_PRI
WAIT_PRI pd_4pair_cand < FALSE
- IF (CC_DET_SEQ # 2) THEN
alt_done_pri < TRUE sig_pri <= invalid
END
det_start_pri < TRUE
A 4 CC_DET_SEQ#2

START_DETECT_PRI |«

start tdet_timer_pri
do_detect_pri
det_start_pri < TRUE

tdet_timer_pri_done do_detect_pri_done *
ltdet_timer_pri_done

-
hl

h 4 CC_DET_SEQ=2
DETECT_EVAL_PRI |¢

start tpon_timer_pri

sig_pri # valid

sig_pri=valid

L] CLASSIFICATION PRI >

Figure 145-15—Primary Alternative dual-signature semi-independent
PSE state diagram
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- - CLASS_PROBE_PRI
option_class_probe_pri
do_class_probe_pri
CLCASSIFICATION_PRI
pd_cls_4PID_pri < FALSE do_class_probe_pri_done * | do_class_probe_pri_done *
— (pse_avail_pwr_pri < 4) (pse_avail_pwr_pri = 4)

loption_class_probe_pri

< CLASS_RESET_PRI

y
tlce_timer_pri_done * ((class_4PID_mult_events_pri * w
CLASS_EV1_LCE_PRI (pd_class sig_pri > 0)) +
do_classification_pri (pd_class_sig_pri=4)*
start tlce_timer_pri (pse_avail_pwr_pri 2 4))

— MARK_EV1_PRI

temp_var_pri <= pd_clas§)sig_pri
do_mark_pri

tice_timer_pri_done * ) start tmeT_timer_pri
(Iclass_4PID_mult_events_pri * - -
((pd_class_sig_pri < 4) + tme1_timer_pri_done
(pse_avail_pwr_pri < 4)) +
(pd_class_sig_pri = 0))
tcev_timer_pri_done *
A 4 (pd_class_sig_pri = temp_var_pri) *
CLASS EV2 PRI (class_4PID_mult_events_pri +
— — (pse_avail_pwr_pri > 4))
do_classification_pri » MARK_EV2_PRI
start tcev_timer_pri -
tcev_timer_pri_done * do_mark_pri

tcev_timer_pri_done * (pd_class_sig_pri # temp/var_pri) | start tme1_timer_pri

(pd_class_sig_pri =

temp_var_pri) *
Iclass_4PID_mult_events_pri * w
(pse_avail_pwr_pri = 4)

”
)
tme1_timer_pri_done
CLASS_EV3_PRI «
do_classification_pri
start tcev_timer_pri - - P MARK_EV3_PRI
tcev_timer_pri_done * -
- - " (temp_var_pri = 4) * do_mark_pri
tcev_timer_pri_done (pd_class__sig_pri=3) * start tme1_timer_pri
(pd_class_sig_pri = (pse_avail_pwr_pri = 5)
temp_var_pri).* ]
((Pse_?a/:%_pp_"\‘/’;_rfg;fz); tme1_timer_pri_done
dl
l
tcev_timer_pri_done * CLASS_EVA4_PRI
(pd_class_sig_pri # temp_var_pri) *

_’| MARK_EV_LAST_PRI > ((pd_class_sig_pri = 0) +

((pd_class_sig_pri=3) *

(temp_var_pri=4)*

se_avail_pwr_pri <5
(pse_ —PWEP ) » 4PID3_PRI

tcev_timer_pri_done *
(pd_class_sig_pri = temp_var_pri) *
(temp_var_pri=4)*
(pse_avail_pwr_pri < 4)

>| CLASS_RESET PRI >

tcev_timer_pri_done *

(pd_class_sig_pri # temp_var_pri) *
(pd_class_sig_pri #0) *

((pd_class_sig_pri # 3) + (temp_var_pri # 4))

—_

Figure 145-15—Primary Alternative dual-signature semi-independent
PSE state diagram (continued)
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Y Y

CLASS_EV4 PRI 4PIDS_PKI
do_classification_pri (pse_avail_pwr_pri = 4) + | pd_cls_4PID_pri < TRUE
start tcev_timer_pri (temp_var_pri # 4)
tcev_timer_pri_done * (pse_avail_pwr_pri<4)*
(pd_class_sig_pri # 3) (temp_var_pri = 4) ?
t ti i d * L
cev_timer_pri_done
(pd_class_sig_pri = 3) CLASS_RESET_PRI
y do_class_reset_pri
start tclass_reset_timer_pri
4PID4_PRI

pd_cls_4PID_pri < TRUE

tclass_reset_timer_pri/done

UCT y
CLASS_EV1_LCE_4PID_PRI
y . . do_classification_pri
v tice_timer_pri_done) | start tice_timer_pri
MARK_EV_LAST_PRI < - -
do_mark_pri

start tme2_timer_pri

tme2_timer_pri_done

—>| CLASS_EVAL_PRI >

Figure 145-15—Primary Alternative dual-signature semi-independent
PSE state diagram (continued)
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Y

CLASS_EVAL_PRI

IF (pd_cls_4PID_pri * (sig_sec = valid) * (sig_pri = valid) + pwr_app_sec) THEN
pd_4pair_cand < TRUE
END

ted_timer_pri_done * ted_timer_done *
(pd_4pair_cand + lalt_pwrd_sec) *
((pd_req_pwr_pri < pse_avail_pwr_pri) +
(pse_avail_pwr_pri > 2))

lted_timer_pri_done + !ted_timer_d
(pd_4pair_cand * alt_pwrd_sec) +

(pse_avail_pwr_pri < 3))

one +

((pd_req_pwr_pri > pse_avail_pwr_pri) *

v
POWER_UP_PRI

POWER_UPDATE_PRI

alt_pwrd_pri < TRUE

pse_power_update_pri & FALSE

start tinrush_timer_pri

do_update_pse_allocatedpwr_pri

¢

| IDLE_PRI |

—1 det_start_pri < FALSE
UCT
tinrush_timer_pri_done * tinrush_timer_pri_done *
Itpon_timer_pri_done * Itpon_timer_pri_done *
lpwr_app_pri pwr_app_pri
y v pse_power_update_pri *
POWER ON PRI power_available_pri *
- = tmpdo_timer_pri_done *
error_pri | IF pse_dll_capable * !pse_dil_enable THEN lerror_pri
pse_dll_enable < TRUE
END
tmpdo_timer_prindone * Ipower_available_pri *
power_available_pri * lerror_pri
lerror_pri
A 4
ERROR_DELAY_PRI POWER_DENIED_PRI
start ted_timer_pri
alt_pwrd_pri < FALSE
ted_timer_pri_done-+ UCT
option_detect_ted—pri
tpon_timer_pri_done v Ly
Ll
A 4

Figure 145-15—Primary Alternative dual-signature semi-independent
PSE state diagram (continued)
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sism * (pse_reset_sec +
error_condition_sec + iclass_lim_det_sec)

l!sism

\ 4

IDLE_SEC

alt_pwrd_sec < FALSE
sig_sec < invalid
det_start_sec < FALSE
stop tinrush_timer_sec

lalt_pwrd_pri * ('pwr_app_sec * pwr_app_pri) +
Idet_start_pri * (option_probe_alt_sec * !det_start_pri*
(loption_probe_alt_sec + Idet_once_sec * lalt_pwrd_pri)
det_once_sec)
A 4
WAIT_SEC

alt_done_sec < TRUE

A 4

START_DETECT_SEC [«

ENTRY_SEC

alt_done_sec < FALSE

lsism

INIT_SEC

pd_4pair_cand < FALSE

IF (CC_DET_SEQ # 2) THEN
sig_sec «< invalid

END

det_once_sec <'FALSE

((class_4PID_mult_events_sec *
(pwr_app_pri + (option_probe_alt_sec *
Idet_start_pri * lalt_pwrd_pri))) €
class_4PID_mult_events_se¢)*
((CC_DET_SEQ=0) + (CC_DET_SEQ=N)

start tdet_timer_sec
do_detect_sec
det_start_sec < TRUE
det_once_sec < TRUE

-
l

tdet_timer_sec_done do_detect_sec_done/”

ltdet_timer_sec_donge

A 4

DETECT_EVAL_SEC |«

CC_DET_SEQ=2

‘sig_sec#—val id

start tpon_timer_sec
det_start_sec < TRUE
det_once_sec < TRUE

sig_sec=valid

Idet_start_pri * lalt_pwrd_pri))

((CC_DET_SEQ=3) + (((CC_DET_SEQ=0) +
_’| CLASSIFICATION_SEC > Iclass_4PID_mult_events_sec *

(CC DET_SEQ=1)) *

loption_probe_alt_sec *

Figure 145-16—Secondary Alternative dual-signature semi-independent

PSE state diagram

147
Copyright © 2019 IEEE. All rights reserved.



https://standardsiso.com/api/?name=fdf442bac309d23186993e822f9c6342

ISO/IEC/IEEE 8802-3:2021/Amd.2:2021(E)

IEEE Std 802.3bt-2018
|EEE Standard for Ethernet—Amendment 2: Physical Layer and Management Parameters
for Power over Ethernet over 4 Pairs

- CLASS_PROBE_SEC
option_class_probe_sec
do_class_probe_sec
CLCASSIFICATION_SET
pd_cls_4PID_sec < FALSE do_class_probe_sec_done * |do_class_probe_sec_done *
— (pse_avail_pwr_sec < 4) (pse_avail_pwr_sec = 4)

loption_class_probe_sec

<CLASS_RESET_SEC
y
CLASS EV1 LCE SEC tice_timer_sec_done * ((class_4PID_mult_events_sec * w

(pd_class_sig_sec > 0)) +
do_classification_sec (pd_class_sig_sec = 4)
start tice_timer_sec (pse_avail_pwr_sec 2 4))

— MARK_EV1_SEC
temp_var_sec < pd_classsig_sec
do_mark_sec

tice_timer_sec_done * start tme7_timer_see
(Iclass_4PID_mult_events_sec * - - ~
((pd_class_sig_sec < 4) + tme1_timer_sec_done

(pse_avail_pwr_sec < 4)) +
(pd_class_sig_sec = 0))
tcev_timer_sec_done *
y (pd_class_sig_sec = temp_var_sec) *
CLASS EV2 SEC (class_4PID_mult_events_sec +

o — (pse_avail_pwr_sec > 4))

do_classification_sec
start tcev_timer_sec

MARK_EV2_SEC

do_mark_sec
start tme1_timer_sec

A 4

tcev_timer_sec_done *
(pd_class_sig_sec #
temp_var_sec)

tcev_timer_sec_done *
(pd_class_sig_sec =
temp_var_sec) *

Iclass_4PID_mult_events_sec *
(pse_avail_pwr_sec = 4)
”
)
tme1_timer_sec_done
CLASS_EV3_SEC <
do_classification_sec
start tcev_timer_sec - 4 MARK_EV3_SEC
tcev_timer_sec_done *
- " (temp_var_sec =4) * do_mark_sec
tcev_timer_sec_done (pd_class_sig_sec = 3) * start tme1_timer_sec
(pd_class_sig_sec = (pse_avail_pwr_sec = 5)
temp_var_sec).*
((pse_avail_pwr_sec >3+ T -
(temp_var _sec < 4)) tme1_timer_sec_done
dl
l
tcev_timer_sec_done * CLASS_EV4_SEC
(pd_class_sig_sec # temp_var_sec) *
—}'MARK_EV_LAST_SEC> B s st
((pd_class_sig_sec=3) *
(temp_var_sec =4) *
(

pse_avail_pwr_sec < 5)))
:I 4PID3_SEC >

tcev_timer_sec_done *
(pd_class_sig_sec = temp_var_sec) *
(temp_var_sec=4)*
(pse_avail_pwr_sec < 4)

>| CLASS_RESET_SEC >

tcev_timer_sec_done *

(pd_class_sig_sec # temp_var_sec) *
(pd_class_sig_sec # 0) *

((pd_class_sig_sec # 3) + (temp_var_sec # 4))

-

Figure 145-16—Secondary Alternative dual-signature semi-independent
PSE state diagram (continued)
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CLASS_EVZ_SEC

4PIDS_SEC
do_classification_sec

(pse_avail_pwr_sec 24) + | pd_cls_4PID_sec < TRUE
start tcev_timer_sec (temp_var_sec # 4)

tcev_timer_sec_done * (pse_avail_pwr_sec < 4)*
(pd_class_sig_sec # 3) (temp_var_sec = 4) ?
t ti d * 4
cev_timer_sec_done
(pd_class, sig_sec = 3) CLASS_RESET_SEC
y do_class_reset_sec
4PID4_SEC

start tclass_reset_timer seC

pd_cls_4PID_sec < TRUE

tclass_reset_timer_sec/done

UCT y
CLASS_EV1_LCE_4PID_SEC
y . do_classification_sec
y tice_timer_sec_déne)| start tice_timer_sec
MARK_EV_LAST_SEC < - -

do_mark_sec
start tme2_timer_sec

tme2_timer_sec_done

—>| CLASS_EVAL_SEC >

Figure 145-16—Secondary Alternative dual-signature semi-independent
PSE state diagram (continued)
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Y

CLASS_EVAL_SEC

IF ((pd_cls_4PID_sec * (sig_sec = valid) * (sig_pri = valid)) +
(Iclass_4PID_mult_events_sec * pwr_app_pri)) THEN
pd_4pair_cand < TRUE

END
ted_timer_sec_done * ted_timer_done * lted_timer_sec_done + !ted_timer_done +
(pd_4pair_cand + 'alt_pwrd_pri) * (!pd_4pair_cand * alt_pwrd_pri) +
((pd_req_pwr_sec < pse_avail_pwr_sec) + ((pd_req_pwr_sec > pse_avail_pwr_sec) ¥
(pse_avail_pwr_sec > 2)) (pse_avail_pwr_sec < 3))
A 4
POWER_UP_SEC POWER_UPDATE_SEC ~m
alt_pwrd_sec < TRUE pse_power_update_sec”= FALSE
start tinrush_timer_sec do_update_pse_allocated pwr_sec
—1 det_start_sec < FALSE
UCT
tinrush_timer_sec_done * tinrush_timer_sec_done *
Itpon_timer_sec_done* Itpon_timer_sec_done*
Ipwr_app_sec pwr_app_sec
y v pse_power_update_sec*
POWER ON SEC power_available_sec *
- = Itmpdo_timer_sec_done *
error_sec | IF pse_dll_capable * Ipse_dll_enable THEN lerror_sec
pse_dll_enable < TRUE
END
tmpdo_timer_see¢\done * Ipower_available_sec *
power_available_sec * lerror_sec
lerror_sec
A 4
ERROR_DELAY_SEC POWER_DENIED_SEC |«¢-
start ted_timer_sec
alt_pwrd_sec < FALSE
ted_timer_sec_done-+ UcT
option_detect_tedssec
tpon_timer_sec_done v P
Ll
A 4

|IDLE_SEC|

Figure 145-16—Secondary Alternative dual-signature semi-independent
PSE state diagram (continued)
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l!(pwr_app_pri + pwr_app_sec)

IDLE_MPS

stop tmpdo_timer

pwr_app_pri + pwr_app_sec

A 4
» MONITOR_MPS

stop tmpdo_timer

Imps_valid

A 4
DETECT_MPS

mps_valid | start tmpdo_timer

Figure 145-17—PSE MPS monitor state diagram
for single-signature PDs or 2;spair operation

l! pwr_app_pri l! pwr_app_sec

IDLE_MPS_PRI IDLE_MPS_SEC
stop tmpdo_timer_‘pri stop tmpdo_timer_sec
pwr_app_pri pwr_app_sec
\ 4 \ 4
» MONITOR_MPS_PRI »| MONITOR_MPS_SEC
stop tmpdo_timer_pri stop tmpdo_timer_sec
Imps_valid_pri Imps_valid_sec
y A 4
DETECT_MPS_PRI DETECT_MPS_SEC
start tmpdo_timer_pri start tmpdo_timer_sec
mps_valid_pri mps_valid_sec

Figure 145-18—PSE MPS monitor state diagram
for dual-signature PDs

151
Copyright © 2019 IEEE. All rights reserved.



https://standardsiso.com/api/?name=fdf442bac309d23186993e822f9c6342

ISO/IEC/IEEE 8802-3:2021/Amd.2:2021(E)

IEEE Std 802.3bt-2018
|EEE Standard for Ethernet—Amendment 2: Physical Layer and Management Parameters
for Power over Ethernet over 4 Pairs

145.2.6 PSE detection of PDs

The PSE shall not apply operating voltage to a pairset until the PSE has successfully detected a valid
signature over that pairset. When a PSE is already in POWER_ON, it may transition between 2-pair and 4-

pair power without redoing detection as described in 145.2.10.1.

The PSE PI is connected to a PD through a link section. The PSE probes the link section in order to detect a
valid PD detection signature. In the following subclauses, the link is not called out to preserve clarity.

The PSE is not required to continuously probe to detect a PD detection signature. The period of time when &
PSE is not attempting to detect a PD detection signature is implementation dependent. Also, a PSE ‘may
successfully detect a PD or detect and classify a PD, but then opt not to power the detected PD.

A PSE detecting an invalid PD signature on either Alternative may perform detection on “the other
Alternative, and if valid may perform classification on that pairset.

145.2.6.1 PSE detection validation circuit
The PSE shall detect the PD by probing via the PSE PI. The PSE shall present a non-valid PD detection

signature as defined in Table 145-22 when probed in either polarity bysanother PSE. An illustrative
embodiment of a detection circuit is shown in Figure 145-19.

Zsource
% Veset
>45 kQ
- Vvalid with valid PD
_ S D1 detection signature
v
Vpse-

Figure 145-19—PSE detection source

A functional equivalent.of the detection circuit that has no source impedance limitation but restricts the PSE
detection circuit to ¢he first quadrant is shown in Figure 145-20.

ZSOllrce D2
% N Vpset
A
- Vvalid with valid PD
- A Dl detection signature
Vpse—

Figure 145-20—Alternative PSE detection source
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In Figure 145-19 and Figure 145-20, the diode D1 presents a non-valid PD detection signature for a
reversed voltage PSE to PSE connection.

The open circuit voltage and short circuit current shall meet the specifications in Table 145—7. The PSE shall

not be damaged by up to 5 mA backdriven current over the range of V. as defined in Table 145—7. Output
capacitance shall be as defined in Table 145—7 when VpgE is in the range of 0 V to V ;g max.

145.2.6.2 Detection probe requirements

The detection voltage at the PSE PI shall be within the V ;4 voltage range, as defined in Table 145-7, withi
a valid PD detection signature connected, as defined in Table 145-21.

Table 145-7—PSE PI per pairset detection state electrical requirements

Item Parameter Symbol Unit Min Max
1 Open circuit voltage Voe v 0 30

2 Short circuit current I mA > 5

3 Valid test voltage Vyalid \% 2.8 10

4 Voltage difference between test points AV et A% 1 —

5 Slew rate Vilew V/ps — 0.1

6 Pairset output capacitance Couf nF — 520

In evaluating the presence of a valid PD, the PSE shall make at least two measurements with Vpgg values
that create at least a AV difference as definedin Table 145-7. An effective resistance is calculated from
two or more measurements made during the detection process.

The resistance is calculated with Equation (145-1):

_ =)
R = {_(12—11) }Q (145-1)

where

V| and V, ~ \are the first and second voltage measurements made on the pairset, respectively

I, and I5 are the first and second current measurements made on the negative pair of the pairset,
respectively
R is the effective resistance

Attached PI capacitance may be determined using these measurements and the port RC time-constant
charging characteristics.

NOTE—Settling time before voltage or current measurement: the voltage or current measurement should be taken after
VpgE has settled to within 1 % of its steady state condition with a valid PD detection signature connected (as defined in
Table 145-21)

The PSE shall control the slew rate of the probing detection voltage when switching between detection
voltages to be less than V., as defined in Table 145-7.
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145.2.6.3 Detection criteria

A PSE shall accept as a valid PD detection signature a pairset with all of the characteristics specified in
Table 145-8.

Table 145-8—Valid PD detection signature electrical characteristics,
as measured at the PSE PI

Item Parameter Symbol Unit Min Max | Additional information
1 Accept signature resistance Ryood kQ 19 26.5 —
2 Accept signature capacitance Coood n — 0.15 —
3 Signature offset voltage tolerance | V \Y% 0 2 —
4 Signature offset current tolerance Los pA 0 12 —

145.2.6.4 Rejection criteria

The PSE shall reject as an invalid detection signature, a pairset which exhibits any of the following
characteristics:

a) Resistance less than or equal to Ry,4 min, or
b)  Resistance greater than or equal to Ry,4 max, or
c) Capacitance greater than or equal to Cy,q min.

Ryaq min, Ry,,q max, and Cy,,4 min are defined in Table 145-9.

NOTE—Detection and rejection criteria for «€lause 145 remain unchanged from Clause 33, for the purpose of
maintaining interoperability with Clause 33 devices (see also 145.2.6.3).

A PSE may accept or reject a signature resistance in the band between Rgo,q min and Ry,,q min, and in the
band between Ry ,q max and Ryzy max. A PSE may accept or reject a parallel signature capacitance in the
band between Cgoq max and Cpzq min.

In instances where the tesistance and capacitance meet the detection criteria, but one or both of the offsets

are exceeded, the detéction behavior of the PSE is undefined.

Table 145-9—lInvalid PD detection signature electrical characteristics,
as measured at the PSE PI

Item Parameter Symbol Unit Min Max Additional information
1 Reject signature resistance Ryaq kQ 15 33 —
2 Reject signature capacitance Cpad uF 10 — —
3 Open circuit resistance Ropen MQ 0.5 — —
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145.2.6.5 Open circuit criteria

If a PSE that is performing detection using Alternative B (see 145.2.4) determines that the impedance at the
PI is greater than R ..., as defined in Table 145-9, it may optionally consider the link to be open circuit and

omit the tdbo_timer interval.
145.2.7 Connection check

PSEs that will source power on both pairsets shall complete a connection check prior to the classification of
a PD as defined in 145.2.8 to determine if the PSE is connected to a single-signature PD configuration, &
dual-signature PD configuration, or neither.

NOTE—When a link segment is connected to an MDI, not all contacts are made simultaneously. A link segment
connection or removal may occur at any time during connection check. PSE implementations sheuldifake these
considerations into account.

During connection check the PSE shall meet the specifications for open circuit veltage, V., and short
circuit current, I, in Table 145-7. The connection check voltage at the PSE PI shall’be within the V4
voltage range, as defined in Table 1457, when a single-signature PD or a dual-§ignature PD is connected.

The specification of T,,qe, defined in Table 145-10, applies to the tinfe between the end of connection
check and the beginning of detection on at least one pairset. If the confiection check takes place after the
beginning of detection, this specification does not apply.

The specification of T qet, defined in Table 145-10, applie to- the time between the end of detection on

the first pairset to the beginning of detection on the other pairset when the second detection occurs before
power up on the first pairset.

Table 145-10—Connection check timing requirements

Item Parameter Symbol Unit Min Max Additional Information
1 Connection check Tecodet s — 0.4 Applies only when connection check is
to detection time performed before the start of detection.
2 Detection to Tietodet | S — 0.4 —
detection time

The connectien‘check is rerun before applying power if power up fails to meet the timing requirements in
both Table-145-10 and 145.2.10.14 or if power is absent on both pairsets simultaneously.

If the voltage on either pairset rises above V ;4 max, as defined in Table 145-7, during connection check,
the BSE shall reset the PD by bringing the voltage at the PI below V ¢ max, as defined in Table 145-16, for
atdeast Tgeger, as defined in Table 14514, before performing classification.

145.2.8 PSE classification of PDs and mutual identification

The ability for the PSE to query the PD in order to determine the power requirements of that PD is called

classification—The interrocation—and—power—classification—function—is—intended—to—establish—mutual
T =) )

identification and is intended for use with advanced features such as power management.
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Mutual identification is the mechanism that allows a PSE to differentiate between Type 1, Type 2, Type 3,
and Type 4 PDs. Additionally, mutual identification allows PDs to differentiate between Type 1, Type 2,
Type 3, and Type 4 PSEs.

There are two forms of classification: Multiple-Event Physical Layer classification and Data Link Layer
(DLL) classification.

Physical Layer classification occurs after a valid detection and before a PSE supplies power to a PD, when
the PSE asserts a voltage in the range of V¢ as defined in Table 145-14 onto one or both pairsets. This is
called a class event. The PD responds to each class event with a current representing one of a limited number
of class signatures. The class signatures generated by the PD indicate the PD requested Class. \See
Table 145-26 and Table 145-27 for a mapping of class signature to the PD requested Class.

NOTE—Requested Class 0 is not defined for Type 3 PDs. A Type 1 PD that does not implement Physical Layer
classification requests Class 0, with a power level equivalent to Class 3. Such PDs are assigned to Class 3-by Type 3 and
Type 4 PSEs.

The assigned Class is the result of the PD requested Class and the number of class events produced by the
PSE as shown in Table 145-11. See 145.3.6 for PD classification behavior.

When a single-signature PD requests a higher Class than a PSE can support; the PSE assigns the PD Class 3,
4, or 6, whichever is the highest that it can support. When a dual-signatdre PD requests a higher Class than a
PSE can support, the PSE assigns the PD Class 3 or 4, whichever-is ‘the highest that it can support. The
minimum output power a PSE supports depends on the assigned €lass.

The minimum output power a PSE supports when powering a‘single-signature PD, or supplying power in
2-pair mode, is defined by Equation (145-2). PSE implémentations may use Vpgg = Vport psg-op min and
Rehan2p = Rep, when the assigned Class is 1 throughu4, or Repan = Rep/2 when the assigned Class is
5 through 8 to arrive at over-margined values as, shown in Table 145-11. P¢p,¢c may subsequently be
adjusted using Data Link Layer classification.

2
Vose — o/ Vpsg 74X R x P
Vesg X ( PSE A/ PSE Chan-2P * ~ Class PDJ for assigned Class 1 through 4

2% R cpan-2p

PClass = (14572)
2
Vpspeal Vpsg —4 X R x P
Vosg X [ I A/ PSE Chan ~ ~ Class PDJ for assigned Class 5 through 8
2x RChan
W
where

VpsE is the voltage across the pairset at the PSE PI as defined in 145.1.3
Rehdn is the link section DC loop resistance
Retan-op is the pairset DC loop resistance

PClass PD is the maximum power at the PD PI per the PDs assigned Class, as defined in Table 145-29
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When connected to a dual-signature PD, a PSE operating over 4 pairs treats the requested power over each
pairset independently. The minimum output power a PSE supports on a pairset when powering a dual-
signature PD is defined by Equation (145-3). PSE implementations may use Vpgg = Vporr psg-op min and
Rhanop = Rep to arrive at over-margined values as shown in Table 145-11. Py,.op may subsequently be

adjusted using Data Link Layer classification or Autoclass.

2
Vese — A/VPSE — 4 X Repanap X Peass pp-op
PClass—ZP = {VPSE X ( 2% R = = (145—3)
Chan-2P W
where
VpsSE is the voltage across the pairset at the PSE PI as defined in 145.1.3
Rchan-2p is the pairset DC loop resistance

Pciass pp-2p  1s the maximum power at the PD PI for a pairset per the PDs assigned Class, as defined in
Table 145-29

Pjass and Py op are valid over the range of Vpy psg-op defined in Table 145216«

If the PD connected to the PSE performs Autoclass (see 145.2.8.2 and~145.3.6.2), the PSE may set the
minimum supported output power based on P 1.5, the power drawfiditing the Autoclass measurement
window. P pycoclass shall be increased by at least Pye pargin, as defined\in Table 145-15, in order to account
for potential increase in link section resistance due to temperature’ increase, up to the value defined in
Table 145—-11 of the Class assigned to the PD, and with a minimuti power allocation of Class 1.

When the PSE assigns Class 5 through 8 prior to a fault-and then transitions to PRIMARY SEMI PWRON
or SECONDARY_SEMI PWRON, it shall revert)'the allocation of power to Class4 and assert
local system_change to update PSEAllocatedPoweérValue.

A PSE that measured P p 0c1as While providing, power over 4 pairs, shall increase the power allocation by at

least P, oxira> as defined in Equation (145<4), when it provides power over 2 pairs.
P autocl > ~Roy
P — ( utoclass - ) _Lhn 1454
ac_extra { VPon_PSE-2pmln y< 2 W ( )

where

P putoclass is the amount of power measured by the PSE during the Autoclass measurement

Vport psg-2p ain  is the minimum PSE operating voltage

Rep is the maximum pairset DC loop resistance, as defined in Table 145-1
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Table 145-11—Physical Layer power classifications

PD Requested Class | Number of PSE class events | Assigned Class PClass P(lass-2p

PSEs connected to a single-signature PD

1 1 1 4W —
2 1 2 6.7W —
0,3t08 1 3 14 W _
4108 2or3 4 30 W —
5 4 5 45W —
6108 4 6 60 W —¢
7 5 7 75 W L
8 5 8 90 W —

PSEs connected to a dual-signature PD (classification per pairSet)

1 1,2,0r3 1 — 4 W

2 1,2,0r3 2 — 6.7 W
3 1,2,0r3 3 — 14 W
4or5 1 3 — 14 W
4or5 2or3 4 — 30 W
5 4 5 — 45 W

NOTE 1—Py,¢ in Table 145-11 is the minimum requited power at the PSE PI calculated using minimum
Vport psE-2p and maximum Ry, Use Equation (145=2) for other values of Vpg; psg-op and Reyap. For PD
requested power levels, see Table 145-26.

NOTE 2—Pg,66.0p in Table 145-11 is the minimum required power for a pairset calculated using minimum
Vport psg-2p and maximum Ry, op. Use-Equation (145-3) for other values of Vp psg.op and Repanop. For PD
requested power levels, see Table 145<27.

NOTE 3—The number of PSE class events refers to the number of class events since the most recent PD reset.
NOTE 4—The values of P, and Py,q.op are calculated for the lowest Type PSE that is able to support that
power level.

With Data Link Isayer classification, the PSE and PD communicate using the Data Link Layer Protocol (see
145.5) after the.data link is established. The Data Link Layer classification has finer power resolution and
the ability forthe PSE and PD to participate in dynamic power allocation wherein allocated power to the PD
may change’ one or more times during PD operation. Data Link Layer classification takes precedence over
Physical-Layer classification.

After a successful DLL classification, the assigned Class changes depending on the value of the
PSEAllocatedPowerValue or PSEAllocatedPowerValue alt(X) variable, as defined in Table 145—12. The
PSEAllocatedPowerValue or PSEAllocatedPowerValue _alt(X) values correspond with the maximum power
a PD may draw, Pcj,es pD OF Pelass pD-2p respectively; see Table 145-29 and 145.5.3.2.2.

Subsequent to successful detection, PSEs shall perform Multiple-Event Physical Taver classification and

may perform Data Link Layer classification. PSEs that will source power over 4-pair to a dual-signature PD
shall perform Physical Layer classification on each pairset.
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Table 145-12—Relation of assigned Class and DLL

Single-signature Dual-signature
PSEAllocatedPowerValue | Assigned Class PSEAllocatedPower Value_alt(X) oﬁs‘:il%:::agiisg(
1 to 39 1 1to 39 1
40 to 65 2 40 to 65 2
66 to 130 3 66 to 130 3
131 to 255 4 131 to 255 4
256 to 400 5 256 to 499 5
401 to 510 6
511 to 620 7
621 to 999 8

A PSE shall be capable of assigning the highest Class it can support by means of Multiple-Event Physical
Layer classification.

A PSE shall return to IDLE if it fails to complete classification after successfully completing detection of a
single-signature PD. A PSE shall return to IDLEWPRI or IDLE SEC, whichever corresponds to the
appropriate Alternative, if it successfully completes.detection on a pairset of a dual-signature PD but fails to
complete classification on that pairset.

145.2.8.1 PSE Multiple-Event Physical Layer classification

Classification consists of a series-@f classification and mark events as defined in the state diagram in
Figure 145—13, Figure 145-15,4nd Figure 145-16.

Voltages Vijassr VMarks-803"VResot and currents Iep,ee piv and Iy Ly are specified in Table 145-14.
PD class signature measufements of I¢y,q, are specified in Table 145-13. Classification times, T} cg, Ty
Tumen Tvess Telasénand Tgreget are specified in Table 145-14. Autoclass timing, Tej,es acs 1S specified in
Table 145-14. See\Annex 145B for more details and timing diagrams. N

Type 3 PSEs:
—£~"Shall provide a maximum of four class events and four mark events for single-signature PDs.
— Shall provide a maximum of three class events and three mark events on each pairset for dual-

signature PDs.

Type 4 PSEs:

—  Shall provide a maximum of five class events and five mark events for single-signature PDs.

—— Shattprovidez maximumof four chassevemts andfour mark e vents oI cact pairset for duats

signature PDs.
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Table 145-13—Class signatures evaluated at the PSE PI

Measured I,

Class signature

0 mA to 5 mA

Class signature 0

>5mA and < 8 mA

Either class signature 0 or 1

8 mA to 13 mA

Class signature 1

> 13 mA and < 16 mA

Either class signature 1 or 2

16 mAto 21 mA

Class signature 2

>21 mA and <25 mA

Either class signature 2 or 3

25 mAto 31 mA

Class signature 3

>3] mA and < 35 mA

Either class signature 3 or 4

35 mAto 45 mA

Class signature 4

> 45 mA and < 51 mA

Either class signature 4 or invalid’class signature

Table 145-14—PSE Physical Layer classification electrical requirements

Item Parameter Symbol Units Min Max
1 Class event voltage V(Class v 15.5 20.5
2 Mark event voltage VMark v 7 10
3 Classification reset voltage VReset v 0 2.8
4 Class event current limitation Ictass LM A 0.051 0.1
5 Mark event current limitation INfark LM A 0.005 0.1
6 Classification reset:timing TReset ms 15 —
7 Class event Igjnsg measurement timing T(lass ms 6 —
8 LCE Igj,s¢ measurement timing TClass LCE ms Tclass 75
9 Autoclass Ij,s measurement timing Tclass_ACs ms 88 —
10 Long first class event timing TLcE ms 88 105
11 Second through fifth class event timing Tcrv ms 6 20
12 Mark event timing (except last mark event) TwMmE! ms 6 12
13 Last mark event timing? TMmE2 ms 6 —

4 The maximum value of Tyg, is limited by T

pon>

as defined in 145.2.10.14

160

Copyright © 2019 IEEE. All rights reserved.



https://standardsiso.com/api/?name=fdf442bac309d23186993e822f9c6342

ISO/IEC/IEEE 8802-3:2021/Amd.2:2021(E)

IEEE Std 802.3bt-2018
|EEE Standard for Ethernet—Amendment 2: Physical Layer and Management Parameters
for Power over Ethernet over 4 Pairs

PSEs connected to a single-signature PD shall issue no more class events than the Class they are able to
support and no more than

— One class event when the PD requests Class 0 through 3

— Three class events when the PD requests Class 4
— Four class events when the PD requests Class 5 or 6

— Five class events when the PD requests Class 7 or 8

between the most recent time Vpgg Was at Vg for at least Tgoq and a transition to any of the power up
states.

PSEs connected to a dual-signature PD shall issue, for a given pairset, no more class events than(the’Class
they are able to support and no more than

— Three class events when the PD requests Class 1 through 4 on the given pairset

— Four class events when the PD requests Class 5 on the given pairset

between the most recent time Vpgg Was at Vg for at least Tgqqo and a transition to any of the power up
states.

PSEs that issue more class events than the Class they are capable of supporting, in order to determine the PD
requested Class, transition to CLASS RESET to reset the PD’s cla$s gvent count.

When the PSE is in CLASS_EV1 LCE, CLASS'EVI_AUTO, CLASS EV1_LCE PRI,
CLASS_EV1_LCE_SEC, CLASS_EV1_LCE _4PID_PRI, ‘or CLASS EV1_LCE 4PID _SEC, it shall
provide to the PI or pairset V ¢y, Subject to Ty o timifig)specification.

The PSE in CLASS_EV1_AUTO shall measuré\lqp,q, on the negative pair or pairs after Tepaes Acss
referenced from the application of the first class‘eVent, to determine if the PD will perform Autoclass. If the
Autoclass enabled PSE in CLASS_EV1-AUTO measures I, in the range of class signature O this
indicates the PD will perform Autoclass; see 145.2.8.2 and 145.3.6.2.

When the PSE is in CLASS EV2, CLASS EV2 PRI, CLASS EV2 SEC, CLASS EV3,
CLASS_EV3_PRI, CLASS EV3 SEC, CLASS _EV4, CLASS EV4 PRI, CLASS EV4 SEC, or
CLASS_EVS, it shall provide-to the PI or pairset V,g,. subject to the Tgy timing specification.

In all CLASS states except CLASS_EV1_AUTO, the PSE shall measure I}, on the negative pair or pairs
after Ty, q- This measurement is referenced from the application of V¢, min to ignore initial transients.

The timing specification for PSEs in a DO_CLASS_PROBE state may be reduced to Tcgy for all class
events.

Wheén-the PSE is in MARK _EV1, MARK EV1 PRI, MARK EV1_SEC,MARK EV2,MARK EV2 PRI,
MARK _EV2 SEC, MARK_EV3, MARK_EV3_PRI, MARK EV3_SEC, or MARK_EV4, it shall provide
to the PI or pairset V.- The timing specification shall be as defined by Tyg;.

When a PSE is in MARK_EV_LAST, MARK EV_LAST PRI or MARK EV LAST SEC, it shall provide
to the PI or pairset V.- The timing specification shall be as defined by Tygs.
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The V4 requirement is to be met with load currents in the range of Iy, as defined in Table 145-25.

NOTE—In a properly operating system, the port may or may not discharge to the V), range due to the combination of
the overall channel and PD capacitance and PD current loading. This is normal and acceptable system operation. For

COMpPIanTe testimg; Tt TS Trecessary to-disciargethe—port i order to-observe the— vy vottageDisciargecamrbe
accomplished with a 2 mA load for 3 ms, after which V), can be observed with minimum and maximum load current.

If any measured I, is equal to or greater than Iy, 1 v min, a PSE shall return to IDLE. The PSE shall
limit class event currents to I, 1.y @and shall limit mark event currents to Ingac Liv-

All class event voltages and mark event voltages shall have the same polarity as defined for Vp,,; pgp_op-iit
145.2.4. PSEs may issue class events on one or both pairsets, when connected to a single-signature PR ‘and
operating over 4 pairs. The PSE shall complete Multiple-Event Physical Layer classification and tfansition
to POWER_ON, POWER_ON_PRI, or POWER_ON_SEC without allowing the voltage at the P] or pairset
to go below Vi, min, unless in CLASS RESET, CLASS_RESET PRI, or CLASS _RESET+SEC. If the
PSE returns to IDLE, it shall maintain the PI voltage in the range of Vg for a period of at|least Tz min
before starting a new detection cycle. If the PSE is in any of the CLASS RESET statesit'shall maintain the
PI or pairset voltage in the range of Vet for a period of at least Tgegeq min.

A PSE that implements 4PID based on Physical Layer classification and is #estricted to Class 3 power or
less, when connected to a dual-signature PD, shall issue three initial class.events to determine the Type of
the connected PD, then transition to either CLASS RESET PRI or CLASS/RESET SEC.

145.2.8.2 Autoclass (optional)

PSEs may implement an extension of Physical Layer classification known as Autoclass. The purpose of
Autoclass is to allow the PSE to determine the actual maXimum power draw of the connected PD. Autoclass
is only defined for single-signature PDs. See Figure 145B~15 for Autoclass timing diagrams.

If the PSE implements Autoclass it shall measure P oc1ass When it reaches POWER_ON and pd_autoclass
is TRUE. Payioclass 15 the power provided-by' the PSE measured throughout the period bounded by
Tauto pse1 and Touto psgo, defined in Table 145-15. Py 1qrgin, defined in Table 14515, is the minimum
amount of power the PSE adds to P elass i Order to allocate enough power to cope with increases in the
link section resistance due to temperafure increase.

Pac extra 18 the minimum amouritef additional power allocation (above Pz ygoclass a0d Pae margin) that a PSE
allocates while providing pewer in 2-pair mode, when it performed the measurement of Py cjass 10 4-pair
mode. This extra allocation‘covers the additional losses incurred by the increase in link section resistance in
2-pair mode. P, oxirq-d0€s not apply for PSEs that performed the Py 0c1ass Measurement in 2-pair mode.

Tauto pse1 and TauTo psgp timing is referenced from the transition of POWER_UP to POWER_ON. The
power consumption shall be defined as the highest average power measured throughout the period bounded
by Taurd. pse1 and Tayto psgz- Average power is measured using a sliding window with a width in the
range O PAUTO Window S defined in Table 145-15.
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Table 145-15—Autoclass electrical requirements

Item Parameter Symbol Units Min Max Additional information
1 Autoclass power TAUTO PSE1 ms 1400 1600 Measured from the
measurement start B transition of POWER UP
to POWER_ON
2 Autoclass power Tauto PSE2 ms 3100 3500

measurement end

3 Autoclass average power | TAuTO Window | MS 150 300 —
sliding window width B

4 Autoclass power margin per the assigned Class —
Class 1 to 4 Pac_margin w 0.5 —
Class 5to 6 0.75 —
Class 7 to 8 1.5 —

145.2.9 4PID requirements

PSEs determine whether an attached PD is a candidate to receive power on both pairsets prior to applying
operating voltage to both pairsets. This determination is referred to as 4PID. 4PID is a logical function of the
detection state of both pairsets, the result of connection“check as described in 145.2.7, and mutual
identification. The variable pd_4pair cand, defined in 445:2.5.4, contains the result of this determination.

A PSE shall not apply 4-pair power unless the PSE-has detected a valid detection signature on both pairsets
and one or more of the following conditions are met:
a)  The connected PD is a single-signdture PD.
b) The PSE detects a valid detection signature on the unpowered pairset when power is provided in
2-pair mode.

c) The PSE has identified the PD as Type 3 or Type 4.
145.2.10 Power supply output

When the PSE provides power to the PI, it shall conform with Table 145—16. Table 145—16 values support
worst-case operating‘conditions. These ranges may be narrowed when additional information is known and
applied in accotdance with this specification. Power may be removed from both pairsets any time power is
removed from-ene pairset.
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Table 145-16—PSE output Pl electrical requirements for all PD Classes,
unless otherwise specified

PSE Additional
Item Parameter Symbol Unit Min Max . .
Type information
1 Output voltage per Vport PSE-2P \Y% 50 57 3 See 145.2.10.1.
pairset in a power on -
state 52 4
2 Pair-to-pair voltage Vport PSE diff | V. — 0.01 3,4 See 145.2.10.2.
difference o
3 Output voltage during Vran-2p \% 45.3 — 3 See 145.2.10.3=
transient
48.4 — 4
4 Power feeding ripple and noise:
f<500Hz ViNoise Vip — 0.5 3,4 See-145.2.10.5.
500 Hz to 150 kHz 0.2
150 kHz to 500 kHz 0.15
500 kHz to 1 MHz 0.1
5 Supported pair current to account for unbalance per the assigned Class (for single-signature PDs)
Class 1 to 4 Icon-2P-unb A Icon® — 3,4 See 145.2.10.6 and
145.2.10.6.1.
Class 5 0.56 — 3,4
Class 6 0.692 — 3,4
Class 7 0.794 — 4
Class 8 0.948 — 4
6 Total output current of both pairs ofithe’same polarity during POWER_UP per the assigned Class
Single-signature PD, Iinrush A 0.4 0.45 3,4 See 145.2.10.7 and
Class 1 to 4 maximum value
definition in
Single-signature PD, 0.4 0.9 3,4 Figure 145-22.
Class 5 to 6
Single-signature'RD, 0.8 0.9 4
Class 7 to 8
7 Current,per pairset during power up per the assigned Class
Single-signature PD, Inrush-2p A — 0.45 3,4 See 145.2.10.7 and
Class 1 to 4 maximum value
definition in
Single-signature PD, — 0.6 3,4 Figure 145-22.
Class 5 to 6
Single-signature PD, — 0.6 4
Class 7 to 8
Dual-signature PD, 0.4 0.45 3,4
Class 1 to 4
Dual-signature PD, 0.4 0.45 4
Class 5
8 Inrush time Trnrush ms 50 75 3,4 See 145.2.10.7.
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Table 145-16—PSE output Pl electrical requirements for all PD Classes,
unless otherwise specified (continued)

PSE Additional
Item Parameter Symbol Unit Min Max . .
Type information
9 Overload current per Icutop A Iconop | — 3,4 Optional limit; see
pairset detection range 145.2.10.6, 145.2.10.8,
Table 145-11.
10 Overload time limit Teut ms 50 75 3,4 See 145.2.10.9.
11 Output current per pairset — at short circuit condition, per the assigned Class, single-signature PD
Class 1 to 3 I imaop A 0.4 See 3,4 See 145.2.10:0:
b info Max valye defined by
Class 4 0.684 3,4 Figure.145223 and
Fi 45-24.
Class 5 0.58 3,4 igurg 45
Class 6 0.72 3,4
Class 7 0.85 4
Class 8 1.005 4

Output current per pairset — at short circuit condition, per the assigned €lass, dual-signature PD

Class 1to3 It iv2p A 0.4 Set 3,4 See 145.2.10.9.
info Max value defined by
Class 4 0.684 3,4 Figure 145-23 and
Fi 145-24.
Class 5 099 4 1gure
12 Short circuit time limit | Ty ms 10 75 3 See 145.2.10.1 and
145.2.10.9.
6 4
13 PSE Type power Prype W 4 — 3 See 145.2.10.13
75 99.9 4
14 Power turn on time Toon ms — 400 3,4 See 145.2.10.14.
15 Turn on rise time per TRise ms 0.015 — 3,4 See 145.2.10.1
pairset
16 Turn off time perpair- | Tog ms — 500 3,4 See 145.2.10.10.
set
17 Turn off voltage per Vorr \% — 2.8 3,4 See 145.2.10.11.
pairset
18 Unpowered negative pair reverse current
Highest Vpgg > 21V Loy A — 0.0013 | 3,4 See 145.2.10.4,
145.3.8.8.
Highest Vpgp <21V 0.0005
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Table 145-16—PSE output Pl electrical requirements for all PD Classes,

unless otherwise specified (continued)

PSE Additional
Item Parameter Symbol Unit Min Max . .
Type information
19 DC MPS current on at least one pairset, per the assigned Class See 145.2.12.
Single-signature PD, IHold-2pP A 0.004 0.009 3,4
Class 1 to 4, 2-pair
Single-signature PD, 0.002 0.005
Class 1 to 4, 4-pair
Single-signature PD, 0.002 0.007
Class 5 to 8
DC MPS current on each pairset
Dual-signature PD Iqold-oP ‘ A ‘ 0.002 ‘ 0.007 ‘ 3,4
20 DC MPS total current on both pairs of the same polarity, per the assigned Class See 145.2.12.
Single-signature PD, Iholq A 0.004 0.009 3,4
Class 1 to 4
Single-signature PD, 0.004 0.004 3,4
Class 5to 8
21 PD MPS dropout time | Typpo ms 320 400 3,4 See 145.2.12.
limit
22 PD MPS time for Twmps ms 0 — 3.4 See 145.2.12.
validity
23 Alternative B detec- Tabo ms 2000 — 3,4 —
tion backoff time
24 Detection timing T et ms — 500 3,4 Time to complete
detection on a pairset.
25 Error delay timing Tey ms 750 — 3,4 See 145.2.10.15

& The Icgn.op_unb Value is higher than'the value for Class 5 as unbalance for Class 4 is not restricted.
b Unbalance at Class 4 is not resfricted. The I; iv2p value is higher than the value for Class 5 for PSEs operating in

4-pair mode.
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145.2.10.1 Output voltage in the power on states

The specification for Vpy psgop in Table 145-16 shall be met with a load step of (Ijj,q max X
Vport pSE-op Min) to the maximum power per the PSE’s assigned Class at a rate of change of up to

15 mA/us. The voltage transients as a result of load changes up to 35 mA/us shall be limited to 3.5 V/us.

A PSE that has assigned Class 1 to 4 to a single-signature PD and is in a power on state may transition
between 2-pair and 4-pair power at any time, including after the expiration of Ty,,,. A PSE that has assigned
Class 5 to 8 to a single-signature PD shall apply power to both pairsets while in POWER _ON.

TRise> as defined in Table 145-16, is referenced from 10% to 90% of the voltage difference between the
positive and the negative conductors of a pairset in a power on state from the beginning of a power up state.

145.2.10.2 Output voltage pair-to-pair difference

Vport PSE diffs as defined in Table 145-16, is the maximum voltage difference between-pairs with the same
polarity, at no load condition, when operating over 4 pairs, in a power on state.

145.2.10.3 Voltage transients

A PSE shall maintain an output voltage no less than V,,op for transient conditions lasting more than 30 ps
and less than 250 ps, and meet the requirements of 145.2.10.9. Transicfits less than 30 ps in duration may
cause the voltage at the PI to fall below Vry,,.0p. See 145.3.8.6 for PD transient requirements. Transients
lasting more than 250 ps shall meet the Vp,,; psg.op specification:

NOTE—The occurrence of voltage transients lasting more than250 s or voltage steps of significant amplitude (within
the Vpo psg-2p specification) should be limited to rare ciretimstances such as those involving switchover of backup
power supplies or those involving significant change in curfeht‘demand on the PSE power supply due to a large load step
spread over multiple powered ports.

145.2.10.4 Reflected voltage

When a 4-pair capable PSE provides pewer in 2-pair mode, whereby two pairs are connected to the positive
Vpgg, and one pair is connected to the“negative Vpgg, a single-signature PD may reflect a voltage of up to
Vpsg back onto the unpowered pairset. See 145.3.8.8. This can cause a reverse current, I, as defined in
Table 145-16, to flow. Reverse current is current flowing out of the PSE on a negative pair.

rev

The PSE shall not soufce'a current higher than I, as defined in Table 145-16, on a negative pair. This
requirement holds only, when no power is being sourced into the PSE.

145.2.10.5 Power feeding ripple and noise

VNoisesthe-specification for power feeding ripple and noise in Table 145-16, shall be met for common-mode
and pair=to-pair noise values at all static PSE output voltages. The limits are meant to preserve data integrity.
To meet EMI standards, lower values may be needed. For higher frequencies, see 145.4.4, 145.4.5, and
145.4.6.

145.2.10.6 Continuous current capability in the power on states

Ipost-op and Ipgiiop-other are the currents on the negative pairs and are defined in Equation (145-5) and in
Pr}nnﬁnn (145-6)

167
Copyright © 2019 IEEE. All rights reserved.



https://standardsiso.com/api/?name=fdf442bac309d23186993e822f9c6342

ISO/IEC/IEEE 8802-3:2021/Amd.2:2021(E)

IEEE Std 802.3bt-2018
|EEE Standard for Ethernet—Amendment 2: Physical Layer and Management Parameters
for Power over Ethernet over 4 Pairs

Touiap = { Iporoppri fOr the Primary Alternative } (145-5)
Ipgropsee for the Secondary Alternative
Tourapoties = { Ipgop.sec fOr the Primary Alternative } (145-6)
Iporioppri for the Secondary Alternative
Ipy;t 1s the total current on both pairs with the same polarity and is defined in Equation (145-7).
Ipore = {Ipor-2p t Iport.op-other o J45-7)

where

Iport.2p-pri 18 the current supplied on the negative pair of the Primary Alternative
Iportop-sec 1S the current supplied on the negative pair of the Secondary Alternatiye

PSEs shall be able to supply I,,.op, the current the PSE supports on both pairs‘of‘each powered pairset, as
defined in Equation (145-8). I,,.op should be measured using a sliding window with a width of 1 second.

Perass” Vose when in 2-pair mede

Teonap = 1 min(leo, — Iporap-other Iconapuns) When 4-pair powering a single-signature PD (145-8)
Piassap” Vs when 4-pairpowering a dual-signature PD |

where

Pelass i P(ugs as defined in Equationi(145-2)

PClass-2p i8 P(yass.0p as defined in Equation (145-3)

VpsE is the voltage across the pairset at the PSE PI as defined in 145.1.3

Icon is the total current a PSE is able to source as defined in Equation (145-9)

Icon-op-unb 18 the current a PSEVis able to supply on each pair to account for pair-to-pair unbalance as

defined in Table:145-16
Iportop-other 18 the current'on the other negative pair as defined in Equation (145-6)

When powering a single-signature PD over 4 pairs, a PSE supports both:

— Attotal ‘current of I, defined in Equation (145-9), over both pairs with the same polarity;
— A minimum current of Iy, op.unp ON both the positive pair and the negative pair with the highest
current to account for pair-to-pair unbalance.

P
Iy = {%} (145-9)
PSE J ,
where
Pciass is Peyass-as defined in Equation (145-2)
VpsE is the voltage across the pairset at the PSE PI as defined in 145.1.3
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The PSE shall support the AC current waveform parameter Ip,,,_»p, defined in Equation (145—-10), on both
pairs of each powered pairset, while within the operating voltage range of Vp,,; psg.2p, for a minimum of
Tcur and a duty cycle of at least 5%. -

Tpeak when in 2-pair mode

: when 4-pair powering
min (]Peak - ]Pon-ZP-other’ ]Peak-2P-unb)

Tpeqiop = a single-signature PD (145-10)
Vpse — A/ VIZ’SE — 4 X Repanop X Ppeak pp2P when 4-pair powering
2 X Rcpanp a dual-signature PD N
where
Ipeak is the total peak current a PSE supports per Equation (145-11)

Iport2p-other 18 the current on the other negative pair as defined in Equation (145-6)

Ipeakopuny 1S the minimum peak current supported to account ofunbalance, defined in
Equation (145-12)

VpsE is the voltage across the pairset at the PSE PI as defined in.145.1.3

Rchan-2p is the pairset loop resistance; this parameter has_a\worst-case value of R¢y, defined in
145.1.3 and Table 145-1

Ppeak ppop 1S the peak power a dual-signature PD may draw per its assigned Class on a pairset; see

- Table 145-29

Ipcak. defined in Equation (145-11), is the total curtent\of the powered pairs with the same polarity that a
PSE supports, when powering a PD over 2 pairs or.powering a single-signature PD over 4 pairs.

2
I _ {VPSE ~ A/VPSE =4 X Rpan X P PD}
Peak —
A

(145-11)
2 x RChan
where
VpsE is the voltage across the pairset at the PSE PI as defined in 145.1.3
Rchan is the link section loop resistance as defined in 145.1.3

Ppeak_pD is the total peak power a PD may draw for its Class; see Table 145-29

Ipeak-2p-unb> defined in Equation (145-12), is the minimum current that a PSE is able to supply on both the
positive pair ‘and the negative pair with the highest current, when powering a single-signature PD over
4 pairs,;

Tpeakop-unb = {Lrimap —0.0023 (145-12)
where
I iv-2p is the I} op min value per pairset for the PSE, as defined in Table 145-16
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145.2.10.6.1 PSE pair-to-pair current unbalance

When a PSE supplies power to a PD using all 4 pairs, the current may not equally divide between the pairs
that are at the same polarity. This is referred to as pair-to-pair current unbalance. The degree to which the

current is unbalanced depends on the specific combination of PSE, cabling, and PD.

The maximum pair current in a system depends on the assigned Class (see 145.2.8), and is defined in
Table 145-17.

Table 145-17—Maximum pair-to-pair current unbalance

Parameter Assigned Class Unit Value
Tunbalance-2p lto4 A IC(ma
5to8 Icon-2p-unb — 0.01

4 Unbalance current for these assigned Classes is not restricted.

PSEs that operate over 4 pairs are subject to unbalance requirements. The conttibirfion of PSE PI pair-to-pair
effective resistance unbalance to the system end-to-end effective resistanee\unbalance is specified by PSE
maximum (Rpgg max) and minimum (Rpgg min) common mode effectiye tesistance in the powered pairs of
same polarity, see Figure 145A—1. Effective resistances of Rpgp yin\21id Rpgp max include the effects of
Vport pSE diff @ defined in Table 145-16 and the PSE Pl-resistive elements. See definition and
measurements in Annex 145A.

The PSE PI pair-to-pair effective resistance unbalance defermined by Rpgg max and Rpsg min, along with
any other parts of the system, i.e., the cabling and the\PD, bounds the current such that the pair with the
highest current including unbalance does not exceed Itjpajance-2p @s defined in Table 145-17 during normal
operating conditions. Iy palance-op 15 the highest\pair current in case of maximum unbalance and will be
higher than Iy, / 2. Iynpalance-2p @pplies to link;section common mode pair resistances from 0.2 Q to Ry, as
defined in 145.1.3.

Rpsg max a1d Rpgg min are specifieddiid measured under maximum Py, pp load conditions, measured at
the PD PI, over the Vpy psg-op.Operating range. Rpgg max and Rpgg min for the positive pairs are not
necessarily the same values as forthe negative pairs.

PSEs that meet Rpgg iy #11d Rpgg max» as defined by Equation (145—13) meet the unbalance requirements
under worst case condifions of link section pair to pair unbalance and PD PI pair to pair unbalance.
Equation (145—13).s*only applicable for Rpgg min up to a value of 1 Q for Class 5 and Class 6, and 0.5 Q for
Class 7 and Cldss)S. -

2.182 X Rpgg, min — 0.04 for Class 5
1.999 X Rpsg min — 0.04 for Class 6 (145-13)
1.904 x Rpgp i — 0.03 for Class 7
1.832 x Rpgp i — 0.03 for Class 8

0< RPSEimax <

where

RpSE max 1S, given Rpgg min, the highest supported common mode effective resistance in the powered

pairs of the same polarity
RpsE min 18 the lower PSE common mode effective resistance in the powered pairs of the same polarity
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Rpse min OF Rpsg max common mode effective resistance is the resistance of the two internal conductors
(including the internal components on each conductor) in a powered pair of the same polarity connected in
parallel.

A PSE shall not source more than Iyppajance2p ON any pair when connected to a load as shown
in Figure 145-21, using values of Rjg,q min and Rygag max as defined in Equation (145-14) and
Equation (145-15). This unbalance current requirement applies at the PSE PI connector (jack) when mated
with a specified balanced cabling connector (plug).

Ripad min @1d Rjgad max» defined in Equation (145-14) and Equation (145-15), are respectively thé
minimum and maximum common mode effective load resistances in the powered pairs of the same polarity.

Table 145-18 specifies the resistance values used to compute Rjp.q min @Nd Rjgaq max aecording to
Equation (145-14) and Equation (145-15). The load resistances Rjgaq min @1d Rigad max are-split’ into two
series resistances Rigadl min @04 Rioad2 mins @0d Rigadl max @14 Rigad2 max respectivelyy ds shown in
Figure 145-21, so the power sink can be set such that the power consumption inside the)P),,q box equals

l)ClassiPD-
Rloadimin = Rloadlimin + RloadZﬁmin (145—14)
Rloadﬁmax = Rloadlimax + RloadZﬁmaX (145—1 5)

where

Rioadl max 15> g1ven Rjgaq1 min> the higher resistance value-tepresenting the link section resistance
Rloadlimin is the lower resistance representing the link.section resistance

Rload27max is, given Ryyaq2 min» the higher resistance'wvalue representing the PD contribution to unbalance
Rload27min is the lower resistance representing the PD contribution to unbalance

Table 145-18—PSE unbalance test fixture resistances

é)lil;:s Rloa(sii min Rloa(sl{ max Rloag min Rloa(sl% max Additional information

5 0.087 0,01 0.638 1.518 Low link section resistance
conditions.

6 0.538 1.183

7 0.483 1.017

8 0.439 0.894

5 5.41 6.25 0.704 1.026 High link section resistance
conditions.

6 0.564 0.822

7 0.491 0.717

8 0.43 0.629
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The values for Iyppalance-op and the relation between Rpgg max and Rpgg min, as defined in
Equation (145-13), are valid given that Ry an0p (see 145.1.3) ranges from 0.2 Q to 12.5 Q. See 145A.4 for
guidelines on how to support low resistance link sections.

Figure 145-21 shows a verification circuit for the PSE current unbalance requirements measurement. Other
methods for measuring Rpgg min and Rpgg max are described in Annex 145A.

PI F———— - — - - — — — = A

[] i I I
1

1 @ > RIoad1_min I RIoad2_min [

ip I | I

1 @ > Rload1_max I RIoad2_max |

PSE . | Power sink |
I3

]_®‘7 RIoad1_min | RIoad2_min |

i I | I

1 ( )‘ - RIoad1_max | RIoad2_max |

- I:)Ioad
| Y. ¥ (R |

Figure 145-21—PSE current unbalance verification circuit

The evaluation method is as follows:

a) Use Rjgad min and Rjpaq max from Equation (145-14) and Equation (145-15) for low channel
resistance conditions.

b)  Adjust the power sink such that P,,4 (the powet’ consumed by the R4, resistances and the power
sink) equals P¢p,ss pp for the given Class.

¢)  Verify that currents iy, iy, i3, and i4 are 16wer than I{jppatance-ops as defined in Table 145-17.

d)  Exchange Rjg,q max and Rjgagq min-~Repeat steps b) and c).

e) Repeat steps b) through d) for Ri35 min @1d Rioad max components from Equation (145-14) and
Equation (145-15) for high channel resistance conditions.

145.2.10.7 Current during power up

Power up occurs on each pairset between the transition to a power up state on that pairset and the expiration
of Typrush- A PSE that provides current on both pairsets during POWER_UP shall complete power up within
Tinrush Max, starting when the first pairset exceeds a voltage of 30 V. PSEs that have assigned Class 1
through 6 to a'single-signature PD may perform inrush over 2 pairs or over 4 pairs. PSEs that have assigned
Class 5 or-€lass 6 to a single-signature PD transition to 4-pair mode by Ty, PSEs that have assigned
Class 7¢ox Class 8 to a single-signature PD perform inrush over 4 pairs.
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The PSE shall limit the current on each powered negative pair to Iy, .¢n-op and the total current on the
negative pairs to Iy, during power up per the requirements of Table 145-16, with the exception of the
initial per pairset transient described in Equation (145-16).

T1nrush2pMax for 0 <r<t,
50 for ty<t<(fy+10x10™")
Ipsgrrap() = 50 -1, 0.001 +¢,—t (145-16)
Tinrush-ap™Max + (39~ Lnnutzptmax) X; 0= for (ty+10x10 °) < £ < (t,+0.001)
99x10
Tpryshopmax for (,+ 0.001) < 7 < 0.075
A
where
t is the time in seconds
Tnrush-op Max  is the maximum value of Iy, o, op as defined in Table 145-16
ty is the time when Ip,p exceeds Ij,,¢n-op Max for the first time during the power up states.

The range for ¢ is 0 < #) < 49 ms.

The PSE inrush maximum limit, Ipggop, shown in Figure 145-22, is defined by Equation (145-16).

lport-2p (A) o .
Inrush '
>
1
| g
50 — : PSEIT-2P
1
1
linrush-2p Max I I
1 1 ! 1
1 1 1 1 1 1
| | | [ >t
| | | | | v

Os to to+10 ps tp+1 ms 50 ms 75 ms

Figure 145-22—Per pairset PSE inrush maximum current

The minimum Iy, andIy,..h0p current capability as defined in Table 145-16 applies when Vpgg exceeds
30 V. During a power up state, the PSE shall support the following:

—  When powering a single-signature PD, a minimum Iy, of 5 mA when Vpg is between 0 V and
10"V, and 60 mA when Vpgg is between 10 V and 30 V.

— ~ When powering a dual-signature PD, a minimum Iy, ,¢o.op of 5 mA when Vpgg is between 0 V and
10 V, and 60 mA when Vpgg, is between 10 V and 30 V.
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145.2.10.8 Overload current

If the current on either pair of a pairset exceeds I-y1.op for longer than Ty, the PSE may remove power
from that pairset. The cumulative duration of T;7 is measured using a sliding window of at least 1 second

width.
145.2.10.9 Short circuit current

The PSE shall limit the pairset current to Iy jpp.op for a duration of at least Ty 1y min, when Vpgg is in the
range of Vp, psgop- The cumulative duration of the current limit event may be measured with a sliding
window of at most 1 second width.

The maximum value of I} jpop is the PSE upperbound template described by Equation (145—-17),\Equation
(145-18), Figure 145-23, and Figure 145-24. The Ij jp1.,p minimum value in Table 145-16 for' Class 5 and
above includes the effective system end-to-end resistance unbalance effect.

The PSE shall remove power from a pairset before a current limit event persists on th@tpairset continuously
for T jy max as defined in Table 145-16.

A PSE in a power on state may remove power from a pairset without regatd te’ T} ; when the voltage on
that pairset no longer meets the Vp,,; psg.op specification for longer than 250 ps or the voltage no longer
meets the V,n0p specification.

If Ipgi.op €xceeds the PSE lowerbound template, the PSE output 'voltage may drop below Vp psg-op min.

A PSE may remove power from the PI if the current on any pair exceeds the “PSE lowerbound template” in
Figure 145-23 or Figure 145-24. Power shall be removed from a pairset of a PSE before the pairset current
exceeds the “PSE upperbound template” in Figure 145-23 or Figure 145-24. When connected to a single-
signature PD, the PSE should remove power fiom both pairsets before the current exceeds the “PSE
upperbound template” on either pairset.

The right side vertical axis in Figure 145<23and Figure 145-24 indicates the total current over both pairsets
when the PSE supplies 4-pair power. tgra‘single-signature PD.

— For Type 3 PSEs, Figure(145-23, Equation (145—17) and Equation (145-19) apply.
— For Type 4 PSEs, Figure 145-24, Equation (145—18) and Equation (145-20) apply.
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Figure 145-23—Power on states, per pairset operating(current template for Type 3 PSEs
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Figure 145-24—Power on states, per pairset operating current template for Type 4 PSEs
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The PSE upperbound templates, Ipsgut.Type3-2p and Ipsput-Types-2p» are defined by the following segments:

50 for (0<¢<10x10°%) |
K —6 3
— for (10x10 "<¢<8.2x10 ")
IPSEUT-TypcS-ZP(t) = /\/: (145—17)
175 for (8.2x10 > <t < Teyypmax)
0.85 for (Toyrmax <t) A
50 for (0<t<10x10"°)
ﬁ for (1010 ° << 8.2x107)
I Typed-2p(f) = (145-18)
PEUT Typed-2p 175 for (82x10° <t < Toypmax)
1.3 for (Toypmax <t<4)
I} pgop for (4<1) A
where
t is the duration in seconds that the PSE sources Ip,.op
K is 0.025 A%, an energy limitation constant for the-pairset current when it is not in steady

state normal operation
Tcyrmax  is Toyr max per pairset, as defined in Table 44516

Iy psop is the current defined in 145.2.10.13

The PSE lowerbound templates, Ipsgy 11ype3-2p @04 IpSELT-Types-2p, are defined by the following segments:

I} pvppmin for (0 < £ < Tpvpmin)
TpsELT-Types2p(0) =\ Tpegeap  for (Tppymin< ¢ < Tyypmin) (145-19)
Iconop for (Tgyfmin <t)
A
I popspmiin for (0 < ¢ < Ty ymin)
IpseLr-Typesa-2p() = | Ipegcp  for (Tppyymin <t < Typmin) (145-20)
d Con-2p for (T¢ypmin <t)
A
where
t is the duration that the PI sources Ip.op

Jimoopmin  is the Iy \op min value per pairset for the PSE as defined in Table 145-16
T v min is Ty min per pairset as defined in Table 145-16
Teyrmin s Teyr min per pairset, as defined in Table 145-16
Ipeakop is the minimum peak current supported on each powered pair, as defined in
Equation (145-12)
’ 1.0 fl’\P min{mnm C]1hl’\f\ﬁpl‘1 (‘f\hfih11f\l]¢ f‘IIV‘Y‘e“I ‘;n ea‘:h E;“s“e[‘taf‘ I’\Qi" as I‘Ipﬁhpf‘ 1.1’\
COI-21F rr r

145.2.10.6
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145.2.10.10 Turn off time

The specification for T in Table 14516 shall apply to the discharge time from Vp,; pgg.op min to Ve of
a pairset with a test resistor of 320 kQ attached to that pairset. In addition, it is recommended that the pairset

be discharged when operating voltage is not applied. T ends when Vpgg < Vogr:

145.2.10.11 Turn off voltage

The voltage at the PI shall be equal or less than V¢, as defined in Table 145-16, when the PSE is in
DISABLED, IDLE, BACKOFF, or ERROR DELAY. The voltage at the corresponding pairset shall_b¢
equal or less than Vg, as defined in Table 145-16, when the PSE is in IDLE PRI, WAIT_RRIL,
ERROR_DELAY_ PRI, IDLE SEC, WAIT_SEC, or ERROR_DELAY_SEC.

145.2.10.12 Intra-pair current unbalance

The PSE shall support an intra-pair current unbalance of I, as defined in Equation (145<21). The intra-
pair current unbalance is the current unbalance between the two conductors of a pow€i-pair over the current
load range.

]unb = { 3% x [Peak-ZP-unbimax }A (145—2 1 )

A 100BASE-TX transmitter in a Type 3 or Type 4 Endpoint PSE shall.theet the requirements of 25.4.5 in
the presence of (I, / 2).

145.2.10.13 Type power
Prype min is the minimum power a PSE is capable of sourcing.
Type 4 PSEs shall not source more power than Py, max, as defined in Table 145-16, measured using a

sliding window with a width up to 4 secondsl; pg_op is defined in Equation (145-22) and is the maximum
current per pairset that results in less than Py, max being sourced by the PSE.

0.85 when in 2-pair mode
I psop = (145-22)
Lps2p min M, I 1.3 | when in 4-pair mode
VPSE Port-2P-other>

where

Prypemhax ®  is the maximum power allowed for a given Type as defined in Table 145-16
VpsE is the voltage across the pairset at the PSE PI as defined in 145.1.3
Tportop-other 1S the output current on the other pairset (see 145.2.10.6)
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145.2.10.14 Power turn on time

The specification for T, in Table 145-16 applies to the PSE power up time for a PD after completion of
detection.

PSEs, when connected to a single-signature PD, shall reach POWER_ON within Ty, after completing
detection on the last pairset. When connected to a dual-signature PD, PSEs shall reach the respective power

on state for a pairset within T, after completing detection on the same pairset.

145.2.10.15 Error delay timing

T.q, defined in Table 145-16, is the minimum delay time before a PSE may attempt subsequent powering of
a pairset after power removal from that pairset because of an error condition.

145.2.10.16 PSE stability

When connected together as a system, the PSE and PD might exhibit instability at the'PSE side or the PD
side or both due to the presence of negative impedance at the PD input. See Afmex 33A for PSE design
guidelines for stable operation.

145.2.11 Power supply allocation

A PSE does not initiate power provision to one or both pairsets (if the PSE has less than Class 3 power
available and the connected PD requests more than the available power.

The PSE may manage the allocation of power based on additional information beyond the classification of
the attached PD. Allocating power based on additional information about the attached PD, and the
mechanism for obtaining that additional information;\is beyond the scope of this standard with the exception
that the allocation of power shall not be based sol€ly on the historical data of the power consumption of the
attached PD.

See 145.5 for a description of Data Link Layer classification.

If the system implements a power-allocation algorithm, no additional behavioral requirement is placed on
the system as it approaches of_reaches its maximum power subscription. Specifically, the interaction
between one PSE PI and another PSE PI in the same system is beyond the scope of this standard.

145.2.12 PSE Maintain Power Signature (MPS) requirements

A PSE removespower when a connected PD no longer draws a minimum amount of current. This is referred
to as the “Maintain Power Signature.” The PSE state diagrams in Figure 145—17 and Figure 145—18 monitor
for the absence of MPS.

A PSE; depending on the PD assigned Class and PD signature configuration, shall use the applicable Iy,
Lio1d-2p> Tmps and Typpo values as defined in Table 145-16. The specification for Typg in Table 145-16
applies only to the DC MPS component.

A PSE powering a PD over a single pairset

— Shall consider the DC MPS component to be present if Ip,.,p is greater than or equal to
Ia1q.2p max continuously for a minimum of Typg.

—  Shall consider the DC MPS component to be absent if Ip,,p is less than or equal to Ijj,4.op min.
— May consider the DC MPS component to be either present or absent if Ip,,p is in the range of
THold-2p-
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— Shall remove power from the PI when DC MPS has been absent for a duration greater than Typpo.

—  Shall not remove power from the PI when DC MPS has been present within the Typg + Typpo
window. This allows a PD to minimize its power consumption.

A PSE powering a single-signature PD over both pairsets

—  Shall consider the DC MPS component to be present if Ip,_,p of the pairset with the highest current
is greater than or equal to Iyj,4.op max and Ip, is greater than or equal to I, max continuously
for a minimum of Ty;pg.

—  Shall consider the DC MPS component to be absent if Ip,,p of the pairset with the highest current
is less than or equal to Iy, 4.op min and Ip is less than or equal to Iy, g min.

—  May consider the DC MPS component to be either present or absent if Ip,_,p of the pairsét with the
highest current is within the range of Iyjyqop Or Ipy,¢ is Within the range of Iy 4.

—  Shall remove power from the PI when DC MPS has been absent for a duration greater than Ty;pp(-

—  Shall not remove power from the PI when DC MPS has been present withinthe' Typs + Tvppo
window. This allows a PD to minimize its power consumption.

NOTE—The DC MPS requirements for PSEs connected to a single-signature PD arg/such that the PSE may measure
either the total current over both pairsets (Ig,q), the current on the pairset with the highest current (Ig14.op), or both.

A PSE powering a dual-signature PD over both pairsets

—  Shall consider the DC MPS component to be present or.absent on each pairset independently.

—  Shall consider the DC MPS component to be present en.a pairset if Ip,_op is greater than or equal to
Io1d-2p max continuously for a minimum of Typ§.

—  Shall consider the DC MPS component to beyabsent on a pairset if Ip,.op is less than or equal to
Tjo1-2p Min.

—  May consider the DC MPS component ‘@n-a pairset to be either present or absent if Ip.,p is within
the range of Iyyq-2p-

—  Shall remove power from a pairset-when DC MPS has been absent on that pairset for a duration
greater than Typpo.

—  Shall not remove power from'a pairset when DC MPS has been present on both pairsets within the
TMPS + TMPDO window,

— May maintain power 6n a pairset when DC MPS has been present on that pairset within the Typg +
Twmppo window:This allows a PD to minimize its power consumption.

145.3 Powered.devices (PDs)

A PD is theyportion of a device that is either drawing power or requesting power by participating in the PD
detection-algorithm. A device that is capable of becoming a PD may have the ability to draw power from an
alternate power source. A PD requiring power from the Pl may simultaneously draw power from an
alternate power source. PD capable devices that are neither drawing nor requesting power are also covered
in this subclause.

A PD is specified at the point of the physical connection to the cabling. Characteristics such as the losses due
to voltage correction circuits, power supply inefficiencies, separation of internal circuits from external
ground or other characteristics induced by circuits after the PI connector are not specified. Limits defined for

the PDarespecificd attie P, ot atany poimtimtermat to-the PD; tmiessspecitficatty stated:

Additional electrical specifications that apply to the PD are specified in 145.4.
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145.3.1 PD Type descriptions

PDs can be categorized as either Type 1, Type 2, Type 3, or Type 4. See 33.3 for the specification of Type 1
and Type 2 PDs. PDs can be implemented as either a single-signature configuration or a dual-signature

configuration as defined in 1.4 and 145.3.5 and shown in Table 145—-19. Table 145—-19 shows the supported
parameters of PDs.

Table 145-19—PD supported parameters

Signature Physical Layer Data Link Layer Optional
PD Type configuration PD Class classification classification Capabilities
Type 3 Single 1to3 Multiple-Event Optional Autoclass
4t06 Multiple-Event Mandatory Autoclass
Dual 1to3 Multiple-Event Optional y—
4 Multiple-Event Mandatory —
Type 4 Single 7t08 Multiple-Event Mandatory. Autoclass
Dual 5 Multiple-Event Mandatory —
NOTE 1—See Table 145-26 and Table 145-27 for the allowed PD power for each Type and Class.
NOTE 2—Data Link Layer classification for dual-signature PDs,is.optional only if the PD requested
Class on both Modes is less than or equal to 3.
NOTE 3—Type 4 dual-signature PDs request Class 5 on,at least one pairset

145.3.2 PD PI

The PD’s PI consists of 8 conductors. The two conductors associated with a pair are at the same nominal
voltage. A pairset consists of two pairs, dsidefined in 145.2.4. The two pairsets are named Mode A and
Mode B, which correspond with Altetnative A and Alternative B. Figure 145-12 in conjunction with
Table 145-20 illustrate the two powerdnodes.

PDs shall be capable of accepting power in any valid 2-pair configuration and any valid 4-pair configuration
as defined in Table 145-20:

A PD shall meet the*requirements of detection (145.3.4), PD signature configuration (145.3.5), and PD
classification (145:3,6) in any valid 2-pair configuration, as defined in Table 145-20.

NOTE—This ineludes configurations with two pairs connected to the same positive potential and one pair connected to
the negativie potential.

A single-signature PD shall meet all specifications related to current by meeting the specified total current,
whete total current is the combined current of the two pairs at the same polarity, unless otherwise noted (see
145.3.8.9). A dual-signature PD shall meet all specifications related to current by meeting the specified
current on the negative pair of a given Mode, unless otherwise noted (see 145.3.8.9).

The PD shall be insensitive to the polarity of the voltage applied on each Mode regardless of the polarity of
the voltage applied on the other Mode. Single-signature PDs that request Class 4 or less shall be able to

operate if power is supplied with any valid configuration defined in Table 145-20. All other PDs may
require being supplied with a valid 4-pair configuration to operate at their nominal power level.
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NOTE—PDs that support only Mode A or Mode B are specifically not allowed by this standard. PDs that are sensitive
to polarity are specifically not allowed by this standard.

PDs interoperate with Type 1, Type 2, Type 3, and Type 4 PSEs, subject to power limitations. See 145.3.6.

The PD shall not source power on its PI.

The PD shall withstand any voltage from 0V to 57 V applied to the PD PI per any of the valid
configurations defined in Table 145-20 indefinitely without permanent damage.

Table 145-20—PD input power configurations

Pairsets Mode A Mode B
Pairs Pair 1 Pair 2 Pair 3 Pair 4
Conductor 1 and 2 3and 6 4 and 5 7 and 8
Valid 2-pair configurations
N "\ —
N P — —
— — P N
— —- N
P N P —
P N — P
N P P —
N P — P
P P N
— P P N
P N P
— P N P
Valid 4-pair configurations
N P N P
N P P N
P N N P
P N P N
N denotes a pair connected to negative potential
P denotes a pair connected to positive potential
— denotes a pair not connected to a supply rail
PSEs are required to switch the negative pairs, and may switch the positive pairs as defined in
145.4.1.1.1. This may lead to both positive pairs providing current in 2-pair mode.
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145.3.3 PD state diagrams

The PD state diagrams specify the externally observable behavior of a PD.

145.3.3.1 Conventions
The notation used in the state diagram follows the conventions of state diagrams as described in 145.2.5.2.
145.3.3.2 Mode designation

Dual-signature PDs are implemented on Mode A and Mode B as defined in 145.3.2. Mode information(is
obtained by replacing the X in the desired variable or function with the letter of the Mode of interest.Modes
are referred to in general as follows:

X
Generic Mode designator. When X is used in a state diagram, its value is local.to that state diagram
and not global to the set of state diagrams.

Values:
A: Mode A
B: Mode B

145.3.3.3 Single-signature PD state diagrams

Single-signature PDs shall provide the behavior of the state”diagram shown in Figure 145-25 and
Figure 145-26.

145.3.3.3.1 Constants

IInrush_PD_max
The maximum PD inrush current Iy pp max (see Table 145-29)

VOff_PD_min
The minimum PD off voltage ¥ pp min (see Table 145-29)

VResetﬁPDimax
The maximum PD reset yoltage Vgeger pp max (see Table 145-25)

145.3.3.3.2 Variables

IPort
is the total PD input current as defined in 145.1.3.

mdi_powef réquired
Ayariable indicating the PD is enabled and should request power from the PSE by applying a PD
detection signature to the PI, and when the PSE sources power to apply the MPS to keep the PSE
sourcing power. This variable may be set by the PD at any time.

Values:
FALSE: PD functionality is disabled.
TRUE: PD functionality is enabled.
nopower

A variable that indicates the PD has been in POWEROFF, which indicates Vpp was below Vogr pp
while being powered, since the last time Vpp was below Vg for at least Tgeger

Values:
FALSE: The PD has not been in POWEROFF.
TRUE: The PD has been in POWEROFF.
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pd_acs_full power
This variable indicates whether the PD is required to draw maximum power, P ioclass PD- S€€

145.3.6.2.
Values:
FALSE: The PD is not required to draw maximum power.
TRUE: The PD is required to draw maximum power for Autoclass measurement.
pd_acs_req

This variable indicates if a PD draws Pyoclass pp In the Autoclass time window after reaching
POWERED. See 145.3.6.2.

Values:
FALSE: The PD does not request Autoclass.
TRUE: The PD requests Autoclass.

pd_autoclass_enable
A variable indicating that the PD is enabled to perform Autoclass by changing its cldssysignature to
class signature 0 during the first class event (see 145.3.6.2).

Values:
FALSE: Autoclass is disabled.
TRUE: Autoclass is enabled.

pd_dlIl capable
This variable indicates whether the PD implements Data Link Layerclassification.

Values:
FALSE: The PD does not implement Data Link Layer €lassification.
TRUE: The PD does implement Data Link Layer classification.

pd_dlIl_enable
A variable indicating whether the Data Link Layer elassification mechanism is enabled.

Values:
FALSE: Data Link Layer classification/is not enabled.
TRUE: Data Link Layer classification is enabled.

pd_inrush_lim
A variable indicating that the PD limits the inrush current below Iy pp and g pp-op for the
duration of the PD inrush time as<defined in 145.3.8.3. This variable is set per this description.

Values:
FALSE: The PD de€s not limit the inrush current.
TRUE: The PD does limit the inrush current.

pd_max_power
A variable indicating the maximum power that the PD may draw from the PSE. See power
classificationginTable 145-29.
Values:
inrushi There is no maximum power limit on the PD
The PD may draw up to 44 mA of current
PD may draw Class 1 power
PD may draw Class 2 power
PD may draw Class 3 power
PD may draw Class 4 power
PD may draw Class 5 power
PD may draw Class 6 power
PD may draw Class 7 power
:  PD may draw Class 8 power
pd_overload
A variable that indicates if the PD is drawing peak power in excess of P pp, as defined in

R E2NNECR

145.3.8.4, or when the PD is exposed to a transient condition as defined in 145.3.8.6.
Values:
FALSE: The PD is not drawing peak power or is exposed to a transient condition.
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TRUE: The PD is drawing peak power and is not exposed to a transient condition.
pd_power update
A variable that is set when the PDMaxPowerValue in the DLL state diagram in Figure 145-44 has

been updated.

Values:
FALSE: The value of PDMaxPowerValue has not changed.
TRUE: The value of PDMaxPowerValue has changed.

pd_req_class
A variable indicating the PD requested Class.
Values:

: The PD requests Class 1.
: The PD requests Class 2.
: The PD requests Class 3.
: The PD requests Class 4.
: The PD requests Class 5.
: The PD requests Class 6.
: The PD requests Class 7.
: The PD requests Class 8.

01NN W~

pd_reset
An implementation-specific variable that unconditionally res€ts’the PD state diagram to
OFFLINE. This variable may be set by the PD at any time.

Values:
FALSE: The device has not been reset.
TRUE: The device has been reset.
PDAutoclassRequest

A variable output by the PD power control state“diagram indicating whether the PD requests
Autoclass via the Data Link Layer. See 145.5¢

Values:
FALSE: The PD does not request.an Autoclass measurement to be performed.
TRUE: The PD requests an Autoclass measurement to be performed.

present_class sig 0
Controls presenting the class signature ‘0’ during T g of the first class event (see 145.3.6.2).

Values:
FALSE: Class signature 0 is not to be applied to the PL.
TRUE: Class'signature 0 is to be applied to the PI.

present_class_sig A
Controls presenting the class signature that is used during first two class events (see 145.3.6) by

the PD.

Values:
FADSE: The class signature corresponding with class_sig_A is not to be applied to the PI.
TRUE: The class signature corresponding with class_sig A is to be applied to the PI.

present” class sig B
Controls presenting the class signature that is used during the third class event and all subsequent
class events (see 145.3.6) by the PD.

Values:
FALSE: The class signature corresponding with class_sig B is not to be applied to the PL.
TRUE: The class signature corresponding with class_sig B is to be applied to the PI.

present_det_sig
Controls presenting the detection signature (see 145.3.4) by the PD.

Values:
invalid: Anon-valid PD detection signature 1s to be applied to both pairsets.
valid: A valid PD detection signature is to be applied to both pairsets.
either: Either a valid or non-valid PD detection signature may be applied to each pairset.
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present_mark_sig
Controls presenting the mark event current and impedance (see 145.3.6.1.1) by the PD.

Values:
FALSE: The PD does not present mark event behavior.
TRUE: The PD does present mark event behavior.

present_mps
Controls applying the Maintain Power Signature MPS (see 145.3.9) to the PI.

Values:
FALSE: The MPS is not to be applied to the PI.
TRUE: The MPS is to be applied to the PI.

pse_assigned_class
A variable that indicates the assigned Class. This variable is initially set by Physical)Layer
classification and may be updated through DLL classification.
Values:
1: Class 1
: Class 2
: Class 3
: Class 4
: Class 5
: Class 6
: Class 7
: Class 8
pse_power_level
A variable that indicates to the PD the level of power the’PSE is supplying.
Values:
3: The PSE has allocated the PD requested Class’or Class 3 power, whichever is less.
4: The PSE has allocated Class 4 power.
6: The PSE has allocated the PD requested Class or Class 6 power, whichever is less.
8: The PSE has allocated the PD requested Class or Class 8 power, whichever is less.

o0 3O L AW

VMark_th

Mark event voltage threshold (seg(Table 145-25)
Vot pp

PD power supply turn off voltage (see Table 145-29)
Von pD

PD power supply turn‘en voltage (see Table 145-29)
Vep

Voltage at the(PD-PI as defined in 145.1.3.
VResetﬁth

Reset yoltage threshold (see Table 145-25)

145.3.3.3.3 Fimers

All timers operate in the manner described in 14.2.3.2 with the following addition. A timer is reset and stops
colinting upon entering a state where “stop x_timer” is asserted.

tacspd_timer
A timer used to change the classification current to class signature ‘0’ when a PD uses Autoclass;
see Tpcg in Table 145-28.

tauto_pd1_timer

Ata

Prey a a a aa aa33439 a o ata A elaco
7yt = G O O POV

requests by Physical Layer classification; see Toyto pp; in 145.3.6.2.
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tauto_pd2_timer
A timer indicating minimum delay until end of Autoclass power draw. Applies to Autoclass
requests by Physical Layer classification; see Toyto ppy in 145.3.6.2.

tinrushpdmax _timer

A timer used to determine when the PD exits INRUSH; see Typpygy pp max in Table 145-29.

tpowerdly timer
A timer used to limit the PD’s current and power draw from Tyypyen pp t0 Tgelays €€ Telay in

Table 145-29.
145.3.3.3.4 Functions

do_class_timing
This function is used to evaluate the Type of PSE connected to the PI by measuring the length of
the first class event. PDs that do not measure the length of the first class event return FALSE. The
class event timing requirements are defined in Table 145-25. This function returns the following
variable:

long class_event: A variable that indicates to the PD the Type of PSE fo’which it is connected.
This variable is used to indicate which MPS timing requirements (s€¢” [45.3.9) the PD should use.
See 145.3.7.
Values:
FALSE: The PSE is identified as a Type 1 or Type.2 RSE, or the PD has not measured the
length of the first class event.
TRUE: The PSE is identified as a Type 3 or Type 4 PSE.
do_initialize
This function returns the following variables (s€e’145.3.3.3.2):

pd_autoclass_enable
pd_req_class
pd_dll_capable
do _update pse assigned class
A function that updates the.pse assigned class based on the value of PDMaxPowerValue as
defined in Table 145-23. Thi§’function returns the following variable:

pse_assigned_class: See¢pse_assigned class defined in 145.3.3.3.2.
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145.3.3.3.5 State diagrams

pd_reset + _ (Vpp < VReset_PD_max) *
Imdi_power_required mdi_power_required *
Ipd_reset
OFFLINE > IDLE € —
present_det_sig < invalid do_initialize
present_class_sig_A < FALSE present_det_sig «< either
present_class_sig_B < FALSE | . present_class_sig_A < FALSE
present_class_sig_0 < FALSE Ipd_reset ) present_class_sig_B < FALSE
present_mark_sig < FALSE mdi_power_required present_class_sig_0 < FALSE
present_mps < FALSE present_mark_sig < FALSE
pd_dll_enable < FALSE present_mps < FALSE
nopower < FALSE pd_dll_enable < FALSE
pd_max_power << 0 nopower <= FALSE
pd_max_power < 0
pd_acs_req < FALSE
(VPD > VReset_PD(mhéx)
\ 4
DO_DETECTION
present_det _sig < valid
Veb > VMark th present_class‘sig_A < FALSE
DO_CLASS_EVENT1 < = present_class’ sig_B < FALSE
— present” mps < FALSE
do_class_timing longr class_event < FALSE
start tacspd_timer sedower level — 3
present_det_sig < invalid PP -
present_class_sig_A < TRUE Von <V
___| present_class_sig_B «< FALSE PD = VMark_th
EI
>° tacspd_timer_done * pd_autoclass_enable ¥
A (VPp > VMark_th) ™ (VeD < Von_pp)
Q y
o
> DO_CLASS_EVENT_AUTO
present_class_sig_A < FALSE y
present_class_sig_B < FALSE Veo™=< VMark_th
present_class_sig_0 < TRUE = > DO_MARK_EVENT1
pd_acs_req < TRUE present_class_sig_A < FALSE
present_class_sig_B < FALSE
P Vep > Von_pb present_class_sig_0 < FALSE
<« present_mark_sig < TRUE
VeD > VMark_th T
DO_CLASS_EVENT2 < = VpD < VReset_th
present_class_sig_A < TRUE
present_class_sig_B'<FALSE Vep < VMark_th
present_mark_sig < FALSE — > DO_MARK_EVENT2
present_class_sig_A < FALSE
present_class_sig_B < FALSE
P Vep > Mop.PD present_mark_sig < TRUE
< pse_power_level < 4
VPD > VMark_th
DO_CLASS_EVENT3 |« e I Voo < Vresettn |
present_class_sig_A < FALSE v
present_class_sig B < TRUE VeD < VMark_th
present_mark_sig < FALSE P DO_MARK_EVENT3
present_class_sig_A < FALSE
present_class_sig_B < FALSE
P Vep > Von_pD present_mark_sig < TRUE
)l
Vpp > VMark_th | VpD < VReset _th

INRUSH —>| DO_CLASS_EVENT4 >

Figure 145-25—Single-signature PD state diagram
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Y

DO_CLASS_EVENT4

present_class_sig_A < FALSE
present_class_sig_B < TRUE

Vpb < VMark_th

present_mark_sig < FALSE

Vep > Von_pp

DO_CLASS_EVENT5

Vpb > VMark_th

»| DO_MARK_EVENT4

present_class_sig_A < FALSE
present_class_sig_B < FALSE
present_mark_sig < TRUE
pse_power_level < 6

A

present_class_sig_A < FALSE
present_class_sig_B < TRUE

Vpb < VMark_th

Vpp < VReset_th

\ 4

DO_MARK_EVENT5

present_mark_sig < FALSE

Vep > Von_pD I

Vpb < VMark_th

A

present_class_sig A¢=EALSE
present_class_sig_B.&<'FALSE
present_mark_sig <~TRUE
pse_power_level'= 8

Vpp < VReset_th

VPD > VMark_th
DO_CLASS_EVENT6 |¢ 2t >
present_class_sig_A < FALSE
present_class_sig_B < TRUE
present_mark_sig < FALSE
Vep > Von_pD ©
v S > POWER_DELAY
°
INRUSH 5 pd_max_power < min(3, pd_req_class)
- - £ pse_assigned_class <
start tinrushpdmax_timer = min(pse_power_level, pd_req_class)
start tpowerdly_timer %
present_det_sig < invalid IS >
present_class_sig_A < FALSE o\ o ©
present_class_sig_B < FALSE .g 5 o ¢ di tnopov(\;er *
present_class_sig_0 < FALSE AN (9 powerdly_timer_done
present_mps < TRUE £ g o,
pd_max_power < inrush = 103_ v
(VeD < ViMark_th) * pdxifciish_lim é ,a POWERED
v g o pd_max_power <
= o min(pse_assigned_class, pd_req_class)
NOPOWERZINRUSH =] 3 pd_power_update < FALSE
£ IF (pd_req_class > 3) + pd_dIl_capable THEN
pse_power_levél,« 8 = £ p()z_all_%ﬁable = T)RUFI)E —-eap
e END
POWEROFF < Y
(Vpp < Vot pp) -
pd_max_power < 0 Ipd_overload pd_power_update

present_mps < FALSE

nopower < TRUE

Vpp < VMark_th ¢

NOPOWER

present_det_sig < either
pse_power_level < 8

Vep > Voo pp !

Vpp > Von_pp

pd_dll_enable *
(Vpp 2 Vorr pp)

A 4

POWER_UPDATE

do_update_pse_assigned_class

UCT

Figure 145-25—Single-signature PD state diagram (continued)
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l((VPD < Vorr pp) * (Pd_max_power # inrush)) + pd_reset + Imdi_power_required

—p IDLE_ACS
stop tauto_pd1_timer » WAIT_ACS
stop tauto_pd2_timer pd_acs_req * (Vpp > Vo _pp) -
pd_acs_full_power < FALSE start tauto_pd1_timer
start tauto_pd2_timer
pd_acs_req < FALSE
Ipd_acs_req * tauto_pd1_timer_done
PDAutoclassRequest
\ 4
PRESENT_ACS_DLL PRESENT_ACS
pd_acs_full_power < TRUE pd_acs_full_powen<« TRUE
IPDAutoclassRequest tauto_pd2_timér, done
dl
u

Figure 145-26—Single-signature PD Autoclass state diagram

NOTE 1—DO_CLASS EVENT®6 creates a defined behavior for a“Iype 3 or Type 4 PD that is brought into the
classification range more than 5 times.

NOTE 2—In general, there is no requirement for a PDy‘to respond with a valid class signature for any
DO_CLASS_EVENT duration less than Tcyag pp as defin€d in'Table 145-25.

145.3.3.4 Dual-signature PD state diagram

Dual-signature PDs shall provide the behavior of the state diagram shown in Figure 145-27 over each
pairset independently unless otherwise.$pecified. All the parameters that apply to Mode A and Mode B are
denoted with the suffix “ mode(X)\where “X” can be “A” or “B”. A parameter that ends with the suffix
“ mode(X)” may have different yalues for Mode A and Mode B in the independent state diagrams.

145.3.3.4.1 Constants

IInrushfPDfZmeax

The maximum inrush current per pairset Iy, pp-op max (see Table 145-29)
Voft PD_nfin

The-minimum PD off voltage Vgt pp min (see Table 145-29)

VResetﬁPDfmax
The maximum PD reset voltage Vyeeer pp max (see Table 145-25)

145.3.3.4.2 Variables

Ipore 2p_mode(X)
Is the current on the negative pair (Ip,.op) of the Mode X pairset; see 145.1.3.

mdi—powerreauired

,,,,, —p —reqtHted
A variable indicating that the PD is enabled and should request power from the PSE by applying a
PD detection signature, and when the PSE sources power to apply the MPS to keep the PSE
sourcing power. This variable may be set by the PD at any time.
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Values:
FALSE: PD functionality is disabled.
TRUE: PD functionality is enabled.

nopower mode(X)

A variable that indicates the PD has been in POWEROFF on Mode X, which indicates Vpp was
below Vg pp While being powered, since the last time Vpp was below Vgt for at least Tgeger-

Values:
FALSE: The PD has not been in POWEROFF.
TRUE: The PD has been in POWEROFF.

pd_dIl capable
This variable indicates whether the PD implements Data Link Layer classification.

Values:
FALSE: The PD does not implement Data Link Layer classification.
TRUE: The PD does implement Data Link Layer classification.

pd_dll_enable
A variable indicating whether the Data Link Layer classification mechanism is)¢nabled.

Values:
FALSE: Data Link Layer classification is not enabled.
TRUE: Data Link Layer classification is enabled.

pd_inrush _lim mode(X)
A variable indicating that the PD limits the inrush current on‘Mede X below Iy pp.op for the
duration of the PD inrush time as defined in 145.3.8.3. This variable is set per this description.

Values:
FALSE: The PD does not limit the inrush current on Mode X.
TRUE: The PD does limit the inrush currént*on Mode X.

pd_max_power_mode(X)
A variable indicating the maximum power, that'the PD may draw from the PSE on Mode X. See
power classifications in Table 145-29.

Values:
inrush: There is no maximum power limit
0: The PD may draw up to 44 mA of current
1: The PD may draw Class 1 power
2: The PD ma$/ draw Class 2 power
3: The PD may draw Class 3 power
4: The PD may draw Class 4 power

5: The PD may draw Class 5 power
pd_overload mode(X)
A variable that indicates if the PD is drawing peak power in excess of Pcj,s pp, as defined in
145.3.84;0r when the PD is exposed to a transient condition as defined in 145.3.8.6, on Mode X.

Values:
FALSE: The PD is not drawing peak power or is exposed to a transient condition.
TRUE: The PD is drawing peak power and is not exposed to a transient condition.

pd-power_update mode(X)
A variable that is set when the PDMaxPowerValue mode(X) in the DLL state diagram in
Figure 145—46 or Figure 145-47 has been updated.

Values:
FALSE: The value of PDMaxPowerValue mode(X) has not changed.
TRUE: The value of PDMaxPowerValue_mode(X) has changed.

pd_req_class_mode(X)

A constant indicating the PD requested Class on Mode X

Values:
1: The PD requests Class 1.
2: The PD requests Class 2.
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3: The PD requests Class 3.
4. The PD requests Class 4.
5: The PD requests Class 5.

pd_reset mode(X)

An implementation-specific variable that unconditionally resets the PD state diagram on Mode X
to OFFLINE. This variable may be set by the PD at any time.

Values:
FALSE: The device has not been reset.
TRUE: The device has been reset.

present_class sig A mode(X)
Controls presenting the class signature that is used during first two class events (see 145.3.6) by

the PD on Mode X.
Values:
FALSE: The class signature corresponding with class_sig_ A is not to be applied to the
pairset.
TRUE: The class signature corresponding with class_sig A is to,\be“applied to the
pairset.

present_class_sig B_mode(X)
Controls presenting the class signature that is used during the third ¢lass-event and all subsequent
class events (see 145.3.6) by the PD on Mode X.

Values:
FALSE: The class signature corresponding with class/sig B is not to be applied to the
pairset.
TRUE: The class signature corresponding with'Class_sig B is to be applied to the pairset.

present_det sig_mode(X)
Controls presenting the detection signature (see445:3.4) by the PD on Mode X.

Values:
invalid: A non-valid PD detection‘signature is to be applied to the pairset on Mode X.
valid: A valid PD detection signature is to be applied to the pairset on Mode X.
either: Either a valid or non-valid PD detection signature may be applied to the pairset.

present_mark sig mode(X)
Controls presenting the mark event current and impedance (see 145.3.6.1.1) by the PD on Mode X.

Values:
FALSE: The PD-does not present mark event behavior.
TRUE: The,PD does present mark event behavior.

present_mps_mode(X)
Controls applying:MPS (see 145.3.9) to the PD’s PI on Mode X.

Values:
FALSE: The Maintain Power Signature (MPS) is not to be applied to the PD’s PI.
TRUE! The MPS is to be applied to the PD’s PI.

pse_assigned; Class mode(X)
Avvariable (generated by the PD) that indicates the PSE assigned Class on Mode X to the PD. This
yariable is initially set by Physical Layer classification and may be updated through DLL

classification.
Values:
1: Class 1.
2: Class 2.
3: Class 3.
4: Class 4.
5: Class 5.

PSC_POWeET_Ievel TIoaet X)
A variable that indicates to the PD the level of power the PSE is supplying on Mode X.
Values:
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3:  The PSE has allocated the PD requested Class or Class 3 power, whichever is less.
4.  The PSE has allocated Class 4 power.
5:  The PSE has allocated Class 5 power.

VMark th

Mark event voltage threshold (see Table 145-25)
Vott pp

PD power supply turn off voltage (see Table 145-29)
VOnﬁPD

PD power supply turn on voltage (see Table 145-29)
Vpp_mode(X)

Vpp of the Mode X pairset; see 145.1.3.

VResetith
Reset voltage threshold (see Table 145-25)

145.3.3.4.3 Timers

All timers operate in the manner described in 14.2.3.2 with the following addition{A timer is reset and stops
counting upon entering a state where “stop x_timer” is asserted.

tinrushpdmax_timer mode(X)
A timer used to determine when the PD exits INRUSH+«of*Mode X; see Ty,.,sn pp Max in
Table 145-29.

tpowerdly timer mode(X)
A timer used to limit the PD’s current and power draw on Mode X from Ty,ygn pp t0 Tgelays see
Tgelay in Table 145-29.

145.3.3.4.4 Functions

do_class_timing_mode(X)
This function is used by a PD toevaluate the Type of PSE connected to the pairset by measuring
the length of the class event«n Mode X. The class event timing requirements are defined in
Table 145-25. This functionteturns the following variable:

long_class_event mode(X): A variable that indicates to the PD the Type of PSE to which it is
connected. This variable is used to indicate which MPS timing requirements (see 145.3.9) the PD
should use. See 145.3.7.

Values:
FALSE: The PSE is identified as a Type 1 or Type 2 PSE.
TRUE: The PSE is identified as a Type 3 or Type 4 PSE.

do_initialize) mode(X)
This function returns the following variables (see 145.3.3.4.2):

pd_req class mode(X)
pd_dll_capable

do update pse assigned class mode(X)
A function that updates the pse assigned class mode(X) based on the value of
PDMaxPowerValue mode(X) as defined in Table 145-23. This function returns the following
variable:

pse_assigned class mode(X): See pse_assigned class_mode(X) defined in 145.3.3.4.2.
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145.3.3.4.5 State diagram
pd_reset_mode(X) + (Vpp_mode(X) < Vreset pPD_max) "
Imdi_power_required mdi_power_required * T
Ipd_reset_mode(X)

OFELINE > IDLE <
present_det_sig_mode(X) < invalid do_initialize_mode(X)
present_class_sig_A_mode(X) < FALSE present_det_sig_mode(X) < either
present_class_sig_B_mode(X) < FALSE present_class_sig_A_mode(X) < FALSE
present_mark_sig_mode(X) < FALSE present_class_sig_B_mode(X) < FALSE
present_mps_mode(X) <= FALSE present_mark_sig_mode(X) < FALSE
pd_dll_enable <= FALSE present_mps_mode(X) <= FALSE
nopower_mode(X) < FALSE pd_dll_enable < FALSE
pd_max_power_mode(X) <= 0 nopower_mode(X) <= FALSE

pd_max_power_mode(X) < 0
Ipd_reset_mode(X) * Vpp_mode(X) > Vreset PD max
mdi_power_required -

DO_DETECTION

present_det_sig_mode(X) < valid
Vpp_mode(X) > Viark th | Present_class_sig_A_mode(X) <= FALSE
P _

DO CLASS EVENT1 < present_class_sig_B_mode(X) <= FALSE
— — present_mps_mode(X) < FALSE
do_class_timing_mode(X) long_class_event_mode(X)i< FALSE
present_det_sig_mode(X) < invalid pse_power_level_modé(X) < 3

present_class_sig_A_mode(X) < TRUE
present_class_sig_B_mode(X) < FALSE

Vpp_mode(X) < Viviark_th

v

Vpp_mode(X) > Vo, pp DO_MARK_EVENT1

present_class_sig_A_mode(X) <= FALSE
Vpp_mode(X) > Viark th | Present_class_sig_B_mode(X) <= FALSE
DO_CLASS_EVENT2 < —I\present_mark_sig_mode(X) <= TRUE

present_class_sig_A_mode(X) < TRUE
present_class_sig_B_mode(X) < FALSE

present_mark_sig_mode(X) <= FALSE Vpp_mode(X) £ Vitark_th | Vpp_mode(X) < VReset_th
| Vep_mode(X) > Vo, po DO_MARK_EVENT2
h present_class_sig_A_mode(X) < FALSE
Vpp~mode(X) > Vyark th | Present_class_sig_B_mode(X) < FALSE
DO CLASS EVENT3 < — present_mark_sig_mode(X) << TRUE
— — pse_power_level_mode(X) < 4
present_class_sig_A_mode(X) < FALSE
present_class_sig_B_mode(X) < TRUE
present_mark_sig_mode(X) <= FALSE Vpp_mode(X) < Vmark th | Vpp_mode(X) < VReset th
— — »
¢ L
Vpp_mode(X) > Von_pp DO_MARK_EVENT3
h present_class_sig_A_mode(X) < FALSE
Vpp_mode(X) > Vyark th | Present_class_sig_B_mode(X) << FALSE
DO_C LASS_EVENT4 < — present_mark_sig_mode(X) < TRUE
present_class.sig_A_mode(X) < FALSE
present_class_sig_B_mode(X) < TRUE
present_mark_sig_mode(X) <= FALSE Vpp_mode(X) < Vyark_th | Vpp_mode(X) < VReset _th
¢ 4
Vpp_mode(X) < Viviar_th
| Vrp_mode(X) > Von_pp > DO_MARK_EVENT4
N present_class_sig_A_mode(X) < FALSE
Vpp_mode(X) > Viark th | Present_class_sig_B_mode(X) <= FALSE
DO CLASS EVENTS5 < — present_mark_sig_mode(X) < TRUE
— — pse_power_level_mode(X) < 5
present_class_sig_A_mode(X) <= FALSE
present_class_sig_B_mode(X) < TRUE

present_mark_sig_mode(X) <= FALSE Vpp_mode(X) < VReset_th

Vpp_mode(X) > Vo, PD*

1
il INRUSH >

Figure 145-27—Dual-signature PD state diagram
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INDLLGLL

LL\ RUO"

tinrushpdmax_timer_done_mode(X)

start tinrushpdmax_timer_mode(X)

start tpowerdly_timer_mode(X) A ¢
present_det_sig_mode(X) < invalid

present_class_sig_A_mode(X) < FALSE POWER DELAY
present_class_sig_B_mode(X) < FALSE =
present_mps_mode(X) <= TRUE (Vpp_mode(X) < Vog pp) * | pd_max_power_mode(X) <=
pd_max_power_mode(X) <= inrush Ipd_overload_mode(X) min(3, pd_req_class_mode(X))

pse_assigned_class_mode(X)<
min(pse_power_level_mode(X),
pd_req_class_mode(X))

(Vpp_mode(X) < Vyark tn) *

pd_inrush_lim_mode(X) nopower_mode(X) +
tpowerdly_timer_done_mode(X)

A 4

NOPOWER_INRUSH y
pse_power_level_mode(X) < 5 POWERED €

pd_max_power_mede(X) <
min(pse_assigned_class(X),
tinrushpdmax_timer_done_mode(X) pd_req_<lass” mode(X))
IF (pd_réq._class_mode(X) > 3) +
pd.dll¥capable THEN
pd_dll_enable < TRUE

POWEROFF A 2 END
€ (Vpp_mode(X) < Vog pp) *.Jépd_power_update_mode(X) <= FALSE
pd_max_power_mode(X) <= 0 Ipd_overload_mode(X)
present_mps_mode(X) <= FALSE
nopower_mode(X) <= TRUE pd_power_update_mode(X) *
Vpp_mode(X) > Vo, pp pd_dil_enable *
- (Vpp_mode(X) 2 Vot pp)
Vpp_mode(X) < Viyark_th POWER_UPDATE
y do_update_pse_assigned_class_mode(X)

NOPOWER

present_det_sig_mode(X) < either
pse_power_level_mode(X) < 5

UCT |

Vep_mode(X) > Vonpp
|V A
o

Figure 145-27—Dual-signature PD state diagram (continued)

145.3.4 PD validand non-valid detection signatures

A PD presents a valid detection signature when it is in DO _DETECTION per Figure 145-25 or
Figure 145=27. See 145.3.5.

A\PD presents a non-valid detection signature on both pairsets while it is in a state where it does not accept
power via the PI per Figure 145-25 or Figure 145-27.

A PD presents a non-valid detection signature when in a mark event state per Figure 145-25 or
Figure 145-27.

0 N 2 O o
between Positive Vppy and Negative Vpp of PD Mode A and PD Mode B as defined in 145.3.2.
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While a PD presents a valid detection signature on a given Mode, that detection signature shall be valid
when presented under each of the following conditions (see Figure 145-28):

— With any resistance greater than 45 kQ across the other Mode

AV VATE N T £ than 45 1.0 4+la tlharx NAod 2| 3 £ 41 tlhax NAod

VTt aity T OSTSta O g oator—trrai o IKS = aCross— e Ot rvroaC—an G~ onC—pair— O tThT— ot CTr—1vIoaT

connected to the positive potential of the given Mode

A single-signature PD that is powered over only one pairset shall present a non-valid detection signature on
the unpowered pairset. A dual-signature PD that is powered over only one pairset shall present a valid
detection signature on the unpowered pairset.

Pl PI

] . ) )
negative potential

| detection | Mode A or B

negative potential

| |
| |

{] {]
positive potential
PD > 45 kQ PD
1 [
Mode B or A Mode Bor A
— AAA— ;
| | positive potential | |

> 45 kQ
Figure 145-28—Detection signature requirements)connection configurations
A PD may or may not present a valid detection signature svhen in IDLE.

The detection signature is a resistance calculated from two voltage/current measurements made during the
detection process as defined in Equation (145-23):

NN
R jetect = {W}Q (145-23)

where

Viand V,  are theAfirstand second voltage measurements made at the PD PI, respectively
Iy and I, are the first and second current measurements made at the PD P, respectively
R detect is:the effective resistance

A valid PD.detection signature shall have the characteristics of Table 145-21.
A non-valid detection signature shall have one or both of the characteristics in Table 145-22.

A-PD that presents a detection signature outside of Table 145-21 is non-compliant, while a PD that presents
the signature of Table 145-22 is assured to fail detection.
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Table 145-21—Valid PD detection signature characteristics, measured at the PD PI

Parameter Conditions Min Max Unit | Additional information
Ryetect 27Vt010.1V 23.7 26.3 kQ —
(atany 1 V or greater chord within
the voltage range conditions)
Voffset — 0 1.9 See Figure 145-29
Voltage at the PI Iportop =124 pA | 2.7 — —
Input capacitance 27Vt 10.1V 0.05 0.12 uF —
Series input inductance 27Vt 10.1V — 100 pH —

Table 145-22—Non-valid PD detection signature characteristics,
measured at PD PI

Parameter Conditions Range of values Unit
Ryetect Vpp <10.1V Either greater than 45 or less than' 12 kQ
Input capacitance | Vpp <10.1 V Greater than 10 uF

lport-2p [A]

A

Vpp [V]

Figure 145-29—Valid PD detection signature offset

145.3.5 PD signature configurations

A single-signature PD shall present a valid detection signature, as defined in Table 145-21, on a given Mode
when no voltage or current is applied across the other Mode, and shall not present a valid detection signature
on the given Mode when any voltage in the range of 3.7 V to 57 V is applied across the other Mode or any
current greater than 124 pA is drawn from the negative pair of the other Mode. These requirements apply to

both Mode A and Mode b.

NOTE—A valid detection signature meets every requirement in Table 145-21 across all specified conditions. A failure

under any allowed condition is considered “not a valid signature.”
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A dual-signature PD shall present a valid detection signature, as defined in Table 145-21, on a given Mode,
regardless of any voltage between 0 V and 57 V applied to the other Mode. This requirement applies to both
Mode A and Mode B.

These requirements allow the PD to be correctly identified by a PSE performing connection check as
defined in 145.2.7.

145.3.6 PD classification

A PD may be classified by the PSE based on Physical Layer classification, Data Link Layer (DLL)
classification, or a combination of both provided by the PD. The intent of PD classification is to provide
information about the maximum power required by the PD during operation. Additionally, classification is
used by the PSE and the PD to mutually identify the Type of the device to which they are connegted.

See 145.2.8 for a general description of classification mechanisms. See 145.2.8.2 and+145.3.6.2 for a
description of the optional Autoclass mechanism.

The requested Class of the PD is the Class the PD advertises during PhysicdlsLayer classification. It
represents the amount of power the PD requires for operation. The PD shall draw/no more power across any
voltage in the range of Vpy,; pp.op than defined for the requested Class in Table 145-26 and Table 145-27.
Up to 3 class events may be required to discover the requested Class of the BD.

Depending on the number of class events produced by the PSE, the agsigned Class is equal to or lower than
the PD requested Class. The PD shall conform to the assigned Class, regardless of its requested Class. After
a successful DLL classification, the assigned Class changes dépending on the value of PDMaxPowerValue
for single-signature PDs and PDMaxPowerValue mode(X) for dual-signature PDs, as defined in
Table 145-23.

Table 145-23—Relation of assigned Class and DLL

Single-signature Dual-signature
PDMaxPowerValue Assigned Class PDMaxPowerValue_mode(X) Ais;g;l/::dgilss

1 to 39 1 1to 39 1
40 to 65 2 40 to 65 2
66 to 130 3 66 to 130 3
131 to 255 4 131 to 255 4
25610400 5 256 to 499 5
401 to 510 6

511 to 620 7

621 to 999 8

PDs shall provide Multiple-Event Physical Layer classification as defined in 145.3.6.1.
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Single-signature PDs that request Class 1, 2, or 3 may provide Data Link Layer classification (see 145.5).
Single-signature PDs that request Class 4 or higher and dual-signature PDs that request Class 4 or higher on
at least one of its Modes shall provide DLL classification.

PD classification behavior shall conform to the state diagram in Figure 145-25 or Figure 145-27, and shall
conform to the electrical specifications defined in Table 145-24 and Table 145-25.

A PD that is assigned to a Class lower than the Class it requested shall provide the user with an active
indication if underpowered. The method of active indication is left to the implementer.

145.3.6.1 PD Multiple-Event class signature

The response of the PD to Multiple-Event Physical Layer classification consists of two class-signatures,
class_sig A and class_sig B as described by Table 145-26 or Table 145-27.

PDs shall present class_sig A during DO_CLASS EVENTI1 and DO_CLASS EVENI2)and class_sig B
during DO _CLASS _EVENT3, DO_CLASS EVENT4, DO _CLASS EVENT5(0-and DO _CLASS -
EVENTS®6, as shown in Figure 145-25 and Figure 145-27, with the corresponding classification signatures
specified in Table 145-24. PDs implementing Autoclass shall present class“signature 0, as defined in
Table 145-24, during DO_CLASS _EVENT AUTO as defined in 145.3.6.2:

After entering a DO_CLASS EVENT state, the PD Physical Layer:class signature shall be valid within
Tclass_pp as defined in Table 145-25 and remain valid for the remainder of the class event.

VReset pp» as defined in Table 145-25, is the voltage range in Which the PD remains in IDLE.

Single-signature PDs shall advertise class signatures according to the PD Type and PD requested Class, as
defined in Table 145-26. For single-signature PDs, the PD requested Class on either pairset is the maximum
amount of power requested by the PD.

NOTE—Requested Class 0 is not defined forAype 3 PDs. A Type 1 PD that does not implement Physical Layer
classification requests Class 0, with a power level'equivalent to Class 3. Such PDs are assigned to Class 3 by Type 3 and
Type 4 PSEs.

Dual-signature PDs shall advertise Class signatures according to the PD Type and PD requested Class on
each pairset, as defined in Tables145-27. For dual-signature PDs, the PD requested Class on a pairset is the
maximum amount of powertequested by the PD on that pairset. Dual-signature PDs may advertise different
class signatures on each pairset. A dual-signature PD that is powered over only one pairset shall present a
valid class signature on the unpowered pairset.

After a successful Multiple-Event Physical Layer classification has completed, a single-signature PD sets
the pse_power/level variable to either 3, 4, 6 or 8. Based on the value of pse_power level and the PD
requested\Class, pd_req_class, the assigned Class is derived in the variable pse assigned class.

After-a successful Multiple-Event Physical Layer classification has completed, a dual-signature PD sets the
pse’power_level mode(X) variable to either 3, 4, or 5. Based on the value of pse power level mode(X)
and the PD requested Class, pd req class mode(X), the assigned Class is derived in the variable
pse_assigned class_mode(X).
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Table 145-24—Class signatures generated at the PD PI

Parameter Conditions Minimum Maximum Unit
Current for class signature 0 145V1t0205V 1 4 mA
Current for class signature 1 9 12
Current for class signature 2 17 20
Current for class signature 3 26 30
Current for class signature 4 36 44

Table 145-25—Multiple-Event Physical Layer classification electrical requirements

Item Parameter Symbol | Units | Min | Max ilr?f?) g:]i;)tl;iil
1 Class event voltage Velass D | V 14.5 20.5 A%

2 Mark event voltage VMark pD | V 6.9 10N —

3 Mark event current Inark mA 0.25 4 See 145.3.6.1.1

4 Mark event threshold VMark | V 10.1 14.5 | See 145.3.6.1.1

5 Classification reset threshold VReset th | Y 2.81 6.9 See 145.3.6.1.1

6 Classification reset voltage VReset PD V. 0 2.81 | See 145.3.6.1

7 Long first class event timing Trcg pp | ms 75.5 87.5 | See 1453.7

8 PD classification stability time | Tcyggpp | ms — 5 See 145.3.6.1

Table 145-26—Physical Layer classifications and Multiple Event Responses for
single-signature PDs

PD Type Reglllested classTsig_A classTsig_B Requested
ass class signature class signature power (W)
3 1 1 1 3.84
2 2 2 6.49
3 3 3 13
4 4 4 25.5
5 4 0 40
6 4 1 51
4 7 4 2 62
8 4 3 71.3
NOTE 1—See Table 145-24 for definition of class signatures 0 to 4
NOTE 2—PDs may be assigned to a lower Class than the PD requested Class, which
results in a lower value of Pcy,e pp-
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Table 145-27—Physical Layer classifications and Multiple Event Responses for
dual-signature PDs

ch stad-Class c]ncn S:g A c]nnc s:g B ch“nnfnﬂ
PD Type per pairset class signature class signature power (W)
3 1 1 0 3.84
2 2 0 6.49
3 3 0 13
4 4 0 25.5
4 5 4 3 35.6
NOTE 1—See Table 145-24 for definition of class signatures 0 to 4.
NOTE 2—PDs may be assigned to a lower Class than the PD requested Class, which results/in a
lower value of Pcyae pp-2p-

145.3.6.1.1 Mark Event behavior

When the PD is presenting a mark event signature in a DO_MARK EVENT state, as shown in the state
diagram of Figure 145-25 and Figure 145-27, the PD shall draw Iy as defined in Table 145-25 and
present a non-valid detection signature as defined in Table 145-22.

The PD shall not exceed the Iy, current limits when voltage.at the PI enters the V. pp specification as
defined in Table 145-25. -

VMark th 1S the PI voltage threshold at which the PD{transitions into, and one of the voltage thresholds to
transition out of, the DO _CLASS EVENT states as-shown in Figure 145-25 and Figure 145-27.

Implementations should employ appropriate~methods (such as hysteresis in Vi, 11,) to avoid erroneous
transitions between class and mark states, when the PSE switches from a class voltage to a mark voltage or
vice versa.

VReset th 1S the PI voltage threshold at which the PD transitions from a DO_MARK_EVENT state to IDLE
as shown in Figure 145-25 and Figure 145-27.

145.3.6.2 Autoclass (optional)

Single-signatur¢ PDs may choose to implement an extension of Physical Layer classification known as
Autoclass. Autoclass is only defined for single-signature PDs. The purpose of Autoclass is to allow the PSE
to determing the actual maximum power draw of the connected PD. See 145.2.8.2.

A PDrthat implements Autoclass shall change its current during the first class event to class signature 0 no
earlier than T s g min and no later than T g max, as defined in Table 145-28.

After power up, a PD that implements Autoclass shall draw its highest required power, P s oclass pD»> SUbject
to the requirements on Pgj, pp in 145.3.8.2, throughout the period bounded by Tayro pp; and
TauTo pD2> Measured from when Vpp rises above Vg, pp. The PD is restricted to a maximum power draw
of Paytoclass pp until the PD successfully negotiates a higher power level through Data Link Layer

classification as detfined 1n 143.5.
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Table 145-28—Autoclass PD timing requirements

Item Parameter Symbol Units Min Max Additional Information
1 Autoclass signature | Tpcg ms 75.5 87.5 Measured from transition to
timing DO_CLASS_EVENTI
2 Autoclass power Tauto pD1 | mMS — 1350 Measured from when Vpp, rises
draw start time B above Vo, pp
3 Autoclass power Tauto pp2 | ms 3650 —
draw end time B

145.3.7 PSE Type identification

PDs may determine the Type of the PSE they are connected to by measuring the duration of the first class
event. Such a PD may set long_class_event to TRUE if the first class event is longer than Ty g pp min and
shall set long_class_event to TRUE if the first class event is longer than Ty o, ¢ Max. If long_class_event
is FALSE, this indicates the PSE is a Type 1 or Type 2 PSE. If long_class_evefit'is TRUE this indicates the
PSE is a Type 3 or Type 4 PSE. This determination allows the PD to ntake use of short MPS to reduce
standby power.

145.3.8 PD power
The PD shall operate within the characteristics in Table 145-29.

The PD may be capable of drawing power from &)local power source. When a local power source is
provided, the PD may draw some, none, or all of its\power from the PI.

Table 145<29—PD power supply limits

Item Parameter Symbol Unit Min Max 'AddltIOI!al
information
1 Input DC voltage perpairset per the assigned Class
Class 1 Vport PD-2P \% 42.8 57 See 145.3.8.1,
B Table 145-1
Class 2 42
Class3 39.9
Class 4 42.5
Class 5, single-signature PD 443
Class 5, dual-signature PD 41.1
Class 6 42.5
Class 7 42.9
Class 8 41.1
2 Transient operating input Vwan pD2p | V 36 — See 145.3.8.6
voltage per pairset N
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Table 145-29—PD power supply limits (continued)

Copyright © 2019 IEEE. All rights reserved.

Item Parameter Symbol Unit Min Max 11:3) ginu::lui:]
3 Input voltage range during overload for a single-signature PD per the assigned Class See 145.3.8.4
Class 1 to 6 Voverload2p | V 39.4 —
Class 7 to 8 40.4 —
Input voltage range during overload for a dual-signature PD per the assigned Class
Class 1 to 4 Voverload-2p | V 39.4 —
Class 5 40.4 —
4 Input inrush current for a single-signature PD per the assigned Class
Class 1 to 6 Iinrush_PD A — 0.4 See 145.3.8.3
Class 7to 8 — 0.8
5 Input inrush current per pairset per the assigned Class
Single-signature PD, Hnrush pD-2P | A — 0.4 See 145.3.8.3
Class 1 to 6
Single-signature PD, — 0.6
Class 7 to 8
Dual-signature PD, — 0.4
Class 1to 5
6 Inrush to PD current control Tinrush PD ms — 50 See 145.3.8.3
delay a
7 Inrush to operating state delay | Tgejay ms 80 — See 145.3.8.3
8 Input average power for single-signature PDs per the assigned Class
Class 1 Dclass PD W — 3.84 See 145.3.8.2,
Class 2 — 6.49 ﬁiiif&s_l,
Class 3 - 13 Table 145-26
Class 4 — 25.5
Class 5 — 40
Class 6 — 51
Class'7 — 62
Class 8 — 71.3
9 Input average power for a pairset for dual-signature PDs per the assigned Class
Class 1 Pelass pp2p | W — 3.84 See 145.3.8.2,
Class 2 — 6.49 %jgiz'fisfl,
Class 3 7 13 Table 145-27
Class 4 — 255
Class 5 — 35.6
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Table 145-29—PD power supply limits (continued)

Item Parameter Symbol Unit Min Max 11:3) ginu::lui:]
10 Peak operating power for single-signature PDs per the assigned Class
Class 1 Ppeak_PD w — 5 See 145.3.8.4
Class 2 — 8.36
Class 3 — 14.4
Class 4 — 28.3
Class 5 — 42
Class 6 — 535
Class 7 — 65.1
Class 8 — 74.9
11 Peak operating power for a pairset for dual-signature PDs per the assigned Class
Class 1 Ppeak_pD-2P W — 5 See 145.3.8.4
Class 2 — 8.36
Class 3 — 14.4
Class 4 — 28.3
Class 5 — 37.4
12 Input current slew rate ISiewrate mA/ | — 4.7 See 145.3.8.5
us
13 Single-signature PD capacitance while intdNRUSH, POWER_DELAY, or POWERED
Class 1 to 4 Cport n 5 — See 145.3.8.3,
145.3.8.6
Class 5 to 6 10 —
Class 7 to 8 20 —
14 Dual-signature PD pairset capacitance while in INRUSH, POWER_DELAY, or POWERED
Class 1 to 4 Cport-2pP uF 5 — See 145.3.8.3,
145.3.8.6
Class 5 10 —
15 Ripple and noise
<500 Hz VNoise PD Vep | — 0.5 See 145.3.8.7
500 Hz to 150 kHz — 0.2
150 kHz to 500 kHz — 0.15
500 kHz to 1 MHz — 0.1
16 PD power supply Von_pD \% 30 42 See 145.3.8.1
turn on voltage
17 PD power supply Voft PD v 50 Vport_pD-2p MIN | See 145.3.8.1
turn off voltage
18 Reflected voltage Viefl v — 2.8 See 145.3.8.8
203
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145.3.8.1 Input voltage

The specification for Vpy pp.op in Table 145-29 is for the input voltage range after startup (see 145.3.8.3),
and accounts for loss in the cabling plant.

The PD shall turn on at a voltage in the range of Vo, pp. After the PD turns on, the PD shall stay on over the
entire Vp,y ppop range. After reaching POWER_DELAY, the PD shall turn off at a voltage in the range of
Vog pp- For dual-signature PDs the requirements for Vg, pp and Vg pp apply to each pairset
individually. A PD shall not turn off due to peak power draw, causing Vpp to go as low as Vyerioad-2p> 25
specified in 145.3.8.4, or due to a voltage transient as defined in 145.3.8.6. This behavior is encoded in th¢
variable pd_overload and pd_overload mode(X).

The PD shall turn on or off without startup oscillation and within the first trial at any load value when fed by
Vport psE-2p MiN t0 Vg psg.op max (as defined in Table 145-16):

— With a series resistance less than or equal to Ry, for assigned Class 1 through 4.t6 a Single-signature
PD.

— With a series resistance less than or equal to Ry, /2 for assigned Class\§ through 8 to a single-
signature PD.

— With a series resistance less than or equal to R, connected to a given Mode of a dual-signature PD.

Von pp Min is set at 30 V to align with Vg pp min. It is recommended that a PD implements hysteresis
between Vg, pp and Vogr pp.

When the PD is in POWEROFF and Vpp, falls below Vi1 i the PD transitions to NOPOWER and may
show a valid or invalid detection signature, and may or thdy not draw mark current, draw any class current,
and show MPS. Interoperability between PSE and PBD‘is'no longer guaranteed when nopower is TRUE or
the PD has entered NOPOWER_INRUSH since thg.last time Vpp was below Vgeger pp max.

145.3.8.2 Input average power

Ppoit pp 18 the average power drawn bysa single-signature PD, measured using a sliding window with a
width of 1 second. Ppy ppop is thHé average power drawn by a given Mode of a dual-signature PD,
measured using a sliding window-with a width of 1 second.

For single-signature PDs, Pg .y pp shall not exceed Py, pp for the assigned Class. For dual-signature PDs,
Pport pp-2p shall not ex¢eed Py, pp-op for the assigned Class.

A PD that has enabled Autoclass during Physical Layer classification or has requested Autoclass through
DLL, shall not'draw more power than P 4 oc1ass pD> Unless the PD successfully negotiates a different power
level, up to the PD requested Class, through Data Link Layer classification as defined in 145.5.

P(lass ‘ep’and Peiass pp-2p defined in Table 145-29 are determined per the assigned Class. The assigned PSE
Class-is determined by the number of class events and the PD requested Class, as shown in Table 145-11.
Peisss pp 1s the maximum average PI power and applies to single-signature PDs. P¢,e pp-op 1S the
maximum average power on a pairset and applies to dual-signature PDs. N

PDs may dynamically adjust their maximum required operating power below Pcp.ss pp OF Pelass pD-2p @8
described in 145.5. PDs may also adjust their maximum required operating power below Py, pp by using
Autoclass (see 145.3.6.2). _

Single-signature PDs that have successfully completed DLL classification shall not exceed a power
consumption of PDMaxPowerValue as defined in 145.5.3.3.1. Dual-signature PDs that have successfully

204
Copyright © 2019 IEEE. All rights reserved.



https://standardsiso.com/api/?name=fdf442bac309d23186993e822f9c6342

ISO/IEC/IEEE 8802-3:2021/Amd.2:2021(E)

IEEE Std 802.3bt-2018
|EEE Standard for Ethernet—Amendment 2: Physical Layer and Management Parameters
for Power over Ethernet over 4 Pairs

completed DLL classification shall not exceed a power consumption of PDMaxPowerValue mode(X) on
Mode X as defined in 145.5.3.4.2.

145.3.8.2.1 Input average power exceptions

For single-signature PDs assigned to Class 8 and PDMaxPowerValue set to 713 or greater, when additional
information is available to the PD regarding actual link section DC resistance between the PSE PI and the
PD PI, the PD may consume greater than Pcj,¢ pp but shall not consume greater than P, at the PSE PI
and shall not draw a total 4-pair current in excess of 2 X I, as defined in Table 145-1.

For dual-signature PDs assigned to Class 5 and PDMaxPowerValue mode(X) set to 356 or greater, when
additional information is available to the PD regarding actual link section DC resistance between the PSE PI
and the PD PI, the PD may consume greater than P,e pp.op but shall not consume greater than Py e op on
the pairset at the PSE PI and shall not draw current in excess of Iy as defined in Table 14541

145.3.8.2.2 System stability test conditions during startup and steady state'opeéeration

When connected together as a system, the PSE and PD might exhibit instability at¢he PSE side, the PD side,
or both due to the presence of negative impedance at the PD input. See Annex 33A/for PD design guidelines
for stable operation.

Stable operation may be verified by confirming that the PD meets Vigigs pp, as defined in Table 145-29,
when the PD is powered by a voltage source set in the range of Vpay psg.op> as defined in Table 145-16,
through a series resistance of Ry, as defined in Table 145-1, and’the PD is operating at or below P¢yags pp

or PClassfPD—2P~

145.3.8.3 Input inrush current

The PD inrush time duration is defined as beginning with the application of input voltage at the PI when
Vpp crosses the PD power supply turn on voltage, Vo, pp as defined in Table 145-29, and ends after T,y

The inrush current is the initial current drawn by the PD, which is used to charge Cp,,; or Cpyy.op- A PD may
limit the inrush current below Ij.sh pp a0d Ijrush pp-2p to allow for large values of Cp,; and Cpg_op.

The PSE limits the inrush curént to Iy.en and Ipenop, for at least Tyy.en pp Mmax, as defined in
Table 145-16 and Table 145~29. -

PDs shall draw less than IInrush_PD and IInrush_PD—2P from TInrush_PD max until Tdelay min, when connected
to a source that meets the requirements of 145.2.10.7. This delay is required so that the PD does not enter a
high power state-before the PSE has had time to change the available current from the POWER_UP to the
POWER_ON Timits. A PD can meet this requirement by either having Cp,,; or Cpyop charged within
Tinrush pyMax or by limiting the input inrush current.

Singleysignature PDs assigned to Class 1, 2, or 3 shall conform to Pc,e pp and Ppegr pp Within
Tindsh pp max as defined in Table 145-29. Dual-signature PDs assigned to Class 1, 2, or 3 shall conform to
PClass_;’D-2P and Ppegy pp.op Within Ty, pp max as defined in Table 145-29 on that pairset.

NOTE—PDs may be subjected to PSE POWER_ON current limits during inrush when the PD input voltage reaches
99% of steady state or after Ty,,n pp max. PD requirements are impacted by PSE current limits. See 145.2.10.7 for
details. B

Cport in Table 145-29 is the PD input capacitance during POWER_UP and POWER_ON that a PSE sees as
load when operating one or both pairsets, when connected to a single-signature PD. Cp_,p in Table 145-29
is the PD input capacitance during POWER UP PRI, POWER UP SEC, POWER ON PRI, and
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POWER ON SEC that a PSE sees as load on each pairset independently, when connected to a dual-
signature PD. See Figure for a simplified PSE-PD Cp,,; and Cp_op interpretation model.

PSE sees Cx
( A /\ SINGLE-SIGNATURE PD
Alternative A| | s ‘ % Cx |:|
PSE > Ceo T
Alternative B 1. v — P
PSE sees Cx/ \/
PSE sees Cx
( /\ /\ IDUAL-SIGNATURE PD
Alternative A \tb ) Cportop - —p— % Cx |:|
PSE \//#
Alternative B Cport-2p2 > —p % Cy |:|
/ \J |

PSE sees Cx + Cy

NOTE—The “dual-signature PD” in Figure represents a D with two completely isolated circuits connected
to Mode A and Mode B. The PSE will see a capacitange of Cx + Cy. A dual-signature PD can also be
implemented with a single load, resulting in a lowerthan’Cx + Cy capacitance value as seen by the PSE.

Figure 145-30—Cp,,¢ interpretation model

145.3.8.4 Peak operating power

Voverload-2p 15 the PD PI voltage'when the PD is drawing the permissible Ppg, pp for single-signature PDs,
or Ppeyy pp-2p for dual-signature PDs. -

At any static voltage at the PI, and any PD operating condition, with the exception described in 145.3.8.4.1,
the peak power for'single-signature PDs shall not exceed Py, pp for more than Ty min, as defined in
Table 145-16 and5% duty cycle. Ppeyy pp is the maximum peak operating power and applies to single-
signature PDS. N

At any 'static voltage at the PI, and any PD operating condition, with the exception described in 145.3.8.4.1,
the peak power for a dual-signature PD shall not exceed Pcy,s pp-op for more than Ty min, as defined in
Table 145-16 and 5% duty cycle. Ppeay pp_op is the maximum peak operating power on a pairset and applies
fo dual-signature PDs. -

NOTE—The duty cycle of the peak current is measured using a sliding window with a width of 1 second.

Peak power is defined in Table 145-29 and depends on the Class assigned by the PSE. Equation (145-24)

and Equation (145-25) are used to approximate the ratiometric peak powers of Class I through CIass 8.
These equations may be used to calculate Ppe,, pp Or Ppear pp-op after Data Link Layer classification and
for Autoclass by substituting PDMaxPowerValue with the corresponding value of P sy oclass PD-
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0.129 x PDMaxPowerValue for assigned Class 1 and 2
Ppeak pp = 1 0.111 x PDMaxPowerValue for assigned Class 3 and 4 (145-24)
| _0.105 x PDMaxPowerValue for assigned Class 5 to 8

0.129 x PDMaxPowerValue_mode(X) for assigned Class 1 and 2
Ppeak pp2p = | 0.111 x PDMaxPowerValue mode(X) for assigned Class 3 and 4 (145-25)
0.105 x PDMaxPowerValue_mode(X) for assigned Class 5

where

PDMaxPowerValue is the actual maximum input average the PD may draw undgr the current
power allocation; see 145.5.3.3.1

PDMaxPowerValue mode(X) is the actual maximum input average the PD may draw ufider the current
power allocation on Mode X; see 145.5.3.4.2

145.3.8.4.1 Peak operating power exceptions

For single-signature PDs assigned to Class 8 and for dual-signature (PDs assigned to Class 5, when
additional information is available to the PD regarding actual link sectionDC resistance between the PSE PI
and the PD PI, in any operating condition with any static voltage af the PI, the peak power shall not exceed
maximum Pp; pp for single-signature PDs and maximum Pp 4 pp_op for dual-signature PDs at the PSE PI
for more than Tyy7 min, as defined in Table 145-16 and with 5% duty cycle. Peak operating power shall not
exceed 1.05 x Pp,y pp max for single-signature PDs andsshall not exceed 1.05 x Pp pp.op max for dual-
signature PDs on each pairset. Pp.; pp max refers to th€ maximum power draw as permitted by 145.3.8.2.1.

145.3.8.5 Input current slew rate

When the input voltage at the PI is static and\in the range of Vp,,; pp_op defined by Table 145-29, the input
current drawn by a single-signature PDshall not change faster than Igjoyrate defined in Table 145-29, in
either polarity. Each pairset current dtawn by a dual-signature PD shall not change faster than Igjeyrate
defined in Table 145-29, in either polarity. This limitation applies after inrush has completed (see 145.3.8.3)
and before the PD has disconnected.

145.3.8.6 PD behavior during transients at the PSE PI

A PD shall continue.to operate without interruption in the presence of transients

— Lastinig Jonger than 30 ps and less than 250 ps at the PSE PI as defined in 145.2.10.3, and causing
the"voltage at the PD PI to fall to no less than Vi, pp_op, as defined in Table 145-29.

— Iasting less than 30 ps and causing the voltage at the PD PI to fall to not less than 34 V.

During a transient the input power of the PD may exceed Ppey pp OF Ppeax pp-2p- Table 145-30 defines
three PSE output voltage transients. - -

When transient TR1 or TR2 is applied, the PD shall meet the operating power limits within Ty,,ncient> a8
defined in Table 145-30, referenced from when the ‘final voltage’ is reached at the source. When transient
TR1 or TR2 is applied, the PD shall not cause the source to be in current limit for longer than T j; min.

When transient TR3 is applied, the PD shall meet the operating power limits within 4 ms, referenced from
the beginning of the TR3 transient.
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Table 145-30—Transient conditions

It Assigned 2-pair/ T Initial Final Source Source Source
em Class 4-pair Transient voltase voltase dv/dt resistance current®
TR1 1to4 2-pair 10 ms 50V 56V 225V/ms | 12.5Q Limit to
ILim-2p
1to 6 4-pair 6.25Q +5mA
TR2 1to4 2-pair 6 ms 52V 12.5Q
1to8 4-pair 6.25Q
TR3 1to8 both 4 ms 52V 545V 3500 V/ims | 1.5Q >bA
capability

2 The source current for TR1 and TR2 is the current limit per powered pairset.

The TR1, TR2, and TR3 tests consists of a voltage source, with a current limit(fof TR1 and TR2), driven
from the ‘initial voltage’ to the ‘final voltage’ at the ‘source dv/dt’ rate. A sotrce resistance, as defined in
Table 145-30 is in series with this voltage source and the PD.

These requirements apply to each pairset individually for a dual-sigfiature PD.
145.3.8.7 Ripple and noise

The PD shall meet Ve pp, defined in Table 145-29;the common-mode or differential pair-to-pair noise
at the PD PI generated by the PD circuitry. Vy,;&pp applies for all operating voltages in the range of
Vport PD-2p» OVer the range of input power of the device, and when connected to any source resistance up to

Rep

The PD shall operate correctly in the presence of ripple and noise generated by the PSE that appears at the
PD PI. These levels are specified in Table'145-16.

145.3.8.8 Reflected voltage

For a single-signature PD,wwhlen any voltage in the range of 0 V to Vp pp.pp max is applied per any of the
valid 2-pair configurations, defined in Table 145-20, that have only a single pair connected to the positive
potential (see Figute 145-31), the voltage on the Mode not connected to the voltage source, with a 100 kQ
resistor connected‘across that Mode, shall not exceed V . as defined in Table 145-29.

For a dual-sigfiature PD, when any voltage in the range of 0 V to Vp; pp_pp max is applied per any of the
valid 2¢pair configurations, defined in Table 145-20, including those with two pairs connected to the
positive potential (see Figure 145-31), the voltage on the Mode with at least one pair not connected to the
veltage source, with a 100 kQ resistor connected across that Mode, shall not exceed V .q as defined in
Table 145-29.

145.3.8.9 PD pair-to-pair current unbalance

When a PSE supplies power to a PD using all 4 pairs, the current may not equally divide between the pairs

that + 4+l 1ot Tlhaic s £ d +. + Lal Thad s hickh-th
trararcar e SarmCpoTartty. TS IS T Ot Cato—as—patto-pai Cutr T oo aranC O e OO T COtO—w i Ot

current is unbalanced depends on the specific combination of PSE, cabling, and PD.
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PI Pl
R R
I I
|5 |8
Mode A or B Mode A or B
Vsource Vsource
PD PD
I I
|5 1=
Vief Vrefl
Mode B or A Mode B or A
100 kQ 100 kQ
I I
o =
L DL
One positive pair connected Two positive pairs connected

Figure 145-31—Reflected voltage requirements

The maximum pair current in a system depends on the assigned Class (see 145.3.6), and is defined in
Table 145-31.

Table 145-31—Maximum pair-to-pair current unbalance

Parameter Assigned Class Unit Value
Iunbalance PD-2P 1to 4% A Pcilass PD/ VPD
5to & ICon—ZP-unb -0.01
IUnbalance _peak-2P 1to 4* A l:‘Peal&PD / VPD
5t08 ILIM—ZP —=0.002

2 There is no maximuim unbalance current requirement for these assigned Classes.

This subclause describes unbalance requirements for PDs that operate over 4 pairs. The contribution of PD
PI pair-to-pait effective resistance unbalance to the effective system end-to-end resistance unbalance is
determined-by PD maximum (Rpp 1nax) and minimum (Rpp 1min) common mode effective resistance in the
powered-pairs of same polarity. See Figure 145A-3. Effective resistances of Rpp min and Rpp max include
the gffects of PD pair to pair voltage difference and the PD PI resistive elements. See definition and
nieagurements in Annex 145A.5.

Rpp max. defined in Equation (145-26), for a given Rpp pin. 1S the highest supported common mode
effective resistance in the powered pairs of the same polarity. PDs that meet Equation (145-26) intrinsically
meet unbalance requirements. Equation (145-26) is only applicable for Rpp ,;, up to a value of 1 Q and
power draw up t0 Pcjaes PD- -
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2.182 X Rppy yin +0.125  for assigned Class 5

1.988 x Rppy in +0.105  for assigned Class 6

0 < Rpp, pay < (145-26)

1784 x R + 008 for anignPd Class 7

T DT

1.727 X Rppy in +0.074  for assigned Class 8 JQ

where

Rpp max 1S, given Rpp i, the highest supported common mode effective resistance in the powered

pairs of the same polarity
Rpp min  1s the lower PD common mode effective resistance in the powered pairs of the same polarity

Common mode effective resistance is the resistance of the two conductors (including their components on
each conductor) in a powered pair of the same polarity connected in parallel.

Figure 145A—1 illustrates the relationship between Rppy 1.« and Rpp i, effective resistances at the PD PI
as defined by Equation (145-26) and the rest of the end-to-end pair to pair effective resistance components.

Single-signature PDs shall not exceed Iyppatance pp-2p for longer than Tjqnmin and 5 % duty cycle, and
shall not exceed Iypbalance_peak-2p» s defined in Table 145-31 on any pair'when the PD is connected per any
valid 4-pair configuration, as defined in Table 145-20, to\afly voltage in the range of
Vport psg-2p Min+ 0.31 V to Vpg psgop max through two common mode resistances, Rygyrce min and
Ryource max, 8s defined in Equation (145-27) and shown in Figure 145-32. -

Pl
i — ]
1
Rsource_min @ {]
i R
Rsource_max ;\A/ {]
Vsource . PD
Reource min  M—2——(A)—]
source_min « \J 4
ig I
Rsource_max < \A/ {]
R = —

Figure 145-32—PD current unbalance verification circuit

Dual-signature (PDs shall not exceed Ic,, pp.op, as defined in Equation (145-28), for longer than
Tyt min and 5 % duty cycle, as defined in Table 145-16, and shall not exceed Ipeyy pp.op, @s defined in
Equation (145-29), on any pair when the PD is connected per any valid 4-pair configuration, as defined
in TableT145-20, to any voltage in the range of Vpy,; pggpp min +0.31 V to Vp,,¢ psg.op max through two
commoén mode resistances, Ryoyrce min ad Ryouree max, as defined in Equation (145-27) and shown in
Bigure 145-32. - -

The unbalance current requirements for PDs apply at the PD PI connector (jack) when mated with a
specified balanced cabling connector (plug).

NOTE 1—The duty cycle of the peak current is measured using a sliding window with a width of 1 second.

210
Copyright © 2019 IEEE. All rights reserved.



https://standardsiso.com/api/?name=fdf442bac309d23186993e822f9c6342

ISO/IEC/IEEE 8802-3:2021/Amd.2:2021(E)

IEEE Std 802.3bt-2018
|EEE Standard for Ethernet—Amendment 2: Physical Layer and Management Parameters
for Power over Ethernet over 4 Pairs

source_min

for (0.145Q < Rygypee min < 5:470) } (145-27)

Rsourceﬁmax = { (_003 X Rsourceﬁmin + 1324) X R
Q

Pejass pp2p
Tcon pp2p = { a;/s (145-28)
PD
A
Ppeak_ppop
Tpeak pp2p = { A (145-29)
PD A
where
Rgource min 18 the lowest supported common mode effective source resistance in the powered pairs of

the same polarity
Pciags pp-2p 1S the maximum power at the PD PI per the PDs assigned Class, as defined in Table 145-29
Ppeak pp-op  is the peak power a dual-signature PD may draw per its assighed/Class on a pairset; see

Table 145-29
VpD is the voltage at the PD PI as defined in 145.1.3

Reource min @14 Rgource max T€present the Vg, ... source common nrode ‘effective resistance that consists of
the PSE PI components (Rpgg min @0d Rpgp max as defined in445.2.10.6.1, Vpo. pse gise s defined in
Table 145-16, the link section resistance, and influence of Rpfy i and Rpp max @s function of system end-
to-end unbalance). Common mode effective resistance is thé-resistance of two conductors of the same pair
and their other components, which form Rgg,.., conneeted in parallel including the effect of the system
(PSE and PD) pair to pair voltage difference.

RpD mins RPD max> along with any other parts<of the system, i.e., link section and the PSE, bounds the
maximum current such that the maximum pair’current including unbalance does not exceed Iyyppatance PD-2P
as defined in Table 145-16 during normal operating conditions. See Annex 145A.

NOTE 2—The pairset current limit requirethent also holds when Ryqyree max and Rygyree min are exchanged.
145.3.9 PD Maintain Power Signature

A PD that requires power from the PI shall provide a valid Maintain Power Signature (MPS) at the P1. A PD
that does not maintain,the MPS components may have its power removed within the limits of Typpg as
defined in Table $45-16. Ip,¢ mps> Iport MPs-2p> ITmps pp» and Tyvppo pp» are defined in Table 145-32.
Tick pp is defined in Table 145-25. - -

For single-signature PDs the MPS shall consist of current draw equal to or above Ip,; \ps for a minimum
duration-of Typg pp followed by an optional MPS dropout for no longer than Typpo pp- A single-signature
PDshall use the Ip, pps value associated with assigned Class 1 to 4 when pse_assigned class is 1, 2, 3, or
4-and MirroredPSEAllocatedPowerValue and PDRequestedPowerValue are less or equal to 255. A single-
signature PD shall use the Ip,;; \ps Value associated with assigned Class 5 to 8 when pse_assigned_class is
5, 6, 7, or 8 or when PDRequestedPowerValue is in the range of 256 to 999. When
PDRequestedPowerValue or PSEAllocatedPowerValue is equal to 0xACAC, the PD shall use the Ipy¢ vmps
value associated with the assigned Class. -

For dual-signature PDs the MPS shall consist of current draw equal to or above Ip, \mps.op On each
powered pairset independently for a minimum duration of Ty;pg pp followed by an optional MPS dropout
for no longer than Ty;ppo pp- -
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Table 145-32—PD DC Maintain Power Signature

Item Parameter Symbol Units Min Max Conditions
1 Total input current per the assigned Class, for single-signature PDs
Class 1to 4 Iport MPS A 0.01 — See 145.3.9
Class 5to 8 0.016
2 Input current on each powered pairset for dual-signature PDs
Class 1to5 IPOI‘tﬁMPS—ZP A 0.01 —_— —_—
3 PD Maintain Power Twmps PD ms 75 — long_class_event = FALSE
Signature Time a
7 — long_class event = TRUE
4 PD Drop Out Period Typpo pp | MS — 250 long, €lass_event = FALSE
— 310 long class _event = TRUE
NOTE—PDs may not be able to meet the Ip, ¢ nvps Of Ipore Mps-2p Specification’in Table 145-32 during the
maximum allowed port voltage droop (Vpyt psg-2p Max to Vpos psg-op-Antinswith series resistance Rey). Such a
PD should increase its Ipy or Ipy.op or make other such provisions to‘'meet the Maintain Power Signature.

A PD connected to a Type 1 or Type 2 PSE, shall also présent input impedance with resistive and capacitive
components defined in Table 145-33.

Table 145-33—PD-Maintain Power Signature

Item Parameter Symbol Unit Min Max Additional information
1 Input resistance Rpa d kQ — 26.3 —
2 Input capacitance Cpa d uF 0.05 — —

PDs that detect a long first class event in the range of T cg pp may use the shorter Ty;pg pp in order to draw
a lower standby"MPS power. In the absence of a long first class event, the minimum Typg pp is higher and
the standby MPSpower is also higher. -

A PD shall'meet the Typs pp and Typpo pp requirements with any series resistance less than or equal to
Rpgrmax between the PD PI and the source.

Powered PDs that no longer require power, and identify the PSE as Type 1 or Type 2, shall remove both the
current draw and impedance components of the MPS. To cause Type 1 and Type 2 PSE power removal, the
impedance of the PI should rise above 1980 kQ.

Powered PDs that no longer require power, and identify the PSE as Type 3 or Type 4, shall remove the

CUTTSITt draw COTMPOTISITt altd Ty TSIOVE e TMPedarnce COMponents of the MPSTSee 145212, 4527104,

and 145.3.8.8.
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145.4 Additional electrical specifications

This clause defines additional electrical specifications for a fully connected PoE system (that is, PSE,
cabling, PD, and related PHYs) and therefore to each element of such a system. The specifications apply for

all PSE and PD operating conditions at the cabling side of the mated connection of the PI. The requirements
apply during data transmission only when specified as an operating condition.

The requirements of 145.4 are consistent with the requirements of the I0BASE-T MAU and the 100BASE-
TX, 1000BASE-T, 2.5GBASE-T, 5GBASE-T, and I0GBASE-T PHYs.

145.4.1 Isolation

PDs and PSEs shall provide isolation between all accessible external conductors, including frameyground (if
any), and all MDI leads including those not used by the PD or PSE. Any equipment that can be)coninected to
a PSE or PD through a non-MDI connector that is not isolated from the MDI leads needs toprévide isolation
between all accessible external conductors, including frame ground (if any), and the non-MDI connector.
Accessible external conductors are specified in Section 6.2.1b) of IEE,60950-1:2001 and
Section 5.4.10.1 b) of IEC 62368-1:2018.

This electrical isolation shall withstand at least one of the following electricahstfength tests:

a) 1500 V rms at 50 Hz to 60 Hz for 60 s, applied as specified imS&cetion 5.2.2 of IEC 60950-1:2001 or
Section 5.4.9 of IEC 62368-1:2018.

b) 2250 V dc for 60 s, applied as specified in Section 5.2:270f IEC 60950-1:2001 or Section 5.4.9 of
IEC 62368-1:2018.

c) An impulse test consisting of a 1500 V, 10/700 ps waveform, applied 10 times, with a 60 s interval
between pulses. The shape of the impulses shall*be 10/700 us (10 ps virtual front time, 700 ps
virtual time of half value), as defined in Annex N of IEC 60950-1:2001 or Section 5.4.10 of
IEC 62368-1:2018.

There shall be no insulation breakdown, as:defined in Section 5.2.2 of IEC 60950-1:2001 or Section 5.4.9 of
IEC 62368-1:2018, during the test. The resistance after the test shall be at least 2 MQ, measured at 500 V dc.

Conductive link segments that haye¢ differing isolation and grounding requirements shall have those
requirements provided by the peftto-port isolation of network interface devices (NID).

In a multiport system, theXimplementer should maintain DC isolation through the termination circuitry to
eliminate cross-port leakage currents. See 145.2.10.4.

Dual-signature PBs shall have less than or equal to 10 uA of current between any negative conductor of
Mode A and @ny negative conductor of Mode B when Vpp, as defined in 145.1.3, is less than Vg pp min,
as defined’in Table 14529, on either Mode. See Table 79—6f. -

145.4:1.1 Electrical isolation environments

There are two electrical power distribution environments to be considered that require different electrical
isolation properties. They are as follows:

— Environment A: When a LAN or LAN segment, with all its associated interconnected equipment, is
entirely contained within a single low-voltage power distribution system and within a single

building.
— Environment B: When a LAN crosses the boundary between separate power distribution systems or
the boundaries of a single building.
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145.4.1.1.1 Environment A requirements

Attachment of network segments via NIDs that have multiple instances of a twisted-pair MDI requires
electrical isolation between each segment and the protective ground of the NID.

For NIDs, the requirement for isolation is encompassed within the isolation requirements of the MAU or
PHY (see 14.3.1.1, 25.4.6, and 40.6.1.1). Equipment with multiple instances of PSE, PD, or both shall meet
or exceed the isolation requirement of the MAU/PHY with which they are associated.

An Environment A multiport NID does not require electrical power isolation between link segments.
An Environment A PSE shall switch the more negative conductor. It is allowed to switch both conductots.
145.4.1.1.2 Environment B requirements

The attachment of network segments that cross Environment A boundaries requires,‘electrical isolation
between each segment and all other attached segments as well as to the protective groumd of the NID.

For NIDs, the requirement for isolation is encompassed within the isolation réquirements of the MAU or
PHY (see 14.3.1.1, 25.4.6, and 40.6.1.1.). Equipment with multiple instances*QfPSE, PD, or both shall meet
or exceed the isolation requirement of the MAU/PHY with which each is associated.

An environment B PSE that supports 4-pair power shall switch the ingre negative conductor. It is allowed to
switch both conductors.

The requirements for interconnected electrically conducting link segments that are partially or fully external
to a single building environment may require additional protection against lightning strikes or other hazards.
Protection requirements for such hazards are beyend the scope of this standard. Guidance on these
requirements may be found in Section 6 of IEC 60950-1:2001 and throughout IEC 62368-1, as well as any
local and national codes related to safety.

145.4.2 Fault tolerance

Each conductor pair of the PI, when it is also an MDI (e.g., an Endpoint PSE or PD), shall meet the fault
tolerance requirements of the appropriate specifying clause. (See 14.3.1.2.7, 25.4, 40.8.3.4, 55.8.2.3, and
126.8.2.4.) When a PI is not-an MDI (e.g., a Midspan PSE), the PSE PI shall meet the fault tolerance
requirements of this subclause.

The PSE shall withstand without damage the application of short circuits of any conductors within the cable
for an indefinite-period of time. The magnitude of the current caused by a short circuit of any one conductor
to another cofiduictor in the cable

— . (Shall not exceed Ipspyt.Type3-2p, as defined in Equation (145-17), for Type 3 PSEs.
—£~'Shall not exceed IpgpyT.Typed-2p» as defined in Equation (145-18), for Type 4 PSEs.

Each conductor pair shall withstand, without damage, a 1000 V common-mode impulse applied at £, of
either polarity. The shape of the impulse shall be (0.3/50) ps (300 ns virtual front time, 50 ps virtual time of
half value), as defined in IEC 60060, where E_,, is an externally applied AC voltage as shown in
Figure 145-33.

Ctiom ras o fauttof ome
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Figure 145-33—PI fault tolerance test circuit

145.4.3 Impedance balance
Impedance balance is a measurement of the common-mode-to-differential-miode” offset of the PI. The

common-mode-to-differential-mode impedance balance for the transmit and“w€c€ive pairs shall exceed the
limits in Table 145-34 for all supported PHY speeds.

Table 145-34—Impedance balance limits-forsupported speeds

Supported speed Impedance balance-limit (dB) Frequency range

10 Mb/s MAU 29— 17 x log,,({/10) 1 <f<20MHz

100 Mb/s or 1000 Mb/s PHY 34 - 19.2 Xdeg,((f/50) 1 << 100 MHz

2.5 Gb/s PHY 48 1<f<10MHz
4820 x log,,(f/10) 10 <f<20 MHz
42 — 15 x log,,(f/20) 20 < f< 125 MHz

5 Gb/s PHY 48 1 <f<30MHz
44 —19.2 x log,,(f/50) 30 <f<250 MHz

10 Gb/s PHY' 48 1 <f<30MHz
44 —19.2 x log,,(f/50) 30 <f<500 MHz
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The impedance balance is defined as shown in Equation (145-30):

J 20 x logm(b;“m) L (145-30)
i LTI

where

E

cm

Egir

is an externally applied sinusoidal voltage as shown in Figure 145-34
is the voltage of the resulting waveform due only to the applied sine wave measured as shown

in Figure 145-34

PI

4 % 147Q+05%

' Egr 1430
! é 147Q+05%

\

E,

om

Figure 145-34—PI impedance balance test circuit

145.4.4 Common-mode output voltage

The magnitude of the common-mode AC“output voltage measured according to Figure 145-35 and
Figure 145-36 at the transmit PI while transmitting data and with power applied, E_,, o4 shall not exceed
the values in Table 145-35 while ‘operating at the specified speed, when measured over the specified

bandwidth.

PRI

4750 +0.5% %

475 910.5%% c L
49.9 Q%

**Capacitor impedance less than 1 Q from 1 MHz to 500 MHz

Ecm_out

O¢—»O0 >

Figure 145-35—Common-mode output voltage test
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Figure 145-36—PSE and PD terminations for common-mode output voltage test

Table)/145-35—Common-mode output voltage for given operating speed

Operating speed Cog:;;g‘g‘:?g:l;j::)p“t Measurement bandwidth
10 Mb/s MAU 50 mV peak 1 <f<100 MHz
100 Mb/s or 1000 Mb/s PHY | 50 mV,, 1 <f<100 MHz
2.5 Gb/s PHY 50 mVpp 1 <f<100 MHz
5 Gb/s PHY 50 mVpp I's7<250 MHz
10 Gb/s PHY 50 mV,, 1 ££<500 MHz
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The common-mode AC output voltage shall be measured while the PHY is transmitting data, the PSE or PD
is operating with the following PSE load or PD source:

1) For a PSE, the PI that supplies power is terminated as illustrated in Figure 145-36. The PSE

load, R, in Figure 145-36 is adjusted so that the PSE output current, I, is 16 mA and then

Icaple for 2-pair operation or 2 X I,y for 4-pair operation, while measuring E;;, o, on the PL

2) For a PD, the PI that requires power shall be terminated as illustrated in Figure 145-36. V
in Figure 145-36 is adjusted to 36 Vdc and 57 Vdc, while measuring E, 4, on the PL

source

NOTE—The implementer should consider any applicable local, national, or international regulations that may require
more stringent specifications. One such specification can be found in the European Standard EN 55022:1998.

145.4.5 Pair-to-pair output noise voltage

The pair-to-pair output noise voltage (see Figure 145-37) is limited by the resulting electromagnetic
interference due to this AC voltage. This AC voltage can be ripple from the power sppply, Table 145-16,
‘power feeding ripple and noise’, or from any other source. A system integrating a PSE shall comply with
applicable local and national codes for the limitation of electromagnetic interferericé,

PI

. 475Q0105%

© 475Q+05% C**
49.9 Q

p— : Pair-to-pair
output noise voltage

| ATSQ05% Vs
L 4750+0.5% C*
499 Q

— **Capacitor impedance less than 1 Q
- from 1 MHz to 100 MHz

Figure 145-37—Pair-to-pair output noise voltage test

145.4.6 Differential noise voltage

For 10710071000 Mb/s, the coupled noise, £q 4,¢ 10 Figure 145—-36, irom a FSE or FD to the diirerential
transmit and receive pairs shall not exceed 10 mV peak-to-peak when measured from 1 MHz to 100 MHz
under the conditions specified in 145.4.4, item 1) and item 2).
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For 2.5GBASE-T, SGBASE-T, or I0GBASE-T, the coupled noise, Eq ¢ in Figure 145-36, from a PSE or
PD to the differential transmit and receive pairs shall not exceed 10 mV peak-to-peak when measured in the
band from 1 MHz to 10 MHz and shall not exceed 1 mV peak-to-peak when measured in the band from
10 MHz to 100 MHz for 2.5GBASE-T, 10 MHz to 250 MHz for 5SGBASE-T, and 10 MHz to 500 MHz for

10GBASE-T under the conditions specified in 145.4.4, item 1) and item 2).
145.4.7 Return loss

The differential impedance of the transmit and receive pairs at the PHY’s MDI shall be such that any
reflection shall meet the return loss requirements as specified

— In14.3.1.3.4 for a 10 Mb/s PHY.

— In ANSTINCITS 263-1995 for a 100 Mb/s PHY.
— 1In40.8.3.1 for a 1000 Mb/s PHY.

— 1In 126.8.2.2 fora 2.5 Gb/s or 5 Gb/s PHY.

— 1In55.8.2.1 fora 10 Gb/s PHY.

In addition, all pairs terminated at an MDI should maintain a nominal commenémode impedance of 75 Q.
The common-mode termination is affected by the presence of the powersupply, and this should be
considered to determine proper termination.

145.4.8 100BASE-TX transformer droop

100BASE-TX systems may contain a legacy PHY receiyer that expects to be connected to a PHY
transmitter with 350 pH open circuit inductance (O€L):“Alternative A Midspan PSEs that support
100BASE-TX shall enforce intra-pair current unbaldnge (see 145A.1) less than or equal to I, (see
145.2.10.12) or meet 145.4.9.3.

100BASE-TX Endpoint PSEs and 100BASE-TX PDs shall meet the requirements of Clause 25 in the
presence of (I;,1/2).

145.4.9 Midspan PSE device additional requirements

The cabling specifications for (100 Q balanced cabling are described in ISO/IEC 11801:2002. Cable
conforming to ANSI/TIA-568-C.2 also meets these requirements. Some cable category specifications that
only appear in earlier editions are also supported. The terms “channel” and “permanent link” are defined in
ISO/IEC 11801-1 subsection 5.3.5. Midspan PSE cabling system requirements are specified in 145.1.4.

ISO/IEC 11801+ defines in 5.1 two types of Equipment interface to the cabling system: “Interconnect
model” and the“cross-connect model.” An equivalent “Interconnect model” and “cross-connect model”
may be found in ANSI/TTIA-568.0-D, 5.1. See Figure 145-38.

219
Copyright © 2019 IEEE. All rights reserved.



https://standardsiso.com/api/?name=fdf442bac309d23186993e822f9c6342

ISO/IEC/IEEE 8802-3:2021/Amd.2:2021(E)

IEEE Std 802.3bt-2018
|EEE Standard for Ethernet—Amendment 2: Physical Layer and Management Parameters
for Power over Ethernet over 4 Pairs

] Equipment cord Cabling sub-system
EQP C | / c
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Interconnect model

. Patch cord )
Equipment cord or jumper Cabling sub-system
EQP | C U C U C
I
Cross-connect model
) Midspan Patch cord Cabling
— Equipment cord PSE or jumper sub-system
C
EQP | C w—‘ﬂ:r'w C
I
Midspan insertion configuration
C = connection

Figure 145-38—Interconnect model, cross-connect model, and midspan insertion

configuration

The insertion of a Midspan PSE at the Floor Distributor (FD) shall comply with the following guidelines:

a)

b)

¢)

If therexisting FD configuration is of the “Interconnect model” type, the Midspan PSE can be added,
proyided it does not increase the insertion loss of the resulting “channel” to more than specified for
the-same Class or category 100 m channel defined in ISO/IEC 11801-1 or ANSI/TIA-568.0-D.

If the existing FD configuration is of the “Cross-connect model” type, the Midspan PSE can be
installed instead of one of the connection pairs in the FD. In addition, the installation of the Midspan
PSE shall not increase the insertion loss of the resulting “channel” to more than specified for the
same Class or category 100 m channel defined in ISO/IEC 11801-1 or ANSI/TIA-568.0-D.

For a 10GBASE-T midspan PSE, in meeting either of the above requirements, the Midspan PSE
may be substituted for up to two connection pairs in the FD.

Configurations with the Midspan PSE in the cabling “channel” shall not alter the transmission requirements
of the “permanent link.” A Midspan PSE shall not provide DC continuity between the two sides of the
segment for the pairs that inject power.
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The requirements for the two pair Category 5 link segment are found in 25.4.9. Specification of 4-pair
cabling is beyond the scope of Clause 25.

NOTE—Appropriate terminations may be applied to the interrupted pairs on both sides of the Midspan device.

145.4.9.1 Connector Midspan PSE device transmission requirements

A connector Midspan PSE replaces one of the connectors in the link segment and shall meet the following
transmission parameters. These parameters should be measured using the test procedures of
ISO/IEC 11801-1 or ANSI/TIA-568-C.2 for connecting hardware.

There are five variants of Midspan PSEs defined with respect to transmission requirements:

1) 10BASE-T/100BASE-TX connector Midspan PSE
2) 1000BASE-T connector Midspan PSE

3) 2.5GBASE-T connector Midspan PSE

4) 5GBASE-T connector Midspan PSE

5) 10GBASE-T connector Midspan PSE

145.4.9.1.1 Near End Crosstalk (NEXT)

NEXT loss is a measure of the unwanted signal coupling from a transniitfer at the near-end into neighboring
pairs measured at the near-end. NEXT loss is expressed in dB relative to the received signal level. For
operation with 2.5GBASE-T and lower rates, NEXT loss for Midspan PSE devices shall meet the values
determined by Equation (145-31) when measured for the‘t¢ransmit and receive pairs from 1 MHz to
100 MHz. For 5SGBASE-T, NEXT loss for Midspan PSE ‘devices shall meet the values determined by
Equation (145-31) when measured for the transmit/and receive pairs from 1 MHz to 250 MHz. For
operation with SGBASE-T and lower rates, for frequencies that correspond to calculated values greater than
65 dB, the requirement reverts to the minimum requirement of 65 dB.

(NEXTconn} gz > 43 —20 x 1og10(wf0) (145-31)

where

NEXTconn  is the Near End Crosstalk loss in dB
f is the frequency expressed in MHz

For 10GBASE-T aperation, NEXT loss for Midspan PSE devices shall meet the values determined by
Equation (145-32).when measured for the transmit and receive pairs from 1 MHz to 500 MHz. However, for
frequencies that-eorrespond to calculated values greater than 75 dB, the requirement reverts to the minimum
requirement of 75 dB.

5420 x 1og10(ﬁ) for (1 <f<250)
{NEXTconn} 4z < (145-32)
46.04 — 40 x 1og10(2—1516) for (250 < £< 500)
dB
where

NEXTconn s the Near End Crosstalk loss in dB
f is the frequency expressed in MHz
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145.4.9.1.2 Insertion loss

Insertion loss is a measure of the signal loss between the transmitter and receiver, expressed in dB relative to
the received signal level. For other than SGBASE-T or 10GBASE-T operation, insertion loss for Midspan

PSE devices shall meet the values determined by Equation (145-33) when measured for the transmit and
receive pairs from 1 MHz to 100 MHz. For SGBASE-T capable midspans, insertion loss for Midspan PSE
devices shall meet the values determined by Equation (145-33) when measured for the transmit and receive
pairs from 1 MHz to 250 MHz. For 10GBASE-T operation, insertion loss for Midspan PSE devices shall
meet the values determined by Equation (145-33) when measured from the transmit and receive pairs from
1 MHz to 500 MHz. For frequencies that correspond to calculated values less than 0.1 dB, the requirement
reverts to the maximum requirement of 0.1 dB.

{ILconn} 45 <0.04 x JJf (145-33)
where
ILconn is the insertion loss in dB
f is the frequency expressed in MHz

145.4.9.1.3 Return loss
Return loss is a measure of the reflected energy caused by impedance'mismatches in the cabling system and

is expressed in dB relative to the reflected signal level. Return lpss.for Midspan PSE devices shall meet or
exceed the values specified in Table 145-36.

Table 145-36—Connector return loss

Midspan PSE Variant Krequency Return loss
10/100/1000BASE-T 1'\MHz < f <20 MHz 23 dB
20 MHz < f <100 MHz 14 dB
2.5GBASE-T 1 MHz < f <31.5 MHz 30 dB

31.5 MHz < f < 100 MHz 20 — 20 log; o(f/100)

SGBASE-FP 1 MHz < f <31.5 MHz 30 dB

31.5 MHz < f < 250 MHz 20 — 20 log;(£/100)

10GBASE-T 1 MHz < f <79 MHz 30 dB

79 MHz < f <500 MHz 28 — 20 log;((£/100)

145)4.9.2 Cord Midspan PSE

A Midspan PSE replaces an element in a link segment and shall meet or exceed the insertion loss, NEXT,
and return loss values specified Table 145-37 for all data transmitting pairs.

There are five variants of Midspan PSEs defined with respect to transmission requirements:

1) 10BASE-T/100BASE-TX cord Midspan PSE
2) 1000BASE-T cord Midspan PSE
3) 2.5GBASE-T cord Midspan PSE
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4) S5GBASE-T cord Midspan PSE
5) 10GBASE-T cord Midspan PSE

Iable 149—-57/—Cord specifications tor use with Midspan PSEs

Highest PHY rate . .
supported Cord specification Frequency range
Up to 1000BASE-T Category 5 cord in ISO/IEC 11801:2002 or 1 MHz < f <100 MHz
ANSI/TIA-568-A:1995
Up to 2.5GBASE-T Category Se cord in ISO/IEC 11801:2002 or 1 MHz < f < 100(MHZ
ANSI/TIA-568-C.2
Up to SGBASE-T Category 6 cord in ISO/IEC 11801:2002 or 1 MHz £(f)< 250 MHz
ANSI/TIA-568-C.2
Up to 10GBASE-T Category 6A cord in ISO/IEC 11801-1 or 1,MHz < f <500 MHz
ANSI/TIA-568-C.2

145.4.9.2.1 Maximum link delay

The propagation delay contribution of the Midspan PSE device.shall not exceed 2.5 ns from 1 MHz to the
highest referenced frequency.

145.4.9.2.2 Maximum link delay skew

The propagation delay skew of the Midspan PSE device shall not exceed 1.25 ns from 1 MHz to the highest
referenced frequency.

145.4.9.3 Midspan signal path requiréments
An Alternative A Midspan PSE ~transfer function gain shall be greater than that expressed by

Equation (145-34) for the frequency range from 0.1 MHz to 1 MHz, at the pins of the PI used as 100BASE-
TX transmit pins.

{— 0.1+37.5x 10g10(ﬂj} (145-34)
dB

N1+521 x £

where
A+ is the frequency expressed in MHz

The requirements shall be met with a DC bias current, I;;,¢, between 0 mA and (I,,/2) mA (I, is defined
in Table 145-16).

145.4.9.3.1 Alternative A Midspan PSE signal path transfer function

The transfer function is measured by applying a test signal to the Midspan PSE signal input through a source
impedance of 100 QQ+ 1 %. The Midspan PSE signal input and output may be connected to a 0.5 m
maximum length of cable, meeting the requirements of 25.4.9, terminated with 100 Q £ 1 %.
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The transfer function is defined from the output termination to the Midspan PSE input. See Figure 145-39.

| Ml a o —
dsparRS
I >
Rs | |
ETsnwemill I
100 Q A
o
o | Vout(f)
vin(f) RL
Alternative A

Midspan PSE

<+— ulyjed eleq——»
<4— 1no yjed elegq——»

Vin(f) is the sine wave signal to be used to measure the Midspan PSE transfer function.
Vbias is the DC offset voltage to be applied in series with RL in ordento generate lp;5s.
Vout(f) is the Midspan PSE response to Vin(f).

Some test equipment may require isolation between measurement ports.

Figure 145-39—Measurement setup for Alternative A-Midspan PSE transfer function

145.4.9.4 Coupling parameters between link segmments

Midspan PSEs intended for operation with 2.5G/5G/10GBASE-T (variants 3 through 5 in 145.4.9.1 and
145.4.9.2) are additionally required to meet thé<fellowing specifications for PSANEXT and PSAFEXT for
coupling signals between ports relating to different link segments. Noise coupled between the disturbed
duplex channel in a link segment and the disturbing duplex channels in other link segments is referred to as
alien crosstalk noise. To bound the tefal alien NEXT loss and alien FEXT loss coupled between link
segments, multiple disturber alien n¢ar<end crosstalk (MDANEXT) loss and multiple disturber alien FEXT
(MDAFEXT) loss is specified.

145.4.9.4.1 Multiple disturber power sum alien near-end crosstalk (PSANEXT) loss

PSANEXT loss for, 2.5G/5G/10GBASE-T capable Midspan PSE devices shall meet or exceed the values
determined using‘Equation (145-35). For other than SGBASE-T or 10GBASE-T operation, PSANEXT loss
for Midspan PSE.devices shall meet the values determined by Equation (145-35) from 1 MHz to 100 MHz.
For SGBASE-T capable midspans, PSANEXT loss for Midspan PSE devices shall meet the values
determined/ by Equation (145-35) from 1 MHz to 250 MHz. For 10GBASE-T capable midspans,
PSANEXT loss for Midspan PSE devices shall meet the values determined by Equation (145-35) from
1MMHz to 500 MHz. When the computed PSANEXT value at a certain frequency exceeds 67 dB, the
PSANEXT result at that frequency is for information only.

PSANEXT loss = 70.5 — 20 x log,,(/100) (145-35)

145.4.9.4.2 Multiple disturber power sum alien far-end crosstalk (PSAFEXT) loss

PSAFEXT loss for 2.5G/5G/10GBASE-T capable Midspan PSE devices shall meet or exceed the values
determined in Equation (145-36). For other than SGBASE-T or 10GBASE-T operation, PSAFEXT loss for
Midspan PSE devices shall meet the values determined by Equation (145-36) from 1 MHz to 100 MHz. For
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5GBASE-T capable midspans, PSAFEXT loss for Midspan PSE devices shall meet the values determined
by Equation (145-36) from 1 MHz to 250 MHz. For 10GBASE-T capable midspans, PSAFEXT loss for
Midspan PSE devices shall meet the values determined by Equation (145-36) from 1 MHz to 500 MHz.
When the computed PSAFEXT value at a certain frequency exceeds 67 dB, the PSAFEXT result at that
frequency is for information only.

PSAFEXT loss = 67 —20 x log,,(f/100) (145-36)

145.5 Data Link Layer classification

Additional control and classification functions are supported using Data Link Layer classification using
frames based on the IEEE 802.3 Organizationally Specific TLVs defined in Clause 79. Single-signature PDs
that request Class 4 or higher and dual-signature PDs that request Class 4 or higher on either Modé support
Data Link Layer classification (see 145.3.6). Data Link Layer classification is optional for all.other devices.

145.5.1 TLV frame definition

Implementations that support Data Link Layer classification shall comply ,withall mandatory parts of
IEEE Std 802.1AB-2016; shall support the Power via MDI Type, Length,Vdlue (TLV) defined in 79.3.2
and may support the Power via MDI Measurements TLV defined in 79.3.8.

All reserved fields in transmitted Power via MDI TLVs shall containzero, and all reserved fields in received
Power via MDI TLVs shall be ignored.

145.5.2 Data Link Layer classification timing requirements

PSEs shall send an LLDPDU containing a Power 4ua*MDI TLV within 10 seconds of Data Link Layer
classification being enabled in the PSE as indicated by the variable pse dll_enable (145.2.5.4, 145.5.3.2.2).

PDs shall set the variable pd_dll_ready within“5 minutes of Data Link Layer classification being enabled in
a PD as indicated by the variable pd_dll_enable (145.3.3.3.2, 145.3.3.4.2, and 145.5.3.3.1).

The PSE shall send an LLDPDU containing a Power via MDI TLV with an updated value for the ‘PSE
allocated power value’ field, ‘PSE allocated power value Alternative A’ field, and ‘PSE allocated power
value Alternative B’ field withirt 10 seconds of receiving an LLDPDU containing a Power via MDI TLV
where the ‘PD requested power value’ field, ‘PD requested power value for Mode A’ field, or ‘PD requested
power value for Mode B’ field is different from the previously communicated value.

The PD shall send*an LLDPDU containing a Power via MDI TLV with an updated value for the ‘PD
requested power-value’ field, ‘PD requested power value for Mode A’ field, and ‘PD requested power value
for Mode B field within 10 seconds of receiving an LLDPDU containing a Power via MDI TLV where the
‘PSE allocated power value’ field, ‘PSE allocated power value Alternative A’ field, or ‘PSE allocated power
valug Alternative B’ field is different from the previously communicated value.

145.5.3 Power control state diagrams

The power control state diagrams for PSEs and PDs specify the externally observable behavior of a PSE and
PD Data Link Layer classification respectively.

Figure 14540, Figure 14541, Figure 145-42, and Figure

145-43.
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Single-signature PD Data Link Layer classification shall provide the behavior of the state diagrams defined
in Figure 145-44 and Figure 145-45. Dual-signature PD Data Link Layer classification shall provide the
behavior of the state diagram defined in Figure 145-46 and Figure 145-47.

145.5.3.1 Conventions

The body of this subclause is comprised of state diagrams, including the associated definitions of variables,
constants, and functions. Should there be a discrepancy between a state diagram and descriptive text, the
state diagram prevails.

The notation used in the state diagrams follows the conventions of state diagrams as described in 145.2.§2.
145.5.3.2 PSE power control state diagrams
145.5.3.2.1 Alternative designation

Dual-signature PSEs provide the behavior of the state diagram shown in Figure 145246 over each pairset
independently unless otherwise specified. All the parameters that apply to Alternatiye A and Alternative B
are denoted with the suffix “_alt(X)” where “X” can be “A” or “B”, or “_alt(P)” where “P” can be “A” or
“B”. A parameter that ends with the suffix “ alt(X)” may have different\values for Alternative A and
Alternative B.

PSEs providing power to a dual-signature PD operate over two sémi*independent state diagrams, one for
Alternative A, another for Alternative B. Alternative informatiofi)is obtained by replacing the X in the
desired variable or function with the letter of the Alternative of interest. Alternatives are referred to in
general as follows:

X
Generic Alternative designator. When X\i$*used in a state diagram, its value is local to that state
diagram and not global to the set of state'diagrams.
Values:
A: Alternative A
B: Alternative B

Powered Alternative désignator. When P is used in a state diagram, its value is local to that state
diagram and not global to the set of state diagrams. “P” refers to the Alternative that is currently
powered. Its value'is only defined when the PSE operates in 2-pair mode.

Values:

A: Alternative A

B: Alternative B

145.5.3.2:2 Variables

The®SE power control state diagrams in Figure 145-40, Figure 14541, Figure 14542, and Figure 14543
use the following variables:

MirroredPDAutoclassRequest
The copy of the ‘PD Autoclass request’ field in the Power via MDI TLV that the PSE receives
from the remote system. This variable is mapped from alldpXdot3RemAutoclassRequest
(30.12.3.1.180) and assigned through Table 145-38.

Vatues:
FALSE: The PD does not request an Autoclass measurement to be performed.
TRUE: The PD requests an Autoclass measurement to be performed.
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MirroredPDRequestedPowerValue
The copy of the ‘PD Requested Power Value’ field in the Power Via MDI TLV that the PSE
receives from the remote system in units of 0.1 W. This variable is mapped from the
aLldpXdot3RemPDRequestedPowerValue attribute (30.12.3.1.17) and set through Table 145-38.

Values: 0 through 999, and 0xACAC

MirroredPDRequestedPowerValue alt(X)
The copy of the ‘PD Requested Power Value’ field for Alternative(X) in the Power Via MDI TLV
that the PSE receives from the remote system in units of 0.1 W. This variable is mapped from the
aLldpXdot3RemPDRequestedPowerValueA and aLldpXdot3RemPDRequestedPowerValueB
attribute (30.12.3.1.17a and 30.12.3.1.17b) and set through Table 145-38.
Values: 0 through 499

MirroredPSEAllocatedPowerValueEcho
The copy of the ‘PSE Allocated Power Value’ field in the Power Via MDI TLV that.the PSE
receives from the remote system. This variable is mapped A from the
aLldpXdot3RemPSEAllocatedPowerValue attribute (30.12.3.1.18) and set through, Table 145-38.
Values: 0 through 999, and 0xACAC

MirroredPSEAllocatedPowerValueEcho_alt(X)
The copy of the ‘PSE Allocated Power Value’ field for Alternative(X) in{the Power Via MDI TLV
that the PSE receives from the remote system. This variable, is mapped from the
aLldpXdot3RemPSEAllocatedPowerValueA and aLldpXdot3RemPSEAllocatedPowerValueB
attribute (30.12.3.1.18a and 30.12.3.1.18b) and set through Table_145-38.
Values: 0 through 499

PDRequestedPowerValueEcho
This variable is updated by the PSE state diggram. This variable maps into the
aLldpXdot3LocPDRequestedPowerValue attribute (30.12.2.1.17).
Values: 0 through 999, and 0xACAC

PDRequestedPowerValueEcho_alt(X)
This variable is updated by the PSE state diagram. This variable maps into the
aLldpXdot3LocPDRequestedPowerValueA and  alLldpXdot3LocPDRequestedPowerValueB
attribute (30.12.2.1.17a and 30.12.2.1.17b).
Values: 0 through 499

PSEAllocatedPowerValue
Integer that indicates the PSE allocated power value in the PSE in units of 0.1 W. The value is the
maximum input average-power (see 145.3.8.2) the PD ever draws. This variable maps to the
alldpXdot3LocPSEAllocatedPowerValue attribute (30.12.2.1.18). A value higher than 713
indicates that the PSE 1s capable of supporting a power level beyond Py, pp at the PD PI. This
may require ap-output power level higher than Py, min. See 145.2.8.
Values: 0 through 999, and 0xACAC

PSEAllocatedRower Value alt(X)
Integér that indicates the PSE allocated power value in the PSE in units of 0.1 W. The value is the
maximum input average power (see 145.3.8.2) the PD ever draws. This variable maps to the
alldpXdot3LocPSEAllocatedPowerValueA and  alLldpXdot3LocPSEAllocatedPowerValueB
attribute (30.12.2.1.18a and 30.12.2.1.18b). A value higher than 356 indicates that the PSE is
capable of supporting a power level beyond Pcy,s pp at the PD PI. This may require an output
power level higher than Py, min. See 145.2.8.
Values: 0 through 499

PSEAutoclassCompleted
A Boolean that indicates the PSE has completed the PD Autoclass request. This variable is mapped
into the aLldpXdot3LocPSEAutoclassCompleted (30.12.2.1.18n) attribute.

Values:
FALSE: The PSE has not completed the Autoclass measurement, or it is not performing a
Autoclass measurement.
TRUE: The PSE has completed the Autoclass measurement.
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PSEAutoclassSupport
A Boolean variable that indicates if the PSE supports Autoclass in the PSE. This variable is
mapped into the aLldpXdot3LocPSEAutoclassSupport (30.12.2.1.18m) attribute.

Values:
FALSE: The PSE does not support Autoclass.
TRUE: The PSE supports Autoclass.
TempVar

A variable used to store Power Value in units of 0.1 W.
Values: 0 through 999, and 0xACAC
TempVar_alt(X)
A variable used to store a Power Value in units of 0.1 W.
Values: 0 through 499.
alt_pri
A variable used to select which Alternative assumes the role of Primary Alternativ¢ iff the PSE
state diagram in Figure 145-13.

Values:
a: Alternative A assumes the role of Primary Alternative.(When operating over
4 pairs, Alternative B assumes the role of Secondary Alternative.
b: Alternative B assumes the role of Primary Alternatiye. When operating over
4 pairs, Alternative A assumes the role of SecondaryAlternative.
fourpairmode

Alias for the following term: (alt_pwrd pri * alt pwrd_sec)

local system_change
An implementation-specific variable that indicates that)the local system wants to change the
allocated power value. This indicates the PSE is going to change the power allocated to the PD.
This variable may be set by the PSE at any time

Values:
FALSE: The PSE does not want to\¢hange the power allocation.
TRUE: The PSE wants to change-the power allocation.

local_system_change alt(X)
An implementation-specific variable’ that indicates that the local system wants to change the
allocated power value. This indicates the PSE is going to change the power allocated to the PD for
Alternative(X). This variable;may be set by the PSE at any time.

Values:
FALSE: The PSE does not wants to change the power allocation.
TRUE: Thie PSE wants to change the power allocation.

pse_alternative
This variable defined in 145.2.5.4 indicates which Pinout Alternative the PSE uses to apply power
to the PI (see Table 145-3).

Values:
a: The PSE uses PSE pinout Alternative A.
b: The PSE uses PSE pinout Alternative B.
both: The PSE uses both Alternative A and Alternative B.

pse~dll_enable
A variable output by the PSE state diagram (Figure 145—13) to indicate if the PSE Data Link Layer
classification mechanism is enabled.

Values:
FALSE: PSE Data Link Layer classification is not enabled.
TRUE: PSE Data Link Layer classification is enabled.

pse_dll_ready

Seepse_dit Teady Im 45254
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pse_initial value
The value of this variable is valid after classification and is derived from the pse allocated pwr
and pd_autoclass variables (145.2.5.4), which is used in the PSE state diagrams in 145.2.5.7. The
value is quantized to fit the available resolution. Additional information on power levels for Class

8 may be found in 145.3.8.2.1. This variable is set per this description.

Values:
pd_autoclass pse_allocated pwr pse_initial value
FALSE 1 39
FALSE 2 65
FALSE 3 130
FALSE 4 255
FALSE 5 400
FALSE 6 510
FALSE 7 620
FALSE 8 713
TRUE — 0xACAC

pse_initial value alt(X)
The value of this variable is valid after classification and is derived frem pse allocated pwr pri
and pse_allocated pwr_sec variables (145.2.5.4), which is used in‘“the PSE state diagrams in
145.2.5.7. The value is quantized to fit the available resolution. Additional information on power
levels for Class 5 may be found in 145.3.8.2.1. This variable ig-set per this description.

Values:
pse_allocated pwr pri/sec pse_initial value alt(X)
1 39
2 65
3 130
4 255
5 356

pse_power update
A variable that is set when the PSEAllocatedPowerValue in the DLL state diagram in Figure 145—

40 has been updated.

Values:
FALSE: The value of;PSEAllocatedPowerValue has not changed.
TRUE: The value of PSEAllocatedPowerValue has changed.

pse_power_update pri
A variable that is~set when the PSEAllocatedPowerValue alt(X) in the DLL state diagram in
Figure 145-42-0r Figure 14543 has been updated.

Values:
FALSE: The value of PSEAllocatedPowerValue alt(X) has not changed.
TRUE: The value of PSEAllocatedPowerValue_alt(X) has changed.

pse_powet_update_sec
A‘yariable that is set when the PSEAllocatedPowerValue alt(X) in the DLL state diagram in
Figure 145-42 or Figure 145-43 has been updated.

Values:
FALSE: The value of PSEAllocatedPowerValue alt(X) has not changed.
TRUE: The value of PSEAllocatedPowerValue alt(X) has changed.
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sig_type
A variable generated from the do_cxn_chk function of the PSE state diagram in Figure 145-13,
which indicates if the PSE is connected to a single-signature PD or a dual-signature PD.

Values:

invalid: Neither a single-signature PD nor a dual-signature PD connection check
signature has been found. This includes an open circuit condition.

single: The PSE has determined there is a single-signature PD configuration connected
to the PI.

dual: The PSE has determined there is a dual-signature PD configuration connected to
the PIL.

twopairmode

Alias for the following term: (alt_pwrd_pri * alt pwrd_sec)

A summary cross-references between the Power over Ethernet classification local and remote’object class
attributes and the PSE power control state diagrams, including the direction of the mapping,/is provided in
Table 145-38.

145.5.3.2.3 Functions

do_autoclass_measure
A function defined in the PSE state diagram, which measures P {J.ass s defined in 145.2.8.2.
do pse power review
This function evaluates the power allocation or budget of the PSE based on local system changes
or changes of the PD requested power value.
The function returns the following variable:

pse_new_value:
The new maximum power value that the(PSE expects the PD to draw in units of 0.1 W.
Valid values: 1 through 999, and 0XACAC
do pse power review_alt(X)
This function evaluates the power@llocation or budget of the PSE based on local system changes.
The function returns the following variable:

pse_new_value alt(X):
The new maximumipower value that the PSE expects the PD to draw in units of 0.1 W.
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145.5.3.2.4 Attribute to state diagram variable mapping

Table 145-38 shows the mapping between state diagram variables and Clause 30 attributes for PSEs.

Table 145-38—Attribute to state diagram variable cross reference for PSEs

Attribute Mapping State diagram variable
oLldpXdot3LocSystemsGroup Object Class
aLldpXdot3LocPDRequestedPowerValue = PDRequestedPowerValueEcho
alLldpXdot3LocPSEAllocatedPowerValue = PSEAllocatedPowerValue
alldpXdot3LocReady = pse_dll ready
alLldpXdot3LocPSEAutoclassSupport = PSEAutoclassSupport
alLldpXdot3LocAutoclassCompleted = PSEAutoclassCompleted
al.ldpXdot3LocPDRequestedPowerValueA &= PDRequestedPowerValueEcho alt(A)
alLldpXdot3LocPDRequestedPowerValueB &= PDRequestedPowerValueEcho _alt(B)
al.ldpXdot3LocPSEAllocatedPowerValueA = PSEAllocatédPowerValue alt(A)
aLldpXdot3LocPSEAllocatedPowerValueB = PSEAlocatedPowerValue alt(B)
oLldpXdot3RemSystemsGroup Object Class
aLldpXdot3RemPDRequestedPowerValue = MirroredPDRequestedPowerValue
aLldpXdot3RemPSEAllocatedPowerValue =4 MirroredPSEAllocatedPowerValueEcho
aLldpXdot3RemAutoclassRequest = MirroredPDAutoclassRequest
aLldpXdot3RemPDRequestedPowerValueA = MirroredPDRequestedPowerValue_alt(A)
alldpXdot3RemPDRequestedPowerValueB = MirroredPDRequestedPowerValue_alt(B)
aLldpXdot3RemPSEAllocatedPowerValueA = MirroredPSEAllocatedPowerValueEcho_alt(A)
aLldpXdot3RemPSEAllocatedPowerValueB = MirroredPSEAllocatedPowerValueEcho_alt(B)
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