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|IEEE Standar ds documents are developed within the IEEE Societies and the Standards Coordinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus develop-
ment process, approved by the American National Standards Institute, which brings together volunteers representing varied
viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the Institute and serve with-
out compensation. While the IEEE administers the process and establishes rules to promote fairness in the consensus
development process, the IEEE does not independently evaluate, test, or verify the accuracy of any of the information con-
tained in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other dam-
age, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly resulting
from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly disclaims
any express or implied warranty, including any implied warranty of merchantability or fitness for a specific purpose, or that
the use of the material contained herein is free from patent infringement. IEEE Standards documents arefssipplied “

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 viewpoint expressed at the
time a standard is approved and issued is subject to change brought about through developments in the state of the art and
comments received from users of the standard. Every IEEE Standard is subjected to review at least every five years for revi-
sion or reaffirmation. When a document is more than five years old and has not been reaffirmed, it is reasonable to conclude
that its contents, although still of some value, do not wholly reflect the present state of the art. Users are cautiaked to che

to determine that they have the latest edition of any IEEE Standard.

In publishing and making this document available, the IEEE is not suggesting or rendering professional or other services
for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other person or
entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon the advice of a com-
petent professional in determining the exercise of reasonable care in any given circumstances.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to specific
applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate acticaréo prep
appropriate responses. Since |IEEE Standards represent a consensus of concerned interests, it is important to ensure that any
interpretation has also received the concurrence of a balance of interests. For this reason, IEEE and the members of its soci-
eties and Standards Coordinating Committees are not able to provide an instant response to interpretation requests except in
those cases where the matter has previously received formal consideration. At lectures, symposia, seminars, or educational
courses, an individual presenting information on IEEE standards shall make it clear that his or her views should be considered
the personal views of that individual rather than the formal position, explanation, or interpretation of the IEEE.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation with
IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with appropriate
supporting comments. Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
P.O. Box 1331

Piscataway, NJ 08855-1331USA

NOTE—Attention is called to the possibility that implementation of this standard may require use of pubject
matter covered by patent rights. By publication of this standard, no position is taken with respect to the exist-
ence or validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying
patents for which a license may be required by an IEEE standard or for conducting inquiries into the legal valid-
ity or scope of those patents that are brought to its attention.

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the Institute of
Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center. To
arrange for payment of licensing fee, please contact Copyright Clearance Center, Customer Service, 222 Rosewood Drive,
Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions of any individual standard for educational
classroom use can also be obtained through the Copyright Clearance Center.
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Introduction

(This introduction is not part of IEEE Std 802.17-2004, Information technology—Telecommunicatiirgormatio
exchange between systems—Local and metropolitan area networks—Specific requirements—Part 17: Resillent packet
ring (RPR) access method and physical layer specifications.)

This standard is part of a family of standards for local and metropolitan area networksnilyiofatan-

dards deals with the Physical and Data Link layers as defined by the International Organization for
Standardization (1ISO) Open Systems Interconnection (OSI) Basic Reference Model (ISO/IEC 7498-1:1994).
The access standards define different types of medium access technologies ang@goseal media,

each appropriate for particular applications or system objectives.

Notice to users

Errata

Errata, if any, for this and all other standards can be accessed at the following _URL: http://
standards.ieee.org/reading/ieee/updates/errata/index.btselrs are encouraged to check this URL for
errata periodically.

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reafititexpgee
index.html

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying
patents or patent applications for which a license may be required to implement an IEEE stafalard
conducting inquiries into the legal validity or scope of those patents that are brought émitsratA patent

holder or patent applicant has filed a statement of assurance that it will grant licenses under these rights
without compensation or under reasonable rates and nondiscriminatory, reasonable terms andsdondition
applicants desiring to obtain such licenses. The IEEE makes no represeatatd the reasonableness of
rates, terms, and conditions of the license agreements offered by patent holders or patent appfitesnts.
information may be obtained from the IEEE Standards Department.
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Information technology—

Telecommunications and information exchange between
systems—

Local and metropolitan area networks—

Specific requirements

Part 17: Resilient packet ring (RPR)
access method an d physical layer
specifications

1. Overview

Resilient packet ring (RPR) is a metropolitan area network (MAN) technology supporting dafertran
among stations interconnected in a dual-ring configuration.

1.1 Scope

This standard defines a resilient packet ring access protocol for use in local, metropotitaside area net-
works, along with appropriate physical layer specificatiomgrémsfer of data packets at rates scalable to
multiple gigabits per second.

1.2 Purpose

The purpose of this standard is to define a very high-speed network protocol that is optimized for packet
transmission in resilient ring topologies. Unlike current standards that are either opfionitiete division
multiplexing (TDM) transport or optimized for mesh topologies, this standard is intended to enable the
creation of high-speed (greater than 1 billion bits per second) networks optimized for packeissizm in

ring topologies.
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1.3 RPR features
Key features of RPR that can distinguish it from other network interconnects, include diaénfgil

a) Addressing. Unicast, multicast, and simple broadcast data transfeuppoetad.

b) Services. Multiple service qualities are supported, as listeabelo
Per-service-quality flow-control protocols regulate traffic introduced by clients.

1) ClassA. The allocated/guaranteed bandwidth has low circumference-independent jitter.

2) ClassB. The allocated/guaranteed bandwidth has bounded circumference-dependent jitter.
Allows for transmissions of excess information rate (EIR) bandwidths (with classC
properties).

3) ClassC. Provides best-effort services.

c) Efficiency. Design strategies increase effective bandwidths beyond those of a sroadca

1) Concurrent transmission. Clockwise and counterclockwise transmissions can be concurrent.
2) Bandwidth reallocation. Bandwidths can be reallocated on nonoverlapping segments.

3) Bandwidth reclamation. Unused bandwidths can be reclaimed by opportunistic services.

4) Spatial bandwidth reuse. Opportunistic bandwidths are reused on nonoverlapping segments.
5) Temporal bandwidth reuse. Unused opportunistic bandwidth can be consumed by others.

d) Fairness. Fairness ensures proper partitioning of opportunistic traffic.

1) Weighted. Weighted fair access to available ring capacity.

2) Simple. Point-of-congestion flow-control facilitates per-destination queuing in client.

3) Detailed. The (optional) multi-choke fairness allows the client to selectively throttle its
transmissions based on multiple congestion point indications.

e) Plug-and-play. Automatic topology discovery and advertisement of station capabilities allow
systems to become operational without manual intervention.

f) Robustness. Multiple features support robust frame transmissions.

1) Responsive. Service restoration time is less than 50 ms after a station or link failure.

2) Lossless. Queue and shaper specifications avoid frame loss in normal operation.

3) Tolerant. Fully distributed control architecture eliminates single points of failure.

4) OAM. Operations, administration, and maintenance support service provider enviranments

RPR supports up to 255 station attachments and is optimized for rings with a maximum circuandérenc
2000 km.

NOTE—The 2000 km figure previously mentioned is a design goal and not a specifinapbpsistrainil.

INotes in text, tables, and figures are given for information only antbticontain requirements needed to implement the atand
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1.4 Document structure

This document is Part 17 of IEEE Std 862providing the RPR medium access control (MAC) and physical
layer (PHY) specifications. All of the following material is included within the scope of this standard except
those items explicitly identified as informative:

a) Clause 1: Overview

b) Clause 2: Normative references (provisions of this standard through referenceeit)the
c) Clause 3: Terms, definitions, and notation

d) Clause 4: Abbreviations and acronyms

e) Clause 5: Architecture overview

f) Clause 6: Medium access control (MAC) service and reference model
g) Clause 7: Medium access control datapath

h) Clause 8: MAC physical interface

i) Clause 9: Frame formats

j) Clause 10: Fairness

k) Clause 11: Topology discovery and protection

[) Clause 12: Operations, administration, and maintenance (OAM)

m) Clause 13: Layer management entity interface

n) Annex A: (informative): Bibliography

0) Annex B: (normative): PacketPHY reconciliation sublayers

p) Annex C: (normative): SONET/SDH reconciliation sublayers

g) Annex D: (normative): SNMP MIB definitions

r) Annex E: (normative): CRC and parity calculations

s) Annex F: (informative): 802.1D and 802.1Q bridging conformance

t) Annex G: (informative): Implementation guidelines

u) Annex H: (informative): C-code illustrations of CRC computations

v) Annex I: (informative): Datapath scenarios

w) Annex J: (informative): Spatial indications and shaping

x) Annex K: (informative): Client-based OAM operations using echo and flush

2Information on references can be found in Clause 2.
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2. Normative references

The following standards contain provisions that, through reference in this testifut@nprovisions of this
standard. At the time of publication, the editions ingidavere valid. All standards are subject to revision,

and parties to agreements based on this standardcaeraged to investigate the possibility of applying the
most recent editions of the standards indicated below. Members of IEC and ISO maintain registers of
currently valid international standards. The registration authority for Internetemingbincluding, for
example MIB extensions, is the Internet Assigned Numbers Authority (IANA).

ANSI T1.105.01-2000, Synchronous Optical Network (SONET)—Automatic Protection Switthing.
EIA/JEDEC JESD8-B, Interface Standard for Norhi3\/3.3V Supply Digital Integrated Circuifs.

IEEE Std 802-2001, IEEE Standard for LocaldaMetropolitan Area Networks: Overview and
Architecture®

IEEE Std 802.11-2004, Information Technology—Telecommunications and information exchange
between systems—Local and metropolitan area arédsw—Common specifications—Part 3: Media Access
Control (MAC) Bridges.

IEEE Std 802.1Q-2003, IEEE Standards for Local and Metropolitan Area Networks: Virtual Bridged
Local Area Networks.

IEEE Std 802.8"-2002, Information Technology—Telecommunications and information exchange between
systems—Local and metropolitan area networks—Specific requirements—Part 3: Carrier siépse mu
access with collision detection (CSMA/CD) accesthod and physical layer specifications.

IEEE Std 802.348-2002, IEEE Standard for Informatio technology—Telecommunications and
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3. Terms, definitions, and notation

3.1 Conformance levels

Several key words are used to differentiate between different levels of requireanehisptions, as
described in this subclause.

3.1.1 may: Indicates a course of action permissible within the limits of the standard with no implied
preference (“may” means “is permitted to”).

3.1.2 shall: Indicates mandatory requirements to be strictly followed in order to conform to the standard and
from which no deviation is permitted (“shall” means “is required to”).

3.1.3 should: An indication that among several possibilities, one is recommended as particutathesu
without mentioning or excluding others; or that a certain course of action is preferred but not necessarily
required; or that (in the negative form) a certain course of action is deprecateat prohibited (“should”

means “is recommended to”).

3.2 Terms and definitions

For the purposes of this standard, the following terms and definitions apphAuthoritative Dictionary of
|IEEE Standards TermSeventh EditioriB5]12 should be referenced for terms not defined in the clause.

3.2.1 adaptation sublayer: A protocol sublayer that exists for the purpose of converting data from one
format to another.

3.2.2 agent: A network management entity (NME) used to configure a station and/or collect data describing
the operation of that station.

3.2.3 aggressiverate adjustment: A method of rate adjustment in which the rates can be changed without
significant delay and amounts of rate change are not highly damped.

3.2.4 alocated bandwidth: Bandwidth that may be subject to reclamation, but that is to be made available
to the allocating station when requested. A class of traffic is sdid &ilocated when the limits associated

with that class are determined by a network operator's engineering/operations departmerarelhgo

types of allocated bandwidth: reserved and reclaimable. Allocated bandwidth refers to the amount of
bandwidth on a ringlet that provides the necessary capacity for classes of committed/iegs.s

3.2.5 available capacity: Ring capacity not required to support allocated service and, consequently,
available to support opportunistic service.

3.2.6 best-effort: Not associated with an explicit service guarantee.

3.2.7 bidirectional flooding: A frame forwarding transfer involving sending two flooding frames, one on
each ringlet (ringletO and ringletl), where each frame is directed to distjaceatistations.

3.2.8 bit error ratio (BER): The ratio of the number of bits received in error to the total number of bits
transmitted.

12The numbers in brackets correspond to those of the hibliographyniexad.
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3.2.9 bridge: A functional unit interconnecting two or more networks at the data link layer of the OSI
reference model.

3.2.10 broadcast: The act of sending a frame addressed to all stations on the network.

3.2.11 broadcast address: A group address that consists of all-ones and identifies all of the stations in a
network.

3.2.12 cleave point: The point, between stations, at which a ring is logically divided.

3.2.13 closed ring: An intact ring (i.e., one that has not been cut) that provides a complete path all the way
around the ring. A closed ring contains no detected edges.

3.2.14 committed information rate (CIR): The rate, averaged over a minimum interval of time, at which
the network agrees to transfer data.

3.2.15 congestion: The state of a ringlet or station determined by calculation of the MAC fairness algorithm
that causes restriction or regulation of the addition of fairness eligible traffic to the ring.

3.2.16 congestion domain: The set of contiguous links associated with a ringlet that causes congestion at a
common congestion point. This is also the set of links between the congestianbahd congestion tail.

3.2.17 congestion head: The furthest downstream station of a congestion domain. This is the station
immediately upstream of the congestion point.

3.2.18 congestion point: The transmit link of a station experiencing congestion and not contributing to
downstream congestion. This link is immediately downstream of the congestion head.

3.2.19 congestion tail: The furthest upstream station of a congestion domain.
3.2.20 conservative: An algorithm that tends to exhibit an overdamped transient response.

3.2.21 conservative rate adjustment: A method of rate adjustment in which the rate is generally not
changed until sufficient time has passed for the effect of any previous rate adjustinemt®erved and
whose amount of change exhibits significant dampening and hysteresis.

3.2.22 cyclic redundancy check (CRC): A specific type of frame check sequence computed using a
generator polynomial.

3.2.23 destination station: A station to which a frame is addressed.
3.2.24 destination stripping: The removal of frames from the ring by the destination station.
3.2.25 downstream: The direction of data flow on a ringlet.

3.2.26 dual-ring: A ring composed of two ringlets sharing the same set of stations such thoaitiéneof
station traversal for data frames on one ringlet is exactly opposite that of the other ringlet when no faults
exist on the ring.

3.2.27 end-to-end delay: The time required for the transfer of a frame between source and destination
stations as measured from the start of frame transmission to the stamnefriception at the respective
MAC service interfaces.
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3.2.28 excess information rate: The rate at which the network transfers data in excess of the committed
information rate when no network congestion exists.

3.2.29 fairness: The property that for any given link on the ring, every source receives an equal proportion
of fairness eligible capacity. If all sources have equal weights, then all sources haeatmllysequal
access to the available capacity of all links.

3.2.30 fairness eligible: A quality of a frame that indicates if it is subject to the fairness algorithm.

3.2.31 fairness round trip time (FRTT): The time that it takes for a fairness value to propagate from the
head of a congestion domain to the tail of the same congestion domain and for the first affeftaichdata

be sent from the tail of the congestion domain to be received by the head of the congestion domain.

3.2.32 fair rate: A rate having the property that one station is prevented from utilizing a disproportionate
share of available ringlet capacity with respect to other stations on the ringlet.

3.2.33 flooding: The act of transmitting a frame such that all stations on the riniyeetbe frame once.

3.2.34 flooding scope: The number of hops that a frame can travel (around the ring) from a given source
station to a destination station associated with a given ringlet.

3.2.35 flow control: A method of congestion control in which a station communicates to another station or
stations, information intended to regulate the transmission of frames.

3.2.36 frame: The MAC sublayer protocol data unit (PDU).

3.2.37 frame check sequence (FCS): The field immediately preceding the closing delimiter of a frame,
allowing the detection of payload errors by the receiving station

3.2.38 gigabit media independent interface (GMI1): The interface between the reconciliation sublayer
and the physical coding sublayer (PCS) for 1000 Mb/s operation.

3.2.39 group address. An address that identifies a group of stations on a network.

3.2.40 header error check (HEC): A field appended to the frame header for the purpose of detecting, and
optionally correcting, errors in the transmission of the header portion of the frame.

3.2.41 hop-count: The number of hops traversed by data circulating between stations on the ring.
3.2.42in flight: Transmitted by the source MAC and not yet received by the (final) destination MAC.
3.243in transit: Received by a MAC's PHY and not yet transmitted by the MAC's other PHY.

3.2.44 individual address: An address that identifies a particular station on a network.

3.2.45jitter: The variation in delagssociated with the transfer of frames between two points.

3.2.46 keepalive: An exchange of messages allowing verification that communication between stations is
active.
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3.2.47 layer management entity (LME): The entity within a protocol layer that performs local
management of that layer. This entity provides information about the layer, effects awarat, and
indicates the occurrence of certain events within it.

NOTE—The termLME can be prefixed with the name of the layer, for example, MAC LME (MLME).

3.2.48link: A unidirectional channel connecting adjacent stations on a ringlet.

3.2.49link rate: The data rate with which a MAC commaates with its adjacent MAC entity.

3.2.50 linerate: The rate at which a PHY transfers data on the attached physical medium.

3.2.51 local area network (LAN): A communications network designed for a small geographic area,
typically not exceeding a few kilometers in extent, and characterized by moderate to high data transmission

rates, low delay, and low bit error rates.

3.2.521ogical link control (LLC) sublayer: That part of the data link layer that supports media independent
data link functions, and uses the services of the MAC sublayer to provide services to the network laye

3.2.53 loop round trip time (LRTT): The time that it takes for a control frame or a data frame to be sent
from one station to another station and back to the original station.

3.254 MAC client: The layer entity that invokes the MAC service interface.
3.2.55 MAC layer management entity (MLME): SeelL ME.

3.2.56 major priority inversion: Any reclamation-caused effect that violates the guarantee of any equal or
higher class.

3.2.57 management information base (MIB): A repository of information to describe the operation of a
specific network device.

3.2.58 maximum transfer unit (MTU): The largest frame (comprising payload and all header and trailer
information) that can be transferred across the network.

3.2.59 medium (plural: media): The material on which information signals are carried, e.g., optical fiber,
coaxial cable, and twisted-wire pairs.

3.2.60 medium access control (MAC) sublayer: The portion of the data link layer that controls and
mediates the access to the network medium.

NOTE—In this standard, the MAC sublayer comprises the MAC datapath subtayéne MAC control sublayer.

3.2.61 metropolitan area network (MAN): A network interconnecting individual stations and/or LANs,
and spanning an area typically occupied by a city.

NOTE—A MAN generally operates at a higher speed than the networks interconnected aesl riebgerk adminis-
trative boundaries.

3.2.62 minor priority inversion: A small reclamation-caused effect on any equal or higher service class
that does not violate the service guarantees of that class.

3.2.63 multicast: Transmission of a frame to stations specified by a group address.
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3.2.64 multicast address: A group address that is not a broadcast address, i.e., is not all-ones, and identifies
some subset of stations on the network.

3.2.65 multi-choke: The characteristic of an algorithm, related to the visibility of multiple points of
congestion on a ringlet.

3.2.66 network: A set of communicating stations and the media and equipment providing connectivity
among the stations.

3.2.67 non-revertive mode: A mode of operation of a station in which, upon clearing of all failures on one
of its spans, the station remains in a wait to restore protection state until the waibte cesdition is
pre-empted by a higher priority protection condition elsewhere on the ring.

3.2.68 open ring: A ring that has been cut, thereby preventing it from completing a full loop. It has at least
one detected edge.

3.2.69 opposing ringlet: A ringlet whose traffic circulates in the direction opposite that of a given ringlet.
3.2.70 packet: A generic term for a PDU associated with a layer-entity above the MAC sublayer.

3.2.71 passthrough: A condition of a MAC such that frames pass through it as if it were operating as a link
between the stations on either side of it.

3.2.72 physical layer (PHY): The layer responsible for interfacing with the transmission medium. This
includes conditioning signals received from the MAC for transmitting to the medium and procegsalg si
received from the medium for sending to the MAC.

3.2.73 plug-and-play: The requirement that a station perform transit, strip, and ring coattolities
without operator intervention (except for any intervention needed for connection to the ring). The station can
additionally copy and insert frames.

3.2.74 port: A generic term identifying a point of access to a device or service.

3.2.75 protection switch event: A received protection control frame that causes the local topology and
status database to be updated/changed.

3.2.76 protocol data unit (PDU): Information delivered as a unit between peer layer entities that contains
control information and, optionally, data.

3.2.77 protocol implementation conformance statement (PICS): A statement of which capabilities and
options have been implemented for a given Open Systems Interconnection (OSl) protocol.

3.2.78 rate: The number of bytes transferred per time.
NOTE—In this standard, rate is measured in bytes per AGECOEF agingilstwhen nothing else is stated explicitly.

3.2.79 reconciliation sublayer (RS): A sublayer that provides a mapping between the PHY service
interface and the medium independent interface of the PHY.

3.2.80 replicated frame: A frame that is copied for sending bidirectionally on both ringlets.
3.2.81 reserved bandwidth: The amount of bandwidth that is to be kept available (i.e., is not subject to

reclamation). This represents the subset of allocated bandwidth that is not dynamicallyatdeldiyna
fairness algorithm.
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3.2.82 reclaimable bandwidth: That subset of allocated bandwidth that is dynamically reclaimable by a
fairness algorithm.

3.2.83 revertive mode: A mode of operation of a station in which, upon clearing of all failures on one of its
spans, the station enters a wait to restore protection state, follovad bntry to the idle state after
expiration of the walit to restore time.

3.2.84ring: The collection of stations and links forming a resilient packet ring.

3.2.85ring round trip time (RRTT): The time that it takes for a control frame or a data frame to be sent
around an entire ring.

3.2.86 ringlet: A closed unidirectional path formed by an ordered set of stations and interconnecting links,
such that each station has exactly one link entering the station and onetiitktbe station.

3.2.87 service class'® The categorization of MAC service by delay bound, relative priority, data rate
guarantee, or similar distinguishing characteristics.

3.2.88 service data unit (SDU): Information delivered as a unit between adjacent layer entities, possibly
also containing a PDU of the upper layer.

3.2.89 service guarantee: Delay or jitter bounds or bandwidth guaranteed for an instance of a service class.

3.2.90 shaper: A device that converts an arbitrary traffic flow to a smoothed traffic flow at a specified data
rate.

3.2.91 single-choke: The characteristic of an algorithm, related to the visibility of only a single point of
congestion on a ringlet. A MAC that deploys this type of fairness algorithm at each stationbibity @

no more than one point of congestion on a ringlet.

3.2.92 source station: The station that originates a frame with respect to the ring.

3.2.93 source stripping: The removal of frames by the source station after circulation on the ring.

3.2.94 spatial reuse: The concurrent transfer of independent traffic on nonoverlapping portions of a ringlet.

3.2.95 station: A device attached to a network for the purpose of transmitting and receiving information on
that network.

3.2.96 strict data frame: A frame having itso (strict order) bit set.

3.2.97 topology: The arrangement of links and stations forming a network, together with information on
station attributes.

3.2.98 traffic class: See:service class.

3.2.99 transfer: The movement of an SDU from one layer to an adjacent layer. Also used generally to refer
to any movement of information from one point to another in the network.

3.2.100 transit delay: The delay experienced by a frame transiting a station on the ringlet.

133ervice clasandtraffic classare synonyms for the purposes of this standaedvice classs the preferred term.
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3.2.101 transit queue: A queue maintained for the purpose of storing a transit frame atianstintil that
frame has permission to continue transit of the ringlet.

3.2.102 transmit (transmission): The action of a station placing a frame on the medium.
3.2.103 transparent bridging: A bridging mechanism that is transparent to the end stations.
3.2.104 unicast: The act of sending a frame addressed to a single station.

3.2.105 unidirectional flooding: A frame forwarding transfer involving sending a flooding frame in the
downstream direction of one ringlet, with that frame being directed to its sending station.

3.2.106 unknown unicast: A unicast frame for which the location of its destination is unknown.
3.2.107 unallocated bandwidth: Bandwidth that is not allocated to any provisioned service.

3.2.108 unreserved: A designation for traffic capacity that is not reserved. This is also andgisig for the
traffic occupying that bandwidth. In addition, unreserved bandwidth may or may not be allocated
bandwidth.

3.2.109 upper layers: The collection of protocol layers above the data-link layer.
3.2.110virtual LAN (VLAN): A subset of the active topology of a bridged local area network.

3.2.111 weighted fairness: A class of fairness algorithm that allows the assignment of unequaissbia
available ring capacity. For the purposes of this standard, any reference to fairness is to be taken to imply
weighted fairness. An alternative definition is the use of a weight associated with eacésfaistance,
allowing a station to add at a higher or lower rate than other stations without violating fairnessesbject

This behavior can be effectively disabled by assigning equal weights to fairness instances.

3.2.112 weighted fair share: The ratio of the weight of a station to the sum of the weights of stations active
on the ringlet.

3.3 Service definition method and notation

The service of a layer or sublayer is the set of capabilities that it offers to a user irtthiginer (sub)layer.
Abstract services are specified in this standard by describing the service primitivg@rameters that
characterize each service. This definition of service is independent of any particular emipléon (see
Figure 3.1).

LAYER N LAYER N
SERVICE USER SERVICE USER

LAYER N-1
SERVICE PROVIDER

—
REQUEST
TIME

—_—
INDICATION

Figure 3.1—Service definitions
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Specific implementations can also include provisions for interface interactions that have ro direc
end-to-end effects. Examples of such local interactions include interface flow cortna$, itquests and
indications, error notifications, and layer management. Specific implementatios de¢admitted from this
service specification, because they differ from implementation to implementatiobezause they do not
impact the peer-to-peer protocols.

3.3.1 Classification of service primitives
Primitives are of two generic types:

a) REQUEST. The request primitive is passed from layer N to layer N-1 to requestsinaice be
initiated.

b) INDICATION. The indication primitive is passed from layer N-1 to layer N to indicat@et@rnal
layer N-1 event that is significant to layer N. This event can be logically related to a remote service
request, or it can be caused by an event internal to layer N-1.

The service primitives are an abstraction of the functional spatiificand the user—layer interaction. The
abstract definition does not contain local details of the user—provider interaction. For instdoes, ribt
indicate the local mechanism that allows a usemthicate that it is awaiting an incoming call. Each
primitive has a set of zero or more parameters, representing data elements thaseatégpgsalify the
functions invoked by the primitive. Parameters indicate information available in a user—prowdsstion.
In any particular interface, some parameters can be explicitly stated (even though not exgiicéty ide
the primitive) or implicitly associated with the service access point. Similarly, in amigyar protocol
specification, functions corresponding to a service primitive can be explicitly defined orifipph@ilable.

3.4 State machines

The operation of a protocol can be described by subdividing the protocol into a number of interrelated
functions. The operation of the functions can be described by state machines. Eacadtate rapresents

the domain of a function and consists of a group of connected, mutually exclusive states. Gtdyearfea
function is active at any given time. A transition from one state to another is assumed to take 78ace i

time (i.e., no time period is associated with the execution of a dtatgd on some condition of the inputs to

the state machine.

The state machines contain the authoritative specification ofutinetions they depict. When apparent
conflicts between descriptive text and state machines arise, the orderxcefignce shall be formal state
tables first, followed by the descriptive text, over any explanatory figures. This does malepgowever,
any explicit description in the text that has no parallel in the state tables.

The models presented by state machines are intended as the primary specificatienfsirdtions to be
provided. It is important to distinguish, however, between a model and a real implementationodeig

are optimized for simplicity and clarity of presentation, whereas any realigilermentation might place
heavier emphasis on efficiency and suitability to a particular implementation technolodielfusictional

behavior of any unit that has to match the standard, not its internal structure. Thd oeita of the

model are useful only to the extent that they specify the external behavidy alediprecisely.
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3.4.1 State table notation
3.4.1.1 Continuously executed state tables

State machines may be represented in tabular form. The table is organized into two caleftusind side
representing all of the possible states of the state machine and all of the possible conditansehaansi-

tions out of each state, and the right-hand side giving all of the permissible next stia¢estafe machine as

well as all of the actions to be performed in the various states, as illustrated in Tablee3s¥nfax of the
expressions follows standard C notation (see 3.14). No time period is associated with the transition from one
state to the next.

Table 3.1—State table notation example

Current state z Next state
state condition & action state
START sizeOfMacControl > spacelnPTQ 1 — START
passM == 2
— 3 | TransmitFromControlQueue(); FINAL
FINAL SelectedTransferCompletes() 4 — START
— 5| — FINAL

Row 3.1-1: Do nothing if the size of the queued MAC control frame is larger than the PTQ space.
Row 3.1-2: Do nothing in the absence of MAC control transmission credits.
Row 3.1-3: Otherwise, transmit a MAC control frame.

Row 3.1-4: When the transmission completes, start over from the initial state (i.e., START).
Row 3.1-5: Until the transmission completes, remain in this state.

Each combination of current state, next state, and transition condition linking the twsigisedsto a
different row of the table. Each row of the table, read left to right, provides the name ofrth state; a
condition causing a transition out of the current state; an action to perform (if the conditionied3atiafl,
finally, the next state to which the state machine transitions, but only if the conditaiisied. The symbol

“—" signifies the default condition (i.e., operative when no other condition is active) when placed in the
condition column, and it signifies that no action is to be performed when placed in the action.colum
Conditions are evaluated in order, top to bottom, and the first condition that evaluates to a result of TRUE is
used to determine the transition to the next state. If no condition evaluates to a result offleRUEe state
machine remains in the current state. The starting or initializatate of a state machine is always labeled
“START” in the table (although it need not be the first state in the table). Every stathdalslech a labeled
state.

Each row of the table is preferably provided with a brief description of the condition and/or action for that
row. The descriptions are placed after the table, and linked back to the rows of theitapteioeric tags.
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A RETURN state is the terminal state of a state machine that is intended to kedirbyoanother state
machine, as illustrated in Table 3.2. Once the RETURN state is reackedtath machine terminates
execution, effectively ceasing to exist until the next invocation by the callevhigh point it begins
execution again from the START state. State machines that cenRi#TURN state are considered to be
instantiated only when they are invoked. They do not have any persistent (static) variables.

Table 3.2—Called state table notation example

Current state % Next state
L [vd .
state condition action state
START sizeOfMacControl > spacelnPTQ 1 FINAL
passM == 2
— 3 | TransmitFromControlQueue(); RETURN
FINAL MacTransmitError(); 4 | errorDefect = TRUE RETURN
— 5 | —
Row 3.2-1: The size of the queued MAC control frame is less than the PTQ space.
Row 3.2-2: In the absence of MAC control transmission credits, no action is taken.
Row 3.2-3: MAC control transmissions have precedence over client transmgssio
Row 3.2-4: If the transmission completes with an error, set an error defecttiodica
Row 3.2-5: Otherwise, no error defect is indicated.
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3.5 Arithmetic and logical operators

In addition to commonly accepted notation for mathematical operators, Table 3.3 summarizes the symbols
used to represent arithmetic and logical (boolean) operations. Note that the syntax of ofmlatess
standard C notation (see 3.14).

Table 3.3—Special symbols and operators

Printed character M eaning

&& Boolean AND

|l Boolean OR

! Boolean NOT (negation)

& Bitwise AND

| Bitwise OR

A Bitwise XOR
<= Less than or equal to
>= Greater than or equal to
== Equal to

1= Not equal to

= Assignment operator

1l Comment delimiter

3.6 Numerical representation

Decimal, hexadecimal, and binary numbers are used within this document. For clarity, cecihats are
generally used to represent counts, hexadecimal numbers are used to represent adddessesry
numbers are used to describe bit patterns within binary fields.

Decimal numbers are represented in their usual 0, 1, 2, ... format. Hexadecimatarshepresented by

a string of one or more hexadecimal (0-9,A-F) digits followed by the subscript 16, except in C-code
contexts, where they are written@sl23EF2, etc. Binary humbers are represented by a string of one or
more binary (0,1) digits, followed by the subscript 2. Thus, the decimal number “26” may alsprée
sented as “14y" or “11010y".

MAC addresses and OUI/EUI values are represented as strings of 8-bit hexadecimal nhumbers separated by
hyphens and without a subscript, as for example, “01-80-C2-00-00-15" or “AA-55-11".
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3.7 Field notations

3.7.1 Use of italics

All field names or variable names (suchi@égelor myMacAddregsand sub-fields within variables (such as
thisState.levélare italicized within text, figures, and tables to avoid confusion between sucls azche
similarly spelled words without special meanings. A variable or field name that is used in a subclause
heading or a figure or table caption is also italicized. Variable or field names are notitilitilzin C code,
however, because their special meaning is implied by their context. Names used as.ggousub(assA0)

are also not italicized.

3.7.2 Field conventions

This document describes values that are packetized or MAC-resident, such alfusteested in Table 3.4.

Table 3.4—Names of fields and sub-fields

Name Description

newCRC Field within a register or frame

thisState.level Sub-field within fieldthisState

thatState.rate(].c | Sub-field within array elemematedn]

Run-together names (e.ghjsStat¢ are used for fields because of their compactness when compared with
equivalent underscore-separated names (#ig.,stat¢. The use of multiword names with spaces (e.g.,
“This State”) is avoided to prevent confusion between commonly used capitalized key words and the
capitalized word used at the start of each sentence.

A sub-field of a field is referenced by suffixing the field name with the sub-field name, seplayated
period. For examplehisState.levetefers to the sub-fieltbvel of the fieldthisState This notation can be

continued to represent sub-fields of sub-fields (¢hisState.level.nexs interpreted to mean the sub-field
nextof the sub-fieldevelof the fieldthisStaté.

Two special field names are defined for use throughout this standard. Théraarais used to denote the

data structure comprising the complete MAC sublayer PDU. Aatig element of the MAC sublayer PDU

can be referenced using the notatfoame.xx(wherexx denotes the specific element); thus, for instance,
frame.ttlis used to indicate thi#l element of an RPR frame. In addition, the notabtiB.xx is used to
reference an attribute of the Management Information Base defined within this standard; hence,
MIB.rprifTable.rprifEntry.rprifindexreferences the interface index attribute of the RPR MIB.

Unless specifically specified otherwise, reserved fields are reserved fpurhese of allowing extended
features to be defined in future revisions of this standard. For devices conforming to this version of this
standard, nonzero reserved fields are not generated; values within reserved fields (whether zercodr nonze
are to be ignored.
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3.7.3 Field value conventions

This document describes values of fields. For clarity, names can be assuwdihtedch of these defined
values, as illustrated in Table 3.5. A symbolic name, consisting of uppercase letters with underscore
separators, allows other portions of this document to reference the value byhtdisyrame, rather than a
numerical value.

Table 3.5— wrap field values

Value Name Description
0 WRAP_AVOID Frame is discarded at the wrap point
1 WRAP_ALLOW | Frame passes through wrap points
2,3 — Reserved

Unless otherwise specified, reserved values are reserved for the purplieeinfj@xtended features to be
defined in future revisions of this standard. Devices conforming to this version of this standard do not
generate reserved values for fields, and process fields containing resenesdasthough the field values
were not supported. The intent is to ensure default behaviors for future-specifizdSea

A field value of TRUE shall always be interpreted as being equivalent to a numeric value of 1 (ong), unles
otherwise indicated. A field value of FALSE shall always be interpreted as being equivalemirteedc
value of 0 (zero), unless otherwise indicated.

3.8 Bit numbering and ordering

Data transfer sequences normally involve one or more cycles, where the number of bytes tdanseaitte

cycle depends on the number of byte lanes within the interconnecting link. Data byte seqreeshesn in
figures using the conventions illustrated by Figure 3.2, which represents a link with four byte lanes. For
multi-byte objects, the first (leftmost) data byte is the most significant, and the last (rightmosttdasa b

the least significant.

bit bit
0 31

data[n+0] data[n+1] data[n+2] data[n+3]
| | | | | | | | | | | | | | | | | | | | | | | | | | | |

data[n+4] data[n+5] data[n+6] data[n+7]

Figure 3.2—Bit numbering and ordering

Figures are drawn such that the counting order of data bytes is from left to right within each cycle, and from
top to bottom between cycles. For consistency, bits and bytes are numbered in the same fashion.

NOTE—The transmission ordering of data bits and data bytes is not necessarily the same @sntivagr arder; the
translation between the counting order and the transmission order is specified fqyrtipgiate reconciliation sublayer.
In particular, SONET standards use different bit numbering and ordering conventions frerapgboi§ied above.
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3.9 Byte sequential formats

Figure 3.3 provides an illustrative example of the conventions to be used for drawing frame formats and
other byte sequential representations. These representations are drawn #sf faehisrary size) ordered

along a vertical axis, with numbers along the left sides of the fields indicatifigltheizes in bytes. Fields

are drawn contiguously such that the transmission order across fields is from top to bott@xarhpée

shows thafieldl, field2, andfield3 are 1-, 1-, and 6-byte fields, respectively, transmitted in order starting
with thefield1 field first. As illustrated on the right-hand side of Figure 3.3, a multi-byte field represents a
sequence of ordered bytes, where the first through last bytes correspond to the most significant through least
significant portions of the multi-byte field, and the MSB of each byte is drawn to tieedeft-hand side.

1 field1 - L l?ytg[OI] .
1 field2 - byte[1]
6 field3 el
6 f Id4 ™~ ~ 1 1 lI))/tle[?T:I 1 1

e

= ~ ~ 1 1 lI))/tle[4l:I 1 1

2 field5 ~ byte[5]

. Transmission S
2 field6 order
n field7
4 fields \ /

Figure 3.3—Byte sequential field format illustrations

NOTE—Only the left-hand diagram in Figure 3.3 is required for representation ofséytential formats. The
right-hand diagram is provided in this description for explanatory purposes only, $braiiilng how a multi-byte field
within a byte sequential representation is expected to be ordered. The tag “Ssémsrorder” and the associated
arrows are not required to be replicated in the figures.
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3.10 Left-to-right ordering

In many cases, bit fields within byte or multibyte objects are expanded in a horizontal fashiontratedlus
in the right side of Figure 3.4. The fields within these objects are illustrated as follows: Left-tcs figat
byte transmission order; the left-through-right bits are the most significant through least sigbifgant
respectively.

byte[0] v 32-bitfield
! |bYt?[|1]| ! - g MSB v LSB
. Ib}’t?[lzll . byte[0] byte[1] byte[2] byte[3]
byte[s] | 1 S U Y Sy |
byte[0] - 16-bi feld
byte[1
L1 Yt?[l ]I ! MSB v LSB
byte[0] byte[1]
byte - — — 8-bit field
MSB v LSB
byte

Figure 3.4—Multi-byte field illustrations

NOTE—Only the right-hand diagrams in Figure 3.4 are used within normative clauses. The leftdgrathsliare
provided in this description for explanatory purposes only.

For consistency with bit and byte ordering conventions, bits are numbered in a left-to-right opeeadibg
on the interconnect, this RPR bit-numbering order may or may not differ from the physical layer bit
transmission ordering.

3.11 Representation of MAC addresses

The format of MAC address fields within frames consists of OUldemkndentiCfields and is illustrated
for organization specific frames in Figure 3.5.

MSB LSB
6 llg

| oui | dependentlD |

Figure 3.5—O0rganization specific  controlDataUnit field format

3.11.1 oui: A 24-bit organizationally unique identifier (OUI) field, used for the purpose of identifying the
organization supplying the 24-lwependentlDFor clarity, the locations of the universally/locally adminis-
tered and individual/group address bits are illustrated by the shaded fields, respectively.

Documents

i ) Docurrﬁnt Sharing Hub
Copyright © 2004 IEEE. All rights reserved.
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 02:22:51 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 802.17-2004


http://www.avadocuments.com/doc/ieee-802-17-2004
http://www.avadocuments.com/doc/ieee-802-17-2004

IEEE
Std 802.17-2004

LOCAL AND METROPOLITAN AREA NETWORKS

3.11.2 dependentID: A 24-bit field supplied by theui-specified organization. Within this context, the
dependentlDis unique within a given organization; hence, the concatenation afuihenddependentiD
provide a globally unique identifier.

An example of the mapping of actual values todhigdependentiDields is shown in Figure 3.6.

OUl value: AC-DE-48
Organization assigned extension: 23-45-67
MSB LSB
6 ACyg DE;s 4816 2316 4516 6716
| I T I | | Y | | Y | | I I I | | Y | | Y |

byte transmission order

Figure 3.6—48-bit MAC address format

3.12 Mapping of numeric data values to fields

The mapping of hexadecimal and binary values to frame fields is illustrated in Figure 3.7.

i basetcﬂontrol ttl baseControl saCompact{0... 15}

; . Compelis

2 fairessHeader fairnessHeader fairRate

2 fairRate o b b b

4 fes T T O S
a) Sequential-byte format b) Field names

0844 2Dyg 00124 0000 1000, | 0010 1101, | 0000 0000 0001 0010,

L1
3456 78 9A 6
11

0011 0100

0101 0110 0111 1000 1001 1010,

00 00,6 1A BCyq

0000 0000 0000 0000, | 0001 1010 1011 1100,

111
EA 36 03 2E 1
| -

1110 1010 0011 0101 0000 0011 0010 1110,

c) Hexadecimal values

d) Binary values

Figure 3.7—Illlustration of fairness-frame structure

The byte-sequential format of Figure 3.7-a is represented by Figure 3.7-b when trdrsferra 32-bit data
path. As an example, arbitrary numeric values have been assigned to the fields in Figure 3.7-sgand the
values are represented in hexadecimal format in Figure 3.7-c and binary forritatra3=7-d.

3.13 Informative notes

Informative notes are used in this standard to provide guidance to implementers and to supply useful
background material. Such notes never contain normative information, and implementers are ndtteequire
adhere to any of their provisions. An example of such a note follows.

NOTE—This is an example of an informative note.
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3.14 Conventions for C code used in state machines

Many of the state machines contained in this standard utilize C code functions, rspesgicessions, and
structures for the description of their functionality. Conventions for such C code can be found in Annex H

3.15 Ringlet orientation conventions
By default, figures containing illustrations of RPR interfaces depict the east receiveceterfingletO on

the upper left, the east transmit interface to ringletO on the upper right, the west receive intenfigbetto
on the lower right, and the west transmit interface to ringletl on the lower left.

west east

SO S1 S3

ringletl

ringlet0

Figure 3.8—Ringlet orientation conventions
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4. Abbreviations and acronyms

This standard contains the following abbreviations and acronyms:

BER
CIR
CRC
dLoC
EIR
EISS
FCS
FIFO
FRTT
FS
GFP
GMII
GRS
HDLC
HEC
IANA
IEC
IEEE
IETF
ISO
ISS
ITU
LAN
LAPS
LCP
LLC
LME
LOC
LRTT
LSB
LVDS
LVTTL
MAC
MAN
MCFF
MIB
MII
MLME
MS
MSB
MTU
OAM
OIF
(ON]
PCS
PDU
PHY
PICS
PLME
PMA

bit error ratio

committed information rate

cyclic redundancy check

loss of continuity failure defect

excess information rate

enhanced internal sublayer service

frame check sequence

first in first out

fairness round trip time

forced switch

generic framing procedure
gigabit media independent interface

GFP reconciliation sublayer

high-level data link control

header error check
Internet Assigned Numbers Authority
International Electrotechnical Commission
Institute of Electrical and Electronics Engineers
Internet Engineering Task Force
International Organization for Standardization
internal sublayer service

International Telecommunication Union
local area network

link access procedure—SDH

link control protocol

logical link control

layer management entity

loss of continuity failure

loop round trip time

least significant bit

low-voltage differential signals
low-voltage transistor-transistor logic
medium access control
metropolitan area network

multi-choke fairness frame
management information base
medium independent interface

MAC layer management entity

manual switch

most significant bit

maximum transfer unit

operations, administration, and maintenance
Optical Internetworking Forum

open systems interconnect

physical coding sublayer

protocol data unit

physical layer

protocol implementation conformance statement
physical layer management entity
physical medium attachment

Copyright © 2004 IEEE. All rights reserved.
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 02:22:51 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 802.17-2004

IEEE
Std 802.17-2004

Documents
Docuwuﬁgm Sharing Hub


http://www.avadocuments.com/doc/ieee-802-17-2004
http://www.avadocuments.com/doc/ieee-802-17-2004

