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Abstract: This amendment specifies the extensions to IEEE Std 802.11 for Wireless LANs
providing mechanisms for Radio Resource Measurement.
Keywords: local area network (LAN), measurement, network management, radio, radio resource
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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 or the soundness of any judgments 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. 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 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. Comments on standards and requests for interpretations should
be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

Piscataway, NJ 08854

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; +1 978 750 8400. Permission to photocopy portions of

any individual standard for educational classroom use can also be obtained through the Copyright Cle
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Introduction

This introduction is not part of IEEE Std 802.11k-2008, IEEE Standard for Information technology—
Telecommunications and information exchange between systems—Local and metropolitan area networks—Specific
requirements—Part 11: Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) Specifications—
Amendment 1: Radio Resource Measurement of Wireless LANS.

Radio Resource Measurement is a key enabler to the next generation of Wireless LANs (WLANs). Radio
Resource Measurement addresses some of the existing issues in using unlicensed radio environments to
meet the requirements of emerging technologies. In addition, Radio Resource Measurement provides
knowledge about the radio environment to improve performance and reliability.

The existing WLAN measurements and information about them are inadequate to move ahead to the next
generation of WLAN. The proposed Radio Resource Measurement approach is to add measurements that
extend the capability, reliability, and maintainability of WLANSs through measurements and provide that
information to upper layers in the communications stack. In addition, there are new applications that require
quantifiable radio environment measurements in order to attain the necessary performance. These
applications include voice over Internet Protocol (VoIP), video over IP, location based applications, as well
as applications requiring mitigation of harsh radio environments (multifamily dwellings, airplanes, factories,
municipalities, etc.).

WLAN Radio Resource Measurement addresses the MAC, the SME, the MLME primitives, the MIB, and
the interface to upper layers. The Radio Resource Measurement scope is to define Radio Measurements and
to provide mechanisms to higher layers for radio and network measurements. This amendment provides
these mechanisms using request/response queries and an Object Identifier (OID) interface to upper layers in
the MIB.

Notice to users

Laws and regulations

Users of these documents should consult all applicable laws and regulations. Compliance with the
provisions of this amendment does not imply compliance to any applicable regulatory requirements.
Implementers of the amendment 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
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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 Web site 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 Web site at http://standards.icee.org.

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.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/reading/icee/interp/
index.html.

Patents

Attention is called to the possibility that implementation of this amendment may require use of subject
matter covered by patent rights. By publication of this amendment, no position is taken with respect to the
existence or validity of any patent rights in connection therewith. 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, with reasonable terms and conditions that are demonstrably free of any unfair
discrimination to applicants desiring to obtain such licenses. Other Essential Patent Claims may exist for
which a statement of assurance has not been received. The IEEE is not responsible for identifying Essential
Patent Claims for which a license may be required, for conducting inquiries into the legal validity or scope
of Patents Claims, or determining whether any licensing terms or conditions provided in connection with
submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable or non-
discriminatory. Users of this amendment are expressly advised that determination of the validity of any
patent rights, and the risk of infringement of such rights, is entirely their own responsibility. Further
information may be obtained from the IEEE Standards Association.

Participants

At the time the draft of this amendment was sent to sponsor ballot, the IEEE 802.11 Working Group had the
following officers:

Stuart J. Kerry, Chair
Al Petrick, Vice Chair, Treasurer and Chair, Task Group mb
Harry R. Worstell, Vice Chair
Stephen McCann, Secretary and Chair, Publicity Standing Committee
Teik-Kheong Tan, Chair, Wireless Next Generation Standing Committee
Terry L. Cole, Technical Editor and Assigned Number Authority

Bruce P. Kraemer, Chair, Task Group n and Co-Chair IMT-Advanced Ad hoc Committee
Sheung Li, Vice Chair, Task Group n
Lee Armstrong, Chair, Task Group p
Clint Chaplin, Chair, Task Group r
Donald E. Eastlake 111, Chair, Task Group s
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Neeraj Sharma, Chair, Task Group t
Stephen McCann, Chair, Task Group u
Dorothy V. Stanley, Chair, Task Group v and IETF Ad hoc Committee
Jesse Walker, Chair, Task Group w and JCT1 Ad hoc Committee
Peter Ecclesine, Chair, Task Group y
Menzo Wentink, Direct Link Setup Study Group
Bob O’Hara, QoS Extensions Study Group
Ganesh Venkatesan, Video Transport Stream Study Group
Eldad Perahia, Very High Throughput Study Group
Darwin Engwer, Co-Chair, IMT-Advanced Ad hoc Committee

When the IEEE 802.11 Working Group approved this revision, Task Group k had the following
membership:
Richard H. Paine, Chair, Task Group k
Simon E. M. Barber, Co-Editor, Task Group k
Joseph Kwak, Co-Editor, Task Group k
Paul Gray, Co-Secretary, Task Group k
Ganesh Venkatesan, Co-Secretary, Task Group k

Osama Aboul-Magd Liwen Chu Larry Green
Tomoko Adachi Steven W. Conner Jianlin Guo

Carlos Aldana Charles Cook Pratibha Gupta
Thomas Alexander Steven Crowley Mark Hamilton
Keith Amann David Cypher Christopher Hansen
Takashi Aramaki Marc de Courville Daniel Harkins
Sirikiat Lek Ariyavisitakul Dee Denteneer Brian Hart

Alex Ashley Susan Dickey Amer Hassan
Arthur Astrin Yoshiharu Doi James Hauser
Malik Audeh Lei Du Kevin Hayes
Floyd Backes John Dorsey Robert Heile
David Bagby Roger Durand Christopher Hinsz
Michael Bahr Bryan Edwards Robert Hsieh

Fan Bai Hesham Elbakoury Wendong Hu
Dennis Baker Michael Ellis Jiyoung Huh

Amit Bansal
Gal Basson

Stephen Emeott
Marc Emmelmann

David Hunter
Yasuhiko Inoue

Moussa Bavafa Joseph Epstein Marc Jalfon
Mathilde Benveniste Leonid Epstein Jorjeta Jetcheva
Bjorn Bjerke Vinko Erceg Lusheng Ji
Tony Braskich Lars Falk Daniel Jiang
George Bumiller Stefan Fechtel Jari Jokela
Alistair Buttar Paul Feinberg Padam Kafle
Nancy Cam-Winget Matthew Fischer Carl Kain
James Carlo Wayne Fisher Naveen Kakani
Pat Carson Michael Foegelle Assaf Kasher
Broady Cash Edoardo Gallizio Masato Kato
Dave Cavalcanti Matthew Gast Douglas Kavner
Angelo Centonza Sudhanshu Gaur Richard Kennedy
Douglas Chan James Gilb Jeremy Kent
Yi-Ming Chen Tim Godfrey John Ketchum
Lily Chen Michelle Gong Joonsuk Kim
Hong Cheng David Goodall Kyeongpyo Kim
Paul Cheng Hrishikesh Gossain Tae-eun Kim
Aik Chindapol Jeremy Gosteau Yongsun Kim
Abhijit Choudhury Gordon Gray Guenter Kleindl
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Jarkko Kneckt Sanjiv Nanda Matt Smith

Mark Kobayashi Partha Narasimhan Leilei Song

Benjamin Koh Chiu Ngo Kapil Sood

Thomas Kolze Eero Nikula Srinivas Sreemanthula
Jan Kruys Gunnar Nitsche Robert Stafford
Thomas Kuehnel Erwin Noble Adrian P. Stephens
Christian Kuhtz Richard Noens David Stephenson
Rajendra Kumar Hideaki Odagiri Carl Stevenson
Rajneesh Kumar Eric Ojard Guenael Strutt
Thomas Kurihara Chandra Olson Winston Sun

Jeremy Landt Satoshi Oyama Shravan Surineni
Joseph Lauer Arul Durai Murugan Palanivelu Hideyuki Suzuki
Jehun Lee Stephen Palm Eiji Takagi

Jin Lee Subra Parameswaran Mineo Takai
Uriel Lemberger Xavier Perez Costa Tsuyoshi Tamaki
Joseph Levy James Petranovich Mike Tanahashi
Azman-Osman Lim Victoria Poncini Allan Thomson
Huashih Lin Subburajan Ponnuswamy Jerry Thrasher
Hang Liu James Portaro Alexander Tolpin
Michael Livshitz Henry Ptasinski Jason Trachewsky
Peter Loc Emily Qi Solomon Trainin
Daniel Lubar Luke Qian Kenji Ueda

Hui Ma Jim Raab Ashley Uyehara
Krishna Sankar Madhavan Pillai Vinuth Rai Allert van Zelst
Alastair Malarky Ali Raissinia Prabodh Varshney
Jouni Malinen Stephen Rayment Dalton Victor
Mabhalingam Mani Ivan Reede Ggorge Vlantis
William Marshall Joe Repice Tim Wakeley
Matthieu Maupetit Edward Reuss Qi Wang

William McFarland Carlos Rios Xufiong Wang
Darren McNamara Jon Rosdahl Hmhl_ll Wang
Justin McNew Kazuyuki Sakoda Deqms Ward
Irina Medvedev Atul Salhotra Craig Warren
Pratik Mehta Anil Sanwalka Stephen Whl_tesell
Mark Merrill Nicholas J. Sargologos Gerald Wineinger
Klaus Meyer Ambatipudi Sastry James Worsham
Robert Miller Vincenzo Scarpa Charles Wright
Hidekazu Miyoshi Gabriel Schlanger Akiyoshi Yagi
Fanny Mlinarsky Donald Schultz Katsuhiko Yamada
Patrick Mo Erik Schylander Tomoya Yamaura
Michael Montemurro Yongho Seok Peter Yee

Gabriel Montenegro Huai-Rong Shao Chi-Hsiang Yeh
Rajendra Moorti Suman Sharma Kan]l Yokphlra
Hitoshi Morioka Atiel Sharon S‘;U,l ?Shlda
Yuichi Morioka Stephen Shellhammer Chris Young
Robert Moskowitz Tan Sherlock ngl:r uimSZ han
Peter Murray Kai Shi Jin lglr}ll Zhan £
Andrew Myles Donghee Shim Juny i Zhar%
Rohit Nabar D.J. Shyy Meip ufn Zhag
Yukimasa Nagai Massimiliano Siti Johr?n Zwei
Seigo Nakao y g
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Major contributions were received from the following individuals:

Bernard Aboba Jari Jokela Tim Olson
Malik Audeh Walter Johnson Steve Pope
Arun Ayyagari Daryl Kaiser Emily Qi
Dave Bagby Byoung-Jo “J” Kim Floyd Simpson
Simon Black John Klein Hasse Sinivaara
Roger Durand Joseph Kwak Dave Skellern
Peter Ecclesine Marty Lefkowitz Amjad Soomro
Steve Emeott Sudheer Matta Ganesh Venkatesan
Darwin Engwer Leo Monteban St.epher.l Wang

. Tim Wilson
Lars Falk Mike Moreton Harry R. Worstell
Payl Goddard Robert O'Hara Zhun Zhong
Brian Hart

The following members of the individual balloting committee voted on this amendment. Balloters may have
voted for approval, disapproval, or abstention.

Tomoko Adachi C. Guy Andrew Myles
Thomas Alexander Christopher Hansen Michael S. Newman
Butch Anton Brian Hart Richard Noens
Mikio Aoki Karl Heubaum Satoshi Obara

Ali Al Awazi Yasuhiko Inoue Robert O'Hara

Mathilde Benveniste

Sergiu Iordanescu

Satoshi Oyama

Parag Bhatt Atsushi Ito Richard H. Paine
Gennaro Boggia Raj Jain Stephen Palm
Alistair Buttar Jari Jokela Donald Parker
William Byrd Shinkyo Kaku Subburajan Ponnuswamy
Peter J. Calderon Srinivas Kandala Michael Probasco
James Carlo Piotr Karocki Jose Puthenkulam
Juan Carreon Assaf Kasher Maximilian Riegel
Clint Chaplin Mika Kasslin Robert Robinson
Yi-Ming Chen Ruediger Kays Fernando Lucas Rodriguez
Keith Chow Stuart J. Kerry Randall Safier
Charles Cook Brian Kiernan John Santhoff
Tommy Cooper Eunkyung Kim Anil Sanwalka
Javier Del-Prado-Pavon Yongbum Kim Bartien Sayogo
Russell Dietz Denis Kuwahara Thomas Schossig
Sourav Dutta Joseph Kwak Suman Sharma
Donald E. Eastlake IIT Jeremy Landt Gil Shultz

Paul Eastman Daniel Levesque Amjad Soomro
Peter Ecclesine Joseph Levy Thomas Starai
Richard Eckard Jan-Ray Liao Adrian P. Stephens
Marc Emmelmann Daniel Lubar Walter Struppler
Darwin Engwer William Lumpkins Masahiro Takagi
John Fendrich Mark Maloney Joseph Tardo

C. Fitzgerald Peter Martini Wen Tong

Prince Francis Sudheer Matta Solomon Trainin
Avraham Freedman W. Kyle Maus Mark-Rene Uchida
Thomas Gauntner Steven Methley Stanley Wang
Devon Gayle Gary Michel Fujio Watanabe
Michael Geipel Scott Misha Stephen Whitesell
Sergiu Goma Apurva Mody Don Wright
Randall Groves Michael Montemurro Oren Yuen

Jose Morales
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When the IEEE-SA Standards Board approved this amendment on 9 May 2008, it had the following

membership:

Victor Berman
Richard DeBlasio
Andy Drozd

Mark Epstein
Alexander Gelman
William R. Goldbach
Arnold M. Greenspan
Kenneth S. Hanus

*Member Emeritus

Also included are the following nonvoting IEEE-SA Standards Board liaisons:

Robert M. Grow, Chair
Thomas Prevost, Vice Chair
Steve M. Mills, Past Chair
Judith Gorman, Secretary

Jim Hughes

Richard H. Hulett
Young Kyun Kim
Joseph L. Koepfinger*
John Kulick

David J. Law

Glenn Parsons

Satish K. Aggarwal, NRC Representative
Michael H. Kelly, NIST Representative

Michelle Turner

Ronald C. Petersen

Chuck Powers

Narayanan Ramachandran
Jon Walter Rosdahl
Anne-Marie Sahazizia
Malcolm V. Thaden
Howard L. Wolfman

Don Wright

IEEE Standards Program Manager, Document Development

Michael D. Kipness

IEEE Standards Program Manager, Technical Program Development
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IEEE Standard for
Information technology—
Telecommunications and information
exchange between systems—
Local and metropolitan area networks—
Specific requirements

Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) Specifications

Amendment 1: Radio Resource Measurement of
Wireless LANs

IMPORTANT NOTICE: This standard is not intended to assure safety, security, health, or environmental protection in all
circumstances. 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 herein into
the existing base standard to form the new comprehensive standard.

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

2. Normative references
Insert the following reference in alphanumeric order:

IETF RFC 3825, Dynamic Host Configuration Protocol Option for Coordinate-based Location
Configuration Information, Polk, J., Schnizlein, J., Linsner, M., July 2004.

3. Definitions
Insert the following definitions in alphabetical order, renumbering as necessary:

3.173 access point (AP) reachability: An AP is reachable by a STA if pre-authentication messages can be
exchanged between the STA and the target AP via the DS.

NOTE—As defined in 8.4.6.1.1

! Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the standard.
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Std 802.11k-2008 LOCAL AND METROPOLITAN AREA NETWORKS

3.174 antenna connector: The measurement point of reference for RF measurements in a STA. The
antenna connector is the point in the STA architecture representing the input of the receiver (output of the
antenna) for radio reception and the input of the antenna (output of the transmitter) for radio transmission. In
systems using multiple antennas or antenna arrays, the antenna connector is a virtual point representing the
aggregate output of (or input to) the multiple antennas. In systems using active antenna arrays with
processing, the antenna connector is the output of the active array, which includes any processing gain of the
active antenna subsystem.

3.175 average noise power indicator (ANPI): A MAC indication of the average noise plus interference
power measured when the channel is idle as defined by three simultaneous conditions: 1) the Virtual CS
mechanism indicates idle channel, 2) the STA is not transmitting a frame, and 3) the STA is not receiving a
frame.

3.176 azimuth: The horizontal orientation of the front surface of a station or of a radio antenna system’s
main lobe measured clockwise from True North.

3.177 basic service set (BSS) transition: A STA movement from one BSS to another BSS in the same ESS.

3.178 extended service set (ESS) transition: A STA movement from one BSS in one ESS to another BSS
in a different ESS.

3.179 idle power indicator (IPI): A PHY indication of the total channel power (noise and interference) as
measured in the channel at the receiving antenna connector while the STA is idle, i.e., neither transmitting
nor receiving a frame.

3.180 LCI subject local: The term used when the LCI request is for the location of the requesting STA, i.e.,
when the requesting STA asks “Where am 1?”.

3.181 LCI subject remote: The term used when the LCI request is for the location of the reporting STA,
i.e., when the requesting STA asks “Where are you?”.

3.182 location configuration information (LCI): As defined in IETF RFC 3825: includes latitude, longi-
tude, and altitude, with resolution indicators for each.

NOTE—Information on references can be found in Clause 2.

3.183 neighbor AP: Any AP that is a potential service set transition candidate.

3.184 non-operating channel: A channel that is not the operating channel of the BSS or IBSS of which the
STA is a member.

3.185 operating channel: The operating channel is the channel used by the serving AP of the BSS to
transmit beacons. In an IBSS, the operating channel is the channel used by the IBSS DFS owner to transmit
beacons.

3.186 received channel power indicator (RCPI): An indication of the total channel power (signal, noise,
and interference) of a received IEEE 802.11™ frame measured on the channel and at the antenna connector
used to receive the frame.

3.187 received signal to noise indicator (RSNI): An indication of the signal to noise plus interference ratio
of areceived IEEE 802.11 frame. RSNI is defined by the ratio of the received signal power (RCPI-ANPI) to
the noise plus interference power (ANPI) as measured on the channel and at the antenna connector used to
receive the frame.

NOTE—RCPI and ANPI might not be measured simultaneously; see 11.10.8.4 for details.
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3.188 service set transition: A STA movement from one BSS to another BSS, i.e., either a BSS transition
or an ESS transition.

3.189 serving AP: The AP to which the STA is associated.

3.190 validated AP: An AP that has either been explicitly configured as a Neighbor or learned through a
mechanism like the Beacon Report.

3.191 wildcard BSSID: A special BSSID value (all binary 1s) used to represent all BSSIDs.

3.192 wildcard SSID: A special SSID value (null) used to represent all SSIDs.

4. Abbreviations and acronyms

Insert the following acronyms in alphabetical order:
ANPI  average noise power indicator

IPI idle power indicator

LCI location configuration information

RCPI  received channel power indicator

RFC request for comments

RSNI  received signal to noise indicator

TMPTT target measurement pilot transmission time

VoIP  voice over Internet Protocol (IP)

5. General description

5.2 Components of the IEEE 802.11 architecture

Insert the following subclauses after 5.2.6:
5.2.7 Wireless LAN Radio Measurements

Wireless LAN (WLAN) Radio Measurements enable STAs to understand the radio environment in which
they exist. WLAN Radio Measurements enable STAs to observe and gather data on radio link performance
and on the radio environment. A STA may choose to make measurements locally, request a measurement
from another STA, or may be requested by another STA to make one or more measurements and return the
results. Radio Measurement data is made available to STA management and upper protocol layers where it
may be used for a range of applications. The measurements enable adjustment of STA operation to better
suit the radio environment. The Radio Resource Measurement service includes measurements that extends
the capability, reliability, and maintainability of WLANs by providing standard measurements across
vendors, and provides the resulting measurement data to upper layers in the communications stack.
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In addition to featuring standard measurements and delivering measurement information to upper layers,
there are applications that require quantifiable radio environment measurements in order to attain the
necessary performance levels. These applications include VolP, video over IP, location based applications,
as well as applications requiring mitigation of harsh radio environments (multifamily dwellings, airplanes,
factories, municipalities, etc.). Radio Measurements address most of the existing issues in using unlicensed
radio spectrum to meet the requirements of these emerging technologies.

To address the mobility requirements of technologies, such as VoIP and video streaming, Radio
Measurements, such as Channel Load request/report and the Neighbor request/report, may be used to collect
pre-handoff information, which can drastically speed up handoffs between cells within the same ESS. By
accessing and using this information, the STAs (either in the APs or in the individual devices) can make
intelligent decisions about the most effective way to utilize the available spectrum, power, and bandwidth
for its desired communications.

The request/report measurements are as follows:
— Beacon
— Frame
— Channel Load
— Noise Histogram
— STA Statistics
— Location Configuration Information (LCI)
— Neighbor Report
— Link Measurement

— Transmit Stream/Category Measurement

The request-only mechanism is:

— Measurement Pause

The report-only mechanism is:

—  Measurement Pilot

These measurement mechanisms provide the capability for a STA to manage and query its radio
environment, and to make appropriate assessments about its health and efficiency. It is the first step in
making WLAN smart and capable of making appropriate decisions for fast transition, for mesh connectivity,
and for managing the radio environment for all wireless devices.

5.2.7.1 Beacon

The Beacon request/report pair enables a STA to request from another STA a list of APs it can receive on a
specified channel or channels. This measurement may be done by active mode (like active scan), passive
mode (like passive scan), or beacon table modes. If the measurement request is accepted and is in passive
mode, a duration timer is set and the measuring STA monitors the requested channel, measures beacon,
probe response, and measurement pilot power levels (RCPI), and logs all beacons, probe responses, and
measurement pilots received within the measurement duration. If the measurement request is in active mode,
the measuring STA sends a probe request on the requested channel at the beginning of the measurement
duration, then monitors the requested channel, measures beacon, probe response, and measurement pilot
power levels (RCPI), and logs all beacons, probe responses, and measurement pilots received within the
measurement duration. If the request is beacon table mode, then the measuring STA returns a Beacon Report
containing the current contents of any stored beacon information for any supported channel with the
requested SSID and BSSID without performing additional measurements.
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5.2.7.2 Measurement Pilot

The Measurement Pilot frame is a compact Action frame transmitted periodically by an AP at a small
interval relative to a Beacon Interval. The Measurement Pilot frame provides a subset of the information
provided in a Beacon frame, is smaller than a Beacon, and is transmitted more often than a Beacon. The
purpose of the Measurement Pilot frame is to assist a STA with scanning.

5.2.7.3 Frame

The frame request/report pair returns a picture of all the channel traffic and a count of all the frames received
at the measuring STA. For each unique Transmitter Address, the STA reports the Transmitter Address,
number of frames received from this transmitter, average power level (RCPI) for these frames, and BSSID
of the transmitter.

5.2.7.4 Channel load

The channel load request/report pair returns the channel utilization measurement as observed by the
measuring STA.

5.2.7.5 Noise histogram

The noise histogram request/report pair returns a power histogram measurement of non-IEEE 802.11 noise
power by sampling the channel when virtual carrier sense indicates idle and the STA is neither transmitting
nor receiving a frame.

5.2.7.6 STA statistics

The STA statistics request/report pair returns groups of values for STA counters and for BSS Average
Access Delay. The STA counter group values include: transmitted fragment counts, multicast transmitted
frame counts, failed counts, retry counts, multiple retry counts, frame duplicate counts, Request to Send
(RTS) success counts, RTS failure counts, Acknowledgement (ACK) failure counts, received fragment
counts, multicast received frame counts, FCS error counts, and transmitted frame counts. BSS Average
Access Delay group values include: AP average access delay, average access delay for each access category,
associated STA count, and channel utilization

5.2.7.7 Location

The Location request/report pair returns a requested location in terms of latitude, longitude, and altitude. It
includes types of altitude such as floors and permits various reporting resolutions. The requested location
may be the location of the requestor (e.g., Where am 1?) or the location of the reporting STA (e.g., Where
are you?)

5.2.7.8 Measurement pause

The measurement pause request is defined, but no report comes back from this request. The measurement
pause permits the inclusion of a quantified delay between the execution of individual measurements that are
provided in a series within a measurement request frame. The measurement pause used as the last
measurement in a frame provides control of the measurement period when measurement request frames are
to be repeated.

5.2.7.9 Neighbor report

The neighbor report request is sent to an AP, which returns a neighbor report containing information about
known neighbor APs that are candidates for a service set transition. Neighbor reports contain information
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from the table dotl IRRMNeighborReportTable in the MIB concerning neighbor APs. This request/report
pair enables a STA to gain information about the neighbors of the associated AP to be used as potential
roaming candidates.

5.2.7.10 Link measurement

The link measurement request/report exchange provides measurements of the RF characteristics of a STA to
STA link. This measurement indicates the instantaneous quality of a link.

5.2.7.11 Transmit stream/category measurement

The Transmit Stream/Category measurement is a request/report pair that enables a QoS STA to inquire of a
peer QoS STA the condition of an ongoing traffic stream link between them. The Transmit Stream/Category
Measurement Report provides the transmit-side performance metrics for the measured traffic stream.
Trigger conditions included in the Transmit Stream/Category Measurement Request may initiate triggered
Transmit Stream/Category Measurement Reports upon detection of the trigger condition.

5.3 Logical service interfaces

Change the list of architectural services in 5.3 as follows:
a)  Authentication
b)  Association
¢) Deauthentication
d) Disassociation
e) Distribution
f)  Integration
g) Data confidentiality
h) Reassociation
i)  MSDU delivery
j) DFS
k) TPC
1)  Higher layer timer synchronization (QoS facility only)
m) QoS traffic scheduling (QoS facility only)

n) Radio measurement

5.3.1 Station service (SS)

Change the list of station services (SSs) in 5.3.1 as follows:
a)  Authentication
b) Deauthentication
c) Data confidentiality
d) MSDU delivery
e) DEFS
f) TPC
g) Higher layer timer synchronization (QoS facility only)
h) QoS traffic scheduling (QoS facility only)

1)  Radio measurement
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5.4 Overview of the services
Change the first paragraph as follows:

There are many services specified by IEEE Std 802.11. Six of the services are used to support medium
access control (MAC) service data unit (MSDU) delivery between STAs. Three of the services are used to
control IEEE 802.11 LAN access and confidentiality. Two of the services are used to provide spectrum
management. One of the services provides support for LAN applications with QoS requirements. Another of
the services provides support for higher layer timer synchronization. One of the services is used for radio
measurement.

Insert the following subclause after 5.4.6:
5.4.7 Radio measurement service

The Radio Measurement Service provides the following:
— The ability to request and report radio measurements in supported channels.
— The ability to perform radio measurements in supported channels.

— An interface for upper layer applications to retrieve radio measurements using MLME primitives
and/or MIB access.

— Information about neighbor APs.

7. Frame formats

7.2 Format of individual frame types

7.2.3 Management frames

7.2.3.1 Beacon frame format

Change the first paragraph and Table 7-8 as follows:

management frame of subtype Beacon contains the information shown in Table 7-8.

tyEamalhlad o I a Q RPN o A—chaq ne da—q ACEEE o nfaormatiaon
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Table 7-8—Beacon frame body

Order

Information

Notes

11

Country

The Country element is shal-be present if when
dot11MultiDomainCapabilityEnabled is true or

dotl1SpectrumManagementRequired is true-_or
dot11RadioMeasurementEnabled is true.

14

Power Constraint

The Power Constraint element is shat-be present if
dotl1SpectrumManagementRequired is true- and can be present if
dot11RadioMeasurementEnabled is true.

16

Quiet

The Quiet element can sy be present if
dot11SpectrumManagementRequired is true- or
dot11RadioMeasurementEnabled is true.

18

TPC Report

The TPC Report element is shal-be present if
dotl1SpectrumManagementRequired is trues or
dot11RadioMeasurementEnabled is true.

AP Channel Report

If dotl] IRRMAPChannelReportEnabled is true, one AP Channel
Report element is present for each regulatory class that has at least

1 channel to report.

BSS Average Access Delay

The BSS Average Access Delay element is present if

dotl IRRMBSSAverageAccessDelayEnabled is true and the value
of the AP Average Access Delay field is not equal to 255
(measurement not available); otherwise, the BSS Average Access
Delay element can be present if

dotl IRRMBSSAverageAccessDelayEnabled is true.

Antenna Information

The Antenna Information element is present if

dotl IRRMAntennalnformationEnabled is true and the value of the
Antenna ID field is not equal to 0 (unknown antenna); otherwise,
the Antenna Information element can be present if

dotl IRRMAntennalnformationEnabled is true.

BSS Available Admission
Capacity

The BSS Available Admission Capacity element is present if

dotl IRRMBSSAvailableAdmissionCapacityEnabled is true with
the following exceptions: 1) when Available Admission Capacity
Bitmask equals 0 (Available Admission Capacity List contains no
entries), or 2) when the BSS Load element is present and the Avail-
able Capacity Bitmask equals 256 (Available Admission Capacity
List contains only the AC VO entry).

BSS AC Access Delay

The BSS AC Access Delay element is present if

dotl IRRMBSSAverageAccessDelayEnabled is true and at least
one field of the element is not equal to 255 (measurement not avail-
able); otherwise, the BSS AC Access Delay element can be present
if dotl IRRMBSSAverageAccessDelayEnabled is true.

Measurement Pilot
Transmission Information

The Measurement Pilot Transmission Information is present if
dotl IRRMMeasurementPilotCapability is set to a value between 2

and 7.

8
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Table 7-8—Beacon frame body (continued)

Order Information Notes
31 Multiple BSSID The Multiple BSSID element is present if

dotl IRRMMeasurementPilotCapability is set to a value between 2
and 7 and the AP is a member of a Multiple BSSID Set (see
11.10.1) with two or more members.

32 RRM Enabled Capabilities RRM Enabled Capabilities element is present if
dotl 1RadioMeasurementEnabled is true.

7.2.3.4 Association Request frame format

Change order 6 and insert order 10 in Table 7-10 as follows:

Table 7-10—Association Request frame body

Order Information Notes

6 Power Capability The Power Capability element is shat-be present if
dot11SpectrumManagementRequired is true- or
dotl 1RadioMeasurementEnabled is true.

10 RRM Enabled Capabilities | RRM Enabled Capabilities element is present if
dotl 1RadioMeasurementEnabled is true.

7.2.3.5 Association Response frame format

Insert orders 7-9 into Table 7-11 as follows:

Table 7-11—Association Response frame body

Order Information Notes

7 RCPI The RCPI information element is present if
dot] IRRMRCPIMeasurementEnabled is true.

8 RSNI The RSNI information element is present if
dotl IRRMRSNIMeasurementEnabled is true.

9 RRM Enabled Capabilities RRM Enabled Capabilities element is present if
dot11RadioMeasurementEnabled is true.
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7.2.3.6 Reassociation Request frame format

Change order 7 and insert order 11 into Table 7-12 as follows:

Table 7-12—Reassociation Request frame body

Order Information Notes

7 Power Capability The Power Capability element is shal-be present if
dotl1SpectrumManagementRequired is true- or
dotl 1RadioMeasurementEnabled is true.

11 RRM Enabled Capabilities RRM Enabled Capabilities element is present if
- dotl1RadioMeasurementEnabled is true.

7.2.3.7 Reassociation Response frame format

Insert orders 7-9 into Table 7-13 as follows:

Table 7-13—Reassociation Response frame body

Order Information Notes

7 RCPI The RCPI information element is present if
dot] IRRMRCPIMeasurementEnabled is true.

8 RSNI The RSNI information element is present if
dot] IRRMRSNIMeasurementEnabled is true.

9 RRM Enabled Capabilities RRM Enabled Capabilities element is present if
dotl 1RadioMeasurementEnabled is true.

7.2.3.8 Probe Request frame format

Insert order 5 in Table 7-14 as follows:

Table 7-14—Probe Request frame body

Order Information Notes

5 DS Parameter Set The DS Parameter Set information element is present within Probe
Request frames generated by STAs using Clause 15, Clause 18, or
Clause 19 PHYs if dotl 1RadioMeasurementEnabled is true.

The DS Parameter Set information element can be present within
Probe Request frames generated by STAs using Clause 15, Clause
18, or Clause 19 PHYs if dotl 1RadioMeasurementEnabled is false.
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7.2.3.9 Probe Response frame format
Change the first paragraph and delete the second paragraph as follows:

The frame body of a management frame of subtype Probe Response contains the information shown in
Table 7-15. Hthe-dotHMultiDomeainCapabiityEna attribtteis i

Change orders 10, 13, 15, 17, and Last-n, and insert orders 23-30 in Table 7-15 as follows:

Table 7-15—Probe Response frame body

Order Information Notes

10 Country Included if dot11MultiDomainCapabilityEnabled is true or
dotl1SpectrumManagementRequired is true- or
dot11RadioMeasurementEnabled is true.

13 Power Constraint ShattbetIncluded if dotl1SpectrumManagementRequired is trues
and can be included if dotl 1RadioMeasurementEnabled is true.

15 Quiet MasyCan be included if dotl 1 SpectrumManagementRequired is
true- or if dotl 1RadioMeasurementEnabled is true.

17 TPC Report Shal-betIncluded if dotl 1SpectrumManagementRequired is true-
or dotl 1RadioMeasurementEnabled is true.

23 Measurement Pilot Included if dot]l IRRMMeasurementPilotCapability is set to a value

Transmission Information between 2 and 7.
24 Multiple BSSID Included if dot] IRRMMeasurementPilotCapability is set to a value

between 2 and 7 and the AP is a member of a Multiple BSSID Set
(see 11.10.11) with two or more members.

25 RRM Enabled Capabilities RRM Enabled Capabilities element is present if
dotl 1RadioMeasurementEnabled is true.

26 AP Channel Report If dotl IRRMAPChannelReportEnabled is true, one AP Channel
Report element can be present for each regulatory class that has at
least 1 channel to report.

27 BSS Average Access Delay The BSS Average Access Delay element can be present if

dotl IRRMBSSAverageAccessDelayEnabled is true and the value
of the AP Average Access Delay field is not equal to 255 (measure-
ment not available).
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Table 7-15—Probe Response frame body (continued)

Order Information Notes

28 Antenna Information The Antenna Information element can be present if
dotl IRRMAntennalnformationEnabled is true and the value of the
Antenna ID field is not equal to 0 (unknown antenna).

29 BSS Available Admission The BSS Available Admission Capacity element can be present if
Capacity dotl IRRMBSSAvailableAdmissionCapacityEnabled is true with

the following exceptions: 1) when Available Admission Capacity
Bitmask equals 0 (Available Admission Capacity List contains no
entries), or 2) when the BSS Load element is present and the Avail-
able Capacity Bitmask equals 256 (Available Admission Capacity
List contains only the AC VO entry).

30 BSS AC Access Delay The BSS AC Access Delay element can be present if
dotl IRRMBSSAverageAccessDelayEnabled is true and at least
one field of the element is not equal to 255 (measurement not

available).
Last-n Requested information Elements requested by the Request information element of the
elements Probe Request frame- are included if

dotl 1MultiDomainCapabilityEnabled is true. See 11.1.3.2.1.

7.3 Management frame body components
7.3.1 Fields that are not information elements
7.3.1.4 Capability Information field

Change the contents of Figure 7-22 as follows:

BO B1 B2 B3 B4 B5 B6 B7
ESS IBSS CF Pollable CF-Poll Privacy Short PBCC Channel
Request Preamble Agility
B8 B9 B10 B11 B12 B13 B14 B15
Spectrum QoS Short Slot APSD Reserved DSSS- Delayed Immediate
Mgmt Time Radio OFDM Block Ack Block Ack
Measurement

Figure 7-22—Capability Information field
Insert the following text at the end of 7.3.1.4:

A STA sets the Radio Measurement subfield in the Capability Information field to 1 when the MIB attribute
dotl 1RadioMeasurementEnabled is true, and sets it to 0 otherwise.
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7.3.1.11 Action field

Insert the following rows into Table 7-24 and change the reserved value as shown:

Table 7-24—Category values

Code Meaning See subclause
4 Public 747
5 Radio measurement 7.4.6
46-126 Reserved —

Insert the following subclauses after 7.3.1.17:
7.3.1.18 Measurement Pilot Interval field
The Measurement Pilot Interval field represents the number of time units (TUs) between target measurement

pilot transmission times (TMPTTs). The length of the Measurement Pilot Interval field is 1 octet. The
Measurement Pilot Interval field is illustrated in Figure 7-36a.

Measurement Pilot Interval

Octets: 1

Figure 7-36a—Measurement Pilot Interval fixed field

7.3.1.19 Max Transmit Power field

The Max Transmit Power field is a 2°s complement signed integer and is 1 octet in length, providing an
upper limit, in units of dBm, on the transmit power as measured at the output of the antenna connector to be
used by that AP on the current channel. The maximum tolerance for the value reported in Max Transmit
Power field shall be 5 dB. The value of the Max Transmit Power field shall be less than or equal to the Max
Regulatory Power value for the current channel. The Max Transmit Power field is illustrated in
Figure 7-36b.

BO B7

Max Transmit Power

Octets: 1

Figure 7-36b—Max Transmit Power field
7.3.1.20 Transmit Power Used field

The Transmit Power Used field is a 2’s complement signed integer and is 1 octet in length. It shall be less
than or equal to the Max Transmit Power and indicates the actual power used as measured at the output of
the antenna connector, in units of dBm, by a STA when transmitting the frame containing the Transmit
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Power Used field. The Transmit Power Used value is determined anytime prior to sending the frame in
which it is contained and has a tolerance of +5 dB. The Transmit Power Used field is illustrated in
Figure 7-36c.

BO B7

Transmit Power Used

Octets: 1

Figure 7-36c—Transmit Power Used field
7.3.2 Information elements

Insert a column to the right of the Length column in Table 7-26 as shown. Insert Element IDs and
change the Measurement Request, Measurement Report, and Reserved rows as follows:

Table 7-26—Element IDs

Information Element Element ID Length Extensible
(in octets)
Measurement Request (see 7.3.2.21) 38 5to +6257 Subelements, for formats
using 7.3.21.4t0 7.3.21.11.
Measurement Report (see 7.3.2.22) 39 5 to 24257 Subelements, for formats
using 7.3.22.4t0 7.3.22.10.
AP Channel Report (see 7.3.2.36) 51 3to0 257
Neighbor Report (see 7.3.2.37) 52 15 to 257 Subelements
RCPI (see 7.3.2.38) 53 3 Yes
Reserved 54-62
BSS Average Access Delay 63 3 Yes
(see 7.3.2.39)
Antenna Information (see 7.3.2.40) 64 3 Yes
RSNI (see 7.3.2.41) 65 3 Yes
Measurement Pilot Transmission 66 3 to 257 Subelements
Information (see 7.3.2.42)
BSS Available Admission Capacity 67 410 28 Yes
(see 7.3.2.43)
BSS AC Access Delay 68 6 Yes
(see 7.3.2.44)
Reserved 09
RRM Enabled Capabilities 70 7 Yes
(see 7.3.2.45)
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Table 7-26—Element IDs (continued)

Information Element Element ID Length Extensible
(in octets)

Multiple BSSID (see 7.3.2.46) 71 3t0257 Subelements

Reserved 5472-126

Insert the following paragraph at the end of 7.3.2:

A Yes in the Extensible column of an element listed in Table 7-26 indicates that the Length of the element
might be extended in future revisions or amendments of this standard. See 9.14.1. When the Extensible
column of an element is set to Subelements, then the element might be extended in future revision or
amendments of this standard by defining additional subelements. See 9.14.2.

7.3.2.12 Request information element

Delete the last paragraph, and add the following paragraph:

See 11.1.3.2.1 for additional requirements.

7.3.2.18 TPC Report element
Change 7.3.2.18 as follows:

The TPC Report element contains transmit power and link margin information sent in response to a TPC
Request element or a Link Measurement Request frame. A TPC Report element is included in a Beacon
frame or Probe Response frame without a corresponding request. The format of the TPC Report element is
shown in Figure 7-55.

Element ID Length Transmit Power Link Margin

Octets: 1 1 1 1

Figure 7-55—TPC Report element format
The Length field in octets is set to 2.

The Transmit Power field is shal-be set to the transmit power used to transmit the frame containing the TPC
Report element. The field is coded as a 2°s complement signed integer in units of decibels relative to 1 mW.
The maximum tolerance for the transmit power value reported in the TPC Response element shall be +5 dB.
This tolerance is defined as the difference, in decibels, between the reported power value and the actual
EIRP of the STA (measured when transmitting 1500 octet frames or maximum MPDU sized-frames,
whichever is smaller).
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The Link Margin field contains the link margin forat the receive time and for the receive rate of at+whieh the
frame containing the TPC Request element or the Link Measurement Request framesas—teeetved. The field
is coded as a 2’s complement signed integer in units of decibels. The Link Margin field shall-be is set to 0
and shall be ignored when a TPC Report element is included in a Beacon frame or Probe Response frame.
The measurement method of Link Margin is beyond the scope of this standard.

The TPC Report element is included in TPC Report frames, as described in 7.4.1.4; Link Measurement
Report frames as described in 7.4.6.4; Beacon frames, as described in 7.2.3.1; and Probe Response frames,
as described in 7.2.3.9. The use of TPC Report elements and frames is described in 11.8.4.

7.3.2.21 Measurement Request element
Change 7.3.2.21 as follows:

The Measurement Request element contains a request that the receiving STA undertake the specified
measurement action. The Measurement Request element is included in Spectrum Management
Measurement Request frames as described in 7.4.1.1 or Radio Measurement Request frames as described in
7.4.6.1. Measurement Types 0, 1. and 2 are defined for spectrum management and shall only be included in
Spectrum Management Measurement Request frames. The use of Measurement Request elements for
spectrum management is described in 11.9.6. Measurement Types 3 through 9 and 255 are defined for radio
measurement and shall only be included in Radio Measurement Request frames. The use of Measurement
Request elements for radio measurement is described in 11.10.

The format of the Measurement Request element is shown in Figure 7-58.

Element ID Length Measurement | Measurement | Measurement | Measurement
Token Request Type Request
Mode (see
Figure 7-59)
Octets: 1 1 1 1 1 variable

Figure 7-58—Measurement Request element format

Reserved Enable Request Report Duration Reserved
Mandatory (0)
Parallel
Bit: 0 1 2 3 4 457

Figure 7-59—Measurement Request Mode field

The value of the Length field in octets is variable and depends on the length of the Measurement Request
field. The minimum value of the Length field is 3 (based on a minimum length for the Measurement Request
field of 0 octets).

The Measurement Token is shal-be set to a nonzero number that is unique among the Measurement Request
elements sent in a particular Measurement Request frame.

The Measurement Request Mode field (shown in Figure 7-59) is a bit field with the following bits defined:
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— The Parallel bit (bit 0) is used to request that more than one measurement is to be started in parallel.
Parallel is set to 1 to request that the measurement is to start at the same time as the measurement
described by the next Measurement Request element in the same Measurement Request frame. Par-
allel is set to O if the measurements are to be performed in sequence. The Parallel bit is reserved
when Enable is set to 1, in the last or only measurement request element in the frame, or when the
value of the Measurement Type field is 0, 1. or 2 (Spectrum Management measurements). See
11.10.5.

— The Enable bit (bit 1) is used to differentiate between a request to make a measurement and a request
to control the measurement requests and triggered or autonomous reports generated by the destina-
tion STA. The Enable bit is further described in Table 7-28.+ndieates-whether-this-elementistused-to

agracttha-dag a A A = o = card a naoc a A arecta

— The Duration Mandatory bit (bit 4) indicates whether the measurement duration contained within the
Measurement Request is interpreted as mandatory by the STA receiving the request. A value of 0
indicates that the duration requested is a maximum duration, and the requesting STA will accept
measurement results taken over any shorter duration. A value of 1 indicates that the duration
requested is a mandatory duration. The Duration Mandatory bit is reserved when the Enable bit is
set to 1, or when the value of the Measurement Type field is 0, 1, 2, 8, or 255. See 11.10.3.

— All other bits are reserved and shal-be set to 0.

The use of the Enable, Request, and Report bits is atse summarized in Table 7-28. See 11.9.6 and 11.10.5 for
the description of how a STA shal handles requests to enable or disable measurement requests and
autonomous reports. See 11.10.7 for a description of the use of the Enable and Report bits in triggered

reporting.
Table 7-28—Summary of use of Enable, Request, and Report bits
Bits
Meaning-ef-bitsMeasurement request meaning
Enable Request Report

0 OReserved | OReserved | The transmitting STA is requesting that the destination STA make a
Measurement of type indicated in the Measurement Type field.
When Enable is set to 0, Request and Report bits are reserved and set to
0 rvatid-and-shal-besetto-6-

8 o + NetaHewed

) + [} NetaHewed
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Table 7-28—Summary of use of Enable, Request, and Report bits (continued)

Bits
Meaning-ef-bitsMeasurement request meaning

Enable Request Report

) + + NetaHewed

1 0 0 The transmitting STA is requesting that the destination STA not send
anyit-be-sentnetther measurement requests or rer-autonemeousmeasare-
ment reports of the types indicated in the Measurement Type field.

1 1 0 The transmitting STA is indicating to the destination STA that it s+
can accept measurement requests and is requesting the destination STA
not to send #-#retbe-seat autonomous or triggered measurement reports
of the types indicated in the Measurement Type field (see NOTE).

1 0 1 The transmitting STA is requesting that the destination STA #not
sendbe-sent measurement requests and indicating it will accept
autonomous or triggered measurement reports of the types indicated
in the Measurement Type field.

1 1 1 The transmitting STA is indicating to the destination STA that it w+H
can accept measurement requests and canwH accept autonomous or_
triggered measurement reports of the type indicated in the Measurement
Type field.

NOTE—This setting corresponds to the default STA behavior.

The Measurement Type field isshal-be set to a number that identifies a type of measurement request or &
measurement report. Those Measurement Types that have been allocated for measurement requests are
shown in Table 7-29 and measurement reports are shown in Table 7-30 (in 7.3.2.22).

Table 7-29—Measurement Type definitions for measurement requests

Name Measurement Measurement Use
Type
Basic Request 0 Spectrum
Management
Clear Channel assessment (CCA) request 1
Receive power indication (RPI) histogram request 2
Documents
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Table 7-29—Measurement Type definitions for measurement requests (continued)

Name Measurement Measurement Use
Type

Channel load request 3 Radio Resource
Measurement

Noise histogram request 4

Beacon request 5

Frame request 6

STA statistics request 7

LCI request 8

Transmit stream/category measurement request 9

Reserved 310-254 N/A

Measurement Pause request 255 Radio Resource
Measurement

When the Enable bit is set to 0, the Measurement Request field contains the specification of a single

measurement request corresponding to the Measurement Type as described in 7.3.2.21.1 through
7.3.2.21.11. When the Enable bit is set to 1, the Measurement Request field is only present when requesting
a triggered measurement.

Insert the following subclauses after 7.3.2.21.3:

7.3.2.21.4 Channel Load Request

The Measurement Request field corresponding to a Channel Load Request is shown in Figure 7-62a.

Regulatory Channel Randomization Measurement Optional
Class Number Interval Duration Subelements
Octets: 1 1 2 2 variable

Figure 7-62a—Measurement Request field format for Channel Load Request

Regulatory Class indicates the channel set for which the measurement request applies. Country, Regulatory
Class, and Channel Number together specify the channel frequency and spacing for which the measurement
request applies. Valid values of Regulatory Class are shown in Annex J.
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Channel Number indicates the channel number for which the measurement request applies. Channel
Number is defined within a Regulatory Class as shown in Annex J.

Randomization Interval specifies the upper bound of the random delay to be used prior to making the
measurement, expressed in units of TUs. See 11.10.2.

The Measurement Duration field is set to the preferred or mandatory duration of the requested measurement,
expressed in units of TUs. See 11.10.3.

The Optional Subelements field format contains zero or more Subelements, each consisting of a 1-octet
Subelement ID field, a 1-octet Length field, and a variable length Data field, as shown in Figure 7-95p. Any
optional subelements are ordered by non-decreasing Subelement ID.

The Subelement ID field values for the defined optional subelements are shown in Table 7-29a. A Yes in the
Extensible column of a subelement listed in Table 7-29a indicates that the Length of the subelement might
be extended in future revisions or amendments of this standard. When the Extensible column of an element
is set to Subelements, then the subelement might be extended in future revisions or amendments of this
standard by defining additional subelements within the subelement. See 9.14.2.

Table 7-29a—Optional Subelement IDs for Channel Load Request

Subelement ID Name Length field Extensible

(octets)

0 Reserved
1 Channel Load 2 Yes
Reporting Information

2-220 Reserved

221 Vendor Specific 1 to 244
222-255 Reserved

The Channel Load Reporting Information subelement indicates the condition for issuing a Channel Load
Report. Channel Load Reporting Information subelement data field format is shown in Figure 7-62b and
contains a 1-octet Reporting Condition subfield and a 1-octet Channel Load Reference Value subfield. The
Reporting Condition is described in Table 7-29b. The Channel Load Reference value is a Channel Load
value as defined in 11.10.8.3 and is the reference value for the indicated Reporting Condition.

Reporting Channel Load
Condition Reference Value
Octets: 1 1

Figure 7-62b—Channel Load Reporting Information data field format
Documents
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Table 7-29b—Reporting Condition for Channel Load Report

Condition for report to be issued Reporting Condition

Report to be issued after each measurement (default, 0
used when Channel Load Reporting Information
subelement is not included in Channel Load Request).

Report to be issued when measured Channel Load is 1
equal to or greater than the reference value.

Report to be issued when measured Channel Load is 2
equal to or less than the reference value.

Reserved 3-255

The Vendor Specific subelements have the same format as their corresponding elements (see 7.3.2.26).
Multiple Vendor Specific subelements can be included in the list of Optional Subelements.

7.3.2.21.5 Noise Histogram Request

The Measurement Request field corresponding to a Noise Histogram Request is shown in Figure 7-62c.

Regulatory Channel Randomization Measurement Optional
Class Number Interval Duration Subelements
Octets: 1 1 2 2 variable

Figure 7-62c—Measurement Request field format for Noise Histogram Request

Regulatory Class indicates the channel set for which the measurement request applies. Country, Regulatory
Class, and Channel Number together specify the channel frequency and spacing for which the measurement
request applies. Valid values of Regulatory Class are shown in Annex J.

Channel Number indicates the channel number for which the measurement request applies. Channel
Number is defined within a Regulatory Class as shown in Annex J.

Randomization Interval specifies the upper bound of the random delay to be used prior to making the
measurement, expressed in units of TUs. See 11.10.2.

The Measurement Duration field is set to the preferred or mandatory duration of the requested measurement,
expressed in units of TUs. See 11.10.3.

The Optional Subelements field format contains zero or more Subelements, each consisting of a 1-octet
Subelement ID field, a 1-octet Length field, and a variable length Data field, as shown in Figure 7-95p. Any
optional subelements are ordered by non-decreasing Subelement ID.

The Subelement ID field values for the defined optional subelements are shown in Table 7-29c. A Yes in the
Extensible column of a subelement listed in Table 7-29¢ indicates that the Length of the subelement might
be extended in future revisions or amendments of this standard. When the Extensible column of an element
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is set to Subelements, then the subelement might be extended in future revisions or amendments of this

standard by defining additional subelements within the subelement. See 9.14.2.

Table 7-29c—Optional Subelement IDs for Noise Histogram Request

Subelement ID Name Length field Extensible

(octets)

0 Reserved
1 Noise Histogram 2 Yes
Reporting Information

2-220 Reserved

221 Vendor Specific 1 to 244
222-255 Reserved

The Noise Histogram Reporting Information subelement indicates the condition for issuing a Noise
Histogram Report. The Noise Histogram Reporting Information subelement data field format is shown in
Figure 7-62d and contains a 1-octet Reporting Condition subfield and a 1-octet ANPI Reference Value
subfield. The Reporting Condition is described in Table 7-29d. The ANPI Reference Value is an ANPI
value as defined in 11.10.8.4 and is the reference value for the indicated Reporting Condition.

Reporting ANPI
Condition Reference Value
Octets: 1 1

Figure 7-62d—Noise Histogram Reporting Information data field format

The Vendor Specific subelements have the same format as their corresponding elements (see 7.3.2.26).
Multiple Vendor Specific subelements can be included in the list of Optional Subelements.

Table 7-29d—Reporting Condition for Noise Histogram Report

o, . Reporting

Condition for report to be issued Condition
Report to be issued after each measurement (default, used when Noise Histogram Reporting 0
Information subelement is not included in Noise Histogram Request).
Noise Histogram Report to be issued when measured ANPI is equal to or greater than the 1
reference value.
Noise Histogram Report to be issued when measured ANPI is equal to or less than the 2
reference value.
Reserved 3-255
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7.3.2.21.6 Beacon Request

The Measurement Request field corresponding to a Beacon Request is shown in Figure 7-62e.

Regulatory Channel Randomization Measurement
Class Number Interval Duration
Octets: 1 1 2 2
Measurement BSSID Optional
Mode Subelements
Octets: 1 6 variable

Figure 7-62e—Measurement Request field format for Beacon Request

Regulatory Class indicates the channel set for which the measurement request applies. Country, Regulatory
Class, and Channel Number together specify the channel frequency and spacing for which the measurement
request applies. Valid values of Regulatory Class are shown in Annex J.

Channel Number indicates the channel number for which the measurement request applies. Channel
Number is defined within a Regulatory Class as shown in Annex J. A Channel Number of 0 indicates a
request to make iterative measurements for all supported channels in the Regulatory Class where the
measurement is permitted on the channel and the channel is valid for the current regulatory domain. A
Channel Number of 255 indicates a request to make iterative measurements for all supported channels in the
current Regulatory Class listed in the latest AP Channel Report received from the serving AP. The
procedures for iterative measurements on multiple channels are described in 11.10.8.1.

Randomization Interval specifies the upper bound of the random delay to be used prior to making the
measurement, expressed in units of TUs. See 11.10.2.

The Measurement Duration field is set to the preferred or mandatory duration of the requested measurement,
expressed in units of TUs. See 11.10.3.

Measurement Mode indicates the mode to be used for the measurement. The valid measurement modes are
listed in Table 7-29¢. The procedures for each mode are described in 11.10.8.1.

Table 7-29e—Measurement Mode definitions for Beacon Request element

Mode Value
Passive 0
Active 1
Beacon Table 2
Reserved 3-255
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The BSSID field indicates the BSSID of the BSS(s) for which a beacon report is requested. When requesting
beacon reports for all BSSs on the channel, the BSSID field contains the wildcard BSSID; otherwise the
BSSID field contains a specific BSSID for a single BSS.

The Optional Subelements field format contains zero or more Subelements, each consisting of a 1-octet
Subelement ID field, a 1-octet Length field, and a variable length Data field, as shown in Figure 7-95p. Any
optional subelements are ordered by non-decreasing Subelement ID.

The Subelement ID field values for the defined optional subelements are shown in Table 7-29f. A Yes in the
Extensible column of a subelement listed in Table 7-29f indicates that the Length of the subelement might
be extended in future revisions or amendments of this standard. When the Extensible column of an element
is set to Subelements, then the subelement might be extended in future revisions or amendments of this
standard by defining additional subelements within the subelement. See 9.14.2.

Table 7-29f—Optional Subelement IDs for Beacon Request

Subelement ID Name Le(r:)gcttl; tis'i)e 1d Extensible
0 SSID 0to 32
1 Beacon Reporting 2 Yes
Information
2 Reporting Detail 1 Yes
3-9 Reserved
10 Request 0 to 237
11-50 Reserved
51 AP Channel Report 1 to 237
52-220 Reserved
221 Vendor Specific 1 to 237
222-255 Reserved

The SSID subelement indicates the ESS(s) or IBSS(s) for which a beacon report is requested. When SSID is
not included in a Beacon Request, the default “wildcard SSID” is used; otherwise the SSID is included in the
Beacon Request and contains a specific SSID for a single ESS or IBSS. The wildcard SSID is used to
represent all possible SSIDs. The SSID element is described in 7.3.2.1.

The Beacon Reporting Information subelement indicates the condition for issuing a Beacon Report. The
Beacon Reporting Information subelement may be included in a Beacon Request only for repeated
measurements. The Beacon Reporting Information subelement data field format is shown in Figure 7-62f
and contains a l-octet Reporting Condition subfield and a 1-octet Threshold/Offset Reference Value
subfield. The Reporting Condition is described in Table 7-29g. The Threshold/Offset Reference Value
provides either the threshold value or the offset value to be used for conditional reporting. For Reporting
Conditions 1 to 4, the threshold value is an unsigned 8-bit integer in units of 0.5 dBm. For Reporting
Conditions 5 to 10, the offset value is an 8-bit two’s complement integer in units of 0.5 dBm. The indicated
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Reporting Condition applies individually to each measured Beacon, Measurement Pilot, or Probe Response.
Reporting Conditions are further described in 11.10.8.1.

Reporting Threshold/Offset
Condition Reference Value
Octets: 1 1

Figure 7-62f—Beacon Reporting Information data field format

Table 7-29g—Reporting Condition for Beacon Report

Condition for report to be issued in Repeated Measurement Reporting Condition

Report to be issued after each measurement (default, used when Beacon Reporting 0
Information subelement is not included in Beacon Request).

The measured RCPI level is greater than the threshold indicated in the Threshold/ 1
Offset Reference Value.

The measured RCPI level is less the threshold indicated in the Threshold/Offset 2
Reference Value.

The measured RSNI level is greater than the threshold indicated in the Threshold/ 3
Offset Reference Value.
The measured RSNI level is less than the threshold indicated in the Threshold/Offset 4

Reference Value.

The measured RCPI level is greater than a threshold defined by an offset from the 5
serving AP’s reference RCPI, where the offset is indicated in the Threshold/Offset
Reference Value.

The measured RCPI level is less than a threshold defined by an offset from the 6
serving AP’s reference RCPI, where the offset is indicated in the Threshold/Offset
Reference Value.

The measured RSNI level is greater than a threshold defined by an offset from the 7
serving AP’s reference RSNI, where the offset is indicated in the Threshold/Offset
Reference Value.

The measured RSNI level is less than a threshold defined by an offset from the 8
serving AP’s reference RSNI, where the offset is indicated in the Threshold/Offset
Reference Value.

The measured RCPI level is in a range bound by the serving AP’s reference RCPI 9
and an offset from the serving AP’s reference RCPI, where the offset is indicated in
the Threshold/Offset Reference Value.

The measured RSNI level is in a range bound by the serving AP’s reference RSNI 10
and an offset from the serving AP’s reference RSNI, where the offset is indicated in
the Threshold/Offset Reference Value.

Reserved 11-255
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The Reporting Detail subelement contains a 1-octet Reporting Detail data field that defines the level of
detail per AP to be reported to the requesting STA. The Reporting Detail values are defined in Table 7-29h.
The indicated Reporting Detail applies individually to each measured Beacon, Measurement Pilot, or Probe
Response. If the Reporting Detail equals 1, a Request information element can be included in the optional
subelements field. If included, the Request information element lists the Element IDs of the elements
requested to be reported in the Reported Frame Body of the Beacon Report.

Table 7-29h—Reporting Detail values

Level of detail requested Reporting Detail
No fixed length fields or elements 0
All fixed length fields and any requested elements in the Request information 1
element if present
All fixed length fields and elements (default, used when Reporting Detail 2
subelement is not included in Beacon Request)
Reserved 3-255

The Request, AP Channel Report, and Vendor Specific subelements have the same format as their
corresponding elements (see 7.3.2.12, 7.3.2.36, and 7.3.2.26, respectively). Multiple AP Channel Report and
Vendor Specific subelements can be included in the list of Optional Subelements.

If one or more AP Channel Report elements are included, they indicate that iterative measurements are
requested first on the channel(s) indicated by the Regulatory Class and Channel Number fields included in
the Beacon Request, and second on the channel(s) indicated by the Regulatory Class and Channel List fields
of each AP Channel Report element included in the Beacon Request. The procedures for iterative
measurements on multiple channels are described in 11.10.8.1.

7.3.2.21.7 Frame Request

The Measurement Request field corresponding to a Frame Request is shown Figure 7-62g.

Regulatory Channel Randomiza- Measure- Frame MAC Optional
Class Number tion Interval ment Request Address sub-
Duration Type elements
Octets: 1 1 2 2 1 6 variable

Figure 7-62g—Measurement Request field format for Frame Request

Regulatory Class indicates the channel set for which the measurement request applies. Country, Regulatory
Class, and Channel Number together specify the channel frequency and spacing for which the measurement
request applies. Valid values of Regulatory Class are shown in Annex J.

Channel Number indicates the channel number for which the measurement request applies. Channel
Number is defined within a Regulatory Class as shown in Annex J.
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Randomization Interval specifies the upper bound of the random delay to be used prior to making the
measurement, expressed in units of TUs. See 11.10.2.

The Measurement Duration field is set to the preferred or mandatory duration of the requested measurement,
expressed in units of TUs. See 11.10.3.

The Frame Request Type indicates which subelements are requested in the Frame Report. The value of 1
signifies that a Frame Count Report is requested. The values 0 and 2 to 255 are reserved.

If the MAC Address field is the wildcard address, then all frames are counted towards the Frame Report
generated in response to this Frame Request. For other MAC addresses, only frames matching this MAC
address as the Transmitter Address are counted towards the Frame Report generated in response to this
Frame Request.

The Optional Subelements field format contains zero or more Subelements, each consisting of a 1-octet
Subelement ID field, a 1-octet Length field, and a variable length Data field, as shown in Figure 7-95p. Any
optional subelements are ordered by non-decreasing Subelement ID.

The Subelement ID field values for the defined optional subelements are shown in Table 7-29i. A Yes in the
Extensible column of a subelement listed in Table 7-29i indicates that the Length of the subelement might
be extended in future revisions or amendments of this standard. When the Extensible column of an element
is set to Subelements, then the subelement might be extended in future revisions or amendments of this
standard by defining additional subelements within the subelement. See 9.14.2.

The Vendor Specific subelements have the same format as their corresponding elements (see 7.3.2.26).
Multiple Vendor Specific subelements can be included in the list of Optional Subelements.

Table 7-29i—Optional Subelement IDs for Frame Request

Subelement ID Name Length field Extensible
(octets)
0-220 Reserved
221 Vendor Specific 1 to 237
222-255 Reserved

7.3.2.21.8 STA Statistics Request

The Measurement Request field corresponding to a STA Statistics Request is shown in Figure 7-62h.

Peer MAC Randomization Measurement Group Identity Optional
Address Interval Duration Subelements
Octets: 6 2 2 1 variable

Figure 7-62h—Measurement Request field format for STA Statistics Request
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The Peer MAC Address field is the RA or TA MAC address for the frame statistics of this measurement.

Randomization Interval specifies the upper bound of the random delay to be used prior to making the
measurement, expressed in units of TUs. See 11.10.2.

The Measurement Duration field is set to the duration of the requested measurement in TUs.

Group Identity indicates the requested statistics group according to Table 7-29;.

Table 7-29j—Group Identity for a STA Statistics Request

Statistics Group Name Group Identity
STA Counters from dot11CountersTable 0
STA Counters from dotl 1MacStatistics group 1
QoS STA Counters for UP0O from dotl 1QosCountersTable 2
QoS STA Counters for UP1 from dot11QosCountersTable 3
QoS STA Counters for UP2 from dotl 1QosCountersTable 4
QoS STA Counters for UP3 from dotl 1QosCountersTable 5
QoS STA Counters for UP4 from dot11QosCountersTable 6
QoS STA Counters for UP5 from dotl 1QosCountersTable 7
QoS STA Counters for UP6 from dotl 1QosCountersTable 8
QoS STA Counters for UP7 from dotl 1QosCountersTable 9
BSS Average Access Delays as described in 7.3.2.39 and 10
7.3.2.44
Reserved 11-255

The Optional Subelements field format contains zero or more Subelements, each consisting of a 1-octet
Subelement ID field, a 1-octet Length field, and a variable length Data field, as shown in Figure 7-95p. Any
optional subelements are ordered by non-decreasing Subelement ID.

The Subelement ID field values for the defined optional subelements are shown in Table 7-29k. A Yes in the
Extensible column of a subelement listed in Table 7-29k indicates that the Length of the subelement might
be extended in future revisions or amendments of this standard. When the Extensible column of an element
is set to Subelements, then the subelement might be extended in future revisions or amendments of this
standard by defining additional subelements within the subelement. See 9.14.2.

The Vendor Specific subelements have the same format as their corresponding elements (see 7.3.2.26).
Multiple Vendor Specific subelements can be included in the list of Optional Subelements.
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