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IEEE Standards 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
development 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 without 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 contained in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other
damage, 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 are supplied
“AS IS.”

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 revision or reaffirmation, or every ten years for stabilization. When a document is more than five
years old and has not been reaffirmed, or more than ten years old and has not been stabilized, it is reasonable to conclude
that its contents, although still of some value, do not wholly reflect the present state of the art. Users are cautioned to
check to determine that they have the latest edition of any IEEE Standard.

In 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 his or her
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.

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
action to prepare 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 societies 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.
A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board Operations Manual
shall not be considered the official position of IEEE or any of its committees and shall not be considered to be, nor be
relied upon as, a formal interpretation of the IEEE. At lectures, symposia, seminars, or educational courses, an
individual presenting information on IEEE standards shall make it clear that his or her views should be considered the
personal views of that individual rather than the formal position, 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. Recommendations to change the status of a stabilized standard should include a
rationale as to why a revision or withdrawal is required. Comments on standards and requests for interpretations should
be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854-4141
USA

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; (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 802.1Qaz-2011, IEEE Standard for Local and metropolitan area networks—
Media Access Control (MAC) Bridges and Virtual Bridged Local Area Networks—Amendment 18: Enhanced
Transmission Selection for Bandwidth Sharing Between Traffic Classes.

This amendment to IEEE Std 802.1Q-2011 provides enhanced transmission selection capabilities useful to
Data Center Bridging Local Area Networks to support bandwidth allocation between different types of
application data on a converged link.

This standard contains state-of-the-art material. The area covered by this standard is undergoing evolution.
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 may be obtained from

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854-4141
USA

Notice to users

Laws and regulations

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

Copyrights

This document is copyrighted by the IEEE. It is made available 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 this document
available for use and adoption by public authorities and private users, the IEEE does not waive any rights in
copyright to this document.

Updating of IEEE documents

Users of IEEE standards should be aware that these documents may be superseded at any time by the
issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect. In order to determine whether
a given document is the current edition and whether it has been amended through the issuance of
amendments, corrigenda, or errata, visit the IEEE Standards Association website at 

http://ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously. For more
information about the IEEE Standards Association or the IEEE standards development process, visit the
IEEE-SA website at http://standards.ieee.org.
iv Copyright © 2011 IEEE. All rights reserved
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Errata

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

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/findstds/interps/
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 standard or for
conducting inquiries into the legal validity or scope of those patents that are brought to its attention. A 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 and conditions to
applicants desiring to obtain such licenses. The IEEE makes no representation as to the reasonableness of
rates, terms, and conditions of the license agreements offered by patent holders or patent applicants. Further
information may be obtained from the IEEE Standards Department.

Participants

At the time this amendment was submitted to the IEEE-SA Standards Board for approval, the IEEE 802.1
Working Group had the following membership:

Anthony Jeffree, Chair
Paul Congdon, Vice Chair
Craig W. Carlson, Editor
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The following members of the individual balloting committee voted on this amendment. Balloters may have
voted for approval, disapproval, or abstention.

When the IEEE-SA Standards Board approved this amendment on 16 June 2011, it had the following
membership:

Richard H. Hulett, Chair
John Kulick, Vice Chair

Robert M. Grow, Past President
Judith Gorman, Secretary

*Member Emeritus

Also included are the following nonvoting IEEE-SA Standards Board liaisons:
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IEEE Standard for 
Local and metropolitan area networks—

Media Access Control (MAC) Bridges and 
Virtual Bridged Local Area Networks—

Amendment 18: Enhanced Transmission Selection 
for Bandwidth Sharing Between Traffic Classes

This amendment to IEEE Std 802.1Q™-2011 specifies changes to the forwarding and queueing functions
described in IEEE Std 802.1Q. Changes are applied to the base text of IEEE Std 802.1Q-2011 as amended
by IEEE Std 802.1Qbe™-2011, IEEE Std 802.1Qbc™-2011, and IEEE Std 802.1Qbb™-2011. 

IMPORTANT NOTICE: This standard is not intended to ensure safety, security, health, or
environmental protection. Implementers of the standard are responsible for determining appropriate
safety, security, environmental, and health practices or regulatory requirements.

This IEEE document is made available for use subject to important notices and legal disclaimers.
These notices and disclaimers appear in all publications containing this document and may
be found under the heading “Important Notice” or “Important Notices and Disclaimers
Concerning IEEE  Documents.”  They  can  also  be  obtained  on  request  from IEEE or viewed at
http://standards.ieee.org/IPR/disclaimers.html.

NOTE—The editing instructions contained in this amendment define how to merge the material contained therein into
the existing base standard and its amendments to form the comprehensive standard. Text shown in bold italics in this
amendment defines the editing instructions necessary to changes to this base text. Three editing instructions
are used: change, delete, and insert. Change is used to make a change to existing material. The editing
instruction specifies the location of the change and describes what is being changed. Changes to existing text
may be clarified using strikeout markings to indicate removal of old material and underscore markings to
indicate addition of new material. Delete removes existing material. Insert adds new material without
changing the existing material. Insertions may require renumbering. If so, renumbering instructions
are given in the editing instruction. Editorial notes will not be carried over into future editions of
IEEE Std 802.1Q.1

1Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the standard.
Copyright © 2011 IEEE. All rights reserved.  1
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1. Overview

1.3 Introduction

Insert the following paragraph at the end of 1.3:

This standard specifies protocols, procedures and managed objects for enhancement of transmission
selection to support allocation of bandwidth amongst traffic classes. When the offered load in a traffic class
doesn’t use its allocated bandwidth, enhanced transmission selection will allow other traffic classes to use
the available bandwidth. Bandwidth is used by traffic classes subject to enhanced transmission selection
when there are no frames to be transmitted for traffic classes subject to strict priority or credit based shaper
algorithms. It defines DCBX (Data Center Bridging eXchange protocol) which controls the application of
Enhanced Transmission Selection and Priority-based Flow Control.
2 Copyright © 2011 IEEE. All rights reserved.
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2. References

Insert the following references into Clause 2 in alphanumeric order:

IEEE Std 802.1Qbb-2011, IEEE Standard for Local and metropolitan area networks—Media Access Control
(MAC) Bridges and Virtual Bridged Local Area Networks—Amendment 17: Priority-based Flow Control.
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3. Definitions

Insert the following definition into Clause 3 in alphabetical order, number it appropriately, and renumber
the subsequent definitions accordingly:

3.x Data Center Bridging (DCB): A set of protocols and capabilities for use in a data center environment.
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4. Abbreviations

Insert the following abbreviations into Clause 4 in alphabetical order:

DCB Data Center Bridging

DCBX DCB eXchange protocol

ETS Enhanced Transmission Selection

PFC Priority-based Flow Control
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5. Conformance

5.4 VLAN-aware Bridge component requirements

5.4.1 VLAN-aware Bridge component options

Insert the following list items at the end of 5.4.1:

w) Support enhanced transmission selection (ETS) (see 5.4.1.6).
x) Support DCBX (see 5.4.1.7)

5.4.1.5 Forwarding and queuing for time-sensitive streams—requirements

Insert the following subclauses, 5.4.1.6 and 5.4.1.7, after 5.4.1.5:

5.4.1.6 Enhanced Transmission Selection bridge requirements

A device supporting ETS shall:

a) Support at least 3 traffic classes (see 37.3);

NOTE—A minimum of 3 traffic classes allows a minimum configuration such that one traffic class contains priorities
with PFC enabled, one traffic class contains priorities with PFC disabled, and one traffic class using strict priority.

b) Support bandwidth configuration with a granularity of 1% or finer (see 37.3);
c) Support bandwidth allocation with a precision of 10% (see 37.3);
d) Support a transmission selection policy such that if one of the traffic classes does not consume its

allocated bandwidth, then any unused bandwidth is available to other traffic classes (see 37.3); and
e) Support DCBX (see Clause 38).

5.4.1.7 DCBX bridge requirements

A device supporting DCBX shall:

a) Support LLDP transmit and receive mode (see IEEE Std 802.1AB).
a) Support the DCBX ETS Configuration TLV (see D.2.9).
b) Support the ETS Recommendation TLV (see D.2.10).
c) Support the Priority-based Flow Control Configuration TLV (see D.2.11).
d) Support the Application Priority TLV (see D.2.12).
e) Support the asymmetric and symmetric DCBX state machines (see 38.4).
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8. Principles of bridge operation

8.6 The Forwarding Process

8.6.6 Queuing frames

Insert the following note in 8.6.6 after the existing note, and renumber the existing note as NOTE 1:

NOTE 2—A queue in this context is not necessarily a single FIFO data structure. A queue is a record of all frames of a
given traffic class awaiting transmission on a given Bridge Port. The structure of this record is not specified. The
transmission selection algorithm (8.6.8) determines which traffic class, among those classes with frames available for
transmission, provides the next frame for transmission. The method of determining which frame within a traffic class is
the next available frame is not specified beyond conforming to the frame ordering requirements of this subclause. This
allows a variety of queue structures such as a single FIFO, or a set of FIFOs with one for each pairing of ingress and
egress ports (i.e., Virtual Output Queuing), or a set of FIFOs with one for each VLAN or priority, or hierarchical
structures.

8.6.8 Transmission selection

Change the second paragraph in 8.6.8 as shown:

The strict priority transmission selection algorithm defined in 8.6.8.1 shall be supported by all Bridges as the
default algorithm for selecting frames for transmission. The credit-based shaper transmission selection
algorithm defined in 8.6.8.2, and the Enhanced Transmission Selection algorithm defined in 8.6.8.3 may be
supported in addition to the strict priority algorithm. Further transmission selection algorithms, selectable by
management means, may be supported as an implementation option so long as the requirements of 8.6.6 are
met.

Change Table 8-5 as shown:

Table 8-5—Transmission selection algorithm identifiers

Transmission selection algorithm Identifier

Strict priority (8.6.8.1) 0

Credit-based shaper (8.6.8.2) 1

Enhanced Transmission Selection 
(8.6.8.3) 2

Reserved for future standardization 3-254255

Vendor-specific Transmission 
Selection algorithm value for use 
with DCBX (D.2.9.8)

255

Vendor-specific A four-octet integer, where the 3 most significant octets hold an OUI value,
and the least significant octet holds an integer value in the range 0–255

assigned by the owner of the OUI.
Copyright © 2011 IEEE. All rights reserved.  7
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8.6.8.2 Credit-based shaper algorithm

Insert the following subclause, 8.6.8.3, after 8.6.8.2:

8.6.8.3 Enhanced Transmission Selection algorithm

If ETS is enabled for a traffic class, transmission selection is performed based on the allocation of bandwidth
to that traffic class. Bandwidth is distributed amongst ETS traffic classes that support enhanced transmission
selection algorithm such that each traffic class is allocated available bandwidth in proportion to its
TCBandwidth (see Clause 37).

For a given queue that supports enhanced transmission selection, the algorithm determines that there is a
frame available for transmission if the following conditions are all true:

a) The queue contains one or more frames;
b) The ETS algorithm (37.3) determines that a frame should be transmitted from the queue; and
c) There are no frames available for transmission for any queues running Strict priority or Credit based

shaper algorithms.

The order in which frames are selected for transmission from the queue shall maintain the ordering
requirement specified in 8.6.6.
8 Copyright © 2011 IEEE. All rights reserved.
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Insert the following clauses, Clause 37 and Clause 38, after 36.2.2:

37. Enhanced Transmission Selection (ETS)

37.1 Overview

This clause provides definitions and an operational model for priority processing and bandwidth allocation
in end stations and bridges in a DCB (Data Center Bridging) environment. Using priority-based processing
and bandwidth allocations, different traffic classes with different types of traffic such as LAN, Storage
Networking, Clustering, and management can be configured to provide bandwidth allocation, or best effort
transmit characteristics.

In order to accomplish this, the following are provided:

a) A set of bandwidth configuration parameters that are used to configure the percentage of bandwidth
assigned to each traffic class.

b) A set of characteristics that an ETS enabled transmitter is required to follow.
c) A means of communicating priority-to-traffic class allocations to neighboring systems (DCBX; see

Clause 38).

37.1.1 Relationship to other transmission selection algorithms

If ETS is used in conjunction with the strict priority and credit-based shaper algorithms, then attention
should be paid to assignment of traffic classes as specified in 34.5.

37.2 ETS configuration parameters

The following ETS configuration parameters exist for each ETS enabled port:

a) numTrafficClassesSupported: Indicates the number of traffic classes supported by a port. This value
has a minimum of 3 (see 37.3) and a maximum of 8.

b) TCPriorityAssignment(P): For each supported priority, P, the traffic class to which that priority P is
assigned (see 37.1.1). A traffic class only operates with the ETS algorithm if it is assigned to do so
by the Transmission Selection Algorithm Table (see 8.6.8); i.e., the entry in the table for that traffic
class is assigned the value 2 (see Table 8-5).

c) TCBandwidth(N): For each traffic class N, the percentage of the available bandwidth assigned to
that traffic class. The total for all traffic classes is equal to 100% (see 37.3).

Configuration of ETS parameters shall be done via DCBX (see Clause 38).

37.3 ETS algorithm

The ETS algorithm provides allocation of bandwidth to traffic classes. The algorithm allows bandwidth
intensive and loss sensitive traffic to share the network while allowing coexistence with low latency traffic
using the strict priority and credit-based shaper algorithms. Since there are a number of variants of
bandwidth sharing algorithms (such as weighted round robin) that provide appropriate bandwidth sharing, a
detailed algorithm is not specified. Any algorithm is allowed as long as it meets the specified performance
requirements.

NOTE 1—While a traffic class is often referred to as a queue, it is not necessarily a single FIFO data structure. The ETS
algorithm is used to determine when an ETS traffic class has a frame available to transmit. The ordering requirements in
Copyright © 2011 IEEE. All rights reserved.  9
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8.6.6 are the only constraint of this standard on the order in which frames in a traffic class are transmitted. The
determination of which frame in the traffic class to send may be done in an implementation specific manner as long as
those ordering requirements are satisfied. For example, an implementation might organize the traffic class as a set of
FIFO queues with each FIFO queue containing the frames from a priority, VLAN or a source port. Such FIFO queues
might be serviced with strict priority, weighted round robin or other bandwidth distribution algorithm.

For the purposes of the ETS algorithm, Available Bandwidth is defined as the link bandwidth remaining
after traffic classes not assigned to Transmission selection algorithm 2, and Vendor Specific (see Table 8-5)
are serviced. The effect of Vendor Specific algorithms to Available Bandwidth is outside the scope of this
standard.

The ETS algorithm shall provide the ability to configure traffic classes to share bandwidth according to the
following:

a) Allow one or more priorities to be assigned to a traffic class;

NOTE 2—All priorities within a traffic class typically share similar traffic handling requirements (e.g., loss and
bandwidth).

b) Allow bandwidth to be configured for each traffic class with a granularity of 1%. The configured
bandwidth indicates the percentage of Available Bandwidth that can be used by the traffic class
when all other traffic classes are consuming their configured bandwidth.

c) For traffic classes for which the transmission selection algorithm is ETS (i.e., Transmission selection
algorithm 2 in Table 8-5), select frames for transmission from the traffic class queues such that the
bandwidth consumed by the traffic class approaches its percentage of Available Bandwidth. The
traffic class consumes less than its percentage of Available Bandwidth when the offered load for that
traffic class is less than its percentage of Available Bandwidth, in that case the remainder of its
percentage of Available Bandwidth can be used by other traffic classes. A traffic class can consume
more than its percentage of Available Bandwidth when the offered load of other traffic classes
results in those traffic classes consuming less than their percentage of Available Bandwidth.
Allocation of any excess Available Bandwidth is implementation specific.

d) When all traffic classes are offered enough load to consume their share of available bandwidth, and
there is no offered load in the traffic classes using transmission selection algorithms other than ETS,
the bandwidth received from an ETS traffic class shall deviate from its allocation by no more than
10% of the available bandwidth when measured over a period of 10 000 000 bit times using
maximum sized frames during a time period when no PFC frames are received (i.e., no congestion).

NOTE 3—The measurement window is derived from an approximate number of bits in 500 frames (i.e., 500 frames ×
2000 bytes per frame × 8 bits per byte rounded up to 10 000 000).

NOTE 4—Allowed deviation of +/-10% allows for variations of traffic (e.g., burstiness) over the specified measurement
window and provides balance between precision and implementation flexibility.

e) At least 3 traffic classes shall be supported per port. A minimum of 3 traffic classes allows a
minimum configuration such that one ETS traffic class contains priorities which have PFC enabled,
one ETS traffic class contains priorities which have PFC disabled, and one traffic class using strict
priority.

37.4 Legacy configuration

Subclause 8.6.8 specifies strict priority scheduling as default behavior. This can be achieved by configuring
the Transmission selection algorithm value for a traffic class to 0 (see Table 8-5).

Subclause 8.6.6 specifies the default priority to traffic class mapping. There is no change to such mapping
when ETS is used.
10 Copyright © 2011 IEEE. All rights reserved.
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38. Data Center Bridging eXchange Protocol (DCBX)

38.1 Overview

This clause details the Data Center Bridging Exchange protocol (DCBX) that is used by DCB devices to
exchange configuration information with directly connected peers. The protocol may also be used for
misconfiguration detection and for configuration of the peer.

This standard describes the base protocol which comprises state machines and TLVs for capability
exchange. For each feature that is supported by DCBX, the attributes that are to be exchanged specify:

a) The attributes to be exchanged;
b) How the attributes are used for detecting misconfiguration; and
c) What action needs to be taken when a misconfiguration is detected.

The information listed above is specified for the following:

d) ETS;
e) Priority-based Flow Control (PFC); and
f) Application Priority Configuration TLV.

38.2 Goals

The goals of DCBX are as follows:

a) Discovery of DCB capability in a peer port; for example, it can be used to determine if two link peer
ports support PFC.

b) DCB feature misconfiguration detection: DCBX can be used to detect misconfiguration of a feature
between the peers on a link. Misconfiguration detection is feature-specific because some features
allow asymmetric configuration.

c) Peer configuration of DCB features: DCBX can be used by a device to perform configuration of
DCB features in its peer port if the peer port is willing to accept configuration.

38.3 Types of DCBX attributes

Three types of DCBX attributes are exchanged:

a) Informational attributes (see 38.3.1);
a) Asymmetric attributes (see 38.4.1); and
b) Symmetric attributes (see 38.4.2).

38.3.1 Informational attributes

Informational attributes are exchanged via LLDP without any participation in a DCBX state machine.

38.4 DCBX and LLDP

DCBX uses Link Layer Discovery Protocol (LLDP) (see IEEE Std 802.1AB) to exchange attributes between
two link peers. LLDP is a unidirectional protocol. It advertises connectivity and management information
about the local station to adjacent stations on the same IEEE 802® LAN.
Copyright © 2011 IEEE. All rights reserved.  11
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DCB exchanged attributes are packaged into Organizationally Specific TLVs. The OUI used for the DCBX
TLV is the IEEE 802.1 OUI (i.e, 0x0080c2).

DCBX state machine transitions are based on the DCBX objects in the LLDP MIB module. Operation of the
DCBX state machine may affect the values of the DCBX objects in the LLDP MIB module.

A port capable of any DCB feature shall have the capability for DCBX to be administratively disabled. The
default state for DCBX is enabled.

DCBX is expected to operate over a point to point link. If multiple LLDP peer ports running DCBX are
detected, then DCBX should behave as if the peer port's DCBX TLVs are not present until the multiple
LLDP peer port condition is no longer present. However a transition in LLDP peer port may occur in some
circumstances (e.g., such as a transition from system boot to system operation). Therefore when it is
detected that the number of peer ports running DCBX exceeds 1 for a period longer than the longest TTL of
any of the peers, a multi-peer condition is detected. During the time when the multi-peer condition has not
been detected the DCBX data from the most recent DCBX peer shall be used. An LLDP peer port is
identified by a concatenation of the chassis ID and port ID values transmitted in the LLDPDU. A DCBX
peer port is a LLDP peer port that is sending DCBX TLVs.

DCBX defines two different types of attribute passing mechanisms:

a) Asymmetric: the passing of a attribute from one port to its peer port. In this case, the desired
configuration for the peer may not match the local configuration; and

b) Symmetric: the passing of a attribute from one port to its peer port with objective of both ports
utilizing the same attribute value.

38.4.1 Asymmetric attribute passing

38.4.1.1 Overview

Two types of TLV are passed for Asymmetric attribute Passing:

a) Configuration TLV: Provides current operational state and Willing bit. The received Willing bit is
not used by the state machine, but instead provided to higher layers to provide an indication of the
expected behavior of the remote port. The presence of the willing bit set to 1 indicates to the remote
port that the local port is willing to accept a configuration for the specific attribute for which the
willing bit is set.

b) Recommendation TLV: Provides recommendation for the operational state of remote port.
Transmitted only if the local port is configured to make recommendations in which case it is
transmitted in all LLDPDUs. Transmitted regardless of the “willingness” of the remote port.

NOTE—An implementation is allowed to send a recommendation TLV or a configuration TLV or both.

38.4.1.2 Asymmetric state variables

LocalWilling: Indicates that the local port has been administratively configured to accept recommendations.
This value is included in the Willing bit of Configuration TLVs transmitted by this port. A local port may be
configured as not Willing.

OperParam: The current operational value of the attribute on the local port. This value is included as the
attribute in the Configuration TLVs.
12 Copyright © 2011 IEEE. All rights reserved.
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LocalAdminParam: The administratively configured value for the attribute. This becomes the operational
value of the attribute by default, and the operational value may be overridden if the local port accepts a
recommendation from the remote port.

RemoteParam: The attribute received in the last Recommendation TLV. This variable is set to NULL if the
remote LLDP database contains no Recommendation TLV.

DCBXMapping: A function that maps the received parameters to the capabilities of the receiving port.

38.4.1.3 Asymmetric state machine

The Asymmetric State Machine is depicted in Figure 38-1.

38.4.2 Symmetric attribute passing

38.4.2.1 Overview

For Symmetric attribute passing one type of TLV is used:

a) Configuration TLV. This TLV always carries the current local operational state and a Willing (W)
bit.

A port that sets the W bit is considered Willing. A Willing port shall set its operational attribute to that
indicated in the received TLV if the received TLV has the W bit set to zero. If both the local port and remote
port are willing, then the attribute values of the port with the lower numerical MAC address shall take
precedence.

38.4.2.2 Symmetric state variables

LocalWilling: Indicates that the local port has been administratively configured to accept the attribute from
the remote port. This value is included in the Willing bit of DCBX TLVs transmitted by this port.

RemoteWilling: rwTrue indicates that the Willing bit was set in the last TLV received. rwFalse indicates
that the Willing bit was not set in the last TLV received. This variable is set to rwNull if the remote LLDP
database contains no Willing bit.

LocalMAC: The MAC address of the local port.

RemoteMAC: The MAC address of the remote port.

Figure 38-1—DCBX Asymmetric State Machine

Init

OperParam =
LocalAdminParam;

Begin

OperParam != LocalAdminParam OperParam!= RemoteParam

LocalWilling && RemoteParam != NULL

!LocalWilling || RemoteParam == NULL

RxRecommend

OperParam =
DCBXMapping(RemoteParam);
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OperParam: The current operational value of the attribute on the local port. This value is included as the
attribute in the DCBX TLV.

RemoteParam: Contains the value of the last attribute (i.e. the operational value of the remote port)
received in the TLV. This variable is set to NULL if the remote LLDP database contains no TLV.

LocalAdminParam: The administratively configured value for the attribute. This becomes the operational
value of the attribute by default, and may be overridden if the local port accepts the attribute from the remote
port.

DCBXMapping: A function that maps the received parameters to the capabilities of the receiving port.

NOTE—Through observation of the states and state variables it is possible to determine that the state machine is in the
process of passing attributes. This knowledge may be useful for clients of DCBX. E.g. a client may wish to delay use of
the link while the DCBX state machine is in the process of passing and possibly setting attributes. A “Pending”
indication indicating that the state machine is in this process may be created by the following equations:

Pending = RemoteParam == NULL
|| !LocalWilling && RemoteWilling == rwTrue && OperParam != RemoteParam;

38.4.2.3 Symmetric state machine

The Symmetric state machine is depicted in Figure 38-2.

Figure 38-2—Symmetric State Machine

Init

OperParam =
LocalAdminParam;

Begin

OperParam != LocalAdminParam OperParam!= RemoteParam

(LocalWilling && RemoteWilling  == rwFalse)
|| ((LocalWilling && RemoteWilling == rwTrue)
&& LocalMAC > RemoteMAC)

!LocalWilling
|| ((LocalWilling && RemoteWilling == rwTrue)
&& LocalMAC < RemoteMAC) ||
(RemoteParam == NULL)

RxRecommend

OperParam =
DCBXMapping(RemoteParam);
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Annex A

(normative) 

PICS proforma—Bridge implementations2

A.5 Major capabilities

Insert the following rows at the end of A.5:

A.14 Bridge Management

Insert the following rows at the end of A.14:

A.33 Priority-based Flow Control

Insert the following subclauses, A.34 and A.35, after A.33:

A.34 Enhanced Transmission Selection

2Copyright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this annex so that it can be
used for its intended purpose and may further publish the completed PICS.

Item Feature Status References Support

ETS Does the implementation support bandwidth man-
agement using ETS?

O 37 Yes [ ] No [ ]

DCBX Does the implementation support configuration 
management via DCBX?

O 38 Yes [ ] No [ ]

Item Feature Status References Support

MGT-214 ETS Control Entities ETS:M 12.24 Yes [ ] No [ ]

MGT-215 PFC Control Entities PFC:M 12.25 Yes [ ] No [ ]

Item Feature Status References Support

ETS-1 Support at least 3 traffic classes ETS:M 37.3 Yes [ ]

ETS-2 Support bandwidth configuration with a granularity 
of 1% or finer

ETS:M 37.3 Yes [ ]

ETS-3 Support bandwidth allocation with a precision of 
10%

ETS:M 37.3 Yes [ ]
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A.35 DCBX

ETS-4 Support allocation of a portion of available band-
width to each traffic class

ETS:M 37.3 Yes [ ]

ETS-5 Support DCBX. ETS:M 38 Yes [ ]

Item Feature Status References Support

DCBX-1 Support LLDP DCBX:M IEEE Std 
802.1AB

Yes [ ]

DCBX-2 Support the DCBX ETS Configuration TLV DCBX:M D.2.9 Yes [ ]

DCBX-3 Support the ETS Recommendation TLV DCBX:M D.2.10 Yes [ ]

DCBX-4 Support the Priority-based Flow Control Configura-
tion TLV

DCBX:M D.2.11 Yes [ ]

DCBX-5 Support the Application Priority TLV DCBX:M D.2.12 Yes [ ]

DCBX-6 Support the DCBX asymmetric state machine DCBX:M 38.4.1 Yes [ ]

DCBX-7 Support the DCBX symmetric state machine DCBX:M 38.4.2 Yes [ ]

Item Feature Status References Support
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Annex D

(normative) 

IEEE 802.1 Organizationally Specific TLVs

D.1 Requirements of the IEEE 802.1 Organizationally Specific TLV set

Change Table D-1 by inserting the following rows at the end of the table and changing the last row as
shown (note that the entire table is not shown here):

D.2 Organizationally Specific TLV definitions

D.2.8 Congestion Notification TLV

Insert the following subclauses, D.2.9 through D.2.12.3 (including Figure D-9 through Figure D-12 and
Table D-4 through Table D-9), after D.2.8.4, and renumber the subsequent tables in Annex D
accordingly:

D.2.9 ETS Configuration TLV

The TLV illustrated in Figure D-9 is encoded into each IEEE Std 802.1AB-2009 LLDP message and may be
transmitted by a system in order to indicate the ETS configuration. Shall be sent using Asymmetric attribute
passing (38.4.1)

Table D-1—IEEE 802.1 Organizationally Specific TLVs

IEEE 802.1 
subtype

TLV name TLV set 
name

TLV reference Feature clause 
reference

09 ETS Configuration TLV dcbxSet D.2.9 38

0A ETS Recommendation TLV dcbxSet D.2.10 38

0B Priority-based Flow Control Configura-
tion TLV

dcbxSet D.2.11 38

0C Application Priority TLV dcbxSet D.2.12 38

080D-FF Reserved — — —

Figure D-9—ETS Configuration TLV format

TLV information 
string length = 25

802.1 OUI
00-80-C2

802.1
subtype = 9

Re-
served

Priority Assign-
ment Table

TLV type 
= 127

7 bits 9 bits 3 octets 1 octet 1bit 4 octets

TLV header TLV information string = 25 octets

TC Band-
width Table

3bits 8 octets

Max 
TCs

3bits

Will-
ing

TSA Assign-
ment Table

8 octets

CBS

1bit
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D.2.9.1 TLV type

A 7-bit integer value occupying the most-significant bits of the first octet of the TLV. Always contains the
value 127.

D.2.9.2 TLV information string length

A 9-bit unsigned integer, occupying the least-significant bit of the first octet of the TLV (the most-significant
bit of the TLV information string length) and the entire second octet of the TLV, containing the total number
of octets in the TLV information string of the ETS Configuration TLV. This does not count the TLV type and
TLV information string length fields. It is equal to 25.

D.2.9.3 Willing

The Willing bit. A value of one indicates that the station is willing to accept configurations from the remote
station.

D.2.9.4 CBS

The Credit-based Shaper (CBS) bit. A value of one indicates that the station supports the Credit-based
Shaper transmission selection algorithm (see 8-5 and Clause 34).

D.2.9.5 Max TCs

A 3-bit unsigned integer where the value of the integer is the maximum number of traffic classes that the
implementation can support with the value 0 used when a device supports 8.

D.2.9.6 Priority Assignment Table

Table D-4 shows the layout of the priority assignment table.

The table consists of one 4-bit entry per Priority, where:

a) 0-7 indicate the Priority is mapped to the corresponding traffic class; and
b) All other values are Reserved.

Table D-4—Priority assignment table

Octets: 1 2 3 4

Priority 0 Priority 1 Priority 2 Priority 3 Priority 4 Priority 5 Priority 6 Priority 7

Bits: 7 4 3 0 7 4 3 0 7 4 3 0 7 4 3 0
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D.2.9.7 TC Bandwidth Table

Table D-5 shows the layout of the traffic class bandwidth table.

The table consists of one 8-bit entry per traffic class, and always contains 8 entries. Each entry:

a) Indicates the current TCBandwidth percentage configured for each traffic class N where N is 0 to 7.

b) Total shall equal 100 (implies valid range is 0-100 for each entry).

D.2.9.8 TSA Assignment Table

Table D-6 shows the layout of the Transmission Selection Algorithm (TSA) Assignment Table.

The table consists of one 8-bit entry per traffic class. Each entry indicates the Transmission selection
algorithm to be used for that traffic class as defined in Table 8-5. A value of 255 indicates a Vendor-specific
Transmission selection algorithm.

D.2.10 ETS Recommendation TLV

The TLV illustrated in Figure D-10 is encoded into each IEEE Std 802.1AB-2009 LLDP message and may
be transmitted by a system in order to indicate a recommendation on how ETS should be configured. A
Willing system may receive a recommendation TLV which utilizes more Traffic Classes than the receiving
system supports. In this case the receiving system may assign the received recommendations to match its
capabilities. Shall be sent using Asymmetric attribute passing (38.4.1).

Table D-5—Traffic class bandwidth assignment table

Octets: 1 2 3 4 5 6 7 8

TC% 0 TC% 1 TC% 2 TC% 3 TC% 4 TC% 5 TC% 6 TC% 7

Table D-6—TSA Assignment Table

Octets: 1 2 3 4 5 6 7 8

Traffic 
Class 0

Traffic 
Class 1

Traffic 
Class 2

Traffic 
Class 3

Traffic 
Class 4

Traffic 
Class 5

Traffic 
Class 6

Traffic 
Class 7

Figure D-10—ETS Recommendation TLV format

TLV information 
string length = 25

802.1 OUI
00-80-C2

802.1
subtype = 10

Re-
served

TLV type =
127

7 bits 9 bits 3 octets 1 octet 8bits

TLV header TLV information string = 25 octets

TSA Assignment 
Table

8 octets

Priority Assign-
ment Table

4 octets

TC Bandwidth 
Table

8 octets
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D.2.10.1 TLV type

A 7-bit integer value occupying the most-significant bits of the first octet of the TLV. Always contains the
value 127.

D.2.10.2 TLV information string length

A 9-bit unsigned integer, occupying the least-significant bit of the first octet of the TLV (the most-significant
bit of the TLV information string length) and the entire second octet of the TLV, containing the total number
of octets in the TLV information string of the ETS Recommendation TLV. This does not count the TLV type
and TLV information string length fields. It is equal to 25.

D.2.10.3 Priority Assignment Table

Table D-4 shows the layout of the priority assignment table.

See D.2.9.6 for description of table entries.

D.2.10.4 TC Bandwidth Table

Table D-5 shows the layout of the Traffic Class bandwidth assignment table.

See D.2.9.7 for description of table entries.

D.2.10.5 TSA Assignment Table

Table D-6 shows the layout of the TSA Assignment Table.

See D.2.9.8 for description of table entries.

D.2.11 Priority-based Flow Control Configuration TLV

The TLV illustrated in Figure D-11 is encoded into each IEEE Std 802.1AB-2009 LLDP message and may
be transmitted by a system in order to indicate how Priority-based Flow Control should be configured. Shall
be sent using Symmetric attribute passing.

D.2.11.1 TLV type

A 7-bit integer value occupying the most-significant bits of the first octet of the TLV. Always contains the
value 127.

Figure D-11—Priority-based Flow Control TLV format

TLV information 
string length = 6

802.1 OUI
00-80-C2

802.1
subtype = 11

Willing PFC 
cap

TLV type =
127

7 bits 9 bits 3 octets 1 octet 1 bit 4 bits

TLV header TLV information string = 6 octets

Re-
served

PFC Enable

2 bits 1 octet

MBC

1 bit
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D.2.11.2 TLV information string length

A 9-bit unsigned integer, occupying the least-significant bit of the first octet of the TLV (the most-significant
bit of the TLV information string length) and the entire second octet of the TLV, containing the total number
of octets in the TLV information string of the Priority-based Flow Control TLV. This does not count the TLV
type and TLV information string length fields. It is equal to 6.

D.2.11.3 Willing

The Willing bit. A value of one indicates that the station is willing to accept configurations from the remote
station.

D.2.11.4 MBC

The MACsec Bypass Capability Bit. If set to zero, the sending station is capable of bypassing MACsec
processing when MACsec is disabled. If set to one, the sending station is not capable of bypassing MACsec
processing when MACsec is disabled (see Clause 36).

D.2.11.5 PFC cap

A 4-bit unsigned integer, PFC cap (PFC capability) indicates the device’s limitation of how many traffic
classes may simultaneously support PFC

NOTE 1—PFC may be enabled on up to eight traffic classes allowing each priority to be independently paused.

NOTE 2—In a DCB environment at least one priority would generally have PFC enabled.

D.2.11.6 PFC Enable

Table D-7 shows the layout of the PFC Enable bit vector.

A bit vector of 8 bits, one per priority:

a) A one indicates PFC is enabled on the priority.

b) A zero indicates that PFC is disabled on the priority.

c) Local policy in each end of the link decides whether to use the priority if the configuration does not
match.

Table D-7—PFC Enable bit vector

Octet: 1

Priority 7 Priority 6 Priority 5 Priority 4 Priority 3 Priority 2 Priority 1 Priority 0

Bits: 7 6 5 4 3 2 1 0
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