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carrier. The processing circuitry may be further contigured to determine signal quality metrics for signal reception by the WUR for
each carrier offset indicated in the synchronize fields, and contigure the WUR to adjust a receive frequency in accordance with one

of the carrier offsets based on the signal quality metrics.
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PACKETS FOR FREQUENCY TRACKING IN WAKE-UP RADIO
SYSTEMS

LA

PRIORITY CLAIM
{0001] This application claims the benefit of priority to U.S. Provisional

Patent Application Serial No. 62/474 868, filed March 22, 2017, which is

10 incorporaied herein by reference in its entirely.

TECHNICAL FIELD

-
n

[8002] Embodiments pertain to wireless networks and wireless
comnmnications. Some embodiments relate to wireless local area networks
(WL ANs) and Wi-Fi networks including networks operating in accordance with
the IEEE 80211 family of standards. Some embodiments relate to TEEE

20 802 1%1ax, IEEE 802 11ba, and/or a low power communications standards, e g.,
Bluetooth. Some embodiments relate to methods, computer readable media, and
apparatus for packets for frequency tracking in wake-op radio systems. Some
embodiments relate to methods, computer readable media, and apparatus for

packets to enable frequency tracking in non-coherent wake-up radio systems.

BACKGROUND

[8003] Efficient use of the resources of a wireless local-area network
30 (WLAN) is important to provide bandwidth and acceptable response times to the
users of the WLAN. However, often there are many devices tfrying to share the
same resources and some devices may be limited by the communication protocol
they use or by their hardware bandwidth. Moreover, wireless devices may need

to operate with both newer protocols and with legacy device protocols.
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BRIEF DESCRIPTION OF THE DRAWINGS

{8004] The present disclosure is illustrated by way of example and not
himitation in the figures of the accompanying drawings, in which like references
mdicate similar elements and in whach:

[8005] Fi(3. 1 1s a block diagram of a radio architfecture in accordance
with some embodiments;

[8006] FI1G. 2 illustrates a front-end module circuitry for use i the radio
architecture of FIG. 1 in accordance with some embodiments;

{8007] FiG. 3 illustrates a radio IC circuitry for use in the radio
architecture of FIG. 1 1n accordance with some embodiments;

[80038] FiG. 4 dlustrates a baseband processing circuitry for use in the

radio architecture of FIG.1 1n accordance with some embodiments;

[0009] FIG. 5 llustrates a wireless network m accordance with some
smbodiments;
9010] FiG. 6 illustrates a block diagram of an example machine upon

which anv one or more of the operations/techniques (e.g., methodologies)
discussed herein may perform;

[0011] FiG. 7 illustrates a block diagram of an example wireless device
upon which any one or more of the techniques (e g.. methodologies or
operations) discussed herein may perform;

[6012] FI1G. 8 illustrates transmission of packets for frequency tracking
in wake-up radio systems in accordance with some embodiments.

{8013] FiG. 9 illustrates a method of communicating packets for
frequency tracking in wake-up radio svstems in accordance with some
embodiments;

[0014] Fi(z. 10 illustrates a frame with a wake-up preamble in
accordance with some embodiments;

[8015] FIG. 11 illustrates a {rame with one or more synchromzation

fields in accordance with some embodiments;

b2
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[0016] Fi(z. 12 illustrates a frame with one or more synchronization

fields in accordance with some embodiments;

{80171 FI1G. 13 illustrates carrier offset in accordance with some
embodiments;
5 {0018 FiG. 14 illustrates synchronization information in accordance

with some embodiments;
[0019] FIG. 15 illustrates a method of packets for frequency tracking in
accordance with some embodiments;
{60207 FIG. 16 illustrates a method of packets for frequency tracking in
10 accordance with some embodiments;
(6021} FiG. 17 illustrates a low power {LP} wake-up radio (WUR) (LP-
WUR} device in accordance with some embodiments; and
{0022] FIG. 18 illustrates a method of packets for frequency tracking in
accordance with some embodiments.
15
DESCRIPTION

(8023} The following description and the drawings sufficiently illustrate
spectfic embodiments to enable those skilled i the art to practice them. Other

28 embodiments may incorporate stractural, logical, electrical, process, and other
changes. Portions and features of sorme emboduments may be included in, or
substituted for. those of other embodiments. Embodiments set forth in the claims
encompass all avatlable equuvalents of those claims.
[6024] FI1G. 1 1s a block diagram of a radio architecture 100

25  accordance with some embodiments. Radio architecture 100 may include radio
front-end module (FEM) circuitry 104, radio IC circuitry 106 and baseband
processing circutiry 108, Radio architecture 100 as shown includes both
Wireless Local Area Network (WLAN) functionality and Bluetooth (BT)
functionality although embodiments are not so limited. In this disclosure,

30 “WLAN” and “Wi-Fi” are used interchangeably.
[6025] FEM circuitry 104 may mclude a WLAN or Wi-Fi FEM circuitry
104 A and a Bluetooth (BT) FEM circuitry 104B. The WLAN FEM circuitry

104 A may include a receive signal path comprising circuitry configured 1o
3
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operate on WLAN RF signals received from one or more antennas 101, {o
amplify the received signals and to provide the amplified versions of the
recetved signals to the WLAN radio IC circuitry 106A for further processing.
The BT FEM circuitry 1048 may include a recetve signal path which may
mclude circuitry configured to operate on BT RF signals received from one or
more antennas 101, to amplify the received signals and to provide the amplified
versions of the received signals to the BT radio IC circuitry 106B for further
processing. FEM circuitry 104A may also include a transmit signal path which
may include circuitry configured to amplify WLAN signals provided by the
radio 1C circuttry 106A for wireless transnussion by one or more of the anternas
101, In addition, FEM circuitry 104B may also include a transmit signal path
which may include circuitry configured to amphify BT signals provided by the
radio IC arcuitry 1068 for wireless transmission by the one or more antennas.
In the embodiment of FIG. 1, although FEM 104A and FEM 1048 are shown as
being distinct from one another, embodiments are not so limited, and include
within their scope the use of an FEM (not shown) that includes a transmit path
and/or a receive path for both WLAN and BT sigoals, or the use of one or more
FEM circuitries where at least some of the FEM circuitries share transmit and/or
recetve signal paths for both WLAN and BT signals.

[8026] Radio IC circuitry 106 as shown may include WLAN radio IC
circwitry 106A and BT radio IC circuitry 106B. The WLAN radio IC circuitry
106 A may include areceive signal path which may include circuitry to down-
convert WL AN RF signals received from the FEM circuitry 104A and provide
baseband signals to WLAN baseband processing circuitry 108A. BT radio IC
circuitry 1068 may in turn include a receive signal path which may include
circuitry to down-convert BT RF signals recetved from the FEM circuttry 104B
and provide baseband signals to BT baseband processing circutiry 108B.

WL AN radio IC circuitry 106A may also include a transmit signal path which
may include circuitry to up-convert WLAN baseband signals provided by the
WLAN baseband processing circuiiry 108A and provide WLAN RF output
signals to the FEM circutiry 104A for subsequent wireless transmuassion by the
one or more antennas 101, BT radio IC circuitry 1068 may also include a

transmut signal path which may include circuitry to up-convert BT baseband
4
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signals provided by the BT baseband processing circuitry 1088 and provide BT
RF output signals to the FEM circmiry 104B for subsequent wireless
transnussion by the one or more antennas 101, In the embodiment of FIG. 1,

although radio IC circuitries 106A and 106B are shown as being distinct from

U

one another, embodiments are not so limited, and include within their scope the

use of aradio IC circuttry {not shown) that includes a transmit signal path and/or

a receive signal path for both WLAN and BT signals, or the use of one or more

radio IC circuitries where at least some of the radio IC circuitries share transnut

and/or receive signal paths for both WLAN and BT signals.

10 [0027] Baseband processing circuity 108 may mnclude a WLAN
baseband processing circuitry 108A and a BT baseband processing circuitry
108B. The WLAN baseband processing circuitry 108A may include a memory,
such as, for example, a set of RAM arrays i a Fast Fourier Transform or Inverse
Fast Fourter Transform block (not shown} of the WLAN baseband processing

15 circuitry 108A. Fach of the WLAN baseband circuitiy 108A and the BT
baseband circuitry 1088 may further include one or more processors and control
logic to process the signals received from the corresponding WLAN or BT
receive signal path of the radio IC circuitry 106, and to also generate
corresponding WLAN or BT baseband signals for the transmit signal path of the

26 radio IC arcuitiy 106. Each of the baseband processing circuitries 1084 and
108B may further include physical layer (PHY) and medium access control layver
(MAC) circuitry, and may further interface with application processor 111 for
generation and processing of the baseband signals and for controlling operations
of the radio IC circuitry 106,

25 [BB2E] According to the embodiment tHlustrated in FIG. 1, WLAN-BT
coexistence circuitry 113 may include logic providing an interface between the
WLAN baseband circuitry 108A and the BT baseband circuitry 1088, which
may enable embodiments requiring WLAN and BT coexistence. In addition, a
switch 103 may be provided between the WLAN FEM circuitry 104A and the

30 BT FEM circuitry 1048 to allow switching between the WLAN and BT radios

according to application needs. In addition, although the antermas 101 are

depicted as being respectively connected to the WLAN FEM circuitry 104 A and

the BT FEM circuitry 104B, embodiments include within their scope the sharing
5
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of one or more antennas as between the WLAN and BT FEMs, or the provision
of more than one antenna connected to each of FEM 104A or 104B.
[6029] In some embodiments, the front-end module circuitry 104, the

radio IC circuitry 106, and baseband processing circuitry 108 may be provided

U

on a single radio card, such as wireless radio card 102. In some other

embodiments, the one or more antennas 101, the FEM circuitry 104 and the

radio IC circuitry 106 may be provided on a single radio card. In some other

embodiments, the radio IC circuitry 106 and the baseband processing circuitry

108 may be provided on a single chip or integrated circwt (IC), such as 1C 112

10 0630 In some embodiments, the wireless radio card 102 may include a
WLAN radio card and may be configured for Wi-F1 comnmumnications, although
the scope of the embodiments is not limuted in this respect. In some of these
embodiments, the radio architecture 100 may be configured to receive and
iransiit orthogonal frequency division multiplexed (OFDM) or orthogonal

15 frequency division multiple access (OFDMA) communication signals over a
multicarrier commumication channel. The CGFDM or OFDMA signals may
comprise a plurality of orthogonal subcarners.
9031} In some of these multicarrier embodiments, radio architecture 100
may be part of a Wi-Fi communication station (8TA} such as a wireless access

28 point {AP), a base station or a mobile device including a Wi-Fi device. In some
of these erobodirents, radio architecture 100 may be configured to transmit and
receive signals in accordance with specific communication standards and/or
protocols, such as anv of the Institute of Electrical and Electronics Engineers
(IEEFE) standards including, TEEE 802.11n-2009, IEEE 802.11-2012, {EFEE

25 802.11-2016, IEEE 802.11ac, and/or IEEE 802 11ax standards and/or proposed
spectfications for WLANS, although the scope of embodiments 1s not limited in
this respect. Radio architecture 100 may also be suitable to transmut and/or
receive comumunications in accordance with other techniques and standards.
[0032] In some embodiments, the radio architecture 100 may be

30 configured for high-efficiency (HE) Wi-Fi (HEW) communications in

accordance with the IEEE 802.11ax standard. In these embodiments, the radio

architecture 100 may be configured fo communicate in accordance with an
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OFDMA technique, although the scope of the embodiments is not linuted in this
respect.
[6033] In some other embodiments, the radio architecture 100 may be

configured to transnut and receive signals fransmitted using one or more other

U

modulation techniques such as spread spectrum modulation (e.g., direct

sequence code division multiple access (DS-CDMA) and/or frequency hopping

code division multiple access (FH-CDMA)), time-division multiplexing (TDM)
modulation, and/or frequency-division multiplexing (FDM) modulation,
although the scope of the embodiments 1s not limuted in this respect.

10 [0634] In some embodiments, as further shown in FIG. 1, the BT
baseband circuitry 108B may be compliant with a Bluetooth (BT) connectivity
standard such as Bluetooth, Bluetooth 4.0 or Bluetooth 5.0, or any other iteration
of the Bluetooth Standard. In embodiments that include BT functionality as
shown for example in Fig. 1, the radio archutecture 100 may be configured to

15 establish a BT synchronous connection oriented (SCO) link and/or a BT low
energy (BT LE) link. In some of the embodiments that include functionality, the
radio architecture 100 may be configured to establish an extended SCO (eSCO)
link for BT conununications, although the scope of the embodiments s not
Himited in this respect. In some of these embodiments that include a BT

20 {unctionality, the radio architecture may be configured to engage in a BT
Asynchronous Connection-Less (ACL) communications, although the scope of
the embodiments is not limited mn this respect. In some embodiments, as shown
i FIG. 1, the functions of a BT radio card and WLAN radio card may be
combined on a single wireless radio card, such as single wireless radio card 102,

25  although embodiments are not so limited, and include within their scope discrete
WLAN and BT radio cards
[B035] In some embodiments, the radio-architecture 100 may include
other radio cards, such as a cellular radio card configured for cellular {e.g., 3GPP
such as LTE, LTE-Advanced or 5G communications}.

30 [9036] In some IEEE 802.11 embodiments, the radio architecture 160

may be configured for conununication over various channel bandwidths

imcluding bandwidths having center frequencies of about 900 MHz, 2.4 GHz, 5

(GHz, and bandwidths of abowt 1 MHz, 2 MHz, 2.5 MHz, 4 MHz, SMHz, 8
7
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MHz, 10 MHz, 16 MHz, 20 MHz, 40MHz, 80MHz {with contiguous
bandwidths) or 30+80MHz (160MH7) (with non-~contiguous bandwidths). In
some embodiments, a 320 MHz channel bandwidth may be used. The scope of
the embodiments is not limited with respect to the above center frequencies

however.

U

{8037} FI1G. 2 llustrates FEM circuitry 200 in accordance with some
embodiments. The FEM circuitry 200 1s one example of circuitry that mav be
suitable for use as the WLAN and/or BT FEM circuitry 104A/1048 (FIG. 13,
although other circuitry configurations may also be suitable.

10 [6038] In some embodiments, the FEM circuitry 200 may include a
TX/RX switch 202 to switch between transmit mode and receive mode
operation. The FEM circuitry 200 may include a receive signal path and a
transtit signal path. The receive signal path of the FEM circuitry 200 may
include a low-noise amplifier (LNA) 206 to amplify received RF signals 203 and

15 provide the amplified recetved RF signals 207 as an ouiput {e.g , to the radio IC
circuitry 106 (FIG. 1)). The transmit signal path of the cireuitry 200 may include
a power amplifier (PA) to amphfy input RF signals 209 (e g., provided by the
radio IC circuitry 106}, and one or more filters 212, such as band-pass filters
{BPFs}, low-pass filters (LPFs} or other types of filters, to genarate RF signals

20 215 for subsequent transmission {(e.g., by one or more of the antennas 101 (FIG.
1)).

[0039] In some duai-mode embodiments for Wi-Fi commumication, the
FEM circuitry 200 may be configured to operate in either the 2.4 GHz frequency
spectrurn or the 5 GHz frequency spectrum. In these erobodiments, the receive

25 signal path of the FEM circuitry 200 may include a receive signal path duplexer
204 to separate the signals from each specirum as well as provide a separate
LNA 206 for each spectrum as shown. In these embodiments, the transmat signal
path of the FEM circuitry 200 may also include a power amplifier 210 and a
filter 212, such as a BPF, a LPF or another tvpe of filter for each frequency

30 spectrum and a fransmit signal path duplexer 214 1o provide the signals of one of
the different spectrums onto a single transmit path for subsequent transmmission

bv the one or more of the antennas 101 (FIG. 1}. In some embodiments, BT
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comnmnications may utilize the 2.4 GHYZ signal paths and may utilize the same
FEM circuitry 200 as the one used for WLAN communications.

[6040] FiIG. 3 illustrates radio IC circuitry 300 in accordance with some
embodiments. The radio IC circuitry 300 is one example of circuitry that may be

suitable for use as the WLAN or BT radio IC circuitry 106A/106B (FIG. 1.

U

although other circuttry configurations may also be suitable.
[0041] In some embodiments, the radio IC circuitry 300 may include a
receive signal path and a transmit signal path. The recetve signal path of the
radio IC circuitry 300 may include at teast mixer circuitry 302, such as, for

10 example, down-conversion mixer circuitry, amplhifier circuitry 306 and filter
circuitry 308. The transmit signal path of the radio IC circuitry 300 may include
at least filter circuitry 312 and mixer circuitry 314, such as, for example, up-
conversion mixer circuitry. Radio IC circuitry 300 may also include synthesizer
circuitry 304 for synthesizing a frequency 303 for use by the nuxer circuitry 302

15 and the mixer circuitry 314, The nuxer circuitry 302 and/or 314 may each,
according to some embodiments, be configured to provide direct conversion
functionality. The latter type of circuitry presents a much simpler architecture as
compared with standard super-heterodyne nuxer circuitries, and any flicker noise
brought about by the same may be alleviated for example through the use of

20 OFDM modulation. Fig. 3 iHlustrates only a stmplified version of a radio IC
circwitry, and may include, although not shown, embodiments where each of the
depicted circuitries may nclude more than one component. For instance, mixer
circuitry 320 and/or 314 may each include one or more muxers, and filter
circuitries 308 and/or 312 may each include one or more filters, such as one or

25  more BPFs and/or LPFs according to application needs. For example, when
mixer circuitries are of the direct-conversion type, they may each include two or
MOTe Mixers.
[0042] In some embodiments, nuxer circuitry 302 may be configured to
down-convert RF signals 207 received from the FEM circutry 104 (FIG. 1)

30 based on the synthesized frequency 303 provided by synthesizer circuitry 304,
The amplifier circuitry 306 may be configured to amplify the down-~converted
signals and the filter circuitry 308 may include a LPF configured to remove

unwanted signals from the down-converted signals to generate outpui baseband
9
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signals 307. Output baseband signals 307 may be provided to the baseband
processing circuitry 108 (FIG. 1) for further processing. Tn some embodiments,
the output baseband signals 307 may be zero-frequency baseband signals,
although this is not a requirement. In some embodiments, mixer circuitry 302
may comprise passive mixers, although the scope of the embodiments is not
hmited in this respect.

[8043] In some embodiments, the mixer circuitry 314 may be configured
to up-convert input baseband signals 311 based on the synthesized frequency
305 provided by the svuthesizer civcuitry 304 to generate RF output signals 209
for the FEM circuitry 104, The baseband signals 311 may be provided by the
baseband processing circuitry 108 and may be filtered by filter circuitry 312. The
filter circuitry 312 may include a LPF or a BPF, aithough the scope of the
embodiments 15 not limited in this respect.

[0044] In some embodiments, the mixer circuitry 302 and the mixer
circuitry 314 may each include two or more mixers and may be arranged for
guadrature down-conversion and/or up-conversion respectively with the help of
synthesizer 304. In some embodiments, the mixer circuitry 302 and the mixer
circuitry 314 may each include two or more nuxers each configured for image
rejection (e.g., Hartley image rejection). In some embodiments, the mixer
circuitry 302 and the mixer circuitry 314 may be arranged for direct down-
conversion and/or direct up-conversion, respectively. In some embodiments, the
mixer circuiiry 302 and the mixer circuitry 314 may be configured for super-
heterodyne operation, although this is not a requirement.

{0045} Mixer circuttry 302 mayv comprise, according to one embodiment:
guadrature passive mixers {e.g., for the in-phase (1} and quadrature phase (Q}
paths}. In such an embodiment, RF input signal 207 from Fig. 3 may be down-
converted to provide T and Q baseband outpul signals {0 be sent to the baseband
Processor

[0046] Quadrature passive nuxers may be driven by zero and ninety-
degree time-varving L switching signals provided by a quadrature circuitry
which may be configured to receive a LO frequency (fio) from a local oscillator
or a synthesizer, such as LO frequency 305 of synthesizer 304 (FIG. 3). In some

embodiments, the LO frequency may be the carrier frequency, while in other
10
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embodiments, the LO frequency may be a fraction of the carrier frequency (2.2,
one-half the carrer frequency, one-third the carrter frequency). In some
embodiments, the zero and ninety-~degree time-varving switching signals may be

generated by the svnthesizer, although the scope of the embodiments is not

U

himited in this respect.

18047] In some embodiments, the LO signals may differ in duty cycle

(the percentage of one pertod in which the LO signal 1s high)) and/or offset (the

difference between start points of the period). In some embodiments, the LO

signals mav have a 25% duty cycle and a 50% offset. In some embodiments,

10 each branch of the mixer circuitry {e.g., the in-phase (I} and guadrature phase
{{3) path) may operate at a 25% duty cycle, which may result in a significant
reduction is power consumption.

[60438] The RF input signal 207 (FI(G. 2) may comprise a balanced
signal, although the scope of the embodiments is not limited n this respect. The

15 1and Q baseband output signals may be provided to low-nose amplifier, such as
amplifier circuitry 306 (FIG. 3) or to filter circuitry 308 (FIG. 3).

[6049] In some embodiments, the output baseband signals 307 and the
mput baseband signals 311 may be analog baseband signals, although the scope
of the embodiments is not limited in this respect. In some altemate

28 embodiments, the output baseband signals 307 and the mput baseband signals
311 mav be digital baseband signals. In these alternate embodiments, the radio
1C circurtry may include analog-to-digital converter {AD{C) and digital-to-analog
converter {DAC) circuitry.

[8050] In some dual-mode embodiments, a separate radio IC circuitry

25  may be provided for processing signals for each spectrum, or for other spectrums
not mentioned here, although the scope of the embodiments 1s not linmted in this
respect.

[0051] In some embodiments, the synthesizer circuiiry 304 may be a
fractional-N synthesizer or a fractional N/N+1 synthesizer, although the scope of

30 the embodiments is not limited in this respect as other types of frequency

synthesizers may be suitable. For example, synthesizer circuitry 304 may be a

delta-sigma synthesizer, a frequency multiplier, or a synthesizer comprising a

phase-locked foop with a frequency divider. According to some embodiments,
it
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the synthesizer circuitry 304 may include digital synthesizer circuitry. An
advantage of using a digital synthesizer circuitry ts that, although it may still
include soroe analog components, its footprint may be scaled down much more

than the footprint of an analog synthesizer circuitry. In some embodiments,

U

frequency input into svnthesizer circuity 304 may be provided by a voltage
controlied oscillator (VCO), although that 1s not a requirement. A divider control
mput may further be provided by either the baseband processing circuitry 108
(FIG. 1) or the application processor 111 (FIG. 1) depending on the desired
output frequency 305, In some embodiments, a divider control input (e.g., N}
10 may be deternmined from alook-up table (e.g., within a Wi-Fi card) based on a
channel number and a channel center frequency as determined or indicated by
the application processor 111.
[B052] In some embodiments, synthesizer circuitry 304 may be
configured to generate a carrier frequency as the output frequency 305, while in
15 other embodiments, the output frequency 305 may be a fraction of the carrier
frequency (e g., one-half the carrier frequency, one-third the carrier frequency).
in some embodiments, the output frequency 303 may be a LO frequency (fio).
(8053] FiG. 4 illustrates a functional block diagram of baseband
processing circuitry 400 in accordance with some embodiments. The baseband
20 processing circutiry 400 1s one example of circuitry that may be suitable for use
as the baseband processing circuitry 108 {(FIG. 1), although other circuitry
configurations may aiso be suitable. The baseband processing circuitry 400 may
include a receive baseband processor (RX BBP) 402 for processing receive
baseband signals 309 provided by the radio IC circutry 106 (FIG. 1) and a
25 transmut baseband processor {TX BBEP} 404 for generating transmit baseband
signals 311 for the radio IC circuitry 106. The baseband processing circuitry 400
may also include control togic 406 for coordinating the operations of the
baseband processing circuitry 400.
[0054] In some embodiments (e g.. when analog baseband signals are
30 exchanged between the baseband processing circuitry 400 and the radio IC
circuttry 106}, the baseband processing circuitty 400 may include ADC 410 to
convert analog baseband signals received from the radio IC circuitry 106 to

digital baseband signals for processing by the RX BBP 402. In these

i2
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embodiments, the baseband processing circuitry 400 may also include DAC 412
to convert digital baseband signals from the TX BBP 404 {0 analog baseband
signals.

[B055] In some embodiments that communicate OFDM signals or

U

OFDMA signals, such ag through baseband processor 108A, the transmit

baseband processor 404 may be configured to generate OFDM or OFDMA

signals as appropriate for transnussion by perforraing an inverse fast Fourier

transform (IFFT). The receive baseband processor 402 may be configured to

process recetved OFDM signals or OFDMA signals by performang an FFT. Tn

10 some embodiments, the receive baseband processor 402 may be configured to
detect the presence of an OFDM signal or OFDMA signal by performing an
autocorrelation, to detect a preamble, such as a short preamble, and by
performing a cross~correlation, to detect a long preamble. The preambles may be
part of a predetermuined frame structure for Wi-Fi communication.

15 |00ss6] Referring back to FI(G. 1, in some embodiments, the antennas 101
(FIG. 1) may each comprise one or more directional or ommidirectional antennas,
mcluding, for example, dipole antennas, roonopole antennas, patch antennas,
loop antennas, microstrip antennas or other types of antennas suitable for
transmussion of RF signals. In some multiple-input muttiple-cutput (MIMO}

28 embodiments, the antennas may be effectively separated to take advantage of
spatial diversity and the different channel characteristics that mayv result.
Antennas 101 may each include a set of phased-array antennas, although
embodiments are not so himited.

{8057} Although the radio-architecture 100 18 illustrated as having

25  several separate functional elements, one or more of the functional elements may
be combined and may be implemented by combinations of software-configured
elements, such as processing elements mcluding digital signal processors
{DSPs), and/or other hardware elements. For example, some elements may
comprise one or more microprocessors, DSPs, field-programmable gate arrays

30 (FPGAs), application specific integrated circuits {ASICs), radio-frequency

mtegrated circuits {RFICs) and combinations of various hardware and logic

circuitry for performing at least the functions described herein. In some
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embodiments, the functional elements may refer to one or more processes
operating on one or more processing elements.

[B8058] FIG. 5 illustrates a WLAN 100 1n accordance with some
embodiments. The WLAN may comprise a basis service set {BSS) 100 that may
include one or more HE AP 502, which may be APs, one or more high efficiency
(HE) wireless stations (HE stations) {e.g., IEEE 802, 11ax) HE stations 104, a
plurality of legacy (e.g., IEEE 802.11n/ac) devices 506, a plurality of ToT
devices 508 {e.g., IFEE 802.11ax), LP-WUR devices 514, and one or more
sensor hubs 510,

[B059] The HE AP 502 may be an AP using the IEEE 802.11 to transmut
and receive. The HE AP 502 may be a base station. The HE AP 502 may use
other commmumications protocols as well as the IEEE 802.11 protocol. The IEEE
R02.11 protocol may be IEEE 802.11ax. The IEEE 802.11 protocol may inchude
using orthogonal frequency division raultiple-access (OFDMA), time division
multiple access {TDMA), and/or code division multiple access (CDMA). The
TEEE 802.11 protocol may include a multiple access technique. For example,
the IEEE 802.11 protocol may include space-division nmultiple access (SDMA)
and/or multiple-user multiple-input multiple-output (MU-MIMO}. The HE AP
502 may be a virtual HE AP 502 shares hardware resources with another
wireless device such as another HE AP 502,

{0060] The legacy devices 506 may operate in accordance with one or
more of IEEE 802.11 a/b/g/n/ac/ad/at/ah/a1/ab, or another legacy wireless
commumication standard. The legacy devices 506 may be STAs or IEEE STAs.
The HE stations 504 may be wireless transnut and receive devices such as
cellular telephone, smart telephone, handheld wireless device, wireless glasses,
wireless watch, wireless personal device, tablet, a portable wireless device, or
another device that may be transmitting and receiving using the IEEE 802.11
protocol such as IEEE 802.1 lax or another wireless protocol. In some
embodiments, the HE stations 504 may be termed high efficiency wireless local-
area network (HEW) stations.

{0061} The HE AP 502 may conununicate with legacy devices 506 in

accordance with legacy 1EEE 802 11 communication techniques. In example

14



WO 2018/174941 PCT/US2017/054085

U

10

20

36

embodiments, the HE AP 502 may also be configured to communicate with HE
stations 504 in accordance with legacy IEEE 802,11 commumication techmques,
{0062} The IoT devices 508 may operate in accordance with IEEE
802.11ax, IEEE 802.11ba, or another standard of 802.11. The IoT devices 508
may be, in some embodiments, narrow band devices that operafe on a smaller
sub-~channel than the HE stations 504. For example, the ToT devices 508 may
operate on 2.03 MHz or 4.06 MHz sub-channels. In some embodiments, the [oT
devices 508 are not able to transmit on a full 20 MHz sub-channel 1o the HE AP
502 with sufficient power for the HE AP 502 to receive the transmission. In
some smbodiments, the {oT devices 508 are not able to receive on a 20 MH»z
sub-channel and must use a small sub-channel such as 2.03 MHz or 4.06 MHz
sub-channel. In some embodiments, the 10T devices 508 may operate on a sub-
channel with exactly 26 or 52 data sub-carriers. The [oT devices 508, in some
embodiments, may be short-range, low-power devices.

[0063] The 10T devices 508 may be battery constrained. The foT
devices 508 may be sensors designed to measure one or more specific
parameters of inferest such as temperature sensor, pressure sensor, hunudity
sensor, light sensor, etc. The 10T devices 508 may be location-specific sensors.
Some 0T devices 508 may be connected {0 a sensor hub 510. The 0T devices
508 mav upload measured data from sensors to the sensor hub 510, The sensor
hubs 510 may upload the data to an access gateway 512 that connects several
sensor hubs 510 and can connect o a cloud sever or the Internet (not illustrated).
The HE AP 502 may act as the access gateway 512 in accordance with some
embodiments. The HE AP 502 may act as the sensor hub 510 in accordance
with some embodiments. The IoT device 508 may have identifiers that identify
a iype of data that is measured from the sensors. In some embodiments, the {oT
device 508 may be able to determine a location of the 10T device 508 based on
received satellite signals or received terrestrial wireless signals.

[0064] In some embodiments, at least some of the 10T devices 508 need
to consume very low average power in order {0 perform a packet exchange with
the sensor hub 510 and/or access gateway 512, The loT devices 508 may be

densely deploved.
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[0065] The IoT devices 508 may enter a power save mode and may exit
the power save at intervals to gather data from sensors and/or to upload the data
to the sensor hub 310 or access gateway 512,

[B066] In some embodiments, the 0T device 508 may include a LP-

U

WUR devices. A LP-WUR may be circuiiry that is configured to consume a
Jower amount of power than other devices or other portions of the same device.
[8067] In some embodiments, the 10T device 508 may have different
states. e.g., sleeping and awake. In some embodiments, the IoT device 508 may
mclude a WUR 509, The WUR 509 may be configured to signal a wake-up

10 sigoal to the [oT 508 upon reception of a wake-up field, e.g., wake-up 918 or
wake-up preamble 1008, The WUR 509 may be a LP-WUR. The LP-WUR
devices 514 are disclosed in FIG. 17
{0068] In some embodiments, the HE AP 502 HE stations 304, legacy
stations 306, ToT devices 508, LP-WUR devices 514, access gateways 512,

15 Bluetooth™ devices, and/or sensor hubs 510 enter a power save mode and exit
the power save mode periodically or at a pre-scheduled times to see if thereis a
packet for them to be received. In some embodiments, the HE AP 502, HE
stations 304, legacy stations 506, [oT devices 508, LP-WUR devices 514, access
eateways 512, Bluetooth™ devices, and/or sensor hubs 510 may remain in a

28 power save mode until receiving a wake-up packet.

[8069] The bandwidth of a channel may be 20MHz, 40MHz, or 80MHz,
160MHz, 320MHz contiguous bandwidths or an 80+80MHz (160MH7) non-
contiguous bandwidth. In some embodiments, the bandwidth of a channel may
be 1 MHz, 1.25MHz, 2.03MHz, 2.5MHz, 4.06 MHz, 5SMHz and 10MHz, ora

25  combination thereof or another bandwidth that is less or equal to the available
bandwidth may also be used. In some embodiments the bandwidth of the
channels may be based on a number of active data subcarriers. In some
embodimenis the bandwidth of the channels is based on 26, 52, 106, 242, 484,
996, or 2x996 active data subcarriers or tones that are spaced by 20 MHz. In

30 some embodiments the bandwidth of the channels is 256 tones spaced by 20

MHz. In some embodiments the channels are multiple of 26 tones or a multiple

of 20 MHz. In some embodiments a 20 MHz channel mayv comprise 242 active

data subcarriers or fones, which may determine the size of a Fast Fourier
16
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Transform {FFT). An allocation of a bandwidth or a number of tones or sub-
carriers may be termed a resource unit (RU) allocation in accordance with some
embodiments,

18070] In some embodiments, the 26-subcarrier RU and 52-subcarrier
RU are used in the 20 MHz, 40 MHz, 80 MHz, 160 MHz and 80+80 MHz
OFDMA HE physical (PHY) Laver Convergence Procedure (PLCP) protocol
data unit (PPDU).

[0071] In some embodiments, the 106-subcarrier RU is used in the 20

MHz, 40 MiHz, 80 MHz, 160 MHz and 80+80 MHz OFDMA and MU-MIMO

U

10 HE PPDU formats. In some embodiments, the 242-subcarrier RU 15 used in the
40 MHz, 80 MHz, 160 MHz and 80+80 MHz OFDMA and MU-MIMO HE
PPDU formats. In some embodiments, the 484-subcarrier RU is used in the 80
MHz, 160 MHz and 80+80 MHz OFDMA and MU-MIMO HE PPDU formats.
In some embodiments, the 996-subcarrier RU 1s used in the 160 MBz and 80+80

15 MHz OFDMA and MU-MIMO HE PPDU formais.

[6072] A HE frame may be configured for transmitling a number of
spatial streams, which may be in accordance with MU-MIMO and may be in
accordance with OFDMA. In other embodiments, the HE AP 502, HE STA 504,
10T devices 508, LP-WUR devices 514, and/or legacy device 506 may also

20 implement different technologies such as code division multiple access (CDMA)
2000, CDMA 2000 13X, CDMA 2000 Evolution-Data Optimized (EV-DO),
Interim Standard 2000 (I8-2000), Interim Standard 25 (18-95), Inferim Standard
856 (I5-856}, Long Term Evolution (LTE), Global System for Mobile
commumnications (GSM), Enhanced Data rates for GSM Evolution (EDGE),

25 GSM EDGE (GERAN), IEEE 802.16 (i.e., Worldwide Interoperability for
Microwave Access (WiMAX)), BlueTooth®, or other technologies.

[8073] Some embodiments relate to HE communications. Tn accordance
with some IEEE 802.1 lax embodiments, a HE AP 502 may operate as a HE AP
which may be arranged o contend for a wireless medium {e.g., during a

30 contention period} to receive exchusive control of the medium for an HE control
period. In sorne embodiments, the HE control period may be termed a
transmission opportunily (TXOP). The HE AP 502 may transmit g HE trigger
frame, which may be a trigger packet or HE control and schedule transmission,

17
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at the beginning of the HEW control period. The HE AP 502 may transnut a
time duration of the TXOP and sub-channel information. Dunng the HE control
period, HEW stations 504 may communicate with the HE AP 502 in accordance
with a non-contention based multiple access technique such as OFDMA or MU-
MIMQ.

[8074] This 15 unlike conventional wireless tocal-area network (WLAN)
cornmurications i which devices conmununicate in accordance with a contention-
based communication technique, rather than a multiple access technique. During
the HE control period, legacy stations reframn from commumicating.

[8975] In some embodiments, the multiple~-access technique used during
the HE control period may be a scheduled OFDMA technique, although this is
not a requirement. In some embodiments, the multiple access technique mayv be
a time-division multiple access (TDMA) technique or a {requency division
multiple access (FDMA) techiuque. In some embodiments, the multiple access
technique mav be a space-division multiple access (SDMA)} technigue.

[B076] In some embodiments, the HE stalion 504, HE AP 502, IoT
devices 508, and/or LP-WUR devices 514, may be configured to operate in
accordance with IEEE 802.11mc. In example embodiments, the radio
architecture of FIG. 1 is configured to implement the HE station 504 and/or the
HE AP 502. In example embodiments, the front~end module circuitry of FIG. 2
is configured to implement the HE station 504 and/or the HE AP 502, In
example embodiments, the radio IC circuitry of FIG. 3 15 configured to
implement the HE station 504 and/or the HE AP 502. In example embodiments,
the base-band processing circuitry of FIG. 4 1s configured to troplement the HE
station 504 and/or the HE AP 302, In example embodiments. the radio
architecture of FIG. 1, the front-end module circuitry of FIG. 2, the radio IC
circuitry of FIG. 3, and/or the base-band processing circuitry of FIG. 4 may be
configured 1o perform the methods and functions herein described in conjunction
with FIGS. 1-18,

{0077} In example embodiments, The HE AP 502 may also communicate
with legacy stations 506, 10T devices 508, LP-WUR devices 514, sensor hubs
510, access gateway 512, and/or HE stations 504 and may include one or more

of the following: the radio architecture of FIG. 1, the front-end module circuttry
18
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of FIGG. 2, the radio IC circuttry of FIG. 3, and/or the base-band processing
circuitry of FIG. 4.
{0078} The HE AP 502 may also conwnunicate with legacy stations 506,

sensor hubs 510, access gateway 512, and/or HE stations 504 in accordance with

U

legacy IEEE 802.11 commumnication technigues. In example embodiments, a HE
AP 302, access gateway 512, HE station 504, legacy station 506, IoT devices
508, LP-WUR device 514, and/or sensor hub 510 may be configured to perform
the methods and functions herein described in conjunction with FIGS. 1-18. In
example embodiments, an apparatus of a HE AP 502, an apparatus of an access
10 gatewav 512, an apparatus of a HE station 504, an apparatus of a legacy station
506, apparatus of an foT devices 508, LP-WUR device 514, and/or an apparatus
of a sensor hub 510 may be configured to perform the methods and functions
herein described in conjunction with FIGS. 1-18.
[8079] The term Wi-F1 may refer to one or more of the IEEE 802,11
15 communication standards. AP and STA may refer to HE access point 502 and/or
HE station 504, IoT devices 308, LP-WUR devices 514, as well as legacy
devices 506.
{8080} In some embodiments, a HE AP 502 or a HE STA 504
performing at least some functions of an HE AP 502 may be referred to as HE
20 AP STA. Insome embodiments, a HE STA 504 may be referred to as a HE non-
AP STA. In some embodiments, a HE STA 504 may be referred to as either a
HE AP STA and/or HE non-AP,
0081} Fi(. 6 dlustrates a block diagram of an example machine 600
upon which any one or more of the operations/techniques {e.g., methodologies)
25 discussed herein may perform. In alternative embodiments, the machine 600
may operate as a standalone device or may be connected (e.g., networked} to
other machines. In a networked deployment, the machine 600 may operate in
the capacity of a server machine, a client machine, or both in server-client
network environments. In an example, the machine 600 may act as a peer
30  machine in peer-to-peer (P2P} {or other distributed) network environment.
[0082] The machine 600 may be a HE STAs 304 (FIG. 5), HE AP 502,
10T device 508, LP-WUR device 514, sensor hub 510, access gateway 512, or

wireless device 700. The machine 600 may be personal computer (PC), a tablet
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PC, a set-top box (STRB), a personal digital assistant (PDA}, a portable
commiunicaiions device, a mobile lelephone, a smart phone, a web appliance, a
network router, switch or bridge, or any machine capable of executing

mstructions {sequential or otherwise} that specify actions 1o be taken by that

U

machine. Further, while only a single machine 1s llustrated, the term “machine”

shall also be taken to include any collection of machines that individually or

jomntly execute a set (or multiple sets) of instructions to perform any one or more

of the methodologies discussed herein, such as cloud computing, software as a

service (Saal), other computer cluster configurations.

10 [0083] Machine {e.g.. computer system) 600 may mclude a hardware
processor 602 {e.g., a central processing unit (CPU), a graphics processing unit
{(GPU}, a hardware processor corg, or any combination thereof), a main memory
604 and a static memory 606, some or all of which may communicate with each
other via an mterlink {e.g., bus) 608,

15 |0084] Specific examples of main memory 604 include Random Access
Memory (RAM), and semiconductor memory devices, which may include, in
some embodiments, storage locations in semiconductors such as registers.
Specific examples of static memory 606 include non-volatile memory, such as
semiconductor memory devices {e.g., Elecirically Programmable Read-Only

20 Memory (EPROM), Electrically Erasable Programmable Read-Only Memory
(EEPROM)) and flash memory devices; magnetic disks, such as internal hard
disks and removable disks; magneto-optical disks; RAM; and CD-ROM and
DVD-ROM disks.

[8085] The machine 600 may further include a display device 610, an

25 input device 612 (e.g, a keyboard), and a user interface (U1} navigation device
614 {e.g., a mouse). In an example, the displav device 610, input device 612 and
Ul navigation device 614 may be a touch screen display. The machine 600 may
additionally include a mass storage {e.g., drive unit) 616, a signal generation
device 618 (e.g , a speaker), a network interface device 620, and one or more

30 sensors 621, such as a global positioning system (GPS) sensor, compass,

accelerometer, or other sensor. The machine 600 may include an output

controller A28, such as a senal {e g, universal serial bus (USB}, parallel, or other

wired or wireless {e.g.. infrared{IR), near field communication (NF(), eic.}
20
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conmection to conumunicate or control one or more peripheral devices {e.g, a
printer, card reader, etc.). In some embodiments, the processor 602 and/or
mstructions 624 may comprise processing circuitry and/or transceiver circuitry.
[8086] The storage device 616 may include a machine readable medium

622 on which is stored one or more sets of data structures or instructions 624

U

{e.g., software} embodyving or utilized by any one or more of the techniques or
functions described herein. The instructions 624 mav also reside, completely or
at least partially, within the main memory 604, within static memory 606, or
within the hardware processor 602 during execution thereof by the machine 600,
10 In an example, one or any corbination of the hardware processor 602, the main
memory 604, the static memory 606, or the storage device 616 may constitute
machine readable media.
{0087} Specific examples of machine readable media may nclude: non-
volatile memory, such as senmiconductor mermory devices {(e.g., EPROM or
15 EEPROM) and flash memory devices; magnetic disks, such as internal hard
disks and removable disks; magneio-optical disks; RAM; and CD-ROM and
DVD-ROM disks.
[5088] While the machine readable medium 622 is illustrated as a single

medium, the term "machine readable medium” may include a single medium or

o2

multiple media {e.g., a centralized or distribuied database, and/or associated
caches and servers) configured to store the one or more instructions 624.
[0089] An apparatus of the machine 600 may be one or more of a
hardware processor 602 {(e.g., a central processing unit {CPU), a graphics
processing unit {GPL)), a hardware processor core, or any combination thereof),
25 amain memory 604 and a static memory 606, sensors 621, network interface
device 620, antennas 660, a display device 610, an input device 612, auser
imterface (U} navigation device 614, a mass siorage 616, instructions 624, a
signal generation device 618, and an output controller 628. The apparatus may
be configured to perform one or more of the methods and/or operations disclosed
30 herein. The apparatus may be mntended as a component of the machine 600 to
perform one or more of the methods and/or operations disclosed herein, and/or to
perform a portion of one or more of the methods and/or operations disclosed

herein. In some embodiments, the apparatus may include a pin or other means to
21
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receive power. In some embodiments, the apparatus may include power
conditioning hardware.
[B8090] The term “machine readable medium” may include any medium

that is capable of storing, encoding, or carrving instructions for execution by the

U

machine 600 and that cause the machine 600 {0 perform any one or more of the

iechniques of the present disclosure, or that 1s capable of storing, encoding or

carrying data structures used by or associated with such mstructions. Non-

limiting machine readable medium examples may nclude solid-state memories,

and optical and magnetic media. Specific examples of machine readable media

10 may inclade: non-volatile merory, such as serniconductor memory devices (e.g.,
Electrically Programmable Read-Only Memory (EPROM), Electrically Erasable
Programmable Read-Only Memory (EEPROM)) and flash memory devices;
magnetic disks, such as internal hard disks and removable disks; magneto-optical
disks; Random Access Memory (RAM); and CI-ROM and DVD-ROM disks.

15 In some examples, machine readable madia may include non-transitory machine
readable media. In some examples, machine readable media may nclude
machine readable media that 1s not a transitory propagating signal.
9091] The instructions 624 may further be transmitted or received over
a communications network 626 using a transmission mediom via the network

20 mterface device 620 utilizing any one of a murnber of transfer protocols (e.g.,
frame relay, imternet protocol (IP), transmission control protocol (TCP), user
datagram protocol {UDP), hypertext transfer protocol (HTTP), etc.). Example
communicaiion networks may include a local area network {LAN), a wide area
network (WAN), a packet data network (e.g., the Internet), mobile telephone

25  networks {e g., cellular networks), Plain Old Telephone (POTS) networks, and
wireless data networks (e.g., Institute of Electrical and Electronics Engineers
(IEEE) 80211 family of standards known as Wi-Fi®, IEEE 802.16 family of
standards known as WiMax®), IEEE 802.15 .4 family of standards, a Long Term
Evolution (LTE) family of standards, a Universal Maobile Telecommunications

30 System (UMTS) family of standards, peer-to-peer (P2P) networks, among

others.

9092} In an example, the network interface device 620 may include one

or more physical jacks (e g., Ethernet, coaxial, or phone jacks) or one or more
22
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antennas to connect to the communications network 626. In an example, the
network interface device 620 may include one or more antennas 660 o
wirelessly communicate using at least one of single-input multiple-output
{(SIMO), multiple-input multiple-output (MIMO), or multiple-input single-output
{MIS() technigues. In some examples, the network inferface device 620 may
wirelessly communicate using Multiple User MIMO techniques. The term
“transnussion mediurn” shall be taken to mclude any intangible medium that is
capable of storing. encoding or carrying instructions for execution by the
machine 600, and includes digital or analog commumications signals or other
mtangible medium to facilitate conununication of such software.

[9093] Examples, as described herein, may include, or may operate on,
logic or a number of components, modules, or mechanisms. Modules are
iangible entities {e.g., hardware) capable of performing specified operations and
may be configured or arranged in a certain roanner. In an example, circuits may
be arranged (e.g., internally or with respect to external entities such as other
circuits) in a specified manner as a module. In an example, the whole or part of
one or more computer systems (e.g., a standalone, client or server computer
system} or one or more hardware processors may be configwred by firmware or
software (e.g., insiructions, an application portion, or an application) as a module
that operates to perform specified operations. In an example, the software may
reside on a machine readable medium. In an example, the software, when
executed by the underlying hardware of the module, causes the hardware to
perform the specified operations.

[B8094] Accordingly, the term “module” is understood to encompass a
tangible entity, be that an entity that is phvsically constructed, specifically
configured {e.g., hardwired), or temporarily {&.g., transitorily} configured {e.g..
programmed) to operate n a specified manner or to perform part or all of any
operation described herein. Considering examples in which modules are
temporarily configured, each of the modules need not be instantiated at any one
moment in time. For example, where the modules comprise a general-purpose
hardware processor configured using sottware, the general-purpose hardware
processor may be configured as respective different modules at different times.

Software may accordingly configure a hardware processor, for example, to
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constituie a particular module at one instance of time and to constitute a different
module at a different instance of tirne.

[8095] Some embodiments may be implemented fully or partially in
software and/or firmware. This sofiware and/or firmware may take the form of
mstructions contained in or on a non-transitory computer-readable storage
mediuom. Those instructions may then be read and executed by one or more
processors to enable performance of the operations described herein. The
mstructions may be in any suitable form, such as but not limited to source code,
compiled code, interpreied code, executable code, static code, dyvnamic code, and
the ike. Such a computer-readable medium may include any tangible non-
transitory medium for storing information in a form readable by one or more
computers, such as bui not limited to read only memory (ROM); random access
memory {(RAMY, magnetic disk storage media; optical storage media; flash
memaory, ete.

[0096] Fiz. 7 illustrates a block diagram of an example wireless device
700 gpon which any one or more of the techniques (e.g., methodologies or
operations) discussed herein roay perforra. The wireless device 700 may be a
HE device. The wireless device 800 may be one or more of HE STAs 504 (FIG.
5}, HE AP 502, IoT device 508, LP-WUR device 514, sensor hub 510, example
machine 600, or access gateway 512,

16097} HE 8TAs 504 (FIG. 3), HE AP 502, 1oT device 508, LP-WUR
device 514, sensor hub 510, machine 600, or access gateway 512 may include
some or all of the components shown in FIGS. 1-7 and 17. The wireless device
700 may be an example machine 600 as disclosed i conjunction with FIG. 6.
[8098] The wireless device 700 may include processing circuitry 708,
The processing circuitry 708 may include a transcetver 702, physical layer
circuitry (PHY circuttry} 704, and MAC layer circuitry (MAC cireunitry) 706,
one or more of which may enable transnussion and reception of signals to and
from other wireless devices 700 (e g.. HE §TAs 504 (FI(G. 5), HE AP 502,
legacy device 506, IoT device 508, LP-WUR device 514, sensor hub 510,
machine 600, or access gateway 512) using one or more antennas 712. As an
example, the PHY circuitry 704 may perform various encoding and decoding

functions that may include formation of baseband signals for transmission and
24



WO 2018/174941 PCT/US2017/054085

U

10

20

36

decoding of received signals. As another example, the transceiver 702 may
perform varous fransmission and reception functions such as conversion of
signals between a baseband range and a Radio Frequency (RF) range.

18099] Accordingly, the PHY circuitry 704 and the transceiver 702 may
be separate components or may be part of a combined component, e g.,
processing circutiry 708, In addition, some of the described functionality related
to transmaission and reception of signals may be performed by a combination that
may include one, any or all of the PHY circuitry 704 the transceiver 702, MAC
circuitry 706, memory 710, and other components or lavers. The MAC circuiiry
706 may control access to the wireless medium. The wireless device 700 may
also include memory 710 arranged 1o perform the operations described herein,
e.g., some of the operations described herein may be performed by instructions
stored in the memory 710.

[80100] The antermas 712 (some embodiments may include onlv one
antenna) may comprise one or more directional or ommidirectional antennas,
mcluding, for example, dipole antennas, roonopole anfennas, patch antennas,
loop antennas, nucrostrip antennas or other types of anternas suitable for
transmussion of RF signals. In some multiple-input multiple-output (MIMO)
embodiments, the antennas 712 may be effectively separated to take advantage
of spatial diversity and the different channel characteristics that may result.
{00161} One or more of the memory 710, the transceiver 702, the PHY
circuitry 704, the MAC circuitry 706, the antennas 712, and/or the processing
circuitry 708 may be coupled with one another. Moreover, although memory
710, the transceiver 702, the PHY circuntry 704, the MAC circuitry 706, the
antenmas 712 are illusirated as separate components, one or more of memory
710, the transceiver 702, the PHY circuitry 704, the MAC circuitry 706, the
antennas 712 may be integrated in an electronic package or chip.

[00162] In some embodiments, the wireless device 700 may be a mobile
device as described in conjunction with FIG. 6. In some embodiments, the
wirgless device 700 may be configured {o operaie in accordance with one or
more wireless communication standards as described herein (e.g., as described in
conjunction with FIGS, 1-6, IEEE 80211 and/or Bluetooth®}. In some

embodiments, the wireless device 700 may include one or more of the
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components as described in conjunction with FIG. 6 {e.g., display device 610,
mput device 612, etc.) Although the wireless device 700 15 tllustrated as having
several separate functional elerents, one or more of the functional elernents may

be combined and may be implemented by combinations of software-configured

U

elements, such as processing elements including digital signal processors
{DSPs), and/or other hardware elements. For example, some elements may
COMPTISE one OF more microprocessors, D8Ps, field-prograromable gate arrays
(FPGAS), application specific integrated circuits {ASICs), radio-fraguency
niegrated circuits {(RFICs) and combinations of various hardware and logic
10 circuitry for performing at least the functions described herein. In some
embodiments, the functional elements may refer to one or more processes
operating on one or more processing elements.
{80103} In some embodiments, an apparatus of or used by the wireless
device 700 may include various components of the wireless device 700 as shown
15 in FIG. 7 and/or components from FIGS. 1-6. Accordingly, technigues and
operations described herein that refer to the wireless device 700 may be
applicable to an apparatus for a wireless device 700 (e.g., HE STAs 504 (FIG.
3), HE AP 502, legacy device 506, IoT devigce 508, LP-WUR device 514, sensor

hub 510, machine 600, or access gateway 512), in some embodiments. In some

o

embodiments, the wireless device 700 15 configured to decode and/or encode
signals, packets, and/or frames as described herein, e.g., PPDUs.
[00104] In some embodiments, the MAC circuitry 706 may be arranged to
contend for a wireless medium during a contention period {o receive conirol of
the medium for a HE TXOP and encode or decode an HE PPDU. In some
25  embodiments, the MAC circuitry 706 may be arranged to contend for the
wireless medium based on channel contention settings, a tfransmitting power
level, and a clear channel assessment level (e.g., an energy detect level).
[00165] The PHY circuitry 704 may be arranged to fransmit signals in
accordance with one or more communication standards described herein. For
30 example, the PHY circuitry 704 may be configured to transmit a HE PPDU. The
PHY circuitry 704 may wnclude circuitry for modulation/demodulation,
upconversion/downconversion, filtering, amplification, etc. In some

embodiments, the processing circuitry 708 may include one or more processors.
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The processing circuitry 708 may be configured to perform functions based on
mstructions being stored in a RAM or ROM, or based on special purpose
circuttry. The processing circuitry 708 may include a processor such as a

general purpose processor or special purpose processor. The processing circuitry

U

708 may implement one or more functions assoctated with antennas 712, the

iransceiver 702, the PHY circuitry 704, the MAC circuitry 706, and/or the

memaory 710, In some embodiments, the processing circuitry 708 may bhe
configured to perform one or more of the functions/operations and/or methods
described herein.

10 [69106] In some embodiments, 10T device 308 may have be alow power
device. In some embodiments, the IoT device 508 may be a lower power device
than other wireless devices such as the wireless device 802 (see FI(G. 8). In
some embodiments, the WUR 509 may be a very low power radio frequency
portion of the 10T device 308 device so that the WUR 509 may remain active

15 while other portions of the 10T device 508 either sleep or become lower active.
In some embodiments, the WUR 509 1s configured to generate wake-up signal
when it receives a wake-up packet 918 or wake-up preamble 1008 {or another
signal that indicates the IoT device 508 should wake-up.} In some embodiments,
the WUR 509 i3 a receive only chain.

20 [00107] In some embodiments, the IoT device 508 has a single receive
chain instead of a quadrature receiver chain), which may reduce power by 50
percent. In some embodiments, the IoT device 508 includes oscillators that do
not operate as well as oscillators of the wireless device 802, In some
embodiments, the [oT device 506 has simple oscillators.  Tn some embodiments,

25  the 10T device 5306 has oscillators that have large offsets. In quadrature designs
large frequency offsets will degrade performance if frequency is not estimated.
[80108] In some embodiments, the [oT device 508 with a lower quality
oscillator with have clocks that will daft from the carner frequency {e.g.,
1306.3) quickly. In some embodiments, since the loT device 508 only has one

30 receive chain, it cannot resolve phase and thus cannot estimate frequency. In

some embodiments, with onlv one receive chain, the foT device 508 cannot

estimate frequency offset, so the IoT device 508 is unable to estimate frequency
drift.
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[00109] In some embodiments, the WUR 509 uses on-off keying
modulation, which enables a simple energy detector to detect data. In some
embodiments, if the 10T device 508 cannot estimate {requency drift or offset,

then a sigmificant degradation in acquisition probability {e.g., the WUR 509

U

misses the wake-up packet) or a degraded performance may be the result.

[00110] In some embodiments, MAC level signaling {o assistin

synchronizing the WUR 509 with the carrier frequency 1306.3 may be used. In

some embodiments, the MAC level signaling does not enable the loT device 506

to track the carrier frequency 1306.3, and the MAC level signaling has a high

10 overhead particularly since the data rate may be low for a WUR 509 packet. The
WUR 509 may be a non-coherent receiver in accordance with some
embodiments. The synchronization fields 804, 1108, 1208, provide a technical
solutions to one or more of the technical problems described above.

{00111} FIG. 8 dlustrates transmussion of packets for frequency tracking

15 in wake-up radio systems 800 in accordance with some embodiments.

THustirated in F1G 8 19 wireless device 802, transsmssion 805, and IoT devices
508, The wireless device 802 may transmit the svnchronization field 804, and
10T devices 508 may receive the synchronization 804. The [oT devices 508 may
be LP-WUR devices 514,

20 j083112} The wireless device 802 may be a HE AP 502, HE station 504,
sensor hub 510, access gateway 312, a IoT device 508, or another wireless
device. The wireless device 802 may transnut the transoussion 805, The
transimission 805 may be a frame, PPDU, packet, or another {ransmission. The
transnussion 8035 may be as disclosed in FIGS. 10, 11, and/or 12,

25 {09113] The transmission 805 may include one or more synchronization
fields 804, e.g., synchronization fields 804.1 through synchronization field
R04.N. In some embodiments, the synchronization field 804 may be similar to a
short training field or along training field. Each synchronization field 804
mcludes or is associated with an identification (ID) 806, which may be a

30 sequence that s used as an ID 806, In accordance with some embodiments, the

113 806 may be a sequence of the synchronization field 804, e.g., as disclosed in

conjunction with FIG. 11 {e.g, 1108). In some embodiments, there may be a

fixed number of sequences that are used for the ID 806, which may make it
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easter for the loT device 508 (or LP-WUR devices 514) to identify the sequence.
In some embodiments, the ID 806 may be a separate field, e.g., as disclosed in
conjunction with FIG. 12 {e.g., 1208). In some embodimenits, the
synchronization fields 804 are between | ys and 12 s in duration and

transmitied one after another in time.

U

1801 14] In some embodiments, the synchronization fields 804 are part of a
broadcast packet so that more than one 10T device 508 {or LP-WUR devices
514) may receive the synchronization fields 804, In some embodiments, the
synchronization fields 804 are PHY signals.

10 [06115] In some embodiments, the IoT devices 508 {or LP-WUR devices
514) correlate agamst received synchronization fields 804 and provide a
detection metric. In some embodiments, a quality metiic or signal-to-noise ratio
{SNR) 1s determined for each synchronization field 804, In some embodiments,
a detection level has to be met for the foT device 308 {or LP-WUR devices 514)

15 to use the synchronization field 804 for synchronization, e.g., a minimum
recetved energy.

[00116] The wireless device 802 may transmit the svnchronize fields 804
with a carrier offset 808, For example, the carrier offset 808 may be a negative
offset from a carrier, a posttive offset from the carrier, and no offset from the

20 carrier. In some embodiments, the carner offset 808 may be as described in
cormjunction with FIG. 13,

[00117] The wireless device 802 may transmit the synchronize fields 804
with a carrier offset 808, For example, the carrier offset 808 may be a relative
offset from the wireless device 802 to the 1oT devices 508 or LP-WUR devices

25 314 (not illustrated in FIG. 8). In some embodiments, a relative offsetis a
difference between carrter frequencies between the transmitting device and
receiving device. The casrier offset 808 may be a negative offset from the
carrier of the IoT device 508 {or LP-WUR device 314), a positive offset from the
carrier of the loT device 508 (or LP-WUR device 514}, and no offset from the

30 carner of the 10T device 508 (or LP-WUR device 514}, In some embodiments,
the carrier offset 808 may be as described in conjunction with FIG. 13
[00118] In some embodiments, the larger offset 808 is due to the WUR

509 (or WUR 1702) which may have a poorer quality receiver and thus the clock
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{or clock 1704} of the WLR 309 (or WUR 1702) can drift easily and become
misaligned from the clock (mot llustrated) of the wireless device 802 {or 1704)
which is more stable relatively.

[00119] The IoT device 508 {or LP-WUR device 514) may include ID to

U

carrier offset 810. The 1D to carrier offset 810 mav be data and/or
implementation of logic that indicates for an 1D 806 a carrier offset 808,
[00120] In some embodiments, the IoT devices 508 (or LP-WUR device
514) may receive the synchronize fields 804 and determine the carrier offset 808
based on the D 806. The loT devices 508 (or LP-WUR device 514) may then
10 be configured to synchronize the reception and/or transmission of transnussions
805 based on the received synchronize fields 804, For example, the loT device
508 (or LP-WUR device 514) may determine a signal quality of the
syachronization fields 804 {e.g., SNR, or signal sirength) and determine how to
adjust the svnchronization to the carrier based on the received signal quality of
15  the received synchromization fields 804. In some embodiments, the IoT devices
508 {or LP-WUR devices 514) may synchronize to find a best or better chanunel
between the [oT devices 508 {or LP-WUR device 514) and the wireless device
802. In some embodiments, the [oT device 508 {or LP-WUR device 514} may
adjust the synchronization to maximize a SNR, e.g., select a carrier offset based
20 on the highest SNR determined for each of the synchromzation fields 304,
[00121] In some embodiments, the synchromzation fields 804 do not have
1Ds 806, The loT devices 508 {or LP-WUR device 514} determine the carrier
offset 808 used to transmit the synchronization fields 804 based on their order in
the transroission 805, For example, the first synchronization field 804.1 may be
25  anegative offset 1o the carrier frequency, the second svnchronization field 804.2
may have a zero offset to the carner frequency, and the third synchronization
field 804.3 may have a postiive offset 1o the carrier frequency.
[00122] FiG. 9 illustrates a method 900 of communicating packets for
frequency tracking in wake-up radio systems in accordance with some
30  embodiments. THustrated in FIG. 9 is time 912 along a horizontal axis along the
bottorn, frequency 914 and state 913 along a vertical axis along the right side,
operations 950 along a horizontal axis along the top, wireless device 802, and
10T device 508. The wireless device 802 may be as disclosed herein {e.g., FIG.
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8.) The loT device 508 may be as described herein (e g, FIG 5} The loT
device 508 may be a LP-WUR device 514, The state 913 may indicate a state,
mode, or operation of the {oT device S08.

[090123] The method 900 begins with operation 952 with the wireless

U

device 802 transmutting a wake-up packet 918, The IoT device 508 (or LP-

WUR device 514) may be in a low-power 904 state or mode before receiving the

wake-up packet 918, The wake-up packet 904 may be recognized by the ToT

device 508 (or LP-WUR device 514}, which may move to a different state or
mode such as wake-up 906. In some embodiments, the WUR 509 recognizes the

10 wake-up packet 918 and wakes up the IoT device 508 (or LP-WUR device 514)
or signals 1o the [oT device 508 {or LP-WUR device 514) that a wake-up packet
918 was received.

[00124] The method 900 continues at operation 954 with the wireless
device 02 fransmitting one or more synchronization fields 804, Only one

15 synchronization field 804 is illustrated in FIG. 9, but more than one
synchronization field 804 may be transmitted 1n time. The wireless device 802
may transtoit each of the one or more synchromization fields 804 with a carrier
offset 808 (e g.. see FIG. 13, negative offset 1306.1, carrier frequency 13063,
and positive offset 1306.2).

20 [00125] The wireless device 802 may transmit the wake-up packet 918
with a first bandwidth (e.g., 20 MHz), and the one or more synchronization
fields 804 with a second bandwidth (e.g., approximately 1, 2, 3, 4, 5 MHz).
[00126] The 10T device 508 (or LP-WUR device 514) may determine the
113 806 of each of the one or more synchromization fields 804, The ToT device

25 308 (or LP-WUR device 514) may use the I 806 to carrier offset 810 {e.g., see
FIG. 14, 1D to carrier offset 1402) to determine what carrier offset 808 the
wireless device 802 used to transmit each of the one or more synchronization
fields 804. The IoT device 308 (or LP-WUR device 514) may receive one or
more synchronization fields 804 and based on the synchronization fields 804

30 synchronize 910 with a carrier {e.g., carrier frequency 1306.3).

[00127] FI1G. 10 lustrates a frame 1000 with a wake-up preamble 1008 in

accordance with some embodiments. The frame 1000 mav include a legacy

preamble 1006, wake-up preamble 1008, media access control (MAC) header
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1010, payload 1012, and frame check sequence (FCS) 1014, The frame 1000
does not include synchronization fields 804, 1108, 1208 as illustrated. The
tegacy preamble 1006 mav be a preamble 1o defer other wireless devices (e.g..

legacy devices 506, HE APs 502, HE stations 504, etc.) from transnutiing or

U

trving to access the wireless medium. The legacy preamble 1006 may include a
Jength for other wireless devices to set a network allocation vector (NAV) o
defer. The legacy preamble 1006 may be transitted using a first bandwidth
1002 (e.g., 20 MHz).

{001 28] The MAC header 1010 may be a header for the MAC portion of

10 the frame 1000 (e.g., MAC header 1010, pavicad 1012, and FCS 1014). The
MAC header 1010 may include one or more of a transmutter address, frame
control, etc. In some embodiments, the MAC header 1010 addresses the o7
devices 508 {or WUR 309, LP-WUR device 514, or WUR 1702}

[00129] The pavicad 1012 may be data. The FCS 1014 may include

15 information to enable the receiver (e.g, 10T device 508 or LP-WUR device 514)
to perform cyvclic redundancy check on the frame 1000, e.g., the MAC portion
{e.g., MAC header 1010 and payload 1012) of the frame 1000. The frame 1000
may be used to first wake-up an IoT device 508 {or LP-WUR device 514} and to
send the payload 1012,

20 [00136] The wake-up preamble 1008, MAC header 1010, payload 1012,
and FCS 1014 may be transmitied on a second bandwidth 1004 (e.g.,
approximately 1 to 5 MHz). In some embodiments, the MAC header 1010 may
mchude a broadcast address so that more than one IoT device 508 {or LP-WUR
device 514) moay receive the payload 1012

25 (98131} In some embodiments, one or more portions of the frame 1600
may be repeated 1016. For example, the MAC header 1010, pavicad 1012, and
FCS 1014 may be repeated 1016 one or more times. In some embodiments, the
wake-up preamble 1008 15 128 ps. In some embodiments, the repeat 1016
portion is 384 us.

30 (80132 FIG. 11 illustrates a frame 1100 with one or more

synchronization fields 1108 in accordance with some embodiments. The frame

1100 may include synchronization fields 1108 and legacy preamble 1106,
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[00133] The legacy preamble 1106 may be a preamble to defer other
wireless devices (e.g., legacy devices 506, HE APs 502, HE stations S04, eic.)
from transnmutting. The legacy preamble 1106 mayv include a length for other

wireless device 1o set a NAV to defer transmitting for a duration determined

U

based on the length. The fegacy preamble 1106 may be transmitted using a first

bandwidth 1102 (e.g., 20 MHz).

[00134] The one or more synchronization fields 1108 may include a

sequence 1110, The sequence 1110 may be encoded as part of the

synchronization field 1108, The sequence 1110 may be orthogonal codes

10 encoded on tones, in accordance with some embodiments. The sequence 1110
may be codes encoded on tones in a difference manner. The synchronization
fields 1108 may be similar to a long training field or a short training field with
the sequences 1110 encoded on fones of the long training field or short training
field (e.g., patterns of -1’s, O’s, and 1’s). The synchronize fields 1108 may bhe

15  transimitted with a carrier offset 1109, For example, the carrier offset 1109 may
be anegative offset 1306.1 from a carrier frequency 1306.3, a positive offset
1306.2 from the carrier frequency 1306.3, and no offset 1306.3 (carner
frequency) from the carrier. The carrier may be a fixed carrier or a carrier of
another wireless device (e.g., IoT 508, LP-WUR device 514, HE AP 502, and

26 HE station 504). In some embodiments, the carrier offset 1109 may be as
described m congunction with FIG. 13 (e.g., 1306). In some embodiments, the
carrier offset may be 10 kHz to 1 MHz
[00135] The sequence 1110 may be used by the IoT device 508 (or a LP-
WUR device 514) to identify the carrier offset 1109 used to transmut the

25  corresponding synchronization field 1108, The svnchronization fields 1108 may
be transmitted on a second bandwidth 1104 {e.g., approximately 1 to 5 MHz). In
some embodiments, each of the synchromization fields 1108 1s distinet from one
another. In some embodiments, the sequences 1110 have good cross correlation
properties to make it easier to distinguish among the sequences 1110, e g., the

30 sequences 1110 may be orthogonal (e.g., a P matrix).

{001 36} In some embodiments, the IoT devices 508 correlate against

received synchronization fields 1108 to differentiate between the three sequences

1110 and determine a detection metric or threshold. Some embodiments that
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correlate against the received synchronization fields 1108 {e.g., 3) need
additional hardware to store and process the synchronization fields 1108, In
some embodiments, one or more synchromzation fields 1108 are transnutted. In

some embodiments, one or more of the svnchronization fields 1108 are

U

duplicated. For example, each synchronization field 1108 may be transmitted

twige (or more than twice.)

[60137] In some embodiments, the synchronization fields 1108 are PHY

fayer signaling, e.g., the synchronization fields 1108 may be part of training

fields such as long-training fields or short training fields.

10 [06138] FIG. 12 illustrates a frame 1200 with one or more
synchronization fields 1208 in accordance with some embodiments. The frame
1200 may include synchronization fields 1208, IDs 1210, and legacy preamble
1206.
[00139] The legacy preamble 1206 may be a preamble to defer other

15 wirgless devices {e.g., legacy devices 506, HE APs 502, HFE stations 504, etc.}.
The legacy preamble 1206 may include a length {or other wireless device toset a
NAV for a duration based on the length to defer transmitting. The legacy
preamble 1206 may be transmutied using a first bandwidth 1202 {e.g., 20 MHz).
180140} The synchromzation fields 1208 may be similar {o a long training

20 field or a short training field. The synchronize fields 1208 may be transmitied
with a carrier offset 1209, For exarople, the carrier offset 1209 may be a
negative offset from a carrier {e.g., negative offset 1306.1), a positive offset from
the carrier {e.g., positive offset 1306.2), and no offset from the carrier {carrier
frequency 1306.3). In some embodiments, the carrier offset 1209 may be as

25  described in comjunction with FIG. 13 (e g., 1306). As illustrated, in FIG. 12,
three synchronization fields 1208.1, 1208.2, and 1208.3 are transmitted with
carrier offset 1 1209.1, carrier offset 2 1209.2, and carner offset 3 12093,
respectively, where each carrier offset 1209 mav be one of a negative offset
{e.g., 1306.1) from a carrier, a positive offset from the carrier {e.g.. 1306.2}, and

30 no offset from the carrier {e.g., 1306.3). The carrier may be a fixed carrier or the

carrier of another wireless device, e.g., ToT 508, LP-WUR 314, HE AP 502,

and/or HE station 304,
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[00141] Each of the synchronization fields 1208 may have an associated
1D field 1210, The ID field 1210 may be encoded in binary or ancther encoding
scheme may be used. The 1D field 1210 may be two bits or another number of

bits {e.g., 1 or 3-12). For example, the 1D field 1210 may be orthogonal codes of

U

tones of a training field. The value of the ID field 1210 may be used to
determine the carrier offset 1209 with which the corresponding synchronization
field 1208 was transmitied. In some embodiments, the {3 field 1210 includes
one or more bits for error defection, e g, a parity bit. In some embodiments, the
1D field 1210 1s separate from the synchronization field 1208 i time {e.g., the
10 synchronization field 1208 may have a duration of one or more symbols and the
1D field 1210 may have a duration of one or more symbols.) In some
embodiments, the 1D field 1210 may be before the corresponding
synchronization field 1208, In some embodiments, carner offset 1 12091,
carrier offset 2 1209.2, and carrier offset 3 1209.3 may be from 10 kHz to 1
15  MHz Insome embodiments, the synchronization fields 1208 and 1D fields 1210
are PHY laver signaling, e.g., the synchronization fields 1208 and ID fields 1210
may be part of training fields such as long-training fields or short training fields.
180142} In some embodiments, one or more synchronization fields 1208
are transmutied. In some embodiments, one or more of the synchronization
20 fields 1208 and corresponding ID field 1210 are duplicaied. For example, each
synchronization field 1208 and 1D field 1210 may be transmitied twice {or more
than twice.}
[60843] In some embodiments, the [T 806, sequence 1110, and/or ID
1210 may be encoded on a resource unit. The resource unit mav be one or more
25  tones or sub-carriers and a duration, e g., one symbol or more symbols (e.g.. a
duration of 2 us to 16 us or more). In some embodiments, the encoding may
mclude patiemns with different value duration the duration of one symbol. The
number of tones or sub~-carriers may be a number from 2 to 56 or more. The
encoding may fransmit energy on some tones and not transmit energy on other
30 tones. The encoding may use orthogonal codes, e.g., a P-matrix for generating
the encoding. The encoding may use negative voltage, zero voltage, and positive
voltage on one or more tones for a duration. The ID 806, sequence 1110, and/or

ID 1210 may be part of PHY layer signaling such as a training field (e.g., long
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training field or short training field). An example, 1D 806, sequence 1110,
and/or ID 1210, may be a resource umit of 12 tones for a duration of one symbol.
A first identification {e.g., sequence 1110.1 or 1D 1210.1) may be to transmut on

energy on the first fowr tone set and the third four tone set for a duration of one

U

symbol. A second identification {e.g., sequence 1110.2 or ID 1210.2) may be to

iransmit energy on the second four tone set and to transmit energy on the third

four tone set. A third identification {e.g.. sequence 11103 or ID 1210.3) roay be
to transmit energy on the first four tone set and to transmit energy on the second
four tone set. The IoT device 508 or LP-WUR device 514 may be able to

10 distinguish among these three identifications {e.g., by using a threshold value to
determine if energy was transnitted on each four tone sets.)

{00144} FIG. 13 illustrates carner offset 1300 in accordance with some
embodiments. Hlustrated i FIG. 13 1s frequency 1302 along a horizountal axis
along the bottom, and amphitude 1304 along a vertical axis along the left side.

15 |00145] Zero (0) may indicate the carrier frequency 13063 or no offset
from the carrier frequency 1306.3. Negative offset 1306.1 may be to the lefi of
the carrier frequency 1306.3. For example, some frequency subtracted from the
carrier frequency 1306.3. For example, a value of 5K to 100K subtracted from
the carrier frequency 1306.3. Positive offset 1306.2 may be to the right of the

20 carrer frequency 1306.3. For example, some frequency added to the carrier
frequency 1306.3. For example, a value of 5K to 100K added to the carrier
frequency 1306.3. In some embodiments, the negative offset 1306.1 and
positive offset 1306.2 may be from 1K to 500K from the carrier frequency
1306.3. In some embodiments, a wireless device (e g., wireless device 802) may

25 wvary the frequency (e.g., vary the starting frequency and ending frequency of the
bandwidth of the transmission of the synchronization fields 804, 1108, or 1208}
from the negative offset 1306.1 to the posiiive offset 1306,

[00146] FIG. 14 illustrates synchronization information 1400 in
accordance with some embodiments. The synchronization information 1400

30 may include ID to carrier offset 1402 information. For example, the ID to

carrier oftset 1402 information roay indicate ID to carrier offset 810 as disclosed

in conjunction with FIGS. 8 and .
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[00147] The 1D to carrier offset 1402 information may indicate a carrier
offset (1306) for a sequence 1110 or 113 1210, or in some embodiments, a
position of the synchromization field 804, 1106, 1206,

{60148} The synchronization information 1400 may be an information

U

element. The synchronization information 1400 may be included in one or more

of beacons, associalion requesis, associalion responses, probe requests, probe

responses, etc. The synchronization information 1400 may be included i one or
more fields of a packet, e g., an association response,

[90149] Some embodiments provide a technical solation to a technical

10 problem of how to keep a loT device 508 {or LP-WUR device 514}
synchronized 1o a carrier signal, e.g., to a wireless device 802. Some
embodiments provide a technical solution to a technical problem of how {0 keep
a LP-WUR {e.g.. 514} synchronized to a carrier signal, e.g., to a wireless device
802. Some embodiments provide a techiical solution to a technical problem of

15  how io keep a LP-WUR device (e.g., 514) with only one receive chain
synchronized to a carrier signal, e.g., {0 a wireless device 802, Some
embodiments provide a technical solution to one or more of the technical
problems described herein with a very low overhead of the synchronization
fields 304, 1108, 1208.

20 [00156] Some embodiments provide PHY signaling to enable carrier
frequency tracking to iraprove IoT device 508 (or LP~-WUR device 514)
detection capability. Some embodiments, improve WUR 509 receiver detection
and improve system performance by improving SNR that use non-coherent
recetvers and lower quality oscillators.

25 {09151] FI1G. 15 illustrates a method 1500 of packets for frequency
tracking in accordance with some embodiments. The method 1500 begins at
operation 1502 with decoding one or more synchronize fields, the one or more
syachronize fields each comprising a corresponding identification, the
corresponding identification indicating a corresponding carrier offset of the

30 synchronize field.

[00182] For exarople, IoT devices 508 {or LP-WUR device 514) may

decode synchronization fields 804 with IDs 806 (or synchronization fields 1108

with sequences 1110, or synchronization fields 1206 with Is 1210). The IDs
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806 {or sequences 1110 or {5 1210) may be used by the {oT devices 508 (or
LP-WUR device 514) to delermine a carrier offset 808 (1109, 1209) used to
transmit the synchromization fields 804 {or 1108, 1206}

{80153} The method 1500 continues at operation 1504 with synchronizing

U

the wireless device based on the one or more synchronize fields. For example,

10T devices 308 {or LP-WUR device 514) may synchronize closer to the carrier

frequency 1306.3 by determining characteristics of the synchromzation fields

804, 110&, 1208, based on the corresponding carrier offsets 808, 1109, 1209,

respectively, used to transmit the synchronization fields 804, 1108, 1208, For

10 example, the 1oT devices 508 {or LP-WUR device 514) may shift or tune the
receiver WUR 509 {or WUR 1702) negative it a synchronization field 804,
1108, 1208 that has a negative offset 1306.1 has the highest SNR from other
decoded synchronization fields 804, 1108, 1208. In some embodiments, the IoT
devices 508 (or LP-WUR device 514) may adjust a clock {e.g., clock 1704)

15 based on the synchronization field 804, 1108, 1208,
[00134] In some embodiments, the method 1500 may be performed by an
ToT device 308, LP-WUR device 514, HE AP 302, wirsless device 802, and/or
HE station 504. In some embodiments, the method 1500 may be performed by
an apparatus of an 10T device 508, an apparatus of a LP-WUR device 514, an

20 apparatus of a HE AP 502, an apparatus of wireless device 802, and/or an
apparatus of a HE station 504,
[00155] FIG. 16 illustrates a method 1600 of packets for frequency
tracking in accordance with some embodiments. The method 1600 begins at
operation 1602 with encoding synchronize fields, the synchromze fields each

25  comprising an identification, the identification mdicating a frequency the
synchronize field is to be transmitted on, wherein the frequency is indicated by a
carrier offset.
[80156] For example, wireless device 802 may encode synchronization
fields 804 with [Ds 806, Simularly, wireless device 802 may encode

30 synchronization fields 1108 with sequences 1110. Simularly, wirgless device

802 may encode synchronization fields 1208 with IDs 1208,

{00157] The method 1600 continues at operation 1604 with configuring

the wireless device to transmit each of the synchronize fields on a frequency
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ndicated by a corresponding identification. For example, wirelass device 802
may transmit synchronization fields 804 with 1Ds 806 in accordance with the
carrier oftsets 808, Stmularly, wireless device 802 transmut synchromization
fields 1108 with sequences 1110 in accordance with carrier offsets 808.
Simtlarly, wireless device 802 may transmit synchronization fields 1208 with
IDs 1208 in accordance with carrier offsets 808.

[00158] In some embodiments, the method 1600 may be performed by an
10T device 508, HE AP 502, wireless device 802, and/or HE station 504. In
some embodiments, the method 1500 may be performed by an apparatus of an
10T device 508, an apparatus of a HE AP 502, an apparatus of wireless device
802, and/or an apparatus of a HE station 504.

{80159} FIG. 17 illustrates a fow power {LP) wake-up radio (WUR) (LP-
WUR} device 514 in accordance with some embodiments. The LP-WUR device
514 may include a WUR 1702, clock 1704, and oscillator 1706,

[00160] The LP-WUR device 514 may operate in accordance with IEEE
802 11ax, BlueTooth®, IEEE 802.11ba, or another standard of 802.11. The LP-
WLUR device 514 may be, in some embodiments, a narrow band device that
operates on a smalier sub-channel than the HE stations 504 (see FIG. 5} For
example, the LP-WUR device 514 may operate on 2.03 MHz or 4.06 MHz sub-
channels. In some embodiments, the LP-WUR device 514 are not able to
iransrait on a full 20 MHz sub-channel to the HE AP 502 with sufficient power
for the HE AP 502 1o receive the transmission. In some embodiments, the LP-
WHUR device 514 are not able to receive on a 20 MHz sub-channel and must use
a small sub~channel such as 2 03 MHz or 4.06 MHz sub-channel. In some
embodiments, the LP-WUR device 514 may operate on a sub-channel with
exactly 26 or 52 data sub-carriers. The LP-WUR device 514, in some
embodiments, may be short-range, low-power devices. In some embodiments,
the LP-WUR device 514 may not be able to transmit.

{00161 The LP-WUR device 514 may be battery constrained. The LP-
WUR device 514 may be sensors designed to measure one or more specific
pararoeters of mterest such as femperature sensor, pressure sensor, hunudity
sensor, light sensor, etc. The LP-WUR device 514 may be location-specific

sensors. Some LP-WUR device 514 may be connecied to a sensor hub 510, The
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LP-WUR device 514 may upload measured data from sensors to the sensor hub
510. The sensor hubs 510 may upload the daia to an access gateway 512 that
connects several sensor hubs 510 and can connect to a cloud sever or the Internet

{not tlustrated). The HE AP 502 may act as the access gateway 512 m

U

accordance with some embodiments. The HE AP 502 may act as the sensor hub

510 n accordance with some embodiments. The LP-WUR device 514 may have

identifiers that identify a type of data that is measured from the sensors. in some

embodiments, the LP-WUR device 514 may be able to determine a location of

the LP-WUR device 514 based on recetved satellite signals or received terrestrial

10 wireless signals.
{90162} In some embodiments, the LP-WUR device 514 may need to
consume very low average power in order to perform a packet exchange with the
sensor hub 510 and/or access gateway 512 (or another device). The LP-WUR
device 514 may enter a power save mode and may exit the power save at

15  intervals to gather data from sensors and/or to upload the data to the sensor hub
510 or access gateway 512, A WUR 1702 may be circutiry that is configured o
consume a lower amount of power than other devices or other portions of the
same device. In some embodiments, the LP-WUR device 514 may have
different states, e.g., sleeping and awake. The WUR 1702 may be configured to

20 signal a wake-up signal to the LP-WUR device 514 upon reception of a wake-up
field, e.g., wake-up 918 or wake-up preamble 1008, The WUR 1702 may be a
LP-WUR.
[00163] In some embodiments, the WUR 1702 may be a very low power
radio frequency portion of the LP-WUR device 514 device so that the WUR

25 1702 may remain active while other portions of the LP-WUR device 514 either
sleep or become lower active. In some embodimenis, the WUR 1702 is
configured {0 generate wake-up signal when it recetves a wake-~up packet 918 or
wake-up preamble 1008 {(or another signal that indicates the LP-WUR device
514 should wake-up.} In some embodiments, the WUR 1702 is a receive only

3¢ chain

{00164} In some embodiments, the LP-WUR device 514 has a single

receive chain, e g.. no quadrature receiver chain, which may reduce power by 50

percent. In some embodiments, the oscillator 1706 may be one or more
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oscillators that do not operate as well as oscillators of the wireless device 802,
In some embodiments, the LP-WUR device 514 has simple oscillators. In some
embodiments, the LP-WUR device 514 has oscillators that have large offsets. In

guadrature designs large frequency offsets will degrade performance if

U

frequency 13 not estimated.

[80165] In some embodiments, the LP-WUR device 514 with a lower

quality oscillator has clock 1704 {e.g., one or more clocks) that will dnift from

the carrier frequency {e.g., 13063} quickly. In some embodiments, since the

LP-WUR device 514 only has one receive chain, it cannot resolve phase and

10 thus cannot estimate frequency. In some embodiments, with only one receive
chain, the LP-WUR device 514 cannot estimate frequency offset, so the LP-
WUR device 514 is unable io estimate frequency drift.
[001606] In some embodiments, the WUR 1702 uses on-off keving
modulation, which enables a simple energy detector to detect data. fn some

15 embodiments, if the LP-WUR device 514 cannot estimate frequency drift or
offset, which may result in a significant degradation in acquisition probability
(e.g.. the WUR 1702 nusses the wake-up packet) or a degraded performance
may be the result.
{00167] In some embodiments, MAC level signaling to assist in

20 synchronizing the WUR 1702 with the carrier frequency 1306.3 may beused. In
some embodirments, the MAC level signaling does not enable the LP-WUR
device 514 to track the carrier frequency 1306.3, and the MAC level signaling
has a high overhead particularly since the data rate mav be low for a WUR 1702
packet. The WUR 1702 mav be a non-coherent receiver in accordance with

25  some embodiments. The synchronization fields 804, 1108, 1208, provide a
technical solutions to ong or more of the technical problems describad above.
[00168] FI1G. 18 illustrates a method 1800 of packets for frequency
iracking 10 accordance with some embodiments. The method 1800 begins at
operation 1802 with decoding synchronize fields of a packet, the synchronize

30 fields each comprising an identification.

[00169] For exarople, loT devices 508 (or LP-WUR device 514) may

decode synchronization fields 804 with IDs 806 (or synchronization fields 1108

with sequences 1110, or synchronization fields 1206 with IDs 1210}
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{001 70] The method 1800 may continue at operation 1804 with
determining a carrier offset associated with each of the synchromize fields from a
corresponding 1dentification, where the carrier offset indicates a frequency offset
from a carrier.

80171} For example, the IDs 806 (or sequences 1110 or IDs 1210} may
be used by the ToT devices 508 (or LP-WUR device 514} {o determine a carrier
offset 808 used to transnut the synchromization fields 804, e.g., the IoT devices
508 {or LP-WUR device 514} may use 1D to carrier offset 810 or 1402,

[06172] The method 1300 may continue at operation 1806 with
determining signal quality metrics for signal reception by the WUR for each
carrier offset indicated in the synchronize fields.

{00173] For example, [oT devices 508 {or LP-WUR device 514) may
decode synchronization fields 804 with IDs 806 (or synchronization fields 1108
with sequences 1110, or synchronization fields 1206 with 1Ds 1210} and
determine signal reception by the WUR 309, e.g., SNR or signal strength.
[00174] The method 1300 may continue at operation 1808 with
configuring the WUR to adjust a receive frequency in accordance with one of the
carrier offsets based on the signal quality metrics. For example, 10T devices 508
{or LP-WUR device 514) may adjust a receive frequency of WUR 309 in
accordance with one of the carrier offsets based on the signal quality metrics of
syachronize fields 804, For exarople, a clock 1704 {or oscillator 1706} may be
adjusted. In some embodiments, a converged carrier tracking loop may be se
based on the determined signal quality metrics, where the converged carer
tracking loop tunes to a frequency such that the center synchronization field will
be recetved with a highest signal to noise ratio or a strongest signal strength. In
some embodiments, IoT devices 508 {or LP-WUR device 514) may adjust the
clock 1704 (or oscillator 1706} to tune the frequency of the WUR 509, 170210 a
frequency such that the center synchromization field (e.g., synchronization field
1208.2) will be received with a highest signal {0 noise ratio or a sirongest signal
strength.

[00175] Some embodiments have the technical effect of enabling a LP-
WUR device 514 to track a carrier signal of another device by sending

synchronize fields that include an indication of a carrier offset.
42



WO 2018/174941 PCT/US2017/054085

[00176] The following examples pertain to further embodiments.
Example 1 1s an apparatus of a wireless device, the apparatus comprising: a
wake~up radio (WUR), and, processing circutiry coupled to the WUR, the

processing circuitry configured to: decode synchronize fields of a packet, the

U

syanchronize fields each comprising an identification; determine a carrier offset
associated with each of the synchronize fields from a corresponding
identification, where the cammier offset indicates a frequency offset from a carrier;
determine signal quality metrics for signal reception by the WUR for each
carrier offeet indicated in the synchronize fields; and configure the WUR to
10 adjust a receive frequency in accordance with one of the carner offsets based on
the signal quality metrics.
{80177] In Example 2, the subject matter of Example 1 optionally includes
where the packet includes an Institute of Electrical and Electromic Engineers
(IEEE) 802.11 legacy preamble field with a 20 MHz bandwidth, and where the
15 synchronize fields have a bandwidth of 5 MHz or less.
[00178] In Example 3, the subject matier of any one or more of Examples
12 optionally include where the WUR has a receive bandwidth of 5 MHz or
fess
{00179] In Example 4, the subject matter of any one or more of Examples
20 1-3 optionally include where the synchronize fields comprise a negative
synchronize field with a negative frequency offset from the carrier, a center
synchronize field with no frequency offset from the carrier, and a positive
frequency synchronize field with a positive carrier offset from the carrier.
[00180] In Example 5, the subject matier of Example 4 optionally includes
25  where the processing circuitry is further configured to: determine for each of the
synchronize fields one or more of the following signal quality metrics: a signal
io noise ratio and a signal strength,
[00181] In Example 6, the subject matter of Example 5 optionally includes
where the processing circuitry is further configured to: set a converged carrigr
30 tracking loop based on the determuned signal quality metrics, where the
converged carner tracking loop tunes to a frequency such that the center
synchronization field will be received with a higher or highest signal o noise

ratio or a stronger or strongest signal strength.
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[00182] In Example 7, the subject matter of anv one or more of Examples
5-6 optionally include where the wireless device includes a clock coupled to the
processing circuitry, and where the processing circuitry 1s further configured to:
adjust the clock to tune the frequency of the WUR to a frequency such that the

center synchronization field will be received with a highest signal to noise ratio

U

or a strongesi signal strength.

{00133] In Example 8, the subject matter of any one or more of Examples
1-7 optionally include where the identification is a value of a field of a
corresponding synchronize field, and where the field 1s from one bit to eight bits.

10 [00184] In Example 9, the subject matier of any one or more of Examples
1-8 optionally include where the processing circuitry is fiwther configured to:
determine the identification based on a sequence of a corresponding synchronize
field of the synchronize fields.

[00185] In Example 10, the subject matter of any one or more of

15  Examples 1-9 optionally include MHz from the carrier.

{901 86] In Example 11, the subject matier of any one or more of
Examples 1-10 optionally include where the carrier offset associated with each
of the synchronize fields is one from the following group: a negative offset from
a carrier, a positive offset from the carrier, and no offset from the carrier.

20 [00187] In Example 12, the subject matter of any one or more of
Examples 1-11 optionally include transceiver circuitry coupled to the WUR;
and, one or more antennas coupled to the transceiver circuitry,

{00188} In Example 13, the subject matier of Example 12 optionally
mcludes where the is processing civcuitry 1s further configured to: generate a

25 signal for the wireless device to wake up, if a wake-up packet is decoded.
{0018%] In Example 14, the subject matter of any one or more of
Examples 1-13 optionally include where the apparatus further includes memory
coupled to the processing circuitry, and where the memory is configured to store
the carrier offset of each of the synchronize fields and the synchronize fields.

30 [60196G) In Example 15, the subject matier of any one or more of
Examples 1-14 optionally include where the apparatus further includes a single

receive chain for the WURL
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[00191] In Example 16, the subject matter of any one or more of
Examples 1-15 optionally include access point.
[00192] Example 17 1s a method performed by a wireless device, the

method comprising: decoding synchronize fields of a packet, the synchronize

U

fields each comprising an identification; determining a carrier offset associated

with each of the svuchronize fields from a corresponding identification, where

the carrier offset indicates a frequency offset from a carrier; determuning signal
quality metrics for signal reception by the WUR for each carrier offset indicated
mn the svuchronize fields; and configuring the WUR to adjust a recetve frequency

10 1n accordance with one of the camier offsets based on the signal quality metrics.
[00193] In Example 18, the subject matter of Example 17 optionally
mcludes where the packet includes an Institute of Electrical and Electronic
Engineers {(IEEE) 802,11 legacy preamble {ield with a 20 MHz bandwidth,
where the synchronize fields have a bandwidth of 5 MHz or fess.

15 |001s4] Example 19 15 a non-transitory computer-readable storage
medium that stores instructions for execution by one or more processors, the
mstructions to configure the one or more processors to cause a wireless device
to: decode synchronize fields of a packet, the synchronize fields each comprising
an identification; determine a carrier offset associated with each of the

20 synchronize fields from a corresponding identification, where the carrer offset
mdicates a frequency offset from a carmier; determine signal quality metrics for
signal reception by the WUR for each carrier offset indicated in the synchronize
fields; and configure the WUR to adjust a receive frequency in accordance with
one of the carrier offsets based on the signal quality metrics.

25 {09195] In Example 20, the subject matter of claim 19 optionally includes
where the packet includes an Institute of Electrical and Electronic Engineers
(IEEE) 802.11 legacy preamble field with a 20 MHz bandwidth, where the
synchronize fields have a bandwidth of 5 MHz or less.

[00196] Example 21 15 an apparatus of a wireless device, the apparatus

30 compnsing: memory; and, processing circuttry coupled to the memory, the

processing circuitry configured to: encode synchronize fields, the synchronize

fields each comprising an identification, the identification indicating a frequency

the synchronize field is to be transmitted on, where the frequency is mdicated by
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a carrier offset; and configure the wireless device fo transmit each of the
synchronize fields on a frequency ndicated by a corresponding 1dentification.
[00197] In Example 22, the subject matter of Example 21 optionally

includes where the processing circuitry is further configured to: configure the

U

wireless device to transmit an Institute of Electrical and Electronic Engineers

(IEEE) 802.11 legacy preamble field with a 20 MHz bandwidth before the

syachronize fields; and configure the wireless device to transmat the synchronize

fields with a bandwidth of 5 MHz or less.

[90198] In Example 23, the subject matier of any one or more of

10 Examples 21-22 optionally include where the processing circuitry 1s further
configured to: encode the identification based on a sequence of signals that
mdicates the carrier offset.

[80199] In Example 24, the subject matter of any one or more of
Examples 21-23 optionally include where the processing circuitry 1s further

15 configured to: encode a value of a field of each of the synchronize fields, where
the field is from one bit to eight bits and indicales a carrier offset of a
corresponding synchronize field of the synchronize fields.

{90200] In Example 23, the subject matter of any one or more of
Examples 21-24 optionally include access point.

20 [00201] Example 26 15 an apparatus of a wireless device, the apparatus
coraprising: roeans for decoding synchronize fields of a packet, the svnchronize
fields each comprising an identification; means for determining a carrier offset
associated with each of the synchronize fields from a corresponding
identification, where the carrier offset indicates a frequency offset from a carrier;

25 means for determining signal quality metrics for signal reception by the WUR
for each carrier offsel indicated in the synchronize fields; and means for
configuring a wake-up radio (WUR) to adjust a receive frequency in accordance
with one of the carner offsets based on the signal quality metrics.

[00202] In Example 27, the subject matter of Example 26 optionally
30 includes where the packet includes an Institute of Electrical and Electronic
Engineers (IEEE) 802.11 legacy preamble field with a 20 MHz bandwidth, and

where the synchronize fields have a bandwidth of 5 MHz or less.
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[00203] In Example 28, the subject matter of any one or more of
Examples 26-27 optionally include where the WUR has a recetve bandwidth of
5 MHz or less.

{00204] In Example 29, the subject matter of any one or more of

U

Examples 26-28 optionally include where the synchronize fields comprise a
negative synchronize field with a negative frequency offset from the carrier, a
center synchronize field with no frequency offset from the carrier, and a positive
frequency synchronize field with a posttive carrier offset from the carrier.
[06203] In Example 30, the subject matter of Example 29 optionally

10 includes the apparatus further includes: means for deternuning for each of the
synchronize fields one or more of the following signal quality metrics: a signal
1o noise ratio and a signal strength.

180206} In Example 31, the subject matter of Example 30 optionally
mcludes the apparatus further comprising: means for setting a converged carrier

15 tracking loop hased on the determined signal quality metrics, where the
converged carrier tracking loop tunes to a frequency such that the center
synchronization field will be received with a highest signal to noise ratio or a
strongest signal strength.

{00267] In Example 32, the subject matter of Example 31 optionally

26 ncludes where the wireless device includes a clock coupled to the processing
circuitry, and where the apparatus further includes: means for adjusting the clock
to tune the frequency of the WUR 1o a frequency such that the center
synchronization field will be received with a highest signal to noise ratio or a
strongest signal strength.

25 {09208] In Example 33, the subject matter of any one or more of
Examples 26-32 optionally include where the identification is a value of a field
of a corresponding synchronize field, and where the field is from one bit o eight
bits.

[00209] In Example 34, the subject matter of any one or more of

30 Examples 26-33 optionally include the apparatus further comprising: means for

determining the identification based on a sequence of a corresponding

synichronize field of the synchronize fields.
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[00210] In Example 35, the subject matter of any one or more of
Examples 26-34 optionally include MHz from the carrier.
{00211} In Example 36, the subject matter of any one or more of

Examples 26-35 optionally include where the carrier offset associated with each

5  of the synchronize fields is one from the following group: a negative offset from
a carrier, a positive offset from the carrier, and no offset from the carrier,
[00212] In Example 37, the subject matter of any one or more of
Examples 26-36 optionally include means for processing radio-frequency
signals; and, means for transmitting and recetving radio-frequency signals.

10 {00213] In Example 38, the subject matter of Example 37 optionally

includes the apparatus further comprising: means for generating a signal for the
wireless device to wake up, if a wake-up packet is decoded.
180214} In Example 39, the subject matter of any one or more of
Examples 26-38 optionally include where the apparatus further includes means
15  for asingle receive chain for the WUR.
[90215] In Example 40, the subject matier of any one or more of
Examples 26-39 optionally include access point.
{00216] Example 41 is an apparatus of a wireless device, where the
apparatus includes: means for configuring the wireless device to transimit an
20 Institute of Electrical and Electronic Engineers (IEEE) 802.11 legacy preamble
field with a 20 MHz bandwidth before the synchronize fields; and means for
configuring the wireless device to transmit the synchronize fields with a
bandwidth of 5 MHz or less.
[00217] In Example 42, the subject matter of Example 41 optionally
25  mcludes the apparatus further comprising: means for encoding the identification
based on a sequence of signals that indicates the carrier offset.
180218] In Example 43, the subject matter of any one or more of
Examples 41-42 optionally include the apparatus further comprising: means for
encoding a value of a field of each of the synchronize fields, where the field 15
30 from one bit to eight bits and indicates a carrier offset of a corresponding
synchronize field of the synchronize fields.
[90219] Fxample 44 1s a non-tfransitory computter-readable siorage

medium that stores instructions for execution by one or more processors, the
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mstructions to configure the one or more processors 1o cause a wireless device
to: encode synchronize fields, the synchronize fields each comprising an
wdentification, the identification indicating a frequency the synchronize field 15 to
be transnutied on, where the frequency is indicated by a carrier offset; and
configure the wireless device to transmit each of the synchronize fields ona
frequency indicated by a corresponding 1dentification.

[00220] In Example 43, the subject matter of Example 44 optionally
mncludes where the instructions further configure the one or more processors o
cause the wireless device to: configure the wireless device 1o transmit an
institute of Electrical and Electromc Engineers (IEEE) 802 11 legacy preamble
field with a 20 MHz bandwidth before the synchronize fields; and configure the

wireless device to transmit the synchronize fields with a bandwidth of 5 MHz or

]

les

‘.

{00221} In Example 46, the subject matter of any one or more of
Examples 44-45 optionally include where the instructions further configure the
one or more processors 1o cause the wireless device 1o encode the identification
based on a sequence of signals that indicates the carner offset.

[90222] In Example 47, the subject matter of any one or more of
Examples 44-46 optionally include where the instructions fuwrther configure the
one or more processors (o cause the wireless deviee to: encode a value of a field
of each of the synchronize fields, where the field is from one bit to eight biis and
mndicates a carrier offset of a corresponding synchronize field of the synchronize
fields.

[00223] In Example 48, the subject matter of any one or more of
Examples 44-47 optionally include access point.

{00224] Example 49 is a method performed by a wireless device, the
method comprising: encoding synchromize fields, the svanchronize fields each
compnsing an identification, the identification indicating a frequency the
synchronize field 1s to be fransmitted on, where the frequency is indicated by a
carrier offset; and configuring the wireless device 1o tfransmit each of the
synchronize fields on a frequency indicated by a corresponding identification.
[00225] In Example 50, the subject matter of Example 49 optionally

includes where the processing circuitry is further configured to: configure the
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wirgless device fo fransmit an Institute of Elecirical and Flectronic Engineers
(IEEE) 802.11 legacy preamble field with a 20 MHz bandwidth before the
synchronize fields; and configure the wireless device to transmit the synchronize

fields with a bandwidth of 5 MHy or less.

U

{00226] In Example 51, the subject matter of any one or more of
Examples 49-50 optionally include where the method further inclades: encode
the identification based on a sequence of signals that indicates the carrier offset.
[00227] In Example 52, the subject matter of any one or more of
Examples 49-51 optionally include where the method further includes: encoding
10 avalue of a field of each of the synchronize fields, where the field is from one
bit to eight bits and indicates a carrier offset of a corresponding synchronize field
of the synchronize fields.
1860228] In Example 53, the subject matter of any one or more of
Examples 49-32 optionally include access point.
15 |00229] The Abstract is provided to comply with 37 C. F R. Section
1.72{b) requiring an abstract that will allow the reader {0 ascertain the nature and
gist of the technical disclosure. 1t is subnutted with the understanding that 1t will
not be used to limit or interpret the scope or meaning of the claims. The
foliowing claims are hereby incorporated into the detailed description, with each

28 claim standing on s own as a separate embodiment.
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CLAIMS

What 1s claimed is:

I. An apparatus of a wireless device, the apparatus comprising: a

U

wake-up radio (WUR); and, processing circuitiy coupled to the WUR, the
processing circutiry configured to:

decode synchronize fields of a packet, the synchronize fields each
comprising an identification;

determine a carrier offset associated with each of the synchronize
10 fields from a corresponding identification, wherein the carrier offset indicates a
frequency offset from a carrier;

determine signal quality metrics for signal reception by the WUR
for each carrier offsel indicated in the synchronize fields; and

configure the WUR to adjust a receive frequency n accordance

15 with one of the carrier offsets based on the signal quality metrics.

2. The apparatus of claim 1, wherein the packet comprises an
Institute of Electrical and Electronic Engineers (IEEE) 802 11 legacy preamble
field with a 20 MHz bandwidth, and wherein the synchronize fields have a

20 bandwidth of 5 MHz or less.

3. The apparatus of claim 1, wherein the WUR has a receive

bandwidth of 3 MHz or less.

25 4. The apparatus of claim 1, wherein the synchronize fields
comprise a negative synchronize field with a negative frequency offset from the
carrier, a center syunchronize field with no frequency offset from the carrier, and
a positive frequency svnchronize field with a positive carrier offset from the
carrier.

38

5. The apparatus of claim 4, wherein the processing circuitry 15

further configured to:
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deternune for each of the synchronize fields one or more of the

following signal quality metrics: a signal to noise ratio and a signal strength.

6. The apparatus of claim 3, wherein the processing circuitry is

U

further configured to:
set a converged carrier tracking loop based on the determined signal
quality metrics, wherein the converged carrier tracking loop tumes to a frequency
such that the center synchronization field will be received with a higher or
highest signal to noise ratio or a stronger or strongest signal strength.
10
7. The apparatus of claim 5, wherein the wireless device comprises a
clock coupled to the processing circuitry, and wherein the processing circuitry is
further configured to:
adjust the clock fo tune the frequency of the WUR 1o a frequency
15 such that the center synchronization tield will be received with a highest signal

1o neise ralio or g strongest signal strength.

8. The apparatus of claim 1, wherein the identification 15 a value of a

field of a corresponding synchronize field, and wherein the field 1s from one bit

o

io eight bits.

9. The apparatus of claim 1, wherein the processing circuitry is
further configured {o:
determine the identification based on a sequence of a

25  corresponding synchronize field of the synchronize fields.

10.  The apparatus of claim 1, wherein the carrier offset associated
with each of the syvnchronize fields 1s from a negative | MHz offset from a
carrier 10 a positive 1 MHz from the carrier.
38
i1 The apparatus of claim 1, wherem the carner offset associated

with each of the synchronize fields is one from the following group: a negative

U
b2
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offset from a carrier, a positive offset from the carrier, and no offset from the

carrier.
12. The apparatus of claim 1, further comprising fransceiver circutry
5 coupled to the WUR; and, one or more antennas coupled fo the transceiver
cireuitry.
13. The apparatus of claim 12, wherein the i processing circuiiry is
further configured to:
10 generate a signal for the wireless device to wake up, if a wake-up

packet is decoded.

14 The apparatus of claim 1, wherein the apparatus further comprises
memaory coupled to the processing circuitrv, and wherein the mermory 1s
15  configured to store the carrier offset of each of the svnchronize fields and the

synchronize fields.

15 The apparatus of claim 1, wherein the apparatus further comprises

a single receive chain for the WUR.

20
16,  The apparatus of claim 1, wherein the wireless device 1s one from
the following group: an Institute of Electrical and Electronic Engineers (IEEE)
802.1%1ax access point, an IEEE 802.11ax siation, an IEEE 802.1 1 ba station, an
{EEE 802.11ba access point, an IEEE 802,11 station, and an IEEE 802.11 access
25  point

17. A method performed by a wireless device, the method
cormprising:
decoding synchronize fields of a packet, the synchronize fields
30 each comprising an identification;
deterrairung a carrier offset associated with each of the
synchronize fields from a corresponding identification, wherein the carrier offset

imdicates a frequency offset from a carrier;
53
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deternuning signal quality metrics for signal reception by the
WUR for each carrier offset indicated in the synchronize fields; and
configuring the WUR to adjust a receive frequency in accordance

with one of the carrier offsets based on the signal quality metrics.

5
8. The method of ¢laim 17, wherein the packet comprises an
Institute of Electrical and Electronic Engineers (IEEE) 802.11 legacy preamble
field with a 20 MHz bandwidth, wherein the synchronize fields have a
bandwidth of 5 MHz or less.
10

19, A non-transitory computer-readable storage medium that stores
mstructions for execution by one or more processors, the insiructions fo
configure the one or more processors to cause a wireless device {0

decode synchronize fields of a packet, the synchronize fields each
15 comprsing an identification;
determine a carrier offset associated with each of the synchronize
fields from a corresponding identification, wherein the carrier offset indicates a
frequency offset from a carrier;
determine signal quality metrics for signal reception by the WUR
26 f{or each carrier offset indicated in the synchronize fields; and
configure the WUR 1o adjust a receive frequency in accordance

with one of the carrier offseis based on the signal quality metrics.

20, The non-transitory computer-readable storage medium of claim
25 19, wherein the packet comprises an Institute of Electrical and Electronic
Engineers {IEEE) 802.11 legacy preamble field with a 20 MHz bandwidth,

wherein the synchronize {ields have a bandwidth of 5 MHz or less.

21. Amn apparatus of a wireless device, the apparatus comprising:
30 memory; and, processing circuitry coupled to the memory, the processing

circuttry configured to:
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encode synchronize fields, the synchronize fields each comprising
an identification, the wdentification wndicating a frequency the synchronize field
1s to be transmitted on, wherein the frequency is indicated by a carrier offset; and

configure the wireless device to transmit each of the synchronize

U

fields on a frequency indicated by a corresponding identification.
22, The apparatus of claim 21, wherein the processing circutry is
further configured to:
configure the wireless device to transmif an Institute of Electrical
10 and Electronic Engineers ({EEE) 802.11 legacy preamble field with a 20 MHz
bandwidth before the synchronize fields; and
configure the wireless device to transmit the synchronize fields

with a bandwidth of 5 MHz or Jess.

15 23. The apparatus of claim 21, wherein the processing circuiiry is
further configured to:
encode the identification based on a sequence of signals that

indicates the carrier offset.

20 24, The apparatus of claim 21, wherein the processing circuiiry is
further configured to:
encode a value of a field of each of the synchronize fields,
wherein the field is from one bit to eight bits and indicates a carner offset of a

corresponding synchronize field of the synchronize fields.

25, The apparatus of claim 21, wherein the wireless device is one
from the following group: an Institute of Electrical and Electronic Engineers
(IFEE) 802 11ax access point, an [EEE 802.11ax station, an IEEE 802.11ba
station, an IEEF 802.11ba access point, an IEEF 802,11 station, and an 1EEE

30 802.11 access point.

U
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