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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 ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.
ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work.

The procedures used to develop this document and those intended for its further maintengnce are
described in the ISO/IEC Directives, Part 1. In particular, the different approval critefia needed for the
different types of ISO/IEC documents should be noted. This document was drafted ‘in accordance with
the editorial rules of the ISO/IEC Directives, Part2 (see wwwiiso.org/directifes or
www.iec.ch/members_experts/refdocs).

[EEE Standards documents are developed within the IEEE Societies andthe Standards Coorfinating
(ommittees of the IEEE Standards Association (IEEE-SA) Standards,Board. The IEEE devglops its
dtandards through a consensus development process, approved by the American National Standards
Institute, which brings together volunteers representing varied¥iewpoints and interests to achieve the
inal product. Volunteers are not necessarily members of the/Institute and serve without compensation.
Vhile the IEEE administers the process and establishes ules to promote fairness in the consensus
evelopment process, the IEEE does not independently evaluate, test, or verify the accuracy ofanl?y of the
nformation contained in its standards.

—_ N e

Attention is drawn to the possibility that some of the elements of this document may be the sybject of
Patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent rightq. Details
of any patent rights identified during the deyelopment of the document will be in the Introductionp and/or
on the ISO list of patent declarations teceived (see www.iso.org/patents) or the IEC list of patent
declarations received (see https://paténts.iec.ch).

Any trade name used in this document is information given for the convenience of users and ¢oes not
donstitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific tefyms and
gxpressions 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),
dee www.iso.org/iso/foreword.html. In the IEC, see www.iec.ch/understanding-standards.

ISO/IEC/IEEE 8802-1CS was prepared by the LAN/MAN of the IEEE Computer Society (ps IEEE
802.1CS™=2020) and drafted in accordance with its editorial rules. It was adopted, under the “f3st-track
Brocedure” defined in the Partner Standards Development Organization cooperation agreement
Retween ISO and IEEE, by Joint Technical Committee ISO/IEC]JTC 1, Information technology,
Subcommittee SC 6, Telecommunications and information exchange between systems.

A list 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.
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Abstract: Protocols, procedures, and managed objects for a Link-local Registration Protocol (LRP)
to replicate a registration database from one end to the other of a point-to-point link and to replicate
changes to parts of that database are specified in this standard. A facility is provided to purge the
replicated database if the source becomes unresponsive. LRP is optimized for databases on the
order of 1 Mbyte.
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers.
These notices and disclaimers, or a reference to this page (https:/standards.ieee.org/ipr/disclaimers.html),
appear in all standards and may be found under the heading “Important Notices and Disclaimers Concerning
IEEE Standards Documents.”

Noti FBischai Fiabitity-e i rthe-tse-of{EEE-Starrdard

Documents

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordihating
Committees of the IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its standards
through an accredited consensus development process, which brings together volunteers representing varied
viewpoints and interests to achieve the final product. IEEE Standards are documents developed by
volunteers with scientific, academic, and industry-based expertise in technical working @roups. Volunteers
are not necessarily members of IEEE or IEEE SA, and participate without compensation/from IEEE. While
IEEE administers the process and establishes rules to promote fairness in the’,corisensus development
process, IEEE does not independently evaluate, test, or verify the accuracy of dany, 6f the information or the
soundness of any judgments contained in its standards.

IEEE makes no warranties or representations concerning its standards, and expressly disclaims all
warranties, express or implied, concerning this standard, including-but not limited to the warranties of
merchantability, fitness for a particular purpose and non-infringement. In addition, IEEE does not warrant or
represent that the use of the material contained in its standards is free from patent infringement. IEEE
standards documents are supplied “AS IS” and “WITH ALIFAULTS.”

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, market, or provide other goods and services related to
the scope of the IEEE standard. Furthermore, the’yiewpoint 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 or entity, nor is IEEE undertaking to perform any duty owed by any
other person or entity to anether. Any person utilizing 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,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: THE
NEED-TO PROCURE 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 1F ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Translations

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 is 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, nor be relied upon as, a formal position of [EEE. At lectures,
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall
make it clear that the presenter’s views should be considered the personal views of that individual rather
than the formal position of IEEE. IEEE SA, the Standards Committee. or the Working Group.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations,
consulting information, or advice pertaining to IEEE Standards documents.

Suggestions for changes in documents should be in the form of a proposed changé-of text, together with
appropriate supporting comments. Since IEEE standards represent a consensus ,of/concerned interests, it is
important that any responses to comments and questions also receive the\eoncurrence of a balance of
interests. For this reason, IEEE and the members of its Societies and Staridards Coordinating Committees
are not able to provide an instant 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 evaluating comments or in fevisions to an IEEE standard is welcome
to join the relevant IEEE working group. You can indicate interést in a working group using the Interests tab
in the Manage Profile & Interests area of the IEEE SA myProject system. An IEEE Account is needed to
access the application.

Comments on standards should be submitted using the*Contact Us form.

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 constitute 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.

Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and
data ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

Eoovriat

IEEE draft and approved standards are copyrighted by IEEE under US 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 does not waive any rights in copyright to the
documents.
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Photocopies

Subject to payment of the appropriate licensing fees, 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; https://
www.copyright.com/. Permission to photocopy portions of any individual standard for educational
classroom use can also be obtained through the Copyright Clearance Center.

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 ameéndments,
corrigenda, or errata. An official IEEE document at any point in 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 10 years. When a documentis more than 10 years
old and has not undergone a revision process, it is reasonable to conclude that its ¢ontents, although still of
some value, do not wholly reflect the present state of the art. Users are cautiongd 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\lEEE Xplore or contact IEEE. For more
information about the IEEE SA or IEEE’s standards development process, visit the [IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the [EEE SA Website. Search for standard number
and year of approval to access the web pageref'the published standard. Errata links are located under the
Additional Resources Details section. Errata“are also available in IEEE Xplore. Users are encouraged to
periodically check for errata.

Patents
IEEE Standards are developed in compliance with the IEEE SA Patent Policy.

Attention is called-fo-the possibility that implementation of this standard may require use of subject matter
covered by patentrights. By publication of this standard, no position is taken by the IEEE with respect to the
existence orwalidity of any patent rights in connection therewith. If a patent holder or 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 https:/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
undér 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 determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised 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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IMPORTANT NOTICE

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. IEEE Standards development activities consider
research and information presented to the standards development group in developing any safety
recommendations. Other information about safety practices, changes in technology or technology
implementation, or impact by peripheral systems also may be pertinent to safety considerations during
implementation of the standard. 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.
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Introduction

This introduction is not part of IEEE Std 802.1CS-2020, IEEE Standard for Local and Metropolitan Area
Networks—Link-local Registration Protocol.

This standard defines the Link-local Registration Protocol.

This standard contains state-of-the-art material. The area covered by this standard is undergoing evolutiom
Revisions are anticipated within the next few years to clarify existing material, to correct possible errors;and
to incorporate new related material. Information on the current revision state of this and other IEEE, 802
standards can be obtained from

Secretary, IEEE SA Standards Board
445 Hoes Lane

Piscataway, NJ 08854

USA
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IEEE Standard for
LCocaland Metropolitan Area Networks—

Link-local Registration Protocol

1. Overview

1.1 Scope

This standard specifies protocols, procedures, and thanaged objects for a Link-local Registration Protocol
(LRP) to replicate a registration database from ofi¢.énd to the other of a point-to-point link and to replicate
changes to parts of that database. A facility is;provided to purge the replicated database if the source
becomes unresponsive. Provision is made for ‘a proxy system to operate LRP on behalf of a controlled
system. LRP is optimized for databases oriithe order of 1 Mbyte.

1.2 Purpose

LRP is designed to facilitate the creation of applications that distribute information through all or part of a
network.

1.3 State diagram conventions

This doetiment uses the state diagram conventions defined in Annex E of IEEE Std 802.1Q-2018." The
programming language C (ISO/IEC 9899:2018) is also used to document the operation of conformant
systems. C functions are distinguished with this special fixed-width font (e.g., 9.4.6).

) ’m 4
|.4 speclllbdllull MOUcCI

The model of operation documented by this standard is simply a basis for describing the functionality of a
compliant equipment. Implementations can adopt any internal model of operation compatible with the
externally visible behavior that this standard specifies. Conformance of equipment to this standard is purely
in respect of observable protocol.

! Information on references can be found in Clause 2.
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1.5 Note on inter-table references

A number of state machine variables, managed objects, and interface primitives in this standard use the
phrase “a reference to xyz” (see e.g., 7.3.2.8). Such a reference might be implemented by a pointer, an
integer index into an array, the value of some other object in xyz that is sufficiently unique to make the
reference unambiguous. Other techniques are also possible. This is an implementation choice and is not
specified by this standard. This use of “a reference to” is also used for managed objects in Clause 11. The
actual data representations of references to managed objects in Clause 12 and Clause 13, of course, are not

arbitrary.

1.6 Specification precedence

If any conflict among parts of this standard become apparent, state machine diagrams (sce. 1.3) take
precedence over other parts of the standard, followed by information in normative tables, followed by that in
normative text, followed by that in normative figures, followed by YANG andyMIB modules.
Non-normative tables, figures, and text are in annexes and are clearly marked as such.

1.7 Introduction

The Link-local Registration Protocol (LRP) provides an LRP Databasé, Syhchronization (LRP-DS) service
interface (Clause 10) that can be used by one or more LRP applications.in a network, each of which needs to
distribute information to some or all of the relay systems and end\systems in a network. The information is
passed hop-by-hop, in the sense that each information element js,associated with a specific pair of connected
ports in the network.

LRP accomplishes its task by creating point-to-point bi-directional associations between systems’
application instances, each association consisting.0f two one-way paths, and each path consisting of an
applicant database at one end, and a registrar database at the other. LRP quickly and reliably replicates each
applicant database to its neighbor’s registrandatabase. Locally to a system, the application instance performs
any propagation or modification of information among the applicant and registrar databases on different
ports within a system. Globally, the application instances plus LRP can propagate information throughout a
network. This standard does not specify any LRP application that might use LRP. These basic relationships
are illustrated in Figure 1-1.

System A System B

app. instance app. instance

O
i@ (12 databases
IO U B LRP N M A Y

T <4\7 —\—J\‘N\ A \ —_— e = = =

~ - / \—__-——-}

‘f

Figure 1-1—LRP simplified

LRP also supports a mode where a Proxy system operates the application instance, databases, and LRP on
behalf of a Controlled system.
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2. Normative references

The following referenced documents are indispensable for the application of this document (i.e., they must
be understood and used, so each referenced document is cited in text and its relationship to this document is
explained). For dated references, only the edition cited applies. For undated references, the latest edition of
the referenced document (including any amendments or corrigenda) applies.

Non-normative references (i.e., that provide additional information not required for the application of this

document) are given in Annex D.

NOTE—The inclusion of a document in this list of normative references indicates that information in that docunient-is
necessary to implement the present standard. It does not imply that any other part of that referenced doctiment is
required to be implemented by a system conformant to the present standard.

IEEE Std 802®, IEEE Standard for Local and metropolitan area networks—Overview and Architécture. > 4

IEEE Std 802.1AB™-2016, IEEE Standard for Local and metropolitan area networks<Station and Media
Access Control Connectivity Discovery.

IEEE Std 802.1Q™, IEEE Standard for Local and metropolitan area networks—Bridges and Bridged
Networks.

IEEE Std 1003.1™, TEEE Standard for Information Technology—-Portable Operating System Interface
(POSIX™) Base Specifications, Issue 7.

IETF RFC 793, Transmission Control Protocol, September1981 3

IETF RFC 2578, Std 58, Structure of Management Information Version 2 (SMIv2), April 1999.
IETF RFC 2579, Std 58, Textual Conventions for, SMIv2, April 1999.

IETF RFC 2580, Std 58, Conformance Statements for SMIv2, April 1999.

IETF RFC 2863, The Interfaces Greup MIB, June 2000.

IETF RFC 3232, Assigned Numbers: RFC 1700 is Replaced by an On-line Database, January 2002.
IETF RFC 4001, Textual Conventions for Internet Network Addresses, February 2005.

IETF RFC 6335).Internet Assigned Numbers Authority (IANA) Procedures for the Management of the
Service Name and Transport Protocol Port Number Registry, August 2011.

IETF RECE 7950, The YANG 1.1 Data Modeling Language, August 2016.

Inteinet Assigned Numbers Authority (IANA) database, Service Name and Transport Protocol Port Number
Registry.6

2 Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement
this standard.

3 IEEE publications are available from The Institute of Electrical and Electronics Engineers (https://standards.ieee.org/).

4 The IEEE standards or products referred to in Clause 2 are trademarks owned by The Institute of Electrical and Electronics Engineers,
Incorporated.

3 IETF documents (i.e., RFCs) are available for download at http://www.rfc-archive.org/.

®The TANA database is available at https://www.iana.org/assignments/service-names-port-numbers/service-names-port-
numbers.xhtml.
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ISO/IEC 8473-1:1998, Information technology — Protocol for providing the connectionless-mode network
service: Protocol specification.’

ISO/IEC 9899:2018, Information technology—Programming languages—C.

OMG® Unified Modeling Language™ (OMG UML®), Version 2.5, March 2015.%°

IS0 publications are available from the International Organization for Standardization (https://www.iso.org/) and the American
National Standards Institute (https:/www.ansi.org/). IEC publications are available from the International Electrotechnical Commission
(https://www.iec.ch) and the American National Standards Institute (https://www.ansi.org/).

SoMG publications are available from the Object Management Group, at http://www.omg.org.

Y0OMG, UML, and Unified Modeling Language are either registered trademarks or trademarks of Object Management Group, Inc. in the
United States and/or other countries.
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3. Definitions

For the purposes of this document, the following terms and definitions apply. The [EEE Standards
Dictionary Online should be consulted for terms not defined in this clause.'?

This standard makes use of the following terms defined in IEEE Std 802:

4 .
- CIHU StdllOIl

—  frame

This standard makes use of the following terms defined in IEEE Std 802.1Q:
—  Edge Control Protocol (ECP)

The following terms are specific to this standard:

applicant: One of the two roles (with registrar) an application instance can hav&with respect to a Portal.
The applicant controls a database that the Link-local Registration Protocol (ISRP) replicates to the registrar
in the neighbor Portal.

application instance: An instance of a Link-local Registration Protocol (LRP) application running in a
particular Native or Proxy system.

Controlled system: An end system or relay system that has\one or more target ports, but not their associated
Portals.

Edge Control Protocol (ECP): A protocol that provides reliable delivery of control service data units
(SDUs). (From IEEE Std 802.1Q)

Edge Control Protocol Data Unit (ECPDU): The basic unit of information transmitted or received by the
Edge Control Protocol.

end station: A functional unitin an IEEE 802 network that acts as a source of, and/or destination for, link
layer data traffic carried onsthe’network. (From IEEE Std 802)

end system: A systemnattached to a network that is an initial source or a final destination of data transmitted
across that netwofk?

NOTE—The-term “end system” is often used in this document in places where the reader of IEEE 802 standards would
expect thé terin “end station,” in order to avoid confusion caused by standards relating to routers. For example, a router,
as defified by IETF, is an IEEE 802 “end station,” but not an “end system,” because it is not typically an initial source or
finakdestination. Where this standard specifically refers to the use of IEEE 802 services, the term “end station” is used.
Wher¢ it refers to more generalized instances of connectionless services, the term “end system” is used.

frame: The format of aggregated bits from a medium access control (MAC) sublayer entity that are
transmitted together in time. (From IEEE Std 802)

local target port: A target port within the same Native system as an application instance using the port, or a
target port within a Controlled system serviced by an application instance in a Proxy system using the port.

JEEE Standards Dictionary Online is available at https://dictionary.iecee.org. An IEEE Account is required for access to the
dictionary, and one can be created at no charge on the dictionary sign-in page.
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LRP application: A protocol, identified by an application ID, that makes use of the Link-local Registration
Protocol (LRP).

Native system: An end system or relay system that has one or more target ports and their associated Portals.
Neighbor Portal: The one Portal to which a Portal has been connected.

neighbor target port: A target port in a system directly connected to a local port.

port: An entity defined by a {Chassis ID, Port ID} pair that is unique over the union of systems§
interconnected by the Link-layer Registration Protocol (LRP). A port can be tied to a Service AccessPort
(SAP) providing access to an instance of the MAC Service described in IEEE Std 802.1AC.

NOTE—See IEEE Std 802.1AC™ [B3].1!

Portal: An instantiation of the Portal interface, along with instances of the applicant and/or registrar state
machines and databases, associated with a single application instance, residing in a Native or Proxy system,
and associated with a target port.

Proxy system: A system that has Portals, but not the associated target ports;,

record: A subset of a database that is transferred as a single unit from\th¢ applicant to the registrar by the
Link-local Registration Protocol (LRP).

registrar: One of the two roles (with applicant) an applicatioftyinstance can have with respect to a Portal.
The registrar receives the copy of the database that the Link-local Registration Protocol (LRP) replicates
from the applicant in the neighbor Portal.

relay system: A router or a bridge.

NOTE—The term “relay system” is often used inthis document in places where the reader of IEEE 802 standards would
expect the term “bridge.” A relay system can, ifi theory, be a router, a bridge, or any other device that forwards a frame
from one port to another, such that the framge,1s, in some useful sense, identifiable to other systems as being the same
frame. Where this standard specifically refers to one or the other, the terms “router” or “bridge” are used. Where it refers
to more generalized instances of connectionless services, the term “relay system” is used.

system: An end system or a-relay system.

target port: A port in a'Native or Controlled system with which a Portal is associated.

'The numbers in brackets correspond to those of the bibliography in Annex D.
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4. Abbreviations

This standard contains the following abbreviations:

CID Company ID

ECP Edge Control Protocol

ECPDU bEdge Control Frotocol Data Unit

LLDP Link Layer Discovery Protocol (IEEE Std 802.1AB)
LLDPDU Link Layer Discovery Protocol Data Unit

LRP Link-local Registration Protocol

LRP-DS  Link-local Registration Protocol-Database Synchronization
LRP-DT  Link-local Registration Protocol-Data Transport
LRPDU Link-local Registration Protocol Data Units

Ooul Organizationally Unique Identifier

TCP Transmission Control Protocol

TLV Type Length Value

UML Unified Modeling Language
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5. Conformance

5.1 Introduction

This clause specifies the mandatory and optional behaviors of conformant implementations of this standard.
Following a subclause on Requirements terminology (5.2), four types of systems are defined in this clause:

a)  The behaviors for Native end systems are specified in 5.3, 5.4 (mandatory) and 5.5 (optional).
b) The behaviors for Native relay systems are specified in 5.3, 5.6 (mandatory) and 5.7 (optional).
c¢) The behaviors for Proxy systems are specified in 5.3, 5.8 (mandatory) and 5.9 (optional).

d) The optional behaviors for Controlled systems are specified in 5.10.

5.2 Requirements terminology

For consistency with existing IEEE and IEEE 802.1 standards, requirements/plaeed upon conformant
implementations of this standard are expressed using the following terminology:

a)  Shall is used for mandatory requirements;

b)  May is used to describe implementation or administrative choiges. “May” means “is permitted to,”
and hence, “may” and “may not” mean precisely the same ‘thing;

¢)  Should is used for recommended choices. The behaviorsidescribed by “should” and “should not™ are
both permissible but not equally desirable choices.

The Protocol Implementation Conformance Statement (PICS) proformas (see Annex A) reflect the
occurrences of the words “shall,” “may,” and “should” within the standard.

The standard avoids needless repetition and<apparent duplication of its formal requirements by using is, is
not, are, and are not for definitions and the logical consequences of conformant behavior. Behavior that is
permitted but is neither always requiréd nor directly controlled by an implementor or administrator, or
whose conformance requirement is-detailed elsewhere, is described by can. Behavior that never occurs in a
conformant implementation or system of conformant implementations is described by cannot. The word
allow is used as a replacement,for the phrase “support the ability for,” and the word capability means “can
be configured to.”

5.3 Common Native and Proxy required behaviors
A Native or-Proxy system conformant to this standard shall:
NOTE>=The specification of a particular LRP application can impose further constraints on LRP behavior.

a)  Provide the LRP-DT instance state machine, as specified in 7.2 and 7.3;

b) Provide the Portal association maintenance state machines, as specitied in 8.2;

c) Provide at least one of the Link-local Registration Protocol Data Transport mechanisms, Edge
Control Protocol (ECP) or Transmission Control Protocol (TCP), as specified in 6.9.1 and 6.9.2;

d) Conform to the specifications for the format and encoding of Link-local Registration Protocol Data
Units (LRPDUs) in Clause 9; and

e) Provide access to the managed objects required for the functions in item a in this subclause,
according to the specifications in Clause 11.
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5.4 Native end system required behaviors
A Native end system conformant to this standard shall, on one or more ports:

a)  Conform to the required common capabilities specified in 5.3; and

b) Provide either the Applicant state machine as specified in 8.3, the Registrar state machines, as
specified in 8.4, or both.

5.5 Native end system optional behaviors

A Native end system conformant to this standard that provides the TCP Link-local Registration Protdcol
Data Transport mechanism (item c in 5.3) should:

a) Conform to the required capabilities specified in IEEE Std 802.1AB and to the provisions for the
LRP TCP Discovery TLV specified in C.2.2.

A Native end system conformant to this standard that does not provide the TGP Ivink-local Registration
Protocol Data Transport mechanism (item c in 5.3) may:

b) Conform to the required capabilities specified in IEEE Std 802.1AB,and to the provisions for LLDP
TLVs specified in Annex C.

A Native end system conformant to this standard may:

¢) Provide access to the managed objects required by~5.3 and 5.4 or selected from 5.5 using the YANG
modules specified in Clause 12; and/or

d) Provide access to the managed objects required by 5.3 and 5.4 or selected from 5.5 using the MIB
modules specified in Clause 13.

NOTE—The specification of a particular LRP application can make mandatory any of the optional behaviors specified
in this clause (see B.11).

5.6 Native relay system required behaviors
A Native relay system conformant to this standard shall, on more than one port:

a)  Conform to the required common capabilities specified in 5.3; and

b) Provide all*of the Applicant and Registrar state machines, as specified in 8.3 and 8.4.

5.7 Native-relay system optional behaviors

A Native relay system conformant to this standard that provides the TCP Link-local Registration Protocol
Data Transport mechanism (item c in 5.3) should:

a) Coniform to the required capabilities specified m IEEE Std 802.1AB and to the provisions for the
LRP TCP Discovery TLV specified in C.2.2.

A Native relay system conformant to this standard that does not provide the TCP Link-local Registration
Protocol Data Transport mechanism (item ¢ in 5.3) may:

b) Conform to the required capabilities specified in IEEE Std 802.1AB and to the provisions for LLDP
TLVs specified in Annex C.
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A Native relay system conformant to this standard may:

¢) Provide access to the managed objects required by 5.3 and 5.6 or selected from 5.7 using the YANG
modules specified in Clause 12; and/or

d) Provide access to the managed objects required by 5.3 and 5.6 or selected from 5.7 using the MIB
modules specified in Clause 13.

NOTE—The specification of a particular LRP application can make mandatory any of the optional behaviors specified

ol 1 R-11
T S Craust (SCT D T 1)

5.8 Proxy system required behaviors
A Proxy system conformant to this standard shall:

a)  Provide the LRP-DT instance state machine, as specified in 7.2 and 7.3;

b) Provide the Portal association maintenance state machines, as specified in 8.2;

¢) Provide all of the Applicant and Registrar state machines, as specified in §:3and 8.4;
d) Provide the LRP-DT TCP mechanism, as specified in 6.9.2;

e) Conform to the specifications for the format and encoding of LRPDUs'in Clause 9; and

f)  Provide access to the managed objects required for these functionsidccording to the specifications in
Clause 11.

5.9 Proxy system optional behaviors
A Proxy system conformant to this standard may:

a)  Provide access to the managed objects required by 5.3 and 5.8 using the YANG modules specified in
Clause 12; and/or

b) Provide access to the managed objects required by 5.3 and 5.8 using the MIB modules specified in
Clause 13.

NOTE—The specification of a particular LRP application can make mandatory any of the optional behaviors specified
in this clause (see B.11).

5.10 Controlled system optional behaviors
A Controlled systemy, whether an end system or a relay system, should:

a) Conferm to the required behaviors of IEEE Std 802.1AB Station and Media Access Control
Connectivity Discovery, and to the provisions for LLDP TLVs specified in Annex C;

b).\_Provide access to the managed objects required to configure the address(es) of its Proxy system
specified in 11.6.1; and/or

c¢) Provide access to the managed objects for monitoring LLDP TLVs as specified in 11.6.2.

A Controlled system, whether an end system or a relay system, may:

d) Provide access to the implemented managed objects using the YANG modules specified in
Clause 12; and/or

e) Provide access to the implemented managed objects using the MIB modules specified in Clause 13.
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6. Link-local Registration Protocol
6.1 Introduction

The Link-local Registration Protocol (LRP) is described in the following subclauses:

a)  Anoverview of the LRP is given in 6.2.

b) Objectives and non-objectives are given in 6.3.

c) Descriptions of Native, Proxy, and Controlled systems are given in 6.4.

d)  The role of the Link Layer Discovery Protocol (LLDP) is given in 6.5.

e) A description of Exploratory Hello LRPDUs is given in 6.6.

f)  The handling of port state changes are given in 6.7.

g)  The structure of the LRP databases is given in 6.8.

h) Two methods for connecting Portals with LRP Data Transport protocol (LRP-DT) are given in 6.9.

i) A description of the LRP Database Synchronization protocol (LRP-DS),<which runs over LRP-DT
to actually synchronize the applicant and registrar databases, is given in'\6,40.

j)  Abrief description of the process of creating the LRP state machines is'given in 6.11.

k)  Security considerations are given in 6.12.

6.2 Overview

A brief explanation of the purpose of LRP is given in 1.7. This overview describes the relationships among
the various functions comprising LRP in more defail. The basic protocol relationships are shown in
Figure 6-1.

LRP application layer.

- = LRP-DS service interface (Clause 10)
LRP-DS
LRP Database Synchronization (6.10)
- = State machine interactions (Clause 7, Clause 8)
LRP-DT

LRP Data Transport (6.9)

Figure 6-1—LRP protocol stack in a relay system

In Figure 6-1,(the LRP application layer is the user of LRP. LRP is split into two layers: The LRP-DS
database sync¢hronization mechanism, and the LRP-DT data transport mechanisms. An application instance,
operating at'the LRP application layer, and a Portal operating at the LRP-DS layer, cooperate to manage
applicant and registrar databases associated with target ports, as shown in Figure 1-1 and Figure 6-2. The
LRP-DS Portal uses an LRP-DT instance to connect, via another system’s LRP-DT instance, to a neighbor
LRP-DS Portal. LRP-DT can use either the ECP or TCP to transport data. The state machines in the LRP-DS
layer use the T RP-DT instances to exchange ILRPDUs, by which means they copy the databases from

system to system.
LRP-DT delivers data over a point-to-point association with the following services:

a) Pacing of transmissions to avoid overflowing the receiver’s buffers.
b) Acknowledgment and retransmission of data to give some level of assurance it has been received.

¢) In-order delivery of transmissions.
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d) Repacking LRPDUs into suitably sized transmission units (packets) (TCP only).

e) Notification of a failure of a connection (failure to receive an acknowledgment) (TCP only).
Because LRP-DT provides these services, LRP-DS does not have a mechanism to retransmit data. Because

ECP does not provide connection failure indications (item e, above) LRP-DS performs a periodic check (see
6.10.1) on the integrity of the database.

NQTE-—Periodic ]'nleg;]'q; checks are pexigmed whether ECP or TCPisused forthe LRP-DT.

This model is expanded in Figure 6-2, which shows the applicant and registrar databases, two systems A and
B, each supporting two ports and the application instances of two different LRP applications, with' both
systems connected to other systems (off page to the right).

System A System B
instance of app.1 LRP instance of app.1
Application
instances
instance of app. 2 instance of app.. 2
O
Databases
LRP-DS
Portals
LRP-DT V_A—|
‘E\CP L | instances |, EC ‘E\CP R
Wos NS s  LRPDUS - - >
N S o - S . o X
~ e e e e O e e e e e e == — — e e o =
~ L
- —— - T o oo == P — ;

Figure 6-2—LRP application instances, databases, Portals, and LRP

6.3 Objectives and non-objectives
6.3.1 Objectives of LRP
The objectives of LRP are to:

a)  Serve application instances as described in 6.2.

b)«\_Remain independent of the syntax and semantics of the LRP application data contained in the
applicant and registrar databases.

¢) Provide a facility for an application instance to discover its peers, and to make and break

L It 1t - +
dASSUUTALIVILS UCIWTCTID dPPICAUOIT TIISTAIITUTS .

d)  Support multiple options for the transport mechanisms used to carry LRPDUES, in order to provide a
range of capability/complexity trade-offs.

e) Transfer the application instances’ data quickly, reliably, and efficiently with respect to bandwidth.
f)  Efficiently transfer changes to parts of a database, without retransmitting the whole database.

g) Serve applicant and registrar databases whose size, per port, is on the order of magnitude of
1 Mbyte.
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h)  Support only point-to-point associations between application instances.
i)  Support multiple point-to-point associations on one port.

j) By the use of TCP as an LRP-DT transport mechanism, provide for placing the application instance
and Portal in a separate Proxy system from its target port, in order to facilitate central control of a
network.

k)  Support proxying for a Controlled system without requiring any new behaviors of the Controlled
system, in order to make it possible to deploy a new LRP application without implementing an

APPICATION MITANCE (T CVery SYSITIT.
1)  Make efficient use of TCP connections.

m) Support resource-constrained end systems.
6.3.2 Non-objectives of LRP

Certain possible objectives for LRP are explicitly excluded from the present document; if(such features are
required for a given LRP application, they must be provided by the LRP application’specification, as
follows:

a)  Support point-to-multipoint or multipoint-to-multipoint associations among Portals.

b) Provide, in LRP, features for maintaining consistency across the yvaridus parts of a single database,
e.g., locking all or a part of the database.

6.4 Proxy systems, Controlled systems, and target ports

Every Portal and its associated applicant and registrar databases are associated with a single target port. A
target port can be associated with more than one Portaldf those Portals serve different LRP applications, or if
the Portals connect to different neighbor Portals. A target port provides access to a link that connects to one
or more other target ports, typically in other systenis:

There are three classes of systems relevant to\this standard. The class into which a system falls is defined per
LRP application; a system can be in one_¢lass for one LRP application, and in another class for another LRP
application.

Native A system in which the application instances, the target ports, and the Portals all reside.
Controlled A system in(which the target ports, but not the application instances and Portals, reside.
Proxy A systemiin which the application instances and Portals, but not the target ports, reside.

The following term is also useful:

not-controled Either a Native or a Proxy system. That is, one in which at least the application instances and
Portals reside.

Each applicant and registrar database pair shown, for example, in Figure 1-1 or Figure 6-2, is associated
with a specific Portal and target port. In order to support the objective item j in 6.3.1, this standard provides

for either or both of the systems connected by the link to off-load the application instance and Portal to a
separate Proxy system. The system offloading its application instance and Portal is called a Controlled
system.

NOTE 1—This standard does not specify any means for off-loading some, but not all, of the Portals of an LRP
application in a single Controlled system to a Proxy system.

NOTE 2—A system can be simultaneously a Proxy system and a Native system for the same LRP application, if it has
Portals for its own target ports and also proxies for at least one other system.
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NOTE 3—The term “system” is not synonymous with “chassis” or “box”; a physical device can contain parts or all of
any number of systems.

Figure 6-3 illustrates two Native systems, A and B. Each Portal resides in the same system as its target port.
Note that TCP could be used in place of ECP, in Figure 6-3.

End system A Relay system B

app. instance app. instance

@D &D;
1a -7

N Vi

target 1a | = ~ =~

- - -

)

~

~ l
XD, RD,

"1b 2@
c | lECP tI o
/ AJ
target 1b targe Vil
1a-1b LRPDUs 2b-3c LRPBUS

Figure 6-3—Native systems

\\ ':n ':!“

In Figure 6-4, end system A from Figure 6-3 has been changed from 4 Native system to a Controlled system,
and its Proxy system P has been added to the figure. As a conseqii€nice, system B must use TCP, not ECP,
for its LRP-DT layer. The paths of the LRPDUs are shown_passing “over the top” to Proxy system P,
because they are not restricted to passing through the target port. Typically, running an application instance
in a Proxy system results in some change of state in the{Controlled system, and vice versa. For example, a
resource reservation protocol might have to adjust pasameters in the queue shapers on a target port. This
kind of interaction is of concern to the LRP application specification, not to this standard. It is shown in
Figure 6-4 and Figure 6-5 as an arrow labeled “other control.” An existing system with no knowledge of an
LRP application can be controlled by a Proxy system (item k in 6.3.1) so that it behaves as if it did
understand the LRP application. All that is necessary is that the Controlled system be manageable by the
Proxy system, perhaps via managed objects.

1a-1b LRPDUs ,—"“"‘~\

Proxy sya'tem P eontrolled end sysTEm A \Natlve relay system B
\

app. instance

\

& -
[ l

\~ 'i O

- Tt 1b 2b ' A]
other control i
| tcp | | EcP
) o - =
target 1a target 1b \ | target 2b

2b-3¢ LRPDUs

Figure 6-4—Controlled end system, Native relay systems
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In Figure 6-5, we see what happens if relay system B of Figure 6-4 becomes a Controlled system to Proxy
system Q. Now, the two Proxy systems exchange LRPDUs for the link between target ports 1a and 1b.

1a-1b LRPDUs e ———— LRPDUs
_-" 50ntrol|e_d _ — — — Controlled ~ ~ _ I, >
Proxy sysiem P g]d»syglem A relay system B S Qroxy system Q, [
yd a
. 4 - \ L
a;)p'. instance 'f “ app. instanc
. Ll \
l. 1 l.
‘ ' ‘ - ~ >
1a < -l 1b 2b
TCP other control other control TCP

target 1a | (LLDPDUs) | target 1b target 2b

Figure 6-5—Controlled end and relay systems

As long as an LRP system uses TCP, rather than ECP, it is of no consequence to LRP or to an application
instance in that system, whether its partner Portal is proxied or not/This makes it possible to design an LRP
application that can be hosted either on independent cooperating relay systems, or on a centralized network
controller system. Some useful examples of the use of Proxy/CGontrolled systems include:

a) Proxied end systems: A Proxy system can/proxy for a relatively simple end system, and
communicate to the neighboring relay system,'so that the end system does not have to implement the
LRP application.

b) Proxied relay systems: All relay systems in a network can use a central Proxy system. Then, a
Native end system can participate’ in what, to it, appears to be a hop-by-hop LRP application
protocol that works throughout'the network, when in fact, the central Proxy system is a network
controller that performs the~LRP application’s work in all of the relay systems in a single processor,
communicating to the.end'systems via TCP.

c¢) End systems’ proxyand relay systems’ proxy: One system can proxy for a set of cooperating
Controlled end syStems, while another system is a proxy for the Controlled relay systems. The two
proxies can.interact efficiently on behalf of their respective sets of Controlled systems. This is
illustrated in Figure 6-6. In this case, no LRPDUs pass between relay systems; all such traffic is
internal.té the network systems’ proxy.

NOTE 454TCP makes it possible to create Proxy and Controlled systems by masking whether a Native or a Proxy is
exchanging LRPDUs with another Native or a Proxy system. This standard does not require, and does not specity, any
parficular communication between the Proxy and Controlled systems.

LRP application. A single system can be a Controlled system for one LRP application, a Native system for
another LRP application, and a Proxy system for a third LRP application.

The specification of an LRP application can choose whether to allow Proxy systems or not. If, for example,
the information passed in an LRP application could prevent a system from communicating with an adjacent
Controlled system’s Proxy system via TCP, then support of Proxy systems by that LRP application might be
inadvisable.

27
Copyright © 2021 IEEE. All rights reserved.


https://iecnorm.com/api/?name=5d55c68cfb28fc9d51c313892fd6cf90

ISO/IEC/IEEE 8802-1CS:2022(E)

IEEE Std 802.1CS-2020
IEEE Standard for Local and Metropolitan Area Networks—Link-local Registration Protocol

— e o
-— == L S

— [ -
- — — S e .
Native end ~ P - = - ~ ~
i N
system V4 :illl Q[OX|ed LRPDUs ~o

systems’
proxy

m Controlled
ond sttam

Controlled ,' 1

1
relay system ! ("] - A / \
1 \

Controlled ‘\ \

Proxy N

1
1
I
N \
N \
<:> Proxy system AR \
N \
~ \

Figure 6-6—Communicating Proxy’systems

R S

6.5 Link Layer Discovery Protocol and target-ports

The IEEE Std 802.1AB Link Layer Discovery Rrotocol (LLDP) can be used by systems to advertise and
discover Portals by means of the LRP ECP Biscovery TLV (C.2.1) and the LRP TCP Discovery TLV
(C.2.2). When used, the LLDPDUs are sent and'received through, and apply to, target ports, so only a Native
or a Controlled system pass these TLVs. (A Proxy system has no target ports.) In Figure 6-5, for example,
systems A and B are shown trading LLDPDUs.

If a Controlled system runs LLDP, then its Proxy system needs to access and/or control the LRP ECP
Discovery TLVs and LRP TCP Discovery TLVs sent and received on the Controlled system’s target ports.
The means for coordinating)this information is not specified in this standard, but see IEEE Std 802.1AB for
a description of managed objects that make this possible.

Alternatively, the information that would be supplied via LLDP running either in a Native or a Controlled
system can.be configured statically in a Native system or in the Controlled’s Proxy system. The managed
objects_fequired to configure this information are not defined in this standard, but could be defined in a
particular application specification. (See B.3.) In addition, Exploratory Hello LRPDUs (6.6) can be used to
simultaneously detect an associate with a neighboring system.

However the mformation about potential neighbor target ports 1s obtamned, whether through a Native or
Controlled system running LLDP, or through configuration of a Native or Proxy system, an application
instance can use the Local Target Port request and Neighbor Target Port request primitives (10.2.2, 10.2.3) to
convey that information to LRP.

NOTE—Running and monitoring LLDP requires more of an implementation than simply configuring the information in
each system. However, running LLDP is much safer than configuration, because miswiring or misconfiguration can
result in passing information between Portals about target port connections that do not, in fact, exist.
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The Proxy/Controlled mechanisms defined in this standard require a meaningful way to identify the
Controlleds’ target ports to the Proxy systems, even though IP allows the Proxy and Controlled systems to
be in separate broadcast domains. The Chassis ID + Port ID mechanism of IEEE Std 802.1AB is used to
identify individual target ports. An LRP application running in a network is not expected to work correctly if
two or more target ports have the same Chassis ID and Port ID. It is up to those administrating the
network(s) using LRP to ensure that target port identifiers are unique over an adequately large domain to
meet the needs of the LRP applications deployed.

6.6 Exploratory Hello LRPDUs

In some situations, support for resource-constrained systems (item m in 6.3.1) leads to a desire to-not'fun
IEEE 802.1AB LLDP in the system, but to still have some means of discovering one’s neighbor tafget’ports.
The state machines in Clause 7 and Clause 8 permit the transmission and reception of an exploratory Hello
LRPDU (9.4.2). This is a Hello LRPDU that carries neither the Neighbor Chassis ID TLV(9.4.2.8) nor the
Neighbor Port ID TLV (9.4.2.9); it does advertise its own local target port with the My~€hassis ID TLV
(9.4.2.6) and the My Port ID TLV (9.4.2.7). The reception and transmission of exploratory Hello LRPDUs
are enabled separately (see 7.2.2.1). By this means, the system transmitting the exploratory Hello LRPDUs
does not need to acquire the chassis and port ID of its neighbor target port beforé transmitting the Hello
LRPDU, either by configuration or by running LLDP.

Exploratory Hello LRPDUs can only be transmitted over ECP, not oyer\FCP, because with ECP, there is no
difficulty in determining to which local target port a received exploratery Hello LRPDU is directed; a target
port can have only one instance of ECP, and ECP can have onlyconeieighbor port.

6.7 Target port state

Since each LRP Portal and its databases are tied te a‘specific target port, it is expected that the state of the
target port, e.g., whether or not the target port has ‘an operational physical connection, will be important to
the LRP application. However, different LRP.applications can have different requirements for maintaining
or altering the databases and/or propagating information to the rest of the network when a target port
momentarily goes operational or non‘Operational. Furthermore, a Proxy system has only second-hand
knowledge of the state of its Controlted system’s target ports. Therefore, the state of the target port has no
direct impact on the LRP state machines described in Clause 7 and Clause 8.

The impact of the target port's state on the state machines can be different in different circumstances:

a) The LRP-DTECP mechanism (6.9.1) uses the target port to carry LRPDUs, so a failed target port
results in\no LRPDUs being sent or received, which can cause Hello LRPDUs (9.4.2) to time out.

b) The RRP-DT TCP mechanism (6.9.2) can use the target port to carry LRPDU . If so, a failed target
portcan cause the TCP connection (socket) to fail, which will destroy the LRP-DT instance and all
its associated Portals. A failed target port can also cause Hello LRPDUs (9.4.2) to time out.

¢)\ Ifthe TCP connection does not pass through the target port, then a target port failure has no effect on
the state machines in Clause 7 and Clause 8.

d)_In any case, the 1ailure ol a port in amny system in the network through which the ICP connection
passes can cause an interruption in connectivity between Portals that can cause TCP connections to
fail and/or Hello LRPDUs to time out.

It is up to the LRP application specification to define how to determine the state of the target port, how to
convey that state to a Proxy system, and what actions to take when the state changes. The controls defined in
Clause 10 allow an application instance both to receive indications of failures (Portal destruction, Hello
LRPDU timeouts, or failure to synchronize the databases), and to command LRP to take action.
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There are many kinds of failure of a target port; for example, a failed target port can support only one-way
communication, it can have an excessive loss rate, or it can fail completely. There are many means to detect
failures, including state reported by the MAC layer, the Internal Sublayer Service MAC_Operational
parameter (11.2 of IEEE Std 802.1AC-2016 [B3]), or Connectivity Fault Management (Clause 18 of
IEEE Std 802.1Q-2018). The best means can be different for different LRP applications; no particular means
is specified in this standard.

—6-8-LRP-database-structure
- aruLviure

LRP imposes a small amount of structure upon the applicant and registrar databases. In particular:

a)  An applicant or registrar database is divided into one or more records.
b) Each record has:
1) An integer record identifier, unique over the records in the database;

2) A sequence number. (The sequence number is used by LRP-DS only;, iti$ not visible to the
LRP application layer);

3) A checksum computed over the whole record (9.4.6) that is coniptited by an LRP-DS Portal
and exchanged in LRPDUs (The checksum is used by LRP-DS/only; it is not visible to the LRP
application layer); and

4)  One or more octets of data.

c) A given LRP-DT instance, using a given LRP-DT transport mechanism, can impose a maximum
record size on an LRP application. The format of the xRPDU (Clause 9) limits a record’s data to
something less than 65 535 octets. If the LRP-DT ECP mechanism (6.9.1) is used, the maximum is
further reduced to something less than the maximuih frame size of the physical medium.

d) The interaction between LRP-DS and the LRP application layer, and between associated LRP-DS
Portals, is defined in terms of adding, withdrawing, or altering whole records.

e) The data portion of a record is opaqueto LRP; its structure and meaning are defined by the LRP
application specification.

This division into records helps meet-the goals of keeping LRP independent of the LRP applications it serves
(item b in 6.3.1) and also being efficient when transferring parts of a database (item f in 6.3.1). The record
identifier + sequence structure\provides handles to identify the elements (records) that LRP exchanges with
an application instance, so.that'LRP can replicate changes to the database, ensure its integrity across system
restarts, and acknowledge.the receipt of changes, without frequent transmissions of the entire database. An
application instance ¢an divide its applicant database into the parts that are expected to be (or have proven to
be) relatively statie\from those that are dynamic, and put them in separate records. Then, LRP can transmit
dynamic changes, without affecting the static part of the database, or other dynamic records that are not
changing at ‘the same time, without understanding the details of the LRP application, and without itself
implementing complex heuristics.

6(9)LRP-DT data transport mechanisms

0.9.1 LRP-DT ECP mechanism

LRPDUs can be transferred using the Edge Control Protocol (ECP) described in Clause 43 of
IEEE Std 802.1Q-2018. ECP runs over the target port itself, so it can only be used by a Native system. One
ECPDU (one frame) can carry a number of LRPDUs, but no LRPDU can span multiple ECPDUs. This
limits the size of an LRPDU, and hence the size of one record. The reason for this limitation is that, unlike
TCP (6.9.2), ECP fails silently if no acknowledgment is received after some number of retries (default 3, see
12.26.1.2 of IEEE Std 802.1Q-2018). If such a failure dropped one fragment of an LRPDU, then the next
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LRPDU or LRPDU fragment could not be parsed by the receiver. Limiting an LRPDU to a single ECPDU
ensures that only whole LRPDUs can be lost by ECP.

The ECP ackTimerlnit value (D.2.12.6 of IEEE Std 802.1Q-2018), shall be 20.480 ms (RTE=11). This value
is visible as a managed object (IrpAckTimerlnit, 11.3.1).

NOTE—The choice made by ECP for a value of ackTimerlnit, when there is more than one protocol using an ECP
instance, is not fully defined by IEEE Std 802.1Q-2018.

Because ECP allows only a single instance of ECP per physical port, which instance converses with only
one neighbor system, ECP can have multiple point-to-point associations (item i in 6.3.1) only if anECP
instance is used by more than one LRP application. The associations are multiplexed by a field.in"the
LRPDUs (My Portal Number, 9.4.2.4) to distinguish each Portal's (association’s) LRPDUs.

The application instance specifies the destination MAC address for transmitted frames carrying ECPDUs
(item b:3:iin 10.2.3.1). If the LRP ECP Discovery TLV (C.2.1) is being transmitted, this,address shall be the
same as the destination MAC address used for the LLDPDUs. The Nearest Bridge/group address, Nearest
Customer Bridge group address, and Provider Bridge group address (Table 8-1,Jable 8-2, or Table 8-3 in
IEEE Std 802.1Q-2018) are reasonable choices.

6.9.2 LRP-DT TCP mechanism

LRPDUs can be transferred over a TCP connection. An LRPDU cangontain up to 65 535 octets of data, the
maximum value of the LRPDU’s TLV Length field (9.3.3).

Because TCP can support any number of LRP-DS Pgrtal associations through one LRP-DT instance,
multiple point-to-point associations (item i in 6.3.1) dre fully supported for a single port. The associations
are multiplexed by a field in the LRPDUs (My Portal Number, 9.4.2.4) to efficiently utilize the TCP
connection (item 1in 6.3.1).

The interaction between LRP-DS and a FCP connection is described in terms of sockets, as defined by
IEEE Std 1003.1. There are two .ways to create a TCP socket using the functions defined in
IEEE Std 1003.1: Active TCP OPEN~(6:9.2.1) or Passive TCP OPEN (6.9.2.2).

6.9.2.1 Active TCP OPEN
A socket can be created using an active TCP OPEN with the following steps:

a) The IEEE 1003.1 socket () function creates a socket.

b) ThedEEE 1003.1 bind () function can optionally attach a particular local IP address to the socket,
ifmore than one IP address is available for use.

¢).\_The IEEE 1003.1 connect () function creates a TCP connection to a particular remote system, for
use by one LRP-DT instance.

6.9 2 2 Passive TCP OPEN

A socket can be created using a passive TCP OPEN with the following steps:

a) The IEEE 1003.1 socket () function creates a passive socket to be used for enabling the receipt of
other systems’ active TCP OPENS.

b) TheIEEE 1003.1 bind () function is required to attach a local IP address to the socket. See 6.9.2.3
for the selection of the TCP port number parameter to be used in the IEEE 1003.1 bind () function.
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c) The IEEE 1003.1 1isten () function enables the socket to field connect () functions issued by
other systems.

These first three steps are executed once for each local IP address used by a system for the LRP-DT TCP
mechanism. The socket created is not associated with any particular LRP-DT instance. The last step is

performed once for each LRP-DT instance.

d) The IEEE 1003.1 accept () function clones a new socket to pair with another system’s

connect () function, leaving the original passive socket available for further accept ()
functions.

6.9.2.3 LRP TCP port number

There is no fixed value for the TCP port number for LRP. The TCP port number and IP address(es) for a
particular Proxy system can be advertised in the LRP TCP Discovery TLV (C.2.2) and passed’to LRP from
the application instance through the Neighbor Target Port request (item b:4:iii in 10.2.3-1).

NOTE—The means by which a TCP Port number is selected is not specified by this standard” When a Native system
issues the IEEE 1003.1 bind () function, it can then advertise that local TCP Port number,(selected from the Dynamic
Port range specified by IETF RFC 6335 [B15]) in its LRP TCP Discovery TLVs. A Proxy:System can install the selected
TCP Port numbers into the LRP TCP Discovery TLVs transmitted by its Controlled systems using managed objects
(lldpV2ConfigLrpTepControlledTcpPortNumber in 13.5.3). If a fixed TCP pett/fiumber for LRP is assigned, that
number can be advertised.

6.9.3 Quality of Service considerations

LRP is expected to be used to carry resource reservationmprotocols on systems implementing the queuing
mechanisms required for demanding real-time uses.{If frames carrying LRPDUs bypass these queuing
mechanisms, that are required to provide such Quality of Service, then the real-time data streams can be
disrupted.

NOTE—This standard does not specify a particular priority value (11.1 of IEEE Std 802.1AC-2016 [B3]) or a DSCP
value (IETF RFC 2474 [B8]) for the ECP or-TCGP frames or packets. Requirements vary, but a high-priority best-effort
class of service is usually a good choice for ftames or packets carrying LRPDUs.

6.10 LRP-DS database synchronization mechanism
6.10.1 LRP-DS Protocol operation

The use of recordssby LRP-DS is modeled after the use of Link State Advertisements (LSAs) in ISO/IEC
10589:2002 ISEISB19]. Four LRPDUS are carried between Portals to convey database information: 2

1)) ~Hello LRPDU: Establishes and maintains an LRP-DS association between LRP Portals.
2) Record LRPDU: A record, with record identifier, sequence number, checksum, and data.

3) Partial List LRPDU: A list of a subset of the {record identifier, sequence number, checksum}
triplets (no data) in the database.

4) Complete List LRPDU: A complete list of all of the {record identifier, sequence number,
checksum} triplets (no data) in the database.

A Record LRPDU is sent from the applicant to the registrar to add, change, or delete a record. A Partial List
LRPDU is sent from the registrar to the applicant to acknowledge receipt of one or more Record LRPDUs.

2There is a fifth “Stop LRPDU” defined in 9.4.1, but this is merely a syntactic convention for padding an ECPDU to meet minimum
frame length requirements on some physical media.
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A Complete List LRPDU is sent periodically by the registrar to check whether the registrar database
matches the applicant database.

See Clause 8 for descriptions of the state machines that transmit and receive these LRPDUs, and Clause 9
for their formats.

NOTE—The checksum on the data contained in Record LRPDUs is not computed for data integrity; LRP-DS runs over
a transport protocol, either ECP or TCP, that supplies reasonable assurance that LRPDUs are delivered without being

3

when two‘ records can be transmitted with the same record identifier and sequence number, but with different data.
6.10.2 LRP-DS database storage

Figure 6-7 illustrates the entire LRP-DS data path, showing the transformations in the data as it is replicated.
The procedure described here is somewhat more elaborate than an implementation might use, but it
illustrates the underlying principles behind the design of LRP. The only parts of Figure 6-7that constrain an
implementation are the externally visible LRPDUs. Striped and blocks are used tojrepresent pieces of
information that are likely to have only a momentary existence. The numbered stéps, in Figure 6-7 are as
follows:

System A System B

LRP Application instance LRP Application instance

AN LAY
EINN\\\N \\\\\\\

1. Per-system 2. Broken into records 9. Integrated into 8. records
app. info. for one applicant Portal per-system app. info. received N
\ \

definitive

LRP-DS ; / LRP-DS /

applicant database N

°P TN

; 4 2 N

3. Checksums,'sequence
numbers, and'data are saved

=R N NN

7. Checksums, sequence numbers
saved; data passed through

EETZ\\N \@:\\\

2N\ =HZANNNN
4-Formed int{) two LRPDUs 6. LRPDEJ'\s received
\ /

LRP-DT \

~.

LRP-DT/

9. Passed 10 System b

Figure 6-7—LRP-DS data path
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1)  We can posit “Per-system LRP application information™ that contains information related to an
application instance’s purpose.

2)  We can further imagine that the application instance creates an image of an applicant database to be
replicated to its partner on a particular port. From this image, the application instance creates a set of
records, each with a record number, to be transmitted. The records may be a simple division of the
image into sections, but see B.5 for another possibility.

3) The application instance uses the primitives in 10.3.1 to convey the records to the LRP-DS Portal,

where the definitive copy ot the applicant database resides. LRP-DS supplies a sequence number
and checksum for each record.

4)  As governed by the applicant state machines described in 8.3, LRP-DS collects the records thaf need
to be transmitted into Record LRPDUs (9.4.3), and passes them to LRP-DT.

5) LRP-DT moves the Record LRPDUs from the applicant Portal to the registrar Portal, using
acknowledgments, timeouts, and retries to deliver the data quickly and reliably.

6) Following the procedures described in 8.4, LRP-DS in the partner Portal geceives the Record
LRPDUs from LRP-DT and splits out the various records.

7)  LRP-DS responds with Partial List LRPDUs as required, and saves th€ fecord numbers, sequence
numbers, and checksums for each record. The actual data is not saved\by’ LRP-DS, but is passed up
to the application instance along with the record number and sequénee number.

8)  The application instance receives the numbered records (including deletions), and reconstructs the
exact image of the applicant database (the registrar database); posited in item 2, above. This process
may be as simple as concatenating the records in numerical*order, but see B.5 for another possibility.

9) The application instance merges this registrar {latabase into its per-system LRP application
information, which may well trigger applicant-side Joperations on this or other Portals in the system.

As a practical matter, a given implementation mightynerge the LRP application with LRP-DS, or might use
a completely different set of primitives from thegse in Clause 10, but the specification of an LRP application
is most easily described in terms of the Clause, 10 primitives.

6.11 State machine creation

The LRP-DS and LRP-DT state:machines can reside either in a Native system, with the target ports, or in a
Proxy system, separate fronithe Controlled systems’ target ports (6.4). LRP-DS and LRP-DT state machines
are created based on information supplied through the Local Target Port request and Neighbor Target Port
request primitives (10:2.2, 10.2.3). The table imTargetPortList (7.2.2.1) stores this information. Changes to
the imTargetPortList trigger the creation and destruction of LRP-DT state machines (7.3), which in turn lead
to the creation\and deletion of Portals (Clause 8). Figure 6-8 illustrates these relationships and shows the
routines in«€lause 7 that manage these tables and state machines.

Inputto”LRP from the application instance is required to actually create the LRP state machines and start
theiy operation. As shown in Figure 6-8, LRP uses the imTargetPortList (7.2.2.1) to control the creation of
ECP and TCP LRP-DT instances, as well as passive TCP sockets (6.9.2.2) to receive TCP connections from

OMET SYSIEMS. 11e Teceipt 0f 1 CP COMMECHON TeqUESIS {TOM Other SySIems can create 1CP LRP-DT
instances. Also, ECP LRP-DT instances can be created directly by ProcessLocalTargetRequest (7.2.3.1) for
the reception of Exploratory Hello LRPDUs (6.6).

Each LRP-DT instance is one end of an LRP-DT connection to exactly one neighbor LRP-DT instance. One
LRP-DT instance can be associated with one or more different LRP applications for one or more local target
ports, each {target port, LRP application} pair constituting a Portal (Clause 8), which implements the
LRP-DS sublayer.
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Local Target Port Neighbor Target Port

requests (10.2.2) requests (10.2.3)

ProcessLoc\aITarget-
Request (7.2.3.1)

ProcessNeighborTarget-
Request (7.2.3.2)

passive sockets (6.9.2.2)

imTargetPortList
(7.2.2.1)

ProcessTcpOpen
(7.2.3.4)

ProcessNeighborTarget-
Request (7.2.3.2)

LRP-DT instances (7.3)

ProcessNeighborTargetRequest (7.2.3.2);
instReceiveLRPDU (7.3.3.1)

Portals (8)

Figure 6-8—State machine creation

A Portal and its state machines is created either with the creation of an LRP-DT instance, or after the receipt
of the first Hello LRPDU (9.4.2), from a neighbor Portal.

A Portal transmits and receives LRPDUs through its agsoeiated LRP-DT instance. The Portals paired with a
given LRP-DT instance share the transport connectidn to the neighbor LRP-DT instance.

6.12 Security considerations

LRP uses a transport layer, either ECPr TCP. ISO/IEC 10589:2002 IS-IS [B19] commonly uses security
measures described in IETF RFC 5304 [B12]. However, since IS-IS does not use an underlying transport
protocol, these measures are notxof’much use to LRP. Similarly, IETF RFC 7987 [B16] does not apply to
LRP, because there is no Lifetime field to protect, although a Lifetime field could be useful to a particular
LRP application.

The ECP protocol can use MACsec (IEEE Std 802.1AE™ [B4]) to provide a level of security for LRP.
Because every data\bRPDU carries a sequence number, replay of data or list LRPDUs is not a problem over
either ECP or (LRP. Replay of Hello LRPDUs could disrupt making a connection, but TCP prevents that
problem. ECP.has no replay protection for Hellos, but MACsec does prevent replays.

IPsec (IETF RFC 4301 [B11]) or Transport Layer Security (TLS, IETF RFC 8446 [B18]) can be used to
further secure TCP connections. The use of these protocols is not specified in this standard.
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7. LRP-DT Procedures

7.1 Introduction

This clause describes the following procedures and state machines:

a)

The mechanisms used to create and destroy LRP-DT instances are described in 7.2.

b)

a)

b)

©)

d)

The operation of an LRP-DT instance is described in 7.3.

7.2 LRP-DT instance maintenance
7.2.1 LRP-DT instance maintenance and Portal creation overview

LRP-DT instances are instantiations of the LRP-DT instance state machine (7.3.4),"and exist only in a
Native or a Proxy system. They are created and destroyed by the following methods

Local Target Port requests (10.2.2) issued by the, ‘application instance call
ProcessLocalTargetRequest (7.2.3.1) to create and destroy descriptions of local target ports, that is,
target ports residing in either that same Native system, or in a Centrolled system controlled by the
Proxy system in which the application instance resides.

Similarly, Neighbor Target Port requests (10.2.3) ¢issued by the application instance call
ProcessNeighborTargetRequest (7.2.3.2) to create or destroy descriptions of neighbor target ports,
each of which is attached to a specific local targetport.

If a local target port is described, but no neighbér target port is described, then

1) If ECP is enabled (item b:3 in 10:2.2:1), then ProcessLocalTargetRequest creates an ECP
LRP-DT instance, but no Portal.

2) If a TCP address (and Port number) is supplied, then ProcessLocalTargetRequest creates a
Passive TCP OPEN socket-(6:9.2.2) if not already created, but no LRP-DT instance or Portal is
created, yet.

When a neighbor target port’is described and attached to the local target port description, then:

1) If the local.\.and neighbor target ports have ECP addresses supplied, then
ProcessNeighborTargetRequest creates a Portal and attaches it to the LRP-DT instance.

2) If the local and neighbor target ports have TCP addresses (and TCP port number) supplied, then
ProcessNeighborTargetRequest creates both a TCP LRP-DT instance and a Portal, which it
attaches to the LRP-DT instance. It issues an Active TCP OPEN (6.9.2.1) on the LRP-DT
instance, if one does not already exist.

When an IEEE 1003.1 accept () call succeeds on a socket created in item c:2, above,
ProcessTepOpen (7.2.3.4) creates a new TCP LRP-DT instance, but not a Portal.

When a Hello LRPDU (9.4.2) is received on an LRP-DT instance for an unknown neighbor target
port, then First Hello indication (10.2.5) and Associate Portal request (10.2.4) are used to allow or

g)

h)

disallow the Portal to associate with its neighbor.

Local Target Port requests, Neighbor Target Port requests, and TCP connection failures can trigger
the destruction of target port descriptions, which in turn, destroy the associated Portals and LRP-DT
instances.

Duplicated TCP connections can cause duplicated TCP LRP-DT instances. Subsequent operation of
the Receive Hello state machine (8.2.5) can cause one of the duplicated LRP-DT instances and its
TCP socket to be destroyed.
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Only TCP LRP-DT instances need to establish connections with active or passive OPEN operations. ECP
has no connection establishment operations.

The details of this process are described in the following subclauses.

7.2.2 Instance maintenance variables

7.2.2.1 imTargetPortList

An imTargetPortList resides in each Native or Proxy system. It maintains a list of all local and neighbor
target ports of interest to the system. Entries in the imTargetPortList are created or destroyed by|the
ProcessLocalTargetRequest routine (7.2.3.1). Each entry in the list is associated with a single application
instance and local target port, and thus has a unique value for the triple {imPplAppld, imPplMyChassisId,
imPplMyPortld}.

In turn, each entry in the imTargetPortList has an attached list (imPplNeighborList}<ittm g, below) of
neighboring target ports. Entries in the imPplNeighborList are created,<ot, destroyed by the
ProcessNeighborTargetRequest (7.2.3.2) routine. Each entry in the imPpINeighbetList has, in conjunction
with its parent imTargetPortList entry, a unique value for the 5-tuple {imPplAppld, imPpIMyChassisld,
imPpIMyPortld, imPpINbrChassisId, imPpINbrPortld}.

The imTargetPortList is, in effect, a list of known target ports for which Portals are expected to be created.
For each expected Portal, imTargetPortList has local and remote¢-address information to be used for an
LRP-DT instance to carry that Portal’s LRPDUs. Note that this-is.not a list of all possible Portals, as Portals
can also be created as a result of receiving Hello LRPDUs (item fin 7.2.1).

The relationship of the information in the imTargetPaortList to that in the LRP ECP Discovery TLV and LRP
TCP Discovery TLV (C.2.1, C.2.2) carried by IEEE'802.1AB LLDP is governed by the application instance
via the primitives in Clause 10. See 6.5.

Each entry in the imTargetPortList contains,the following items:

a) imPplAppld: The Appld of an LRP application (9.2).

b) imPplMyChassisld: The Chassis ID (9.4.2.6) of the Native or Controlled system’s target port (8.5.2
of IEEE Std 802.1AB-2016).

c¢) imPplMyPortld:*The Port ID (9.4.2.7) of the Native or Controlled system’s target port (8.5.3 of
IEEE Std 802:]1 AB-2016).

d) imPpIMyEcpEnable: A Boolean value indicating whether this target port accepts LRPDUs
transmitted over ECP.

e) imPplMyTcpInfo: The LRP TCP IP address and TCP port number information for the Native or
Controlled system’s target port (C.2.2.6). This item can be empty.

NOTE 1—The procedures in 7.2.3.1 ensure that either imPpIMyEcpEnable is TRUE, imPpIMyTcplnfo is not empty, or
that’both conditions are met.

1) 1mPplHelloParms: Hello parameters to be used by any generated Hello state machines (item ¢ 1n
10.2.2.1).

g) imPplNeighborList: A list, possible empty, of neighbor target ports. Each entry in the list contains:

1) imPpINbrChassisld: The Chassis ID (9.4.2.8) the neighbor system’s target port (8.5.2 of
IEEE Std 802.1AB-2016).

2) imPpINbrPortld: The Port ID (9.4.2.9) a neighbor system’s target port (8.5.3 of
IEEE Std 802.1AB-2016).
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3) imPpINbrEcpInfo: The LRP ECP MAC address for a neighbor system’s target port (C.2.1).
This item can be empty.

4) imPplExploreXmit: A Boolean value indicating that the local Portal controlled by this
imPpINeighborList entry can transmit Exploratory Hello LRPDUs (6.6).

5) imPplExploreRecv: A Boolean value indicating that the local Portal controlled by this
imPpINeighborList entry is willing to receive Exploratory Hello LRPDUs (6.6).

6) imPpINbrTcpInfo: The LRP TCP IP address and TCP port number information for a neighbor

system’s target port (C.2.2.6). This item can be empty.
NOTE 2 —The procedures in 7.2.3.1 ensure that imPpINbrEcplInfo and imPpINbrTcpInfo are never both empty.

7) imPplActiveOpen: A Boolean value indicating that this system needs to issue an active TCP
connection OPEN operation (6.9.2.1) for this target port pair.

8) imPplPortalRef: A reference (1.5) to the Portal associated with this neighbop-target port, or
null, if none.

A system shall not allow the creation of an imTargetPortList such that any of the folowing are true:

h) Two or more different imPpINeighborList entries have the samie” values of the 5-tuple
{imPplAppld, imPpIMyChassisld, imPpIMyPortld, imPpINbrChassisld, imPpINbrPortld}.

i) In one imPplNeighborList entry, imPpINbrEcpInfo is null\and either imPplExploreXmit or
imPplExploreRecv is TRUE.

7.2.3 Instance maintenance routines
7.2.3.1 ProcessLocalTargetRequest

In a Native or Proxy system, a Local “Target Port request (10.2.2) results in a call to
ProcessLocalTargetRequest to create or destroyzan entry in the imTargetPortList (7.2.2.1), the list of {LRP
application, target port} pairs in the system. This routine takes the parameters given in the Local Target Port
request as inputs. ProcessLocalTargetRequest then modifies the imTargetPortList as follows:

a) If the parameters of the lcocal Target Port request are invalid (e.g., specify a non-existent target
port), theProcessLocalTargetRequest terminates and returns an error code for the Local Target Port
request (item c:1 in’10.2.2.2).

b) If no entry exists in‘the imTargetPortList with imPplAppld, imPpIMyChassisld, and imPpIMyPortId
values matching the Appld, Chassis ID, and Port ID values specified in the Local Target Port request
(item a:1¢item b:1, and item b:2 in 10.2.2.1), then:

1) JIfECP is disabled and no IP address information is supplied in the Local Target Port request,
the request is ignored and ProcessLocal TargetRequest terminates.

2)» Otherwise (ECP enabled and/or IP address is supplied), ProcessLocalTargetRequest creates a
new entry in the imTargetPortList, and fills the imPpIMyEcpEnable, imPpIMyTcplnfo, and
imPplHelloParms values in the new imTargetPortList entry from the information specified in
the Local Target Port request (item b:3, item b:4, item c:2 in 10.2.2.1). The imPpINeighborList

item 1n the new entry 1s empty. Processing continues (item d, below).
c) Otherwise (a matching entry is found):

1) If ECP is disabled and no IP address information is supplied in the Local Target Port request,
the existing imTargetPortList entry is deleted. Processing continues (item d, below).

2) Otherwise (ECP enabled and/or IP address is supplied), If the imPpIMyEcpEnable,
imPplMyTcpInfo, and imPplHelloParms values in the imTargetPortList entry match the
information specified in the Local Target Port request (item b:3, item b:4, item c¢:2 in 10.2.2.1),
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request is ignored and ProcessLocal TargetRequest terminates. If they do not match, an error is
reported (item c:1 in 10.2.2.2) and ProcessLocalTargetRequest terminates.

d) If an entry in the imTargetPortList is created with a value for an IPv4 and/or an IPv6 address in
imPplMyTcplnfo (item e in 7.2.2.1) that was not previously in the imTargetPortList, then
ProcessLocalTargetRequest creates a new socket and issues an IEEE 1003.1 1isten () call to
initiate a passive TCP OPEN for each new IP address (6.9.2.2).

e) If item «c:1, above, resulted in the deletion if an imTargetPortList entry, then

D L 1L 4+ 4 L, 11 . DNlosalal o 4+ $ L7232 I 1 4. M
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the imPpINeighborList (item g in 7.2.2.1) of the imTargetPortList entry to delete the neighbors and
their Portals. These actions can cause the destruction of LRP-DT instances.

f)  If any deleted imTargetPortList entry was the only remaining entry in the list to specify a particular
IP address, then the socket on which the IEEE 1003.1 1isten () function was issued for;passive
TCP OPEN:Ss for that IP address is destroyed with the IEEE 1003.1 shutdown () call.

7.2.3.2 ProcessNeighborTargetRequest

Whenever a Neighbor Target Port request (10.2.3) is made in a Native or Proxy’ system, the system calls
ProcessNeighborTargetRequest to create or destroy an LRP-DT instance and Poftal for a specific neighbor
target port. ProcessNeighborTargetRequest is also called by the Receive Hello\state machine (8.2.5) when a
Portal Association is approved by the application instance using/ the Associate Portal request
(10.2.4). ProcessNeighborTargetRequest takes the parameters given jin\the Neighbor Target Port request as
inputs in the former case, and takes the fields in the received Hello-ERPDU (9.4.2) in the latter case. The
routine then modifies the imPpINeighborList (item g in 7.2.2.k) inthe imTargetPortList entry specified in
the Neighbor Target Port request (7.2.2.1, item c:1 in 10.2.3,1)(@s follows:

a) If the parameters of the Neighbor Target Peft request are invalid (e.g., specify a non-existent
imTargetPortList entry), ProcessNeighborTatgetRequest terminates and returns an error code for the
Neighbor Target Port request (item b:1 in*10.2.3.2).

b) If no entry exists in the selected imPpINeighborList with imPplAppld, imPpINbrChassisld, and
imPpINbrPortld values (item a, item*h:1, item g:2 in 7.2.2.1) matching the Appld, Chassis ID, and
Port ID values specified in the Neighbor Target Port request (item e:1 in 10.2.2.1, item b:1 and item
b:2 in 10.2.3.1), then:

1) Ifno ECP address ot.JP' address information is supplied in the Neighbor Target Port request, the
request is ignored‘and ProcessNeighborTargetRequest terminates.

2) Otherwise (ECP address and/or IP is supplied), ProcessNeighborTargetRequest creates a new
entry in ‘the imPplINeighborList, and fills the imPpINbrEcpInfo, imPplExploreXmit,
imPplExploreRecv and imPpINbrTcplnfo values in the new imPplNeighborList entry from the
ECP.address and IP address information specified in the Neighbor Target Port request (item
b:3¢tem b:4 in 10.2.3.1). ProcessNeighborTargetRequest sets imPplActiveOpen to FALSE and
imPplPortalRef to null (item h:7, item g:8 in 7.2.2.1). Processing continues (item d, below).

¢)_( Otherwise (a matching entry is found):

1) If no ECP address or IP address information is supplied in the Neighbor Target Port request,
then instDestroyPortal (7.3.3.5) is called to delete the portal referenced in the imPplPortalRef

(dtem g:8 in 72 2 1) of the deleted entry if any The imPplNeighhorl ist entry is then deleted
ProcessNeighborTargetRequest terminates.

2) Otherwise (ECP address and/or IP is supplied), if the imPpINbrEcpInfo and imPpINbrTcpInfo
values in the imPpINeighborList entry do not match the ECP address and IP address
information specified in the Neighbor Target Port request (item b:3, item b:4 in 10.2.3.1), an
error is reported (item b:1 in 10.2.3.2) and ProcessNeighborTargetRequest terminates.

3) Otherwise (imPpINbrEcpInfo and imPpINbrTcpInfo values in the imPplNeighborList entry do
match the ECP address and IP address values specified in the Neighbor Target Port request),
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then ProcessNeighborTargetRequest examines all LRP-DT instances. If a TCP LRP-DT
instance is found that lists the same imTargetPortList entry in its instTargetPortList (7.3.2.8)
that was given in the Neighbor Target Port request, and has the same IP addresses as the one
returned by PickIpAddresses, then the request is ignored and ProcessNeighborTargetRequest
terminates. Otherwise, the imPpINeighborList entry is selected for further processing.

NOTE—Because LRP-DT reuses TCP connections in order to conserve resources (item d:1, below), a connection that
would have been selected as an active TCP connection can make use of an existing LRP-DT instance’s passive TCP
connection. If that connection is lost, the application instance can issue a new Neighbor Target Port request (10.2.3) for

an already-extant imPpINeighborList, whereupon ProcessNeighborTargetRequest will initiate a new (active) TCP
connection, if necessary. This is the reason that this last bullet (item c:3) can cause a new LRP-DT instance to be created
for an already-extant imPpINeighborList entry that does not have one.

d) At this point, a new imPplNeighborList entry has been created, or an existing entry has been
selected for which there is no LRP-DT instance. PickIlpAddresses (7.2.3.3) is called with
imPplMyTcpInfo and imPpINbrTeplnfo (item e and item g:6 in 7.2.2.1). If PicklpAddresses
indicates success, and also indicates that an active TCP connection is to be made, then;

1) ProcessNeighborTargetRequest examines all LRP-DT instances. If an GRP-DT instance is
found that lists the same imTargetPortList entry in its instTargetPortList (7.3.2.8) that was
given in the Neighbor Target Port request, and has the same IP addreSsés as the one returned by
PickIpAddresses, then that LRP-DT instance is selected oy further processing by
ProcessNeighborTargetRequest.

2) Otherwise, (no matching LRP-DT instance was found), then.aiew LRP-DT instance is created
by calling instCreatelnstance (7.3.3.2) with the imPplNeighborList entry information and the
information returned by PickIpAddresses. This LRP!DT instance is selected for further
processing by ProcessNeighborTargetRequest. instActiveTcep (7.3.2.1) is set to TRUE. Normal
operation of the newly-created LRP-DT instafice State machine (7.3.4) will trigger an Active
TCP OPEN (6.9.2.1).

e) If PicklpAddresses succeeded, but indicated that no active TCP is to be made, then
ProcessNeighborTargetRequest terminates processing successfully.

f)  If PicklpAddresses failed, then the imPplMyEcpEnable and imPpINbrEcplnfo (item d and item g:3
in 7.2.2.1) are examined. If neither’issempty, then an ECP LRP-DT instance is created, by calling
instCreatelnstance (7.3.3.2), and-selected for further processing by ProcessNeighborTargetRequest.
If both are empty, a failure indication is returned by ProcessNeighborTargetRequest (item b:1 in
10.2.3.2).

g) Having selected or created an ECP or active TCP LRP-DT instance, ProcessNeighborTargetRequest
calls instCreatePortal (7.3.3.4) to create a Portal, if one does not already exist. pamNeedHello is set
TRUE for a TCP.LRP-DT instance or an ECP LRP-DT instance whose imPplExploreXmit flag is
TRUE, else sets pamNeedHello to FALSE. ProcessNeighborTargetRequest also adds a reference to
the Portal~to"imPplPortalRef (item g:8 in 7.2.2.1) and to the LRP-DT instance’s instPortalList
(7.3.2.9).

7.2.3.3 PickilpAddresses
Thisroutine takes as inputs two Application descriptor fields (C.2.2.6): imPpIlMyTcplnfo (item e in 7.2.2.1),

tepresenting the local (Native or Proxy system’s) IP address information, and imPpINbrTcpInfo (item g:6 in
7.2.2.1), representing the remote system’s IP address information. PickIpAddresses returns as output either a

failure indication, or the following information:

a) A “this end” IP address,
b)  An “other end” IP address (or “unknown”),
¢) Anindication of whether the addresses (a and b) are IPv4 or IPv6,

d) A Boolean value indicating that this system should perform an active TCP OPEN (6.9.2.1) as part of
creating an LRP-DT instance.
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PickIpAddresses operates as follows:

e) If both Application descriptors’ Address info fields (C.2.2.6.2) indicate IPv6 addresses (addrIPvo6),
then the IPv6 addresses are returned.

f)  Otherwise (one or the other of the address fields did not indicate an IPv6 address), if both
Application descriptors’ Address info fields (C.2.2.6.2) indicate IPv4 addresses (addrIPv4), then the
IPv4 addresses are returned.

indication is output.

The Address info fields (C.2.2.6.2) of inputs are then examined, and a return value for the active TCP-OPEN
choice is taken from Table 7-1. (See B.7 for a discussion of the need for Table 7-1.)

Table 7-1—Active TCP OPEN required

Neighbor’s Active/Passive preference
My Active/Passive apNoPref apActive apPassive
preference
apNoPref TRUE FALSE TRUE
apActive TRUE TRUE TRUE
apPassive FALSE FALSE TRUE

The principles driving this table are that:

— Both sides always make a passive TCP ©PEN (6.9.2.2).

— If the preferences gives a clear choiee as to which makes an active OPEN (6.9.2.2), that choice is
respected.

— If neither party has a preference; or if their preferences conflict, both systems make an active OPEN.
7.2.3.4 ProcessTcpOpen

ProcessTcpOpen runs continuously in a Native or Proxy system supporting the LRP-DT TCP mechanism
(6.9.2). It issues,‘an "IEEE 1003.1 accept() on every passive OPEN socket created by
ProcessLocalTargetRequest (7.2.3.1). Whenever an accept () call succeeds, indicating that a remote
system has issued an active OPEN (6.9.2.2), ProcessTcpOpen creates a TCP LRP-DT instance (7.3) with
instActivelcp.© (7.3.2.1) set to FALSE and instNeighborAddress and instNeighborPortNumber
(7.3.2.4£7:32.5) set to the remote IP address obtained from the accept () call. The new LRP-DT
instance’s instPortalList (7.3.2.9) is empty; no Portal can be created until a Hello LRPDU is received
(7:3:3°1).

NQTE-—The npprnﬁnh of IEEE 1003 1 sockets ensures that the newly created T RP-DT instance will have a different
pair of IP addresses and port numbers from any other TCP LRP-DT instance.

7.3 LRP-DT instance
7.3.1 LRP-DT instance overview

An LRP-DT instance is an instantiation of the LRP-DT instance state machine (7.3.4). Its purposes are to:
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a)  Establish a connection to another LRP-DT instance via TCP. (No connection is needed for ECP.)
b) Create and/or destroy Portals’ state machines (8.2, 8.3, 8.4).

c) Receive LRPDUs and assign them to a Portal for processing.

An LRP-DT instance serves some number of target ports (7.3.2.8). An ECP LRP-DT instance runs in a
Native system only, and sends and receives all of its LRPDUs through the single target port that it serves. A
TCP LRP-DT instance runs in a Native or Proxy system, can serve any number of local target ports, and can

send or recerve 1ts LKPDUS through any port, or difierent ports at difierent times.
7.3.2 LRP-DT instance variables
7.3.2.1 instActiveTcp

A Boolean value that is TRUE if and only if instMyAddress (7.3.2.2) and instNeighborAddress (7.3.2.4) are
TCP addresses and this LRP-DT instance is using the active (6.9.2.1), not the passive (6:9:2.2), form of TCP
OPEN.

7.3.2.2 instMyAddress

The address of the local system for this LRP-DT instance; the addressised as a destination address by the
neighbor LRP-DT instance. The address includes a type (MAC, IPv4{ ot TPv6) and an address of that type.

7.3.2.3 instMyPortNumber
The local port number for this TCP connection, or 0, if this,connection uses ECP, instead of TCP.
7.3.2.4 instNeighborAddress

The address of the neighbor LRP-DT instance; the address used as a destination address by this LRP-DT
instance. The address includes a type (MAE, [Pv4, or IPv6) and an address of that type.

7.3.2.5 instNeighborPortNumber

The remote port number for this TCP connection, or 0, if this connection uses ECP, instead of TCP.
7.3.2.6 instReconnectTimer

An integer valyed timer that decrements once every second, if and only if its value is non-zero.
7.3.2.7 instReconnectReset

A integer number of seconds to wait before trying to remake the next failed TCP connection.

A list of references to the entries in the imTargetPortList (7.2.2.1) attached to this LRP-DT instance. This is
a list of target ports in the Native or Controlled system served by this LRP-DT instance.

7.3.2.9 instPortalList

A list of references to the Portals attached to this LRP-DT instance.
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7.3.2.10 instKillinstance
A Boolean signal indicating that the LRP-DT instance state machine is to cease operation.
7.3.3 LRP-DT instance routines

7.3.3.1 instReceiveLRPDU

This routine is called whenever an LRPDU is received on an LRP-DT instance. The LRPDU is processed
according to the following:

a)  Stop LRPDUs (9.4.1) are discarded without further processing.

b) If the LRPDU type field (9.3.2) of the LRPDU is not one of the values typeHelloLRPDU,
typeRecordLRPDU, typePartialListLRPDU, or typeCompleteListLRPDU from.' Table 9-3, the
LRPDU is counted in instDiscardedLRPDUs (11.4.1) and discarded without furthet-processing.

c¢) If a Partial List LRPDU (9.4.4), Complete List LRPDU (9.4.5), or RegordLRPDU (9.4.3) is
received, instReceiveLRPDU searches the list of Portals in the LRP-DTinstance’s instPortalList
(7.3.2.9) for a Portal whose pamNeighborPortalNumberValid (8.2.2{6) is TRUE, and whose
pamNeighborPortalNumber (8.2.2.7) matches the My Portal Numbgr field (9.4.2.4) of the received
LRPDU. If none is found, the LRPDU is counted in instDiscardedLRPDUs (11.4.1) and discarded
without further processing. If found, then the LRPDU—s" presented to the Portal using
actReceivePartialList (8.3.3.3), actReceiveCompleteList_(873.3.4), or regReceiveWriteRecord
(8.4.4.1), according to the LRPDU type, and instReceive LRPDU terminates. This standard does not
specify the action to be taken by instReceiveLRPDU ifunore than one of its attached Portals has the
same value for pamNeighborPortalNumber.

d) Otherwise (a Hello LRPDU, 9.4.2, is received), instReceiveLRPDU checks to see whether or not
both of the Neighbor Chassis ID TLV and Neighbor Port ID TLV are present in Hello LRPDU, and
proceeds as follows:

1) If both TLVs are missing, the KRP-DT instance is an ECP LRP-DT instance, there is only one
imTargetPortList entry attached to the LRP-DT instance (instTargetPortList, 7.3.2.8), and that
entry’s imPpINeighborList/¢ontains an entry with the imPplExploreRecv flag = TRUE (item
g:5in 7.2.2.1), then an exploratory Hello LRPDU (6.6) has been received. Processing of the
Hello LRPDU proceeds with item e, below.

2) Otherwise (if.any of the conditions of item d:1 are not met), instReceiveLRPDU scans just
those imTargetPortList entries listed in the LRP-DT instance’s instTargetPortList (7.3.2.8) for
an entry, whose imPplAppld, imPpIMyChassisld, and imPpIMyPortld fields (item a, item b,
and item¢ in 7.2.2.1) match the appld field, Neighbor Chassis ID TLV, and Neighbor Port ID
TEV-of the received Hello LRPDU (9.4.2.1, 9.4.2.8, 9.4.2.9). If a matching entry is found, then
processing proceeds with item e, below.

3).--*Otherwise (no match is found), this LRP-DT instance does not support the target port named by
the Hello LRPDU; the LRPDU is counted in instDiscardedLRPDUs (11.4.1) and discarded,
and no further processing takes place.

e) At this point, we know that the LRP-DT instance serves the local target port named (except item d:1,
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following manner:

1) The selected imTargetPortList’s imPplNeighborList (item g in 7.2.2.1) is searched for an entry
whose imPpINbrChassisld and imPpINbrPortld values (item h:1, item g:2 in 7.2.2.1) match the
My Chassis ID TLV and My Port ID TLV, respectively, from the Hello LRPDU. In this search,
an imPplNeighborList entry with the imPplExploreRecv flag set and null values for
imPpINbrChassisld and imPpINbrPortld is deemed to match any Hello LRPDU. This enables
the receipt of an exploratory Hello LRPDU (6.6). If a match is found, then the Portal named in
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the imPplPortalRef value (item g:8 in 7.2.2.1) is selected, and processing continues with item f,
below.

2) Otherwise, (the Hello LRPDU matches some target port served by this LRP-DT instance, but
not any particular Portal), all of the Portals attached to some LRP-DT instance, but not this
LRP-DT instance, are examined to see if any match the Appld, My Chassis ID TLV, My Port
ID TLV, Neighbor Chassis ID TLV, and Neighbor Port ID TLV from the Hello LRPDU. If
none is found, then this was a Hello LRPDU for a new Portal. instReceiveLRPDU creates a
new Portal by calling instCreatePortal (7.3.3 4) with pamNeedHello=FAI SE,_and processing

continues (item f, below).

NOTE—Because no two entries in the imTargetPortList (7.2.2.1) have the same values for imPplMyChassisld, and
imPpIMyPortld, any Portal found by this search is unique, and is attached to an LRP-DT instance that serves the saime
target port as the one on which the Hello LRPDU was received. Since an ECP LRP-DT instance cannot beattached to
two different target ports (7.2.3.1), a matching Portal can be found by item e:2 only for two TCP LRP-DT instances. The
semantics of IEEE 1003.1 sockets ensure that one of these is an Active TCP OPEN (instActiveTcp =-TRUE, 7.3.2.1),
and one a Passive TCP OPEN (6.9.2.1, 6.9.2.2), and also that the socket at one end of a TCP connectigniis/active, and the
other is passive.

3) Otherwise (the Hello LRPDU matches some Portal attached to another{ICP LRP-DT instance),
there are two TCP LRP-DT instances handling the same Portal association. The My Chassis ID
TLV and My Port ID TLV of the received Hello LRPDU are compared to the
imPplMyChassisld and imPpIMyPortld (item b, item ¢ in 7,2(2.1") of the target port to decide
which LRP-DT instance “wins.” The comparison is made byfirst concatenating the Chassis ID
and Port ID of the receiving target port together as a single‘octet string, Chassis ID first, doing
the same with the neighbor target port’s Chassis ID.and Port ID (from the Hello LRPDU) and
comparing the two resultant strings as unsigned:octets, in lexical order. If the receiving
system’s Chassis ID and Port ID are earlier, in“lexical order, and the receiving LRP-DT
instance’s instActiveTcp variable (7.3.2.1)is TRUE, then the existing Portal’s LRP-DT
instance wins, and the Hello LRPDU is/ discarded and counted in instDiscardedLRPDUs
(11.4.1). Otherwise, the new Hello LRPDU wins, and the Portal is moved from the old TCP
LRP-DT instance to the TCP LRP-DT"instance on which the Hello LRPDU was received by
altering the LRP-DT instances’ instPortalLists (7.3.2.9). If an LRP-DT instance’s instPortalList
becomes null, instDestroyInstanee (7.3.3.3) is called.

f)  Having selected a Portal, instRéceiveLRPDU does the following:

1) If the Hello LRPDU mvas an exploratory Hello LRPDU (6.6) accepted under item d:1, above,
and if imPpINbrChassisld and imPpINbrPortld are both null, then the My Chassis ID TLV and
My Port ID TLV are copied to imPpINbrChassisId and imPpINbrPortld, respectively.

2) Either way, ‘instReceiveLRPDU then calls the Portal’s pamReceiveHello (8.2.3.4) routine to
process the Hello LRPDU.

7.3.3.2 instCreatelnstance

instCreatelnStance is called from ProcessNeighborTargetRequest (7.2.3.2) to create an LRP-DT instance and
its state machines. Inputs to instCreatelnstance are a reference to an imPpINeighborList entry (and by
implication to the imTargetPortList entry to which it belongs, see 7.2.2.1), and the information returned to
ProcessNeighborTargetRequest by PickIpAddresses (7.2.3.3). These inputs are used to initialize the
I'RP-DT instance’s state machine variables (7 3 2)

7.3.3.3 instDestroyinstance
This routine examines an LRP-DT instance, and destroys it, if appropriate. If:

a)  The instTargetPortList (7.3.2.8) is empty; or
b) Ifthe instPortalList (7.3.2.9) is empty and instActiveTcp (7.3.2.1) is TRUE;
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Then instDestroyInstance sets instKilllnstance (7.3.2.10) to TRUE to bring the LRP-DT instance state
machine (7.3.4) to a graceful halt. Otherwise, the LRP-DT instance, although it may be idle (have no
attached Portals), is kept available to receive Hello LRPDUs and initiate new Portal associations via
instReceiveLRPDU (7.3.3.1).

7.3.3.4 instCreatePortal

instCreatePortal instantiates a Portal, including its state machines (8.2, 8.3, 8.4). The inputs are:

a)  Areference (1.5) to an LRP-DT instance;

b) A reference (1.5) to an entry in the imTargetPortList (7.2.2.1) specifying the local target port.in the
Native or Controlled system (“my” target port).

¢) The Chassis ID of the neighbor target port or null.
d) The Port ID of the neighbor target port or null.
e) An indication of whether pamNeedHello (8.2.2.13) is to be initialized to TRUE or-FALSE.

instCreatePortal inserts a reference (1.5) to the Portal into the LRP-DT instance’s‘instPortalList (7.3.2.9). It
also fills the Portal state machines’ variables as shown in Table 7-2.

Table 7-2—Initialization of Portal state machine’variables

State machine variable Copy from Reference Initialize
pamAppld (8.2.2.1) imPplAppld itemain 7.2.2.1
pamMyChassisld (8.2.2.2) imPplMyChassisld item g:1 in 7.2.2.1
pamMyPortld (8.2.2.3) imiPplMyPortld item ¢ in 7.2.2.1

pamNeighborChassisld (8.2.2.4)

input item ¢

item g:1 in 7.2.2.1

pamNeighborPortld (8.2.2.4)

input item d

item g:1 in 7.2.2.1

pamMyPortalNumber (8.2.2.9) new’
pamNeighborPortalNumberValid (8.2.2.6) FALSE
pamNeighborPortalNumber (82.2.7) any

pamNeedHello (8.2.2.13)

input item e

pamHelloTime (8.22.15)

imPplHelloParms

item fin 7.2.2.1

pamMyAppInfo (82.2.16)

imPplHelloParms

item fin 7.2.2.1

4A new Porfalnumber is generated that is unique among the Portal numbers attached to the same LRP-DT instance.

Setting the pamNeedHello variable determines whether the new Portal’s Send Hello state machines (8.2.4)
Wwill attempt to transmit Hello LRPDUs immediately after the LRP-DT instance is operational

(pamNeedHello = TRUE), or whether the Portal will wait to receive a Hello LRPDU and have the Portal
association approved by the application instance before initiating Hello LRPDU transmissions
(pamNeedHello = FALSE).

7.3.3.5 instDestroyPortal

Input is a reference (1.5) to a Portal. This routine sets the pamKill variable (8.2.2.23) to TRUE to terminate
the Portal. This causes all of the Portal state machines to terminate gracefully. The Portal is removed from
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any LRP-DT instance that references it (instPortalList, 7.3.2.9), and all of the Portal’s state machines and
variables are destroyed. When finished, a Portal status indication (10.2.6) is sent to the application instance.
If the LRP-DT instance’s instPortalList is then empty, instDestroyInstance (7.3.3.3) is called.

7.3.4 LRP-DT instance state machine

The LRP-DT instance state machine is defined in Figure 7-1.

BEGIN

LI_START

instReconnectReset = 1;
instKilllnstance = FALSE;

¢ UCT
LI_RESTART
instKilllnstance
Address types Address types are TCP && Address types are TCP &&
are ECP linstActiveTcp && instActiveTcp
|EEE Std. 1003.1 accept ()

call succeeded

LT"START_ACTIVE_OPEN
issue IEEE 1003.1 connect ();

success failure
Yy vy Y \i
LI_OPERATONAL

LRPDU received instKilllnstance [} linstKilllnstance && in-

(VinstActiveTep && stActiveTcp &&
|/ TCP conpection failed) TCP connection failed \
LI_LRPDU LI_ACTIVE_TCP_FAILED
instReceiveLRPDU(); instReconnectTimer =
' instReconnectReset = min(
instReconnectReset * 2,

ucTt IrpReconnectMax);

BS instReconnectTimer == 0 instKilllnstance
v Y

LI_TERMINATING

for each aftached Receive Hello state machine
pamKill = TRUE;

For all Send Hello state machines,
Y pamNeedHello == FALSE

LI_TERMINATED

if (address types are TCP)
issue IEEE 1003.1 shutdown () ;
instKilllnstance = FALSE;

Figure 7-1—LRP-DT instance state machine

A passive TCP OPEN is initiated by ProcessLocalTargetRequest (7.2.3.1) before the LRP-DT instance state
machine is created. ECP requires no OPEN procedure. Only an active TCP OPEN requires action by the
LRP-DT instance state machine. A TCP connection is considered to have failed if an IEEE 1003.1 socket
routine, e.g., recv () or send (), returns an error code of ECONNRESET, ENOTCONN, ETIMEDOUT, or
EPIPE. The state machine retries an active TCP OPEN after a waiting period. The loss of a passive TCP
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OPEN destroys the socket, the LRP-DT instance, and any attached Portals’ Hello state machines (8.2). An
ECP LRP-DT instance does nothing about the loss of a non-existent connection.
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8. Portal

8.1 Introduction
This clause describes a Portal in the following subclauses:

a) The maintenance of associations between pairs of neighbor Portals by the exchange of Hello

LRPDU S 1s described 1n 8.2.

b) The operation of the Applicant state machine, that transmits Record LRPDUs and receives Partial
List LRPDU, is described in 8.3.

¢) The operation of the Partial list state machine that receives Record LRPDUs and resporids with
Partial List LRPDU, and the Complete list state machine that transmits Complete List BRPDUs are
described in 8.4.

The relationships among the various state machines and major continuously running processes are illustrated
in Figure §8-1.

8.2 Portal association maintenance
8.2.1 Portal association maintenance overview

An association between two Portals is established, maintainéd, and/or destroyed by the use of Hello
LRPDUs (9.4.2), through the Portal association maintenantce State machines defined in this Clause 8. The
Portal state machines are created in two ways:

a)  When explicit information about a neighbortarget port is supplied in an imPplNeighborList entry in
the imTargetPortList (7.2.2.1, 10.2.3), the ERP-DT instance and Portal are both created.

b) When only information about theNocal (Native or Controlled) target port is given in the
imTargetPortList (10.2.2), an LRP=DT instance can be created (7.2), but the Portal is created only
after a Hello LRPDU has beeinréteived.

The Portal’s Send Hello state, machines (8.2.4) transmit, and the Receive Hello state machine (8.2.5)
receives, Hello LRPDUs. These messages confirm that the LRP-DT instances are connected correctly and
then provide a slow keep-alive to ensure that the Portals are operational. These state machines support a
three-way handshake that includes the application instance in the decision to create a Portal. An example of
the exchange is illustrated in Figure 8-2.

When the first Hello LRPDU is received on a Portal (this same Hello LRPDU can have created the Portal),
an indication® (First Hello indication, 10.2.5) is sent to the application instance. The application instance
responds with an Associate Portal request (10.2.4) specifying whether the Portal association is approved. If
it is-approved, then the Portal proceeds to operate, starting with the completion of the Hello LRPDU
handshake.

In the case of item a, above, the 1dentity of the neighboring target port 1s known, and the Portal commences
the transmission of Hello LRPDUs as soon as the LRP-DT instance becomes operational. In the case of item
b, the identity of the neighboring target port is not known until the receipt of the initial Hello LRPDU. In that
case, transmission of Hello LRPDUs is not initiated until the Portal association is approved by the
application instance.

The Applicant state machine and Partial list state machine are enabled to operate only after the Receive
Hello state machine’s pamMyHelloStatus variable (8.2.2.8) has reached the state hsConnected.
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LRP-DT instance state

A

instKilllnstance machine (7.3.4)
—>
instRe(;ogr;eé:tTimer (One per LRP-DT instance)
(7.3.2.6) pamNeedHello
pamKill Send Hello state machines (8.2.4)
(one per Portal)
pamHelloSendTimer
(8.2.2.15) <—
pamMyHelloStatus pamNeedHello

pamResetReceiveHello
Receive Hello state machine (8.2.5)

(one per Portal)

pamHelloReceiveTimer

(8.2.2.18)
cpINeedCompleteList
; |
v 4 4
Applicant state machine Partial list state machine Complete list state machine
(8.3.4) (8.4.5) (8.4.8)
(one per record) (one per Portal) (one per Portal)
cplCompleteListTimer
(8.4.6.2)
—>> —> —D>
Variable set in multiple Variable set in one Variable setin one target state
target state machines by target state machine by one machine by one source state
one source state machine. source state machine. machine, then reset by target

state machine.
Figure 8-1—<Relationships among LRP-DT and LRP-DS state machines

Every Portal in a’System has a unique value for the 5-tuple {pamAppld, pamMyChassisld, pamMyPortId,
pamNeighborChassisld, pamNeighborPortld}.

Note that,/as described in Clause 7 and Clause 8, the first Hello LRPDU from a neighbor could take a path
through the application instance, while subsequent Hello LRPDU could be processed quickly by the Receive
Hellg state machine (8.2.5). An implementation shall ensure that Hello LRPDUs received from one LRP-DT
instance are presented to pamReceiveHello in the order received.

8.2.2 Portal state machine variables
8.2.2.1 pamAppld

The value transmitted in, and expected to be received in, the appld field (9.4.2.1) of Hello LRPDUs.
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System A System B
Application LRP-DS LRP-DS Application
Hello LRPDUs
hsLooking
Portal statyg
Indication
Associate POl tat
k/fiufi’/
tatus nsConnecting Can receive
portal sk Record LRPDUs
indication
Associate Porta|
%»
- o o - - — hsConne,
Can send and cted
receive Record LRPDUs hsoonnected ______ 7, Can send

Record LRPDUs

Figure 8-2—Typical three-way Hello handshake

8.2.2.2 pamMyChassisld

The value transmitted in the My Chassis ID TLV (9.4.2.6), and expected to be received in the Neighbor
Chassis ID TLV (9.4.2.8), of Hello LRPDUs.

8.2.2.3 pamMyPortid

The value transmitted in the My Port ID TLV.(9:4.2.7), and expected to be received in the Neighbor Port ID
TLV (9.4.2.9), of Hello LRPDUs.

8.2.2.4 pamNeighborChassisld

The value transmitted in the(Neighbor Chassis ID TLV (9.4.2.8), and expected to be received in the My
Chassis ID TLV (9.4.2.6), of'Hello LRPDUs.

8.2.2.5 pamNeighborPortld

The value tranismitted in the Neighbor Port ID TLV (9.4.2.9), and expected to be received in the My Port ID
TLV (9.427), of Hello LRPDUs.

8.2.2.6 pamNeighborPortalNumberValid

A Boolean value indicating whether a value for pamNeighborPortalNumber is valid (TRUE) or has not yet
been received in a Hello LRPDU.

8.2.2.7 pamNeighborPortalNumber
The value received in the My Portal Number field (9.4.2.4) of the Hello LRPDU that established this Portal,

and in the My Portal Number of all other LRPDUs (9.4.3, 9.4.4, 9.4.5) from that same neighbor Portal.
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8.2.2.8 pamMyHelloStatus

An enumerated value to be transmitted in the Hello status field (9.4.2.2) of any Hello LRPDU.
pamMyHelloStatus can take the following values:

hsLooking This Portal has not yet received a successful Associate Portal request (10.2.4).

hsConnecting  This Portal has received a successful Associate Portal request (10.2.4), and a Hello LRPDU

with the hsLooking status. The Portal is ready to receive all LRPDUs.

hsConnected  This Portal is up and ready to transfer LRP application data. The Portal is allowed to
transmit all LRPDUs.

8.2.2.9 pamMyPortalNumber

A 32-bit portal number to be transmitted in the My Portal Number (9.4.2.4) of the Hello- L RPDU. A system
shall not have more than one Portal state machine with the same values of pamAppld, pamMyChassisld, and
pamMyPortalNumber.

8.2.2.10 pamLocalOverflow

A Boolean value. Contains the last Boolean input (item b in 10.3.2.2(1))from the Database overflow request
(10.3.2.2). A value of TRUE indicates that the partner applicant dafabase has exceeded the capacity of the
local registrar application instance. Transmitted in the database overflow bit [bit 8 (least significant)] in the
Error status field (9.4.2.3) of Hello LRPDUs.

8.2.2.11 pamNeighborOverflow

A Boolean copied from the last-received database‘overflow bit [bit 8 (least significant)] in the Error status
field (9.4.2.3) of the last-received Hello LRPDU

8.2.2.12 pamNeighborAcknowledged

A Boolean, equal to the AND of dll-of the actAcknowledged variables (8.3.2.8) for all of the Applicant state
machines (records) on this Portat:

8.2.2.13 pamNeedHello

A Boolean indicating that a Hello LRPDU needs to be sent.

8.2.2.14 pamResetReceiveHello

A Boolean indicating that the Receive Hello state machine needs to be reset.

8.2.2.15 pamHelloTime

Value to put in the Hello Time field (9.4.2.5) of a transmitted Hello LRPDU. See 9.4.2.5 for maximum and
minimum values for this variable. A value of zero indicates that the Send Hello state machines (8.2.4) is to
transmit one last Hello LRPDU (with a zero Hello Time field) and then cease transmitting.

8.2.2.16 pamMyApplinfo

Value to put in the Application Information TLV (9.4.2.10) of a transmitted Hello LRPDU.
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8.2.2.17 pamHelloSendTimer
An integer valued timer that decrements once every second if and only if its value is non-zero.
8.2.2.18 pamHelloReceiveTimer

An integer valued timer that decrements once every second if and only if its value is non-zero.

8.2.2.19 pamHelloReceived

A Boolean indicating that a Hello LRPDU (9.4.2) has been received.

8.2.2.20 pamAssociationYes

A Boolean indicating that an Associate Portal request (10.2.4) returned TRUE.
8.2.2.21 pamAssociationNo

A Boolean indicating that an Associate Portal request (10.2.4) returned FALSE,
8.2.2.22 pamLastReceivedStatus

Used by the Receive Hello state machine (8.2.5) to record the Hellosstatus field (9.4.2.2) of a Hello LRPDU
received from the neighbor Portal.

8.2.2.23 pamKill

Boolean. When TRUE, causes the Receive Hello statésmachine (8.2.5) to terminate operation of the Portal.
8.2.3 Portal Association maintenance routines

8.2.3.1 pamAssociatePortal

This routine is called when the AssoOgiate Portal request (10.2.4) is issued. If the association is accepted, then
pamAssociatePortal sets pamAgsociationYes (8.2.2.20), else it sets pamAssociationNo (8.2.2.21).

8.2.3.2 pamResetNeighbor

This routine resets,the neighbor information, if necessary. If the Portal is attached to an ECP LRP-DT
instance, and if either the imPplExploreXmit or imPplExploreRecv flags in the imPplNeighborList (item
h:4, item h:5.in 7.2.2.1) that created this Portal are TRUE, then pamResetNeighbor resets the
imPpINbfChassisld and imPpINbrPortld items in the imPplNeighborList to null, thus enabling a subsequent
exploratory Hello LRPDU (6.6) to create an association with another neighbor.

8.2.3.3 pamSendHello

Used by the Send Hello state machines (8.2.4) to transmit a Hello LRPDU (9.4.2) that it has constructed as
follows:

a) Copy pamAppld (8.2.2.16) to the appld field (9.4.2.1).

b) Copy pamMyHelloStatus (8.2.2.8) to the Hello status (9.4.2.2).

c¢) Copy pamLocalOverflow (8.2.2.10) to the Error status (9.4.2.3).

d) Copy pamMyPortalNumber (8.2.2.9) to the My Portal Number (9.4.2.4).
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e) Copy pamHelloTime (8.2.2.15) to the Hello Time (9.4.2.5).
f)  Copy pamMyChassisld (8.2.2.2) to the My Chassis ID TLV (9.4.2.6).
g) Copy pamMyPortld (8.2.2.3) to the My Port ID TLV (9.4.2.7).

h) If pamNeighborChassisld (8.2.2.4) is not null, copy pamNeighborChassisld to the Neighbor Chassis
ID TLV (9.4.2.8), else do not place a Neighbor Chassis ID TLV in the Hello LRPDU.

i)  If pamNeighborPortld (8.2.2.5) is not null, copy pamNeighborPortld to the Neighbor Port ID TLV

(9.4.2.9), else do not place a Neighbor Port ID TLV in the Hello LRPDU.
7)) Copy pamMyAppInfo (8.2.2.16) to the Application Information TLV (9.4.2.10).
k)  Setthe TLV Length field (9.3.3) to the total size of all of the fields a through j.
1)  Setthe LRPDU type field (9.3.2) with typeHelloLRPDU (1).

8.2.3.4 pamReceiveHello

When instReceiveLRPDU (7.3.3.1) has successfully identified the Portal to which’a received Hello LRPDU
(9.4.2) belongs, it passes that Hello LRPDU to pamReceiveHello, which perforias,the following actions:

a)  The value in the My Portal Number field replaces the value of pamiNeighborPortalNumber (8.2.2.7)
and pamNeighborPortalNumberValid is set TRUE.

NOTE—instReceiveLRPDU (7.3.3.1) selects a Portal to process a received Hello LRPDU based on the Neighbor
Chassis ID TLV and Neighbor Port ID TLV in the Hello LRPDU. TheyMy Portal Number field contained in the Hello
LRPDU is used to identify which Portal is to process all other LRRDU’s received subsequent to the Hello LRPDU. Thus,
if the Portal Number changes, perhaps because the transmitting system has been reset, the change does not disrupt the
operation of the receiving system.

b) pamReceiveHello then examines the Error status field (9.4.2.3) of the Hello LRPDU. If
pamMyHelloStatus (8.2.2.8) has (he value hsConnecting or hsConnected, and if
pamNeighborOverflow (8.2.2.11) issnot equal to the value of the database overflow bit [bit 8 (least
significant) of the Error status figld], then pamReceiveHello stores the new value of the database
overflow into pamNeighborOveérflow, and issues a Portal status indication (10.2.6) indicating the
new state of pamNeighborOverflow.

¢) Finally, pamReceiveHello presents the Hello LRPDU to the Receive Hello state machine (8.2.5) by
setting the pamHelloReceived flag (8.2.2.19).

8.2.4 Send Hello.state machines
The Send Hello-state machines is defined in Figure 8-3.
8.2.5 Receive Hello state machine

The’Receive Hello state machine is defined in Figure 8-4. Some explanatory notes about the state machine
follow:

a) The RH KILL state is an independent state machine that executes when pamKill is set.

b) On an ECP LRP-DT instance, the rules in instReceive LRPDU (7.3.3.1) can result in offering a new
Hello LRPDU to the application instance via the First Hello indication even though a Portal already
is in operation on that ECP LRP-DT instance. But, in general, multiple Portals cannot be supported
by ECP. It is up to the application instance to use the primitives supplied in Clause 10 to decide
which neighbor to associate with and which to decline.
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Database overflow request(TRUE) &&

lBEGIN ¢7 ! pamLocalOverflow

SH_START
pamMyHelloStatus = hsLooking SH_OVERFLOW
pamResetReceiveHello = TRUE; pamLocalOverflow = TRUE
pamLocalOverflow = FALSE; pamNeedHello = TRUE;
pamNeedHello
l Database overflow request(FALSE) &&
SH WAITING pamLocalOverflow

pamNeedHello = FALSE
pamSendHello();
pamHelloSendTimer = 2 * pamHelloTime / 5; SH_NO_OVERFLOW.

pamHelloSendTimer == 0 (! pamNeedHello && pam'—ocaloverﬂo"! y. FAL_SE
|| pamNeedHello pamHelloTime == 0) pamNeedHello =TRUE;

Figure 8-3—Send Hello state machines
8.3 Applicant
8.3.1 Applicant overview

There is an instance of the Applicant state machine (83,4)-for each record in the applicant database
maintained by a Portal, and an additional set of Applicantstate machines for each Portal. The state machines
are created and destroyed as records are created and déstroyed by the application instance. All of these state
machines reference the pamMyHelloStatus variable\(8.2.2.8) to ensure that LRPDUs are transmitted only
when the Portal is properly associated.

The Portal interface offered by LRP-DS teithe LRP application layer for operation of Portals are defined in
10.3.

8.3.2 Per-record applicant database variables
8.3.2.1 actRecordNumber

An integer in thé range 0 through 4 294 967 295, inclusive, that uniquely identifies a single record in an
applicant database and the corresponding record in the neighbor Portal’s registrar database. There is no
relationship-between a record in an applicant database and a record with the same actRecordNumber in the
same Portal’s registrar database, if any.

8.3.2.2 actSequenceNumber

An integer in the range 0 through 4 294 967 295, inclusive, that identifies the version of the record. It is
incremented each time the record changes.

8.3.2.3 actChecksum
A 16-bit checksum, computed according to 9.4.6, over the record. This variable can contain the value 0 only

if there is no data in the record (actDatalength, 8.3.2.4, is 0).
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BEGIN || pamResetReceiveHello

\
RH_DISCONNECT RH_ENTER_LOOKING

Portal status indication (disconnected); PamReseFtifSCﬁEiveHello =
pamResetNeighbor(); ;
pamNeedHello = TRUE; RH_KILL

ucr pamHelloTime = 0;
ucT pamNeedHello = TRUE;

-

pamKill

Y

RH_LOOKING

pamHelloReceived = FALSE;
pamNeighborOverflow = FALSE;
pamMyHelloStatus = hsLooking;

amAssociationYes = pamAssociationNo = FALSE;
pamHelloReceived
l Y
RH_ENTERING_WAITING RH_RECEIVED_WAITING

First Hello indication(); pamHelloReceived = FALSE;

ucT ucT
Y

Y

RH_WAITING_ON_APPLICATION

pamHelloReceiveTimer = Hello Time;
pamLastReceivedStatus = Hello status;

pamAssociationNo pamAssociationYes && pamHelloReceived

pamLastReceivedStatus
== hsLooking

pamHelloReceive-
Timer == pamAssociationYes &&

A

Y pamLastReceivedStatus

1= i
RH_CONNECTING I= hsLooking

pamMyHelloStatus = hsConnecting;
pamNeedHello = TRUE};
pamHelloReceived =FALSE;
pamHelloReceiveTimer,= Hello Time;
ProcessNeighborTargetRequest();
pamNeighborChassisld = MyxChassis ID TLV (9.4.2.6);
pamNeighborPortld, = My Port ID TLV (9.4.2.7);

pamHelloReceiveTimer == pamHelloReceived &&

Hello status == hsConnecting ||
Hello status == hsConnected Y Y

RH_ENTER_CONNECTED

pamNeedHello = TRUE;
pamMyHelloStatus = hsConnected;
Portal status indication (connected);
cpINeedCompleteList = TRUE

UucT

Y
RH_CONNECTED

pamHelloReceived = FALSE;
pamHelloReceiveTimer = Hello Time;

pamHelloReceiveTimer == 0 || pamHelloReceived &&
(pamHelloReceived && Hello status == hsConnected
Hello status != hsConnected)

NOTE—In this figure, “Hello status” is the value of the Hello status (9.4.2.2) of the received Hello LRPDU

Figure 8-4—Receive Hello state machine
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8.3.2.4 actDataLength

The number of octets, 0 through 65 535, inclusive, in the actData variable (8.3.2.5). If 0, then actData is
empty, and actChecksum (8.3.2.3) contains 0.

8.3.2.5 actData

AT octet string of Iength actDatal.ength (s.53.2.4), containing the data 1n the record, 1I any.
8.3.2.6 actRecordChanged

A Boolean used by actWriteRecord (8.3.3.1) and actReceivePartialList (8.3.3.3) to indicate to thesApplicant
state machine that a record has changed and needs to be transmitted in a Record LRPDU (9.4:3).

8.3.2.7 actResendRecord

A Boolean used by actReceivePartialList (8.3.3.3) to indicate to the Applicant(state machine (8.3.4) that a
record needs to be retransmitted in a Record LRPDU (9.4.3).

8.3.2.8 actAcknowledged

A Boolean that is set FALSE when a record is transmitted in a Record LRPDU (9.4.3), and set TRUE when
the record is acknowledged by a Partial List LRPDU (9.4.4) or '@ Complete List LRPDU (9.4.5).

8.3.3 Applicant routines
8.3.3.1 actWriteRecord

This routine is called whenever the appli¢ation instance issues the primitive Write record request (10.3.1.1).
actWriteRecord performs the followingtactions:

a) It checks to see if any-existing Applicant state machine’s actRecordNumber variable (8.3.2.1)
matches the record number in the Write record request (item b in 10.3.1.1.1). If not, it creates a new
Applicant state, machine using Write record request to supply a value for actRecordNumber in the
new state machire.

b) It computes new values for actChecksum (8.3.2.3), actDataLength (8.3.2.4), and actData (8.3.2.5)
for the ‘se€lected Applicant state machine from the data given in the Write record request (item c in
10,3:1.1.1).

c)«\_It sets the selected Applicant state machine’s actRecordChanged variable (8.3.2.6) to TRUE.

8.3.3.2 actSendRecord

This routine triggers the transmission of a Record LRPDU (9.4.3) containing the information for this
Applicant state machine’s record. actSendRecord creates a record for the Record LRPDU according to
Table 9-7, copying the actRecordNumber (8.3.2.1), actSequenceNumber (8.3.2.2), actChecksum (8.3.2.3),
actDatalLength (8.3.2.4), and actData (8.3.2.5) to the record’s Record number, Sequence Number,
Checksum, Data length, and Application data fields, respectively. This record can be placed into its own
Record LRPDU (9.4.3) and transmitted over the LRP-DT instance (7.3), or it can be combined with other
records from other Write record requests into a larger Record LRPDU and then transmitted.
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8.3.3.3 actReceivePartialList

Whenever a Partial List LRPDU (9.4.4) is received on a Portal, the actReceivePartialList routine is called
once for each record header (Table9-9) received, or when called by actReceiveCompleteList
(8.3.3.4), actReceivePartialList performs the following actions:

a) If the pamMyHelloStatus variable (8.2.2.8) is in the hsLooking state, the Partial List LRPDU is

discarded without examination.

b) If the Record number field does not match any of the actRecordNumber variables (8.3.2.1) of(the
Applicant state machines on this Portal, and the received Checksum is zero, then the received re¢ord
header is ignored. (The neighbor Portal is acknowledging a deleted record.)

c) If the Record number field does not match any of the actRecordNumber variables (8,3.2.1) of the
Applicant state machines on this Portal, and the received Checksum is non-zZ&ros then a new
Applicant state machine is created with its variables set according to Table8<1} and processing
terminates. (The neighbor Portal somehow failed to receive notification of aleleted record.)

Table 8-1—New Applicant state machine from unexpected Partial List LRPDU

Set variable (8.3.2) from record header :;.nfsl;(;l:t
actRecordNumber (8.3.2.1) Record number
actSequenceNumber (8.3.2.2) Sequence Number + 1
actChecksum (8.3.2.3) 0
actDatalength (8.3.2.4) 0
actData (8.3.2.5) none
actRecordChanged (8.3.2.6) TRUE

d) Next (which will not happen unless the Record number field does match a actRecordNumber
variable), the SequenceNumber field of the received header is compared to the actSequenceNumber
variable (8.3.2.2) of.the matching Applicant state machine. If the received number is smaller than
the actSequenceNumber, actReceivePartialList sets the actResendRecord variable (8.3.2.7), and
processing terminates. (The record header acknowledges an old version of the current record.)

e) Next (which will not happen unless the Record number field does match a actRecordNumber
variable._and the received Sequence Number is >= actSequenceNumber), if the received Sequence
Number field is greater than the actSequenceNumber variable, then actSequenceNumber is set to the
higher of the two numbers, actRecordChanged is set TRUE, and processing terminates. (The local
and neighbor state machines have a different opinion of the sequence number. We will make sure
that the registrar state machine sees a new sequence number.)

f)  Next (the Record number and Sequence Number fields match) the Checksum field is compared to

the value in actChecksum (8.3.2.3). If the values match, then the actAcknowledged is set TRUE. If
the value in actChecksum is zero, then a deleted record has been acknowledged, and
actTerminateStateMachine (8.3.3.5) is called to destroy this record’s Applicant state machine.
Otherwise (actChecksum is not zero), processing terminates. (The record has been properly
acknowledged.)

g) Otherwise (everything but the checksum matches), actRecordChanged is set TRUE. (The record has
been improperly acknowledged and must be resent.)
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8.3.3.4 actReceiveCompleteList

This routine is called once to process an entire Complete List LRPDU (9.4.5) received for this Portal.
actReceiveCompleteList performs the following actions, calling actReceivePartialList (8.3.3.3) as necessary
to process the record headers in the Complete List LRPDU.

a) If the pamMyHelloStatus variable (8.2.2.8) is in the hsLooking state, the Complete List LRPDU is
discarded without examination.

b) For each possible record number between the First record number and Last record number fields
(Table 9-9), inclusive, for which there is no corresponding record header, actReceiveCompleteEist
calls actReceivePartialList (8.3.3.3) with a simulated record header with that record number, & zgro
sequence number, and a zero checksum.

NOTE—The preceding paragraph defines what the outcome of the processing is to be. An actual implenientation can
presumably find a better algorithm than to execute 4 billion subroutine calls.

c) Any record header in the Complete List LRPDU whose Record number field is-outside the range of
First record number and Last record number is ignored.

d)  All other record headers are passed to actReceivePartialList for processing:
8.3.3.5 actTerminateStateMachine

This routine is called by actReceivePartialList (8.3.3.3) to terminate ¢he ‘Applicant state machine (8.3.4) for
one record number (actRecordNumber, 8.3.2.1), destroying all of\its_ variables (8.3.2).

8.3.4 Applicant state machine

The Applicant state machine is defined in Figure 8-5,

actResendRecord && actRecordChanged
! actRecordChanged
ACT_RERESEND ACT_RECORD_CHANGE
actResendRecord = FALSE; actSequenceNumber += 1;
actAcknowledged = FALSE; actRecordChanged = FALSE;
actAcknowledged = FALSE;
pamMyHelloStatus #pamMyHeIIoStatus
== hsConnected J¥ == hsConnected
ACT_SEND_RECORD
actSendRecord();

Figure 8-5—Applicant state machine

8.4 Registrar

8.4.1 Registrar overview

There 1s a single instance of the Partial list state machine (8.4.5). This state machine has its own set of
variables (8.4.2), and also an array of variables (8.4.3), one set for each record in the registrar database
maintained by the Portal. The variables are created and destroyed as records are created and destroyed by the
neighbor application instance via the transmission of Record LRPDUs (9.4.3), and by the application
instance, via the Delete record request primitive (10.3.2.1). The Partial list state machine is responsible for
transmitting acknowledging Partial List LRPDUs (9.4.4) in response to the received Record LRPDUs. There
is also a single Complete list state machine (8.4.8) that is used to transmit Complete List LRPDUs (9.4.5),
both on demand and periodically.
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All of these state machines reference the pamMyHelloStatus variable (8.2.2.8) to ensure that LRPDUs are
transmitted only when the Portal is properly associated.

8.4.2 Per-Portal registrar variables

8.4.2.1 ptINeedPartialList

A Boaolean that can be set to TRUE to initiate the transmission of one or more Partial Tist T RPDIIs when a

Record LRPDU (9.4.3) is received.

8.4.3 Per-record registrar variables

8.4.3.1 regRecordNumber

An integer in the range 0 through 4 294 967 295, inclusive, that uniquely identifies aCsingle record in a
registrar database, and the corresponding record in the neighbor Portal’s applicant database. There is no

relationship between a record in a registrar database and a record with the same/e¢gRecordNumber in the
same Portal’s applicant database, if any.

8.4.3.2 regSequenceNumber

An integer in the range 0 through 4 294 967 295, inclusive, that ddentifies the version of the record. It is
copied from the received Record LRPDU (9.4.3).

NOTE—If regSequenceNumber wraps around back 0, then the\applicant-side LRP-DS will be unable to update the
record again. (The registrar will see 0 as smaller than 4 294 967'295, re-acknowledge the higher number and not change
the registrar database.)

8.4.3.3 regChecksum

A 16-bit checksum, computed accordingte 9.4.6, over the record. It is copied from the received Record
LRPDU (9.4.3).

8.4.3.4 regSendAck

A Boolean indicating that.this header for this record needs to be transmitted in a Partial List LRPDU (9.4.4).
8.4.4 Registrarroutines

8.4.4.1 regReceiveWriteRecord

This toutine is called whenever Record LRPDU (9.4.3) is received for this Portal. It is called once for each
record (Table 9-7) contained in the Record LRPDU. regReceiveWriteRecord performs the following
actions:

a) If the pamMyHelloStatus variable (8.2.2.8) is in the hsLooking state, the Record LRPDU is
discarded without examination.

b)  Otherwise (pamMyHelloStatus is not hsLooking), the receiving system should compute a checksum
on the record and compare it to the receive Checksum field. If a checksum mismatch is detected, or
if only one of the Checksum field and the Data length field of the record are zero, then the record
shall be discarded, one error counted in RecordErrors (11.5.9), and the registrar database left
unchanged. No further processing of the record is performed.
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NOTE 1—Because the LRPDUs are carried over a reliable transport protocol as a byte stream, there is no point in
triggering a retransmission for a bad record Checksum field. The bad record is not acknowledged in a Partial List
LRPDU; the Applicant will retry the record transmission after the next Complete List LRPDU. An alarm can be sent to a
network management facility when RecordErrors is incremented, but such alarms are outside the scope of this standard.

¢) Otherwise (the record in the Record LRPDU is valid), regReceiveWriteRecord finds state machine
whose regRecordNumber variable (8.4.3.1) matches the Record number field in the received Record
LRPDU. If none is found, a new Partial list state machine is created for that record, using the
information in the Record LRPDU.

d) regReceiveWriteRecord then compares the Sequence Number field (Table 9-7) of the received
record to the regSequenceNumber variable (8.4.3.2). If the received Sequence Number is higher
than regSequenceNumber, then regReceiveWriteRecord copies the Sequence Number jand
Checksum fields to regSequenceNumber and regChecksum, and generates a Record Wwritten
indication (10.3.2.3) to notify the application instance of the received data (or record deletion).

NOTE 2—If the received Sequence Number is not higher than regSequenceNumber, then item e causes\the old, recorded
information for this record to be transmitted in a Partial List LRPDU.

e) Next, regReceiveWriteRecord sets regSendAck (8.4.3.4) and ptINeedPartialliist (8.4.2.1) to TRUE.
8.4.4.2 regSendPartialList

This routine creates an Partial List LRPDU, or multiple Partial List LRPDUS, if the number of records to be
transmitted will not fit into a single Partial List LRPDU, and queués-them for transmission. The Partial List
LRPDUs contain one record header (Table 9-9) for each recordin the registrar database whose regSendAck
variable (8.4.3.4) is TRUE. The regSendAck variables are set to FALSE. After setting regSendAck to
FALSE, if the regChecksum variable for that record (8.4.3-3).is zero, the record is deleted from the database.

8.4.4.3 regDeleteRecord

This routine is called whenever the Delete fécord request primitive (10.3.2.1) is issued by the application
instance. It deletes the state machine whosg regRecordNumber variable (8.4.3.1) matches the record number
specified in the Delete record request primitive, and sets cplNeedCompleteList (8.4.6.1) to TRUE to trigger
the transmission of a Complete List ERPDU (9.4.5).

8.4.5 Partial list state machine

The Partial list state machine is defined in Figure 8-6.

ptiINeedPartialList &&
pamMyHelloStatus == hsConnected
PTL_SEND_PARTIAL_LIST

ptiNeedPartialList = FALSE;
regSendPartialList();

Figure 8-6—Partial list state machine

8.4.6 Complete list variables
8.4.6.1 cpINeedCompleteList

A Boolean that can be set to TRUE to initiate the transmission of one or more Complete List LRPDUs as
soon as the Portal association is complete.
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8.4.6.2 cplCompleteListTimer
An integer valued timer that decrements once every second, if and only if its value is non-zero.
8.4.6.3 cplCompleteListTimerReset

An integer used by cplResetCplTimer (8.4.7.1) to reset the value of cplCompleteListTimer
(8.4.6.2). cplCompleteListTimerReset is initialized from the Local Target Port request (item c:3 in 10.2.2.1)

that created the target port.
8.4.7 Complete list routines
8.4.7.1 cplResetCplTimer

Sets  cplCompleteListTimer (8.4.6.2) to the value cplCompleteListTimerResets + x *
cplCompleteListTimerReset, where “x” is a pseudo-random value 0 <x < 1.

8.4.7.2 cplSendCompleteList

This routine creates an Complete List LRPDU, or multiple Complete List LRPDUs, if the number of records
to be transmitted will not fit into a single Complete List LRPDU. The Complete List LRPDUs contain one
record header (Table 9-9) for each record in the registrar database whese'regChecksum variable (8.4.3.3) is
non-zero. The set of Complete List LRPDUs transmitted span thecentite 32-bit space of the record number
space, as described in 9.4.5.

8.4.8 Complete list state machine

The Complete list state machine is illustrated in Figure 8-7.

cplNeedCompleteList &&
pamMyHelloStatus == hsConnectedV Y
CPL_START

cplNeedCompleteList = FALSE;

ucTt

y Y

CPL_SEND_COMPLETE_LIST

cplSendCompleteList();
cplResetCplTimer();

cplCompleteListTimer == 0 pamMyHelloStatus
1= hsConnected

Figure 8-7—Complete list state machine

61
Copyright © 2021 IEEE. All rights reserved.


https://iecnorm.com/api/?name=5d55c68cfb28fc9d51c313892fd6cf90

ISO/IEC/IEEE 8802-1CS:2022(E)

IEEE Std 802.1CS-2020
IEEE Standard for Local and Metropolitan Area Networks—Link-local Registration Protocol

9. Format and encoding of LRP Data Units

9.1 Introduction

This clause specifies how Link-local Registration Protocol Data Units (LRPDUs) are encoded for
transmission over the LRP Data Transport (LRP-DT) mechanisms (6.9):

b) Subclause 9.3 describes the common format and encoding of all LRPDUs.
c) Subclause 9.4 describes the format and encoding of each individual LRPDU message.
d) Subclause 9.5 describes how the LRPDUs are sent and received over LRP-DT.

9.2 Appld

An Appld is used in several subclauses in this document (9.4.2.1, 10.2.2.1, C.2+6yC.2.2.6) to identify a
specific LRP application. (See B.11.) Its format is shown in Table 9-1. The QU or CID field identifies the
organization that is responsible for defining the content of the Application”Sub-ID field. The value of the
OUI or CID field is an OUI or a CID."? It is the responsibility of the OUI%r CID owner to manage the use of
the Application Sub-ID.

Table 9-1—Appld format

Field ::)irtlegttsl; (23:::)
OUI or CID 3 0
Application Sub-ID 1 3
4

9.3 LRP database synchronization protocol

Any number of LRPDUs-¢an-be strung together successively in a single LRP-DT Edge Control Protocol
Data Unit (ECPDU), up te-the maximum size of the layer 2 frame. A single LRPDU cannot be split across
multiple ECPDUs. When using TCP, an LRPDU’s size is limited by its 16-bit length field.

9.3.1 LRPDU(format

Every LRPDU except the Stop LRPDU is encoded in a Type/Length/Value (TLV) format. The TLV format
shown.in) Table 9-2 supports data fields of up to 65 535 octets.

The’Stop LRPDU (9.4.1), and only that TLV type, has an LRPDU type field, but no TLV Length field and no
data

9.3.2 LRPDU type field
Table 9-3 shows the meaning of the values in the LRPDU type field of an LRPDU.

13See IEEE Std 802. An OUI or CID is assigned to an organization by the IEEE registration authority. OUIs and CIDs are drawn from
different parts of a 24-bit space, but whether the value used in an Appld is an OUI or a CID does not affect the operation of the
protocols specified in this document.
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Table 9-2—LRPDU TLV format

Field ([;)iltlegttsl; ((o)cftf:fst)
Type (9.3.2) 1 0
Length (9.3.3)2 2 1
Dara® 0=65535 3

#Not present in a Stop LRPDU (Type field = typeStopLRPDU).

Table 9-3—LRPDU type field values for LRPDUs

Value Name Reference
0 typeStopLRPDU 9.4.1
1 typeHelloLRPDU 9.4.2
2 typeRecord LRPDU 9.4.3
3 typePartialListLRPDU 9,4.4
4 typeCompleteListLRPDU 9.4.5
5 typeMyChassisld 9.4.2.6
6 typeMyPortld 9.4.2.7
7 typeNeighborChassisld 9.4.2.8
8 typeNeighborPortld 9.4.2.9
9 typeApplnfe 9.4.2.10
10-255 Reserved

9.3.3 TLV Length field

A two-octet integer, with the most-significant 8 bits in the first octet (offset 1), that contains the length of the
data field. Thus, a TLV Léngth field of 0 indicates that no data field is present.

9.4 LRPDU formats
9.4.1 Stop LRPDU

The Stop LRPDU contains only a LRPDU type field (9.3.2), with the value typeStopLRPDU (0). Thus, an
LRPDU can be padded with any number of octets of 0, and each octet can be interpreted as a Stop LRPDU.

Tiie—Stop CRPDU TarTies o semantic comntent; 15 purpose 1S purety to provide padding that may be
necessary to fill out an ECPDU to a minimum length.

9.4.2 Hello LRPDU
LRPDU type field (9.3.2) = typeHelloLRPDU. The data field of the Hello LRPDU contains information

transmitted by a single instance of the Send Hello state machines (8.2.4). The format of a Hello LRPDU is
shown in Table 9-4.
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Table 9-4—Hello LRPDU format

. Length Offset
Field (octets) (octets)
Type (9.3.2) 1 0
Length (9.3.3) 2 1
dppIdIICId (Y.54.2.1) “ 5)
Hello status (9.4.2.2) Error status (9.4.2.3) 1 7
My Portal Number (9.4.2.4) 4 8 fixed
length
Hello Time (9.4.2.5) 2 12
Two or four TLVs, My Chassis ID TLV (9.4.2.6), My Port ID TLV variable 14
(9.4.2.7), Neighbor Chassis ID TLV (9.4.2.8), and Neighbor Port ID TLVs
TLV (9.4.2.9), in any order.
0 or 1 Application Information TLV (9.4.2.10) variable variable

variable

A Hello LRPDU contains a few fixed-size fields, followed by a series-of TLVs within its data field. That is,
the tenth octet following the TLV Length field is another LRPDU typé field. The length field of the Hello
LRPDU (octets 1 and 2, following the type field) contains the length of all of the fixed length fields plus all
the TLVs in the data field. In Exploratory Hello LRPDUs (6.6), the first two TLVs in the Hello LRPDU are
one each of the My Chassis ID TLV (9.4.2.6) and My PortdD TLVs (9.4.2.7). In all other Hello LRPDUs,
the first four TLVs in the Hello LRPDU are one each efjth¢ My Chassis ID TLV (9.4.2.6), My Port ID TLV
(9.4.2.7), Neighbor Chassis ID TLV (9.4.2.8), and Neighbor Port ID TLV (9.4.2.9), in any order. Following
these comes either 0 or 1 Application Informatiok TV (9.4.2.10).

9.4.2.1 appld field

The appld field identifies the LRP application associated with the transmitting Portal. Its format is defined in
9.2.

9.4.2.2 Hello status

A 4-bit enumerated field, in the most-significant bits of the octet, containing one of the following values (see
8.2.2.8 for the meanings of these values):

0) hsLooking

P hsConnecting
2) hsConnected
3—15) reserved
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9.4.2.3 Error status

Four bits of information, in the least-significant bits of the octet, as described in Table 9-5.

Table 9-5—Error status bits

Bit Transmits contents of References
S Teserved
6 reserved
7 reserved
8 (least significant) database overflow 8.2.2.10,8.2.2.11

The bits marked “reserved” shall be transmitted as 0, and shall not be examined on receipt:
9.4.2.4 My Portal Number

The My Portal Number field contains a four-octet number identifying the fransmitting Portal (8) that is
unique over all of the Portals sharing this same LRP-DT instance (7.3)xSeé¢ the descriptions of the Record
LRPDU, Partial List LRPDU, and Complete List LRPDU (9.4.3, 9.44,9.4.5) for its use in those LRPDUs.

NOTE 1—This field is four octets in length because a Proxy system ean proxy for any number of Controlled systems,
each of which can have a large number of target ports, and it can nrake a TCP connection to another, similar Proxy
system. Each Proxy system requires one value of My Portal Numiber for each of the target ports for which it is proxying.

NOTE 2—There is no specified relationship between the My Portal Number field, the “Portalld” used in Clause 10, and
the IrpPortalNumber object in the LRP MIB (13.5.2).

9.4.2.5 Hello Time

The Hello Time consists of two octets tépresenting the time to live for the Hello LRPDU. The first octet of
the Hello Time data field is the most-significant octet of a 16-bit number of seconds (0 or 30 to 65 535) that
the Hello LRPDU is valid. This, field shall not be transmitted with a value of between 1 and 29, inclusive.

9.4.2.6 My Chassis ID(TLV

LRPDU type field\(9:3.2) = typeMyChassisld. The data field of the My Chassis ID TLV is in the same
format as the(Chassis ID TLV in 8.5.2 of IEEE Std 802.1AB-2016. It contains the value of the
pamMyChassisId variable (8.2.2.2) of the transmitting Portal.

9.4.2,7 My Port ID TLV

FRPDU type field (9.3.2) = typeMyPortld. The data field of the My Port ID TLV is in the same format as the

Port T TTNZ 120 Q@ 82 LIEEE Qtd QNY 1 AR 2016 T4+ tatne tho voling AL tho o NACDATA oiolhlg
T Ot T vV—1—oo "= =2 =ppeios aaeivroTE pa T = o) v e o S o ) Te—varat T

ontains— of-the—pamMyPorthd—variable
(8.2.2.3) of the transmitting Portal.
9.4.2.8 Neighbor Chassis ID TLV

LRPDU type field (9.3.2) = typeNeighborChassisld. The data field of the Neighbor Chassis ID TLV is in the
same format as the Chassis ID TLV in 8.5.2 of IEEE Std 802.1AB-2016. It contains the value of the
pamNeighborChassisld variable (8.2.2.4) of the transmitting Portal.
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9.4.2.9 Neighbor Port ID TLV

LRPDU type field (9.3.2) = typeNeighborPortld. The data field of the Neighbor Port ID TLV is in the same
format as the Port ID TLV in 8.5.3 of IEEE Std 802.1AB-2016. It contains the value of the
pamNeighborPortld variable (8.2.2.5) of the transmitting Portal.

9.4.2.10 Application Information TLV

LRPDU type field (9.3.2) = typeApplnfo. The data field of the Application Information TLV contains
information supplied by the Local Target Port request (10.2.2). The data is presented to the application
instance at the other end through the Portal status indication (10.2.6) at the other end of the LRP;DT
connection. The data is opaque, and not interpreted, by LRP. The Application Information TLV:.is"not
present in the Hello LRPDU if not given in the Local Target Port request (10.2.2) primitive.

9.4.3 Record LRPDU

LRPDU type field (9.3.2) = typeRecordLRPDU. The format of the Record LRPDU jis shewn in Table 9-6.

Table 9-6—Record LRPDU format

Field ::)ecltlegttsl; ((o)cftf:test)
Type (9.3.2) 1 0
Length (9.3.3) 2 1
My Portal Number (9.4.2.4) 4 3
Zero or more records variable 7
variable

The first four octets of a Record LRPDU-data field is the My Portal Number field (9.4.2.4) that encodes the
chassis ID, port ID, and Appld of the\fransmitting Portal. It is the same value last transmitted in a Hello
LRPDU (9.4.2) for this same Portal, Following this are zero or more records. The format of each record is
shown in Table 9-7. (See 9.4.6 for'the computation of the checksum.)

Table 9-7—Format of one record within a Record LRPDU

Field (Loecrtl;gttsl; (?cftf:fst)

Record number 4 0
Sequence Number 4 4
Checksum 2 8
Data length 2 10
Application data 0 to 65 520 12

variable
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9.4.4 Partial List LRPDU

LRPDU type field (9.3.2) = typePartialListLRPDU. The format of the Partial List LRPDU is shown in
Table 9-8.

Table 9-8—Partial List LRPDU format

Eicld, e ———orers
Type (9.3.2) 1 0
Length (9.3.3) 2 1
My Portal Number (9.4.2.4) 4 3
r record headers 107 7
7+ 10r

The first four octets of a Partial List LRPDU data field is a My Portal Numberdield (9.4.2.4) that encodes
the chassis ID, port ID, and Appld of the transmitting Portal. It is the same(value last transmitted in a Hello
LRPDU (9.4.2) for this same Portal. Following this, there are zero or mete record headers. The format of
each record header is shown in Table 9-9; the record header of the Partial List LRPDU is identical to the
record header of the Complete List LRPDU. (See 9.4.6 for the condputation of the checksum.)

Table 9-9—Format of one récord header

Field {;il:eg::; (?cftf:fst)
Record number 4 0
Sequence Number 4 4
Checksum 2 8

9.4.5 Complete List LRPDU

LRPDU type field (9.3:2) = typeCompleteListLRPDU. The format of the Complete List LRPDU is shown in
Table 9-10.

The first four octets of a Complete List LRPDU data field are a My Portal Number field (9.4.2.4) that
encodes-the chassis ID, port ID, and Appld of the transmitting Portal. It is the same value last transmitted in
a HelloERPDU (9.4.2) for this same Portal. Following this are two four-octet record numbers, which are the
lowest and highest record number values that are encompassed by this Complete List LRPDU. Following
this are zero or more record headers. The format of each record header is shown in Table 9-9.

The value in the Record number field of a record header transmitted in an Complete List LRPDU shall be
greater than or equal to the value in the First record number field, and less than or equal to the value in the
Last record number field, of that Complete List LRPDU.
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Table 9-10—Complete List LRPDU format

Field (I;)iltlegttsl; (((?cftf:fst)

Type (9.3.2) 1 0
Length (9.3.3) 2 1
My FOoItdl INUIIIDCT (7.4.2.59) a4 J
First record number 4 7
Last record number 4 11
r record headers, 0 < r 107 15

15+ 10r

The First record number and Last record number allow the complete list of records’known to an Applicant
state machine or a Partial list state machine to be split among more than one Cemplete List LRPDU. The
pairs of first and last record numbers in all of the Complete List LRPDUs comprising a complete list of
records span all possible record numbers from 0 through 4 294 967 295. For example, if record numbers 4,
5,290, and 5122 comprise the whole list of records, they might be split.into-two Complete List LRPDUs as
shown in Table 9-11.

Table 9-11—Complete List LRPDU example

LRPDU First record number | Last#ecord number Rec{)rd numbers
included
1 0 10 4,5
2 18 4294 967 295 290, 5122

In this example, the first Complete List ERPDU says, “There are only two records with record numbers
between 0 and 10, exclusive: 4 and 5.7

9.4.6 Record checksum calculation
The Checksum field of a‘tecord (Table 9-9) is computed using the Fletcher algorithm [B1], specified in the

following C code fragment. Note that the two-octet Data length field is included in the checksum as if it
were the first two-octets of the Application data field.

unsigned int (8) A = 0;

ungigned int (8) B = 0;

ungt*gned int (8) Checksum[2]; // record Checksum field
unsigned int (8) dataLength([2]; // record Data length field
unsigned int (8) datal[65535]; // record Application data field
int length = int(datalength[0] << 8) + datalength[l];

Tt

unsigned int (8) A datalength[0];
unsigned int (8) B = A;
A = A + datalLength[1l];

i 11)

if (A < datalength|
A=A+ 1;

B =B+ A;

if (B < A)
B=B + 1;
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for (i = 0; 1 < length; 1 += 1) {
A = A + datal[i]l; // 1's complement A = A + data[i]
if (A < datafli])
A=A+ 1;

B =B + A; // 1's complement B = B + A

}
Checksum[0] = A;

Checksum[1l] = B;

When checking the checksum, the assignment of A and B to the Checksum is replaced by-a\.comparison. See
Nakassis [B20] and Sklower [B21] for more efficient computation algorithms thanCthe preceding code
fragment.

9.5 LRP data transport protocols
9.5.1 LRP-DT ECP protocol

See 6.9.1 for a list of incoming destination MAC addresses for frames carrying ECPDUs that are to be
received by a system. The outgoing destination MAC address is taken from imPpINbrEcplnfo (item g:3 in
7.2.2.1).

The ECP Subtype (43.3.3.4 of IEEE Std 802.1Q>2018) shall have the value shown in Table 9-12, in order to
indicate that the ECPDU carries one or more. LRPDU .

Table-9:12—ECP subtype field for LRP

ECP subtype

3 (decimal)

The first octet of the:ULPDU field of an ECPDU (43.3.3.4 of IEEE Std 802.1Q-2018) shall be the first octet
of an LRPDU. That/is, an LRPDU cannot be split across more than one ECPDU.

If the trafismission of one or more LRPDUs in an ECPDU would result in an ECPDU that is shorter than the
minigium length required by the underlying medium, the transmitting LRP shall pad with one or more Stop
LRPDUs until the frame meets the minimum length requirements.

oD + 1
O Protvlul

LRPDUs are serially encoded as user data.

The means for selecting the Port number are given in 6.9.2.3.
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10. LRP-DS service interface

10.1 Introduction

Primitives for the interface between the LRP application layer and the LRP-DS layer are defined in this
clause. They allow an application instance to create, destroy, and associate Portals (10.2), and provide for

TITeTaction between e appiication INStance and 1ts Porats (10.3). 1 1eSe Primitives proviae e cvents
required to connect the state machines describing an LRP application to the LRP state machines in 7.2, 7.3
and Clause 8. The execution of these primitives is not directly visible outside a system, so there is\no
requirement for a system conformant to this standard to implement them explicitly. An- acttal
implementation would be likely to include many parameters and operations that are not in this-list of
primitives. For example, the Local Target Port request primitive (10.2.2) and procedures only” support
creation and deletion, but not alteration, of a target port entry. This does not imply that an implementation
cannot use more advanced operations.

To support these primitives, but not to specify how an implementation is to be €enstructed, the following
assumptions are made:

a) The LRP-DS Portal maintains the complete and definitive \applicant database. The Applicant
database primitives (10.3.1) only specify changes to make to that database.

b)  An application instance constructs and maintains the registrar database based on the operation of the
registrar state machines (8.4), which use the Registrar database primitives (10.3.2) to indicate
changes in the database to the application instance.)The LRP-DS Portal maintains a complete list of
record numbers, record sequence numbers, anddecord checksums. See also B.5.

The primitives in this clause use a “Portalld” (1072.4, 10.2.6, 10.3.1.1, 10.3.2.1, 10.3.2.2, 10.3.2.3) to refer to
a specific Portal. Because this service intétface is not externally visible, the form of a Portalld is not
specified by this standard. It could, for example, be a pointer to a data structure or an index into a table.
There is no specified relationship among-Portalld, My Portal Number (9.4.2.4), and IrpPortalNumber (in the
LRP MIB, 13.5.2). The service intgrface is summarized in Table 10-1.

Table10-1—LRP-DS service interface summary

Primitive Defined | Direction Purpose

Local Target Portrequest 10.2.2 Request Provide local LRP-DT and Hello information

Neighbor Target-Port request 10.2.2 Request Provide neighbor’s LRP-DT information

Associdte Portal request 10.2.4 Request Approve a Portal association after First Hello indication

Fitst-Hello indication 10.2.5 Indication Quer}_/ the application instance whether to allow Portal to
associate

Wasssilasisire ndfasidan 1026 Indication——Portal status-haschanged

Write record request 10.3.1.1 | Request Add/change record in applicant database and transfer to
Registrar

Delete record request 10.3.2.1 | Request Delete record from Registrar database

Database overflow request 10.3.2.2 | Request Set state of Registrar database overflow

Record written indication 10.3.2.3 | Indication | New/changed record has been received
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10.2 Association primitives
10.2.1 Use of association primitives
The association primitives are used in the following order:

a) The application instance issues at least one Local Target Port request to initiate the creation of
LRP-DT instances and Portals. This can cause Hello LRPDUs (9.4.2) to be received. and Portals can

be created.

b) The application instance issues Neighbor Target Port requests to initiate the creation of LRP{DT!
instances and Portals.This can cause Hello LRPDUs (9.4.2) to be transmitted.

¢) When a Hello LRPDU is received, the Portal state machine can issue a First Hello(indication
(10.2.5) to notify the application instance of an opportunity to create a Portal association. This
indication invites the application instance to issue an Associate Portal request (10.2:4),,with either a
TRUE (create Portal Association) or FALSE (deny Portal Association). In. ‘the~first case, the
application instance can expect to receive Portal status indications (10.2.6) from-the Applicant and/
or Registrar state machines at any time. In the latter case, the Portal is not/assoCiated.

d) Portal status indications are made to the application instance to inform:it©f the progress of the status
of the Portals, with one of the codes listed in item b in 10.2.6.1:

1) The code “connected” indicates that the exchange of“Hello LRPDU has completed
successfully, and that the Portal is fully operational.

2) The code “disconnected” indicates that the exchange’ of Hello LRPDUs has timed out or
otherwise failed. However, the Portal still continues to operate, and another First Hello
indication may be given in the future.

e) Once the Portal has been associated, the application instance can send request primitives to the
Applicant and/or Registrar state machines atany time.

10.2.2 Local Target Port request

Local Target Port request is used to credte or delete local target ports, and thus to initiate or terminate the
process of creating LRP-DT instance$ and Portals for the issuing application instance. A Local Target Port
request creates or deletes an entry(in the imTargetPortList (7.2.2.1). Multiple Portals can be created from a
single Local Target Port request, as entries in the imPplNeighborList (item g in 7.2.2.1) are added to the
imTargetPortList entry with'\.the Local Target Port request primitive (10.2.2). See 7.2.3.1 for a full
description of the actions\taken when a Local Target Port request is issued.

A system shall net\accept a Local Target Port request that specifies a Chassis ID and Port ID that match
those in anothef L'ocal Target Port request.

10.2.2.1Inputs

a). " Request identification parameters:

1)  Appld: Identifies the requesting LRP application. See 9.2.

b) LLDF parameters:

NOTE 1—If the IEEE 802.1AB Link Layer Discovery Protocol (LLDP) is used, these are the parameters transmitted by
the Native or Controlled system on the selected target port:

1) The Chassis ID of the Native or Controlled system’s local target port (8.5.2 of
IEEE Std 802.1AB-2016).

2) The Port ID of the Native or Controlled system’s local target port (8.5.3 of
IEEE Std 802.1AB-2016).
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3) A Boolean indicating whether an LRP-DT instance using the LRP-DT ECP mechanism (6.9.1)
can be used.

4) IP address information to support TCP LRP-DT instances. Either, both, or neither of the
addresses can be supplied. If either or both, a TCP port number is supplied.

i)  AnIPv4 address for this system.
ii) An IPv6 address for this system.
iii) A TCP port number to be used for passive TCP OPENs (6.9.2.3).

NOTE 2—If no IP address is given, TCP is not enabled. If neither ECP nor TCP are enabled, the Local Target Port
request is a delete operation.

NOTE 3—See B.6 for a discussion of the choice between ECP and TCP.

c) LRP-DS Hello parameters to be used by the Portal state machines (8.2.4, 8.2.5) created by this
request:

1) Hello Time (9.4.2.5).
2) Information for the Application Information TLV (9.4.2.10).
3) A value for the cplCompleteListTimerReset variable (8.4.6.3).

10.2.2.2 Outputs

a)  Status:
1) badInput: Invalid inputs, e.g., the specified port does-riot exist.

2) success: Portal creation (or destruction) is in progress. A Portal status indication (10.2.6) will be
generated to indicate the results of the Local Farget Port request.

10.2.3 Neighbor Target Port request

Neighbor Target Port request is used to create-or ‘delete neighbor target ports, and thus create or destroy
LRP-DT instance and Portals for the issuing:application instance. A Neighbor Target Port request creates or
deletes an entry in the imPplNeighborList\(item g in 7.2.2.1) of a particular entry in the imTargetPortList.
See 7.2.3.2 for a full description of the actions taken when a Neighbor Target Port request is issued.

A system shall not accept a Neighbor Target Port request that specifies a Chassis ID and Port ID match that
is in another Neighbor Target Port request for the same entry in the imPpINeighborList.

10.2.3.1 Inputs

a)  Request identification parameters:

1) A'reference to an entry in the imTargetPortList (7.2.2.1), corresponding to a previously issued
Local Target Port request (10.2.2).

b). ( Neighbor LLDP parameters:

NOTE 1—If the IEEE 802.1AB Link Layer Discovery Protocol (LLDP) is used, these are the parameters received from
aparticular LLDP neighbor by the Native or Controlled system on the selected target port:

T) The Chassis ID of the neighbor system s target port (8.5.2 of IEEE Std SUZ. TAB-20T6) or null.
2) The Port ID of the neighbor system’s target port (8.5.3 of IEEE Std 802.1AB-2016) or null.

3) ECP address information for the neighbor system to support ECP LRP-DT instances. Either,
all, or none of the following:
i)  Either an ECP MAC address for the neighbor system, or null, indication that the LRP-DT
ECP mechanism (6.9.1) cannot be used.

ii) A Boolean value to be placed in the imPplExploreXmit flag (item h:4 in 7.2.2.1).
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iii) A Boolean value to be placed in the imPplExploreRecv flag (item h:5 in 7.2.2.1).

4) 1P address information for the neighbor system to support TCP LRP-DT instances. Either, both,
or neither of the addresses can be supplied. If either or both, a TCP port number is supplied

i)  AnIPv4 address for this system.
ii) An IPv6 address for this system.
iii) A TCP Port number for the LRP Proxy instance for this system.

NOTE 2—If no IP address is given, TCP is not enabled. If neither ECP nor TCP address information is supplied, the
Neighbor Target Port request is a delete operation.

10.2.3.2 Outputs

a)  Status:

1) badInput: Invalid inputs, e.g., the specified imTargetPortList entry does,not exist. See also
7.2.2.1 for a list of conditions that would lead to an invalid imTargetPortListy/and thus return the
badInput code.

2) success: Portal creation (or destruction) is in progress. A Portal statusindication (10.2.6) will be
generated to indicate the results of the Local Target Port request.

10.2.4 Associate Portal request

The Associate Portal request is issued by the application instance in response to a First Hello indication
(10.2.5). The Associate Portal request triggers a call to pant&ssociatePortal (8.2.3.1).

10.2.4.1 Inputs

a) Portalld
b) Boolean indicating whether the Pottal association is allowed (TRUE) or not (FALSE).

10.2.4.2 Outputs

a) Status:

1) success: Operation successful. Portal will continue the Hello LRPDU handshake, which can
result inta Portal Association.

2) badInputs: Invalid inputs, Link-local Registration Protocolsunknown Portalld, or Associate
Portal request out of sequence.

10.2.5First Hello indication

The’/First Hello indication is generated when the first Hello LRPDU is received from the neighbor Portal.
TPhe application instance can check the information supplied in the First Hello indication and respond with a

Associate Portal request (10.2.4) to either create or destroy the Portal.
10.2.5.1 Outputs

a)  Portalld. This Portalld can be used in subsequent Associate Portal requests (10.2.4) and Portal status
indications (10.2.6) to refer to this same Portal.

b) The contents of the received Hello LRPDU.

73
Copyright © 2021 IEEE. All rights reserved.



https://iecnorm.com/api/?name=5d55c68cfb28fc9d51c313892fd6cf90

ISO/IEC/IEEE 8802-1CS:2022(E)

IEEE Std 802.1CS-2020
IEEE Standard for Local and Metropolitan Area Networks—Link-local Registration Protocol

10.2.6 Portal status indication
10.2.6.1 Outputs

a) Portalld
b)  Association status:

1) connected: Portal association is complete.

7) _ disconnected: During or alter Portal association, either a Hello LRPDU was received with a
Hello status indicating that it is reinitializing the connection, or no Hello LRPDU has been
received since the time in the last-received Hello Time (9.4.2.5) expired.

c) Neighbor Registrar Database Overflow: A Boolean, equal to the value of pamNeighborQyerflow
(8.2.2.11).

d) Neighbor Registrar Database Correct: A Boolean, equal to the value of pamNeighborAceknowledged
(8.2.2.12).

10.3 Portal interface
10.3.1 Applicant database primitives
10.3.1.1 Write record request

A Write record request can create a new record, or alter or delete an existing record. If no record with the
specified record number (item b in 10.3.1.1.1) exists and the §ize of the data (item ¢ in 10.3.1.1.1) is non-
zero, a new record is created. If the record exists, its contents are altered, and if the data size is 0, the record
is deleted.

NOTE—There is no provision for what happens if the applicant database, ostensibly maintained by LRP-DS, overflows
its allocable memory. The API is not visible outside the box, and it is not clear that passing that error status to the
registrar is of any use.

10.3.1.1.1 Inputs

a) Portalld
b) Record number (itemb;I in 6.8)
c) Data

10.3.1.1.2 Outputs

a)  Status:
Y))>success: Local applicant database changed, state machines will try to propagate the change.
2) badInputs: Invalid inputs, e.g., unknown Portalld.

10:3.2 Registrar database primitives

10.3.2.1 Delete record request
This request calls regDeleteRecord (8.4.4.3) to delete a record from the registrar database.

NOTE—The purpose of this primitive is to allow the application instance above the registrar database to take
appropriate action when a Portal status indication reports that the Portal association has been interrupted. This could be
used, for example, to delete the entire registrar database in anticipation of a possible re-association. The consequences of
using the Delete record request during the normal operation of LRP are not examined in this standard.
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10.3.2.1.1 Inputs

a) Portalld.
b) Record number to be deleted.

10.3.2.2 Database overflow request

This request writes the paml.ocalOverflow (8.2.2.10) Boolean for the Partial list state machine (8.4.5)

indicated by the Portalld (item a in 10.3.2.2.1). This triggers the Send Hello state machines to transmit Hello
LRPDUs with the database overflow bit set in the Error status field (9.4.2.3) of transmitted Hello LRPDUS.

10.3.2.2.1 Inputs

a) Portalld.

b) Boolean indicating whether the application instance’s registrar database is (TRUE) or is not
(FALSE) in an overflow condition.

10.3.2.2.2 Outputs

a) Status
1) success: Status changed locally, state machines will try to propagate the change.
2) badlnputs: Invalid inputs, e.g., unknown Portalld.

10.3.2.3 Record written indication

This indication is produced when the Partial list state machine (8.4.5) receives a Record LRPDU (9.4.3) that
does not match its cached record header information;that is, when a record is created, changed, or deleted. If
the data in the Record written indication (item ¢.in~10.3.2.3.1) has zero length, then the record has been
deleted.

10.3.2.3.1 Outputs

a) Portalld
b) Record number (item b;l in 6.8)
¢) Data
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11. Managed objects

11.1 Introduction

Managed objects for monitoring LRP-DS Portals (Clause 8) are specified in 11.4, and for monitoring
LRP-DT instances (7.3) in 11.5.

The managed objects in 11.4 and 11.5 can only monitor Portals and LRP-DT instances; no managed objects
are provided that explicitly create or manage them. Instead, primitives are provided in Clause 10 for an
application instance to manage the Portals and LRP-DT instances. This standard assumes ¢hat the
specification of a particular LRP application would supply managed objects for creating and\managing
Portals and/or their LRP-DT instances, if such objects are necessary.

11.2 Managed objects UML

A UML model for the managed objects for the LRP is given in Figure 2-1,\using the language of OMG

UML Version 2.5.
* ieee802-dot1cs-Irp
uint32 IrpAckTimerlnit; IH(11.31)r
uint16 IrpReconnectMax; 11(11.3.2) r-w
* portal-id * instance-id
portal Irp-dt-Instance
uint32 portal-id; II'r uint32 instance-id; I'r
string application-id; 11(8.2.2.1)r boolean active-tcp-open; 11(7.3.21)r
lidp-types:chassis-id-type string my-dt-address; 11(7.3.2.2) r
my-chassis-id; 11(8.2.22) r dot1qtypes:port-number-type
lidp-types:port-id-type my-tcp-port; 11(7.3.2.3)r
my-port-id; I1(8:2:2.3) r string neighbor-dt-address; //(7.3.2.4) r
lidp-types:chassis-id-type dot1qtypes:port-number-type
neighbor-chassis-id; 1/18.2.2.4) r neighbor-tcp-port; 11(7.3.2.5)r
lidp-types:port-id-type yang:counter64 discarded-Irpdus I(11.4.1)r
neighbor-port-id; 11 (8.2.2.5) r

enumeration:{hs-looking, hs-connecting, hs-connected}
my-hello-status; 11(8.2.2.8) r

yang:counter64
yang:counter64
yang:counter64

sent-partials;
accepted-partials;
discarded-partials;

boolean local-overflow; 11(8.2.2.10) r
boolean neighbor-overflow; 11(8.2211)r
boolean neighbor-acknowledged; //(8.2.2.12) r
string my-app-hello-info; 11(8.2.2.16) r
string last-received-status; 11(8.2.2.22) r
uint32 applicant-active-records; // (11.5.1) r
uint32 registrar-active-records; //(11.5.2) r
yang:counter64~sent-hellos; 11(11.5.3) r
yang:counter64 accepted-hellos; 11(11.5.4) r
yang:counter64 discarded-hellos; 11 (11.5.5) r
yang:counter64 sent-records; 11(11.5.6) r
yang:counter64 accepted-records; 11 (11.5.7) r
yang:counter64 discarded-records; 11(11.5.8) r
yang:counter64 record-errors; 11(11.5.9)r

11(11.5.10) r
IH(11.5141) r
11 (11.5.12) r

yang:counter64
yang:counter64
yang:counter64
yang:counter64

sent-complete;
accepted-completes;
discarded-completes;
discarded-unknowns;

TOT5.13) T
11 (11.5.14) r
11 (11.5.15) r
1 (11.5.16) r

Figure 11-1—UML model for LRP managed objects
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The Per-LRP-DT instance managed objects (11.4) are shown as the lrp-dt-Instance table. The table of Per-
Portal managed objects (11.5) is shown in Figure 2-1 as the portal table.

The method used to index entries in the tables is expanded from the simple “reference” terminology (1.5)
used for the state machine descriptions.

11.3 System global managed objects

11.3.1 IrpAckTimerlnit

A read-only integer specifying the number of milliseconds for ackTimerlnit (D.2.12:6V of
IEEE Std 802.1Q-2018).

11.3.2 IrpReconnectMax
An integer number of seconds that is the maximum value for instReconnectReset (7.3.217).

NOTE—If a network controller that is a Proxy for number of relay systems is down whefuthe network is turned on, then
the Native end systems' active TCP connections will fail. Gradually, their attempts to réeonnect will slow down. When
the network controller comes up, those slow retries will take some time to complete. Such scenarios need to be
accounted for when setting a value for IrpReconnectMax.

11.4 Per-LRP-DT instance managed objects

There exists one set of managed objects for each LRP:DT instance. These objects are created and/or
destroyed as described in 7.2 and 8.2.1.

All of the Per-LRP-DT instance managed objeetsrare read-only. There are two kinds of Per-LRP-DT
instance managed objects:

a)  Objects that correspond directly td;a state machine variables in 7.3.2; and

b)  Counter objects that count evénts on the LRP-DT instance.

The Per-LRP-DT instance managed objects are listed in Table 11-1.

Table 11-1—Per-LRP-DT instance managed objects

Managed object Reference MIB object (13.5.2)
instActiveTcp 7.3.2.1 IrpDtlnstActiveTcp
ihstMyAddress 7322 IrpDtInstMyAddress
instMyPortNumber 7323 IrpDtInstMyTepPort
instNeighborAddress 7324 IrpDtInstNeighborAddress
instNeighborPortNumber 7.3.2.5 IrpDtInstNeighborTepPort
instDiscardedLRPDUs 11.4.1 IrpDtlnstDiscardedLrpdus

11.4.1 instDiscardedLRPDUs

A counter indicating the number of LRPDUs discarded by the LRP-DT instance that cannot be assigned to a
Portal for processing. See 7.3.3.1.
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11.5 Per-Portal managed objects

There exists one set of managed objects for each Portal that can potentially be created in a system. These
objects are created and/or destroyed as described in 8.2.1.

All of the Per-Portal managed objects are read-only.

follows: V
a)  Objects that correspond directly to a state machine variables in Clause 8.
b) Portal status objects that are not in Clause 8.
c) Counter objects that count events on the Portal.
The Per-Portal managed objects comprising each set are listed in Table 11-2.
Table 11-2—Per-Portal managed objects
Managed object Reference MIB object (13.5.2)
pamAppld 8.2.2.1 IrpPortal Appld
pamMyChassisld 8.2.2.2 IrpPortalMyChassisld Type,
IrpPortalMyChassisld
pamMyPortld 8.2.23 IrpPortalMyPortldType,
IrpPortalMyPortld
pamNeighborChassisld 8.2:2:4 IrpPortalNbrChassisIdType,
IrpPortalNbrChassisld
pamNeighborPortld 8.2.2.5 IrpPortalNbrPortldType,
IrpPortalNbrPortld
pamLocalOverflow 8.2.2.10 IrpPortalLocalOverflow
ApplicantActiveRecords 11.5.1 IrpPortal ApplicantActiveRecords
RegistrarActiveReeords 11.5.2 IrpPptCtRegistrarActiveRecords
SentHellos 11.5.3 IrpPptCtSentHellos
AcceptédHellos 11.5.4 IrpPptCtAcceptedHellos
DiscardedHellos 11.5.5 IrpPptCtDiscardedHellos
SentRecords 11.5.6 IrpPptCtSentRecords
AcceptedRecords 11.5.7 IrpPptCtAcceptedRecords
DiscardedRecords 11.5.8 IrpPptCtDiscardedRecords
RecordErrors 11.5.9 IrpPptCtRecordErrors
SentPartials 11.5.10 IrpPptCtSentPartials
AcceptedPartials 11.5.11 IrpPptCtAcceptedPartials
DiscardedPartials 11.5.12 IrpPptCtDiscardedPartials
SentCompletes 11.5.13 IrpPptCtSentCompletes
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Table 11-2—Per-Portal managed objects (continued)

Managed object Reference MIB object (13.5.2)
AcceptedCompletes 11.5.14 IrpPptCtAcceptedCompletes
DiscardedCompletes 11.5.15 IrpPptCtDiscardedCompletes
DiscardedUnknowns 11.5.16 IrpPptCtDiscardedUnknowns

11.5.1 ApplicantActiveRecords

An integer reporting the number of records in the applicant database 8.3.2.

11.5.2 RegistrarActiveRecords

An integer reporting the number of records in the registrar database 8.4.2.

11.5.3 SentHellos

The number of Hello LRPDUs (9.4.2) transmitted by the Send Hello state machines (8.2.4).
11.5.4 AcceptedHellos

The number of valid Hello LRPDUs (9.4.2) received by the Recgive Hello state machine (8.3.4).
11.5.5 DiscardedHellos

The number of invalid Hello LRPDUs (9.4.2) discarded by the Receive Hello state machine (8.3.4).
11.5.6 SentRecords

The number of Record LRPDUs (9.4.3)#ransmitted by the Applicant state machine (8.3.4).
11.5.7 AcceptedRecords

The number of valid Record LRPDUs (9.4.3) received by the Partial list state machine (8.4.5).
11.5.8 DiscardedRecords

The number of\invalid Record LRPDUs (9.4.3) discarded by the Partial list state machine (8.4.5).
11.5.9-RecordErrors

Themumber of records discarded from otherwise-valid Record LRPDUs (9.4.3) by regReceiveWriteRecord
(8:4.4.1) due to inconsistencies between the Checksum, Application data, and Data length fields.

11.5.10 SentPartials
The number of Partial List LRPDUs (9.4.4) transmitted by the Applicant state machine (8.3.4).
11.5.11 AcceptedPartials

The number of valid Partial List LRPDUs (9.4.4) received by the Applicant state machine (8.3.4).
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11.5.12 DiscardedPartials
The number of invalid Partial List LRPDUs (9.4.4) discarded by the Applicant state machine (8.3.4).
11.5.13 SentCompletes

The number of Complete List LRPDUs (9.4.5) transmitted by the Applicant state machine (8.3.4).

11.5.14 AcceptedCompletes

The number of valid Complete List LRPDUs (9.4.5) received by the Applicant state machine (8.3.4).
11.5.15 DiscardedCompletes

The number of invalid Complete List LRPDUs (9.4.5) discarded by the Applicant state maehine (8.3.4).
11.5.16 DiscardedUnknowns

The number of LRPDUs of unknown type discarded by the Applicant state machine (8.3.4) or Partial list
state machine (8.4.5).

11.6 LRP LLDP TLV managed objects

There are managed objects for the IEEE 802.1AB LLDP organization-specific TLVs transmitted and
received by a system, the LRP ECP Discovery TLV (C.2{)yand the LRP TCP Discovery TLV (C.2.2). These
managed objects fall into two classes:

a) Information about a Proxy system’s IP addfesses has to be known to a Controlled system for that
Controlled system to be able to transmit LRP TCP Discovery TLVs that advertise the Proxy
system’s IP addresses. This constitutes the only functionality that must be added to a Controlled
system in order for that system to,have LRP run on its behalf by a Proxy system (11.6.1).

b) Any Native system or Controlled system can make use of the set of managed objects that enable a
management system or Proxy system to observe the contents of the LRP ECP Discovery TLVs and
LRP TCP Discovery FLVs being transmitted and received by the system (11.6.2).

11.6.1 Controlled system IP address information

11.6.1.1 IrpLIdpTeplpAddressses

There is zétoror one instance of the IrpLldpTcpIlpAddressses object for each LRP application running in a
system-~This object contains a TCP Port number, zero or one IPv4 address, zero or one IPv6 address, and a

Booleanfor each IP address, indicating whether or not this information is to be advertised by the system in
LRB TCP Discovery TLVs (C.2.2).

— 1176. 2 LRPCCDP TLV Information
11.6.2.1 IrpLIdpEcpXmitEnable

There is zero or one instance of this Boolean value for each LRP application, for each port, for each LLDP
instance. If TRUE, the LRP ECP Discovery TLV (C.2.1) is to be transmitted on that port and LLDP instance
with that LRP application’s Appld. If not present or FALSE, the LRP ECP Discovery TLV it not transmitted
for that port and LLDP instance.
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11.6.2.2 IrpLIdpEcpTIvXmitinfo

There is zero or one entry in this table for each LRP application, for each port, for each LLDP instance. Each
entry contains the Appld and MAC address to advertise in an LRP ECP Discovery TLV (C.2.1), if enabled
by a corresponding lrpLIdpEcpXmitEnable (11.6.2.1).

11.6.2.3 IrpLIdpEcpTIvRecvInfo

There is zero or one entry in this table for each LRP application, for each port, for each LLDP instance, for,
each LLDP neighbor. Each entry contains the Appld and MAC address received from an LRP ECR
Discovery TLV (C.2.1).

11.6.2.4 IrpLIdpTcpXmitEnable

There is zero or one instance of this Boolean value for each LRP application, for each portyfor each LLDP
instance. If TRUE, the LRP TCP Discovery TLV (C.2.2) is to be transmitted on that port‘and LLDP instance
with that LRP application’s Appld. If not present or FALSE, the LRP TCP Discovery TLV it not transmitted
for that port and LLDP instance.

11.6.2.5 IrpLIdpTcpTIvXmitinfo

There is zero or one entry in this table for each LRP application, for eaehport, for each LLDP instance. Each
entry contains the information to advertise in an LRP TCP Discovery TLV (C.2.2), if enabled by a
corresponding IrpLldpTcpXmitEnable (11.6.2.4).

11.6.2.6 IrpLIdpTcpTIvRecvinfo

There is zero or one entry in this table for each LRRapplication, for each port, for each LLDP instance, for
each LLDP neighbor. Each entry contains the information received from an LRP TCP Discovery TLV
(C.2.2).

81
Copyright © 2021 IEEE. All rights reserved.


https://iecnorm.com/api/?name=5d55c68cfb28fc9d51c313892fd6cf90

ISO/IEC/IEEE 8802-1CS:2022(E)

IEEE Std 802.1CS-2020
IEEE Standard for Local and Metropolitan Area Networks—Link-local Registration Protocol

12. YANG models for LRP

12.1 Introduction

This clause specifies YANG data modules that provide status monitoring of the LRP. No configuration
capabilities are present in these modules; configuration is expected to be performed at the LRP application
layer.

The YANG data modules are based on the UML model for LRP managed objects in 11.2. The YANG data
model has not been derived from the MIB, and there has been no attempt to include data or modeling
constructs that might appear in the MIB but not in the information model.

12.2 The YANG framework

This clause has been developed according to the YANG guidelines published in IETEZREC 6087 [B13] as
applicable to IEEE standards. The YANG framework applies hierarchy in the following areas:

1) The uniform resource name (URN)), as specified in IEEE Std 802d™/[B2]. The structure of the
URN is such that “ieee” is the root (i.e., name-space identifier), followed by the standard, then
the working group developing the standard.

2) The YANG objects form a hierarchy of configuration and operational data structures that define
the YANG model. These hierarchical relationships are described in 11.2 and 12.5.

12.3 Security considerations

The YANG modules defined in this clause are designed to be accessed via a network configuration protocol
(e.g., NETCONF protocol, IETF RFC 6241 [B14])..Jn the case of NETCONF, the lowest NETCONTF layer is
the secure transport layer and the mandatory. to'ithplement secure transport is SSH (IETF RFC 4251 [B10]).
The NETCONF access control model (IETE*RFC 8341 [B17]) provides the means to restrict access for
particular NETCONF users to a preconfigured subset of all available NETCONF protocol operations and
content.

It is the responsibility of a system’s implementor and administrator to ensure that the protocol entities in the
system that support NETCONE, and any other remote configuration protocols that make use of these YANG
modules, are properly configured to allow access only to those principals (users) that have legitimate rights
to read or write data nodes. This standard does not specify how the credentials of those users are to be stored
or validated.

The YANG moaodule in 12.5 and 12.6 does not contain any configurable items. The security threats are

thereforedimited to observation of the operation of LRP. Such read-only objects may be considered sensitive
or vulrerable in some network environments.

124 Relationship to other YANG modules

The LRP YANG module augments the /sys:system module, so is applicable to most systems. No YANG
module corresponding to the LLDP extensions specified in 13.5.3 is provided.

12.5 YANG data scheme definition

module: ieee802-dotlcs-1lrp
augment /sys:system:
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+--rw lrp {lrp}?

+--ro lrp-ack-timer-init? uint32
+--rw lrp-reconnect-max? uintlé6
+--ro portal* [portal-id]
| +--ro portal-id uint32
| +--ro application-id? string
| +--ro my-chassis-id? lldp-types:chassis-id-type
|  +--ro my-port-id? lldp-types:port-id-type
| +t-——1ro neighbor-chassis—-id? lldp-tvpes:chassis-id-tvpe
| +--ro neighbor-port-id? lldp-types:port-id-type
| +--ro my-hello-status? enumeration
| +--ro local-overflow? boolean
| +--ro neighbor-overflow? boolean
| +--ro neighbor-acknowledged? boolean
| +--ro my-app-hello-info? string
| +--ro last-received-status? string
| +--ro applicant-active-records? uint32
| +--ro registrar-active-records? uint32
| +--ro sent-hellos? yang:counter64
| +--ro accepted-hellos? yang:counter64
| +--ro discarded-hellos? yang:counter64
| +--ro sent-records? yang:countexrib4
| +--ro accepted-records? yang:countet64
| +--ro discarded-records? yang:counbero4
| +--ro record-errors? yang: ounterod
| +--ro sent-partials? yang:countero4
| +--ro accepted-partials? yang:rcounter6d
| +--ro discarded-partials? yang:counter64
| +--ro sent-complete? yang:countero64
| +--ro accepted-completes? yang:counter64
| +--ro discarded-completes? yang:counter64
| +--ro discarded-unknowns? yang:counter64
+--ro lrp-dt-instance* [insgtance-id]
+--ro instance-id uint32
+--ro active-tcp-opeir? boolean
+--ro my-dt-address<? string
+--ro my-tcp-port? dotlgtypes:port-number-type
+--ro neighbor-dt-address? string
+--ro neighbor-tcp-port? dotlgtypes:port-number-type
+--ro digCaxded-lrpdus? yang:counter64
12.6 Definition-of LRP YANG module'4 15
module/Deee802-dotlcs-1rp {
yangyversion 1.1;
namespace "urn:ieee:std:802.1CS:yang:ieee802-dotlcs-1rp";
prefix "dotlcs";

import ietf-system { prefix "sys"; }
import ieee802-dotlab-types { prefix "lldp-types"; }
import ietf-yang-types { prefix "yang"; }

14Copyright release for YANG module: Users of this standard may freely reproduce the YANG module contained in this subclause so
that they can be used for their intended purpose.

15An ASCII version of each YANG module is attached to the PDF of this amendment and can also be obtained from the IEEE 802.1
Website at https://1.ieee802.org/yang-modules/.
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import ieeeB802-dotlg-types { prefix dotlgtypes; }
import ietf-interfaces { prefix if; }

import ieee802-types { prefix ieee; }

import ietf-inet-types { prefix inet; }

organization

"Institute of Electrical and Electronics Engineers";
contact

"WG-_IIRI . h‘r‘rr\- icecel02 oral/l

WG-EMail: stds-802-1-1@ieee.org

Contact: IEEE 802.1 Working Group Chair
Postal: C/0 IEEE 802.1 Working Group
IEEE Standards Association

445 Hoes Lane

Piscataway

NJ 08854

USA

E-mail: stds-802-1l-chairs@ieee.org";

description
"Managed objects to control the Link-local Registration Protocol,
IEEE Std 802.1CS";

Copyright (C) IEEE (2021). This version of tlifs YANG module
is included in Clause 12 of IEEE Std 802.1CS-2020;

see the standard itself for full legal motices. ";

revision 2020-12-03 {
description

"First defined in IEEE P802.1CS<2020";
reference

"IEEE Std 802.1CS-2020.";

/* ____________________ */
/* Feature */
/¢ x)

feature 1lrp {
description
"Feature Nink-local Registration Protocol";

2 = * )
/* Typé.Definitions */
/* ____________________ */

typedef lrp-dt-address-union {
type union {
type ieee:mac-address;

. 3 el 4 el
YL et EPT TS S eSSy

type inet:ipv6-address;

2 * )
/* Configuration Data */
/* ____________________ */
/*
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Link-local Registration Protocol
*/
augment "/sys:system" {
description "Link-local Registration Protocol";
container lrp ({
if-feature lrp;

description
"Configure the Link-local Registration Protocol";

leaf lrp-ack-timer—init {

type uint32;
units "milliseconds";
config false;

description
"A read-only integer n specifying the number of milliseconds( f¢t

ackTimerInit (D.2.12.6 of IEEE Std 802.1Q-2018)";
reference
"IEEE 802.1CS Clause 11.3.1";
}
leaf lrp-reconnect-max {
type uintlo;
units "seconds";
description
"An integer number of seconds which is theWaximum value for
instReconnectReset.";
reference
"IEEE 802.1CS Clause 11.3.2";
}
list portal {
key "portal-id";
config false;
leaf portal-id {
type uint32;
config false;
description
"Local Identifier .of portal”;
reference
"IEEE 802.1CS &lause 10";
}
leaf target-port-interface-ref {
type if:imterface-ref;
config false;
description
""The interface reference identifying the target
port to which this portal is attached to.";
reference
"IEEE 802.1CS Clause (8.2.2.1)";
}
leaf lrp-dt-instance-id {

type leafref {
path "/sys:system/dotlcs:1lrp/dotlcs:lrp-dt-instance/dotlcs:instance-

TS

}

config false;

description
"The LRP-DT instance id that this portal is
attached to.";

reference
"IEEE 802.1CS Clause (8.2.2.1)";
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leaf application-id {
type string;
config false;
description
"The value transmitted in, and expected to be received in, the
appId field of Hello LRPDUs.";
reference
"IEEE 802.1CS Clause (8.2.2.1)";
}

leaf my-chassis-id {
type lldp-types:chassis-id-type ;
config false;
description
"The value transmitted in the My Chassis ID TLV, and expected to© be
received in the Neighbor Chassis ID TLV, of Hello LRPDUs";
reference
"IEEE 802.1CS Clause (8.2.2.2)";
}
leaf my-port-id {
type lldp-types:port-id-type ;
config false;
description
"The value transmitted in the My Port ID TL¥, and expected to be
received in the Neighbor Port ID TLV, of~Hello LRPDUs.";
reference
"IEEE 802.1CS Clause (8.2.2.3)";
}
leaf neighbor-chassis-id {
type lldp-types:chassis-id-type~;
config false;
description
"The value transmitted in“the Neighbor Chassis ID TLV, and expected
to be received in theMy“Chassis ID TLV, of Hello LRPDUs.";
reference
"IEEE 802.1CS Clause (8.2.2.4)";
}
leaf neighbor-port=id {
type lldp-typeswport-id-type ;
config falses
description
"The valte transmitted in the Neighbor Port ID TLV, and expected to
be_received in the My Port ID TLV, of Hello LRPDUs.";
refifekence
"IEEE 802.1CS Clause (8.2.2.5)";
}
I'eaf my-hello-status {
type enumeration {
enum hs-looking {
value 1;
description

Pt s—PortatrTas o yet reCcerved ad SUCCESSI UL ASSoCTIate PoTrtar
request.";
}
enum hs-connecting {
value 2;
description
"This Portal has received a successful Associate Portal
request, and a Hello LRPDU with the hsLooking status. The
Portal is ready to receive all LRPDUs.";
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}

enum hs-connected {
value 3;

description
"This Portal is up and ready to transfer LRP application data.

The Portal is allowed to transmit all LRPDUs.";

}

config false:

description
"An enumerated value to be transmitted in the Hello status field

of any Hello LRPDU.";
reference
"IEEE 802.1CS Clause (8.2.2.8)";
}
leaf local-overflow {
type boolean;
config false;

description
"Contains the last Boolean input from the Databasé€ overflow

request. A value of TRUE indicates that the pakfnéer applicant
database has exceeded the capacity of the local registrar LRP
application.";
reference
"IEEE 802.1CS Clause (8.2.2.10)";
}
leaf neighbor-overflow {
type boolean;
config false;

description
"A Boolean copied from thesblast-received database overflow bit [bit

8] in the Error status field of the last-received Hello LRPDU.";

reference
"IEEE 802.1CS Clause (8.2.2.11)";

}
leaf neighbor-acknowiledged {
type boolean;
config false;
description
"A Booleawn,
variables for all of the Applicant state machines
Portal.";

refiekence
"IEEE 802.1CS Clause (8.2.2.12)";

equal to the AND of all of the actAcknowledged
(records) on this

}
l'eaf my-app-hello-info {

type string;
config false;

description
"Value to put in the Application Information TLV of a

LLdllbllliLLcd ncllu J_AJSL’L}U.",
reference
"IEEE 802.1CS Clause (8.2.2.16)";
}
leaf last-received-status {
type string;
config false;

description
"Used by the Receive Hello state machine to record the
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Hello status field of a Hello LRPDU received from the
neighbor Portal.";
reference
"IEEE 802.1CS Clause (8.2.2.22)";
}
leaf applicant-active-records {
type uint32;
config false;
description

"An integer reporting the number of records in the applicant
database.";
reference
"IEEE 802.1CS Clause (11.5.1)";
}
leaf registrar-active-records {
type uint32;
config false;
description
"An integer reporting the number of records in theffegistrar
database.";
reference
"IEEE 802.1CS Clause (11.5.2)";
}
leaf sent-hellos {
type yang:counter64;
config false;
description
"The number of Hello LRPDUs ‘“ransmitted by the Send Hello state
machines.";
reference
"IEEE 802.1CS Clause (11.5s3)";
}
leaf accepted-hellos {
type yang:counter64;
config false;
description
"The number of~valid Hello LRPDUsreceived by the Receive Hello
state machinew";
reference
"IEEE 802\1CS Clause (11.5.4)";
}
leaf disearded-hellos {
type\yang:counter64;
config false;
description
"The number of invalid Hello LRPDUs discarded by the Receive Hello
state machine";
reference
"IEEE 802.1CS Clause (11.5.5)";

}
teaf——semt=recora T
type yang:counter64;
config false;
description
"The number of Record LRPDUs transmitted by the Applicant state
machine.";
reference
"IEEE 802.1CS Clause (11.5.06)";
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leaf accepted-records {
type yang:counter64;
config false;
description
"The number of valid Record LRPDUs received by the Partial list
state machine.";
reference
"IEEE 802.1CS Clause (11.5.7)";
}

leaf discarded-records {
type yang:counter64;
config false;
description
"The number of invalid Record LRPDUs discarded by the Partial {ist
state machine.";
reference
"IEEE 802.1CS Clause (11.5.8)";
}
leaf record-errors {
type yang:counter64;
config false;
description
"The number of records discarded from otherwise-valid Record LRPDUs
by regReceiveWriteRecord due to inconsistencies between the
Checksum, Application data, and Data length fields.";
reference
"IEEE 802.1CS Clause (11.5.9)";
}
leaf sent-partials {
type yang:counter64;
config false;
description
"The number of Partiad~ldist LRPDUs transmitted by the Applicant
state machine.";
reference
"IEEE 802.1CS Clause (11.5.10)";
}
leaf accepted-partials {
type yang:cqunter6d;
config falsey;
description
"TheNnumber of valid Partial List LRPDUs received by the Applicant
gtate machine.";
refegrence
"IEEE 802.1CS Clause (11.5.11)";
§
leaf discarded-partials {
type yang:counter64;
config false;
description

e er o TV T Par tiar hIst LR DS dTIsTarded oy —the
Applicant state machine.";
reference
"IEEE 802.1CS Clause (11.5.12)";
}
leaf sent-complete {
type yang:counter64;
config false;
description
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"The number of Complete List LRPDUs transmitted by the Applicant
state machine.";
reference
"IEEE 802.1CS Clause (11.5.13)";
}
leaf accepted-completes {
type yang:counter64;
config false;
description

"The number of valid Complete List LRPDUs received by the Applicant
state machine.";
reference
"IEEE 802.1CS Clause (11.5.14)";
}
leaf discarded-completes({
type yang:counter64;
config false;
description
"The number of invalid Complete List LRPDUs discar@éd by the
Applicant state machine.";
reference
"IEEE 802.1CS Clause (11.5.15)";
}
leaf discarded-unknowns {
type yang:counter64;
config false;
description
"The number of LRPDUs of unknowri/type discarded by the Applicant
state machine or Partial list.state machine.";
reference
"IEEE 802.1CS Clause (11.5sh6)";
}
} // end portal
list lrp-dt-instance {
key "instance-id";
config false;
leaf instance-id {
type uint32;
config false;
description
"Local data transport instance";
reference
"IEEEMN802.1CS Clause 7";
}
leaf active-tcp-open {
type boolean;
config false;
description
"A Boolean value that is TRUE if and only if instMyAddress and
instNeighborAddress are TCP addresses and this LRP-DT instance is

USIng the active ;, ot the passtve 5, tormr of TeP—oPER"S
reference
"IEEE 802.1CS Clause (7.3.2.1)";
}
leaf my-dt-address {
type lrp-dt-address-union;
config false;
description
"The address of the local system for this LRP-DT instance; the

90
Copyright © 2021 IEEE. All rights reserved.


https://iecnorm.com/api/?name=5d55c68cfb28fc9d51c313892fd6cf90

ISO/IEC/IEEE 8802-1CS:2022(E)

IEEE Std 802.1CS-2020
IEEE Standard for Local and Metropolitan Area Networks—Link-local Registration Protocol

address used as a destination address by the neighbor LRP-DT
instance. The address includes a type (MAC, IPv4, or IPv6) and an
address of that type.";
reference
"IEEE 802.1CS Clause (7.3.2.2)";
}
leaf my-tcp-port{
type inet:port-number;

CONLIg Lalsey,
description
"The local port number for this TCP connection, or 0, if this
connection uses ECP, instead of TCP.";
reference
"IEEE 802.1CS Clause (7.3.2.3)";
}
leaf neighbor-dt-address {
type lrp-dt-address-union;
config false;
description
"The address of the neighbor LRP-DT instance; \kle’ address used as a
destination address by this LRP-DT instance,.( The address includes a
type (MAC, IPv4, or IPv6) and an address of that type.";
reference
"IEEE 802.1CS Clause (7.3.2.4)";
}
leaf neighbor-tcp-port {
type inet:port-number;
config false;
description
"The remote port number f£ox) this TCP connection, or 0, if this
connection uses ECP, in&tead of TCP.";
reference
"IEEE 802.1CS Claus®&s (7.3.2.5)";
}
leaf discarded-lrpdus {
type yang:countero4d;
config falses
description
"A counter indicating the number of LRPDUs discarded by the LRP-DT
instance that cannot be assigned to a Portal for processing.";
refilenence
"IEEE 802.1CS Clause (11.4.1)";
}
\/#/ end lrp-dt-instance
K.// end 1lrp
}\J7/ end augment system
¥/ end ieee802-dotlcs-1lrp
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13. MIB modules for LRP16

13.1 Internet standard management framework
The clause contains a complete SMIv2 MIB set for all features of this standard.

For a detajled overview of the documents that describe the current Internet Standard Management

Framework, refer to section 7 of IETF RFC 3410 (2002). Managed objects are accessed via a virtual
information store, termed the Management Information Base or MIB. MIB objects are generally accessed
through the Simple Network Management Protocol (SNMP). Objects in the MIB are defined using] the
mechanisms defined in the Structure of Management Information (SMI). This clause specifies-a) MIB
module that is compliant to the SMIv2, which is described in IETF STD 58, IETF RFC 2578, IETF RFC
2579, and IETF RFC 2580.

13.2 Structure of the LRP MIB

The IEEE 802.1CS MIB is divided into three modules, as shown in Table 13-1%

Table 13-1—Structure of the MIB modules

Module Subclause Reference Notes
LRP-TC-MIB 13.5.1 Clause 11 Textual conventions used by the LRP-MIB
LRP-MIB 13.5.2 Clause 11 The LRP MIB
LLDP-V2-LRP-EXT-MIB | 13.5.3 Annex C LRP extensions to the LLDP MIBs

13.2.1 Structure of the LRP-TC-MIB

The purpose of the LRP-TC-MIB is to.défine textual conventions used by the LRP-MIB module and LLDP-
V2-LRP-EXT-MIB module, and to make those textual conventions available to future MIB modules that
may find them useful. The textual:\eonventions contained in this LRP-TC-MIB module are summarized in
Table 13-2.

Table 13-2—LRP-TC-MIB structure

LRP-TC-MIB object Reference
LrpHelloStatus 9422
LrpAppld 9.2
LrpInetAddressInfo C.2.2.6.2

The LRP-MIB module defined in 13.5.2 has only one group of objects, as summarized in Table 13-3.

The structure of the LRP-MIB is summarized in Table 13-4.

16An ASCII version of this MIB module can be obtained by Web browser from the IEEE 802.1 Website at http:/www.ieee802.org/1/
pages/MIBS.html.
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Table 13-3—LRP-MIB groups

LRP-MIB group Required for Reference
IrpDsDtGroup not-controlled (Native or 822,114,
Proxy) systems 11.5

Table 13-4—LRP-MIB MIB structure summary

MIB Group Table Description
IrpDsDtGroup

IrpDtInstanceTable Each entry describes one LRP-DT instance (11.4)

IrpPortal Table Each entry describes one Portal state machine
(8.2.2)

IrpPortalCountersTable Each entry contains counters relating.to ode Portal
(11.5)

IrpDtInstanceCountersTable Each entry contains counters relating to one
LRP-DT instance (11.4)

13.2.3 Structure of the LLDP-V2-LRP-EXT-MIB

The LLDP-V2-LRP-EXT-MIB module defined in 13.5.3 is*divided into three groups of objects, as
summarized in Table 13-5.

Table 13-5—LLDP-V2-LRP-EXT-MIB groups

LRP-MIB group Need Reference
1ldpV2ExtLrpControlled TcpControlGroup Controlled systems 6.5,C2.2
supporting IEEE 802.1AB
LLDP
lldpV2ExtLrpEcpTlvGroup Any system supporting 6.5,C.2.1
IEEE 802.1AB LLDP
lldpV2ExtLrpTepTIvGroup 6.5,C2.2

The structure of the LLDP-V2-LRP-EXT-MIB is summarized in Table 13-6.

13.3 Relationship to the LLDP-V2-TC-MIB

The LRR-MIB LLDP-V2-LRP-EXT-MIB modules defined in 13.5.2 and 13.5.3 import several textual
conventions from the LLDP-V2-TC-MIB defined in IEEE Std 802.1AB.

13.4 Security considerations

SNMP versions prior to SNMPv3 did not include adequate security. Even if the network itself is secure (for
example, by using IPsec), there is no control about who on the secure network is allowed to access and GET/
SET (read/change/create/delete) the objects in these MIB modules.

It is recommended that implementers consider the security features as provided by the SNMPv3 framework
[see IETF RFC 3410 (2002), section 8], including full support for the SNMPv3 cryptographic mechanisms
(for authentication and privacy).
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Table 13-6—LLDP-V2-LRP-EXT-MIB MIB structure summary

MIB Group Table Description

11ldpV2ExtLrpControlled TcpControl Group

1ldpV2ConfigLrpTcpControlledTable Each entry provides one or two IP addresses to
be advertised in LLDP LRP TCP Discovery
TLVs by a Controlled system. (11.6.1.1)

11ldpV2ExtLrpEcpTIvGroup

lldpV2ConfigLrpEcpTxTable Each entry controls transmission of the LLDP
LRP ECP Discovery TLV for one LLDP port
component. (11.6.2.1)

lldpV2LocLrpEcpTable Each entry describes the LLDP LRP E€P Dis-
covery TLV transmitted on one LLDP poft
component. (11.6.2.2)

lldpV2RemLrpEcpTable Each entry describes the LLDP'LLRP ECP
Discovery TLV received,onne LLDP port
component for one LLDPn¢ighbor. (11.6.2.3)

1ldpV2ExtLrpTepTIvGroup

lldpV2ConfigLrpTepTxTable Each entry controls transmission of the LLDP
LRP TCP Discovery TLV for one LLDP port
compohent. (11.6.2.4)

lldpV2LocLrpTcpTable Eagh entry describes the LLDP LRP TCP Dis-
covery TLV transmitted on one LLDP port
component. (11.6.2.5)

lldpV2RemLrpTcpTable Each entry describes the LLDP LRP TCP
Discovery TLV received on one LLDP port
component for one LLDP neighbor. (11.6.2.6)

Further, deployment of SNMP versionggrior to SNMPvV3 is not recommended. Instead, it is recommended
to deploy SNMPv3 and to enable_cryptographic security. It is then a customer/operator responsibility to
ensure that the SNMP entity giving access to an instance of these MIB modules is properly configured to
give access to the objects only o those principals (users) that have legitimate rights to indeed GET or SET
(change/create/delete) them,

13.4.1 Security considerations for the LRP-TC-MIB

This module doees not define any management objects. Instead, it defines a set of textual conventions that
may be uséd-by other MIB modules to define management objects. Meaningful security considerations are
contaiped(in the following subclauses that describe security considerations for other MIB modules that
define.management objects with a SYNTAX of any of these textual conventions.

13.4.2 Security considerations for the LRP-MIB

There are no management objects defined in the LRP-MIB module that have a MAX-ACCESS clause of
read-write.

Some of the readable objects in this MIB module (i.e., objects with a MAX-ACCESS other than
not-accessible) may be considered sensitive or vulnerable in some network environments. It is thus
important to control all types of access (including GET and/or NOTIFY) to these objects and possibly to
even encrypt the values of these objects when sending them over the network via SNMP.
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13.4.3 Security considerations for the LLDP-V2-LRP-EXT-MIB

There are a number of management objects defined in the LLDP-V2-LRP-EXT-MIB module that have a
MAX-ACCESS clause of read-write. Such objects may be considered sensitive or vulnerable in some
network environments. The support for SET operations in a non-secure environment without proper
protection can have a negative effect on network operations.

Some of the readable objects in this MIB module (i.e., objects with a MAX-ACCESS other than

not-accessible) may be considered sensitive or vulnerable in some network environments. It is thus
important to control all types of access (including GET and/or NOTIFY) to these objects and possibly 9
even encrypt the values of these objects when sending them over the network via SNMP.

The objects that have read-write access are:

— 1ldpV2ConfigLrpTcpControlled TcpPortNumber
— 1ldpV2ConfigLrpTcpControlledlpV4Enable

— 1lldpV2ConfigLrpTcpControlledIpV4Address
— 1lldpV2ConfigLrpTepControlledIpV6Enable

— lldpV2ConfigLrpTcpControlledlpV6Address
— lldpV2ConfigLrpEcpTxEnable

— lldpV2ConfigLrpTcpTxEnable

If any of these objects are improperly configured, whether inadvertently or with malicious intent, any or all
of the following can occur. The total effect of these evénts”depends very strongly, of course, on the
specification of the LRP application running over LRP, The" following events have to be understood in the
context of a particular LRP application, so the ultimate effects of misconfiguration of the LRP-MIB are
beyond the scope of this document. The effects include:

a) Incorrect address information canbe~advertised in an LRP TCP Discovery TLV, causing a
neighboring system or its Proxy system to make an LRP-DT connection to the wrong Proxy system.
This can make it impossible. to>;fhake the LRP-DT connection, or can enable that wrong Proxy
system to completely subvertthe intended operation of the LRP application.

b) The transmission of LRP\ECP Discovery TLVs and LRP TCP Discovery TLVs can be enabled or

disabled incorrectly,Causing a lack of LRP-DT connections or causing unintended LRP-DT
connections to form:
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13.5 MIB modules'?- 18
13.5.1 LRP Textual conventions MIB

LRP-TC-MIB DEFINITIONS ::= BEGIN
IMPORTS

MODULE-IDENTITY,

Unsigned32

FROM SNMPVZ-SMI
ieee802dotlmibs

FROM IEEE8021-TC-MIB
TEXTUAL-CONVENTION

FROM SNMPv2-TC;

ieee8021LrpTcMIB MODULE-IDENTITY
LAST-UPDATED "202012030000Z" -- December 3, 2020
ORGANIZATION "IEEE 802.1 Working Group"
CONTACT-INFO
"WG-URL: http://1.ieee802.0rg
WG-EMail: stds-802-1-1@ieee.org

Contact: IEEE 802.1 Working Group Chair
Postal: C/0 IEEE 802.1 Working Group
IEEE Standards Association
445 Hoes Lane
Piscataway
NJ 08854
USA
E-mail: stds-802-1-chairs@feece.org"

DESCRIPTION
"Textual conventions us€d throughout IEEE Std 802.1CS.

Unless otherwise indicated, the references in this
MIB module are to“ZEEE Std 802.1CS-2020.

Copyright (C)N\IEEE (2021). This version of this MIB module
is includediin clause 13 of IEEE Std 802.1CS-2020;
see the~standard itself for full legal notices."

REVISION "202012030000Z" -- December 3, 2020

DESCRIPTION W This MIB module included in IEEE Std 802.1CS-2020.

Ul

::= { %eeeB802dotlmibs 34 }

e W KF AR R A A A A A A AR AR A A A A AR AR AR A AA A AR A A AR A A A A A A AR A A AR A A AR AR AR AKX KK

~t Textual Conventions
L o KA A A A A Ak kA kA kA A A A A AR AR A kA kA A A A A A A A A Ak A Ak kA Ak A A A A Ak Ak hhhkkx k*

LrpHelloStatus ::= TEXTUAL-CONVENTION
STATUS current
DESCRIPTION

l7C0pyright release for MIBs: Users of this standard may freely reproduce the MIBs contained in this subclause so that they can be
used for their intended purpose.

18An ASCII version of each MIB module is attached to the PDF of this amendment and can also be obtained from the IEEE 802.1
Website at https://1.ieee802.org/mib-modules/.
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"This specifies the current state of the Hello Receive State
Machine. It can take the following values:

hsLooking (1) This Portal has not yet received a successful
Complete Portal create request.
hsConnecting (2) This Portal has received a successful

and a

Complete Portal create request
Hello LRPDU with the hsLooking
The Portal is ready to recejve

(10.2.4),
status.
all TRPDUS

hsConnected (3) This Portal is up and ready

to transfer

LRP application data.

The Portal is allowed to

transmit all LRPDUs

"

REFERENCE
"8.2.2.8"

SYNTAX INTEGER {
hsLooking (1),
hsConnecting (2),
hsConnected (3)

}

LrpApplId ::= TEXTUAL-CONVENTION
DISPLAY-HINT "x"
STATUS current
DESCRIPTION

"Identifies an LRP application type.

A 32 bit number. The most-significant 2% 'bits of the integer are
an OUI or CID (obtainable from the TEEE Registration Authority),
and the least-significant 8 bits ,axe) assigned by the owner of

the OUI or CID. This creates a wotld-wide unique identity for
the LRP application type.
n

REFERENCE "9.2"

SYNTAX Unsigned32

LrpInetAddressInfo ::= TEXTUAL=CONVENTION
STATUS current
DESCRIPTION

"An LRP TCP Discovery TLV has some number of
Application~descriptors, each of which can have either one or
two Address™info fields. The Address info field tells whether
the following Address field is present or not,
wheth@hr“it contains an IPv4 or an IPv6 address.
LrpInetAddressInfo can take the following values:

and if present,

neAddress (0) , Address info present, Address field not present
addrIpPv4 (1), Address info present, Address field has IPv4
addrIPv6(2), Address info present, Address field has IPvo6
notPresent (256) Address info not present

ROTOLRLINCE "\./. . e O e

SYNTAX INTEGER {

noAddress (0),
addrIPv4 (1),
addrIPvo (2),
notPresent (256)

END
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13.5.2 LRP MIB

LRP-MIB DEFINITIONS ::= BEGIN
IMPORTS
MODULE-IDENTITY,
OBJECT-TYPE,
Unsigned32,
Counter64

EROMNM— CAIND, O
TN O I [opy=n

TruthValue

FROM SNMPv2-TC
MODULE-COMPLIANCE,
OBJECT-GROUP

FROM SNMPv2-CONF
AddressFamilyNumbers

FROM IANA-ADDRESS-FAMILY-NUMBERS-MIB
InetPortNumber

FROM INET-ADDRESS-MIB
InterfaceIndex

FROM IF-MIB
L1dpV2ChassisIdSubtype,
LldpV2ChassisId,
LldpV2PortIdSubtype,
LldpV2PortId,
LldpV2ManAddress

FROM LLDP-V2-TC-MIB
ieee802dotlmibs

FROM IEEE8021-TC-MIB
LrpAppId

FROM LRP-TC-MIB;

ieee8021LrpMIB MODULE-IDENTITY
LAST-UPDATED "202012030000Z" %% December 3, 2020
ORGANIZATION "IEEE 802.1 Working Group"
CONTACT-INFO
"WG-URL: http:#/1.ieee802.0rg
WG-EMail: stds-802-1-l@ieee.org

Contact®N"IEEE 802.1 Working Group Chair
Postals C/0O IEEE 802.1 Working Group
IEEE Standards Association
445 Hoes Lane
Piscataway
NJ 08854
USA
E-mail: stds-802-1-chairs@ieee.org"
DESCRIPTION
"Management Information Base module for configuration of the
Link-local Registration Protocol.

This MIB module supports the managed objects described in
clause 11.

Unless otherwise indicated, the references in this
MIB module are to IEEE Std 802.1CS-2020.

Copyright (C) IEEE (2021). This version of this MIB module
is included in clause 13 of IEEE Std 802.1CS-2020;
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see the standard itself for full legal notices."
REVISION "202012030000Z" -- December 3, 2020
DESCRIPTION "This MIB module included in IEEE Std 802.1CS-2020.

1]

::= { ieee802dotlmibs 35 }

lrpObjects OBJECT IDENTIFIER ::= { i1ieee8021LrpMIB 1 }
lrpConformance OBJECT IDENTIFIER ::= { i1ieee8021LrpMIB 2 }
-- LRP MIB Objects

lrpConfiguration OBJECT IDENTIFIER ::= { lrpObjects 1 }
lrpStatistics OBJECT IDENTIFIER ::= { lrpObjects 2 }

KA A KA AR A AA KA AR AR A AR A AR A AR R A AR A A AR I A A R A AR Rk dk ko kkkkkkk k%K A%

L RP CONFTIG

KKK AR A AR A AR A AR AR A AR A AR A KRR AR AR AR XA AR AR AR AR I AR A AR A A AT KA A A Ak kK

KRR AR AR AR AR A AR A AR AR AR A A AR AR A AR A A A A A A AR AR A AR AR I A I AR I A A A A A AR A AR AR Ak kKK

The table containing information about each(BRP-DT instance.
KAk Ak kA hhkhkhkhk Ak Ak hkhkhkhkhkhk Ak hkhkhhkhkhkhkhkhkhhhkhkhkhkhkhhdMAph Ak hkhkhkhkhkhkhkhkhkhkhkhkhkkxkxk*x**x

lrpDtInstanceTable OBJECT-TYPE

SYNTAX SEQUENCE OF LrpDtInstanteEntry
MAX-ACCESS not-accessible

STATUS current

DESCRIPTION

"A table presenting basi¢ information about each LRP-DT instance
in the system.
REFERENCE
"11.4"
:= { lrpConfiguration 1 }

lrpDtInstanceEntsy OBJECT-TYPE

SYNTAX LrpDtInstanceEntry
MAX-ACCESS  not-accessible
STATUS current
DEZCRIPTION

“"A list of basic information about one LRP-DT instance.

INDEX { lrpDtInstNumber }
::= { lrpDtInstanceTable 1 }

LrpDtInstanceEntry ::= SEQUENCE ({
lrpDtInstNumber Unsigned32,
lrpDtInstActiveTcp TruthvValue,
lrpDtInstAddressTypes AddressFamilyNumbers,
lrpDtInstMyAddress LldpV2ManAddress,
lrpDtInstMyTcpPort InetPortNumber,
lrpDtInstNeighborAddress LldpV2ManAddress,
lrpDtInstNeighborTcpPort InetPortNumber
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lrpDtInstNumber OBJECT-TYPE

SYNTAX Unsigned32(1..4294967295)
MAX-ACCESS not-accessible

STATUS current

DESCRIPTION

"A small integer identifying an LRP-DT instance. Each
ILRP-DT instance in a system has a unigue lrpDtInstNumber

This object SHALL NOT contain the value 0.

REFERENCE
"11.2"
:= { lrpDtInstanceEntry 1 }

lrpDtInstActiveTcp OBJECT-TYPE

SYNTAX TruthValue
MAX-ACCESS read-only
STATUS current
DESCRIPTION

"TRUE if and only if lrpDtInstAddressTypes indicategs an IPv4
or IPv6 address, and this LRP-DT instance uses“@n active TCP
OPEN, as opposed to a passive TCP OPEN, to indtiate the TCP
connection.

"

REFERENCE

"11.4, 7.3.2.1"

::= { lrpDtInstanceEntry 2 }

lrpDtInstAddressTypes OBJECT-TYPE

SYNTAX AddressFamilyNumbers
MAX-ACCESS read-only

STATUS current

DESCRIPTION

"An enumerated value_specifying the format of the addresses
in lrpDtInstMyAddress and lrpDtInstNeighborAddress.

If lrpDtInstAddressTypes has a value indicating a type of
Inetnet Protaocol address, then this LRP-DT instance uses TCP.
Otherwise, It uses ECP.

REFERENCH
"11.4,y7.3.2.2, 7.3.2.4"

::= {\lrpDtInstanceEntry 3 }

lrpDEThstMyAddress OBJECT-TYPE

SYNTAX LldpV2ManAddress
MAX-ACCESS read-only
STATUS current

DLOURIT LT IUN
"The address used by the local end of the LRP-DT instance. The
format of the address is determined by lrpDtInstAddressTypes.
REFERENCE
"11.4, 7.3.2.2"
::= { lrpDtInstanceEntry 4 }

lrpDtInstMyTcpPort OBJECT-TYPE
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SYNTAX InetPortNumber
MAX-ACCESS read-only
STATUS current
DESCRIPTION

"The local TCP port number used for the TCP connection, or 0,
if this connection uses ECP, instead of TCP.

REFERENCE
"11.4, 7,3,2.3"

:= { lrpDtInstanceEntry 5 }

lrpDtInstNeighborAddress OBJECT-TYPE

SYNTAX LldpV2ManAddress
MAX-ACCESS read-only

STATUS current
DESCRIPTION

"The address used by the partner end of the LRP-DT instancej.if
lrpDtInstActiveTcp is TRUE or lrpDtInstAddressTypes indicéateées
a MAC address. Otherwise (this LRP-DT instance was cr€dted
from a passive TCP OPEN), lrpDtInstNeighborAddress godtains a
zero—-length string. The format of the address is \détermined by
lrpDtInstAddressTypes.

REFERENCE
"11.4, 7.3.2.4"

::= { lrpDtInstanceEntry 6 }

lrpDtInstNeighborTcpPort OBJECT-TYPE

SYNTAX InetPortNumber
MAX-ACCESS read-only
STATUS current
DESCRIPTION

"The remote TCP port numbex~lised for the TCP connection, or 0,
if this connection uses EGP, instead of TCP.

"

REFERENCE
"11.4, 7.3.2.5"
::= { lrpDtInstanceEntry 7 }

e K AR A A A A AR A AR A A A A IRA AR AR A AR A A AR KA FA AR AA AR A AR AA KR A AR A A AR A I AR A A AR A AR XA K,k

-- The table conkaining information about each LRP-DS Portal.
e kk ok ok kA kA A AFE R KA Ak hkhkhk ko hkhk bk hkhkhkhkhkhhkhkhhkhkhkhkhkhkhhkhkhhkhkhhkhkhhkhkhkhkhkrrhkhkrhkkhkhkhkhkrkxx

lrpPortalTable OBJECT-TYPE

SYNTAX SEQUENCE OF LrpPortalEntry

MAX=ACCESS not-accessible

STATUS current

DESCRIPTION
"A table containing the per-portal set of counters that record
LIRE C©VCIIL . L‘llULC ib dlil CIILLY ill l_llc Ldblc LOL T©VCTL pULLdl ill
a system.
"

REFERENCE
"g.2.2"

::= { lrpConfiguration 2 }

lrpPortalEntry OBJECT-TYPE
SYNTAX LrpPortalEntry
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MAX-ACCESS not-accessible
STATUS current
DESCRIPTION

"A list of counters for events occurring on one Portal.

"

INDEX { lrpPortalNumber }
::= { lrpPortalTable 1 }

LrpPortalFntry ::= SFOQUENCE {
lrpPortalNumber Unsigned32,
lrpPortalIfIndex Interfacelndex,
lrpPortalDtInstanceIndex Unsigned32,
lrpPortalAppId LrpAppId,
lrpPortalMyChassisIdType L1ldpV2ChassisIdSubtype,
lrpPortalMyChassisId LldpV2ChassisId,
lrpPortalMyPortIdType LldpV2PortIdSubtype,
lrpPortalMyPortId LldpV2PortId,
lrpPortalNbrChassisIdType L1ldpV2ChassisIdSubtype,
lrpPortalNbrChassisId LldpV2ChassisId,
lrpPortalNbrPortIdType L1dpV2PortIdSubtype,
lrpPortalNbrPortId LldpV2PortId,
lrpPortallLocalOverflow TruthValue

lrpPortalNumber OBJECT-TYPE

SYNTAX Unsigned32
MAX-ACCESS not-accessible
STATUS current
DESCRIPTION

"A small integer identifying a portal.

Each portal in a system

has a unique lrpPortalNumber.

This object SHALL NOT contafn the value O.

:= { lrpPortalEntry 1 }

lrpPortalIfIndex OBJECT-TYRE

SYNTAX Interface¥ndex
MAX-ACCESS read=onby
STATUS cuptent
DESCRIPTION

"The interface index identifying the target port to which this

portal\ks attached.

"

::= {\MrpPortalEntry 2 }

lrpPadrtalDtInstancelIndex OBJECT-TYPE

SYNTAX Unsigned32
MAX-ACCESS read-only
STATUS current

The value is 0, if there is none.

DEOURIT LT IUN

"The same value as the lrpDtInstNumber object of the
lrpDtInstanceEntry describing the LRP-DT instance to which this

Portal is attached.
REFERENCE
"g8.2.2.1"
:= { lrpPortalEntry 3 }
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lrpPortalAppId OBJECT-TYPE

SYNTAX LrpAppId
MAX-ACCESS read-only
STATUS current
DESCRIPTION

"The application ID used for this Portal.
REFERENCE
"g.2.2.1"

:= { lrpPortalEntry 4 }

lrpPortalMyChassisIdType OBJECT-TYPE

SYNTAX LldpV2ChassisIdSubtype
MAX-ACCESS read-only

STATUS current

DESCRIPTION

"The My Chassis ID TLV type field used for this Portal.

REFERENCE
"8.2.2.2"
::= { lrpPortalEntry 5 }

lrpPortalMyChassisId OBJECT-TYPE

SYNTAX L1ldpV2ChassisId
MAX-ACCESS read-only
STATUS current
DESCRIPTION

"The My Chassis ID TLV Chassis ID field used for this Portal.

REFERENCE
"8.2.2.2"
::= { lrpPortalEntry 6 }

lrpPortalMyPortIdType OBJECT-TYPRE

SYNTAX L1ldpV2PortIdSubtype
MAX-ACCESS read-only

STATUS current

DESCRIPTION

"The My Port ID TLV type field used for this Portal.

REFERENCE
"8.2.2.3"
c:= { lrpPyrtalEntry 7 }

lrpPortalMyPortId OBJECT-TYPE

SYNDAX LldpV2PortId
MAX=ACCESS read-only
STATUS current
DESCRIPTION

"The My Port ID TLV Port ID field used for this Portal.

REFERENCE
"8.2.2.3"
:= { lrpPortalEntry 8 }

lrpPortalNbrChassisIdType OBJECT-TYPE

SYNTAX L1ldpV2ChassisIdSubtype
MAX-ACCESS read-only
STATUS current
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DESCRIPTION
"The Neighbor Chassis ID TLV type field used for this Portal.
REFERENCE
"g.2.2.2"
:= { lrpPortalEntry 9 }

lrpPortalNbrChassisId OBJECT-TYPE

SYNTA, L1dpV2ChassisId

MAX-ACCESS read-only

STATUS current

DESCRIPTION
"The Neighbor Chassis ID TLV Chassis ID field used for this
Portal.

REFERENCE
"g8.2.2.2"

::= { lrpPortalEntry 10 }

lrpPortalNbrPortIdType OBJECT-TYPE

SYNTAX LldpV2PortIdSubtype
MAX-ACCESS read-only

STATUS current

DESCRIPTION

"The Neighbor Port ID TLV type field used for this Portal.
REFERENCE

"8.2.2.3"
::= { lrpPortalEntry 11 }

lrpPortalNbrPortId OBJECT-TYPE

SYNTAX LldpV2PortId
MAX-ACCESS read-only
STATUS current
DESCRIPTION

"The Neighbor Port IBD-“TLV Port ID field used for this Portal.
REFERENCE
"8.2.2.3"
:= { lrpPortalkntry 12 }

lrpPortalLocalOyverflow OBJECT-TYPE

SYNTAX TruthValue
MAX-ACCESS read-only
STATUS current
DESERIPTION

"A Boolean indicating whether or not the local registrar
database has overflowed its alloted memory.

"

REFERENCE

8226

::= { lrpPortalEntry 13 }

e AR AR A AR A A A A A A A A AR AR A A A A A AR AR AR A A A I AR AR A AR AR A AR AR AR A A A A A Xk Kk

-= PORTAL STATISTTICS
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lrpPortalCountersTable OBJECT-TYPE
SYNTAX SEQUENCE OF LrpPortalCountersEntry
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MAX-ACCESS not-accessible
STATUS current
DESCRIPTION

"A table containing the per-portal set of counters that record

LRP events.
a system.
"
REFERENCE
llll 5"

There is an entry in the table for every portal in

:= { lrpStatistics 1 }

lrpPortalCountersEntry OBJECT-TYPE

SYNTAX LrpPortalCountersEntry
MAX-ACCESS not-accessible

STATUS current

DESCRIPTION

"A list of counters for events occurring on

"

INDEX { lrpPortalNumber }
:= { lrpPortalCountersTable 1 }

LrpPortalCountersEntry ::= SEQUENCE {

lrpPortalApplicantActiveRecords Unsigned32

lrpPptCtRegistrarActiveRecords
lrpPptCtSentHellos
lrpPptCtAcceptedHellos
lrpPptCtDiscardedHellos
lrpPptCtSentRecords
lrpPptCtAcceptedRecords
lrpPptCtDiscardedRecords
lrpPptCtRecordErrors
lrpPptCtSentPartials
lrpPptCtAcceptedPartials
lrpPptCtDiscardedPartials
lrpPptCtSentCompletes
lrpPptCtAcceptedCompletes
lrpPptCtDiscardedCempletes
lrpPptCtDiscardedUnknowns

Unsigned32
Countero64y
Countered;
Countex®64,
Courltzerod,
Ceunter64,
Céunter64,
Countero4,
Counteré64,
Countero4,
Countero4,
Counteré64,
Countero4,
Countero4,
Countero4

lrpPortalApplicantActiveRecords OBJECT-TYPE

SYNTAX Unsigned32
MAX-ACCESS\ “read-only
STATUS current
DESCRIPTION

"The number of records in the applicant database.

REFERENCE
"11.5.1"
::= { lrpPortalCountersEntry 1 }

one Portal.

lrpPptCtRegistrarActiveRecords OBJECT-TYPE

SYNTAX Unsigned32
MAX-ACCESS read-only
STATUS current
DESCRIPTION

"The number of records in the registrar database.

"

REFERENCE
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"11.5.2"
::= { lrpPortalCountersEntry 2 }

lrpPptCtSentHellos OBJECT-TYPE

SYNTAX Counter64
MAX-ACCESS read-only
STATUS current
DESCRIPTION

"Incremented once for each Hello TRPDU transmitted by the

Send Hello state machines.
REFERENCE

"11.5.3"
::= { lrpPortalCountersEntry 3 }

lrpPptCtAcceptedHellos OBJECT-TYPE

SYNTAX Counter64
MAX-ACCESS read-only
STATUS current
DESCRIPTION

"Incremented once for each Hello LRPDU received by \the
Receive Hello state machine.

REFERENCE
"11.5.4"

::= { lrpPortalCountersEntry 4 }

lrpPptCtDiscardedHellos OBJECT-TYPE

SYNTAX Counter64
MAX-ACCESS read-only
STATUS current
DESCRIPTION

"Incremented once for eachyanhvalid Hello LRPDU discarded by the
Receive Hello state machine

REFERENCE
"11.5.5"

::= { lrpPortalCounte®wsEntry 5 }

lrpPptCtSentRecordsy™OBJECT-TYPE

SYNTAX Coulrter64
MAX-ACCESS_ ‘sead-only
STATUS current
DESCRIPTION

"Incremented once for each Record LRPDU transmitted by the
Applicant state machine.

REFERENCE
"11.5.6"

::= { lrpPortalCountersEntry 6 }

lrpPptCtAcceptedRecords OBJECT-TYPE

SYNTAX Counter64
MAX-ACCESS read-only
STATUS current
DESCRIPTION

"Incremented once for each valid Record LRPDU received by the
Partial list state machine.

"
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REFERENCE
"11.5.7"
::= { lrpPortalCountersEntry 7 }

lrpPptCtDiscardedRecords OBJECT-TYPE

SYNTAX Counter64
MAX-ACCESS read-only
STATUS current
DESCRIPTION

"Incremented once for each invalid Record LRPDU discarded by the
Partial list state machine.

"

REFERENCE
"11.5.8"
:= { lrpPortalCountersEntry 8 }

lrpPptCtRecordErrors OBJECT-TYPE

SYNTAX Counter64
MAX-ACCESS read-only
STATUS current
DESCRIPTION

"Incremented once for each record discarded from @ Record LRPDU
because of inconsistencies among the Checksum,“#pplication data,
and Data length fields.

REFERENCE

"11.5.9"

::= { lrpPortalCountersEntry 9 }

lrpPptCtSentPartials OBJECT-TYPE

SYNTAX Counter64
MAX-ACCESS read-only
STATUS current
DESCRIPTION

"Incremented once for each Partial List LRPDU transmitted by the
Applicant state machine.

REFERENCE
"11.5.10"
:= { lrpPortalCountersEntry 10 }

lrpPptCtAcceptedRartials OBJECT-TYPE

SYNTAX Counter64
MAX-ACCESS ™ read-only
STATUS current
DESCRIPTION

"Incremented once for each valid Partial List LRPDU received by
the Applicant state machine.

"

REFERENCE

TS5

::= { lrpPortalCountersEntry 11 }

lrpPptCtDiscardedPartials OBJECT-TYPE

SYNTAX Countero4
MAX-ACCESS read-only
STATUS current
DESCRIPTION

"Incremented once for each invalid Partial List LRPDU discarded
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by the Applicant state machine.

"

REFERENCE
"11.5.12"
::= { lrpPortalCountersEntry 12 }

lrpPptCtSentCompletes OBJECT-TYPE

SYNTAX Counter64
MAX-ACCESS read-only
STATUS current
DESCRIPTION

"Incremented once for each Complete List LRPDU transmitted by
the Applicant state machine.

REFERENCE
"11.5.13"
::= { lrpPortalCountersEntry 13 }

lrpPptCtAcceptedCompletes OBJECT-TYPE

SYNTAX Countero64
MAX-ACCESS read-only
STATUS current
DESCRIPTION

"Incremented once for each valid Complete LigH\LRPDU received
by the Applicant state machine.

"

REFERENCE
"11.5.14"
::= { lrpPortalCountersEntry 14 }

lrpPptCtDiscardedCompletes OBJECT-TYPE

SYNTAX Counter64
MAX-ACCESS read-only
STATUS current
DESCRIPTION

"Incremented once forye€ach invalid Complete List LRPDU discarded
by the Applicant state machine.

"

REFERENCE
"11.5.15"
::= { lrpPortalCountersEntry 15 }

lrpPptCtDiscardedUnknowns OBJECT-TYPE

SYNTAX Countero64
MAX-ACCESS read-only
STATUS current
DESCRIPTION

"Incremented once for each LRPDU of unknown type discarded by
the Applicant state machine or Partial list state machine.

"

ROTOLRLOINCE
"11.5.16"
:= { lrpPortalCountersEntry 16 }
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lrpDtInstanceCountersTable OBJECT-TYPE

SYNTAX SEQUENCE OF LrpDtInstanceCountersEntry
MAX-ACCESS not-accessible

STATUS current

DESCRIPTION

"A table containing the per-LRP-DT instance set of counters that
record LRP events. There is an entry in the table for every
LRP-DT instance in a system.

REFERENCE
"11.4"
::= { lrpStatistics 2 }

lrpDtInstanceCounterskEntry OBJECT-TYPE

SYNTAX LrpDtInstanceCountersEntry
MAX-ACCESS not-accessible

STATUS current

DESCRIPTION

"A list of statistics about one LRP-DT instance.

INDEX { lrpDtInstNumber }
::= { lrpDtInstanceCountersTable 1 }

LrpDtInstanceCountersEntry ::= SEQUENCE {
lrpDtInstDiscardedLrpdus Countere4

lrpDtInstDiscardedLrpdus OBJECT-TYPE

SYNTAX Counter64
MAX-ACCESS read-only
STATUS current
DESCRIPTION

"The number of received Link=1ocal Registration Protocol Data
Units discarded by the LRBR-DT instance because it could not
determine to which Poxrtal it should be given.

"

REFERENCE

"11.4, 11.4.1"

:= { lrpDtInstangefountersEntry 1 }

e R A AR A A A A AR E R R A A A A A AR AR A AR A A A A A A AR AR AR I A A A A A A AR A A A A A A AR AKX AR

- L R P MIB CONFORMANTCE

—— AR AR A ARF AR AR AR A A A A A A AR A A A A A A A A A AR A A A A A A A A Ak A A ARk kA kA Ak Ak A Ak Ak k%

lrpeompliances OBJECT IDENTIFIER { lrpConformance 1 }
lrpGroups OBJECT IDENTIFIER ::= { lrpConformance 2 }

——TCOomptIance tatemeTts

lrpCompliance MODULE-COMPLIANCE
STATUS current
DESCRIPTION
"A compliance statement for all SNMP entities that
implement the LRP MIB.

This version defines compliance requirements for
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LRP MIB module.

MODULE -- this module
MANDATORY-GROUPS {
lrpDsDtGroup

::= { lrpCompliances 1 }

-- MIB groupings

lrpDsDtGroup OBJECT-GROUP
OBJECTS {

lrpDtInstActiveTcp,
lrpDtInstAddressTypes,
lrpDtInstMyAddress,
lrpDtInstMyTcpPort,
lrpDtInstNeighborAddress,
lrpDtInstNeighborTcpPort,
lrpPortalIfIndex,
lrpPortalDtInstanceIndex,
lrpPortalAppId,
lrpPortalMyChassisIdType,
lrpPortalMyChassisId,
lrpPortalMyPortIdType,
lrpPortalMyPortId,
lrpPortalNbrChassisIdType,
lrpPortalNbrChassisId,
lrpPortalNbrPortIdType,
lrpPortalNbrPortId,
lrpPortallocalOverflow,
lrpPortalApplicantActiveRecotds,
lrpPptCtRegistrarActiveRecords,
lrpPptCtSentHellos,
lrpPptCtAcceptedHellas,
lrpPptCtDiscardedHellos,
lrpPptCtSentRegords,
lrpPptCtAcceptedRecords,
lrpPptCtDiscardedRecords,
lrpPptCtRecordErrors,
lrpPptCtSentPartials,
lrpPptCtAcceptedPartials,
lrpRBptCtDiscardedPartials,
LxpPptCtSentCompletes,
TrpPptCtAcceptedCompletes,
lrpPptCtDiscardedCompletes,
lrpPptCtDiscardedUnknowns,
lrpDtInstDiscardedLrpdus

}

STATUS current

DESCRIPTION
"The collection of objects which are used to monitor the
status of LRP-DS and LRP-DT.

:= { lrpGroups 1 }

END
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13.5.3 LLDPv2 LRP extension MIB
LLDP-V2-LRP-EXT-MIB DEFINITIONS ::= BEGIN

IMPORTS
MODULE-IDENTITY,
OBJECT-TYPE,
Unsigned32

ERONM— CAIND O

TN oI I [opymn

TruthValue

FROM SNMPv2-TC
MODULE-COMPLIANCE,
OBJECT-GROUP

FROM SNMPv2-CONF
TimeFilter

FROM RMON2-MIB
InterfacelIndex

FROM IF-MIB
InetAddress,
InetAddressIPv4,
InetAddressIPvo,
InetPortNumber

FROM INET-ADDRESS-MIB
L1ldpV2DestAddressTableIndex

FROM LLDP-V2-TC-MIB
lldpXdotlStandAloneExtensions

FROM LLDP-EXT-DOT1-EVB-EXTENSIONS-MLIB
LrpAppId,
LrpInetAddressInfo

FROM LRP-TC-MIB;

11dpXDotlLrpExtensions MODULE-IDENTITY
LAST-UPDATED "202012030000Z" %% December 3, 2020
ORGANIZATION "IEEE 802.1 Working Group"
CONTACT-INFO
"WG-URL: http://www.ieee802.o0rg/1/
WG-EMail: stds-802-1-1@ieee.org

Contact: IEEEN802.1 Working Group Chair
Postal: C/Q/IEEE 802.1 Working Group
IEEE Standards Association
445 Hoes Lane
Piscataway
NJ 08854
USA
E-mail: stds-802-1-chairs@ieee.org"
DESCRIPTION
"The LLDP Management Information Base extension module for IEEE
802.1 organizationally-defined discovery information, as

=L PO vk nk o R S B e Wa Ko il Walal R | 1 R .
T S T

He

h| o e R
T Tt Lo = = 3 3 TS TEaTT O ¥oT

Sl

(LRP) .

The Link-Layer Discovery Protocol (LLDP) is defined in
IEEE Std 802.1ARB.

lldpXdotlStandAloneExtensions 1is the OUI for LLDP-EXT-DOT1-EVB-
EXTENSIONS-MIB.
which defines managed objects for IEEE 802.1-defined
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organizationally-specified LLDP Type-Length Value (TLV)
discovery information. lldpXdotlStandAloneExtensions is branched
from 11dpV2Extensions (defined in LLDP-V2-MIB) using the
Organizationally Unique Identifier (OUI) value 00-80-Cl, which
belongs to IEEE 802.1. An OUI is a 24 bit globally-unique number
assigned by the IEEE Registration Authority -- see:

http://standards.ieee.org/develop/regauth/oui/index.html

In turn, lldpXDotlLrpExtensions and lldpV2ExtLrpConformance are
branched from lldpXdotlStandAloneExtensions, and thus are also
extensions from the IEEE 802.1 OUI.

Unless otherwise indicated, the references in this MIB module
are to IEEE Std 802.1CS-2020.

Copyright (C) IEEE (2020). This version of this MIB modulenis
included in clause 13 of IEEE Std 802.1CS-2020; see the
standard itself for full legal notices."

REVISION "202012030000z"™ -- December 3, 2020
DESCRIPTION
"This MIB module included in IEEE Std 802.1CS-2020.

"

::= { lldpXdotlStandAloneExtensions 3 }

-- Organizationally Defined InformationMExtension - IEEE 802.1
-- Definitions to support the IEEE Std 802.1AB LLDP TLVs defined in
-- IEEE Std 802.1CS Link-local RegaStration Protocol (LRP)

11dpV2ExtLrpObjects OBYECT IDENTIFIER ::= { lldpXDotlLrpExtensions 1 }
-- LLDP IEEE 802.1CS 'extension MIB groups
11dpV2ExtConfighsp OBJECT IDENTIFIER

11dpV2ExtLrpLkogalData OBJECT IDENTIFIER
11dpV2ExtLrpRemoteData OBJECT IDENTIFIER

I
—

11dpV2ExtLrpObjects 1 }
11dpV2ExtLrpObjects 2 }
11dpV2ExtLrpObjects 3 }

([l
—_ -

- lllc Ldblc bpbbiL Lllg, 10T Cdl_,ll LI db_)plik_/dLLUll, W‘Ildl, L
-- addresses to advertise in LRP TCP Discovery TLVs in a
-- Controlled system.

11dpV2ConfigLrpTcpControlledTable OBJECT-TYPE

SYNTAX SEQUENCE OF LldpV2LrpConfigTcpControlledEntry
MAX-ACCESS not-accessible
STATUS current
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DESCRIPTION

"A table specifying what IP addresses are to be advertised as
the address of the Proxy system controlling this Controlled
system, for each particular LRP application. These IP addresses
and application identifiers can be transmitted in
LRP TCP Discovery TLVs.

"

REFERENCE

"11.6.1.1"

11dpV2ConfigLrpTcpControlledEntry OBJECT-TYPE

INDEX { 1lldpV2ConfigLrpTcpControlledApplicationId.%
::= { 1lldpV2ConfigLrpTcpControlledTable 1 }

Ll1dpV2LrpConfigTcpControlledEntry ::= SEQUENCE ({

11dpV2ConfigLrpTcpControlledApplicationId OBJECT-TYPE

REFERENCE
::7¥){N11dpV2ConfigLrpTcpControlledEntry 1 }
11@p¥2ConfigLrpTcpControlledTcpPortNumber OBJECT-TYPE

SYNTAX InetPortNumber
MAX-ACCESS read-write

:= { 11dpV2ExtConfigLrp 1 }

SYNTAX L1ldpV2LrpConfigTcpControlledEntry
MAX-ACCESS not-accessible

STATUS current

DESCRIPTION

"A table specifying what IP addresses are to be advertised @s
the address of the Proxy system controlling this Controlled
system, for a particular LRP application. These IP add&€ésses
and application identifiers can be transmitted in
LRP TCP Discovery TLVs.

11dpV2ConfigLrpTcpControlledApplicationTid LrpAppld,
11ldpv2ConfigLrpTcpControlledTcpPortNumber InetPortNumber,

1ldpV2ConfigLrpTcpControlledIpV4Enable Truthvalue,
11dpV2ConfigLrpTcpControlledIpV4Address InetAddressIPv4,
11ldpV2ConfigLrpTcpControlledIlpWbEnable Truthvalue,
11ldpV2ConfigLrpTcpControlledIpV6Address InetAddressIPv6

SYNTAX LrpAppId
MAX-ACCESS not-accessible
STATUS current
DESCRIPTION

"The application identifier to which the rest of the
1ldpv2ConfigLrpTcpControlledEntry applies.

"

oo

LUOS CUL LCTIIT

DESCRIPTION

"The destination TCP Port number to which TCP connections for
LRP to the addresses in 11ldpV2ConfigLrpTcpControlledIpV4Address
or 1lldpV2ConfigLrpTcpControlledIpV6Address, for the
application in 11dpV2ConfigLrpTcpControlledApplicationId, are
to be made.

If this object contains the value 0, then no
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Application descriptor with the indexed application ID is
transmitted.

The value of this object is restored from non-volatile
storage after a re-initialization of the management system.
REFERENCE
"C.2.2.6.1"
;= { 11dpv2ConfiglhrpTcpControlledEntry 2 1}

11dpV2ConfigLrpTcpControlledIpV4Enable OBJECT-TYPE

SYNTAX TruthValue
MAX-ACCESS read-write
STATUS current
DESCRIPTION

"Specifies whether or not the indexed LRP application is
available through the LRP-DT TCP mechanism using TCP over (BPv4.
It thus controls whether the LRP TCP Discovery TLVs transmitted
from this Controlled system include the IPv4 address if
11ldpV2ConfigLrpTcpControlledIpV4Address in an
Application descriptor containing the indexed applicdation ID.

If 11ldpV2ConfigLrpTcpControlledIpV4Enable and
1ldpV2ConfigLrpTcpControlledIpV4Enable are bofh false(2), then
no Application descriptor with the indexed_application ID is
transmitted.

The value of this object is restoredufrom non-volatile
storage after a re-initialization-ef) the management system.
REFERENCE
"C.2.2.6.2"
::= { 1lldpV2ConfigLrpTcpControdledEntry 3 }

11dpV2ConfigLrpTcpControlledIp¥4Address OBJECT-TYPE

SYNTAX InetAddressIPv4
MAX-ACCESS read-write
STATUS current
DESCRIPTION

"Specifies am IPv4 address to be advertised in all of the
LRP TCP DiscoOvery TLVs that carry the indexed application ID
that areNtransmitted by this Controlled system.

The( value of this object is restored from non-volatile
storage after a re-initialization of the management system.
REEERENCE
"C.2.2.6.3"
:= { 1lldpV2ConfigLrpTcpControlledEntry 4 }

lldp k,L_)IlLJLgJ_ALPLL,LJ\_/UllLLUllCde ODlldblC UDJLUI=T1IICD

SYNTAX TruthValue
MAX-ACCESS read-write
STATUS current
DESCRIPTION

"Specifies whether or not the indexed LRP application is
available through the LRP-DT TCP mechanism using TCP over IPv6.
It thus controls whether the LRP TCP Discovery TLVs transmitted
from this Controlled system include the IPv6 address in
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11ldpV2ConfigLrpTcpControlledIpV6Address in an
Application descriptor containing the indexed application ID.

If 11ldpV2ConfigLrpTcpControlledIpV4Enable and
11dpV2ConfigLrpTcpControlledIpV4Enable are both false(2), then
no Application descriptor with the indexed application ID is
transmitted.

The value of this object is restored from non-volatile

REFERENCE

11dpV2ConfigLrpTcpControlledIpV6Address OBJECT-TYPE

REFERENCE

-- 11dpV2ConfigLrpEcpTxTable: confiAdgdre the transmission of the

11dpV2ConfigLrpEcpTxTable OBJECT-TYPE

REEERENCE

storage after a re-initialization of the management system.

"C.2.2.6.2"
{ 1ldpv2ConfigLrpTcpControlledEntry 5 }

SYNTAX InetAddressIPv6
MAX-ACCESS read-write
STATUS current
DESCRIPTION

"Specifies an IPv6 address to be advertised in all \ofi/the
LRP TCP Discovery TLVs that carry the indexed applgcation ID
that are transmitted by this Controlled system®

The value of this object is restored from¢hom-volatile
storage after a re-initialization of the m&nhagement system.

"

"C.2.2.6.3"
{ 1ldpv2ConfigLrpTcpControlledEntLy 6 }

LRP ECP Discovery TLVs on a set of ports.

SYNTAX SEQUENCE OF LldpV2ConfigLrpEcpTxEntry
MAX-ACCESS not-agctessible

STATUS cuptent

DESCRIPTION

"This table contains one or more rows per physical network
conneChton known to this agent. The agent may wish to

ensure that only one 1lldpV2ConfigLrpEcpTxEntry is present for
edch local port, or it may choose to maintain multiple
entries for the same local port."

"11.6.2.1"
{ 1ldpV2ExtLrpLocalData 1 }

K,UILLJLHJ_JLPJLL,LJL LITC L UDJULUI =T 1IN

SYNTAX LldpV2ConfigLrpEcpTxEntry
MAX-ACCESS not-accessible

STATUS current

DESCRIPTION

"Information about a particular port component."

INDEX { 1ldpV2ConfigLrpEcpTxLocalIfIndex,

11dpV2ConfigLrpEcpTxLocalDestMACAddress }
{ 1ldpv2ConfigLrpEcpTxTable 1 }
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LldpV2ConfigLrpEcpTxEntry ::= SEQUENCE ({
11dpV2ConfigLrpEcpTxLocalIlfIndex InterfacelIndex,
1ldpV2ConfigLrpEcpTxLocalDestMACAddress LldpV2DestAddressTableIndex,
1ldpVv2ConfigLrpEcpTxEnable TruthValue

}

11dpV2ConfigLrpEcpTxLocallfIndex OBJECT-TYPE

SYNTA Interfacelnde
MAX-ACCESS not-accessible
STATUS current
DESCRIPTION

"The interface index value used to identify the port
associated with this entry. Its value is an index
into the interfaces MIB

The value of this object is used as an index to the
1ldpV2ConfigLrpEcpTxTable.

"

:= { 1ldpV2ConfigLrpEcpTxEntry 1 }

11dpV2ConfigLrpEcpTxLocalDestMACAddress OBJECT-TYPE

SYNTAX LldpV2DestAddressTableIndex
MAX-ACCESS not-accessible

STATUS current

DESCRIPTION

"The index value used to identify the LEDPDU frame destination
MAC address associated with this entipy. Its value identifies
the row in the 1ldpV2DestAddressTable where the MAC address
can be found.

The value of this object is used as an index to the
1ldpV2ConfigLrpEcpTxTables,

:= { 1lldpV2ConfigLrpEcpTxEntry 2 }

11dpV2ConfigLrpEcpTxEnable~OBJECT-TYPE

SYNTAX TruthValue
MAX-ACCESS read=write
STATUS cuptent
DESCRIPTION

"The 11ldp¥V2ConfigLrpEcpTxEnable, which is defined

as a (txuth value and configured by the network management,
detlermines whether the IEEE 802.1 organizationally defined
LRP.ECP Discovery TLV transmission is allowed on a given
LLDP transmission-capable port component.

The value of this object is restored from non-volatile
storage after a re-initialization of the management system."
DEFVAL { false }

—— T2 ConftIgtrpEcPIRET Ty S

-— 11dpV2ConfigLrpTcpTxTable: configure the transmission of the
- LRP TCP Discovery TLVs on a set of ports.

11dpV2ConfigLrpTcpTxTable OBJECT-TYPE
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SYNTAX SEQUENCE OF LldpV2ConfigLrpTcpTxEntry
MAX-ACCESS not-accessible

STATUS current

DESCRIPTION

"This table contains one or more rows per physical network
connection known to this agent. The agent may wish to

ensure that only one 1ldpV2ConfigLrpTcpTxEntry is present for
each local port, or it may choose to maintain multiple

entries for the same local port."

:= { 1lldpV2ExtLrpLocalData 2 }

11dpV2ConfigLrpTcpTxEntry OBJECT-TYPE

SYNTAX LldpV2ConfigLrpTcpTxEntry
MAX-ACCESS not-accessible

STATUS current

DESCRIPTION

"Information about a particular port component."
INDEX { 1lldpV2ConfigLrpTcpTxLocalIlfIndex,
11dpV2ConfigLrpTcpTxLocalDestMACAddress }
:= { 11ldpV2ConfigLrpTcpTxTable 1 }

L1ldpV2ConfigLrpTcpTxEntry ::= SEQUENCE ({
11dpV2ConfigLrpTcpTxLocalIlfIndex Interfacelndex,
11dpV2ConfigLrpTcpTxLocalDestMACAddress LldpV2DgstAddressTableIndex,
11ldpV2ConfigLrpTcpTxEnable TruthValve

}

11dpV2ConfigLrpTcpTxLocallfIndex OBJECT-TYPE

SYNTAX InterfaceIndex
MAX-ACCESS not-accessible
STATUS current
DESCRIPTION

"The interface index value.mSed to identify the port
associated with this entry. Its value is an index
into the interfaces MIB

The value of this ebject is used as an index to the
11ldpV2ConfigLrpTcpTxTable.

"

:= { 1ldpV2ConfigLrpTcpTxEntry 1 }

11dpV2ConfigLrpTepTxLocalDestMACAddress OBJECT-TYPE

SYNTAX L1dpV2DestAddressTableIndex
MAX-ACCESS  not-accessible

STATUS current

DESCRIPTION

"The index value used to identify the LLDPDU frame destination
MAC address associated with this entry. Its value identifies
the row in the 1ldpV2DestAddressTable where the MAC address
can be found.

The value of this object is used as an index to the
11dpV2ConfigLrpTcpTxTable.

1= { 1lldpV2ConfigLrpTcpTxEntry 2 }

11dpV2ConfigLrpTcpTxEnable OBJECT-TYPE
SYNTAX TruthValue
MAX-ACCESS read-write
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STATUS current

DESCRIPTION
"The 11dpV2ConfigLrpTcpTxEnable, which is defined
as a truth value and configured by the network management,
determines whether the IEEE 802.1 organizationally defined
LRP TCP Discovery TLV transmission is allowed on a given
LLDP transmission-capable port component.

The value of this object is restored from non-volatile

storage after a re-initialization of the management system.
REFERENCE

"9.1.2.1 of IEEE Std 802.1AB-2016"
DEFVAL { false }
::= { 11ldpV2ConfigLrpTcpTxEntry 3 }

-- 1lldpV2LocLrpEcpTable

11ldpV2LocLrpEcpTable OBJECT-TYPE

SYNTAX SEQUENCE OF LldpV2LocLrpEcpEntry

MAX-ACCESS not-accessible

STATUS current

DESCRIPTION
"This table contains one or more rews) per physical network
connection known to this agent., 'The agent may wish to

ensure that only one 11dpV2ExthrpLocEntry is present for
each local port, or it may choose to maintain multiple
11dpV2ExtLrpLocEntries fox~fhe same local port.
REFERENCE
"11l.6.2.2"
::= { 1ldpV2ExtLrpLocadData 3 }

11ldpV2LocLrpEcpEntry .OQBJECT-TYPE

SYNTAX LldpV2LocLrpEcpEntry
MAX-ACCESS not=accessible
STATUS current

DESCRIPTION

"Information about the C.2.1LRP ECP Discovery TLV that can
bé&\ transmitted from a particular LLDP port component.
Note that this MIB supports the transmission of only one
LRP ECP Discovery TLV per port component.

"

INDEX { 1lldpV2LocLrpEcpLocalIfIndex,
11dpV2LocLrpEcpLocalDestMACAddress,

TTdpvZ2EocEkrpEcpApptTTatTorinde ij

::= { lldpV2LocLrpEcpTable 1 }

LldpV2LocLrpEcpEntry ::= SEQUENCE ({
lldpV2LocLrpEcpLlocalIlfIndex Interfacelndex,
lldpV2LocLrpEcpLocalDestMACAddress LldpV2DestAddressTablelIndex,
1ldpV2LocLrpEcpApplicationIndex Unsigned32,
lldpV2LocLrpEcpApplicationId LrpAppId

}
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11ldpV2LocLrpEcpLocalIlfIndex OBJECT-TYPE

SYNTAX InterfacelIndex
MAX-ACCESS not-accessible
STATUS current
DESCRIPTION

"The interface index value used to identify the port
associated with this entry. Its value is an index
into the interfaces MIB

The value of this object is used as an index to the
1ldpV2LocLrpEcpTable.

"

::= { lldpV2LocLrpEcpEntry 1 }

1ldpV2LocLrpEcpLocalDestMACAddress OBJECT-TYPE

SYNTAX LldpV2DestAddressTableIndex
MAX-ACCESS not-accessible

STATUS current

DESCRIPTION

"The index value used to identify the LLDPDU frame \déstination
MAC address associated with this entry. Its value gdentifies
the row in the 1ldpV2DestAddressTable where the/MAC address
can be found.

The value of this object is used as an indéx to the
lldpV2LocLrpEcpTable.

::= { lldpV2LocLrpEcpEntry 2 }

1ldpV2LocLrpEcpApplicationIndex OBJECT<RYPE

SYNTAX Unsigned32 (0..255)
MAX-ACCESS not-accessible
STATUS current
DESCRIPTION

"A small integer thatyselects one entry in the
lldpV2LocLrpEcpTabde. For every entry in 1ldpV2LocLrpEcpEntry,
there is one Application descriptor in the transmitted
LRP ECP Discovery TLV.

The value.of” the transmitted Application count field in the
LRP ECP Biscovery TLV is equal to the number of different values
of 1ldpV2LocLrpEcpApplicationIndex for this port component.
REFERENCE "C.2.1.5, C.2.1.6"
::¥){\1ldpV2LocLrpEcpEntry 3 }

llap¥iZLocLrpEcpApplicationId OBJECT-TYPE

SYNTAX LrpAppId
MAX-ACCESS read-only
o1l AL UOS CUL LCTIIT
DESCRIPTION

"The AppId in one Application descriptor in the transmitted
LRP ECP Discovery TLV.

REFERENCE "C.2.1.5, C.2.1.6"

::= { lldpV2LocLrpEcpEntry 4 }
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LLDP-V2-LRP-EXT-MIB DEFINITIONS ::= BEGIN

IMPORTS
    MODULE-IDENTITY,
    OBJECT-TYPE,
    Unsigned32
        FROM SNMPv2-SMI
    TruthValue
        FROM SNMPv2-TC
    MODULE-COMPLIANCE,
    OBJECT-GROUP
        FROM SNMPv2-CONF
    TimeFilter
        FROM RMON2-MIB
    InterfaceIndex
        FROM IF-MIB
    InetAddress,
    InetAddressIPv4,
    InetAddressIPv6,
    InetPortNumber
        FROM INET-ADDRESS-MIB
    LldpV2DestAddressTableIndex
        FROM LLDP-V2-TC-MIB
    lldpXdot1StandAloneExtensions
        FROM LLDP-EXT-DOT1-EVB-EXTENSIONS-MIB
    LrpAppId,
    LrpInetAddressInfo
        FROM LRP-TC-MIB;

lldpXDot1LrpExtensions MODULE-IDENTITY
    LAST-UPDATED "202007100000Z" -- December 3, 2020
    ORGANIZATION "IEEE 802.1 Working Group"
    CONTACT-INFO 
       "WG-URL: http://www.ieee802.org/1/
        WG-EMail: stds-802-1-l@ieee.org

        Contact: IEEE 802.1 Working Group Chair
        Postal:  C/O IEEE 802.1 Working Group
                 IEEE Standards Association
                 445 Hoes Lane
                 Piscataway
                 NJ 08854
                 USA
        E-mail:  stds-802-1-chairs@ieee.org"
    DESCRIPTION
       "The LLDP Management Information Base extension module for IEEE
        802.1 organizationally-defined discovery information, as
        specified in IEEE Std 802.1CS, Link-local Registration Protocol
        (LRP).

        The Link-Layer Discovery Protocol (LLDP) is defined in
        IEEE Std 802.1AB.

        lldpXdot1StandAloneExtensions is the OUI for LLDP-EXT-DOT1-EVB-EXTENSIONS-MIB.
        which defines managed objects for IEEE 802.1-defined
        organizationally-specified LLDP Type-Length Value (TLV)
        discovery information. lldpXdot1StandAloneExtensions is branched
        from lldpV2Extensions (defined in LLDP-V2-MIB) using the
        Organizationally Unique Identifier (OUI) value 00-80-C1, which
        belongs to IEEE 802.1. An OUI is a 24 bit globally-unique number
        assigned by the IEEE Registration Authority -- see:

            http://standards.ieee.org/develop/regauth/oui/index.html

        In turn, lldpXDot1LrpExtensions and lldpV2ExtLrpConformance are
        branched from lldpXdot1StandAloneExtensions, and thus are also
        extensions from the IEEE 802.1 OUI.

        Unless otherwise indicated, the references in this MIB module
        are to IEEE Std 802.1CS-2020.

        Copyright (C) IEEE (2020). This version of this MIB module is
        included in Clause 13 of IEEE Std 802.1CS-2020; see the
        standard itself for full legal notices."
    
    REVISION "202007100000Z" -- December 3, 2020
    DESCRIPTION
       "This MIB module included in IEEE Std 802.1CS-2020.
       "
    
   ::= { lldpXdot1StandAloneExtensions 3 }

-----------------------------------------------------------------------
-----------------------------------------------------------------------
--
-- Organizationally Defined Information Extension - IEEE 802.1
-- Definitions to support the IEEE Std 802.1AB LLDP TLVs defined in
-- IEEE Std 802.1CS Link-local Registration Protocol (LRP)
--
-----------------------------------------------------------------------
-----------------------------------------------------------------------

lldpV2ExtLrpObjects    OBJECT IDENTIFIER ::= { lldpXDot1LrpExtensions 1 }

-- LLDP IEEE 802.1CS extension MIB groups

lldpV2ExtConfigLrp     OBJECT IDENTIFIER ::= { lldpV2ExtLrpObjects 1 }
lldpV2ExtLrpLocalData  OBJECT IDENTIFIER ::= { lldpV2ExtLrpObjects 2 }
lldpV2ExtLrpRemoteData OBJECT IDENTIFIER ::= { lldpV2ExtLrpObjects 3 }

-----------------------------------------------------------------------
-- IEEE 802.1 - Configuration for the LRP TLV set
-----------------------------------------------------------------------

--
-- The table specifying, for each LRP application, what IP
-- addresses to advertise in LRP TCP Discovery TLVs in a
-- Controlled system.
--

lldpV2ConfigLrpTcpControlledTable OBJECT-TYPE
    SYNTAX      SEQUENCE OF LldpV2LrpConfigTcpControlledEntry
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "A table specifying what IP addresses are to be advertised as
        the address of the Proxy system controlling this Controlled
        system, for each particular LRP application. These IP addresses
        and application identifiers can be transmitted in
        LRP TCP Discovery TLVs.
       "
    REFERENCE
       "11.6.1.1"
    ::= { lldpV2ExtConfigLrp 1 }

lldpV2ConfigLrpTcpControlledEntry OBJECT-TYPE
    SYNTAX      LldpV2LrpConfigTcpControlledEntry
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "A table specifying what IP addresses are to be advertised as
        the address of the Proxy system controlling this Controlled
        system, for a particular LRP application. These IP addresses
        and application identifiers can be transmitted in
        LRP TCP Discovery TLVs.
       "
    INDEX { lldpV2ConfigLrpTcpControlledApplicationId }
    ::= { lldpV2ConfigLrpTcpControlledTable 1 }

LldpV2LrpConfigTcpControlledEntry ::= SEQUENCE {
        lldpV2ConfigLrpTcpControlledApplicationId   LrpAppId,
        lldpV2ConfigLrpTcpControlledTcpPortNumber   InetPortNumber,
        lldpV2ConfigLrpTcpControlledIpV4Enable      TruthValue,
        lldpV2ConfigLrpTcpControlledIpV4Address     InetAddressIPv4,
        lldpV2ConfigLrpTcpControlledIpV6Enable      TruthValue,
        lldpV2ConfigLrpTcpControlledIpV6Address     InetAddressIPv6

    }

lldpV2ConfigLrpTcpControlledApplicationId OBJECT-TYPE
    SYNTAX      LrpAppId
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "The application identifier to which the rest of the
        lldpV2ConfigLrpTcpControlledEntry applies.
       "
    REFERENCE
       "9.2"
    ::= { lldpV2ConfigLrpTcpControlledEntry 1 }

lldpV2ConfigLrpTcpControlledTcpPortNumber OBJECT-TYPE
    SYNTAX      InetPortNumber
    MAX-ACCESS  read-write
    STATUS      current
    DESCRIPTION
       "The destination TCP Port number to which TCP connections for
        LRP to the addresses in lldpV2ConfigLrpTcpControlledIpV4Address
        or lldpV2ConfigLrpTcpControlledIpV6Address, for the
        application in lldpV2ConfigLrpTcpControlledApplicationId, are
        to be made.

        If this object contains the value 0, then no
        Application descriptor with the indexed application ID is
        transmitted.

        The value of this object is restored from non-volatile
        storage after a re-initialization of the management system.
       "
    REFERENCE
       "C.2.2.6.1"
    ::= { lldpV2ConfigLrpTcpControlledEntry 2 }

lldpV2ConfigLrpTcpControlledIpV4Enable OBJECT-TYPE
    SYNTAX      TruthValue
    MAX-ACCESS  read-write
    STATUS      current
    DESCRIPTION
       "Specifies whether or not the indexed LRP application is
        available through the LRP-DT TCP mechanism using TCP over IPv4.
        It thus controls whether the LRP TCP Discovery TLVs transmitted
        from this Controlled system include the IPv4 address in
        lldpV2ConfigLrpTcpControlledIpV4Address in an
        Application descriptor containing the indexed application ID.

        If lldpV2ConfigLrpTcpControlledIpV4Enable and
        lldpV2ConfigLrpTcpControlledIpV4Enable are both false(2), then
        no Application descriptor with the indexed application ID is
        transmitted.

        The value of this object is restored from non-volatile
        storage after a re-initialization of the management system.
       "
    REFERENCE
       "C.2.2.6.2"
    ::= { lldpV2ConfigLrpTcpControlledEntry 3 }

lldpV2ConfigLrpTcpControlledIpV4Address OBJECT-TYPE
    SYNTAX      InetAddressIPv4
    MAX-ACCESS  read-write
    STATUS      current
    DESCRIPTION
       "Specifies an IPv4 address to be advertised in all of the
        LRP TCP Discovery TLVs that carry the indexed application ID
        that are transmitted by this Controlled system.

        The value of this object is restored from non-volatile
        storage after a re-initialization of the management system.
       "
    REFERENCE
       "C.2.2.6.3"
    ::= { lldpV2ConfigLrpTcpControlledEntry 4 }

lldpV2ConfigLrpTcpControlledIpV6Enable OBJECT-TYPE
    SYNTAX      TruthValue
    MAX-ACCESS  read-write
    STATUS      current
    DESCRIPTION
       "Specifies whether or not the indexed LRP application is
        available through the LRP-DT TCP mechanism using TCP over IPv6.
        It thus controls whether the LRP TCP Discovery TLVs transmitted
        from this Controlled system include the IPv6 address in
        lldpV2ConfigLrpTcpControlledIpV6Address in an
        Application descriptor containing the indexed application ID.

        If lldpV2ConfigLrpTcpControlledIpV4Enable and
        lldpV2ConfigLrpTcpControlledIpV4Enable are both false(2), then
        no Application descriptor with the indexed application ID is
        transmitted.

        The value of this object is restored from non-volatile
        storage after a re-initialization of the management system.
       "
    REFERENCE
       "C.2.2.6.2"
    ::= { lldpV2ConfigLrpTcpControlledEntry 5 }

lldpV2ConfigLrpTcpControlledIpV6Address OBJECT-TYPE
    SYNTAX      InetAddressIPv6
    MAX-ACCESS  read-write
    STATUS      current
    DESCRIPTION
       "Specifies an IPv6 address to be advertised in all of the
        LRP TCP Discovery TLVs that carry the indexed application ID
        that are transmitted by this Controlled system.

        The value of this object is restored from non-volatile
        storage after a re-initialization of the management system.
       "
    REFERENCE
       "C.2.2.6.3"
    ::= { lldpV2ConfigLrpTcpControlledEntry 6 }

--
-- lldpV2ConfigLrpEcpTxTable: configure the transmission of the 
--                 LRP ECP Discovery TLVs on a set of ports.
--

lldpV2ConfigLrpEcpTxTable OBJECT-TYPE
    SYNTAX      SEQUENCE OF LldpV2ConfigLrpEcpTxEntry
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "This table contains one or more rows per physical network
        connection known to this agent.  The agent may wish to
        ensure that only one lldpV2ConfigLrpEcpTxEntry is present for
        each local port, or it may choose to maintain multiple
        entries for the same local port."
    REFERENCE
       "11.6.2.1"
    ::= { lldpV2ExtLrpLocalData 1 }

lldpV2ConfigLrpEcpTxEntry OBJECT-TYPE
    SYNTAX      LldpV2ConfigLrpEcpTxEntry 
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
            "Information about a particular port component."
    INDEX   { lldpV2ConfigLrpEcpTxLocalIfIndex,
              lldpV2ConfigLrpEcpTxLocalDestMACAddress }
    ::= { lldpV2ConfigLrpEcpTxTable 1 }

LldpV2ConfigLrpEcpTxEntry ::= SEQUENCE {
    lldpV2ConfigLrpEcpTxLocalIfIndex        InterfaceIndex,
    lldpV2ConfigLrpEcpTxLocalDestMACAddress LldpV2DestAddressTableIndex,
    lldpV2ConfigLrpEcpTxEnable              TruthValue
    }

lldpV2ConfigLrpEcpTxLocalIfIndex OBJECT-TYPE
    SYNTAX      InterfaceIndex
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "The interface index value used to identify the port
        associated with this entry. Its value is an index
        into the interfaces MIB

        The value of this object is used as an index to the
        lldpV2ConfigLrpEcpTxTable.
       "
    ::= { lldpV2ConfigLrpEcpTxEntry 1 } 

lldpV2ConfigLrpEcpTxLocalDestMACAddress OBJECT-TYPE
    SYNTAX      LldpV2DestAddressTableIndex 
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "The index value used to identify the LLDPDU frame destination
        MAC address associated with this entry. Its value identifies
        the row in the lldpV2DestAddressTable where the MAC address
        can be found.

        The value of this object is used as an index to the
        lldpV2ConfigLrpEcpTxTable.
       "
    ::= { lldpV2ConfigLrpEcpTxEntry 2 } 

lldpV2ConfigLrpEcpTxEnable OBJECT-TYPE
    SYNTAX      TruthValue
    MAX-ACCESS  read-write
    STATUS      current
    DESCRIPTION
       "The lldpV2ConfigLrpEcpTxEnable, which is defined 
        as a truth value and configured by the network management,
        determines whether the IEEE 802.1 organizationally defined
        LRP ECP Discovery TLV transmission is allowed on a given
        LLDP transmission-capable port component.

        The value of this object is restored from non-volatile
        storage after a re-initialization of the management system."
    DEFVAL  { false }
    ::= { lldpV2ConfigLrpEcpTxEntry 3 }


--
-- lldpV2ConfigLrpTcpTxTable: configure the transmission of the 
--                 LRP TCP Discovery TLVs on a set of ports.
--

lldpV2ConfigLrpTcpTxTable OBJECT-TYPE
    SYNTAX      SEQUENCE OF LldpV2ConfigLrpTcpTxEntry
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "This table contains one or more rows per physical network
        connection known to this agent.  The agent may wish to
        ensure that only one lldpV2ConfigLrpTcpTxEntry is present for
        each local port, or it may choose to maintain multiple
        entries for the same local port."
    ::= { lldpV2ExtLrpLocalData 2 }

lldpV2ConfigLrpTcpTxEntry OBJECT-TYPE
    SYNTAX      LldpV2ConfigLrpTcpTxEntry 
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
            "Information about a particular port component."
    INDEX   { lldpV2ConfigLrpTcpTxLocalIfIndex,
              lldpV2ConfigLrpTcpTxLocalDestMACAddress }
    ::= { lldpV2ConfigLrpTcpTxTable 1 }

LldpV2ConfigLrpTcpTxEntry ::= SEQUENCE {
    lldpV2ConfigLrpTcpTxLocalIfIndex        InterfaceIndex,
    lldpV2ConfigLrpTcpTxLocalDestMACAddress LldpV2DestAddressTableIndex,
    lldpV2ConfigLrpTcpTxEnable              TruthValue
    }

lldpV2ConfigLrpTcpTxLocalIfIndex OBJECT-TYPE
    SYNTAX      InterfaceIndex
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "The interface index value used to identify the port
        associated with this entry. Its value is an index
        into the interfaces MIB

        The value of this object is used as an index to the
        lldpV2ConfigLrpTcpTxTable.
       "
    ::= { lldpV2ConfigLrpTcpTxEntry 1 } 

lldpV2ConfigLrpTcpTxLocalDestMACAddress OBJECT-TYPE
    SYNTAX      LldpV2DestAddressTableIndex 
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "The index value used to identify the LLDPDU frame destination
        MAC address associated with this entry. Its value identifies
        the row in the lldpV2DestAddressTable where the MAC address
        can be found.

        The value of this object is used as an index to the
        lldpV2ConfigLrpTcpTxTable.
       "
    ::= { lldpV2ConfigLrpTcpTxEntry 2 } 

lldpV2ConfigLrpTcpTxEnable OBJECT-TYPE
    SYNTAX      TruthValue
    MAX-ACCESS  read-write
    STATUS      current
    DESCRIPTION
           "The lldpV2ConfigLrpTcpTxEnable, which is defined 
            as a truth value and configured by the network management,
            determines whether the IEEE 802.1 organizationally defined
            LRP TCP Discovery TLV transmission is allowed on a given
            LLDP transmission-capable port component.

            The value of this object is restored from non-volatile
            storage after a re-initialization of the management system."
    REFERENCE 
            "9.1.2.1 of IEEE Std 802.1AB-2016"
    DEFVAL  { false }
    ::= { lldpV2ConfigLrpTcpTxEntry 3 }

-----------------------------------------------------------------------
-- IEEE 802.1CS LRP LLDP TLVs - Local System Information
-----------------------------------------------------------------------

--
-- lldpV2LocLrpEcpTable 
--

lldpV2LocLrpEcpTable OBJECT-TYPE
    SYNTAX      SEQUENCE OF LldpV2LocLrpEcpEntry
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "This table contains one or more rows per physical network
        connection known to this agent.  The agent may wish to
        ensure that only one lldpV2ExtLrpLocEntry is present for
        each local port, or it may choose to maintain multiple
        lldpV2ExtLrpLocEntries for the same local port.
       "
    REFERENCE
       "11.6.2.2"
    ::= { lldpV2ExtLrpLocalData 3 }

lldpV2LocLrpEcpEntry OBJECT-TYPE
    SYNTAX      LldpV2LocLrpEcpEntry 
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "Information about the C.2.1LRP ECP Discovery TLV that can
        be transmitted from a particular LLDP port component.
        Note that this MIB supports the transmission of only one
        LRP ECP Discovery TLV per port component.
       "
    INDEX   { lldpV2LocLrpEcpLocalIfIndex,
              lldpV2LocLrpEcpLocalDestMACAddress,
              lldpV2LocLrpEcpApplicationIndex }
    ::= { lldpV2LocLrpEcpTable 1 }

LldpV2LocLrpEcpEntry ::= SEQUENCE {
    lldpV2LocLrpEcpLocalIfIndex         InterfaceIndex,
    lldpV2LocLrpEcpLocalDestMACAddress  LldpV2DestAddressTableIndex,
    lldpV2LocLrpEcpApplicationIndex     Unsigned32,
    lldpV2LocLrpEcpApplicationId        LrpAppId
    }

lldpV2LocLrpEcpLocalIfIndex OBJECT-TYPE
    SYNTAX      InterfaceIndex
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "The interface index value used to identify the port
        associated with this entry. Its value is an index
        into the interfaces MIB

        The value of this object is used as an index to the
        lldpV2LocLrpEcpTable.
       "
    ::= { lldpV2LocLrpEcpEntry 1 } 

lldpV2LocLrpEcpLocalDestMACAddress OBJECT-TYPE
    SYNTAX      LldpV2DestAddressTableIndex 
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "The index value used to identify the LLDPDU frame destination
        MAC address associated with this entry. Its value identifies
        the row in the lldpV2DestAddressTable where the MAC address
        can be found.

        The value of this object is used as an index to the
        lldpV2LocLrpEcpTable.
       "
    ::= { lldpV2LocLrpEcpEntry 2 } 

lldpV2LocLrpEcpApplicationIndex OBJECT-TYPE
    SYNTAX      Unsigned32 (0..255)
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "A small integer that selects one entry in the
        lldpV2LocLrpEcpTable.  For every entry in lldpV2LocLrpEcpEntry,
        there is one Application descriptor in the transmitted
        LRP ECP Discovery TLV.

        The value of the transmitted Application count field in the
        LRP ECP Discovery TLV is equal to the number of different values
        of lldpV2LocLrpEcpApplicationIndex for this port component.
       "
    REFERENCE "C.2.1.5, C.2.1.6"
    ::= { lldpV2LocLrpEcpEntry 3 }

lldpV2LocLrpEcpApplicationId OBJECT-TYPE
    SYNTAX      LrpAppId
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "The AppId in one Application descriptor in the transmitted
        LRP ECP Discovery TLV.
       "
    REFERENCE "C.2.1.5, C.2.1.6"
    ::= { lldpV2LocLrpEcpEntry 4 }

--
-- lldpV2LocLrpTcpTable - indexed by ifIndex.
--

lldpV2LocLrpTcpTable OBJECT-TYPE
    SYNTAX      SEQUENCE OF LldpV2LocLrpTcpEntry
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "This table contains one or more rows per physical network
        connection known to this agent, one for each port component.
       "
    ::= { lldpV2ExtLrpLocalData 4 }

lldpV2LocLrpTcpEntry OBJECT-TYPE
    SYNTAX      LldpV2LocLrpTcpEntry 
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "Information about a particular LLDP port component's transmitted
        LRP TCP Discovery TLV.  Note that this MIB supports the
        transmission of only one LRP TCP Discovery TLV per port
        component.
       "
    INDEX   { lldpV2LocLrpTcpLocalIfIndex,
              lldpV2LocLrpTcpLocalDestMACAddress,
              lldpV2LocLrpTcpApplicationIndex }
    ::= { lldpV2LocLrpTcpTable 1 }

LldpV2LocLrpTcpEntry ::= SEQUENCE {
    lldpV2LocLrpTcpLocalIfIndex         InterfaceIndex,
    lldpV2LocLrpTcpLocalDestMACAddress  LldpV2DestAddressTableIndex,
    lldpV2LocLrpTcpApplicationIndex     Unsigned32,
    lldpV2LocLrpTcpApplicationId        LrpAppId,
    lldpV2LocLrpTcpPortNumber           InetPortNumber,
    lldpV2LocLrpTcpAddressInfo1         LrpInetAddressInfo,
    lldpV2LocLrpTcpAddress1             InetAddress,
    lldpV2LocLrpTcpAddressInfo2         LrpInetAddressInfo,
    lldpV2LocLrpTcpAddress2             InetAddress
}

lldpV2LocLrpTcpLocalIfIndex OBJECT-TYPE
    SYNTAX      InterfaceIndex
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "The interface index value used to identify the port
        associated with this entry. Its value is an index
        into the interfaces MIB

        The value of this object is used as an index to the
        lldpV2LocLrpTcpTable.
       "
    ::= { lldpV2LocLrpTcpEntry 1 } 

lldpV2LocLrpTcpLocalDestMACAddress OBJECT-TYPE
    SYNTAX      LldpV2DestAddressTableIndex 
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "The index value used to identify the destination
        MAC address associated with this entry. Its value identifies
        the row in the lldpV2DestAddressTable where the MAC address
        can be found.

        The value of this object is used as an index to the
        lldpV2LocLrpTcpTable.
       "
    ::= { lldpV2LocLrpTcpEntry 2 }

lldpV2LocLrpTcpApplicationIndex OBJECT-TYPE
    SYNTAX      Unsigned32 (0..255)
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "A small integer that selects one entry in the
        lldpV2LocLrpTcpTable.  For every entry in lldpV2LocLrpTcpEntry,
        there is one Application descriptor in the transmitted
        LRP TCP Discovery TLV.

        The value of the transmitted Application count field in the
        LRP TCP Discovery TLV is equal to the number of different values
        of lldpV2LocLrpTcpApplicationIndex for this port component.
       "
    REFERENCE "C.2.2.5, C.2.2.6"
    ::= { lldpV2LocLrpTcpEntry 3 }

lldpV2LocLrpTcpApplicationId OBJECT-TYPE
    SYNTAX      LrpAppId
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "The AppId in one Application descriptor in the transmitted
        LRP TCP Discovery TLV.
       "
    REFERENCE "C.2.2.6"
    ::= { lldpV2LocLrpTcpEntry 4 }

lldpV2LocLrpTcpPortNumber OBJECT-TYPE
    SYNTAX      InetPortNumber
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "The contents of the TCP Port number field in the transmitted
        LRP TCP Discovery TLV.  lldpV2LocLrpTcpPortNumber SHALL NOT
        contain the value 0.
       "
    REFERENCE "C.2.2.6"
    ::= { lldpV2LocLrpTcpEntry 5 }

lldpV2LocLrpTcpAddressInfo1 OBJECT-TYPE
    SYNTAX      LrpInetAddressInfo
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "The contents of the first Address info field in the transmitted
        Application descriptor.  lldpV2LocLrpTcpAddressInfo1 SHALL NOT
        contain the value, notPresent(256).
       "
    REFERENCE "C.2.2.6"
    ::= { lldpV2LocLrpTcpEntry 6 }

lldpV2LocLrpTcpAddress1 OBJECT-TYPE
    SYNTAX      InetAddress
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "The contents of the first Address field in the transmitted
        Application descriptor.  If lldpV2LocLrpTcpAddressInfo1 has the
        value notPresent(256) or noAddress(0), lldpV2LocLrpTcpAddress1
        SHALL contain a zero-length octet string.  Otherwise,
        lldpV2LocLrpTcpAddress1 SHALL contain an IPv4 or IPv6 address,
        as specified by lldpV2LocLrpTcpAddressInfo1.
       "
    REFERENCE "C.2.2.6"
    ::= { lldpV2LocLrpTcpEntry 7 }

lldpV2LocLrpTcpAddressInfo2 OBJECT-TYPE
    SYNTAX      LrpInetAddressInfo
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "The contents of the second Address info field in the transmitted
        Application descriptor.  lldpV2LocLrpTcpAddressInfo2 has the
        value notPresent(256) if there is no second Address info field
        in the Application descriptor.
       "
    REFERENCE "C.2.2.6"
    ::= { lldpV2LocLrpTcpEntry 8 }

lldpV2LocLrpTcpAddress2 OBJECT-TYPE
    SYNTAX      InetAddress
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "The contents of the second Address field in the transmitted
        Application descriptor.  If lldpV2LocLrpTcpAddressInfo2 has the
        value notPresent(256) or noAddress(0), lldpV2LocLrpTcpAddress2
        SHALL contain a zero-length octet string.  Otherwise,
        lldpV2LocLrpTcpAddress2 SHALL contain an IPv4 or IPv6 address,
        as specified by lldpV2LocLrpTcpAddressInfo2.
       "
    REFERENCE "C.2.2.6"
    ::= { lldpV2LocLrpTcpEntry 9 }

-----------------------------------------------------------------------
-- IEEE 802.1CS LRP LLDP TLVs - Remote (Neighbor) System Information
-----------------------------------------------------------------------

--
-- lldpV2RemLrpEcpTable 
--

lldpV2RemLrpEcpTable OBJECT-TYPE
    SYNTAX      SEQUENCE OF LldpV2RemLrpEcpEntry
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
            "This table contains one or more rows per physical network
            connection known to this agent.  The agent may wish to
            ensure that only one lldpV2ExtLrpRemEntry is present for
            each local port, or it may choose to maintain multiple
            lldpV2ExtLrpRemEntries for the same local port."
    REFERENCE
       "11.6.2.3"
    ::= { lldpV2ExtLrpRemoteData 1 }

lldpV2RemLrpEcpEntry OBJECT-TYPE
    SYNTAX      LldpV2RemLrpEcpEntry 
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
            "Information about a particular port component."
    INDEX   { lldpV2RemLrpEcpTimeMark,
              lldpV2RemLrpEcpLocalIfIndex,
              lldpV2RemLrpEcpLocalDestMACAddress,
              lldpV2RemLrpEcpIndex,
              lldpV2RemLrpEcpApplicationIndex }
    ::= { lldpV2RemLrpEcpTable 1 }

LldpV2RemLrpEcpEntry ::= SEQUENCE {
    lldpV2RemLrpEcpTimeMark             TimeFilter,
    lldpV2RemLrpEcpLocalIfIndex         InterfaceIndex,
    lldpV2RemLrpEcpLocalDestMACAddress  LldpV2DestAddressTableIndex,
    lldpV2RemLrpEcpIndex                Unsigned32,
    lldpV2RemLrpEcpApplicationIndex     Unsigned32,
    lldpV2RemLrpEcpApplicationId        LrpAppId
    }

lldpV2RemLrpEcpTimeMark OBJECT-TYPE
    SYNTAX      TimeFilter
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "A TimeFilter for this entry. See the TimeFilter textual
        convention in IETF RFC 4502 to see how TimeFilter works.
       "
    REFERENCE 
       "IETF RFC 4502 section 6"
    ::= { lldpV2RemLrpEcpEntry 1 }


lldpV2RemLrpEcpLocalIfIndex OBJECT-TYPE
    SYNTAX      InterfaceIndex
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "The interface index value used to identify the port
        associated with this entry. Its value is an index
        into the interfaces MIB

        The value of this object is used as an index to the
        lldpV2RemLrpEcpTable.
       "
    ::= { lldpV2RemLrpEcpEntry 2 } 

lldpV2RemLrpEcpLocalDestMACAddress OBJECT-TYPE
    SYNTAX      LldpV2DestAddressTableIndex 
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "The index value used to identify the LLDPDU frame destination
        MAC address associated with this entry. Its value identifies
        the row in the lldpV2DestAddressTable where the MAC address
        can be found.

        The value of this object is used as an index to the
        lldpV2RemLrpTcpTable.
       "
    ::= { lldpV2RemLrpEcpEntry 3 } 


lldpV2RemLrpEcpIndex OBJECT-TYPE
    SYNTAX      Unsigned32(1..2147483647)
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "This object represents an arbitrary local integer value used
        by this agent to identify a particular connection instance,
        unique only for the indicated remote system.

        An agent is encouraged to assign monotonically increasing
        index values to new entries, starting with one, after each
        reboot. It is considered unlikely that the
        lldpV2RemLrpEcpIndex can wrap between reboots.
       "
    ::= { lldpV2RemLrpEcpEntry 4 }

lldpV2RemLrpEcpApplicationIndex OBJECT-TYPE
    SYNTAX      Unsigned32 (0..255)
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "A small integer that selects one entry in the
        lldpV2RemLrpEcpTable.  For every entry in lldpV2RemLrpEcpEntry,
        there is one Application descriptor in the received
        LRP ECP Discovery TLV.

        The value of the received Application count field in the
        LRP ECP Discovery TLV is equal to the number of different values
        of lldpV2RemLrpEcpApplicationIndex for this connection instance.
       "
    REFERENCE "C.2.1.5, C.2.1.6"
    ::= { lldpV2RemLrpEcpEntry 5 }

lldpV2RemLrpEcpApplicationId OBJECT-TYPE
    SYNTAX      LrpAppId
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "The AppId in one Application descriptor in the received
        LRP ECP Discovery TLV.
       "
    REFERENCE "C.2.1.5, C.2.1.6"
    ::= { lldpV2RemLrpEcpEntry 6 }

--
-- lldpV2RemLrpTcpTable 
--

lldpV2RemLrpTcpTable OBJECT-TYPE
    SYNTAX      SEQUENCE OF LldpV2RemLrpTcpEntry
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
            "This table contains one or more rows per physical network
            connection known to this agent.  The agent may wish to
            ensure that only one lldpV2ExtLrpRemEntry is present for
            each local port, or it may choose to maintain multiple
            lldpV2ExtLrpRemEntries for the same local port."
    ::= { lldpV2ExtLrpRemoteData 2 }

lldpV2RemLrpTcpEntry OBJECT-TYPE
    SYNTAX      LldpV2RemLrpTcpEntry 
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
            "Information about a particular port component."
    INDEX   { lldpV2RemLrpTcpTimeMark,
              lldpV2RemLrpTcpLocalIfIndex,
              lldpV2RemLrpTcpLocalDestMACAddress,
              lldpV2RemLrpTcpIndex,
              lldpV2RemLrpTcpApplicationIndex }
    ::= { lldpV2RemLrpTcpTable 1 }

LldpV2RemLrpTcpEntry ::= SEQUENCE {
    lldpV2RemLrpTcpTimeMark             TimeFilter,
    lldpV2RemLrpTcpLocalIfIndex         InterfaceIndex,
    lldpV2RemLrpTcpLocalDestMACAddress  LldpV2DestAddressTableIndex,
    lldpV2RemLrpTcpIndex                Unsigned32,
    lldpV2RemLrpTcpApplicationIndex     Unsigned32,
    lldpV2RemLrpTcpApplicationId        LrpAppId,
    lldpV2RemLrpTcpPortNumber           InetPortNumber,
    lldpV2RemLrpTcpAddressInfo1         LrpInetAddressInfo,
    lldpV2RemLrpTcpAddress1             InetAddress,
    lldpV2RemLrpTcpAddressInfo2         LrpInetAddressInfo,
    lldpV2RemLrpTcpAddress2             InetAddress
    }

lldpV2RemLrpTcpTimeMark OBJECT-TYPE
    SYNTAX      TimeFilter
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "A TimeFilter for this entry. See the TimeFilter textual
        convention in IETF RFC 4502 to see how TimeFilter works.
       "
    REFERENCE 
       "IETF RFC 4502 section 6"
    ::= { lldpV2RemLrpTcpEntry 1 }


lldpV2RemLrpTcpLocalIfIndex OBJECT-TYPE
    SYNTAX      InterfaceIndex
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "The interface index value used to identify the port
        associated with this entry. Its value is an index
        into the interfaces MIB

        The value of this object is used as an index to the
        lldpV2RemLrpTcpTable.
       "
    ::= { lldpV2RemLrpTcpEntry 2 } 

lldpV2RemLrpTcpLocalDestMACAddress OBJECT-TYPE
    SYNTAX      LldpV2DestAddressTableIndex 
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "The index value used to identify the destination
        MAC address associated with this entry. Its value identifies
        the row in the lldpV2DestAddressTable where the MAC address
        can be found.

        The value of this object is used as an index to the
        lldpV2RemLrpTcpTable.
       "
    ::= { lldpV2RemLrpTcpEntry 3 } 


lldpV2RemLrpTcpIndex OBJECT-TYPE
    SYNTAX      Unsigned32(1..2147483647)
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "This object represents an arbitrary local integer value used
        by this agent to identify a particular connection instance,
        unique only for the indicated remote system.

        An agent is encouraged to assign monotonically increasing
        index values to new entries, starting with one, after each
        reboot. It is considered unlikely that the
        lldpV2RemLrpTcpIndex can wrap between reboots.
       "
    ::= { lldpV2RemLrpTcpEntry 4 }

lldpV2RemLrpTcpApplicationIndex OBJECT-TYPE
    SYNTAX      Unsigned32 (0..255)
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "A small integer that selects one entry in the
        lldpV2RemLrpTcpTable.  For every entry in lldpV2RemLrpTcpEntry,
        there is one Application descriptor in the received
        LRP TCP Discovery TLV.

        The value of the received Application count field in the
        LRP TCP Discovery TLV is equal to the number of different values
        of lldpV2RemLrpTcpApplicationIndex for this connection instance.
       "
    REFERENCE "C.2.2.5, C.2.2.6"
    ::= { lldpV2RemLrpTcpEntry 5 }

lldpV2RemLrpTcpApplicationId OBJECT-TYPE
    SYNTAX      LrpAppId
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "The AppId in one Application descriptor in the received
        LRP TCP Discovery TLV.
       "
    REFERENCE "C.2.2.6"
    ::= { lldpV2RemLrpTcpEntry 6 }

lldpV2RemLrpTcpPortNumber OBJECT-TYPE
    SYNTAX      InetPortNumber
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "The contents of the TCP Port number field in the received
        Application descriptor.  lldpV2RemLrpTcpPortNumber SHALL NOT
        contain the value 0.
       "
    REFERENCE "C.2.2.6"
    ::= { lldpV2RemLrpTcpEntry 7 }

lldpV2RemLrpTcpAddressInfo1 OBJECT-TYPE
    SYNTAX      LrpInetAddressInfo
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "The contents of the first Address info field in the received
        Application descriptor.  lldpV2RemLrpTcpAddressInfo1 SHALL NOT
        contain the value, notPresent(256).
       "
    REFERENCE "C.2.2.6"
    ::= { lldpV2RemLrpTcpEntry 8 }

lldpV2RemLrpTcpAddress1 OBJECT-TYPE
    SYNTAX      InetAddress
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "The contents of the first Address field in the received
        Application descriptor.  If lldpV2RemLrpTcpAddressInfo1 has the
        value notPresent(256) or noAddress(0), lldpV2RemLrpTcpAddress1
        SHALL contain a zero-length octet string.  Otherwise,
        lldpV2RemLrpTcpAddress1 SHALL contain an IPv4 or IPv6 address,
        as specified by lldpV2RemLrpTcpAddressInfo1.
       "
    REFERENCE "C.2.2.6"
    ::= { lldpV2RemLrpTcpEntry 9 }

lldpV2RemLrpTcpAddressInfo2 OBJECT-TYPE
    SYNTAX      LrpInetAddressInfo
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "The contents of the second Address info field in the received
        Application descriptor.  lldpV2RemLrpTcpAddressInfo2 has the
        value notPresent(256) if there is no second Address info field
        in the Application descriptor.
       "
    REFERENCE "C.2.2.6"
    ::= { lldpV2RemLrpTcpEntry 10 }

lldpV2RemLrpTcpAddress2 OBJECT-TYPE
    SYNTAX      InetAddress
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "The contents of the second Address field in the received
        Application descriptor.  If lldpV2RemLrpTcpAddressInfo2 has the
        value notPresent(256) or noAddress(0), lldpV2RemLrpTcpAddress2
        SHALL contain a zero-length octet string.  Otherwise,
        lldpV2RemLrpTcpAddress2 SHALL contain an IPv4 or IPv6 address,
        as specified by lldpV2RemLrpTcpAddressInfo2.
       "
    REFERENCE "C.2.2.6"
    ::= { lldpV2RemLrpTcpEntry 11 }

-----------------------------------------------------------------------
-- Conformance Information for the basicSet TLV set
-----------------------------------------------------------------------

lldpV2ExtLrpConformance
    OBJECT IDENTIFIER ::= { lldpXdot1StandAloneExtensions 9 }
lldpV2ExtLrpCompliances
    OBJECT IDENTIFIER ::= { lldpV2ExtLrpConformance 1 }
lldpV2ExtLrpGroups
    OBJECT IDENTIFIER ::= { lldpV2ExtLrpConformance 2 }

-- compliance statements


lldpV2ExtLrpTxRxCompliance MODULE-COMPLIANCE
    STATUS  current
    DESCRIPTION
            "A compliance statement for SNMP entities that implement
            the IEEE 802.1 organizationally defined LLDP extension MIB.

            This group is mandatory for all agents that implement the 
            LLDP 802.1 organizational extension in TX and/or RX mode
            for the basicSet TLV set.

            This version defines compliance requirements for
            V2 of the LLDP MIB."
    MODULE  -- this module
    ::= { lldpV2ExtLrpCompliances 1 }



-- MIB groupings for the basicSet TLV set

lldpV2ExtLrpControlledTcpControlGroup    OBJECT-GROUP
    OBJECTS {
        lldpV2ConfigLrpTcpControlledTcpPortNumber,
        lldpV2ConfigLrpTcpControlledIpV4Enable,
        lldpV2ConfigLrpTcpControlledIpV4Address,
        lldpV2ConfigLrpTcpControlledIpV6Enable,
        lldpV2ConfigLrpTcpControlledIpV6Address
    }
    STATUS  current
    DESCRIPTION
       "The optional collection of objects which are required of a
        Controlled system so that a Proxy system SNMP client can
        configure the LRP TCP Discovery TLVs to be transmitted by the
        Controlled system.
       "
    REFERENCE  "5.10:b"
    ::= { lldpV2ExtLrpGroups 1 }

lldpV2ExtLrpEcpTlvGroup    OBJECT-GROUP
    OBJECTS {
        lldpV2ConfigLrpEcpTxEnable,
        lldpV2LocLrpEcpApplicationId,
        lldpV2RemLrpEcpApplicationId
    }
    STATUS  current
    DESCRIPTION
       "The optional collection of objects which are required of any
        system implementing the LRP-DT ECP mechanism so that an SNMP
        client can observe the LRP ECP Discovery TLVs transmitted and
        received by the system."
    REFERENCE  "Clause 5"
    ::= { lldpV2ExtLrpGroups 2 }

lldpV2ExtLrpTcpTlvGroup    OBJECT-GROUP
    OBJECTS {
        lldpV2ConfigLrpTcpTxEnable,
        lldpV2LocLrpTcpApplicationId,
        lldpV2LocLrpTcpPortNumber,
        lldpV2LocLrpTcpAddressInfo1,
        lldpV2LocLrpTcpAddress1,
        lldpV2LocLrpTcpAddressInfo2,
        lldpV2LocLrpTcpAddress2,
        lldpV2RemLrpTcpApplicationId,
        lldpV2RemLrpTcpPortNumber,
        lldpV2RemLrpTcpAddressInfo1,
        lldpV2RemLrpTcpAddress1,
        lldpV2RemLrpTcpAddressInfo2,
        lldpV2RemLrpTcpAddress2
    }
    STATUS  current
    DESCRIPTION
       "The optional collection of objects which are required of any
        system implementing the LRP-DT TCP mechanism so that an SNMP
        client can observe the LRP TCP Discovery TLVs transmitted and
        received by the system."
    REFERENCE  "Clause 5"
    ::= { lldpV2ExtLrpGroups 3 }

END



LRP-MIB DEFINITIONS ::= BEGIN
IMPORTS
    MODULE-IDENTITY,
    OBJECT-TYPE,
    Unsigned32,
    Counter64
        FROM SNMPv2-SMI
    TruthValue
        FROM SNMPv2-TC
    MODULE-COMPLIANCE,
    OBJECT-GROUP
        FROM SNMPv2-CONF
    AddressFamilyNumbers
        FROM IANA-ADDRESS-FAMILY-NUMBERS-MIB
    InetPortNumber
        FROM INET-ADDRESS-MIB
    InterfaceIndex
        FROM IF-MIB
    LldpV2ChassisIdSubtype,
    LldpV2ChassisId,
    LldpV2PortIdSubtype,
    LldpV2PortId,
    LldpV2ManAddress
        FROM LLDP-V2-TC-MIB
    ieee802dot1mibs
        FROM IEEE8021-TC-MIB
    LrpAppId
        FROM LRP-TC-MIB;

ieee8021LrpMIB MODULE-IDENTITY
    LAST-UPDATED "202007100000Z" -- December 3, 2020
    ORGANIZATION "IEEE 802.1 Working Group"
    CONTACT-INFO 
            "WG-URL:   http://1.ieee802.org
             WG-EMail: stds-802-1-l@ieee.org

             Contact:  IEEE 802.1 Working Group Chair
             Postal:   C/O IEEE 802.1 Working Group
                       IEEE Standards Association
                       445 Hoes Lane
                       Piscataway
                       NJ 08854
                       USA
             E-mail:   stds-802-1-chairs@ieee.org"
    DESCRIPTION
           "Management Information Base module for configuration of the
            Link-local Registration Protocol.

            This MIB module supports the managed objects described in
            clause 11.

            Unless otherwise indicated, the references in this
            MIB module are to IEEE Std 802.1CS-2020.

            Copyright (C) IEEE (2020). This version of this MIB module
            is included in Clause 13 of IEEE Std 802.1CS-2020;
            see the standard itself for full legal notices."

    REVISION    "202007100000Z" -- December 3, 2020
    DESCRIPTION "This MIB module included in IEEE Std 802.1CS-2020.
                "


   ::= { ieee802dot1mibs 35 }

lrpObjects              OBJECT IDENTIFIER ::= { ieee8021LrpMIB 1 }
lrpConformance          OBJECT IDENTIFIER ::= { ieee8021LrpMIB 2 } 

--
-- LRP MIB Objects
--

lrpConfiguration        OBJECT IDENTIFIER ::= { lrpObjects 1 }
lrpStatistics           OBJECT IDENTIFIER ::= { lrpObjects 2 }


-- ***********************************************************
--                  L R P    C O N F I G 
-- *********************************************************** 


-- ******************************************************************
-- The table containing information about each LRP-DT instance.
-- ******************************************************************

lrpDtInstanceTable OBJECT-TYPE
    SYNTAX      SEQUENCE OF LrpDtInstanceEntry
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "A table presenting basic information about each LRP-DT instance
        in the system.
       "
    REFERENCE
       "11.4"
    ::= { lrpConfiguration 1 }

lrpDtInstanceEntry OBJECT-TYPE
    SYNTAX      LrpDtInstanceEntry
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "A list of basic information about one LRP-DT instance.
       "
    INDEX { lrpDtInstNumber }
    ::= { lrpDtInstanceTable 1 }

LrpDtInstanceEntry ::= SEQUENCE {
        lrpDtInstNumber             Unsigned32,
        lrpDtInstActiveTcp          TruthValue,
        lrpDtInstAddressTypes       AddressFamilyNumbers,
        lrpDtInstMyAddress          LldpV2ManAddress,
        lrpDtInstMyTcpPort          InetPortNumber,
        lrpDtInstNeighborAddress    LldpV2ManAddress,
        lrpDtInstNeighborTcpPort    InetPortNumber
    }

lrpDtInstNumber OBJECT-TYPE
    SYNTAX      Unsigned32(1..4294967295)
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "A small integer identifying an LRP-DT instance.  Each
        LRP-DT instance in a system has a unique lrpDtInstNumber.

        This object SHALL NOT contain the value 0.
       "
    REFERENCE
       "11.2"
    ::= { lrpDtInstanceEntry 1 }

lrpDtInstActiveTcp OBJECT-TYPE
    SYNTAX      TruthValue
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "TRUE if and only if lrpDtInstAddressTypes indicates an IPv4
        or IPv6 address, and this LRP-DT instance uses an active TCP
        OPEN, as opposed to a passive TCP OPEN, to initiate the TCP
        connection.
       "
    REFERENCE
       "11.4, 7.3.2.1"
    ::= { lrpDtInstanceEntry 2 }

lrpDtInstAddressTypes OBJECT-TYPE
    SYNTAX      AddressFamilyNumbers
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "An enumerated value specifying the format of the addresses
        in lrpDtInstMyAddress and lrpDtInstNeighborAddress.

        If lrpDtInstAddressTypes has a value indicating a type of
        Inetnet Protocol address, then this LRP-DT instance uses TCP.
        Otherwise, it uses ECP.
       "
    REFERENCE
       "11.4, 7.3.2.2, 7.3.2.4"
    ::= { lrpDtInstanceEntry 3 }

lrpDtInstMyAddress OBJECT-TYPE
    SYNTAX      LldpV2ManAddress
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "The address used by the local end of the LRP-DT instance.  The
        format of the address is determined by lrpDtInstAddressTypes.
       "
    REFERENCE
       "11.4, 7.3.2.2"
    ::= { lrpDtInstanceEntry 4 }

lrpDtInstMyTcpPort OBJECT-TYPE
    SYNTAX      InetPortNumber
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "The local TCP port number used for the TCP connection, or 0,
        if this connection uses ECP, instead of TCP.
       "
    REFERENCE
       "11.4, 7.3.2.3"
    ::= { lrpDtInstanceEntry 5 }

lrpDtInstNeighborAddress OBJECT-TYPE
    SYNTAX      LldpV2ManAddress
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "The address used by the partner end of the LRP-DT instance, if
        lrpDtInstActiveTcp is TRUE or lrpDtInstAddressTypes indicates
        a MAC address.  Otherwise (this LRP-DT instance was created
        from a passive TCP OPEN), lrpDtInstNeighborAddress contains a
        zero-length string.  The format of the address is determined by
        lrpDtInstAddressTypes.
       "
    REFERENCE
       "11.4, 7.3.2.4"
    ::= { lrpDtInstanceEntry 6 }

lrpDtInstNeighborTcpPort OBJECT-TYPE
    SYNTAX      InetPortNumber
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "The remote TCP port number used for the TCP connection, or 0,
        if this connection uses ECP, instead of TCP.
       "
    REFERENCE
       "11.4, 7.3.2.5"
    ::= { lrpDtInstanceEntry 7 }


-- ******************************************************************
-- The table containing information about each LRP-DS Portal.
-- ******************************************************************

lrpPortalTable OBJECT-TYPE
    SYNTAX      SEQUENCE OF LrpPortalEntry
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "A table containing the per-portal set of counters that record
        LRP events.  There is an entry in the table for every portal in
        a system.
       "
    REFERENCE
       "8.2.2"
    ::= { lrpConfiguration 2 }

lrpPortalEntry OBJECT-TYPE
    SYNTAX      LrpPortalEntry
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "A list of counters for events occurring on one Portal.
       "
    INDEX { lrpPortalNumber }
    ::= { lrpPortalTable 1 }

LrpPortalEntry ::= SEQUENCE {
        lrpPortalNumber             Unsigned32,
        lrpPortalIfIndex            InterfaceIndex,
        lrpPortalDtInstanceIndex    Unsigned32,
        lrpPortalAppId              LrpAppId,
        lrpPortalMyChassisIdType    LldpV2ChassisIdSubtype,
        lrpPortalMyChassisId        LldpV2ChassisId,
        lrpPortalMyPortIdType       LldpV2PortIdSubtype,
        lrpPortalMyPortId           LldpV2PortId,
        lrpPortalNbrChassisIdType   LldpV2ChassisIdSubtype,
        lrpPortalNbrChassisId       LldpV2ChassisId,
        lrpPortalNbrPortIdType      LldpV2PortIdSubtype,
        lrpPortalNbrPortId          LldpV2PortId,
        lrpPortalLocalOverflow      TruthValue
    }

lrpPortalNumber OBJECT-TYPE
    SYNTAX      Unsigned32
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "A small integer identifying a portal.  Each portal in a system
        has a unique lrpPortalNumber.

        This object SHALL NOT contain the value 0.
       "
    ::= { lrpPortalEntry 1 }

lrpPortalIfIndex OBJECT-TYPE
    SYNTAX      InterfaceIndex
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "The interface index identifying the target port to which this
        portal is attached.  The value is 0, if there is none.
       "
    ::= { lrpPortalEntry 2 }

lrpPortalDtInstanceIndex OBJECT-TYPE
    SYNTAX      Unsigned32
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "The same value as the lrpDtInstNumber object of the
        lrpDtInstanceEntry describing the LRP-DT instance to which this
        Portal is attached.
       "
    REFERENCE
       "8.2.2.1"
    ::= { lrpPortalEntry 3 }

lrpPortalAppId OBJECT-TYPE
    SYNTAX      LrpAppId
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "The application ID used for this Portal.
       "
    REFERENCE
       "8.2.2.1"
    ::= { lrpPortalEntry 4 }

lrpPortalMyChassisIdType OBJECT-TYPE
    SYNTAX      LldpV2ChassisIdSubtype
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "The My Chassis ID TLV type field used for this Portal.
       "
    REFERENCE
       "8.2.2.2"
    ::= { lrpPortalEntry 5 }

lrpPortalMyChassisId OBJECT-TYPE
    SYNTAX      LldpV2ChassisId
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "The My Chassis ID TLV Chassis ID field used for this Portal.
       "
    REFERENCE
       "8.2.2.2"
    ::= { lrpPortalEntry 6 }

lrpPortalMyPortIdType OBJECT-TYPE
    SYNTAX      LldpV2PortIdSubtype
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "The My Port ID TLV type field used for this Portal.
       "
    REFERENCE
       "8.2.2.3"
    ::= { lrpPortalEntry 7 }

lrpPortalMyPortId OBJECT-TYPE
    SYNTAX      LldpV2PortId
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "The My Port ID TLV Port ID field used for this Portal.
       "
    REFERENCE
       "8.2.2.3"
    ::= { lrpPortalEntry 8 }

lrpPortalNbrChassisIdType OBJECT-TYPE
    SYNTAX      LldpV2ChassisIdSubtype
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "The Neighbor Chassis ID TLV type field used for this Portal.
       "
    REFERENCE
       "8.2.2.2"
    ::= { lrpPortalEntry 9 }

lrpPortalNbrChassisId OBJECT-TYPE
    SYNTAX      LldpV2ChassisId
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "The Neighbor Chassis ID TLV Chassis ID field used for this
        Portal.
       "
    REFERENCE
       "8.2.2.2"
    ::= { lrpPortalEntry 10 }

lrpPortalNbrPortIdType OBJECT-TYPE
    SYNTAX      LldpV2PortIdSubtype
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "The Neighbor Port ID TLV type field used for this Portal.
       "
    REFERENCE
       "8.2.2.3"
    ::= { lrpPortalEntry 11 }

lrpPortalNbrPortId OBJECT-TYPE
    SYNTAX      LldpV2PortId
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "The Neighbor Port ID TLV Port ID field used for this Portal.
       "
    REFERENCE
       "8.2.2.3"
    ::= { lrpPortalEntry 12 }

lrpPortalLocalOverflow OBJECT-TYPE
    SYNTAX      TruthValue
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "A Boolean indicating whether or not the local registrar
        database has overflowed its alloted memory.
       "
    REFERENCE
       "8.2.2.10"
    ::= { lrpPortalEntry 13 }

-- ***********************************************************
--           P O R T A L    S T A T I S T I C S 
-- ***********************************************************

lrpPortalCountersTable OBJECT-TYPE
    SYNTAX      SEQUENCE OF LrpPortalCountersEntry
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "A table containing the per-portal set of counters that record
        LRP events.  There is an entry in the table for every portal in
        a system.
       "
    REFERENCE
       "11.5"
    ::= { lrpStatistics 1 }

lrpPortalCountersEntry OBJECT-TYPE
    SYNTAX      LrpPortalCountersEntry
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "A list of counters for events occurring on one Portal.
       "
    INDEX { lrpPortalNumber }
    ::= { lrpPortalCountersTable 1 }

LrpPortalCountersEntry ::= SEQUENCE {
        lrpPortalApplicantActiveRecords Unsigned32,
        lrpPptCtRegistrarActiveRecords  Unsigned32,
        lrpPptCtSentHellos              Counter64,
        lrpPptCtAcceptedHellos          Counter64,
        lrpPptCtDiscardedHellos         Counter64,
        lrpPptCtSentRecords             Counter64,
        lrpPptCtAcceptedRecords         Counter64,
        lrpPptCtDiscardedRecords        Counter64,
        lrpPptCtRecordErrors            Counter64,
        lrpPptCtSentPartials            Counter64,
        lrpPptCtAcceptedPartials        Counter64,
        lrpPptCtDiscardedPartials       Counter64,
        lrpPptCtSentCompletes           Counter64,
        lrpPptCtAcceptedCompletes       Counter64,
        lrpPptCtDiscardedCompletes      Counter64,
        lrpPptCtDiscardedUnknowns       Counter64
    }

lrpPortalApplicantActiveRecords OBJECT-TYPE
    SYNTAX      Unsigned32
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "The number of records in the applicant database.
       "
    REFERENCE
       "11.5.1"
    ::= { lrpPortalCountersEntry 1 }

lrpPptCtRegistrarActiveRecords OBJECT-TYPE
    SYNTAX      Unsigned32
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "The number of records in the registrar database.
       "
    REFERENCE
       "11.5.2"
    ::= { lrpPortalCountersEntry 2 }

lrpPptCtSentHellos OBJECT-TYPE
    SYNTAX      Counter64
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "Incremented once for each Hello LRPDU transmitted by the
        Send Hello state machines.
       "
    REFERENCE
       "11.5.3"
    ::= { lrpPortalCountersEntry 3 }

lrpPptCtAcceptedHellos OBJECT-TYPE
    SYNTAX      Counter64
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "Incremented once for each Hello LRPDU received by the
        Receive Hello state machine.
       "
    REFERENCE
       "11.5.4"
    ::= { lrpPortalCountersEntry 4 }

lrpPptCtDiscardedHellos OBJECT-TYPE
    SYNTAX      Counter64
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "Incremented once for each invalid Hello LRPDU discarded by the
        Receive Hello state machine
       "
    REFERENCE
       "11.5.5"
    ::= { lrpPortalCountersEntry 5 }

lrpPptCtSentRecords OBJECT-TYPE
    SYNTAX      Counter64
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "Incremented once for each Record LRPDU transmitted by the
        Applicant state machine.
       "
    REFERENCE
       "11.5.6"
    ::= { lrpPortalCountersEntry 6 }

lrpPptCtAcceptedRecords OBJECT-TYPE
    SYNTAX      Counter64
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "Incremented once for each valid Record LRPDU received by the
        Partial list state machine.
       "
    REFERENCE
       "11.5.7"
    ::= { lrpPortalCountersEntry 7 }

lrpPptCtDiscardedRecords OBJECT-TYPE
    SYNTAX      Counter64
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "Incremented once for each invalid Record LRPDU discarded by the
        Partial list state machine.
       "
    REFERENCE
       "11.5.8"
    ::= { lrpPortalCountersEntry 8 }

lrpPptCtRecordErrors OBJECT-TYPE
    SYNTAX      Counter64
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "Incremented once for each record discarded from a Record LRPDU
        because of inconsistencies among the Checksum, Application data,
        and Data length fields.
       "
    REFERENCE
       "11.5.9"
    ::= { lrpPortalCountersEntry 9 }

lrpPptCtSentPartials OBJECT-TYPE
    SYNTAX      Counter64
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "Incremented once for each Partial List LRPDU transmitted by the
        Applicant state machine.
       "
    REFERENCE
       "11.5.10"
    ::= { lrpPortalCountersEntry 10 }

lrpPptCtAcceptedPartials OBJECT-TYPE
    SYNTAX      Counter64
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "Incremented once for each valid Partial List LRPDU received by
        the Applicant state machine.
       "
    REFERENCE
       "11.5.11"
    ::= { lrpPortalCountersEntry 11 }

lrpPptCtDiscardedPartials OBJECT-TYPE
    SYNTAX      Counter64
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "Incremented once for each invalid Partial List LRPDU discarded
        by the Applicant state machine.
       "
    REFERENCE
       "11.5.12"
    ::= { lrpPortalCountersEntry 12 }

lrpPptCtSentCompletes OBJECT-TYPE
    SYNTAX      Counter64
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "Incremented once for each Complete List LRPDU transmitted by
        the Applicant state machine.
       "
    REFERENCE
       "11.5.13"
    ::= { lrpPortalCountersEntry 13 }

lrpPptCtAcceptedCompletes OBJECT-TYPE
    SYNTAX      Counter64
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "Incremented once for each valid Complete List LRPDU received
        by the Applicant state machine.
       "
    REFERENCE
       "11.5.14"
    ::= { lrpPortalCountersEntry 14 }

lrpPptCtDiscardedCompletes OBJECT-TYPE
    SYNTAX      Counter64
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "Incremented once for each invalid Complete List LRPDU discarded
        by the Applicant state machine.
       "
    REFERENCE
       "11.5.15"
    ::= { lrpPortalCountersEntry 15 }

lrpPptCtDiscardedUnknowns OBJECT-TYPE
    SYNTAX      Counter64
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "Incremented once for each LRPDU of unknown type discarded by
        the Applicant state machine or Partial list state machine.
       "
    REFERENCE
       "11.5.16"
    ::= { lrpPortalCountersEntry 16 }


-- ******************************************************************
--        L R P - D T   I N S T A N C E   S T A T I S T I C S
-- ******************************************************************

lrpDtInstanceCountersTable OBJECT-TYPE
    SYNTAX      SEQUENCE OF LrpDtInstanceCountersEntry
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "A table containing the per-LRP-DT instance set of counters that
        record LRP events.  There is an entry in the table for every
        LRP-DT instance in a system.
       "
    REFERENCE
       "11.4"
    ::= { lrpStatistics 2 }

lrpDtInstanceCountersEntry OBJECT-TYPE
    SYNTAX      LrpDtInstanceCountersEntry
    MAX-ACCESS  not-accessible
    STATUS      current
    DESCRIPTION
       "A list of statistics about one LRP-DT instance.
       "
    INDEX { lrpDtInstNumber }
    ::= { lrpDtInstanceCountersTable 1 }

LrpDtInstanceCountersEntry ::= SEQUENCE {
        lrpDtInstDiscardedLrpdus             Counter64
    }

lrpDtInstDiscardedLrpdus OBJECT-TYPE
    SYNTAX      Counter64
    MAX-ACCESS  read-only
    STATUS      current
    DESCRIPTION
       "The number of received Link-local Registration Protocol Data
        Units discarded by the LRP-DT instance because it could not
        determine to which Portal it should be given.
       "
    REFERENCE
       "11.4, 11.4.1"
    ::= { lrpDtInstanceCountersEntry 1 }


--
-- ***********************************************************
--           L R P   M I B   C O N F O R M A N C E 
-- ***********************************************************
--

lrpCompliances OBJECT IDENTIFIER ::= { lrpConformance 1 }
lrpGroups      OBJECT IDENTIFIER ::= { lrpConformance 2 }

-- compliance statements

lrpCompliance MODULE-COMPLIANCE
    STATUS  current
    DESCRIPTION
           "A compliance statement for all SNMP entities that 
            implement the LRP MIB.

            This version defines compliance requirements for
            LRP MIB module.
           "
    MODULE  -- this module
        MANDATORY-GROUPS {
            lrpDsDtGroup
        }

    ::= { lrpCompliances 1 }

-- MIB groupings

lrpDsDtGroup    OBJECT-GROUP
    OBJECTS {
        lrpDtInstActiveTcp,
        lrpDtInstAddressTypes,
        lrpDtInstMyAddress,
        lrpDtInstMyTcpPort,
        lrpDtInstNeighborAddress,
        lrpDtInstNeighborTcpPort,
        lrpPortalIfIndex,
        lrpPortalDtInstanceIndex,
        lrpPortalAppId,
        lrpPortalMyChassisIdType,
        lrpPortalMyChassisId,
        lrpPortalMyPortIdType,
        lrpPortalMyPortId,
        lrpPortalNbrChassisIdType,
        lrpPortalNbrChassisId,
        lrpPortalNbrPortIdType,
        lrpPortalNbrPortId,
        lrpPortalLocalOverflow,
        lrpPortalApplicantActiveRecords,
        lrpPptCtRegistrarActiveRecords,
        lrpPptCtSentHellos,
        lrpPptCtAcceptedHellos,
        lrpPptCtDiscardedHellos,
        lrpPptCtSentRecords,
        lrpPptCtAcceptedRecords,
        lrpPptCtDiscardedRecords,
        lrpPptCtRecordErrors,
        lrpPptCtSentPartials,
        lrpPptCtAcceptedPartials,
        lrpPptCtDiscardedPartials,
        lrpPptCtSentCompletes,
        lrpPptCtAcceptedCompletes,
        lrpPptCtDiscardedCompletes,
        lrpPptCtDiscardedUnknowns,
        lrpDtInstDiscardedLrpdus
    }
    STATUS  current
    DESCRIPTION
           "The collection of objects which are used to monitor the
            status of LRP-DS and LRP-DT.
           "
    ::= { lrpGroups 1 }

END



LRP-TC-MIB DEFINITIONS ::= BEGIN
IMPORTS
    MODULE-IDENTITY,
    Unsigned32
        FROM SNMPv2-SMI
    ieee802dot1mibs
        FROM IEEE8021-TC-MIB
    TEXTUAL-CONVENTION
        FROM SNMPv2-TC;

ieee8021LrpTcMIB MODULE-IDENTITY
    LAST-UPDATED "202007100000Z" -- December 3, 2020
    ORGANIZATION "IEEE 802.1 Working Group"
    CONTACT-INFO 
            "WG-URL:   http://1.ieee802.org
             WG-EMail: stds-802-1-l@ieee.org

             Contact:  IEEE 802.1 Working Group Chair
             Postal:   C/O IEEE 802.1 Working Group
                       IEEE Standards Association
                       445 Hoes Lane
                       Piscataway
                       NJ 08854
                       USA
             E-mail:   stds-802-1-chairs@ieee.org"

    DESCRIPTION
            "Textual conventions used throughout IEEE Std 802.1CS.

            Unless otherwise indicated, the references in this
            MIB module are to IEEE Std 802.1CS-2020.

            Copyright (C) IEEE (2020). This version of this MIB module
            is included in clause 13 of IEEE Std 802.1CS-2020;
            see the standard itself for full legal notices."
    REVISION    "202007100000Z" -- December 3, 2020
    DESCRIPTION "This MIB module included in IEEE Std 802.1CS-2020.
                "

   ::= { ieee802dot1mibs 34 }

-- 
-- ***********************************************************
-- Textual Conventions
-- ***********************************************************

LrpHelloStatus ::= TEXTUAL-CONVENTION
    STATUS  current
    DESCRIPTION
       "This specifies the current state of the Hello Receive State
        Machine.  It can take the following values:

        hsLooking(1) This Portal has not yet received a successful
                    Complete Portal create request.
        hsConnecting(2) This Portal has received a successful
                    Complete Portal create request (10.2.4), and a
                    Hello LRPDU with the hsLooking status.
                    The Portal is ready to receive all LRPDUs.
        hsConnected(3) This Portal is up and ready to transfer
                    LRP application data. The Portal is allowed to
                    transmit all LRPDUs
       "
    REFERENCE
       "8.2.2.8"
    SYNTAX  INTEGER {
        hsLooking    (1),
        hsConnecting (2),
        hsConnected  (3)
    }

LrpAppId ::= TEXTUAL-CONVENTION
    DISPLAY-HINT    "x"
    STATUS          current
    DESCRIPTION
       "Identifies an LRP application type.
        A 32 bit number. The most-significant 24 bits of the integer are
        an OUI or CID (obtainable from the IEEE Registration Authority),
        and the least-significant 8 bits are assigned by the owner of
        the OUI or CID. This creates a world-wide unique identity for
        the LRP application type.
       "
    REFERENCE   "9.2"
    SYNTAX      Unsigned32

LrpInetAddressInfo ::= TEXTUAL-CONVENTION
    STATUS  current
    DESCRIPTION
       "An LRP TCP Discovery TLV has some number of
        Application descriptors, each of which can have either one or
        two Address info fields.  The Address info field tells whether
        the following Address field is present or not, and if present,
        whether it contains an IPv4 or an IPv6 address.
        LrpInetAddressInfo can take the following values:

        noAddress(0),   Address info present, Address field not present
        addrIPv4(1),    Address info present, Address field has IPv4
        addrIPv6(2),    Address info present, Address field has IPv6
        notPresent(256) Address info not present
       "
    REFERENCE   "C.2.2.6.2"
    SYNTAX      INTEGER {
        noAddress(0),
        addrIPv4(1),
        addrIPv6(2),
        notPresent(256)
    }

END




