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Abstract: The protocol and compatible interconnection for data communication devices using low-
data-rate, low-power, and low-complexity short-range radio frequency (RF) transmissions in a wire-
less personal area network (WPAN) were defined in IEEE Std 802.15.4-2006. In this revision, the
market applicability of IEEE Std 802.15.4 is extended, the ambiguities in the standard are removed,
and the improvements learned from implementations of IEEE Std 802.15.4-2006 are included.
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Introduction

This introduction is not part of IEEE Std 802.15.4-2011, IEEE Standard for Local and metropolitan area
networks—Part 15.4: Low-Rate Wireless Personal Area Networks (LR-WPANS).

This is the second revision of IEEE Std 802.15.4. From the beginning, the goal of 802.15.4 was to produce
a standard that enabled very low-cost, low-power communications. The initial standard, IEEE Std 802.15.4-
2003, defined two optional PHY's, operating in different frequency bands with a very simple, but effective,
MAC.

In 2006, the standard was revised, adding two more PHY options. The MAC was backward-compatible, “ut
it added MAC frames with an increased version number, new security features, and a variety of 1AC
enhancements, including:

— Support for a shared time base with a data time stamping mechanism
— Support for beacon scheduling

— Synchronization of broadcast messages in beacon-enabled PANs

In 2007, two new PHYs were added as an amendment, one of which supporte. acci rate ranging. As a part
of this amendment, MAC capability to support ranging was added.

In 2009, two new PHY amendments were approved, one to provide cpera.on in frequency bands specific in
China and the other for operation in frequency bands specific 10 Jaj an.

The current revision of the standard was created to roll = th» previous three amendments into a single
document. However, IEEE Std 802.15.4 had become very popular, and there were three additional
amendments, 2 PHY and 1 MAC, in process at that time. 1. was clear that the original organization of the
standard was inadequate for the variety of applications, optional PHY's and optional MAC features to which
the 802.15.4 base standard would be applied.

Thus, the major changes in the current ‘ev.sion are not technical but editorial. The organization of the
standard was changed so that each H\Y »40w has a separate clause. The MAC clause was split into
functional description, interface sp ‘cification, and security specification. In additon, a great deal of
informative text, including the coc.s ing annex and regulatory annex, were deleted so that the document
would focus on only those t¢ zhrical requirements needed for interoperability. The revised organization is
the consensus decision of'* bro.?group of 802.15 members, including people who were part of the original
standard as well as ind*ridu.'s developing amendments to the standard for new applications.

The PAR for IEEE Std (92.15.4-2011 was first proposed in July 2010 and was approved in September 2010

by NesCom. Atte:a total of 10 drafts, 3 working group ballots ,and 4 sponsor ballots, the final standard was
approved in Jue 2011, less than one year from start to finish.

Nouce to users
! aws and regulations
Users of these documents should consult all applicable laws and regulations. Compliance with the provi-

sions of this standard does not imply compliance to any applicable regulatory requirements. Implementers of
the standard are responsible for observing or referring to the applicable regulatory requirements. IEEE does
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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, stan-
dardization, 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 anv time by the issu-
ance of new editions or may be amended from time to time through the issuance of amcndme.. s, corrigenda,
or errata. An official IEEE document at any point in time consists of the current (ditic.. of'the document
together with any amendments, corrigenda, or errata then in effect. In orde: ts acteriune whether a given
document is the current edition and whether it has been amended through the 1.-uar ce of amendments, cor-
rigenda, or errata, visit the IEEE Standards Association website. at Attp://iecexplore.ieee.org/xpl/stan-
dards.jsp, or contact the IEEE at the address listed previously.

For more information about the IEEE Standards Association ¢ tho "£E standards development process,
visit the [EEE-SA website at http://standards.ieee.org.

Errata

Errata, if any, for this and all other standard=cai.*> accessed at the following URL: http://standards.ieee.org/
reading/ieee/updates/errata/index.htr2l. U 'ers ae encouraged to check this URL for errata periodically.

Interpretations

Current interpretations2an = accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/
index.html.

Patents

Aticnticn is called to the possibility that implementation of this recommended practice may require use of
suciect n atter covered by patent rights. By publication of this recommended practice, no position is taken
vith respect to the existence or validity of any patent rights in connection therewith. The IEEE is not respon-
sible 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 recommended practice are expressly advised that determina-
tion 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.

Copyright © 2011 IEEE. All rights reserved. A%
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IMPORTANT NOTICE: This standard is not intended to ensure safety, security, health, or
environmental protection. Implementers of the standard are responsible for determining appropriate
safety, security, environmental, and health practices or regulatory requirements.

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

1. Overview

1.1 General

Wireless personal area networks (WPANS) are used to convey information over relatively short distances.
Unlike wireless local area networks (WLANSs), connections effected via WPANs involve little or no
infrastructure. This feature allows small, power-efficient, inexpensive solutions to be implemented for a
wide range of devices.

1.2 Scope

This standard defines the physical layer (PHY) and medium access control (MAC) sublayer specifications
for low-data-rate wireless connectivity with fixed, portable, and moving devices with no battery or very
limited battery consumption requirements typically operating in the personal operating space (POS) of 10 m.

Physical layers (PHYs) are defined for

— Devices operating in the license-free 868—868.6 MHz, 902-928 MHz, and 2400-2483.5 MHz bands
— Devices with precision ranging, extended range, and enhanced robustness and mobility

— Devices operating according the Chinese regulations, Radio Management of P. R. of China doc.
#6326360786867187500 or current document, for one or more of the 314-316 MHz, 430-434 MHz,
and 779-787 MHz frequency bands

— Devices operating in the 950-956 MHz allocation in Japan and coexisting with passive tag systems
in the band
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