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Introduction

For over a decade, the IEEE P802.15 Working Group successfully developed wireless personal area network
(WPAN) standards (IEEE Std 802.15.4™) with low energy consumption in mind. However, further
reduction in energy consumption is desired to address emerging markets like wearable devices, electronic
shelf labeling, and automation where the energy sources, driven by size and cost constraints, are limited to
small batteries (e.g., coin cell batteries). These energy sources have substantially less capacity and peak
power ratings than traditional batteries (e.g., size AA or AAA). This trend calls for an amendment that aims
for further reduction in energy consumption and peak power. It is expected that this amendment could also
benefit the traditional markets, which have already been successfully addressed by IEEE Std 802.15.4. 

This amendment specifies two alternative physical layers (PHYs), TASK and RS-GFSK, in addition to the
PHYs of IEEE Std 802.15.4-2015. The amendment also defines the medium access control (MAC)
modifications needed to support the implementation of the TASK and RS-GFSK PHYs. Both PHYs are
specified for 2.4 GHz and several sub-gigahertz bands using multiple data rates up to 1 Mb/s.

The TASK PHY specifies a physical layer based on amplitude shift keying with ternary amplitude sequence
spreading (TASK). This PHY allows implementation of transceivers with low complexity and enables low
power consumption. As an important feature, this PHY also supports communications in both coherent and
noncoherent modes of reception and thereby allows tradeoff between receiver complexity and performance. 

The RS-GFSK PHY specifies a physical layer based on Gaussian frequency shift keying (GFSK). This PHY
provides low-power benefits by the availability of higher data rates, reduced overhead in the PHY protocol
data unit (PPDU), and transmission (TX) power control. In addition, the RS-GFSK PHY provides options to
interoperate with the existing SUN FSK PHY (which involves smart utility network frequency shift keying).
A wide range of applications will benefit from the energy savings enabled by the RS-GFSK PHY, including
electronic shelf labels, home area networks, smart irrigation systems, and smart metering.

Thejaswi et al. [B18] describe the features and benefits of TASK PHY. Details on the use and merits of the
RS-GFSK PHY are provided by de Ruijter [B5a].a

aThe numbers in brackets correspond to the numbers of the bibliography in Annex A.

This introduction is not part of IEEE Std 802.15.4q™-2016, IEEE Standard for Low-Rate Wireless Networks—
Amendment 2: Ultra-Low Power Physical Layer.
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IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, security, health,
or environmental protection, or ensure against interference with or from other devices or networks.
Implementers of IEEE Standards documents are responsible for determining and complying with all
appropriate safety, security, environmental, health, and interference protection practices and all
applicable laws and regulations.

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.

(This amendment is based on IEEE Std 802.15.4™-2015 as amended by IEEE Std 802.15.4n™-2016.)

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 strikethrough (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.1

1Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the standard.
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3. Definitions, acronyms, and abbreviations

3.2 Acronyms and abbreviations

Insert the following abbreviations in alphabetical order into 3.2:

RS-GFSK rate switch Gaussian frequency shift keying

SiPC single parity check

TASK ternary amplitude shift keying

5. General description

5.6 Architecture

5.6.1 PHY

Insert in 5.6.1 the following list item at the end of the dashed list of the second paragraph:

— For TASK PHY and RS-GFSK PHY: Nair et al. [B9b].2

6. MAC functional description

Insert the following subclause (6.17) after 6.16:

6.17 Using Link Margin IE in an RS-GFSK PAN

A device may include an RS-GFSK Link Margin IE within an enhanced acknowledgment. The RS-GFSK
Link Margin IE shall only be transmitted as part of an Enh-Ack frame.

If a device receives an Enh-Ack frame containing an RS-GFSK Link Margin IE, it may adjust its transmit
power within its power control range in all following GTS transmissions directed to the originating device.
The transmit power control shall ignore the RS-GFSK Link Margin IE when the device is transmitting non-
GTS frames. The RS-GFSK Link Margin IE is described in 7.4.4.32.

If an acknowledgment for a transmission to a particular device is not received, the transmit power for
transmissions to that device may be increased for the next transmission attempt. 

The algorithm that controls the transmission of the RS-GFSK Link Margin IE and the algorithm that acts on
the reception of the RS-GFSK Link Margin IE are outside the scope of this standard.

If the security level, as described in 9.4.1.1, of the incoming Enh-Ack frame containing the RS-GFSK Link
Margin IE is lower than that of the frame being acknowledged, then the RS-GFSK Link Margin IE shall be
ignored.

2The numbers in brackets correspond to the numbers of the bibliography in Annex A.
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7. MAC frame formats

7.4 IEs

7.4.4 Nested IE

7.4.4.1 Format of Nested IE

Insert the following rows into Table 7-16 by Sub-ID value order, and change the reserved row as
indicated: 

Insert the following subclauses and figures (7.4.4.32 and 7.4.4.33 with Figure 7-101a through
Figure 7-101c) after 7.4.4.31:

7.4.4.32 RS-GFSK Link Margin IE 

The RS-GFSK Link Margin IE is optional and shall only be used in Enh-Ack frames that use the RS-
GFSK-PHY. The IE Content field of the RS-GFSK Link Margin IE shall be formatted as illustrated in
Figure 7-101a.

The Link Margin field shall be set to the available link margin, represented as a twos-complement number,
defining the link margin in decibels with a range from –31 dB to 32 dB, in steps of 1 dB. The Link Margin
field shall comply with the following equation:

Link Margin = Sreceived  S

Table 7-16—Sub-ID allocation for short format

Sub-ID value Name
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nh
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C
K
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at
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M
ul
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e
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C
 c

om
m
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d

F
or
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at

 s
u

b
cl
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se

U
se

 d
es

cr
ip

ti
on

U
se

d
 b

y

C
re

at
ed

 b
y

0x37 RS-GFSK Link 
Margin IE

X 7.4.4.32 6.17 UL, 
MAC

UL, 
MAC

0x38 RS-GFSK 
Device 
Capabilities IE

X X X X 7.4.4.33 6.17,
32.3

UL, 
MAC

UL, 
MAC

0x370x39–
0x7f 

Reserved

Bits: 0–5 6–7

Link Margin Reserved

Figure 7-101a—RS-GFSK Link Margin IE Content field format
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