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Description

BACKGROUND

Field

[0001] The present application relates generally to
wireless communications, and more specifically to sys-
tems, methods, and devices for communicating very
short paging messages for wireless receivers.

Background

[0002] In many telecommunication systems, commu-
nications networks are used to exchange messages
among several interacting spatially-separated devices.
Networks may be classified according to geographic
scope, which could be, for example, a metropolitan area,
a local area, or a personal area. Such networks would
be designated respectively as a wide area network
(WAN), metropolitan area network (MAN), local area net-
work (LAN), wireless local area network (WLAN), or per-
sonal area network (PAN). Networks also differ according
to the switching/routing technique used to interconnect
the various network nodes and devices (e.g. circuit
switching vs. packet switching), the type of physical me-
dia employed for transmission (e.g. wired vs. wireless),
and the set of communication protocols used (e.g. Inter-
net protocol suite, SONET (Synchronous Optical Net-
working), Ethernet, etc.).
[0003] Wireless networks are often preferred when the
network elements are mobile and thus have dynamic
connectivity needs, or if the network architecture is
formed in an ad hoc, rather than fixed, topology. Wireless
networks employ intangible physical media in an unguid-
ed propagation mode using electromagnetic waves in
the radio, microwave, infra-red, optical, etc. frequency
bands. Wireless networks advantageously facilitate user
mobility and rapid field deployment when compared to
fixed wired networks.
[0004] The receivers in a wireless network may con-
sume a large amount of power during packet reception
or while waiting to receive packets. Thus, improved sys-
tems, methods, and devices for communicating in a wire-
less network are desired.
[0005] Document US 2011/0274021 A1 discloses a BT
receiver RF front end receives RF energy in a sequence
of BT scan windows. Throughout a scan window, the
front end is tuned to one hop frequency. Before and after
the window the front end is in a disabled state. A WLAN
energy detector processes an output of the front end dur-
ing the window and determines whether more than a pre-
determined amount of RF energy was received onto the
front end during the window. A BT baseband processor
attempts to demodulate the output of the front end. If the
WLAN energy detector determines that the predeter-
mined amount of RF energy was received and if a BT
signal could not be demodulated, then a WLAN wake-up

signal is asserted, thereby causing a WLAN transceiver
to be powered up to receive WLAN signals. BT scan in-
tervals are varied in duration to facilitate a BT scan win-
dow overlapping a WLAN beacon.
[0006] Document US 2012/0120859 A1 discloses a
method of wakeup signaling for a very low power wireless
local area network device (WLAN) device, comprising
transmitting by an access point operable in the WLAN of
a wake-up signal that can be received using low-power
techniques at a receiver associated with the device.

SUMMARY

[0007] The invention is defined in the independent
claims 1, 14 and 15.
[0008] The systems, methods, and devices of the in-
vention each have several aspects, no single one of
which is solely responsible for its desirable attributes.
Without limiting the scope of this invention as expressed
by the claims which follow, some features will now be
discussed briefly. After considering this discussion, and
particularly after reading the section entitled "Detailed
Description" one will understand how the features of this
invention provide advantages that include improved
communications between access points and stations in
a wireless network.
[0009] In some aspects, an apparatus for wireless
communication is disclosed. The apparatus comprises a
first receiver configured to receive at least a first signal;
a circuit comprising a second receiver configured to re-
ceive a second signal, wherein the second signal com-
prises a wake-up signal configured in NDP format includ-
ing a signal field, the second receiver configured to, when
in an awake state, consume less power than the first
receiver when in an awake state, wherein the circuit is
configured to take at least one action based on the sec-
ond signal.
[0010] In some aspects, an apparatus for wireless
communication is disclose, comprising first means for
receiving at least a first signal; second means for receiv-
ing a second signal, wherein the second signal comprises
a wake-up signal configured in NDP format including a
signal field, the second receiving means configured to,
when in an awake state, consume less power than the
first receiving means when in an awake state, wherein
the second means is configured to take at least one action
based on the second signal.
[0011] In one aspect, a method for wireless communi-
cation is disclosed, comprising receiving at least a first
signal; receiving a second signal, wherein the second
signal comprises a wake-up signal configured in NDP
format including a signal field, the second receiving
means configured to, when in an awake state, consume
less power than the first receiving means when in an
awake state, wherein the second means is configured to
take at least one action based on the second signal.
[0012] In some aspects, a computer program product
comprising a non-transitory computer readable medium
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encoded thereon with instructions that when executed
cause a wireless communications apparatus to perform
a method of wireless communication, said method com-
prising receiving at least a first signal; receiving a second
signal, wherein the second signal comprises a wake-up
signal configured in NDP format including a signal field,
the second receiving means configured to, when in an
awake state, consume less power than the first receiving
means when in an awake state, wherein the second
means is configured to take at least one action based on
the second signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

FIG. 1 shows an example of a wireless communica-
tion system in which aspects of the present disclo-
sure may be employed.
FIG. 2 illustrates a block diagram of an example of
a wireless device that may be employed within the
wireless communication system of Figure 1.
FIG. 3A shows an example of a low power wake up
signal, in accordance with an implementation of the
invention.
FIG. 3B shows another example of a low power wake
up signal, in accordance with an implementation of
the invention.
FIG. 4 shows an example of a structure of a media
access control (MAC) frame 400.
FIG. 5 illustrates an example of a structure of a media
access control (MAC) frame 500.
FIG. 6 illustrates an example of a structure of a media
access control (MAC) of the MAC headers shown in
Figures 4 and 5.
FIG. 7 illustrates an example of a process to establish
paging.
FIG. 8A illustrates an example of a process taken by
an access point for an implementation using a wake
up page to a low power receiver to activate a primary
receiver for subsequent transmissions.
FIG. 8B illustrates an example of a process taken by
a station for an implementation using a wake up page
to a low power receiver to activate a primary receiver
for subsequent transmissions.
FIG. 9 shows an example of a sequence diagram for
an implementation of wireless communications us-
ing a wake up page to a low power receiver to activate
a primary receiver for subsequent transmissions.
FIG. 10A illustrates an example of a process taken
by an access point for an implementation using a
wake up page to a low power receiver to activate a
primary receiver for subsequent transmissions.
FIG. 10B illustrates an example of a process taken
by a station for an implementation using a wake up
page to a low power receiver to activate a primary
receiver for subsequent transmissions.
FIG. 11 shows a sequence diagram for an imple-

mentation of wireless communications using a wake
up page to a low power receiver to activate a primary
receiver for subsequent transmissions.
FIG. 12A illustrates an example of a process taken
by an access point for an implementation using a
wake up page to a low power receiver to activate a
primary receiver for subsequent transmissions.
FIG. 12B illustrates an example of a process taken
by a station for an implementation using a wake up
page to a low power receiver to activate a primary
receiver for subsequent transmissions.
FIG. 13 shows a sequence diagram for an imple-
mentation of wireless communications using a wake
up page to a low power receiver to activate a primary
receiver for subsequent transmissions.
FIG. 14A illustrates an example of a process taken
by an access point for an implementation using a
wake up page to a low power receiver to activate a
primary receiver for subsequent transmissions.
FIG. 14B illustrates an example of a process taken
by a station for a implementation using a wake up
page to a low power receiver to activate a primary
receiver for subsequent transmissions.
FIG. 15 shows a sequence diagram for a implemen-
tation of wireless communications using a wake up
page to a low power receiver to activate a primary
receiver for subsequent transmissions.
FIG. 16A illustrates an example of a process taken
by an access point for an implementation using a
doze page to a low power receiver to deactivate a
primary receiver.
FIG. 16B shows a series of steps taken by a station
for an example implementation using a doze page
to a low power receiver to deactivate a primary re-
ceiver.
FIG. 17 shows a sequence diagram for an example
implementation using a doze page to a low power
receiver to deactivate a primary receiver.
FIG. 18 shows a sequence diagram for an example
implementation using a synch page to a low power
receiver for synchronization between the access
point and station.
FIG. 19 shows an example power saving implemen-
tation in which the AP groups sensors, and sends
wake-up pages for each subset at distinct times fol-
lowed by a Beacon and TIM for each group.
FIG. 20 shows an example power saving implemen-
tation in which the AP groups sensors, and sends
wake-up pages before the traffic identification map
(TIM), starting from a given time.
FIG. 21 shows an example power saving implemen-
tation in which the AP groups sensors, and sends
wake-up pages before the traffic identification map
(TIM), starting from a given time, and where a sleep
page terminates the wakeup receiving procedure.
FIG. 22 shows an example power saving implemen-
tation in which the AP groups sensors, and sends a
limited number of wake-up pages before each bea-
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con.
FIG. 23 shows that implementations without a low
power receiver that doesn’t receive sleep packets,
and the primary receiver doesn’t ignore beacons.
FIG. 24 shows that implementations with a low power
receiver that receives a wake up page before a bea-
con receives that beacon.
FIG. 25 shows that implementations with a low power
receiver that receives a sleep page before a beacon
ignores that beacon.
FIG. 26A shows a structure of an exemplary NDP
control frame in accordance with an embodiment of
the invention.
FIG. 26B shows an exemplary structure of the APDI
field from Figure 26A in accordance with an embod-
iment of the invention.
FIG. 27A shows a structure of an exemplary TWT
information element used to determine a TWT NDP
in accordance with an embodiment of the invention.
FIG. 27B shows a structure of an exemplary RT field.
FIG. 27C shows an exemplary format for the NP field
from Figure 27A in accordance with an embodiment
of the invention.

DETAILED DESCRIPTION

[0014] Various aspects of the novel systems, appara-
tuses, and methods are described more fully hereinafter
with reference to the accompanying drawings. This dis-
closure may, however, be embodied in many different
forms and should not be construed as limited to any spe-
cific structure or function presented throughout this dis-
closure. Rather, these aspects are provided so that this
disclosure will be thorough and complete, and will fully
convey the scope of the disclosure to those skilled in the
art. Based on the teachings herein one skilled in the art
should appreciate that the scope of the disclosure is in-
tended to cover any aspect of the novel systems, appa-
ratuses, and methods disclosed herein, whether imple-
mented independently of, or combined with, any other
aspect of the invention. For example, an apparatus may
be implemented or a method may be practiced using any
number of the aspects set forth herein. In addition, the
scope of the invention is intended to cover such an ap-
paratus or method which is practiced using other struc-
ture, functionality, or structure and functionality in addi-
tion to or other than the various aspects of the invention
set forth herein. It should be understood that any aspect
disclosed herein may be embodied by one or more ele-
ments of a claim.
[0015] Although particular aspects are described here-
in, many variations and permutations of these aspects
fall within the scope of the disclosure. Although some
benefits and advantages of the preferred aspects are
mentioned, the scope of the disclosure is not intended
to be limited to particular benefits, uses, or objectives.
Rather, aspects of the disclosure are intended to be
broadly applicable to different wireless technologies, sys-

tem configurations, networks, and transmission proto-
cols, some of which are illustrated by way of example in
the figures and in the following description of the pre-
ferred aspects. The detailed description and drawings
are merely illustrative of the disclosure rather than limit-
ing, the scope of the disclosure being defined by the ap-
pended claims and equivalents thereof.
[0016] Popular wireless network technologies may in-
clude various types of wireless local area networks
(WLANs). A WLAN may be used to interconnect nearby
devices together, employing widely used networking pro-
tocols. The various aspects described herein may apply
to any communication standard, such as a wireless pro-
tocol.
[0017] In some aspects, wireless signals in a sub-gi-
gahertz band may be transmitted according to the
802.11ah protocol using orthogonal frequency-division
multiplexing (OFDM), direct-sequence spread spectrum
(DSSS) communications, a combination of OFDM and
DSSS communications, or other schemes. Implementa-
tions of the 802.11ah protocol may be used for sensors,
metering, and smart grid networks. Advantageously, as-
pects of certain devices implementing the 802.11ah pro-
tocol may consume less power than devices implement-
ing other wireless protocols, and/or may be used to trans-
mit wireless signals across a relatively long range, for
example about one kilometer or longer.
[0018] In some implementations, a WLAN includes
various devices which are the components that access
the wireless network. For example, there may be two
types of devices: access points ("APs") and clients (also
referred to as stations, or "STAs"). In general, an AP may
serve as a hub or base station for the WLAN and an STA
serves as a user of the WLAN. For example, an STA may
be a laptop computer, a personal digital assistant (PDA),
a mobile phone, etc. In an example, an STA connects to
an AP via a WiFi (e.g., IEEE 802.11 protocol such as
802.11ah) compliant wireless link to obtain general con-
nectivity to the Internet or to other wide area networks.
In some implementations an STA may also be used as
an AP.
[0019] An access point ("AP") may also comprise, be
implemented as, or known as a NodeB, Radio Network
Controller ("RNC"), eNodeB, Base Station Controller
("BSC"), Base Transceiver Station ("BTS"), Base Station
("BS"), Transceiver Function ("TF"), Radio Router, Radio
Transceiver, or some other terminology.
[0020] A station "STA" may also comprise, be imple-
mented as, or known as an access terminal ("AT"), a
subscriber station, a subscriber unit, a mobile station, a
remote station, a remote terminal, a user terminal, a user
agent, a user device, user equipment, or some other ter-
minology. In some implementations an access terminal
may comprise a cellular telephone, a cordless telephone,
a Session Initiation Protocol ("SIP") phone, a wireless
local loop ("WLL") station, a personal digital assistant
("PDA"), a handheld device having wireless connection
capability, or some other suitable processing device con-
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nected to a wireless modem. Accordingly, one or more
aspects taught herein may be incorporated into a phone
(e.g., a cellular phone or smartphone), a computer (e.g.,
a laptop), a portable communication device, a headset,
a portable computing device (e.g., a personal data as-
sistant), an entertainment device (e.g., a music or video
device, or a satellite radio), a gaming device or system,
a global positioning system device, or any other suitable
device that is configured to communicate via a wireless
medium.
[0021] As discussed above, certain of the devices de-
scribed herein may implement the 802.11ah standard,
for example. Such devices, whether used as an STA or
AP or other device, may be used for smart metering or
in a smart grid network. Such devices may provide sensor
applications or be used in home automation. The devices
may instead or in addition be used in a healthcare con-
text, for example for personal healthcare. They may also
be used for surveillance, to enable extended-range In-
ternet connectivity (e.g. for use with hotspots), or to im-
plement machine-to-machine communications.
[0022] Wireless devices consume power when trans-
mitting or receiving signals. Certain of the devices de-
scribed herein operate in a plurality of states with differing
capabilities and different levels of power consumption.
For example, receivers consume more power in an
awake state, during which time receiver circuits are ac-
tivated and may receive incoming signals, or in a doze
state during which time circuits are not activated and don’t
receive incoming signals. Reducing the amount of time
that receivers are in an awake state and waiting to receive
incoming signals reduces power consumption.
[0023] Wireless devices employ various power man-
agement modes to manage operation states. These pow-
er management modes include "Active," where the de-
vice is always in an Awake state, "Normal Power Save,"
where the device can be either in an Awake state or a
Doze state, or "Power save with low power," where the
device can be in Awake state or a Low Power state which
may save more power than when the device is in a Doze
state. While the implementations described herein that
relate to using a paging message that may be received
by a ultra-low power receiver (that is, a second receiver
in a device) may be applicable to many different power
modes of operating a wireless device, for clarity of the
disclosure, the examples of certain implementations de-
scribed herein generally relate to using a Normal Power
Save mode.
[0024] A simple way to reduce the time that a receiver
STA is awake is to transition the receiver to doze state
for most of the time, except for those short intervals of
time agreed with the transmitter when signals may be
sent from the transmitter to the receiver. This is neither
flexible nor efficient because in typical applications, the
traffic pattern is unpredictable. The agreed awake time
may not match the traffic pattern, so some awake times
may not correspond to transmit times. There may also
be times when transmitted signals are not received be-

cause they are transmitted outside of the agreed awake
time.
[0025] A more flexible and effective approach is for the
receiver to doze until a trigger event triggers the receiver
to transition to awaken. In some implementations, the
trigger event is generated when a circuit receives a wake-
up wireless signal. Power consumption is reduced in cas-
es where the wake-up signal is configured so that circuitry
that receives the wake-up signal is a simple and low pow-
er receiver. The low power receiver (sometimes referred
to as a "wake-up receiver") is configured to consume less
energy than the regular data receiver to reduce overall
power consumption of the wireless device.
[0026] In one implementation, a STA’s regular data re-
ceiver is in doze state. A transmitter (e.g., of an AP or
other STA) wirelessly sends a signal to the STA’s low
power receiver. The STA’s low power receiver receives
the wireless signal and performs some action. For exam-
ple, the action may be to wake-up the STA’s regular data
receiver (either immediately or at a specified time or time
delay) to an awake state such that the STA’s regular re-
ceiver can receive data. In some cases, the STA then
sends a message to inform an AP or another STA that it
is awake. Then, an AP or STA may send data to the
STA’s regular receiver, and it is received and processed
by the STA.
[0027] For some devices, the wireless signal received
by the low power receiver (sometimes referred to as an
"ultra low-power receiver") may be a short paging mes-
sage ("page"). In some implementations in this disclo-
sure, protocols are identified for using such signals or
pages to conserve power. This may be in the context of
a plurality of power save mode protocols including but
not limited to regular PS protocol and U-APSD. Imple-
mentations of the timing of the pages, potentially with
respect to a beacon, related setup signaling, and page
formats are also disclosed.
[0028] There may be multiple formats of the short page
message including but not limited to 1MHz PHY pream-
ble, 2MHz PHY preamble, or short control frame with
various transmission rates. Different formats may be suit-
able for different scenarios. The STA may ask the AP to
use a specific one as a paging message. The format of
the short paging signal is agreed between AP and STA
at the association or later through a management frame
exchange.
[0029] In such implementations, the page format, con-
tent, and definition of the transmitted and received pages,
which are received by the low power receiver of a wireless
device, are known by the transmitting and receiving wire-
less devices so that the receiver can identify and parse
incoming pages. In some implementations, the AP or oth-
er STA would send a page at certain target times and/or
time intervals. In some implementations, other messages
may not be sent to the STA at that time. By sending known
and agreed to short paging messages at target times,
the receiving STA can use a simple and low power re-
ceiver circuit designed to receive certain pages of ex-
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pected configurations and content. Receiving STAs may
be further configured to reduce power additional power
consumption by a power saving scheme that places the
wake-up circuit in a doze or in an awake state. In some
implementations, such doze and awake states may be
similar to, or the same as, doze and awake states em-
ployed for a STA’s regular data receivers and transceiv-
ers.
[0030] In some implementations, the page received by
the low power receiver may be an NDP Control frame
consisting of a PHY preamble only. The page can include
wake-up information in a SIG field of the frame. In other
implementations, the page may be a MAC frame. MAC
frame examples include a regular ACK with More Data
set to 1, a QoS-CF-ACK frame, or another short MAC
frame. These, and similar short message lengths, and
well defined, finite set of pages, enable decoding circuitry
with simpler logic, less memory and less expensive
clocks than is possible with longer message, less well
defined, or a larger set of inputs. Such circuitry may be
optimized to receive and decode the pages in implemen-
tations optimized to reduce power consumption, use less
memory, and/or a simpler clock than the primary STA
receiver that receives beacons and BUs. Such imple-
mentations reduce signal length and receive power con-
sumed, thereby increasing battery life. The circuitry in a
STA to receive and decode pages may be implemented
as a separate receiver integrated with other circuitry.
[0031] In some implementations, pages coexist with
beacons. They may be repeated with the same or a dif-
ferent duty cycle as beacons. In other implementations,
pages may replace beacons.
[0032] In some implementations, pages include dura-
tion parameters that can be used to reduce contention.
For example, timeslots can be dedicated to one or several
STAs for uplink and/or downlink transmissions during the
period of duration, or other purposes during the duration
set, during the wake-up protocol.
[0033] In some implementation, pages instruct wire-
less device to transition the primary receiver to sleep.
This reduces battery consumption, and may be used
when the AP does not have any BUs for the STA.
[0034] Wireless devices including APs may send pag-
es for timing synchronization with one or more devices
including STAs. For example, a page with a "no data"
message can be sent for synchronization.
[0035] Pages sent between wireless devices may also
provide information about the communications medium,
changes in protocol, changes in identification parame-
ters, changes in the target beacon transit time (TBTT),
or other similar information.
[0036] For some implementations of wireless or wired
networks of devices, that may include sensor networks,
there may be a class of applications with low duty cycle
up load (UL) and down load (DL) traffic in combination
with strict latency requirements in receiving DL data. For
example, it may be necessary to respond to an alarm or
a command with under a second of latency. Regular PS

mode, which uses a beacon to indicate DL data, may not
be efficient enough, even though 802.11ah defines a
short beacon of 560us + >13B+TIM@150Kbps > 1.5ms.
The TIM size is not bounded and additional fields/IEs
may be present.
[0037] For some implementations, a low power receiv-
er and enhanced paging protocols may enable optimized
receiver operations. The protocol may coexist with exist-
ing 802.11 power save operation modes, and may be
built on top of existing 802.11ah mechanisms, such as
Target Wakeup Time with synch frame.
[0038] For these implementations, the STA communi-
cates with the AP to determine a Target Wakeup Time
(TWT). The STA also indicates to the AP whether, at the
TWT, the STA would like to receive a short paging mes-
sage indicating whether there is any buffered units at the
AP for the STA. The STA can send a Management frame
to the AP including above requests and any other param-
eter that may be required, such as a suggested time for
the TWT. If the STA requested that short paging be sent,
and if data is pending, the AP sends a very short paging
message directed to the STA, at a Target Wakeup Time.
This may extend to a groupcast if the same TWT is as-
signed to more than one STA. For a STA that receives
this message, the STA has three options. The first option
is to act as if it received a TIM indicating Buffered Units
(BUs), and send a PS-Poll or trigger frame. The second
option is to read the next short beacon and proceed as
in regular Power Save (PS). The third option is to wait
for a further poll message from the AP after a certain time.
[0039] For these implementations, the very short pag-
ing message is an NDP control frame. The control frame
includes a (partial) AID of the STA being paged. The con-
trol frame also includes a bit indicating where there is a
BU for the STA. In some cases, the control frame includes
synchronization information such as a plurality of LSBs
of timestamp. The pages are received at TWTs, and bea-
cons at TBTTs. Pages are optimized RX ON 560us. In
regular PS mode, the STA decodes a short beacon.
[0040] By using pages, the STA only needs to decode
a short NDP control frame. For some implementations,
it takes less than one third as long to decode NDP control
frames than beacons. For example, over 1.5ms to de-
code a short beacon and more than three times as short
a time to decode an NDP control frame.
[0041] In some implementations, an optimized receiv-
er receives paging messages instead of a full receiver.
Examples where this is possible are cases where the
pages are well defined. A PHY receiver may be optimized
to detect and decode NDP frames only. There may be
limited operations upon reception, with a simple MAC.
[0042] In some implementations, the data duty cycle
will be low. In some implementations, it is likely that at
any point in time, only one STA needs to be paged. In
some implementations, different STAs may be assigned
different or nearby TWTs. In some implementations, mul-
tiple STAs may be assigned the same TWT. A group AID
may be defined to page multiple STAs. Multiple NDPs
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may be sent in sequence targeting one STA each.
[0043] One advantage of the methods and systems
described in this disclosure is that they optimize down-
load delivery. Existing Target Wake Time (TWT) with
synch frame approaches, such as those approved by
IEEE, focus on improving upload access.
[0044] The proposed methods and systems in this dis-
closure enhance existing TWT with Synch frame con-
cepts already approved by IEEE. Existing approved ap-
proaches benefit UL access more than DL delivery. For
TWT, the STA and AP agree on a wakeup time for UL
and DL data exchange. The synch frame sent by the AP
at the TWT slot boundary to enable faster UL medium
access, in existing approaches. This disclosure extends
the existing mechanism to optimize download delivery
also.
[0045] In some implementations, the AP sends a synch
frame at the slot boundary or target wake time of the STA,
if the channel is idle and the STA requested to receive a
synch frame to quickly synch to the medium or the STA
requested to receive a notification of downlink buffer units
or a check beacon. The synch frame is an NDP control
frames that includes in SIG: (partial) AID of the target
STA, control information (BU present, read beacon,
synch only) After sending an NDP synch frame, the AP
need not send data or management frames to the STA
before the STA is in active mode.
[0046] For some implementations, a 1-2MHz PHY pre-
amble SIG field of NDP synch frame may include a Partial
AID (hash of AID and BSSID of about 6-13 bits). It may
also include an info field with bits for pending BUs, and
read beacon. Both bits are set to 0 for Synch only for UL
data. When pending BU is 0 and read beacon is 1, the
STA is instructed to read the full beacon. When pending
BUs is 1 but read beacon is 0, the STA is informed that
BUs are available, so send a PS-Poll or wait for data.
When both bits are set to zero, the STA is instructed to
read the TIM beacon.
[0047] For some implementations, the number of bits
for CRC, Tail, MAC-NDP, Type, Partial-AID, and Info/re-
served is 4, 6, 1, 4, 6-13, and 8-15, respectively. For other
implementations, the number of bits for CRC, Tail, MAC-
NDP, Type, Partial-AID, and Info/reserved is 4, 6, 1, 4,
6-13, and 20-27, respectively.
[0048] For most implementations, replacing beacons
with pages will reduce energy assumption. An evaluation
may start by assuming receive power of 100mW, sleep
power or 10mW, clock drift of 20ppm, and no BU by the
STA still checks to guarantee latency. By replacing a
short beacon of 16 bytes at MCS0 rep2 (1.4ms) with a
short page of 240/560us, and assuming the same period
for the page option as used for the beacon baseline, the
paging framework consumes significantly less energy.
Optimized receivers may be designed to further lower
energy consumption. With an optimized receiver, very
significant energy saving, especially at low latencies is
possible, estimated for a 5-10x battery life improvement
at 100ms latency, and 2-5x battery life improvement at

2s latency.
[0049] In some implementations, the AP uses Point
Coordination Function (PCF) Interframe Spaces (PIFS)
to send a synch frame at the slot boundary or target wake
time of the STA, if the STA requested to receive a synch
frame to quickly synch to the medium or the STA request-
ed to receive a notification of downlink buffer units or a
check beacon. The AP aborts transmission of the synch
frame after a time T after the target wake time of the STA.
The synch frame is an NDP control frames that includes
in SIG: (partial) AID of the target STA, control information
(BU present, read beacon, synch only) After sending an
NDP synch frame, the AP need not send data or man-
agement frames to the STA before the STA is in active
mode.
[0050] Figure 1 shows an exemplary wireless commu-
nication system 100 in which aspects of the present dis-
closure may be employed. The wireless communication
system 100 may operate pursuant to a wireless standard,
for example the 802.11ah standard. The wireless com-
munication system 100 may include an AP 104, which
communicates with STAs 106.
[0051] A variety of processes and methods may be
used for transmissions in the wireless communication
system 100 between the AP 104 and the STAs 106. For
example, signals may be sent and received between the
AP 104 and the STAs 106 in accordance with
OFDM/OFDMA techniques. If this is the case, the wire-
less communication system 100 may be referred to as
an OFDM/OFDMA system. Alternatively, signals may be
sent and received between the AP 104 and the STAs
106 in accordance with CDMA techniques. If this is the
case, the wireless communication system 100 may be
referred to as a CDMA system.
[0052] A communication link that facilitates transmis-
sion from the AP 104 to one or more of the STAs 106
may be referred to as a downlink (DL) 108, and a com-
munication link that facilitates transmission from one or
more of the STAs 106 to the AP 104 may be referred to
as an uplink (UL) 110. Alternatively, a downlink 108 may
be referred to as a forward link or a forward channel, and
an uplink 110 may be referred to as a reverse link or a
reverse channel.
[0053] The AP 104 may act as a base station and pro-
vide wireless communication coverage in a basic service
area (BSA) 102. The AP 104 along with the STAs 106
associated with the AP 104 and that use the AP 104 for
communication may be referred to as a basic service set
(BSS). It should be noted that the wireless communica-
tion system 100 may not have a central AP 104, but rather
may function as a peer-to-peer network between the
STAs 106. Accordingly, the functions of the AP 104 de-
scribed herein may alternatively be performed by one or
more of the STAs 106.
[0054] The AP 104 may transmit a beacon signal (or
simply a "beacon"), via a communication link such as the
downlink 108, to other nodes STAs 106 of the system
100, which may help the other nodes STAs 106 to syn-
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chronize their timing with the AP 104, or which may pro-
vide other information or functionality. Such beacons may
be transmitted periodically. In one aspect, the period be-
tween successive transmissions may be referred to as a
superframe. Transmission of a beacon may be divided
into a number of groups or intervals. In one aspect, the
beacon may include, but is not limited to, such information
as timestamp information to set a common clock, a peer-
to-peer network identifier, a device identifier, capability
information, a superframe duration, transmission direc-
tion information, reception direction information, a neigh-
bor list, and/or an extended neighbor list, some of which
are described in additional detail below. Thus, a beacon
may include information both common (e.g. shared)
amongst several devices, and information specific to a
given device.
[0055] The AP 104 may transmit a short page message
signal (or simply a "page"), via a communication link such
as the downlink 108, to other nodes STAs 106 of the
system 100, which may help the other nodes STAs 106
to synchronize their timing with the AP 104, or which may
provide other information or functionality. Such pages
may be transmitted periodically. In one aspect, the period
between successive transmissions may be referred to
as a page superframe. Transmission of a page may be
divided into a number of groups or intervals. In one as-
pect, the page may include, but is not limited to, such
information as the time to wake-up the receiver, the time
to put a receiver to sleep, or duration information, times-
tamp information to set a common clock, a peer-to-peer
network identifier, a device identifier, capability informa-
tion, a page superframe duration, transmission direction
information, and/or reception direction information, some
of which are described in additional detail below. Thus,
a page may include information both common (e.g.
shared) amongst several devices, and information spe-
cific to a given device.
[0056] In some aspects, a STA 106 may be required
to associate with the AP 104 in order to send communi-
cations to and/or receive communications from the AP
104. In one aspect, information for associating is included
in a beacon broadcast by the AP 104. To receive such a
beacon, the STA 106 may, for example, perform a broad
coverage search over a coverage region. A search may
also be performed by the STA 106 by sweeping a cov-
erage region in a lighthouse fashion, for example. After
receiving the information for associating, the STA 106
may transmit a reference signal, such as an association
probe or request, to the AP 104. In some aspects, the
AP 104 may use backhaul services, for example, to com-
municate with a larger network, such as the Internet or
a public switched telephone network (PSTN).
[0057] Accordingly, in certain wireless communication
systems 100, the AP 104 may transmit paging messages
to a plurality of STAs 106 that are in a power save mode,
the paging messages indicating whether or not there is
data buffered at the AP 104 for the STAs 106. The STAs
106 may also use this information to determine whether

they need to be in an awake state or a doze state. For
example, if an STA 106 determines it is not being paged,
it may enter a doze state. Alternatively, if the STA 106
determines it may be paged, the STA 106 may enter an
awake state for a certain period of time to receive the
page and further determine when to be in an awake state
based on the page. Further, the STA 106 may stay in the
awake state for a certain period of time after receiving
the page. In another example, the STA 106 may be con-
figured to function in other ways when being paged or
not being paged that are consistent with this disclosure.
[0058] In some aspects, paging messages may in-
clude a bitmap (not shown in this figure), such as a traffic
identification map (TIM). In certain such aspects, the bit-
map may include a number of bits. These paging mes-
sages may be sent from the AP 104 to STAs 106 in a
beacon or a TIM frame. Each bit in the bitmap may cor-
respond to a particular STA 106 of a plurality of STAs
106, and the value of each bit (e.g., 0 or 1) may indicate
the state the corresponding STA 106 should be in (e.g.,
doze state or awake state) to be able to receive Buffered
Units (BUs) that the AP 104 has for that particular STA.
Accordingly, the size of the bitmap may be directly pro-
portional to the number of STAs 106 in the wireless com-
munications system 100. Therefore, a large number of
STAs 106 in the wireless communications system 100
may result in a large bitmap.
[0059] In some aspects, STAs 106 that sleep for a long
time may not wake up to read incoming TIM messages.
For example, a STA 106 may be configured to sleep
through one or more TIM messages in an extended sleep
mode. In this case, the STA 106 may previously have
advertised to the AP 104 that the STA 106 may not read
any TIM messages. Accordingly, the AP 104 may not
include the corresponding identifiers in the TIM message.
In various implementations, the STAs 106 can notify the
AP 104 that they may not wake up for one or more TIM
messages (e.g.,., that they are operating in the afore-
mentioned power saving mode) using a control message,
or immediately during association.
[0060] For STAs 106 that have notified the AP 104 in
this manner, the AP 104 may not include identifiers in
the TIM message, even when it has BUs intended for
them. STAs 106 may claim their BUs by sending a PS-
Poll at any time to the AP 104. In an implementation, AP
104 may immediately send the BU in response to the PS-
Poll. In another implementation, the AP 104 may respond
to the PS-Poll with an ACK, and deliver the BU at a later
time. In yet another implementation, the AP 104 may not
immediately respond (neither with ACK nor with BU) to
a PS-Poll. The AP 104 may instead reply with a Cumu-
lative ACK frame sent after a given scheduled time after
the TIM message.
[0061] In various implementations, the STA 106 can
specify the waiting time to deliver the BU via the PS-Poll
(for a dynamic indication), an association request, a
probe request, and/or another management frame sent
to the AP (for a static indication). In other implementa-

13 14 



EP 2 912 894 B1

9

5

10

15

20

25

30

35

40

45

50

55

tions, the AP 104 can specify the waiting time to deliver
the BU via an acknowledgement (ACK or ack) frame, a
TIM element (for a dynamic indication), a beacon, an
association response, a probe response, or other man-
agement frames sent to the STA 106 (for a static indica-
tion). The STA 106 may go to sleep for the waiting time
duration. The STA 106 may acknowledge correct recep-
tion of the BU by sending an ACK. The STA 106 may
then go back to sleep.
[0062] Figure 2 shows an exemplary functional block
diagram of a wireless device 202 that may be employed
within the wireless communication system 100 of Figure
1. The wireless device 202 is an example of a device that
may be configured to implement the various methods
described herein. For example, the wireless device 202
may comprise the AP 104, one of the STAs 106, or one
of the relays 320 and/or 330.
[0063] The wireless device 202 may include a proces-
sor 204 which controls operation of the wireless device
202. The processor 204 may also be referred to as a
central processing unit (CPU). Memory 206, which may
include both read-only memory (ROM) and random ac-
cess memory (RAM), may provide instructions and data
to the processor 204. A portion of the memory 206 may
also include non-volatile random access memory
(NVRAM). The processor 204 typically performs logical
and arithmetic operations based on program instructions
stored within the memory 206. The instructions in the
memory 206 may be executable to implement the meth-
ods described herein.
[0064] The processor 204 may comprise or be a com-
ponent of a processing system implemented with one or
more processors. The one or more processors may be
implemented with any combination of general-purpose
microprocessors, microcontrollers, digital signal proces-
sors (DSPs), field programmable gate array (FPGAs),
programmable logic devices (PLDs), controllers, state
machines, gated logic, discrete hardware components,
dedicated hardware finite state machines, or any other
suitable entities that can perform calculations or other
manipulations of information.
[0065] The processing system may also include ma-
chine-readable media for storing software. Software shall
be construed broadly to mean any type of instructions,
whether referred to as software, firmware, middleware,
microcode, hardware description language, or otherwise.
Instructions may include code (e.g., in source code for-
mat, binary code format, executable code format, or any
other suitable format of code). The instructions, when
executed by the one or more processors, cause the
processing system to perform the various functions de-
scribed herein.
[0066] When the wireless device 202 is implemented
or used as a transmitting node, the processor 204 may
be configured to select one of a plurality of media access
control (MAC) header types, and to generate a packet
having that MAC header type. For example, the proces-
sor 204 may be configured to generate a packet com-

prising a MAC header and a payload and to determine
what type of MAC header to use, as discussed in further
detail below.
[0067] When the wireless device 202 is implemented
or used as a receiving node, the processor 204 may be
configured to process packets of a plurality of different
MAC header types. For example, the processor 204 may
be configured to determine the type of MAC header used
in a packet and process the packet and/or fields of the
MAC header accordingly as further discussed below.
[0068] The wireless device 202 may also include a
housing 208 that may include a transmitter 210 and/or a
receiver 212 to allow transmission and reception of data
between the wireless device 202 and a remote location.
The transmitter 210 and receiver 212 may be combined
into a transceiver 214. An antenna 216 may be attached
to the housing 208 and electrically coupled to the trans-
ceiver 214. The wireless device 202 may also include
(not shown) multiple transmitters, multiple receivers,
multiple transceivers, and/or multiple antennas.
[0069] The wireless device 202 may also include a sig-
nal detector 218 that may be used in an effort to detect
and quantify the level of signals received by the trans-
ceiver 214. The signal detector 218 may detect such sig-
nals as total energy, energy per subcarrier per symbol,
power spectral density and other signals. The wireless
device 202 may also include a digital signal processor
(DSP) 220 for use in processing signals. The DSP 220
may be configured to generate a packet for transmission.
In some aspects, the packet may comprise a physical
layer data unit (PPDU).
[0070] The receiver 212 may be configured to wire-
lessly receive packets having different MAC header
types. In some aspects, the receiver 212 is configured
to detect a type of a MAC header used and process the
packet accordingly, as discussed in further detail below.
[0071] The wireless device 202 may also include a sig-
nal detector 218 that may be used in an effort to detect
and quantify the level of signals received by the trans-
ceiver 214. The signal detector 218 may detect such sig-
nals as total energy, energy per subcarrier per symbol,
power spectral density and other signals. The wireless
device 202 may also include a digital signal processor
(DSP) 220 for use in processing signals. The DSP 220
may be configured to generate a data unit for transmis-
sion. In some aspects, the data unit may comprise a phys-
ical layer data unit (PPDU). In some aspects, the PPDU
is referred to as a packet.
[0072] The wireless device 202 may further comprise
a wake-up circuit 230 comprising a second, low power
receiver 228. In one aspect, the low power receiver 228
may be configured to consume power that is lower than
power normally consumed by the receiver 214 during
operation. For example, the low power receiver 228 may
be configured to consume on the order of 10x, 20x, 50x
or 100x (or more) less power when operating as com-
pared to the transceiver 214. In one aspect, the low power
receiver 228 may be configured to receive signals using
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modulation/demodulation techniques such as on-off key-
ing or frequency-shift keying (FSK) as compared to the
transceiver 214 that may be configured to transmit and
receive signals based on OFDM and other comparable
techniques. A STA 106 that is a wireless device 202 hav-
ing the low power receiver 228 may be referred to herein
as a low power receiver STA 228. Other STAs that may
not include the low power receiver 228 or may be oper-
ating in a mode where the transceiver 214 is activated
may be referred to herein as a STA 106.
[0073] The wireless device 202 may further comprise
a user interface 222 in some aspects. The user interface
222 may comprise a keypad, a microphone, a speaker,
and/or a display. The user interface 222 may include any
element or component that conveys information to a user
of the wireless device 202 and/or receives input from the
user.
[0074] The various components of the wireless device
202 may be coupled together by a bus system 226. The
bus system 226 may include a data bus, for example, as
well as a power bus, a control signal bus, and a status
signal bus in addition to the data bus. Those of skill in
the art will appreciate the components of the wireless
device 202 may be coupled together or accept or provide
inputs to each other using some other mechanism.
[0075] Although a number of separate components are
illustrated in Figure 2, those of skill in the art will recognize
that one or more of the components may be combined
or commonly implemented. For example, the processor
204 may be used to implement not only the functionality
described above with respect to the processor 204, but
also to implement the functionality described above with
respect to the signal detector 218 and/or the DSP 220.
Further, each of the components illustrated in Figure 2
may be implemented using a plurality of separate ele-
ments.
[0076] The wireless device 202 may comprise an AP
104 or a STA 106, and may be used to transmit and/or
receive communications. That is, either AP 104 or STA
106 may serve as transmitter or receiver devices. Certain
aspects contemplate signal detector 218 being used by
software running on memory 206 and processor 204 to
detect the presence of a transmitter or receiver.
[0077] A receiver of a STA 106, such as receiver 212,
may consume a large amount of power during reception
of packets from the AP 104 or another STA or while wait-
ing for a packet to be received. The amount of power that
is consumed by the STA 106 may be reduced if the re-
ceiver is shut off for short intervals of time. For example,
the receiver of STA 106 may be shut off or turned on at
times agreed upon by the AP 104 and the STA 106. How-
ever, shutting off the receiver at an agreed upon time
may not be flexible or efficient. The traffic pattern to and
from the AP 104 may not be predictable such that the
agreed upon time may occur when no packets are ready
to be transmitted to the STA 106. Likewise, packets may
be ready to be transmitted to the STA 106 when the re-
ceiver of the STA 106 is shut off.

[0078] In some implementations, some of the draw-
backs described above may be minimized by including
a second receiver in the STA 106. The second receiver
may be a low power receiver compatible with WLANs
(e.g., the IEEE 802.11 protocol, etc.). For example, the
low power receiver of the STA 106 may be able to com-
municate with the AP 104 (e.g., receive packets from the
AP 104). As another example, the low power receiver of
the STA 106 may be able to communicate with other
STAs, including those that are not associated with the
STA 106. As is described herein, the use of a low power
receiver may reduce energy consumption.
[0079] Generally, a STA 106 (for example, wireless de-
vice 202) may include an RF wakeup receiver that wakes
up the receiver 212 from a sleep or doze state when a
message is received from the AP 104 or another STA.
The RF wakeup receiver may reserve medium for the
receiver 212 to wake up and start receiving data. In fur-
ther embodiments, the RF wakeup receiver may be
turned on and off based on a schedule agreed upon with
the AP 104. This may further reduce energy consump-
tion.
[0080] In an implementation, the STA 106 may be in
one of several states for a given power management (or
power saving) mode the STA 106 is operating in. For
example, the states may include an active state in which
the STA 106 is "awake" and the STA 106 can receive
(on its main signal receiver 212), process and transmit
signals. In other words, in an active state, the receiver
212 of the STA 106 and any associated analog and/or
digital circuits may be turned on such that the STA 106
can receive, process and transmit signals. When the STA
106 is in a PS mode, the STA 106 may be in an awake
state or a doze state. In the doze state, the STA 106
cannot receive signals on the main signal receiver 212
and less power is consumed. To receive signals, the STA
106 may be placed in an awake state and typically it
periodically awakens (for example, every 100 ms to
check for beacons). In some implementations, the STA
106 can also operate in a PS low-power mode (PS-LP
mode). In the PS-LP mode, a main signal receiver of a
wireless device (for example, receiver 212 of device 202)
does not normally awaken periodically, but instead the
main receiver is caused to wake-up when a low-power
receiver 228 receives a signal indicating to wake up the
main receiver 212. Accordingly, in some implementa-
tions of a PS-LP mode, the states of the STA can be
awake, doze, or low-power (where a STA does not wake-
up periodically but instead is awoken by a signal received
at a low-power receiver. In other implementations of a
PS-LP mode, the states of the STA can be awake or low-
power, and not have a doze state.
[0081] In a PS mode, the STA 106 may be in an awake
state (e.g., the receiver 212 and any associated analog
and/or digital circuits are turned on) or may be in a doze
state (e.g., the RF wakeup receiver is turned on, but the
receiver 212 and any associated analog and/or digital
circuits are turned off). An AP may not know if a wireless
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device is operating in a PS-LP mode. For example, leg-
acy devices may not include a low-power receiver. Ac-
cordingly, communication protocols may be used that
can make use of a PS-LP mode for devices that have
such a capability, and also accommodate legacy devices
to operate as they normally would.
[0082] In some implementations, when a wireless de-
vice is in a legacy power saving mode, the wireless device
be operational in one of several operational modes. For
example, the operation modes may include legacy PS-
Poll, unscheduled automatic power save delivery (U-
APSD), scheduled automatic power save delivery (S-
APSD), tunneled direct-link setup (TDLS) peer power
save mode, and/or IEEE 802.11ah target wake times
(TWT).
[0083] The legacy PS-Poll operation mode may in-
clude the STA 106 listening for a traffic indication map
(TIM) transmitted by an AP 104. If the TIM indicates that
there are bufferable units (BUs), the STA 106 may trans-
mit a PS-Poll to the AP 104. The AP 104 may respond
by sending data immediately or an acknowledgement fol-
lowed by data at a later time. The AP 104 may also indi-
cate if there are any more BUs available.
[0084] The U-APSD operation mode may be similar to
the PS-Poll operation mode. The STA 106 may transmit
a "trigger frame," which may include any data frame (e.g.,
including QoS-Null) with a AC indication. The AP 104
may respond by transmitting data at a start of a service
period and until the service period ends.
[0085] The S-APSD operation mode may include the
STA 106 and the AP 104 agreeing on a scheduled de-
livery time of packets. At the agreed upon time, the AP
104 may send a frame (e.g., a CF-Ack) to check if the
STA 106 is awake. If the STA 106 is awake, the AP 104
may start a service period as described above with re-
spect to the U-APSD operation mode.
[0086] The TDLS peer power save mode may include
one or more STAs that agree upon a scheduled time at
which both STAs are awake. If data is exchanged, STAs
may go to sleep or doze when data indicates that a serv-
ice period has ended.
[0087] The IEEE 802.11ah TWT operation mode may
include a STA 106 that agrees with the AP 104 on a
periodic window of time for uplink and/or downlink data
transfer. The STA 106 may be sleeping or dozing outside
of the periodic window of time.
[0088] The low-power state described above may also
be referred to as an ultra-low power state. Accordingly,
in a power save ultra-low power (PS-ULP) state (e.g., a
PS-ULP mode), the STA 106 may be in an awake state,
in a doze state, or in an ultra-low power (ULP) state (e.g.,
the low power receiver and/or the low power wakeup re-
ceiver are turned on, but the RF wakeup circuit, the re-
ceiver 212, and any associated analog and/or digital cir-
cuits may be turned off). As described herein, it is as-
sumed that the STA 106 is operating in the PS-ULP state.
[0089] In an implementation, in the PS-ULP mode, the
STA 106 may transition from the doze state to the awake

state, from the awake state to the doze state, from the
doze state to the ULP state, from the ULP state to the
awake state, from the ULP state to the doze state, and/or
from the awake state to the ULP state.
[0090] The STA 106 may indicate to the AP 104 that
it has transitioned from the doze state to the awake state
by transmitting a PS-Poll or a trigger frame to the AP 104.
The PS-Poll and/or the trigger frame may indicate that
the STA 106 is ready to receive data.
[0091] The STA 106 may transition from the awake
state to the doze state upon receiving a message from
the AP 104 that indicates that the STA 106 can go to
sleep. For example, the AP 104 may transmit a parameter
indicating that additional data will not be transmitted to
the STA 106 and/or the AP 104 may transmit a parameter
indicating that the service period has ended. In an imple-
mentation, the AP 104 may assume the STA 106 transi-
tioned into the doze state upon transmitting the param-
eter(s).
[0092] In an implementation, the STA 106 and the AP
104 may agree upon a period of time (e.g., a target ULP
time (TUT)) during which the STA 106 may be in the ULP
state. During the TUT, the AP 104 may transmit one or
more ULP messages to the STA 106. In some implemen-
tations, the STA 106 may indicate a preferred setting
(e.g., based on its wakeup time) by exchanging timing
parameters with the AP 104.
[0093] The TUT may be defined relative to a time al-
ready agreed upon in the context of a S-APSD operation
mode or a IEEE 802.11ah TWT operation mode. For ex-
ample, the time agreed upon in the context of the S-APSD
operation mode or the IEEE 802.11ah TWT operation
mode may indicate a service period during which the AP
104 may transmit data to the STA 106 (e.g., a period
during which the STA 106 is in an awake state). In some
implementations, the TUT may occur before or after the
service period. In other implementations, the TUT may
overlap with the service period. While the TUT and the
service period may overlap, the AP 104 may assume that
the STA 106 is in the ULP state for the duration of the TUT.
[0094] If the AP 104 has BUs available for the STA
106, the AP 104 may transmit a ULP message during
the TUT. In some implementations, the ULP message
may be transmitted via a unicast transmission directed
toward the STA 106. In other implementations, the ULP
message may be transmitted via a groupcast transmis-
sion directed toward the STA 106 and other STAs. The
ULP message may cause the STA 106 to transition from
the ULP state to the awake state by the start of the next
service period (e.g., the service period agreed upon in
the context of the S-APSD operation mode, the IEEE
802.11ah TWT operation mode, and so on). In other
words, the ULP message may function as a wakeup sig-
nal. If the ULP message is received during a TUT that
overlaps with the service period, the STA 106 may im-
mediately or nearly immediately transition into the awake
state.
[0095] In some implementations, the AP 104 may en-
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sure that the STA 106 transitioned into an awake state
before transmitting any data packets during the service
period. In an implementation, the AP 104 may send a
frame QoS and a CF-Ack that indicates that the service
period has not ended, and expect an acknowledgement
from the STA 106. The STA 106 may then stay awake
and wait for data packets to be received from the AP 104.
In another implementation, the AP 104 may expect to
receive a PS-Poll or a trigger frame from the STA 106 to
indicate that the STA 106 is in the awake state. For ex-
ample, the ULP message may act as a TIM and the STA
106 may operate as in a regular power saving mode
known to one of skilled in the art.
[0096] In other implementations, the AP 104 may as-
sume that the STA 106 is in the awake state starting a
predetermined time after the ULP message is transmitted
(e.g., 10ms, 100ms, etc.).
[0097] If the AP 104 has no BUs available for the STA
106, the AP 104 may still transmit a ULP message during
the TUT. The ULP message may indicate that there is
no data available for the STA 106. The ULP message
may also allow for synchronization, such that the AP 104
and the STA 106 could schedule a new TUT and/or serv-
ice period. The ULP message may also allow the STA
106 to transition from the ULP state to the doze state at
an earlier time (e.g., before the end of the TUT).
[0098] If the AP 104 does not transmit a ULP message
during the TUT, the STA 106 may remain in the ULP
state until the TUT ends. After the TUT ends, the STA
106 may transition into the doze state. If the TUT overlaps
with the service period, the STA 106 may transition into
the awake state after the TUT ends.
[0099] In some implementations, the STA 106 may
transition from the awake state to the doze state after the
service period ends. In other implementations, the STA
106 may transition from the awake state to the ULP state
after the service period ends if the STA 106 indicates that
the STA 106 will always be in the ULP state when not in
the awake state.
[0100] In other implementations, the STA 106 and the
AP 104 may agree upon a given schedule, such as like
in the context of the S-APSD operation mode or the IEEE
802.11ah TWT operation mode, and the STA 106 may
indicate whether it will be in the active state or the ULP
mode during the scheduled time. If the STA 106 is in the
ULP mode, the AP 104 may behave as described above
(e.g., the AP 104 may transmit a frame QoS and CF-Ack
after the ULP message and expect an acknowledgement
from the STA 106 or the AP 104 may expect a PS-Poll
or trigger frame from the STA 106).
[0101] Figure 3A shows a possible structure for a low
power wake-up signal 300a. The wake-up signal 300a
may be a single-phase signal 304a that carries an en-
coded signal. The wake-up signal may be transmitted
using on-off keying, frequency-shift keying, or the like.
For example, if using something similar to on-off keying,
the wake-up signal 300a may be a sequence represented
as zeros and ones. When the wake-up circuit 230 and

low power receiver 228 detect a particular sequence of
zeros and ones, the wake-up circuit 230 may trigger turn-
ing on the transceiver 214. The wake-up circuit 230 may
have multiple correlators to try to detect each possible
signal.
[0102] Figure 3B shows another possible structure for
a low power wake-up signal 300b. The low power wake-
up signal includes two portions. This first portion 302b
includes a ’global’ sequence (robust), i.e. like a ’low pow-
er wake up preamble.’ This may allow the low power re-
ceiver 228 to detect that a low power signal 300b is com-
ing up. The second portion 304b, following the first portion
302a, includes encoded information. The encoded infor-
mation may indicate the identifier of the STA 106e to be
woken up or other information. Optionally, there may be
a third portion 306b including a checksum for error de-
tection. The first portion 302b may be formed using an
on-off keying, frequency-shift keying, or other modulated
preamble sequence that may provide the timing and de-
tection. In some implementations, the second portion
304b may include data that may be spread/encoded.
Spreading/encoding may be agreed by transmitting and
receiving STAs.
[0103] In addition, the low power wake-up signal may
be provided in a sequence of transmissions that provide
for coexistence. For example, an additional ’Wakeup PP-
DU format’ preamble may be provided, such as an new
wake-up PPDU format for a 802.11 OFDM PHY pream-
ble followed by the new low power wake-up signal. The
OFDM PHY preamble may indicate a duration (in SIG
field) that makes 802.11 STAs defer for the duration of
the signal and the wake-up time for the receiver. The
802.11 STAs may assume there is a regular packet com-
ing up. As such, reception of the payload may fail, but
the 802.11 STA defers for the time indicated in PHY pre-
amble. Furthermore, the low power wake-up signal may
be provided to have up to ∼20ms signaling duration to
match the duration of a typical PPDU. In addition, Null
Packets (QoS Null frames to the STA) may be sent during
the wake-up time (e.g., period of time the transceiver 214
of the low power receiver STA 106e needs to be turned
on) to make sure other devices honor contention based
mechanisms for accessing the channel. In addition, there
may be multiple wake-up signals protected by a same
PHY preamble. In addition, the PHY preamble may have
a bandwidth that narrower than an 802.11 preamble.
[0104] Figure 4 shows an exemplary structure of a me-
dia access control (MAC) frame 400. As shown, the MAC
frame 400 includes 11 different fields: a frame control (fc)
field 410, a duration/identification (dur) field 425, a re-
ceiver address (a1) field 430, a transmitter address (a2)
field 435, a destination address (a3) field 440, a sequence
control (sc) field 445, a fourth address (a4) field 450, a
quality of service (QoS) control (qc) field 455, a High
Throughput (HT) control field 460, the frame body 465,
and a frame check sequence (FCS) field 470. The fields
410-460 make up the MAC header 402. Each field may
be comprised of one or more sub-fields or fields. For ex-
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ample, frame control field 410 of media access control
header 402 may be comprised of multiple subfields, such
as a protocol version, type field, subtype field, and other
fields discussed below with respect to Figure 6.
[0105] Figure 5 shows another implementation of a
MAC header 503. MAC header 503 differs from MAC
header 402 in that it does not include the QOS Control
field 455 and HT Control field 460.
[0106] Figure 6 shows an exemplary structure of a
frame control field 410 and 510 of the MAC headers 402
and 503 shown in Figures 4 and 5 respectively. As shown,
the frame control field includes a protocol version field
611, a type field 612, a subtype field 613, a To DS field
614, a from DS field 615, a more fragments field 616, a
retry field 617, a power management field 618, a more
data field 619, a protected frame field 620, and an order
field 621. The type of the MAC frame 500 may be defined
by the combination of type and subtype fields 612 and
613. For example, for a management frame, the type
field 612 may have a binary value of 00. The subtype
field 613 may then indicate the type of management field
with a four bit value providing 16 different management
field types. As another example, the type of MAC frame
500 may be a control frame indicated by a type field 612
with a binary value of 01. The subtype field 613 may
further indicate different types of control fields such as
block ack request frames, block ack frames, PS-poll
frames, request to send (RTS) fields, clear to send (CTS)
fields, and the like.
[0107] In some cases it may be advantageous to define
new types and formats of MAC frames for different us-
es/purposes. For example, it may be advantageous to
define a new management frame type to provide for en-
hanced power management capabilities. For example a
new management frame subtype may indicate a man-
agement frame defining how a power management indi-
cation of a wireless message should be interpreted by a
receiver. In an implementation, the new management
frame may define whether the indication of a second pow-
er management state indicates the second or a third pow-
er management state. For example, in an implementa-
tion, the new management frame may include data de-
fining how the indication should be interpreted. In an im-
plementation, the data may be included in an extended
capabilities element. Alternatively, two new management
frames may be defined. In this implementation, a first
new management frame defines the power management
indication to indicate a second power management state,
while a second new management frame defines the pow-
er management indication to indicate a third power man-
agement state.
[0108] Figure 7 illustrates an example of a process 700
to establish paging in a communication system. In some
implementations, the STA is operated in a Power Save
(PS) mode with two operational states for the primary
receiver: doze or awake. At block 702, the STA sends a
request that the AP enable a (very short) paging mode
704 that utilizes communications to a second receiver (a

low-power receiver) at the STA. At block 704, the AP
enables paging. The STA may indicate a preferred op-
erational setting. Possible paging mechanisms may be
a management frame, a PHY preamble, or similar imple-
mentation.
[0109] At block 707 one or more times for sending
and/or receiving page transmissions are defined. The
times when the STA is expected to receive the page may
be similar to, or offset from, periodic Target Beacon Tran-
sit Times (TBTT). The times may differ per STA. In some
implementations, multiple STAs may be assigned the
same target time. Similar to beacon transmissions, there
can be a Delivery Traffic Indication Message (DTIM) such
as considering the time until beacon transmission (DTIM-
TUBT), or every N TUBTs. In some implementations, this
is where the AP may send ultra-low power (ULP) mes-
sages indicating broadcast or multicast BUs are availa-
ble, or that the AP wants all the active STAs to start con-
tention.
[0110] At block 708, at the defined target times or time
ranges, the AP may send page(s) to the STA. The STA
receives pages using its low power receiver as illustrated
in block 710. The AP may assume the STA is awake at
the target time to send pages. At some times, the STA
may not have the full WiFi receiver on; instead, the STA
may only have a low power receiver designed to receive
paging messages.
[0111] In some implementations, the low power receiv-
er stays on. In other implementations, the STA would
turn on the low power receiver before the time of receiving
an expected page to allow for wake-up time, warm-up
and clock (or timing) drift. The AP needs to be aware of
whether the STA is in active state or doze state. When
the STA is in active state, the AP may or may not be
aware of whether both of the STA’s receivers are acti-
vated ("fully awake"), or if only the low power receiver is
awake. In some implementations, the AP uses knowl-
edge of the STA state and specific receiver activation
status (when known) to optimize the signals and signal
transmissions.
[0112] For cases where the AP has BUs for a STA, in
some implementations the AP would transmit a page to
the STA at the target time by unicast, groupcast, or mul-
ticast, depending on the implementation. Such messag-
es may be directed to one, some, or all STAs active at
that time. Accordingly, STA identifiers may be included
in pages. In some implementations, the paging signal
may be a segment of the TIM. For this case, the AP may
use a groupcast. The AP can request that STAs on this
segment of the TIM are in a listen mode during the time
of the groupcast, or otherwise communicate with the
STAs to ensure they are in a listen mode to receive the
groupcast. Accordingly, each segment may be transmit-
ted outside of the beacon in a pre-determined time for
the STAs on that segment.
[0113] In some implementations, pages are defined
and known to the AP and STAs. There may be a limited
number of page types and parameters for those types.
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In some implementations, the AP doesn’t send another
type of message at the target time. For some implemen-
tations the STA can use a low power receiver designed
to receive the potential set of messages.
[0114] In some implementations and at some times,
the AP may send a page even if no data is buffered. The
page may indicate that there isn’t any buffered data. This
page may be used for synchronization, have information
about the communications medium, a change of protocol,
a change of TBTT, change of an ID, or other management
information.
[0115] Figures 8A, 8B, and 9 show an implementation
of a process for near passive receivers to conserve power
by reducing power consumption. Referring to Figure 8A
illustrates an example of a process taken by an access
point for an implementation using a wake up page to a
low power receiver to activate a primary receiver for sub-
sequent transmissions. Process 800a of Figure 8A
shows the process of a device such as an AP 104. At
block 802a the AP transmits a page. In some implemen-
tations, the STA does not provide the AP any acknowl-
edgement or communication indicating the page was re-
ceived. At block 804a the AP then sends a transmission
to the STA, for example a beacon or another signal com-
municating data to the STA.
[0116] Figure 8B illustrates an example of a process
800b performed by a wireless device (or STA) using a
page to a low power receiver to wake-up a primary re-
ceiver of the STA to receive one or more subsequent
transmissions. At block 802b the STA receives a page,
for example, from an AP. At block 804b the primary re-
ceiver is activated based on receiving the page. At block
806b, the STA receives a signal using its primary receiver
(for example, receiver 212 Figure 2). The signal may be
a beacon or another signal communicating data to the
STA.
[0117] Figure 9 shows an example of a sequence di-
agram for an implementation of wireless communications
using a wake up page to a low power receiver to activate
a primary receiver for subsequent transmissions. In par-
ticular, sequence 900 illustrates an interaction between
a transmitting device (AP 104) and a receiving device
(STA 202). For some implementations, the AP 104 trans-
mits an activation or wake-up page. The STA receives
this page with the low power receiver 228. The STA ac-
tivates (the "trigger") the primary receiver 212 based on
receiving the page. The STA then receives one or more
signals using the primary receiver 212, for example, a
beacon or BU’s sent by the AP 104. The STA can be in
a regular power savings mode, such as PS mode or U-
APSD.
[0118] Figures 10A, 10B, and 11 show other process
implementations of receivers to conserve power con-
sumption. Figure 10A illustrates a process 1000a that
may be taken by a transmitting device, such as an AP.
Figure 10B illustrates a process 1000b that may be taken
by a receiving device, such as a STA. Figure 11 illustrates
a sequence 1100 of interaction between the transmitting

(or sending) device and a receiving device. Referring to
Figures 10A and 10B, at block 1002 a page having infor-
mation designed to be received by a low power receiver
of a STA is transmitted. At block 1002 the STA receives
this page. Based on the reception of the page, the STA
awakes and at block 1004b the STA sends an acknowl-
edgement of receiving the page. At block 1006b, the pri-
mary receiver of the STA is activated. This may be done
at various times as the STA changes to a wake-up state.
For example, the primary receiver can be activated be-
fore or at the same time as activating the STA transmitter,
or it can be done after activating the transmitter and/or
after sending the acknowledgement. At block 1006a
process 1000a transmits a signal to the STA, for example
a beacon or another type of information. At block 1008b,
the beacon or other information is received by the primary
receiver of the STA. as part of the waking-up process of
the STA, with the STA waking up At block 1004a the
acknowledgement is received. At block to the AP (1004b)
and activates the primary receiver (1006b). Once the AP
receives the acknowledgement (1004a), it transmits the
beacon at the next beacon time (1006a). The STA re-
ceives the beacon (1008b). Figure 11 illustrates an ex-
ample of process 1000a and 1000b in a sequence dia-
gram. In Figure 11, the AP 104 sends a wake-up page
which is received by a low power receive 228 or the STA
202. Based on the receipt of the wake-up page, STA 202
transitions from a doze state to an active state, including
activating a primary receiver 212 and a transmitter 210.
The transmitter 210 sends an acknowledgement signal
acknowledging receipt of the page to the access point
104. In this implementation, after receiving the acknowl-
edgement the AP 104 may send to the STA 202 a beacon
and/or other information (e.g., BU’s). The STA can then
follow its regular power savings mode, such as PS mode
or U-APSD.
[0119] Figures 12A, 12B, and 13 show another possi-
ble implementation of near passive receivers to conserve
power consumption. Figure 12A illustrates a process
1200a of a device, for example an AP 104. Figure 12B
illustrates a process 1200b of by a device, for example
a STA 106. Figure 13 illustrates a sequence 1300 shows
the interaction between a sending device AP 104 and a
receiving device (wireless device) STA 202. Referring to
Figure 12A, at block 1202 an AP transmits an activation
or wake-up page. At block 1202b the STA receives this
page. At 1204b, the STA transitions to an active state (if
in a doze state) and sends a PS-Poll frame to the AP
indicating the STA is awake and can poll for downlink
(DL) data. As the STA becomes active it activates a pri-
mary receiver at block 1206b. At block 1204a, the AP
receives the PS-Poll frame. At block 1206a the AP trans-
mits a beacon at the next beacon time. At block1208b
the STA receives the beacon. Sequence 1300 shows this
series of transaction for this implementation. The STA
can then follow its regular power savings mode, such as
PS mode or U-APSD.
[0120] Figures 14A, 14B, and 15 show another possi-
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ble implementation of near passive receivers to conserve
power consumption. Figure 14A illustrates the process
1400a of a transmitting device, for example, AP 104 of
Figure 1. Figure 14B illustrates the process 1400b of a
receiving device, for example, wireless device STA 106
of Figure 1. Figure 15 illustrates a sequence 1500 of an
interaction between a sending device and a receiving
device. Blocks in both Figures 14A and 14B are referred
to in describing process 1400a and 1400b, below. For
some implementations, at block 1402a the AP transmits
an activation or wake-up page with a set time. The STA
receives this page at block 1402b. At block 1404b the
STA sends a PS-Poll frame to the AP indicating to the
AP the STA is awake. The STA can poll for downlink data
at block 1404b. At block 1406b the STA activates the
primary receiver. The AP receives the PS-Poll frame at
block 1404a. If there is data to send, now knowing the
STA is awake the AP sends the data to the STA and the
STA receives the data form the AP. At block 1406a the
STA transmits a beacon (at the next normal periodic bea-
con time). At block 1408b the STA receives the beacon,
and further communicates with the AP to receive data
for the STA, if necessary.
[0121] Schematic sequence 1500 of Figure 15 further
illustrates an example of such interactions. In Figure 15,
AP 104 sends a wake-up page which is received by a
low power receiver 228. The wake-up page may include
information indicating the low power receiver (or low pow-
er circuitry coupled to or comprising the low power re-
ceiver) may awaken a primary receiver 212 after a certain
delay (if desired, for example, as indicated in the wakeup
page. The wireless device also wakes-up transmitter
210. Transmitter 210 transmits a poll message, and the
Access Point 104 subsequently provides data to the STA
(e.g., BUs). Also, the primary receiver 212 now also re-
ceives beacons provided by the AP 104. Once awake,
the STA may be operated in a power savings mode.
[0122] In some implementations, the AP assumes the
STA is awake and sends a packet (data or confirmation
of being awake, or a management or control frame) after
the time T, where T is specific to the STA and the AP is
aware of it from the association time or a management
frame.
[0123] In some implementations, the paging message
may include commands that the STA needs to perform
either before or after waking the primary receiver. Pages
may include parameters such as timestamps, partial
timestamps, AID changes, page slot changes, medium
status, or other parameters defined for the wireless sys-
tems that includes devices such as APs and STAs.
[0124] Figures 16A, 16B, and 17 show a possible im-
plementation of near passive receivers to conserve pow-
er consumption. Figure 16A illustrates a process 1600a
of a transmitting device, for example AP 104. Figure 16B
illustrates a process 1600b of a device, for example STA
106. Figure 17 illustrates a sequence 1700 of the inter-
action between a transmitting device and a receiving de-
vice. In this example, the AP transmits deactivation or

doze page at block 1602a. The STA receives this page
at block 1602b, and deactivates the primary receiver at
block 1604b. The primary receiver, when in a doze state,
doesn’t receive beacons or other transmissions unless
it’s reactivated. Sequence 1700 shows these interac-
tions, with an example where a subsequent wake-up
page triggers reactivation of the primary receiver.
[0125] Figure 18 shows the series of transactions for
an implementation where the page is a neither a wake-
up page nor a doze page. In this case, the AP 104 sends
a synch page that is received by the low power receiver
228 of wireless device STA 202. This synchronization
can be used to synch timing with the primary receiver
212, or other components (not shown) of the STA.
[0126] Figure 19 shows an example power saving im-
plementation in which the AP groups sensors, and sends
wake-up pages for each subset at distinct times followed
by a Beacon and TIM for each group. For this implemen-
tation, the AP may send a wake-up page to each group
in turn. Figure 19 illustrates an example 1900 with three
groups, G1, G2, and G3, with wake-up pages 1902, 1904,
and 1906 sent at distinct times within each latency period.
Different power management states are shown in exam-
ple 1900 on the timeline, with a first state 1944 when the
primary receiver is in awake state, a second state 1942
when the primary receiver is in doze state but the low
power receiver is in page awake state, and a third state
1940 when both receivers are in doze state. The wake-
up message may follow the Traffic Identification Map
(TIM) defined per group. Transmissions may be sent us-
ing unicast, groupcast, multicast, or broadcast mecha-
nisms. For this example, potentially fewer bits are re-
quired to wake up a unique address. Other implementa-
tions have the potential use the medium more efficiently
as in this approach, more beacons are transmitted than
might be necessary, and some intervals might not be
used.
[0127] Figure 20 shows an example power saving im-
plementation 2000 in which the AP groups sensors, and
sends wake-up pages before the traffic identification map
(TIM), starting from a given time. Unlike the approach
illustrated in Figure 19, all STAs may follow the same
TIM interval. The beacon and TIM timeframes are typi-
cally common for multiple groups. The example 2000
shows wake-up pages 2002, 2004, and 2006 for groups
1, 2, and 3, respectively, in the first latency period pre-
ceding beacon and TIM 2020. This pattern typically re-
peats in subsequent latency periods. Different power
management states are shown in example 2000 on the
timeline, with a first state 2044 when the primary receiver
is in awake state, a second state 2042 when the primary
receiver is in doze state but the low power receiver is in
page awake state, and a third state 2040 when both re-
ceivers are in doze state. For some implementations, the
AP uses unicast wake-up pages. In these cases, the page
timing might impinge on the beacon interval. This option
has the advantage more efficient use of the medium but
there may be many sequential wakeup pages before the
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beacon if there are many groups.
[0128] Figure 21 shows an example power saving im-
plementation in which the AP groups sensors, and sends
wake-up pages before the traffic identification map (TIM),
starting from a given time, and where a sleep page ter-
minates the wakeup receiving procedure. The implemen-
tation illustrated in Figure 21 is a variation of the imple-
mentation in Figure 20. For some implementations, the
wake pages (2102, 2104, and 2106 as an example in
Figure 21) are followed by sleep packet that terminates
the wakeup page receiving procedure. Once the low pow-
er receiver receives sleep page 2108, the primary receiv-
er may transition to doze state 2140, until it’s time to
transition back to awake state 2144 and receive beacon
2120. In some implementations, the wakeup page time
may be transmitted well in advance of the beacon.
[0129] Figure 22 shows another possible implementa-
tion, with a limited number of wakeup messages before
each beacon. This is similar to the option in Figure 20.
For some implementations, there are at most K wake up
pages (2202, 2204 in the first latency period, and 2212,
2214 for the next period depicted in the example). The
number of wake up messages typically depends on the
number of STAs paged and the number of available bits
in the wake message. The AP sends K wake messages.
Paging may be sent using unicast, multicast, or broad-
cast in different implementations. The AP may optimize
the choice of transmission method.
[0130] Each beacon period starts with a TIM if needed.
TIM is typically required for large groups. For small
groups, a PS-poll usually suffices. Unicast transmissions
don’t require a TIM. Figure 22 depicts wake up pages
2202 and 2204 in the first latency period before beacon
2222 is transmitted. Different power management states
are shown in example 2200 on the timeline, with a first
state 2244 when the primary receiver is in awake state,
a second state 2242 when the primary receiver is in doze
state but the low power receiver is in page awake state,
and a third state 2240 when both receivers are in doze
state.
[0131] Figures 23, 24, and 25 illustrate sleep packets
in use during normal Power Save mode, when STAs often
listen to beacons because of low latency requirements,
but no data is sent. By sending sleep packets, primary
receivers may be transitioned to doze state so that bea-
cons would not be received, to reduce power consump-
tion. Figure 23 shows that if there is no low power receiv-
er, power may not be saved because primary receivers
receive beacons 2320 whether or not there are BUs or
messages for them. The primary receiver remains in ac-
tive state 2344. In Figure 24, the low power receiver re-
ceives wakeup page 2402 during page awake state 2442,
and the primary receiver receives beacon 2420 as it’s in
awake state 2444 when the beacon is received. In Figure
25, the low power receiver receives a sleep page 2508
while in page awake state 2542, and in response to the
sleep page, the STA transitions the low power receiver
to doze state 2544, the beacon is not received, and power

is conserved.
[0132] As described earlier, in some implementations,
the STA communicates with the AP to determine a Target
Wakeup Time (TWT). The STA also indicates to the AP
whether, at the TWT, the STA would like to receive a
short paging message (e.g., an NDP control frame), by
including an optional NP field in a TWT information ele-
ment and filing its subfield (as to be described in detail
below). The paging message can indicate whether there
are any buffered units at the AP for the STA, by putting
the one of P-IDs of the station in the P-ID field of an NDP
paging frame (as will be described in detail below). The
STA can send a Management frame to the AP including
the above requests and any other parameter that may
be required, such as a suggested time for the TWT. If
the STA requested that a short paging be sent, and if
data is pending, the AP sends a short paging message
directed to the STA, at a Target Wakeup Time.
[0133] FIG. 26A shows a structure of an exemplary
NDP control frame 2600 in accordance with an embod-
iment of the invention. The NDP control frame 2600 (also
referred to as the NDP paging frame) includes a P-ID
field 2610, which is an identifier of the paged station. The
DI field 2650 is a direction identifier. In certain implemen-
tations, if the NDP paging frame is sent by a non-AP
station to an AP, then the DI field shall be set to 1. If the
NDP paging frame is sent by an AP, then the DI field
should be set to 0. A field 2670 is reserved. Depending
on whether the communication uses a bandwidth of 1 or
2 MHz, the field 2670 can include either the 32nd to 36th
bits or the 32nd to 47th bits respectively. The APDI/PAID
field 2630 is set to either APDI or PAID, depending on
the value of the DI field. If the DI field is set to 1, the
APDI/PAID field is set to PAID (Transmitter Partial AID),
which is set to the PAID of the transmitter non-AP station.
If the DI field is set to 0, the APDI/PAID field is set to APDI.
[0134] In one implementation, the DI field may be set
to 1 from one direction only and 0 on the other direction.
The DI field may be set to 1 or 0 for both directions, or
may be set to 0 based on station agreements. The DI
field may be set in a random fashion or as indicated by
a timer.
[0135] FIG. 26B shows an exemplary structure of the
APDI field 2630 from Figure 26A in accordance with an
embodiment of the invention. The APDI field 2630 has a
PTSF field 2632, which includes the partial TSF of the
transmitting station. A Check Beacon bit 2636 indicates
changes in the beacon. A More NDP field 2634 is set to
one if the NDP Paging frame is followed by another NDP
Paging frame.
[0136] FIG. 27A shows a structure of an exemplary
TWT information element 2700 used to determine a TWT
NDP in accordance with an embodiment of the invention.
The TWF information element 2700 includes an IEID field
2710 indicating the identification for the information ele-
ment. A length field 2720 indicates the length of the in-
formation element. A RT field 2730 indicates the request
type. A TWT field 2740 indicates the target wake time. A
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MWD field 2750 indicates the minimum wake duration.
A WiM field 2760 indicates the wake interval Mantissa
for required wake interval for indicated duration. In one
implementation, all fields of the TWT information element
2700 except the NP field 2770 are as defined in the
802.11ah standard. In one implementation, the length
field indicates the presence of the NP field 1370 if the
Length field is set to a particular value (e.g. a value great-
er than 16).
[0137] FIG. 27B shows a structure of an exemplary RT
field 2730. In one implementation, the RT field 2730 is
as defined in the 802.11ah standard. The RT field 2730
includes a CRQ field 2731, which is set to 0 for an AP
response, and to 1 for a client request. A TWTC field
2732 uses different values to represent different TWT
commands as listed below.

• 000b = client NULL suggestion (let AP choose wake
time)

• 001b = client suggestion, AP accepts client sugges-
tion

• 010b = client demand, AP accepts client demand
• 011b = Reserved
• 100b = Reserved
• 101b = AP alternative suggestion
• 110b = AP alternative demand
• 111b = AP Rejects TWT setup

[0138] An ABS field 2733 indicates whether a TSF is
a relative value (when set to 0) or an absolute value (when
set to 1). A DIR field 2734 indicates the flow direction.
For example, the value can be set to 0 for a direction
from a station to AP and to 1 for a direction from an AP
to a station. A FT field 2735 indicates the flow type. The
FT field is set to 0 if the flow is request-driven or to 1 if
no request is necessary. A FID field 2736 is an identifier
for the flow identification. A WIEXP field 2737 indicates
the value of an exponent to the applied to the wake in-
terval. Thus, WI = WiM x 2 ^ WIEXP.
[0139] FIG. 27C shows an exemplary format for the
NP field 2770 from Figure 27A in accordance with an
embodiment of the invention. In certain implementations,
the NP field 2770 includes a P-ID field 2771 which indi-
cates the paging identification. A PTSFO field 2772 indi-
cates the partial TSF offset such as one described in
802.11ah standard. An Action field 2773 defines the ac-
tion of the station upon reception of an NDP paging frame
with the P-ID field matching the P-ID field in NP field in
the respond TWT IE in the setup phase of NDP paging.
Different values of the Action field represent different ac-
tions as listed below.

• 0 = Send a PS-Poll
• 1 = Wait for packet reception
• 2 = STA receives the Beacon
• 3 = STA receives the delivery traffic indication mes-

sage (DTIM) Beacon
• 4-7 = reserved

[0140] A PRG field 2774 indicates the offset time a
station is capable of receiving other types of packets oth-
er than NDP paging. The offset is computed as the units
of SIFS. In one implementation, the Bit number 15 of the
NP field may be reserved.
[0141] In one implementation, the NDP paging may be
set up using the NDP paging frame 2600 (shown in FIG.
26A) and the TWT IE 2700 (shown in FIG. 27A) as de-
scribed below. Some of the procedures as described be-
low may be as defined in 802.11ah standard.
[0142] To set up the NDP page, a non-AP station may
send one or more TWT IE 2700 with the NP field present
and the CRQ field set to 1 to a recipient station, in which
case the P-ID field is set to one of its assigned AIDs and
the Action frame is reserved. In addition, an AP may send
one or more TWT IE 2700 with NP field present and the
CRQ field set to 1 to a recipient station, in which case
the P-ID field may be set to any value.
[0143] Upon receiving a NDP paging IE request, the
recipient station shall respond with a TWT IE 2700 with
the CRQ field set to 0 and the NP field present. A station
sending a response to an AP should set the P-ID to the
same value as the P-ID from the request. A station send-
ing a response to a non-AP station should set the P-ID
to the same value as the P-ID from the request. Respond-
er should also set the Action field. The PTSFO field in
response is reserved. In certain implementations, the ac-
tion the station performs upon receiving a value of the
Action field is listed here:

• Action field= 0: STA shall send the PS-Poll
• Action field= 1: STA shall be able to receive any pack-

et types after PRG units of SIFS after the end of
reception of the NDP Paging frame

• Action field= 2: STA shall receive the next Beacon
or Short Beacon that happens in the TBTT after PRG
units of SIFS after the end of reception of the NDP
Paging frame

• Action field= 3: STA shall receive the next DTIM that
happens after PRG units of SIFS after the end of
reception of the NDP Paging frame

[0144] A station sending a response shall schedule an
NDP Paging frame as the next frame for transmission at
the time indicated by the TWT field in the response if one
of the following conditions are satisfies:

• There are buffered units (Bus) intended for the AP.
• There are BUs intended for the non-AP station with

the AID indicated in the request.
• There is a critical update to the Beacon has occurred.

[0145] If the NDP Paging frame is sent by a non-AP
station to an AP, then the DI field shall be set to 1. If the
NDP Paging frame is sent by an AP, then DI field shall
be set to 0.
[0146] The P-ID field of the NDP Paging frame shall
be set to the P-ID field in TWT response if there are BUs
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for the requestor station. The P-ID field of NDP Paging
frame shall not be set to the P-ID field of TWT response
if there are no BUs for the requestor station. In one im-
plementation, a P-ID value of all zeros can be used for
broadcast information.
[0147] A station sending a request and receiving a re-
sponse shall read the next DTIM if it receives an NDP
Paging with the P-ID set to all zeros and the Check Bea-
con not changed (the same as advertised at least once
before.)
[0148] In the NDP Paging frame, if the DI field is set to
1, the PAID field in the NDP Paging frame shall be set
to the PAID of the transmitter non-AP STA. In the NDP
Paging frame, if the DI field is set to 0, the APDI field in
the NDP Paging frame shall be set as follows:

• The PTSF field is set to TSF [e.g., PTSFO+4:PTS-
FO+9], where TSF is the 8 bytes value of the TSF
and PTSFO is the value of the PTSFO field in the
TWT request.

• The Check Beacon field is initialized to 0 and incre-
mented when a critical update to the Beacon frame
has occurred. If a Broadcast TIM is used, and no
critical update to the Beacon frame occurred in the
time between the transmission of an NDP Control
frame and a TIM Broadcast frame, then the value of
the Check Beacon field in the Paging request frame
shall be same as the LSB of the Check Beacon field
in the TIM Broadcast frame.

• More NDP is set if there is one NDP paging frame
following after SIFS time

[0149] A station sending a request and receiving a re-
sponse may ignore any frames sent to it during the time
indicated by the minimum awake time field in TWT IE
response other than frame type NDP Paging. A station
sending a request and receiving a response which is be-
ing paged by NDP Paging frame, may ignore any frames
sent to it from the end of the NDP Paging frame for the
duration indicated by the PRG field in TWT IE in units of
SIFS.
[0150] An STA sending a request and receiving a re-
sponse shall extend the minimum awake duration to re-
ceive the next NDP Paging frame if the More NDP bit is
set to 1. An STA sending a request and receiving a re-
sponse shall receive the Beacon or Short Beacon frame
at the next target beacon transit time (TBTT) if it receives
any NDP Paging with the Check Beacon bit value differ-
ent from what previously received.
[0151] If a paged station is interested in time sync with
a pager station, the pager station should set the DI bit to
0 and set the PTSF field to the correct value. If the paged
station may be paged by different pager stations, the pag-
er should set the DI bit to 1 to indicate its identify by
putting it PAID in the PAID field.
[0152] As used herein, the term "determining" encom-
passes a wide variety of actions. For example, "deter-
mining" may include calculating, computing, processing,

deriving, investigating, looking up (e.g., looking up in a
table, a database or another data structure), ascertaining
and the like. Also, "determining" may include receiving
(e.g., receiving information), accessing (e.g., accessing
data in a memory) and the like. Also, "determining" may
include resolving, selecting, choosing, establishing and
the like. Further, a "channel width" as used herein may
encompass or may also be referred to as a bandwidth in
certain aspects.
[0153] As used herein, a phrase referring to "at least
one of’ a list of items refers to any combination of those
items, including single members. As an example, "at
least one of: a, b, or c" is intended to cover: a, b, c, a-b,
a-c, b-c, and a-b-c.
[0154] The various operations of methods described
above may be performed by any suitable means capable
of performing the operations, such as various hardware
and/or software component(s), circuits, and/or mod-
ule(s). Generally, any operations illustrated in the Figures
may be performed by corresponding functional means
capable of performing the operations.
[0155] The various illustrative logical blocks, modules
and circuits described in connection with the present dis-
closure may be implemented or performed with a general
purpose processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field pro-
grammable gate array signal (FPGA) or other program-
mable logic device (PLD), discrete gate or transistor log-
ic, discrete hardware components or any combination
thereof designed to perform the functions described
herein. A general purpose processor may be a micro-
processor, but in the alternative, the processor may be
any commercially available processor, controller, micro-
controller or state machine. A processor may also be
implemented as a combination of computing devices,
e.g., a combination of a DSP and a microprocessor, a
plurality of microprocessors, one or more microproces-
sors in conjunction with a DSP core, or any other such
configuration.
[0156] In one or more aspects, the functions described
may be implemented in hardware, software, firmware, or
any combination thereof. If implemented in software, the
functions may be stored on or transmitted over as one
or more instructions or code on a computer-readable me-
dium. Computer-readable media includes both computer
storage media and communication media including any
medium that facilitates transfer of a computer program
from one place to another. A storage media may be any
available media that can be accessed by a computer. By
way of example, and not limitation, such computer-read-
able media can comprise RAM, ROM, EEPROM, CD-
ROM or other optical disk storage, magnetic disk storage
or other magnetic storage devices, or any other medium
that can be used to carry or store desired program code
in the form of instructions or data structures and that can
be accessed by a computer. Also, any connection is prop-
erly termed a computer-readable medium. For example,
if the software is transmitted from a website, server, or
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other remote source using a coaxial cable, fiber optic
cable, twisted pair, digital subscriber line (DSL), or wire-
less technologies such as infrared, radio, and microwave,
then the coaxial cable, fiber optic cable, twisted pair, DSL,
or wireless technologies such as infrared, radio, and mi-
crowave are included in the definition of medium. Disk
and disc, as used herein, includes compact disc (CD),
laser disc, optical disc, digital versatile disc (DVD), floppy
disk and Blu-ray disc where disks usually reproduce data
magnetically, while discs reproduce data optically with
lasers. Thus, in some aspects computer readable medi-
um may comprise non-transitory computer readable me-
dium (e.g., tangible media). In addition, in some aspects
computer readable medium may comprise transitory
computer readable medium (e.g., a signal). Combina-
tions of the above should also be included within the
scope of computer-readable media.
[0157] The methods disclosed herein comprise one or
more steps or actions for achieving the described meth-
od. The method steps and/or actions may be inter-
changed with one another without departing from the
scope of the claims. In other words, unless a specific
order of steps or actions is specified, the order and/or
use of specific steps and/or actions may be modified with-
out departing from the scope of the claims.
[0158] The functions described may be implemented
in hardware, software, firmware or any combination
thereof. If implemented in software, the functions may be
stored as one or more instructions on a computer-read-
able medium. A storage media may be any available me-
dia that can be accessed by a computer. By way of ex-
ample, and not limitation, such computer-readable media
can comprise RAM, ROM, EEPROM, CD-ROM or other
optical disk storage, magnetic disk storage or other mag-
netic storage devices, or any other medium that can be
used to carry or store desired program code in the form
of instructions or data structures and that can be ac-
cessed by a computer. Disk and disc, as used herein,
include compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk, and Blu-ray® disc
where disks usually reproduce data magnetically, while
discs reproduce data optically with lasers.
[0159] Thus, certain aspects may comprise a compu-
ter program product for performing the operations pre-
sented herein. For example, such a computer program
product may comprise a computer readable medium hav-
ing instructions stored (and/or encoded) thereon, the in-
structions being executable by one or more processors
to perform the operations described herein. For certain
aspects, the computer program product may include
packaging material.
[0160] Software or instructions may also be transmit-
ted over a transmission medium. For example, if the soft-
ware is transmitted from a website, server, or other re-
mote source using a coaxial cable, fiber optic cable, twist-
ed pair, digital subscriber line (DSL), or wireless technol-
ogies such as infrared, radio, and microwave, then the
coaxial cable, fiber optic cable, twisted pair, DSL, or wire-

less technologies such as infrared, radio, and microwave
are included in the definition of transmission medium.
[0161] Further, it should be appreciated that modules
and/or other appropriate means for performing the meth-
ods and techniques described herein can be downloaded
and/or otherwise obtained by a user terminal and/or base
station as applicable. For example, such a device can be
coupled to a server to facilitate the transfer of means for
performing the methods described herein. Alternatively,
various methods described herein can be provided via
storage means (e.g., RAM, ROM, a physical storage me-
dium such as a compact disc (CD) or floppy disk, etc.),
such that a user terminal and/or base station can obtain
the various methods upon coupling or providing the stor-
age means to the device. Moreover, any other suitable
technique for providing the methods and techniques de-
scribed herein to a device can be utilized.
[0162] It is to be understood that the claims are not
limited to the precise configuration and components il-
lustrated above. Various modifications, changes and var-
iations may be made in the arrangement, operation and
details of the methods and apparatus described above
without departing from the scope of the claims.
[0163] While the foregoing is directed to aspects of the
present disclosure, other and further aspects of the dis-
closure may be devised without departing from the basic
scope thereof, and the scope thereof is determined by
the claims that follow.

Claims

1. A method for wireless communication, comprising:

receiving at least a first signal at a first means
(212);
receiving a second signal at a second means
(228, 230), wherein the second signal compris-
es a wake-up signal configured in NDP format
including a signal field, the second receiving
means (228, 230) configured to, when in an
awake state, consume less power than the first
receiving means (212) when in an awake state,
wherein the second means (228, 230) is config-
ured to take at least one action based on the
second signal,
wherein the action is to transition the first receiv-
ing means (212) to an awake state or to a doze
state.

2. The method of claim 1, wherein the second signal is
smaller than a beacon signal.

3. The method of claim 1, wherein the apparatus sends
a PS-Poll frame to notify the sender that it is awake
and polls for downlink data.

4. The method of claim 1, wherein the action is to tran-
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sition the first receiving means to an awake state at
a specified time.

5. The method of claim 4, wherein the apparatus sends
an acknowledgement to the sender of the page that
the wake-up signal was received or wherein the
specified time corresponds to the next target beacon
transit time to receive a regular beacon.

6. The method of claim 1, wherein the action is to tran-
sition the first receiving means to a doze state at a
specified time.

7. The method of claim 6, wherein the specified time is
a beacon time, the apparatus receives the regular
beacon and behaves as in regular power save mode.

8. The method of claim 6, wherein the specified time is
a beacon time, the apparatus receives the regular
beacon and behaves as in unscheduled automatic
power save delivery mode.

9. The method of claim 6, wherein the apparatus re-
ceives the regular beacon using regular power save
mode.

10. The method of claim 6, wherein the apparatus re-
ceives the regular beacon using unscheduled auto-
matic power save delivery mode.

11. The method of claim 1, wherein the first receiver con-
sumes greater than at least one of about five times,
5X, more power than the second receiver when the
first and second receiver are in an active state, about
ten times, 10X, more power than the second receiver
when the first and second receiver are in an active
state, about twenty times, 20X, more power than the
second receiver when the first and second receiver
are in an active state, about fifty times, 50X, more
power than the second receiver when the first and
second receiver are in an active state, about one
hundred times, 100X, more power than the second
receiver when the first and second receiver are in an
active state and about two hundred times, 200X,
more power than the second receiver when the first
and second receiver are in an active state.

12. The method of claim 1, wherein the signal field com-
prises one or more of association ID, a group ID, and
a buffered units indication.

13. The method of claim 1, wherein the first signal com-
prises information indicating that the apparatus will
receive second signals comprising short paging
messages.

14. An apparatus (202) for wireless communication,
comprising:

first means (212) for receiving at least a first sig-
nal;
second means (228, 230) for receiving a second
signal, wherein the second signal comprises a
wake-up signal configured in NDP format includ-
ing a signal field, the second receiving means
(228, 230) configured to, when in an awake
state, consume less power than the first receiv-
ing means (212) when in an awake state, where-
in the second means (228, 230) is configured to
take at least one action based on the second
signal, wherein the action is to transition the first
receiving means (212) to an awake state or to
a doze state.

15. A computer program comprising executable instruc-
tions for causing at least one computer to perform a
method according to one of the claims 1 to 13 when
executed.

Patentansprüche

1. Ein Verfahren für drahtlose Kommunikation, umfas-
send:

Empfangen mindestens eines ersten Signals
auf einem ersten Mittel (212);
Empfangen eines zweiten Signals auf einem
zweiten Mittel (228, 230),
wobei das zweite Signal ein Aufwachsignal ent-
hält, das in NDP-Format konfiguriert ist und ein
Signalfeld enthält,
wobei das zweite Empfangsmittel (228, 230)
konfiguriert ist, um in einem Wachzustand we-
niger Strom zu verbrauchen als das erste Emp-
fangsmittel (212) in einem Wachzustand,
wobei das zweite Mittel (228, 230) konfiguriert
ist, um mindestens eine Aktion basierend auf
dem zweiten Signal durchzuführen,
wobei die Aktion darin besteht, das erste Emp-
fangsmittel (212) in einen Wachzustand oder in
einen Ruhezustand überzuführen.

2. Das Verfahren nach Anspruch 1, wobei das zweite
Signal kleiner als ein Beacon-Signal ist.

3. Das Verfahren nach Anspruch 1, wobei die Vorrich-
tung einen PS-Poll-Frame sendet, um den Absender
darüber zu informieren, dass sie wach ist, und Down-
link-Daten abfragt.

4. Das Verfahren nach Anspruch 1, wobei die Aktion
darin besteht, das erste Empfangsmittel zu einem
bestimmten Zeitpunkt in einen Wachzustand zu
überführen.

5. Das Verfahren nach Anspruch 4, wobei die Vorrich-
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tung eine Bestätigung an den Absender des Pages
sendet, dass das Aufwachsignal empfangen wurde,
oder wobei die angegebene Zeit der nächsten Soll-
Übergangszeit des Beacons entspricht, um einen
normalen Beacon zu empfangen.

6. Das Verfahren nach Anspruch 1, wobei die Aktion
darin besteht, das erste Empfangsmittel zu einem
bestimmten Zeitpunkt in einen Ruhezustand zu
überführen.

7. Das Verfahren nach Anspruch 6, wobei die angege-
bene Zeit eine Beacon-Zeit ist, wobei die Vorrichtung
den normalen Beacon empfängt und sich wie im nor-
malen Energiesparmodus verhält.

8. Das Verfahren nach Anspruch 6, wobei die angege-
bene Zeit eine Beacon-Zeit ist, wobei die Vorrichtung
den normalen Beacon empfängt und sich wie im En-
ergiespar-Bereitstellungsmodus verhält.

9. Das Verfahren nach Anspruch 6, wobei die Vorrich-
tung den normalen Beacon unter Verwendung des
normalen Energiesparmodus empfängt.

10. Das Verfahren nach Anspruch 6, wobei die Vorrich-
tung den normalen Beacon unter Verwendung eines
Energiespar-Bereitstellungsmodus empfängt.

11. Das Verfahren nach Anspruch 1, wobei der erste
Empfänger mehr als mindestens eines von etwa
dem Fünffachen, 5X, mehr Leistung als der zweite
Empfänger verbraucht, wenn der erste und zweite
Empfänger in einem aktiven Zustand sind, etwa dem
Zehnfachen, 10X, mehr Leistung als der zweite
Empfänger verbraucht, wenn der erste und zweite
Empfänger in einem aktiven Zustand sind, etwa dem
Zwanzigfachen, 20X, mehr Leistung als der zweite
Empfänger verbraucht, wenn der erste und zweite
Empfänger in einem aktiven Zustand sind, etwa fünf-
zigmal, 50X, mehr Leistung als der zweite Empfän-
ger verbraucht, wenn der erste und zweite Empfän-
ger in einem aktiven Zustand sind, etwa hundertmal,
100X, mehr Leistung als der zweite Empfänger ver-
braucht, wenn der erste und zweite Empfänger in
einem aktiven Zustand sind, und etwa zweihundert-
mal, 200X, mehr Leistung als der zweite Empfänger
verbraucht, wenn der erste und zweite Empfänger
in einem aktiven Zustand sind.

12. Das Verfahren nach Anspruch 1, wobei das Signal-
feld eine oder mehrere von einer Zuordnungsken-
nung, einer Gruppenkennung und einer Anzeige von
gepufferten Einheiten umfasst.

13. Das Verfahren nach Anspruch 1, wobei das erste
Signal Informationen umfasst, die anzeigen, dass
die Vorrichtung zweite Signale empfängt, die kurze

Paging-Nachrichten umfassen.

14. Eine Vorrichtung (202) für drahtlose Kommunikati-
on, aufweisend:

ein erstes Mittel (212) zum Empfangen mindes-
tens eines ersten Signals;
ein zweites Mittel (228, 230) zum Empfangen
eines zweiten Signals,
wobei das zweite Signal ein Aufwecksignal ent-
hält, das in NDP-Format konfiguriert ist und ein
Signalfeld enthält,
wobei das zweite Empfangsmittel (228, 230)
konfiguriert ist, um im Aufwachzustand weniger
Strom zu verbrauchen als das erste Empfangs-
mittel (212) im Aufwachzustand,
wobei das zweite Mittel (228, 230) konfiguriert
ist, um mindestens eine Aktion basierend auf
dem zweiten Signal durchzuführen,
wobei die Aktion darin besteht, das erste Emp-
fangsmittel (212) in einen Wachzustand oder in
einen Ruhezustand zu überführen.

15. Ein Computerprogramm, umfassend ausführbare
Anweisungen, um mindestens einen Computer zu
veranlassen, ein Verfahren nach einem der Ansprü-
che 1 bis 13 auszuführen, wenn sie ausgeführt wer-
den.

Revendications

1. Procédé pour une communication sans fil,
comprenant :

la réception d’au moins un premier signal au ni-
veau d’un premier moyen (212) ;
la réception d’un second signal au niveau d’un
second moyen (228, 230), dans lequel le second
signal comprend un signal de réveil configuré
au format NDP incluant un champ de signal, le
second moyen de réception (228, 230) étant
configuré pour, lorsqu’il est dans un état d’éveil,
consommer moins d’énergie que le premier
moyen de réception (212) lorsqu’il est dans un
état d’éveil, dans lequel le second moyen (228,
230) est configuré pour effectuer au moins une
action sur la base du second signal, dans lequel
l’action consiste à faire passer le premier moyen
de réception (212) à un état d’éveil ou à un état
d’assoupissement.

2. Procédé selon la revendication 1, dans lequel le se-
cond signal est moindre qu’un signal de balise.

3. Procédé selon la revendication 1, dans lequel l’ap-
pareil envoie une trame PS-Poll pour notifier à
l’émetteur qu’il est en éveil et interroge des données
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de liaison descendante.

4. Procédé selon la revendication 1, dans lequel l’ac-
tion consiste à faire passer le premier moyen de ré-
ception à un état d’éveil à un temps spécifié.

5. Procédé selon la revendication 4, dans lequel l’ap-
pareil envoie un accusé de réception à l’émetteur du
message de paging selon lequel le signal de réveil
a été reçu ou dans lequel le temps spécifié corres-
pond au prochain temps de transit de balise cible
pour recevoir une balise régulière.

6. Procédé selon la revendication 1, dans lequel l’ac-
tion consiste à faire passer le premier moyen de ré-
ception à un état d’assoupissement à un temps spé-
cifié.

7. Procédé selon la revendication 6, dans lequel le
temps spécifié est un temps de balise, l’appareil re-
çoit la balise régulière et se comporte comme dans
un mode d’économie d’énergie régulier.

8. Procédé selon la revendication 6, dans lequel le
temps spécifié est un temps de balise, l’appareil re-
çoit la balise régulière et se comporte comme dans
un mode de production automatique en économie
d’énergie non planifié.

9. Procédé selon la revendication 6, dans lequel l’ap-
pareil reçoit la balise régulière en utilisant un mode
d’économie d’énergie régulier.

10. Procédé selon la revendication 6, dans lequel l’ap-
pareil reçoit la balise régulière en utilisant un mode
de production automatique en économie d’énergie
non planifié.

11. Procédé selon la revendication 1, dans lequel le pre-
mier récepteur consomme une quantité supérieure
à au moins l’une parmi : environ cinq fois, 5X, plus
d’énergie que le second récepteur lorsque le premier
et le second récepteur sont dans un état actif, environ
dix fois, 10X, plus d’énergie que le second récepteur
lorsque le premier et le second récepteur sont dans
un état actif, environ vingt fois, 20X, plus d’énergie
que le second récepteur lorsque le premier et le se-
cond récepteur sont dans un état actif, environ cin-
quante fois, 50X, plus d’énergie que le second ré-
cepteur lorsque le premier et le second récepteur
sont dans un état actif, environ cent fois, 100X, plus
d’énergie que le second récepteur lorsque le premier
et le second récepteur sont dans un état actif, et
environ deux cents fois, 200X, plus d’énergie que le
second récepteur lorsque le premier et le second
récepteur sont dans un état actif.

12. Procédé selon la revendication 1, dans lequel le

champ de signal comprend un ou plusieurs parmi un
ID d’association, un ID de groupe, et une indication
d’unités en tampon.

13. Procédé selon la revendication 1, dans lequel le pre-
mier signal comprend des informations indiquant
que l’appareil recevra des seconds signaux compre-
nant des messages de paging courts.

14. Appareil (202) pour une communication sans fil,
comprenant :

un premier moyen (212) pour recevoir au moins
un premier signal ;
un second moyen (228, 230) pour recevoir un
second signal, dans lequel le second signal
comprend un signal de réveil configuré au for-
mat NDP incluant un champ de signal, le second
moyen de réception (228, 230) étant configuré
pour, lorsqu’il est dans un état d’éveil, consom-
mer moins d’énergie que le premier moyen de
réception (212) lorsqu’il est dans un état d’éveil,
dans lequel le second moyen (228, 230) est con-
figuré pour effectuer au moins une action sur la
base du second signal, dans lequel l’action con-
siste à faire passer le premier moyen de récep-
tion (212) à un état d’éveil ou à un état d’assou-
pissement.

15. Programme informatique comprenant des instruc-
tions exécutables pour amener au moins un ordina-
teur à mettre en oeuvre un procédé selon l’une des
revendications 1 à 13 lorsqu’elles sont exécutées.
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