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Abstract: This amendment enhances the UWB PHYs with additional coding options and
improvements to increase the integrity and accuracy of ranging measurements. It also enhances
the MAC to support control of time-of-flight ranging procedures and exchange ranging related
information between the participating ranging devices.
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Important Notices and Disclaimers Concerning IEEE Standards
Documents

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

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

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are develoy >d
within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards Associatior (“TEEE "A”)
Standards Board. IEEE (“the Institute”) develops its standards through a consensus development proces: app: >ved by
the American National Standards Institute (“ANSI”), which brings together volunteers representing varied riewpoints
and interests to achieve the final product. IEEE Standards are documents developed through scienti ic, academic, and
industry-based technical working groups. Volunteers in IEEE working groups are not necess.lv. members of the
Institute and participate without compensation from IEEE. While IEEE administers the process . nd est: blishes rules to
promote fairness in the consensus development process, IEEE does not independently ev-luat:, tes., or verify the
accuracy of any of the information or the soundness of any judgments contained in it. stuna. «ds.

IEEE Standards do not guarantee or ensure safety, security, health, or envirornmental protection, or ensure against
interference with or from other devices or networks. Implementers and v-er: of IEEE Standards documents are
responsible for determining and complying with all appropriate safety, seci=ty, « "vironmental, health, and interference
protection practices and all applicable laws and regulations.

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

Use of an IEEE standard is wholly voluntary.’ the exisience of an IEEE standard does not imply that there are no other
ways to produce, test, measure, purchase, mar. >t, ¢ provide other goods and services related to the scope of the IEEE
standard. Furthermore, the viewpoint ¢ ‘pre.zed at the time a standard is approved and issued is subject to change
brought about through developments:n th : state of the art and comments received from users of the standard.

In publishing and making its star 1-.rds available, IEEE is not suggesting or rendering professional or other services for,
or on behalf of, any person ¢ entity uor is IEEE undertaking to perform any duty owed by any other person or entity to
another. Any person util’.i»q a7 IEEE Standards document, should rely upon his or her own independent judgment in
the exercise of reasoi. ble are in any given circumstances or, as appropriate, seek the advice of a competent
professional in determinin, the appropriateness of a given IEEE standard.

IN NO EVEI'T SiIALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLAKY, G CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: PROCUREMENT OF
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
L7ABIL:."Y, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE
PUL™.ICATION, USE OF, OR RELIANCE UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY
C"SUCH DAMAGE AND REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Translations

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

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board Operations Manual
shall not be considered or inferred to be the official position of IEEE or any of its committees and shall not be considered
to be, or be relied upon as, a formal position of IEEE. At lectures, symposia, seminars, or educational courses, an
individual presenting information on IEEE standards shall make it clear that his or her views should be considered the
personal views of that individual rather than the formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of member.ip
affiliation with IEEE. However, IEEE does not provide consulting information or advice pertaining to IEEE Stai.dara.
documents. Suggestions for changes in documents should be in the form of a proposed change of text, togetk=r w'th
appropriate supporting comments. Since IEEE standards represent a consensus of concerned interests, it is-imyortan that
any responses to comments and questions also receive the concurrence of a balance of interests. For this easc> "EEE
and the members of its societies and Standards Coordinating Committees are not able to provide an instant . >sponse to
comments or questions except in those cases where the matter has previously been addressed. For the . ame reason, IEEE
does not respond to interpretation requests. Any person who would like to participate in revisionswc-2n 'EEE standard is
welcome to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

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

Laws and regulations

Users of IEEE Standards documents should consult all applicabi - lav s and regulations. Compliance with the provisions
of any IEEE Standards document does not imply compliance to any applicable regulatory requirements. Implementers of
the standard are responsible for observing or referring t. the »oplicable regulatory requirements. IEEE does not, by the
publication of its standards, intend to urge action thcr i< . ot in compliance with applicable laws, and these documents
may not be construed as doing so.

Copyrights

IEEE draft and approved standarc’s a» - copyrighted by IEEE under U.S. and international copyright laws. They are made
available by IEEE and are alop ‘d fir a wide variety of both public and private uses. These include both use, by
reference, in laws and regula. ons, and use in private self-regulation, standardization, and the promotion of engineering
practices and methods. ‘8y mak.ag these documents available for use and adoption by public authorities and private
users, IEEE does not wa ve a'.y rights in copyright to the documents.

Photocooics

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

Users of IEEE Standards documents should be aware that these documents may be superseded at any time by the
issuance of new editions or may be amended from time to time through the issuance of amendments, corrigenda, or
errata. A current IEEE document at any point in time consists of the current edition of the document together with any
amendments, corrigenda, or errata then in effect.

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

In order to determine whether a given document is the current edition and whether it has been amended throvsh w2
issuance of amendments, corrigenda, or errata, visit the [EEE SA Website at https://iceexplore.iece.org or contact 1."EE
at the address listed previously. For more information about the IEEE SA or IEEE’s standards development p.~ces.
visit the IEEE SA Website at https://standards.iece.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website at the fo. swing URL: https:/
standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for.erra. neriodically.

Patents

Attention is called to the possibility that implementation of this standard riay req.ire use of subject matter covered by
patent rights. By publication of this standard, no position is taken by tne IE"E w th respect to the existence or validity of
any patent rights in connection therewith. If a patent holder or pate. © apy.‘icant has filed a statement of assurance via an
Accepted Letter of Assurance, then the statement is listed on the 'TEE." SA Website at https://standards.ieee.org/about/
sasb/patcom/patents.html. Letters of Assurance may indicate 'vheth=r the Submitter is willing or unwilling to grant
licenses under patent rights without compensation or under reaso..=Ule rates, with reasonable terms and conditions that
are demonstrably free of any unfair discrimination to apnlicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter ¢ ¢ /i urance has not been received. The IEEE is not responsible for
identifying Essential Patent Claims for which 2-'cenc» may be required, for conducting inquiries into the legal validity
or scope of Patents Claims, or determining vk ther any licensing terms or conditions provided in connection with
submission of a Letter of Assurance, if any or ..-zay licensing agreements are reasonable or non-discriminatory. Users
of this standard are expressly advised tha detc 'mination of the validity of any patent rights, and the risk of infringement
of such rights, is entirely their own .osvonsibility. Further information may be obtained from the IEEE Standards
Association.
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Introduction

This introduction is not part of IEEE Std 802.15.4z-2020, IEEE Standard for Low-Rate Wireless Networks—
Amendment 1: Enhanced Ultra Wideband (UWB) Physical Layers (PHYs) and Associated Ranging Techniques.

This amendment of IEEE Std 802.15.4-2020 specifies enhancements and enhanced modes of operation for
the HRP UWB PHY and the LRP UWB PHY and associated ranging techniques in the MAC. The PHY
enhancements include facilities to improve the integrity and accuracy of the ranging measurements. The
MAC enhancements include specification of information element definitions to facilitate ranging
information exchange, and changes to support the PHY enhancements.

These enhancements meet the needs of a wider set of applications where the integrity and accurac o1
distance measurement is important.

The standard is widely used in a variety of applications that employ the ranging capabilities ena.led oy the
UWB PHYs specified by IEEE Std 802.15.4-2020. Current users and product manufacturers have identified
the need for improved efficiency, integrity, and accuracy of the existing ranging meas=ren. =nt methods in
order to expand the usefulness of the standard for applications such as RFID and autc motive  in particular,
automotive remote control, and similar personal devices. These enhancements are a’s0 expeceed to open up
new areas of application.
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IEEE Standard for Low-Rate
Wireless Networks

Amendment 1: Enhanced Ultra Wideband
(UWB) Physical Layers (PHYs) and
Associated Ranging Techniques

(This amendment is based on IEEE Std 802.15.4™-2020.)

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.

The editing instructions are shown in bold italic. Four editing instructions are used: change, delete, insert, and replace.
Change is used to make corrections in existing text or tables. The editing instruction specifies the location of the change
and describes what is being changed by using strikethreugh (to remove old material) and underscore (to add new
material). Delete removes existing material. Insert adds new material without disturbing the existing material. Deletions
and insertions may require 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.!

! 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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