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STATIONS, ACCESS POINTS, COMMUNICATION SYSTEMS AND
METHODS OF CONTROLLING THE SAME

CROSS-REFERENCE TO RELATED APPLICATIONS
[001] This application claims the benefit of priority of SG application No.
201201750-5 filed March 12, 2012, SG application No. 201203475-7 filed May 11,
2012, SG application No. 201206797-1 filed September 12, 2012 as well as' SG
application No. 201207676-6, filed October 15, 2012, the contents of them being

hereby incorporated by reference in their entirety for all purposes.

TECHNICAL FIELD
[002] Various aspects of this disclosure relate to stations, access points,

communication systems and methods of controlling the same.

BACKGROUND

[003] The Institute of Electrical and Electronics Engineers (IEEE) 802.11
standards define a family of protocols for implementing Wireless Local Area
Networks (WLAN). The communication range is up to a few hundred meters and
usually is about two to three hundred meters. The standards is created and maintained
by IEEE Local Area Network/Metropolitan Area Network (LAN/MAN) Standard
Committee (IEEE 802). The standards are used in various scenarios such as networks
for home/offices, factories, and cellular communications.

[004] The IEEE 802.11 standard is designed as communication protocols for
Wireless Local Area Networks (WLAN). Usuélly, an access point (AP) works with a,
few to a few tens of stations (STAs) associated to it and within a range of a few
hundred meters. The current standard can easily handle such a small scale of

networks.
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[005] However, with new application scenarios for WLAN, such as Smart Grids

for power networks, an AP may required to extend its coverage to 1 km, and handle a
few thousands of nodes (up to 6000 as required by the 801.11ah standard amendment
requirements) with low transmission speed. Several problems, including power
savings for the stations may arise if the current 802.11 standard is used.

[006] IEEE802.11-12/0114r0 notes that battery powered devices may limit power
consumption by limiting the active/awake/receive time. Devices consume power
when listening for beacons with traffic indication map (TIM) frames.

[007] A device with a long doze period may be required to wake up early due to
clock drift during the long doze period. Also, a beacon with a TIM frame may require
several milliseconds to complete transmission. These may increase duration in which
the station is active/awake.

[008] IEEE802.11-12/0114r0 proposes using an immediate power save (PS)-Poll
protocol to limit power consumption. FIG. 1A is a schematic 100a showing the
immediate PS-Poll protocol of an access point (AP) 102a and a station (STA) 104a, in’
which buffered data (or buffered units) 106 for the station (STA) 104a is pending in
the access point 102a. FIG. 1B is a schematic 100b showing the immediate PS-Poll
protocol of an access point (AP) 102b and a station (STA) 104b, in which no buffered
data (or buffered units) 106 for the station (STA) 104b is pending in the access point
102a. The STA 104a, 104b is in doze state 108a, 108b, 108¢, 108d most of the time,
during which the STA 104a, 104b may not check for beacon signals with TIM frames
110. The STA 104a, 104b may also not be synchronized with the Time
Sychronization Function (TSF). The STA 104a, 104b may wake up at the desired time
112a, 112b and sends a PS-Poll 114a, 114b to the AP. At this juncture, the STA 112a,
112b may not yet know if there is buffered data (or buffered units (BU)) 106 pending
for it at the AP 102a, 102b for the STA 112a, 112b as it does not check for beacon
signals with TIM frames previously. If there is buffered data (or buffered units (BU))

106 pending, the AP 102a may respond immediately by either transmitting the
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buffered data (or buffered units) 106 or by sending an acknowledgement (ACK)

frame 116a indicating there is buffered data (or buffered units) 106 in the AP 102 for
the STA 104a (BU = 1). If there is no buffered data (or buffered units) 106 pending in
the AP 102b for the STA 104b, there may be an ACK frame 116b setting BU to be 0.
The STA 104b may go to sleep if there is no buffered data (or buffered units) 106
pending in the AP 102b for the STA 104b.

[009] However, allowing the STAs to send PS-Poll signals anytime after wakeup
may make contention worse if a large number of STAs wake up at almost the same
time to contend on channel access. The STAs may have to wait for completion of
other transmissions due to competing PS-Polls from multiple STAs. Also, the overall
transmission time spent to receive individual ACK frames for a large number of STAs
may be long. Power consumption for awaiting STAs may be high due to low data rate
even with the immediate PS-Poll mechanism. In addition, multiple STAs may have to
send the PS-Poll signals within a relatively short period of time even only when a few
STAs may need to receive buffered data from the AP. Furthermore, a target beacon
transmission time (TBTT) may be just shortly after a STA sends the PS-Poll, which

may result in unnecessary duplication.

SUMMARY

[010] In various embodiments, a method of controlling a station may be
provided. The method may include receiving a first signal from an access point, the
first signal including information indicating a time period. The method may further
include deactivating the station after receiving the first signal and before expiry of the
time period. The method may also include activating the station upon expiry of the
time period.

[011) In various embodiments, a method of controlling an access point may be
provided. The method may include determining a time period. The method may

further include transmitting a first signal to a station, the first signal comprising
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information indicating the time period. The method may also include processing a
second signal upon expiry of the time period.

[012] In various embodiments, a method of communication between an access
point and a plurality of stations may be provided. The method may include
transmitting a first signal from an access point to a plurality of stations, the first signal
including information indicating a time period. The method may further include
deactivating the plurality of stations after the plurality of stations receives the first
signal but before expiry of the time period. The method may also include activating
the plurality of stations upon expiry of the time period.

[013] In various embodiments, a station may be provided. The station may
include a receiving circuit configured to receive a first signal from an access point, the
first signal comprising information indicating a time period. The station may also
include a deactivation circuit configured to deactivate the station after receiving the
first signal and before expiry of the time period. The station may further include an
activation circuit configured to activate the station upon expiry of the time period.
[014] In various embodiments, an access point may be provided. The access point
may include a transmitting circuit configured to transmit a first signal to a station, the
first signal including information indicating a time period. The access point may
further include a further circuit configured to process a second signal upon expiry of
the time period.

[015] In various embodiments, a communication system may be provided. The
communication system may include an access point and a plurality of stations. The
access point may be configured to transmit a first signal to the plurality of stations, the
first signal including information indicating a time period. The plurality of stations
may be configured to be deactivated after the plurality of stations receives the first
signal but before expiry of the time period. The plurality of stations may be

configured to be activated upon expiry of the time period.
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BRIEF DESCRIPTION OF THE DRAWINGS

[016] The invention will be better understood with reference to the detailed
description when considered in conjunction with the non-limiting examples and the
accompanying drawings, in which:

FIG. 1A is a schematic showing the immediate Power Save-Poll (PS-Poll) protocol of
an access point (AP) and a station (STA), in which buffered data (or buffered units)
for the station (STA) 1s pending in the access point.

FIG. 1B is a schematic showing the immediate Power Save-Poll (PS-Poll) protocol of
an access point (AP) and a station (STA), in which no buffered data (or buffered
units) for the station ‘(STA) is pending in the access point.

FIG. 2A is a schematic showing a method of communication between an access point
(AP) and a first station (STA1) according to various embodiments and a method of
communication between the access point (AP) and a second station (STA2) according
to various embodiments.

FIG. 2B is another schematic showing a method of communication between an access
point (AP) and a first station (STA1) according to various embodiments and a method
of communication between the access point (AP) and a second station (STA2)
according to various embodiments.

FIG. 2C is a schematic showing the frame format for a first signal according to
various embodiments.

FIG. 2D is a table showing the usage of different bits in the duration field.

FIG. 3A is another schematic showing a method of communication between an access
point (AP) and a first station (STA1) according to various embodiments and between
the access point (AP) and a second station (STA2) according to various embodiments.

FIG. 3B is a schematic showing a portion of a frame format with some fields for a
probe response signal according to various embodiments.

FIG. 3C is a schematic showing a first frame format and a second frame format for a

probe request signal according to various embodiments.
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FIG. 4A is a schematic showing a method to establish communication between an
access point and a station according to various embodiments.

FIG. 4B is another schematic showing a method to establish communication between
an access point and a station according to various embodiments.

FIG. 4C is another schematic showing a method to establish communication between
an access point and a station according to various embodiments.

FIG. 5A is a schematic showing a method of communication between an access point
and a station STA1 according to various embodiments and between an access point
and a station STA2 according to various embodiments.

FIG. 5B is another schematic showing a method of communication between an access
point and a station STA1 according to various embodiments and between an access
point and a station STA2 according to various embodiments.

FIG. 6A is another schematic showing a method of communication between an access
point and a station STA1 according to various embodiments and between an access
point and a station STA2 according to various embodiments.

FIG. 6B is another schematic showing a method of communication between an access
point and a station STA1 according to various embodiments and between an access
point and a station STA2 according to various embodiments.

FIG. 7 i1s a schematic showing the frame format for a polling signal according to
various embodiments.

FIG. 8 is a schematic showing a method of controlling a station according to various
embodiments.

FIG. 9 is a schematic showing a method of controlling an access point according to
various embodiments.

FIG. 10 is a schematic showing a method of communication between an access poiht
and a plurality of stations according to various embodiments.

FIG. 11 is a schematic showing a method of controlling an access point according to

various embodiments.



WO 2013/137824 PCT/SG2013/000100

7

FIG. 12 is a schematic showing a method of controlling a station according to various
embodiments.

FIG. 13 shows a schematic of a station according to various embodiments.

FIG. 14 shows a schematic of an access point according to various embodimeénts.

FIG. 15 shows a schematic a communication system according to various
embodiments. |

FIG. 16 shows a schematic of an access point according to various embodiments.

FIG. 17 shows a schematic of a station according to various embodiments.

DETAILED DESCRIPTION

[017] The following detailed description refers to the accompanying drawings
that show, by way of illustration, specific details and embodiments in which the
invention may be practiced. These embodiments are described in sufficient detail to
enable those skilled in the art to practice the invention. Other embodiments may be
utilized and structural, and logical changes may be made without departing from the
scope of the invention. The various embodiments are not necessarily mutually
exclusive, as some embodiments can be combined with one or more other
embodiments to form new embodiments.

[018] In order that the invention may be readily understood and put into practical
effect, particular embodiments will now be described by way of examples and not
limitations, and with reference to the figures.

[019] Under IEEE Standard 802.11 for Information Technology -
Telecommunications and Information Exchange between Systems — Local and
Metropolitan Area Networks — Specific Requirements Part 11: Wireless LAN
Medium Access Control (MAC) and Physical Layer (PHY) Specifications, a station
(STA) is defined as any device that contains an [EEE 802.11 — conformant medium
access control (MAC) and physical layer (PHY) interface to the wireless medium

(WM).
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[020] According to various embodiments, a station may be a component or
device or means capable for transmitting and receiving information via wireless
means. According to various embodiments, a station includes, but is not limited to a
station as defined in IEEE Standard 802.11. Unless otherwise explicitly stated,
references to stations usually refer to non-access point (non-AP) stations.

[021] In various embodiments, a station may be a mobile device such as mobile
phone or a laptop with a wireless interface controller. In various embodiments, the
station may be a desktop computer with a wireless interface controller.

[022] Under IEEE Standard 802.11 for Information Technology -
Telecommunications and Information Exchange between Systems — Local and
Metropolitan Area Networks — Specific Requirements Part 11: Wireless LAN
Medium Access Control (MAC) and Physical Layer (PHY) Specifications, an access
point is defined as any entity that has station (STA) functionality and provides access
to distribution services, via the wireless medium (WM) for associated stations
(STAs).

[023] According to various embodiments, an access point may be a component or
device or means that provides access between associated stations to other
communication sysfems, devices or components via wireless means between the
associated stations and the access point. According to various embodiments, an access
point includes, but is not limited to an access point as defined under the IEEE
Standard 802.11.

[024] In various embodiments, an access point may be a device that allows
wireless devices to connect to a wired network using Wi-Fi or related standards. In
various embodiments, the access point may be connected to a router via a wired
network or may be part of a router itself. The router may provide communication with
external networks. In various embodiments, an AP may be a hotspot. In various
embodiments, an AP may be incorporated in a battery-powered router or smartphone.

The battery-powered router or smartphone may also include a cellular mobile Internet
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radio modem. When subscribed to a cellular phone carrier, the battery-powered router

or smartphone allows nearby Wi-Fi stations to access the Internet through cellular
networks such as 2G, 3G or 4G networks.
[025]  Under IEEE Standard 802.11 for Information Technology -
Telecommunications and Information Exchange between Systems — Local and
Metropolitan Area Networks — Specific Requirements Part 11: Wireless LAN
Medium Access Control (MAC) and Physical Layer (PHY) Specifications,
authentication refers to a service used to establish the identity of one station (STA) as
a member of the set of STAs authorized to associate via another STA. According to
various embodiments, authentication refers to a service used to establish of one
station as a rnémber of the set of non-AP stations authorized to associate via an AP,
and includes, but is not limited to authentication és defined under the IEEE Standard
802.11.
[026] Under IEEE Standard 802.11 for Information Technology -
Telecommunications and Information Exchange between Systems — Local and
Metropolitan Area Networks — Specific Requirements Part 11: Wireless LAN
Medium Access Control (MAC) and Physical Layer (PHY) Specifications,
association refers to a service used to establish access point /station (AP/STA) and
enable STA invocation of the distribution system services (DSSs). According to
various embodiments, association refers to a service used to establish access between
an AP and a non-AP station and includes, but is not limited to association as defined
“under the IEEE Standard 802.11.
(027] In various embodiments, a STA in asleep mode may refer to the STA in a
power save mode. A STA in asleep mode may also be referred to be as in an inactive
mode or in a doze mode. When a STA is in asleep mode, it may not transmit signals
to another device such as an AP. However, a STA may include components or circuit
which remain active when the STA is in an asleep mode, such as a watchdog circuit

or a clock circuit. In various embodiments, a STA in awake mode may refer to the
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STA in an active mode or in a wake mode. When a STA is in awake mode, it may
transmit signals to or receive signals from another device such as an AP. |
[028] In various embodiments, activating a STA may include changing the STA
from an asleep mode to an awake mode. Corresponding meanings may apply to the
terms “activate”, “activated” and “activation”.

[029] In various embodiments, deactivating a STA may include changing the
STA from an awake mode to an asleep mode. Corresponding meanings may apply to
the terms “deactivate”. “deactivated” and “deactivation”.

[030] Various embodiments relates to wireless communications. An access point
may include an access point for wireless communication. A station may include a
station for wireless communication. Transmitting or sending a signal may include
transmitting or sending the signal via wireless means. Receiving a signal may include
receiving the signal via wireless means.

[031] In various embodiments, a "circuit" may be understood as any kind of a
logic implementing entity, which may be special purpose circuitry or a processor
executing software stored in a memory, firmware, or any combination thereof. Thus,
in various embodiments, a "circuit" may be a hard-wired logic circuit or a
programmable logic circuit such as a programmable processor, €.g. a microprocessor
(e.g. a Complex Instruction Set Computer (CISC) processor or a Reduced Instruction
Set Computer (RISC) processor). }A "circuit" may also be a processor executing
software, e.g. any kind of computer program, e.g. a computer program using a virtual
machine code such as e.g. Java. Any other kind.of implementation of the respective
functions which will be described in more detail below may also be understood as a
"circuit" in accordance with alternative embodiments.

[032] Various aspects of this disclosure provide a method and system that may be
able to address at least partially some of the abovementioned issues.

[033] FIG. 2A is a schematic 200a showing a method of communication between

an access point (AP) 202 and a first station (STA1l) 204 according to various
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embodiments and a method of communication between the access point (AP) 202 and

a second station (STA2) 206 according to various embodiments. FIG. 2A also shows
a method of controlling a station 204, 206 according to various embodiments and a
method of controlling an access point 202 according to various embodiments.

[034] A method of controlling a station (STA) (e.g. STA2 206) may be provided.
Thé method may include receiving a first signal 208 from an access point (AP) 202,
the first signal including information indicating a time period. The method may
further include deactivating the station STA2 206 after receiving the first signal 208
and before expiry of the time period. The method may also include activating the
station STA2 206 upon expiry of the time period.

[035] References to a time period may include references to a timer. The time
period may include a time duration starting with a start time and ending with an end
time.

[036] The end time may include a Target Beacon Transmission Time (TBTT) or
Target Traffic Indication Map (TIM) Segment Transmission Time (TTSTT) or Target
Traffic Indication Map (TIM) Transmission Time (TTTT).

[037] Target Beacon Transmission Time (TBTT) may refer to the time by which
the AP must send a beacon signal. Target TIM Segment Transmission Time (TTSTT)
may refer to the time by which a target TIM segment to a STA must be transmitted by
the AP. TTSTT may be provided in beacon intervals (long or short) or time units
(TUs). If all the TIM segments are fitted into one TIM frame, TTSTT may be TBTT.
Target TIM Transmission Time (TTTT) may refer to the time by which the AP must
send a TIM signal.

[038] The TBTT or TTSTT or TTTT may be the time in which the first bit of
information in the second signal is transmitted to the local physical (PHY) layer and
from the PHY layer to the Medium Access (MAC) sub layer of the Data Link layer
and from the MAC sublayer to the interface with the wireless medium (e.g. antenna,

light emitting diode (LED) emission surface).
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[039] The start time may be or may include a time in which the first bit of

information in the first signal is transmitted to the local physical (PHY) layer and
from the PHY layer to the Medium Access (MAC) sub layer of the Data Link layer
and from the MAC sublayer to the interface with the wireless medium (e.g. antenna,
light emitting diode (LED) emission surface). The time may be according to the
station's timing synchronization function (TSF).

[(040] As shown in FIG. 2A, the AP 202 may transmit signals such as 214 and
210 at regular intervals. In other words, the AP 202 may transmit a prescheduled
series of periodic signals such as 202 and 210. The second signal 210 may be one
signal of a prescheduled series of periodic signals 210, 214. The signals may be
beacon signals or short beacon signals. The signals may include TIM or TIM
segments. TIM segments or TIM may be encoded using the encoding methods
specified in IEEE standard 802.11-2007 or 802.11v or any other encoding methods.
[041] The station STA1 204 may transmit a prior polling signal 212a. STA1 204
may in an awake mode 216 to transmit the prior polling signal 212a. The STA1 204
may need to do carrier-sensing on the channel and perform backoff procedure or other
unspecified activity before sending the prior polling signal 212a. The station STAL1
204 may be in an asleep mode or doze mode 220a before being activated. The AP 202
may receive the prior polling signal 212a. The AP 202 may further determine whether
to transmit the first signal 208 to the station STA1 204, the first signal including
information indicating a time period. The AP 202 may make the determination by
checking whether there is buffered data in the AP 202 for the station STA1 204. The
AP 202 may, on checking that there is no buffered data in the AP 202 for STA1 204,
send an acknowledgement signal (Poll-ACK) 218 without indicating a time period for
activating the station STA1 204. The acknowledgement signal 218 may inform the
station STA1 204 that there is no buffered data in the AP 202 for the station STA1
204. The station STA1 204 may be in the active mode 216 to receive the

acknowledgement signal 218. The station STA1 204 may then change to asleep mode
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or doze mode 220b. It may also be envisioned that the acknowledgement signal (Poll-

ACK) 218 may also be a first signal 208 including information indicating a time
period. The station STA1 204 may be deactivated after receiving the first signal 208
but before expiry of the time period. The station STA1 204 may then be activated
upon expiry of the time period. The station STA1 204 may be activated to send
another polling signal and/or to receive a signal containing TIM or TIM segment.
[042] The station STA2 206 may transmit a prior polling signal 212b. STA1 204
may in an awake mode 222a to transmit the prior polling signal 212b. The STA2 206
may need to do carrier-sensing on the channel and perform backoff procedure or other
unspecified activity before sending the prior polling signal 212b. The station STA2
206 may be in an asleep mode or doze mode 224a before being activated. The AP 202
may receive the prior polling signal 212b transmitted from the station STA2 206. The
AP 202 may further determine whether to transmit the first signal 208 to the station
STA2 206, the first signal 208 including information indicating a time pertod. The AP
202 may make the determination by checking whether there 1s buffered data in the AP
202 for the station STA2 206. The AP 202 may determine that there is buffered data
in the AP 202 for the station STA2 206. The AP 202 may determine the time period.
The AP 202 may transmit a first signal (Poll-ACK[Timer]) 208 to the station STA2
206, the first signal 208 including information indicating a time period. The station
STA2 206 may be in the active mode 222a to receive the first signal 208.

[043] Alternatively, the first signal 208 may include an indication whether there
is buffered data stored in the AP 202 for the station STA2 206. When the first signal
208 includes the indication that there is buffered data stored in the AP 202 for the
station STA2 206, the first signal 208 may also include information indicating the
time period. When the first signal 208 includes the indication that there is no buffered
data stored in the AP 202 for the station 206, the first signal 208 may not include
information indicating the time period.

[044) The AP 202 may process the second signal 210 upon expiry of the time
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period. Processing the second signal may include transmitting the second signal to the

station STA 206. The station STA2 206 may receive a first signal (Poll-ACK[Timer])
208 from the AP 202, the first signal 208 including information indicating a time
period. The STA2 206 may be activated upon expiry of the time period to receive the
second signal 210. The station STA2 206 may switch from an asleep mode or doze
mode 224b to an awake mode 222b. Alternatively, the station STA2 206 may after
receiving the first signal 208 remain in an awake mode until receiving the second
signal 210. The second signal 210 may be one signal of a prescheduled series of
periodic signals. The second signal 210 may be a beacon signal and the series of
periodic signals may be a series of beacon signals transmitted by the AP 202 at
regular intervals. The time period may be a duration between transmitting of the first
signal 208 from the AP 202 and transmitting of the second signal 210 from the AP
202. There may be one or more additional periodic signals transmitted by the AP
between the transmitting of the first signal 208 and the transmitting of the second
signal 210. In other words, there may be more than one beacon interval between the
transmitting of the first signal 208 and the transmitting of the second signal 210. The
second signal 210 may include a traffic indication map (TIM) or a traffic indication
map (TIM) segment. The station STA2 206 may go to an asleep mode or doze mode
224b from the awake mode 222a (i.e. be deactivated) after receiving the first signal
208. The station STA2 206 may go to or an awake mode 222b from a doze mode
224b (1.e. be activated) upon expiry of the time period to receive the second signal
210. Going to or being in the doze mode 224b between receiving the first signal 208
and receiving the second signal 210 may reduce power consumption for the station
STA2 206. The station STA2 206 may instead remain in an awake mode between
receiving the first signal 208 and receiving the second signal 210.

[045] Upon receiving the second signal 210, the station STA2 206 may further
determine whether there is the buffered data stored in the AP 202 for the station STA2

206. The determination may be based on the TIM or TIM segment included in the
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second signal 210. The second signal 210 may include an indication for the station

STA2 206 to send a subsequent polling signal 226 to the access point 202. The station
STA2 206 may transmit a subsequent polling signal 226 to the AP 202. The AP 202
may transmit a data signal 228 including buffered data to the station STA2 206. The
station STA2 206 may receive the data signal 228 including buffered information.
The buffered information may be stored in the AP 202 for transmitting to the station
STA2 206. The station STA2 206 may upon receiving the data signal 228, transmit an
acknowledgement signal 230 to the AP 202. The station STA2 206 may then go to a
sleep mode 224c.

[046] When the station STA2 206 determines that there is no buffered data in the
AP 202 stored for the station STA2 206, the station STA2 206 may not transmit the
subsequent polling signal 226. The AP 202 may not transmit data signal 228 and the
station STA2 206 may not transmit an acknowledgement signal 230. The station
STA2 206 may go to the sleep mode 224c directly after receiving the second signal
210 and makin.g the determination. The subsequent polling signal 230 may be a
Powersave-Poll (PS-Poll) signal or a PS-Poll frame or a NDP PS-Poll frame or a
trigger frame. The acknowledgement (ACK) signal 230 may be a ACK frame or a
NDP ACK frame.

[047] In various embodiments, a STA such as STA1 204 or STA2 206 may
immediately send a polling signal i.e. a prior polling signal or a subsequent polling
signal 212a, 212b, 226 immediately on activation, i.e. being changed from an asleep
mode to an awake mode. In other various embodiments, the STA 204, 206 may wait
for a period of time after activation to send the polling signal i.e. the prior polling
signal or the subsequent polling signal 212a, 212b, 226.

[048] The second signal 210 may include a traffic indication map (TIM) or a
traffic indication map (TIM) segment. The TIM may contain the allocated association
identifier (AiD) of all the STAs in the vicinity. The TIM segment may contain the
AID of some of the STAs in the vicinity.
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[049] A station (STA) in the vicinity of an access point (AP) may mean that the

station is within an area defined by a maximum range of the AP.

[050] FIG. 2B is a schematic 200b showing a method of communication between
an access point (AP) 252 and a first station (STAI1) 254 according to various
embodiments and a method of communication between the access point (AP) 252 and
a second station (STA2) 256 according to various embodiments. FIG. 2B also shows a
method of controlling a station 254, 256 according to various embodiments and a
method of controlling an access point 252 according to various embodiments.

[051] The station STA1 254 may transmit a prior polling signal 262a. STA1 254
may in an awake mode 266 to transmit the prior polling signal 262a. The STAT 254
may need to do carrier-sensing on the channel and perform backoff procedure or other
unspecified activity before sending the prior polling signal 262a. The station STA1
254 may be in an asleep mode or doze mode 270a before being activated. The AP 252
may receive the prior polling signal 262a. The AP 252 may further determine whether
to transmit the first signal 258 to the station STA1 254, the first signal including
information indicating a time period. The AP 252 may make the determination by
checking whether there is buffered data in the AP 252 for the station STA1 254. The
AP 252 may, on checking that there is no buffered data in the AP 252 for STA1 254,
send an acknowledgement signal (Poll-ACK) 268 without indicating a time period for
activating the station STA1 254. The acknowledgement signal 268 may inform the
station STA1 254 that there i1s no buffered data in the AP 252 for the station STAI
254. The station STA1 254 may be in the active mode 266 to receive the
acknowledgement signal 268. The station STA1 254 may then change to asleep mode
or doze mode 270b. It may also be envisioned that the acknowledgement signal (Poll-
ACK) 268 may indicate information indicating a time period. The station STA254
may then be activated upon expiry of the tirhe period. The station STA 254 may be
activated to send another polling signal and/or to receive a signal containing TIM or

TIM segment.
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[052] The station STA2 256 may transmit a prior polling signal 262b. STA1 254

may in an awake mode 272a to transmit the prior polling signal 262b. The STA2 254
may need to do carrier-sensing on the channel and perform backoff procedure or other
unspecified activity before sending the prior polling signal 262b.The station STA2
256 may be in an asleep mode or doze mode 274a before being activated. The AP 252
may receive the prior polling signal 262b transmitted from the station STA2 256. The
AP 252 may further determine whether to transmit the first signal 258 to the station
STA2 256, the first signal 258 including information indicating a time period. The AP
252 may make the determination by checking whether there is buffered data in the AP
252 for the station STA2 256. As shown in FIG. 2A, the AP 252 may determine that
there is buffered data in the AP 252 for the station STA2 256. The AP 252 may
determine the time period. The AP 252 may transmit a first signal (Poll-ACK[Timer})
258 to the station STA2 256, the first signal 258 including information indicating a
time period. The station STA2 256 may be in the active mode 222a to receive the first
signal 258. The AP 252 may process the second signal 260 upon expiry of the time
period. Processing the second signal may include transmitting the second signal to the
station STA 256. The station STA2 256 may receive a first signal (Poll-ACK[Timer])
258 from the AP 252, the first signal 258 including information indicating a time
period. The STAZ 256 may be activated upon expiry of the time period to receive the
second signal 260. The station STA2 256 may switch from an asleep mode or doze
mode 274b to an awake mode 272b. Alternatively, the station STA2 256 after
receiving the first signal 258 may remain in an awake mode until receiving the second
signal 260. The second signal 260 may be one signal of a prescheduled series of
periodic signals. The second signal 260 may be a beacon signal and the series of
periodic signals may be a series of beacon signals transmitted by the AP 252 at
regular intervals. The time period may be indicated by a duration between
transmitting of the first signal from the AP 252 and transmitting of the second signal

260 from the AP 252. There may be one or more additional periodic signals



WO 2013/137824 PCT/SG2013/000100

18
transmitted by the AP between the transmitting of the first signal 258 and the

transmitting of the second signal 260. The second signal 260 may include a traffic
indication map (TIM) or a traffic indication map (TIM) segment. The station STA2
256 may go to an asleep mode or doze mode 274b from the awake mode 272a (i.e. be
deactivated) after receiving the first signal 258. The station STA2 256 may go to or be
in an awake mode 272b from a doze mode 274b (i.e. be activated) upon expiry of the
time period to receive the second signal 260. Going to or being in the doze mode 274b
between receiving the first signal 258 and receiving the second signal 260 may reduce
power consumption for the station STA2 256. The station STA2 256 may instead
remain in an awake mode between reéeiving the first signal 258 and receiving the
second signal 260.

[053] Upon receiving the second signal 260, the station STA2 256 may after
detérmining whether there is buffered data stored in the AP 252, wait for the AP 252
to transmit a data signal 278 instead of transmitting a subsequent polling signal to the
access point 252. The second signal 260 may include an indication for the station
STA2 256 to be awake to receive a data signal 278. Alternatively, the indication for
the STA2 256 to be awake to receive a data signal 278 after receiving the second
signal 260 may be communicated between the AP 252 and the station STA2 256 via
prior communication, such as in the beacon signals or during the association
procedure. Whether the station STA 256 transmit a data signal (or any other signal) or
wait for the station to transmit a subsequent polling signal may depend on an
indication included in the second signal 260 or prior agreement or pribr
communication between the AP 252 and the station STA2 256 or the type of prior
polling signal 262b (e.g. whether the prior polling signal 262b is a PS-Poll frame or a
NDP PS-Poll frame or a trigger frame. After the station STA2 256 receives the data
signal 278, the station STA2 256 may transmit an acknowledgement signal 280. The
station STA2 256 may go into an asleep mode or a doze mode 274c after transmitting

the acknowledgement signal 280. The acknowledgement (ACK) signal 280 may
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include a ACK frame or a NDP ACK frame. The station STA2 256 may wait for a

predetermined time interval such as a time interval of for instance less than one
beacon interval e.g. less than half a beacon interval. The data signal 278 may be
transmitted from the AP 252 to the STA2 256 immediately or within the
predetermined time interval after transmitting the second signal 260.

[054] In the event that the station STA2 256 is unable to receive the second signal
260 (e.g. due to receiving a wrong time period or not receiving the first signal 258),
the data signal 278 may not be received by the STA2 256 and the AP may have to
retransmit the first signal 258, the second signal 260 and/or data signal 278. Instead of
a data signal 278, the AP 252 may also transmit any other signal indicating the time
that the station STA2 256 may transmit a third signal. The station STA2 256 may
follow Restricted Access Windows (RAW) operation. The RAW operation may be an
RAW operation as defined under IEEE 802.11ah SFD.

[055] FIG. 2C is a schematic 200c showing the frame format for a first signal
according to various embodiments. The fields included in the first signal may be
modified from the fields included in an acknowledgement signal. An
acknowledgment signal may include a frame control field 232 oécupying two octets.
The acknowledgment signal may further include a duration field 234 occupying two
octéts. In addition, the acknowledgement signal may also include a receiving station
address (RA) field 236 occupying six octets and a frame check sequence (FCS) field
occupying four octets. The frame format for an acknowledgement signal may as
specified under IEEE standard 8§02.11-2007. In various embodiments, the first signal
may include a duration field 234 used to contain or include the time period for
activating a station. The duration field 234 may no longer be used to update the
network allocation vector (NAV). The stations receiving a PS-Poll frame update may
update the NAV by the inter-frame space plus the amount of time required to transmit
an acknowledgement (ACK) signal. The automatic NAV update may allow the AP to

transmit an acknowledgement signal. The time period in the duration field 234 may be
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used by the receiving STA or destination STA after the receiving or destination STA

receives the first signal. The other stations receiving the first signal may ignore the
time period information contained in the duration field 234 since there may be no
following transmissions regarding PS-Polling between the transmitting the first signal
and the transmitting of the second signal.

[056] The time period contained or included in the duration field may be in time
units (TUs) or a sub unit of a TU e.g. 1/10 or 1/100 of a TU. Alternatively, the time
period may be in units of beacon intervals or sub units of a beacon interval e.g. 1/N
beacon interval. One or more bits of the duration field may be used to indicate the
units used. Various embodiments may be required to factor in clock drift for long time
period. In various embodiments, one or more bits in the duration field may be used to
represent different units. The units may also be transmitted from the AP to the STA
using other signals such as beacon signals or other management frames. The STA
may implicitly derive the time to activate to receive a subsequent signal of a series of
periodic signals to obtain the units. Various embodiments may provide for greater
power savings with smaller units.

[057] The unit may be aligned to the possible ranges of a beacon interval or a
time interval between receiving of consecutive signals including TIM or TIM
segment. For instance, if 8 bits are used, to represent a time period of 100 TUs (time
units), each bit may represent 100/255 = 3.92 TUs. The TU may be used to represent
different time intervals. Under IEEE Standard 802.11 2007, 1 TU may be equivalent
to 1024 ps. Under IEEE Standard 802.11ah, 1 TU may be used to represent different
time intervals under different circumstances. For instance, 1 TU may be equivalent to
1 ms when used to represent the time period for the wakeup timer in a NDP ACK
frame but 1 TU may be equivalent to 40 pus when used to indicate transmission
duration of the frames.

[058] The time period may be less than 100 beacon intervals e.g. less than 50

beacon intervals, e.g. less than 5 beacon intervals, e.g. less than 2 beacon interval, e.g.
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less than 1 beacon interval.

[059]  Alternatively, the time period may be less than 100 TUs, e.g. less than 50
TUs, e.g. less than 5 TUs, less than 1 TU, less than 1/10 of a TU e.g. less than 1/00 of
aTUu.

[060] In various other embodiments, the first signal may be modified from an
acknowledgement signal by extending the frame format to form a new format (control
subtype) control message. The first signal may include a timer field. The timer field
may include information indicating the time period. The timer field may be inserted
between the TA field and the FCS field. Under IEEE standard 802.11-2007, control
subtypes 0000-0111 may be reserved. Any one of the reserved control subtypes may
be used for the new control message. In various embodiments, the first signal may be
a NDP ACK signal or a NDP ACK frame. '

[061] In various embodiments, the prior polling signal may be a low power
polling signal. The subsequent polling signal may also be a low power polling signal.
A low power polling signal may be indicated by defining a low power poll bit. The
low power poll bit may be defining PS-Poll unﬁsed fields/bits or extended fields/bits.
The station may transmit the lower power polling signal without receiving a signal
including TIM or TIM segment.

[062] On receiving the low power polling signal, the AP may delay transmitting
the response signal, i.e. the AP may not respond to the low power polling signal
immediately. In various embodiments, the method may include a prior polling signal.
The method may further include transmitting information in a first signal if the time
period from receiving the prior polling signal to transmitting the first signal is less
than a predetermined duration. The method may include receiving a further prior
polling signal from the station otherwise. The first signal may include information
indicating the time period.

[063] In various embodiments, the AP may determine a time period. The AP may -

then transmit a first signal to the station. The first signal may include information
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indicating the time period. The AP may process the second signal upon expiry of the

time period. Processing the second signal may include transmitting the second signal
to the station.

[064] The station may receive the first signal from the access point. The first
signal may include information indicating the time period. The station may be
deactivated after receiving the first signal and before expiry of the time period. The
station may be activated upon expiry of the time period. The station may be activated
upon expiry of the time period to receive a second signal from the access point. The
second signal may include a TIM or a TIM segment. The second signal may be a
beacon signal or a short beacon signal. The second signal may be one signal of a
prescheduled series of periodic signals. Various embodiments may provide a method
to synchronize the activation of a station to receive the second signal to correct clock
drift after a long sleep time.

[065] In various embodiments, the duration field may include the low power poll
bit. One of the unused bits in the duration field for a polling signal may be used as the
low power poll bit. FIG. 2D is a table 200d showing the usage of different bits in the
duration field. There may be three reserved ranges 240, 242 and 244 for defining a
low power poll bit. For instance, bit 13 may be used as the lower power poll bit when
bit 14 = 1 and bit 15 = 1 under reserved range 244. In various embodiments, the
duration field of a response signal to a polling signal (i.e. the first signal) may include
the time period. For instance bits 0 — 13 may be used when bit 14 = 0 and bit 15 =1
under reserved range 240.

[066] In various embodiments, the power management bit under the frame
control field may also be used as the low power poll bit. For instance, the power
management bit may be set to 0 when transmitting a low power polling signal.
Alternatively, in various embodiments, the Frame Control Field may include the low
power poll bit. One of the unused bits in the Frame Control Field for a polling signal

may be used as the low power poll bit.
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[067] In various embodiments, the compressed medium access control (MAC)

header for control frame may include the low power poll bit.

[068] The low power poll bit may also be included under a new control frame
type using reserved 0000-0110.

[069] Other low power STAs may also receive the first signal. The other STAs
may also be deactivated after receiving the first signal and before expiry of the time
period. The other stations may also be activated upon expiry of the time period. In
other words, various embodiments include a method of communication between an
access point and a plurality of stations.

[070] In other words, the method may include transmitting a first signal from the
access point to the plurality of stations. The first signal may include information
indicating at time period. The method may further include deactivating the plurality of
stations after the plurality of stations receives the first signal but before expiry of the
time period. The methods may also include activating the plurality of stations upon
expiry of the time period. »

[071] The first signal may include at least two fields. The first field may include
an identification of the AP such as a MAC address e.g. basic service set identification
(BSSID). The secbnd field may include the time period.

[072] The first signal may be transmitted only to the STA which transmit the
prior polling signal. This may be known as unicast. The destination address (DA) may
be the AID or MAC address of the STA that transmit thé prior polling signal. If the
source address (SA) is different from the BSSID, then the SA may be used. It may not
be applicable to derive the SA or the SA may be required.

[073] The first signal may also be transmitted to a plurality of STAs using a
broadcast. For a broadcast, the plurality of stations may include all the stations within
the vicinity of the AP. The destination address (DA) may include a broadcast AID or
a broadcast MAC address for the STA sending the prior polling signal.

[074] The first signal may also be transmitted to a plurality of STAs using a
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multicast. For a multicast, the plurality of stations may include more than one stations
within the vicinity of the AP. The destination address (DA) may include a multicast
AID or a multicast MAC address for the STA sending the prior polling signal.

[075] Various embodiments may provide for rescheduling multiple time periods
in which stations are awake for multiple stations.

[076] After receiving the prior polling signal (or subsequent polling signal) with
the low power polling bit (e.g. the low power polling bit set as 1), the AP may
determine to transmit a data signal including buffered data if there is buffered data
stored in the AP. The buffered data stored in the AP may be for the STA transmitting
the prior polling signal or subsequent polling signal. Buffered data may be transmitted
if there no other data/manégement frames to transmit. The AP may also determine
whether to transmit a control signal or an acknowledgement signal. The control signal
or acknowledgement signal may be transmitted with short interframe space (SIFS).
The control signal or acknowledgement signal may include a Buffered Unit (BU). The
Buffered Unit (BU) bit may use the More Data sub field under the Frame Control
field. The Buffered Unit (BU) bit may be set as 1 or 0 depending on whether there is
buffered data stored in the AP. The buffered data stored in the AP may be for the STA
transmitting the prior polling signal or subsequent polling signal. The BU bit may the
More Data bit under Frame Control field. The AP may also determine to transmit the
first signal. The first signal may include information indicating a time peﬁod. The
first signal may or may not include an indication indicating whether there is buffered
data stored in the AP. The buffered data stored. in the AP may be for the STA
transmitting the prior polling signal or subsequent polling signal.

[077] If the STA receive a data signal from the AP, it may transmit an
acknowledgement signal. If the STA receives an acknowledgement signal or a control
signal, the STA may determine whether there is buffered data stored in the AP for the
STA. If the STA determined that there is no buffered data stored in the AP for the

STA, it may deactivate.
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[078] If the STA receives a first signal with a time period. It may be deactivated

after receiving the first signal and before expiry of the time period. The STA may be
activated upon expiry of the time period. The STA may‘be activated upon the expiry
of the time period to receive a second signal. The second signal may include a TIM or
TIM segment. If the TIM or TIM segment indicates that there is buffered data stored
in the AP for the STA, the STA may then send a subsequent polling signal. The AP
may transmit a data signal after receiving the subsequent polling signal. In various
alternate embodiments, the STA may receive a data signal without transmitting a
subsequent polling signal. |

[079] If the first signal indicates that there is no buffered data stored in the AP for
the STA, the STA may be deactivated. The STA may be activated upon expiry of the
time period. The STA may also instead ignore the time peﬁod. The STA may be
deactivated immediately after receiving the first signal.

[080] If the first signal does not include an indication whether there‘ is buffered
data stored in the AP for the STA, the STA may be deactivated. The STA may be
activated upon expiry of the time period. The STA may be activated upon expiry of
fhe time period to receive a second signal. The second signal may include a TIM or a
TIM segment. The TIM or TIM segment may indicate whether there is buffered data
stored in the AP for the STA.

[081] If the receiver address is indicated with a multicast address or a broadcast
address, the first signal is addressed to a plurality of STAs. The other STAs receiving
the first signal may also be deactivated until expiry of the time period. The other STA
may be activated upon expiry of the time period.

[082] The prior polling signal or subsequent polling signal may also not include a
low power polling bit. Upon activation, the STA sends a prior polling signal without
the low power polling bit. Upon receiving the prior polling signal, the AP may
determine whether to send a control signal, an acknowledgement signal or a first

signal (similar to the case when the AP receives a prior polling signal including a low
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power polling bit). The AP may transmit a control signal or acknowledgement signal

with SIFS instead for a data signal with distributed interframe space (DIFS) in
response to the prior polling signal.

[083] FIG. 3A is a schematic 300a showing a method of communication between
an access point (AP) 302 and a first station (STA1) 304 according to various
embodiments and between the access point (AP) 302 and a second station (STA2) 306
according to various embodiments. FIG. 3A also shows a method of controlling a
station 304, 306 and a method of controlling an access point 302. FIG. 3A also shows
a method of communication between an access point 302 and a plurality of stations
304, 306.

[084] The method may include transmitting a first signal 308 from the access
point AP 302 to a plurality of stations (for instance STA1 304 and STA2 306), the
first signal 308 including information indicating a time period. The method further
includes deactivating the plurality of stations 304, 306 after the plurality of stations
304, 306 receives the first signal 308 but before expiry of the time period. The method
also includes activating the plurality of stations 304, 306 upon expiry of the time
period. The method may further include transmitting a second signal 310 from the AP
302 to the plurality of stations 304, 306 upon reaching expiry of the time period. In
various embodiments, the plurality of stations 304, 306 may be activated upon expiry
of the time period to receive a second signal 310 from the AP 302.

[085] The first signal 308 may be a short beacon signal. The first signal 308 may
be one signal of a prescheduled series of periodic signals. The second signal 310 may
be a beacon signal. The second signal 310 may also be a part of a prescheduled series
of periodic signals 310, 320. Beacon signal 320 may also be one signal of the
prescheduled series of periodic signals 310, 320. In various embodiments, the first
signal 308 and the second signal 310 may be different signals of the same
prescheduled series of periodic signals. The second signal 310 may include TIM or

TIM segment.
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[086] The time may be indicated by a duration between transmitting of the first

signal 308 from the AP 302 and transmitting of the second signal 310 from the AP
302. The duration may be in time units (TUs). Each TU may be equal to 1024 us. The
station STA1 304 or STA2 306 or both STA1 304 and STA2 306 may receive a first
signal 308 from the access point 302. The first signal may include information
indicating a time period. The AP 302 may determine the time period. The AP 302
may transmit the first signal to the station(s) STA1 304 or STA2 306 or both STA1
304 and STA2 306. The station STA1 304 or STA2 306 or both STA1 304 and STA2
306 may be in an awake mode 314a, 318a to receive the first signal 310. The first
signal 308 may include TIM or TIM segment. The TIM or TIM segment may indicate
no buffered data stored in the AP 302 for the station STA1 304 or STA2 306.
Accordingly, the station STA1 304 or STA 2 306 or both the stations STA1 304 and
STA 306 may go into an asleep mode or doze mode 312b, 316b after receiving the
first signal 310. In other words, the method may include deactivating the station
STAT1 304 or the station STA2 306 or both the stations STA1 304 and STA 306. The
station STA1 304 or STA2 306 or both the stations STA1 304 and STA 306 may be in
an asleep mode or doze mode 312a, 316a before being activated to receive the first
signal 310. The station STA1 304 or STA2 306 may go or be in an awake mode 314b,
318b (i.e. be activated) upon expiry of the time period to receive the second sigﬁal
306. The AP 302 may process the second signal 310 upon expiry of the time period.
Processing the second signal 310 may include transmitting the second signal 310 to
the station(s) STA1 304 or STA2 306 or both STA1 304 and STA2 306.

[087] The station STA1 304 or STA2 306 or both STA1 304 and STA2 306 may
go to or be in an asleep mode or doze mode 312b, 316b after receiving the first signal
308 and before receiving the second signal 310. In other words, the method may
iﬁclude deactivating the station(s) STA1 304 or STA2 306 or both STA1 304 and
STA2 306 after receiving the first signal 308 and before expiry of the time period.
The method may further include activating the station(s) STA1 304 or STA2 306 or
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both STA1 304 and STA2 306 upon expiry of the time period. In various alternate

embodiments, one or more of the stations 304, 306 may remain in an awake mode
after receiving the first signal 308 and before receiving the second signal 310.

[088] The station STA1 304 or STA2 306 may determine whether there is
buffered data stored in the AP 302 for the station STA1 304 or STA2 306. The station
STA1 304 or STA2 306 may det.ermine whether there is buffered data stored in the
AP 302 for the station STA1 304 or STA2 306 based on the second signal 310. The
second signal 310 may include a TIM or TIM segment for the station STA1 304 or
STA2 306 to make the determination. The second signal 310 may include an
indication indicating whether there is buffered data stored in the AP for the station
STA1 304 or STA2 306 or both STA1 304 and STA2 306.

[089] The station STA1 304 may determine that there is no buffered data stored
in the AP 302 for the station STA1 304. The station 304 may upon determination, go
into an asleep mode or doze mode 312c. In contrast, the station STA2 306 may
determine that there is buffered data stored in the AP 302 for the station STA2 306.
The second signal 310 may also include an indication for the station STA2 306 to
send a subsequent polling signal 322 to the AP 302. The station STA2 306 may then
transmit the subsequent polling signal 322 to the AP. The AP 302 may transmit a data
signal 324 including buffered data. The buffered data may be stored in the AP for
transmitting to the station STA2 306. The station STA2 306 may receive the data
signal 324 including the buffered information. The station STA2 306 may upon
receiving the data signal 324, send an acknowledgment signal 326 to the AP 302. The
station STA2 306 may after sending the acknowledgement signal 326, go into an
asleep mode or doze mode 316c¢.

[090] In various alternate embodiments, the second signal 310 may include an
indication for the station STA2 306 to stay awake to receive the data signal 324. The
data signal 324 may be transmitted from the AP 302 to the station STA2 306 within a

predetermined time interval or immediately after transmitting of the second signal
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310.
[091] Target Beacon Transmission Time (TBTT) may refer to the time by which
the AP must send a beacon signal. Target TIM Segment Transmission Time (TTSTT)
may refer the time by which a target TIM segment to a STA must be transmitted by
the AP. TTSTT may be provided in beacon intervals (long or short) or TUs. If all the
TIM segments are fitted into one TIM frame, TTSTT may be TBTT. Target TIM
Transmission Time (TTTT) may refer to the time by which the AP must send a TIM
signal.
[092] A communication system using segmented TIM in which the AP is not
synchronized with the associated STAs may not be able to ensure that each of the
STA receives its relevant TIM segment. The TIM segments may be transmitted every
some beacon (long or short) signals and a STA may miss receiving some of the
relevant segments due to the STA’s awake/doze schedule. A relevant TIM segment
for a STA may refer to a TIM segment that includes the AID for the STA.
[093] In various embodiments, a STA that is activated after being in the asleep
mode or doze mode may remain awake for a period of time more than or equal to one
beacon interval (e.g. 100 ms) or for a period of time more than an interval between
two consecutive signals. The consecutive signals may include TIM segments.
[094] When a STA remain awake for a period of time more than or equal to one
beacon interval, the STA may receive a first signal such as a beacon signal. When a
STA remains awake for a period more than an interval between two consecutive
signals, the STA may receive a first signal such as a control signal.
[095] The first signal may have a TIM segment that is not relevant to the STA. In
other words, the TIM segment may not indicate whether buffered data for the STA is
stored in the AP.
[096] However, the first signal such as a beacon signal may include an indication
on when a second signal including the TIM segment relevant to the STA is

transmitted. The first signal may further include information indicating a time period.
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The time period may be indicated by a duration between transmission of the first

signal and transmission of the second signal. The time period may be or may include
TTSTT. The information indicating a time period may include information that allows
the STA to determine the TTSTT. The AP may determine the time period.

[097] For example, all the STAs in the vicinity of an AP may be grouped into a
few groups, each group having a relevant TIM segment. Each group may include at
least one STA. The TIM segment transmitted by the first signal to a target STA, the
target STA belonging to a target group, may include a group identification. The TIM
segment may not be relevant for the target group, i.e. the TIM segment does not
contain the AIDs for any of the group STAs. The group identification may identify a
further group in which the TIM segment is relevant for. The STA may determine
using a predefined relation between the first signal (including TIM segment for the
further group) and the second signal (including TIM segmént for the target group) to
determine a duration between transmitting of the first signal (including TIM segment
for the further group) from the access point and transmitting of the second signal
(including TIM segment for the target group) from the access point, i.e. the TTSTT.
There may also be further communication between the AP and the target STA to
determine the duration. Beacon signals may include short beacon signals and/or full
beacon signals. The TIM Segment Count Information Element may include
information on how the AP send out the TIM segments in the beacon signals such as
the first signal and the second signal. The DTIM beacon signal may include the TIM
Count Information Element.

[098] A first signal such as a control signal may also include an indication on
when a second signal including the TIM segment relevant to the STA is transmitted.
Different signals including different TIM segments may be transmitted (by the AP) in
a predefined manner. The STA on receiving the first signal may be able to determine
the duration between the transmitting of the first signal from the access point and the

transmitting of the second signal from the access point. The second signal may be the
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signal having the TIM segment relevant to the STA.

[099] The STA may go into an asleep mode or doze mode after receiving the first
signal. In other words, the STA may be deactivated after receiving the first signal and
before expiry of the time period. The STA may be activated upon the expiry of the
time period. Various embodiments may reduction in power consumption of the STA
during the asleep mode or doze mode.

[0100] In various embodiments, a method of communication between an access
point (AP) and a plurality of stations (STAs) may be provided. The method may
include the AP grouping one or more stations (STAs) to form a plurality of stations.
The plurality of stations may have about the same listening interval. The method may
include transmitting the first signal from the AP to the plurality of stations. The first
signal may not include the relevant TIM segment for the plurality of stations. The first
signal may include information indicating a time period. The expiry of the time period
may be a time by which the AP will transmit a second signal including the relevant
TIM segment for the plurality of stations. The plurality of stations may be deactivated

- after the plurality of stations receives the first signal but before expiry of the time
period. The plurality of stations may be activated upon expiry of the time period.

- [0101]  For example, a first station of the plurality of stations may have a listening
interval less than 25% e.g. less than about 10% e.g. less than 5% greater (or smaller)
than a listening interval of a second station of the plurality of stations. The method
may. further include transmitting a prior polling signal from one or more of the
plurality of stations (STAs). The plurality of STAs may refer to a predefined group of
STAs. In other words, as long as one or more STAs in the predefined group send a
prior polling signal to the AP, the AP may transmit the first signal to all STAs within
the predefined group. The predefined group may have allocated AIDs within a TIM
segment included in the second signal. Various embodiments may provide for low
power consumption as the TIM that may require a long time to transmit may be

transmitted in segments to groups of STAs, each group of STAs having allocated



WO 2013/137824 PCT/SG2013/000100

32
AlDs that fall within a TIM segment.

[0102] The AP may assign a specific delivery traffic indication (DTIM) count to
each of the plurality of stations. The AP may also assign time offsets to each of the
plurality of stations. The time offset assigned to a first station of the plurality of
stations may be the same or may be different from the time offset assigned to a second
station of the plurality of stations.

[0103] The method may further include transmitting a prior polling signal from
one or more STAs of the plurality of STAs to the AP. The AP may determine when to
transmit the first signal. The determination may be based on the listening intervals of
the STAs to coincide with the TBTT or TTSTT or TTTT of the AP. The STAs may be
configured for a similar TBTT or TTSTT or TTTT.

[0104] The method may also include each STA (of the plurality of STAs)
receiving a first signal from the AP. In other words, the method includes transmitting
a first signal from the AP to the plurality of STAs. The first signal may be a signal
including a TIM or a TIM segment such as an acknowledgment signal (with TIM or
TIM segment) or a beacon signal (with TIM or TIM segment).

[0105] The AP may make also determine whether the first signal transmitted is, for
instance, an acknowledgment signal (with TIM or TIM segment) or a beacon signal
(with TIM or TIM segment).

[0106] Each STA in the plurality of STAs may be configured for about the same
TBTT or TTSTT or TTTT. For example, a first station of the plurality of stations may
be configured for a first TBTT/TTSTT/TTTT while a second station of a plurality of
stations may be configured for a second TBTT/TTSTT/TTTT. The first
TBTT/TTSTT/TTTT may be less than 25% e.g. less than about 10% e.g. less than 5%
greater (or smaller) than the second TBTT/TTSTT/TTTT.

[0107] The TIM segment or TIM included in the first signal may be relevant to all
the STAs in the plurality of STAs. In other words, the TIM segment or TIM included

in the first signal may indicate whether there is buffered data stored in the AP for each
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STA in the plurality of STA.
[0108]  Each STA in the plurality of STA may determine whether there is buffered
data stored in the AP for itself after receiving the first signal.
[0109]  The first signal may also include information indicating a time period.
[0110] The method may further include transmitting a second signal from the AP
to one or more stations of the plurality of stations upon expiry of the time period. The
one or more stations may be activated upon expiry of the time period to receive the
second signal. The second signal may be a data signal including buffered data.
[0111]  Only stations determined to have buffered data stored in the AP for the
stations may be activated. In other words, only stations with buffered data stored in
the AP for the stations may be required to be activated to receive the second signal.
The other stations may remain in the sleep mode or the doze mode. When a STA
determines that there is buffer data stored in the AP for the STA, the STA may send a
further polling signal to the AP. The further polling signal may be transmitted from
the STA to the AP upon expiry of the time period. The AP may send the second signal
on receiving the polling signal.
[0112]  Alternately, the AP may send the second signal (e.g. data signal including
buffered data) directly to the one or more stations as it may have been determined that
stations with buffered data in the AP are activated upon expiry of the time period.
Since the plurality of stations may have about the same listening interval and the AP
may have determined to appropriate time to send the second signal such that all
stations with buffered data in the AP are activated (i.e. in an awake mode) at that
time, the second signal may be sent directly to all stations of the plurality of stations.
[0113]  Various embodiments may reduce power consumption of STAs as the first
signal is sent to the STAs at a higher data rate and reduces the time for the STAs to be
in an awake mode to receive the first signal.
[0114]  Various embodiments may reduce contention between STAs as the STAs to

be grouped to form the plurality of STAs have similar listening intervals and the first
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signal is transmitted to multiple STAs (i.e. the plurality of STAs) at a time.

[0115] In various embodiments, the second signal may include information
indicating the time interval for the station to transmit a data signal to the AP, i.e.
transmit uplink data. The station may be activated upon expiry of the time period to
receive the second signal from the AP.

[0116] In various alternate embodiments, the first signal received by the station
includes information indicating the time interval for the station to transmit a data
signal to the AP. The first signal may include time slot assignment information. The
station may be activated upon expiry of the time period to transmit a second signal to
the access point.

[0117])  The first signal may be transmitted by the AP to the station in response to a
prior polling signal transmitted from the station to the AP. The prior polling signal
may be a Null Data Packet (NDP) MAC frame type polling signal. The NDP MAC
frame type may be a frame type with the NDP Indication field of the SIG (signal)
field set to 1. A NDP MAC frame type may be a frame with PHY SIG fields but
without a MAC frame body. The AP may determine whether to transmit the first
signal. The AP may also determine the time period. The AP may transmit the first
signal to the station. The AP may process the second signal upon expiry of the time
period. Processing the second signal includes transmitting the second signal to the
station. In various alternate embodiments, processing the second signal includes
receiving the second signal from the station. The second signal may in this case, be or
include a data signal.

[0118] Various embodiments may help a station reduce power consumption by
deactivating the station after the station receives the first signal and before expiry of
the time period.

[0119] In various embodiments, the first signal may be or includes a probe
response signal. The first signal may be or includes a probe response signal to a probe

request signal. A probe request signal may be or may include a short probe request
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signal.
[0120] An AP may on receiving a short probe request signal transmit a probe
response signal in the working channel. The AP may transmit a probe response signal
concurrently due to duplicate service set identifier (SSID) information.
{0121]  FIG. 3B is a schematic 300b showing a portion of a frame format with
some fields for a probe response signal according to various embodiments. A short
probe response signal may include a Timestamp field 330, a Beacon Interval field
332, a Capability field 334 and a Optional Information Elements 338 field. The short
response request signal may include either a compressed SSID field or a full SSID
field. The short probe response signal may include a frame control field, 336a, a
Duration to Next Full Beacon field 336b, a source address field 336¢, a frame check
sequence field 336d and other fields. The Frame Control field 336a may include a
Next Full Beacon present subfield, a Full SSID present subfield, a Basic Service Set
(BSS) subfield and a Security subfield. The Full SSID present subfield may indicate
whether a Full SSID or a compressed SSID should be included.
[0122] A station may tolerate channel latency between transmitting a probe request
signal to an AP and receiving a probe response from the AP. Restrict Access Window
(RAW) or Target Wake Time (TWT) operations may require interruptions such as
probe request signals due to active scanning be minimized. Events such as power
outage may cause a large number of stations to reset. Active scanning may trigger a
large number of short probe request signals. Various embodiments provide a method
to spread out processing the short probe request signals.
[0123] A station may transmit a prior signal to the AP such as a probe request
signal (e.g. a short probe request signal). The AP may determine a time period. The
AP may transmit a first signal to the station. The first signal may include information
indicating the time period. The AP may then process a second signal upon expiry of
the time period, such as transmitting the second signal to the station. Alternatively,

processing the second signal upon expiry of the time period may include receiving the
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second signal upon expiry of the time period. The second signal may include a beacon

signal. The second signal may include information indicating the station to transmit a
request for authentication or association. The station may receive a first signal from
the access point. The first signal may include information indicating a time period.
The station may be deactivated after receiving the first signal and before expiry of the
time period. The station may be activated upon expiry of the time period. The station
may be activated upon expiry of the time period to receive a second signal from the .
AP. In various alternative embodiments, the station may be activated upon expiry of
the time period to transmit a second signal to the AP.

[0124]  The short probe response signal may include the time period. The time
period may be included under the Optional IEs field 338.

[0125] The short probe request may include a deferrable bit. FIG. 3C is a
schematic 300c showing a first frame format 340 and a second frame format 342 for a
probe request signal according to various embodiments. The short probe request may
include a medium access control service field 348a, 348b, a SSID Interworking
Present field 350a, 350b, a Access Network Option field 352a, 352b, reserve fields
344a, 344b, 346a, 346b. a cyclic redundancy check (CRC) field 354a, 354b and a tail
filed 356a, 356b. Any one of the reserved bits 344a, 344b, 346a, 346b may be the
deferrable bit.

[0126]  When an AP receives a probe request signal that may have a deferrable bit
set to 1, the AP may determine whether to transmit a probe response signal without
indicating a time period (i.e. an immediate probe response signal) or to transmit a first
signal including information indicating a time period. The probe response signal or
first signal may include full SSID signal for the station to determine whether the AP is
the one the station is going to authenticate or associate.

[0127]  When an AP receives a probe request signal that may have a deferrable bit
set to 0, the AP may transmit an immediate probe response signal.

[0128] The AP may also determine, regardless the deferrable bit, whether to
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transmit a probe response signal without indicating a time period (i.e. an immediate
probe response signal) or to transmit a first signal including information indicating a
time period.

[0129] The probe response signal may include a value. The value may be
randomly generated by the AP. The station may generate a filter. The station may
determine whether to send a linking signal (e.g. an authentication request signal or an
association request signal) to the AP based on whether the value falls within the range
of values of the filter. The AP may also set up a RAW operation. The RAW operation
may disallow authentication request transmitted by the station with predetermined
time intervals in a beacon interval.

[0130] In various embodiments, the method may include grouping or pre-grouping
a plurality of stations. The plurality of stations may include all stations within a
vicinity of the access point. In this method, the grouping or pre-grouping may be
based on the information indicated in the probe request signal and/or probe response
signal. A station may send out a probe request signal before authentication/association
and am access point may reply with a probe response signal. The probe request signal
and/or probe response signal may include information such as Vendor-specific
information on how the station may be grouped with one or more stations in the
vicinity of the access point. The station may be arranged in a group for carrying out
authentication/association procedures with the AP simultaneously with the other
stations in the group.

[0131] In various embodiments, the station may be provided with information
indicating a time period (e.g. a timer ). The information indicating the time period
may be included in a first signal such as a probe response signal or a beacon signal.
The station may start authentication/association procedures upon expiry of the time
period. The reference point (the starting) of the time period may be the timestamp
specified in the first signal such as the probe response signal or the beacon signal. The

stations may be considered to be in a group if they are able to carry out
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authentication/association upon expiry of the time period. For example, the timer may

be specified in the units of beacon intervals or TUs. Upon expiry of the time period,
the station may be able to carry out authentication/association procedures for a
duration. The duration may be specified in the units of beacon intervals or TUs.
Moreover, the grouping or pre-grouping may be applied to a repeated pattern that the
station after a specified time will carry out the authentication/association procedures
again after the duration in which it is allowed to do so ends. The station may carry out
the authentication/association procedures again if the authentication/association
procedures are unsuccessful. This repetition period may be in the units of beacon
intervals or TUs is another parameter. The repetition period may be specified the first
signal. The access point may instruct the station to follow the parameters such as the
time period, duration and/or repetition period in the probe response signal or beacon
signal.

(0132] In various alternate embodiments, the station may propose some parameters
(e.g. time period, duration and/or repetition period) in a prior polling signal such as a
probe request signal to the access point. The access point may further instruct or
negotiate with the station.

[0133] The pre-grouping may also be implemented in other management frames
other than probe request signal or a probe response signal as long as such
management frames be exchanged between the station and the access point before
authentication/association.

[0134]  FIG. 4A is a schematic 400a showing a method to establish communication
between an access point 402 and a station 404 according to various embodiments.
[0135]  In various embodiments, the first signal 406 is a probe response signal. The
second signal 408 may be a beacon signal. The first signal 406 may be transmitted by
the AP 402 after the AP 402 receives a probe request signal 410 transmitted by the
station 404. The second signal 408 may be one signal of a prescheduled series of

periodic signals 420, 408. The series of periodic signals 420, 408, including the
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second signal 408, may be transmitted to all the stations within the vicinity of the AP

402. Broadcasting the second signal 408, instead of responding to the probe request
signél by each station individually, may improve channel efficiency.

[0136] The second signal 408 may include a value. The value may be may be
randomly generated by the AP 402. The station 404 may generate a filter. The station
404 may determine whether to send a linking signal (e.g. an authentication request
signal or an association request signal) to the AP 402 based on whether the value falls
within the range of values of the filter. Various embodiments may limit the number of
stations carrying out association or authentication concurrently at a point in time.
[0137] The AP 402 may determine a time period. The time period may be a
duration from the transmitting of the first signal 406 from the access point 402 and
transmitting of the second signal 408 from the access point 406. In other words, the
time period may be the time to the prescheduled transmitting of the beacon signal
408.

[0138] The AP 402 may transmit the first signal 406 to the station 404. The first
signal 406 may include information indicati_ng a time period. The AP 402 may further
process a second signal 408 upon expiry of the time period. Processing the second
signal 408 may include transmitting the second signal 408 to the station 404.

[0139]  The station 404 may be in an awake mode 416a to transmit the probe
request signal 406 to the AP 402. The station 404 may be in the awake mode 416a to
receive the first signal ‘406 from the AP 402. The station 404 may not be in the awake
mode 416a to receive the signal 420. The station 404 may be deactivated after
receiving the first signal 406 and before expiry of the time period. The station 404
may be deactivated after the station 404 transmits an acknowledgment signal 407. The
acknowledgment signal 407 may be transmitted from the station 404 to the AP 402. In
other words, the station 404 may go into an asleep mode or a doze mode 418 after
receiving the first signal 406 and before expiry of the time period. The station 404

may be activated upon expiry of the time period. In other words, the station 404 may
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go into an awake mode 416b. The station 404 may be activated upon expiry of the

time period to receive the second signal 408.

[0140] There may be one or more additional beacon signals between the first
signal 406 and the second signal 408. In other words, there may more than one beacon
interval between the first signal 406 and the second signal 408.

[0141] The second signal 408 may include an indication for the station 404 to
transmit an authentication request signal 412. On receiving the authentication request
signal 412, the AP 402 may transmit an authentication response signal 414.

[0142]  FIG. 4B is a schematic 400b showing a method to establish communication
between an access point 422 and a station 424 according to various embodiments.
[0143] The AP 422 may determine a time period. The time period may be a
duration from the transmitting of the first signal 426 to a predetermined time within or
at the start of the Open Access Window 428.

[0144]  In various embodiments, there may be time intervals in the AP 402 may
have Restrict Access Window (RAW). The station 404 may not initiate authentication
or association procedures during the RAW time intervals. Various embodiments
provide a way to defer authentication or association procedures between a station and
the AP Withoﬁt affecting the RAW time intervals.

[0145] The AP 422 may transmit the first signal 426 to the station 424. The first
signal 426 may include information indicating a time period. The AP 422 may further
process a second signal 432 upon expiry of the time period. The station 424 may be
deactivated after the station 424 transmits an acknowledgment signal 427. The
acknowledgment signal 427 may be transmitted from the station 424 to the AP 422.
Processing the second signal 432 may include receiving the second signal 432 from
the station 424.

[0146]  The station may be in an awake mode 436a to transmit the probe request
signal 426 to the AP 422, The station may be in the awake mode 436a to receive the

first signal 426 from the AP 422. The station 424 may be deactivated after receiving
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the first signal 426 and before expiry of the time period. In other words, the station

424 may go into an asleep mode or a doze mode 438 after receiving the first signal
426 and before expiry of the time period. The station 424 may be activated upon
expiry of the time period. In other words, the station 424 may go into an awake mode
436b. The station 424 may be activated upon expiry of the time period to transmit the
second signal 432 to the AP 422. The second signal 432 may be an authentication
request signal.

[0147] On receiving the authentication request signal 432, the AP 422 may
transmit an authentication response signal 434. The AP 422 may also transmit
periodic beacon signals 440. The station 424 may not be in an awake mode 436a to
receive the periodic beacon signals 440.

[0148] FIG. 4C 1s a schematic 400c showing a method to establish communication
between an access point 442 and a station 444 according to various embodiments.
[0149]  In various embodiments, the first signal 446 is a probe response signal. The
second signal 448 may be a probe response signal. The first signal 446 may be
transmitted by the AP 442 after the AP 442 receives a probe request signal 450 (e.g. a
short probe request signal) transmitted by the station 444. The probe request signal
450 may not be a scheduled signal or one signal of a series of scheduled signals. The
probe request signal may be separate from beacon signal 460.

[0150] The AP 442 may determine a time period. The time period may be a
duration from the transmitting of the first signal 446 from the access point 442 and
transmitting of the second signal 448 from the access point 446. In other words, the
time period may be the time to the prescheduled transmitting of the signal 448.

[0151] The AP 442 may transmit the first signal 446 to the station 444. The first
signal 446 may include information indicating a time period. The AP 442 may further
process a second signal 448 upon expiry of the time period. Processing the second
signal 448 may include transmitting the second signal 448 to the station 444.

[0152] The station 444 may be in an awake mode 456a to transmit the probe
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request signal 446 to the AP 442. The station 444 may not be in the awake mode 456a

to receive the beacon signal 460. The station 444 may be in the awake mode 456a to
receive the first signal 446 from the AP 442. The station 444 may be deactivated after
receiving the first signal 446 and before expiry of the time period. In other words, the
station 444 may go into an asleep mode or a doze mode 458 after receiving the first
signal 446 and before expiry of the time period. The station 444 may be activated
upon expiry of the time period. In other words, the station 444 may go into an awake
mode 456b. The station 444 may be activated upon expiry of the time period to
receive the second signal 448.

[0153] The second signal 448 may include an indication for the station 404 to
transmit an authentication request signal 452. On receiving the authentication request
signal 452, the AP 442 may transmit an authentication response signal 454.

[0154])  Various embodiments may spread out initialization of the authentication or
association procedures to limit the number of stations carrying out the authentication
or association procedures at a time.

[0155] The probe response signals or authentication (request or response) signals
or association (request or response) signals of different stations may be spread to
different beacon intervals. Various embodiments may reduce contention between
stations.

[0156] The probe request signal may include one or more bits to indicate priority
to be given to the probe request signal or STA. For instance, the AP may transmit a
first signal including information indicating a time period in response to a low priority
probe request signal or a probe request signal from a low priority STA. The time
period may vary inversely with the priority of the probe request signal or STA, with a
greater time period (i.e. greater delay) allocated to lower priority probe request signals
or probe request signals from a lower priority STA.

[0157] The AP may send a signal for initializing authentication or association

procedures immediately for high priority probe request signals or probe request
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signals from high priority STAs.

[0158] The AP may allocate channel access time to complete authentication or
association procedures for high priority robe request signals or probe request signals
from high priority STAs. Authentication or association procedures may be carried out
through Clear To Send (CTS)-to-self or Null Data Packet (NDP)-Clear To Send
(CTS) addressed to high priority STAs.
[0159] FIG. 5A is a schematic 500a showing a method of communication between
an access point 502 and a station STA1 504 according to various embodiments and
between an access point and a station STA2 506 according to various embodiments.
FIG. 5A also shows a method of controlling an access point 502 and a method for
controlling a station 504, 506.
[0160] A method of controlling an access point is provided. The method includes
receiving a prior polling signal 512a, 512b from a station 504, 506. The method
further includes transmitting information in a first signal 508 if a time period from
receiving the prior polling signal 512a, 512b to transmitting the first signal 508 is less
. than a predetermined duration. The method further includes receiving a further prior
polling signal from the station 504, 506 otherwise.
[0161]  The first signal 508 may be one signal of a prescheduled series of signals.
The first signal 508 may be one signal of a prescheduled series of periodic signals.
[0162] In various embodiments, the first signal 508 may include information
indicating a time period. A station 504, 506 receiving the first signal 508 may
deactivate after receiving the first signal 508 and before expiry of the time period. The
station 504, 506 may be activated upon expiry of the time period. The first signal 508
may not include the time period.
[0163] The first signal may include an indication whether there is buffered data
stored in the AP 502 for the station 504, 506. When the first signal 508 includes the
indication that there is buffered data stored in the AP 502 for the station 504, 506, the

first signal 508 may also include information indicating the time period. Alternatively,
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when the first signal 508 includes the indication that there is no buffered data stored

in the AP 502 for the station 504, 506, the first signal 508 may not include
information indicating the time period.

[0164] Receiving the further prior polling signal from the station 504, 506 includes
waiting for the station 504, 506 to transmit the further prior polling signal. Waiting for
the station 504, 506 to transmit the further prior polling signal includes waiting for the
station 504, 506 to deactivate and activate to transmit the further prior polling signal.
[0165] The method may further include transmitting the first signal 508 if a time
period from receiving the further prior polling signal to transmitting the first signal
508 is less than the predetermined duration. Otherwise, the AP 502 may wait for
further prior polling signals. In this manner, the AP 502 may receive further prior
polling signals until the first signal is transmitted.

[0166]  The first signal 508 may include a TIM or a TIM segment.

[0167) A method of controlling a station is also provided. The method includes
transmitting a prior polling signal 512a, 512b to an access point 502. The method may
further include receiving information transmitted in a first signal 508 if a time period
from transmitting the prior polling signal 512a, 512b to receivihg the first signal 508
is less than a predetermined duration. The method further includes transmitting a
further prior signal to the access point 502 otherwise.

[0168] The first signal 508 may be one signal of a prescheduled series of signals
508, 524. The first signal S08 may be one signal of a prescheduled series of periodic
signals 508, 524.

[0169]  The predetermined duration may be based on the number of polling signals
received by the AP 502. The predetermined duration may be based on an average
delay from transmitting a signal and receiving a response signal in response to the
signal by all stations within a vicinity of the AP 502. The predetermined duration may
be agreed by the station 504, 506 and the AP 502 during authentication/ association

procedures or other procedures or other management frame transmissions between the
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504, 506 and the AP 502.

[0170]  Transmitting the further prior signal to the access point 502 includes
deactivating the station 504, 506 and activating the station 504, 506 to transmit the
further prior polling signal to the access point.

[0171]  The method may further include receiving information transmitted in a first
signal 508 if a time period from transmitting the further prior polling signal to
receiving the first signal 508 is less than a predetermined duration. Otherwise,
subsequent prior polling signals may be transmitted from the stations 504, 506 until a
first signal is received by the AP.

[0172]  The first signal 508 may include a TIM or a TIM segment.

[0173]  The station 504, 506 may be in an asleep mode or doze mode 520a, 524a.
The station may be activated, i.e. changed from the sleep mode or doze mode 520a,
524a to an awake mode 516a, 522a. The station 504, 506 may transmit a prior polling
signal 512a, 512b. The duration for the awake mode 516a, 522a aﬁer activation and
before transmitting of the prior polling signal 512a, 512b may be zero or a finite
value. In other words, the prior polling signal 512a, 512b may be transmitted
immediately after activation or after a finite period of time from activation. If a time
period from receiving the prior polling signal 512a, 512b to transmitting a first signal
508 is less than a predetermined duration, the first signal 508 may be transmitted from
an AP 502 to the station 504, 506. Otherwise, the AP 502 may wait to receive a
further prior polling signal from the station 504, 506. In other words, when the time
taken to transmit the first signal 508 from receiving the prior polling signal 512a,
512b exceeds the predetermined value, the transmitting of the first signal 508 may
timeout. The AP 502 may then wait to receive a further prior polling signal from the
station 504, 506. The station may remain in an awake mode 516b, 522b before expiry
of the predetermined duration from transmitting of the prior polling signal 512a, 512b.
The first signal may include TIM that indicates that there is no buffered data stored in

the AP for the station 504. The station 504 may be deactivated, i.e. go into an asleep
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mode or a doze mode 520b. The first signal may include TIM that indicates that there

is buffered data stored in the AP for the station 506. The first signal 508 may include
an indication for the station 506 to transmit a subsequent polling signal 526. The AP
502 may receive the subsequent polling signal 526. The AP may then transmit data
signal 528. The station 506 may then receive the data signal 528. The station 506 may
then transmit an acknowledgement signal 530 and then go into an asleep mode or
doze mode 524b.

[0174] FIG. 5B is a schematic showing a method of communication between an
access point 552 and a station STA1 554 according to various embodiments and
between an access point and a station STA2 556 according to various embodiments.
FIG. 5B also shows a method of controlling an access point 552 and a method for
controlling a station 554, 556.

[0175]  The station 554, 556 may be in an asleep mode or doze mode 570a, 574a.
The station may be activated, i.e. changed from the sleep mode or doze mode 570a,
574a to an awake mode 566a, 572a. The station 554, 556 may transmit a prior polling
signal 562a, 562b. The duration for the awake mode 566a, 572a after activation and
before transmitting of the prior polling signal 462a, 462b may be zero or a finite
value. In other words, the prior polling signal 562a, 562b may be transmitted
immediately after activation or after a finite period of time from activation. If a time
period from receiving the prior polling signal 562a, 562b to transmitting a first signal
558 is less than a predetermined duration, the first signal 558 may be transmitted from
an AP 552 to the station 554, 556. Otherwise, the AP 552 may wait to receive a
further prior polling signal from the station 554, 556. In other words, when the time
taken to transmit the first signal 558 from receiving the prior polling signal 562a,
562b exceeds the predetermined value, the transmitting of the first signal 558 may
timeout. The AP 552 may then wait to receive a further prior polling signal from the
station 554, 556. The station may remain in an awake mode 566b, 572b before expiry

of the predetermined duration from transmitting of the prior polling signal 562a, 562b.
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The first signal 558 may include TIM that indicates that there is no buffered data

storéd in the AP for the station 554. The station 554 may be deactivated, i.e. go into
an asleep mode or a doze mode 562b. The first signal 558 may include TIM that
indicates that there is buffered data stored in the AP for the station 556. The first
signal 558 may be one signal of a prescheduled series of signals 574, 558. The first
signal 558 may be one signal of a prescheduled series of periodic signals 574, 558.
The first signal 558 may include an indication for the station 506 to remain in the
awake mode 572b. The AP may then transmit data signal 578. The station 506 may
then receive the data signal 578. The station 556 may then transmit an
acknowledgement signal 580 and then go into an asleep mode or doze mode 574b.
[01‘76] FIG. 6A is a schematic showing a method of communication between an
access point 602 and a station STA1 604 according to various embodiments and
between an access point and a station STA2 606 according to various embodiments.
FIG. 6A also shows a method of controlling an access point 602 and a method for
controlling a station 604, 606.

[0177] A method of controlling an access point is provided. The method includes
receiving a prior polling signal 612a, 612b from a station 604, 606. The method
further includes transmitting information in a first signal 608 if a time period from
receiving the prior polling signal 612a, 612b to transmitting the first signal 608 is less
than a predetermined duration. The method further includes receiving a further prior
polling signal frorﬁ the station 604, 606 otherwise.

[0178]  The station 604, 606 may be in an asleep mode or doze mode 620a, 624a.
The station may be activated, i.e. changed from the sleep mode or doze mode 620a,
624a to an aw;ike mode 616a, 622a. The station 604, 606 may transmit a prior polling
signal 612a, 612b. The duration for the awake mode 616a, 622a after activation and
before transmitting of the prior polling signal 612a, 612b may be zero or a finite
value. In other words, the prior polling signal 612a, 612b may be transmitted

immediately after activation or after a finite period of time from activation. If a time
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period from receiving the prior polling signal 612a, 612b to transmitting a first signal

608 is less than a predetermined duration, the first signal 608 may be transmitted from
an AP 602 to the station 604, 606. Otherwise, the AP 602 may wait to receive a
further prior polling signal from the station 604, 606. In other words, when the time
taken to transmit the first signal 608 from receiving the prior polling signal 612a,
612b exceeds the predetermined value, the transmitting of the first signal 608 may
timeout. The AP 602 may then wait to receive a further prior polling signal from the
station 604, 606. The station may remain in an awake mode 616b, 622b before expiry
of the predetermined duration from transmitting of the prior polling signal 612a, 612b.
The first signal may include TIM that indicates that there is no buffered data stored in
the AP for the station 604. The station 604 may be deactivated, i.e. go into an asleep
mode or a doze mode 620b. The first signal 608 may include TIM that indicates that
there is buffered data stored in the AP for the station 606. The first signal 608 may be
transmitted in response to a prior polling signal transmitted to one or more STAs 604,
606 of a plurality of STAs 604, 606. The first signal 608 may be transmitted to more
than one stations of the plurality of STA (multicast) or all stations of the plurality of
STAs (broadcast). The first signal 608 may be a prescheduled signal. The method
may include sending a second signal if the time period from receiving the prior
polling signal 612a, 612b to transmitting the first signal 608 is more than or equal
than a predetermined duration. The second signal may be a non-prescheduled signal.
The first signal 608 may include an indication for the station 606 to transmit a
subsequent polling signal 626. The AP 602 may receive the subsequent polling signal
626. The AP may then transmit data signal 628. The station 606 may then receive the
data signal 628. The station 606 may then transmit an acknowledgement signal 630
and then go into an asleep mode or doze mode 624b.

[0179]  FIG. 6B is a schematic showing a method of communication between an
access point 652 and a station STA1 654 according to various embodiments and

between an access point and a station STA2 656 according to various embodiments.
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FIG. 6B also shows a method of controlling an access point 652 and a method for

controlling a station 654, 656.

[0180] The station 654, 656 may be in an asleep mode or doze mode 670a, 674a.
The station may be activated, i.e. changed from the sleep mode or doze mode 670a,
674a to an awake mode 666a, 672a. The station 654, 656 may transmit a prior polling
signal 662a, 662b. The duration for the awake mode 666a, 672a after activation and
before transmitting of the prior polling signal 662a, 662b may be zero or a finite
value. In other words, the prior polling signal 662a, 662b may be transmitted
immediately after activation or after a finite period of time from activation. If a time
period from receiving the prior polling signal 662a, 662b to transmitting a first signal
658 is less than a predetermined duration, the first signal 658 may be transmitted from
an AP 652 to the station 654, 656. Otherwise, the AP 652 may wait to receive a
further prior polling signal from the station 654, 656. In other words, when the time
taken to transmit the first signal 658 from receiving the prior polling signal 662a,
662b exceeds the predetermined value, the transmitting of the first signal 658 may
timeout. The AP 652 may then wait to receive a further prior polling signal from the
station 654, 656. The station may remain in an awake mode 666b, 672b before expiry
of the predetermined duration from transmitting of the prior polling signal 662a, 662b.
The first signal 658 may include TIM that indicates that there is no buffered data
stored in the AP for the station 654. The station 654 may be deactivated, i.e. go into
an asleep mode or a doze mode 662b. The first signal 658 may include TIM that
indicates that there is buffered data stored in the AP for the station 656. The ﬁfst-
signal 658 may be transmitted in response to a prior polling signal transmitted to one
or more STAs 654, 656 of a plurality of STAs 654, 656. The first signal 658 may be
transmitted to more than one stations of the plurality of STA (multicast) or all stations
of the plurality of STAs (broadcast). The first signal 658 may be a prescheduled
signal. The method may include sending a second signal if the time period from

receiving the prior pollihg signal 662a, 662b to transmitting the first signal 658 is
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more than or equal than a predetermined duration. The second signal may be a non-
prescheduled signal. The first signal 658 may include an indication for the station 656
to remain in the awake mode 672b. The AP may then transmit data signal 678. The
station 606 may then receive the data signal 678. The station 656 may then transmit
an acknowledgement signal 680 and then go into an asleep mode or doze mode 674b.
[0181]  Upon receiving a prior polling signal or a subsequent polling signal, the AP
may determine whether to send a data signal. The AP may determine to transmit a
data signal including buffered data if there is buffered data stored in the AP. The
buffered data stored in the AP may be for the STA transmitting the prior polling
signal or subsequent polling signal.

[0182] The AP may also determine to transmit a control signal or an
acknowledgement signal. The control signal or acknowledgement signal may include
a Buffered Unit (BU). The Buffered Unit (BU) bit may use the More Data sub field
under the Frame Control field. The Buffered Unit (BU) bit may be set as 1 or 0
depending on whether there is buffered data stored in the AP.

[0183] The AP may instead determine to transmit a signal (such as a control signal
e.g. a beacon signal) including information indicating a time period. The signal may
include a TIM or a TIM segment. The signal may be transmitted if a time period from
receiving the prior polling signal to transmitting the first signal is less than a
predetermined duration (Tpr).

(0184]  The AP may alternately determine to transmit a signal in response to a prior
polling signal transmitted to one or more STAs of a plurality of STA. The signal may
be transmitted to more than éne STAs of the plurality of STA (multicast) or all STAs
of the plurality of STAs (broadcast). The signal may include a TIM or a TIM
segment. The signal may be transmitted if a time period from receiving the prior
polling signal to transmitting the first 'signal is less than a predetermined duration
(Tor).

(0185] The AP may also determine to transmit a signal in response to a prior
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polling signal transmitted to one or more STAs of a plurality of STA. The signal may

include information indicating a time period. The STA may deactivate after receiving
the first signal and before expiry of the time period. The station may be activated
upon expiry of the time period. The station may be activated upon expiry of the time
period to receive a second signal from the AP. The second signal may include a TIM
or a TIM segment.

[0186] The AP may also determine or calculate the number of stations that have
transmitted and/or is going to transmit a polling signal. The AP may also determine or
calculate the number of stations waiting for signals including TIM or TIM segments.
[0187] When a station receives a data signal from an AP, it may determine to
transmit an acknowledgement signal to the AP.

[0188] An acknowledgement signal received by a STA may include an indication
on whether there is buffered data stored in the AP for the STA. If there is indication
that there is buffered data stored in the AP for the STA, the STA may stay awake to
receive the data signal or transmit a subsequent polling signal to indicate to the AP to
transmit the data signal. If there is indication that there is buffered data stored in the
AP for the STA, the STA may deactivate (i.e. go into a sleep mode or a doze mode).
(0189] The STA may receive information transmitted in a first signal within a
predetermined duration from transmitting a prior polling signal. The first signal may
include a TIM or a TIM segment. The first signal may be a beacon signal, a TIM
broadcast or multicast signal or a control signal. The prior polling signal may include
a trigger signal or a trigger frame. The prior polling signal may also include a prior
PS-Poll signal or a prior PS-Poll frame.

[0190] The STA may also include a first signal indicating a time period. The STA
maybe deactivated after receiving the first signal but before expiry of the time period.
The STA may be activated upon expiry of the time period. The STA may be activated
upon expiry of the time period to receive a second signal from the AP. The first signal

may be an acknowledgement signal, a beacon signal, a TIM signal or any other



WO 2013/137824 ‘ PCT/SG2013/000100

52

response signals.

[0191] The STA may be deactivated upon expiry of the predetermined duration
from transmitting a prior polling signal. The STA may transmit a further prior polling
signal. The STA may go into an sleep mode or a doze mode, i.e. be activated. The
STA may be deactivated and be activated prior to transmitting a further polling signal.
[0192] A polling signal such as a prior polling signal may include the
predetermined duration or information indicating the predetermined duration. Various
embodiments may facilitate the AP to determine whether to send an
acknowledgement signal, a signal including information indicating a time period, a
signal including a TIM or a TIM segment or any other response signals.

[0193] FIG. 7 is a schematic 700 showing the frame format for a polling signal
according to various embodiments. The polling signal may include a frame control
field 732 (2 octets), a AID field 734 (2 octets), a BBSID (RA) field 736 (2 octets), a
TA field 738 (2 octets) and a FCS field 740 (2 octets).

[0194] In various embodiments, the AID field 734 may be used to include the
predetermined duration or information indicating the predetermined duration. Some
bits of the AID field may not be used to indicate the AID of the STAs. 13 bits of the
AID field may be sufficient to indicate the AIDs for 6000 STAs.

[0195] In various embodiments, the TA field 738 may be used to include the
predetermined duration or information indicating the predetermined duration. The
most significant bit (MSB) of the TA field 738 may be set to indicate that the TA field
is not used to indicate the transmitting station address. In various embodiments, the
AID field 734 and the TA field 738 may be used to include the predetermined
duration or information indicating the predetermined duration.

[0196] In various embodiments, the polling signal may be modified to include the
predetermined duration. A timeout duration field may be inserted between the TA
field and the FCS field. Under IEEE standard 802.11-2007, control subtypes 0000-

0111 may be reserved. Any one of the reserved control subtypes may be used for the
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new céntrol message.

(0197] FIG. 8 is a schematic 800 showing a method of controlling a station
according to various embodiments. The method may provide, in 802, receiving a first
signal from an access point, the first signal including information indicating a time
period. The method may further provide, in 804, deactivating the station after
receiving the first signal and before expiry of the time period. The method may also
provide, in 806, activating the station upon expiry of the time period.

[0198] In other words, the method may include receiving a first signal from an
access point. The signal may indicate a time period. The station may be required to be
in an awake mode at the end of the time period. The station may go to an asleep mode
after receiving the first signal and switch to the awake mode by the end of the time
_period.

[0199] In various embodiments, the station may be activated upon expiry of the
time period to receive a signal from an access point. Receiving the signal may include
processing the signal.

[0200]  The second signal may be one signal of a prescheduled series of signals.
The second signal may be one signal of a prescheduled series of periodic signals. The
second signal may be one beacon signal of a prescheduled series of periodic beacon
series. In other words, the time interval between consecutive beacon signals may be
equal.

[0201]  The time period may be indicated by a duration between transmitting of the
first signal from the access point and transmitting of the second signal from the access
point. The time period may alternatively be .indicated by a duration between
transmitting of the first signal from the access point to a predetermined time interval
such as an Open Access Window.

[0202] In various embodiments, the second signal may include an indication for
the station to be awake to receive a data signal. Receiving the data signal may include

processing the data signal.
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[0203] In various embodiments, the second signal may include an indication on

whether there is buffered data stored in the access point for the station.

[0204]  The second signal may include a Traffic Indication Map (TIM) or a Traffic

Indication Map (TIM) segment. An indication on whether there is buffered data stored

in the access point for the station may include a TIM bit for the station.

[0205] The second signal may include buffered data. In other words, the second

signal may be a data signal. The buffered data may be stored in the access point for
. the station.

[0206]  The second signal may include an indication for the station to transmit a

subsequent polling signal to the access point.

[0207]  The second signal may be a beacon signal or an authentication request

signal or a probe response signal.

[0208]  The method may further include transmitting the subsequent polling signal

to the access point. The method may also include receiving a data signal including

buffered data from the access point. Receiving the data signal may include processing

the data signal.

[0209] In various embodiments, the station may be activated upon expiry of the

time period to transmit a second signal to the access point.

[0210] The time period may be determined by the access point. In various

embodiments, the time period may be determined by the number of stations in the

vicinity of the access point, or current network traffic experienced by the access point

or past average network traffic processed by the access point.

[0211] In various embodiments, the method may further include transmitting a

prior polling signal to the access point. The prior polling signal may include a trigger

signal or a trigger frame such as DATA NULL, QoS (Quality of Service) NULL. The

prior polling signal may be a probe request. The prior polling signal may also include

a prior PS-Poll signal or a prior PS-Poll frame or a prior NDP PS-Poll frame. A PS-

Poll signal or a PS-Poll frame may be used by a STA to query an AP whether there is
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buffered frame for the STA. A trigger frame may be used by a STA to inform an AP

that the STA has some information to transmit to the AP.

[0212]  The first signal may include an indication whether there is buffered data
stored in the AP for the station. When the first signal includes the indication that there
is buffered data stored in the AP for the station the first signal may also include
information indicating the time period. Alternatively, when the first signal includes
the indication that there is no buffered data stored in the AP for the station, the first
signal may not include information indicaﬁng the time period. The first signal may be
a NDP ACK signal or a NDP ACK frame including information indicating a time
period. The first signal may be a beacon signal including information indicating a
time period. The first signal may be an ACK signal or an ACK frame including
information indicating a time period. The first signal may be a probe response signal.
[0213] In various embodiments, a station may be a low power station. The low
power station may be a non-TIM station. A non-TIM station may be a station that
may not be configured to receive a signal including a TIM or a TIM segment. On the
other hand, a TIM station may be a station configured to receive a signal including a
TIM or a TIM segment. In various embodiments, the AP may be configured to treat a
non-TIM station as a TIM station temporarily. The non-TIM station may be switched
to a paged station temporarily. A non-TIM station may be configured to temporarily
receive beacon signals including beacon signals including a TIM or a TIM segment. A
STA may send a prior polling signal such aé a PS-Poll frame or a trigger frame any
time to its associated AP upon waking up without listening to the beacon signal. The
low power STA may be a non-TIM STA. Upon receiving the prior polling signal such
as a PS-Poll frame or a trigger frame, the AP may transmit a first signal such as a
control frame including information indicating a time period (such as a timer). The
control frame may include a NDP ACK frame or a NDP modified ACK frame. The
control frame may include a Duration field to indicate that a time period is present

(such as setting a Duration Indication field to 1). The STA may be re-synchronized to
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the beacon signals with the help of the time period or timer. The first signal may

include a buffered data indication (for instance in More Data field). When the STA
identifies there is no buffered frame for itself (e.g. More Data field is 0), it may go to
sleep. If the low power STA identifies there is any buffered frame for itself (More
Data field is 1), it may go to sleep but may wake up again upon expiry of the time
period (i.e. the timer expires).

[0214] The AP may set the timer (Duration field) as the duration to the next TBTT
in a first signal. In other words, the time period may be at time duration to the
transmission time by which the AP must transmit the next beacon signal. The first
signal may be a NDP ACK frame. The AP may treat the non-TIM station (STA) as a
TIM STA starting from the next TBTT. When the timer expires, STA may wake up to
receive a second signal. The second signal may be a beacon signal. The station may
operate as a TIM STA. The STA may return to the non-TIM STA operation mode if
the AP indicates that there is no more data buffered for the STA and the STA
indicates to the AP that there is no more data to transmit. The AP may treat the STA
as a non-TIM STA if the STA indicates that there is no more data to transmit and the
AP indicates that there is no more data buffered for the STA. The AP may set the
timer to o. If AP sets the timer to 0, it indicates that there is no sleep duration for the
low power STA.

[0215] A beacon signal may also include RAW slot information. A beacon signal
may include RAWV slot information associated with a TIM bit for a station. The
station receiving the beacon signal may follow RAW operation and may not transmit
a polling signal. The station may be deactivated until a time at the start or within the
assigned RAW slot. The station may be activated at a time at the start or within the
assigned RAW slot. The station may be activated to receive a data signal.

[0216] FIG. 9 is a schematic 900 showing a method of controlling an access point
according to various embodiments. The method may provide, in 902, determining a

time period. The method may further include, in 904, transmitting a first signal to a
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station, the first signal including information indicating a time period. The method

may further provide, in 906, processing a second signal upon expiry of the time
period.

[0217] In other words, the access point may transmit a first signal to a station. The
first signal may indicate a time period. The time period may be determined by the
access point. The station may be required to be in an awake mode at the end of the
tirhe period. The access point may either transmit a further signal to the station or
receive a further signal from the station at the end of the time period.

[0218] In various embodiments, processing the second signal includes transmitting
the second signal to the station.

[0219] The second signal may be one signal of a prescheduled series of signals.
The second signal may be one signal of a prescheduled series of periodic signals. The
second signal may be one beacon signal of a prescheduled series of periodic beacon
series. In other words, the time interval between consecutive beacon signals may be
equal.

[0220]  The time period may be indicated by a duration between transmitting of the
first signal from the access point and transmitting of the second signal from the access
point. The time period may alternatively be indicated by a duration between
transmitting of the first signal from the access point to a predetermined time such as a
time at the start or within an Open Access Window.

[0221]  In various embodiments, the second signal may include an indication for
the station to be awake to receive a data signal. Receiving the data signal may include
processing the data signal.

[0222] In various embodiments, the second signal may include an indication on
whether there is buffered data stored in the access point for the station.

[0223]  The second signal may include a Traffic Indication Map (TIM) or a Traffic
Indication Map (TIM) segment. An indication on whether there is buffered data stored

in the access point for the station may include a TIM bit for the station.
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[0224]  The second signal may include buffered data. In other words, the second

signal may be a data signal. The buffered data may be stored in the access point for
the station.

[0225]  The second signal may include an indication for the station to transmit a
subsequent polling signal to the access point.

[0226] The second signal may be a beacon signal or an authentication request
signal or a probe response signal.

[0227] The method may further include receiving the subsequent polling signal
from the access point. The method may also include transmitting a data signal
including buffered data to the station. Receiving the data signal may include
processing the data signal.

[0228] In various embodiments, determining the time period may include
determining based on number of stations in the vicinity of the access point.
Determining may include determining based on current network traffic experienced
by the access point or/and past average network traffic processed by the access point.
[0229] In various embodiments, the method may further include receiving a prior
polling signal transmitted from the station. The prior polling signal may include a
trigger signal or a trigger frame such as DATA NULL, QoS (Quality of Service)
NULL. The prior polling signal may be a probe request signal. The prior pblling
signal may also include a prior PS-Poll signal or a prior PS-Poll frame or a prior NDP
PS-Poll frame. A PS-Poll signal or a PS-Poll frame may be used by a STA to query an
AP whether there is buffered frame for the STA. A trigger frame may be used by a
STA to inform an AP that the STA has some information to transmit to the AP.

[0230] In various embodiments, the method may further include determining
whether to transmit the first signal.

[0231] The first signal may include an indication whether there is buffered data
stored in the AP for the station. When the first signal includes the indication that there

_ is buffered data stored in the AP for the station the first signal may also include
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information indicating the time period. Alternatively, when the first signal includes

the indication that there is no buffered data stored in the AP for the station, the first
signal may not include information indicating the time period. The first signal may be
a NDP ACK signal or a NDP ACK frame including information indicating a time
period. The first signal may be a beacon signal including information indicating a
time period. The first signal may be an ACK signal or an ACK frame including
information indicating a time period. The first signal may be a probe response signal.
[0232] A beacon signal may also include RAW slot information. A beacon signal
may include RAW slot information associated with a TIM bit for a station. The
station receiving the beacon signal may follow RAW operation and may not transmit
a polling signal. The station may be deactivated until a time at the start or within the
assigned RAW slot. The station may be activated at a time at the start or within the
assigned RAW slot. The station may be activated to receive a data signal.

[0233]  FIG. 10 is a schematic 1000 showing a method of communication between
an access point and a plurality of stations according to various embodiments.

[0234])  The method may provide, in 1002, transmitting a first signal from an access
point to a plurality of stations, the first signal including information indicating a time
period. The method may further provide, in 1004, deactivating the plurality of stations
after the plurality of stations receives the first signal but before expiry of the time
périod. The method may also provide, in 1006, activating the plurality of stations
upon expiry of the time period.

[0235]  In other words, the method may include a first signal from an access point
to a plurality of stations. The first signal may indicate a time period. The plurality of
stations may be required to be in an awake mode at the end of the time period. The
plurality of stations may go to an asleep mode after receiving the first signal and
switch to the awake mode by the end of the time period.

[0236]  The plurality of stations may be activated upon expiry of the time period to

receive a second signal from the access point. In various embodiments, one or more of
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the plurality of stations may be activated upon expiry of the time period to receive a

second signal from the access point. Receiving a signal may include processing the
signal. |

[0237]  The second signal may be one signal of a prescheduled series of signals.
The second signal may be one signal of a prescheduled series of periodic signals. The
second signal may be one beacon signal of a prescheduled series of periodic beacon
series. In other words, the time interval between consecutive beacon signals may be
equal.

[0238]  The time period may be indicated by a duration between transmitting of the
first signal from the access point and transmitting of the second signal from the access
point. The time period may alternatively be indicated by a duration between
transmitting of the first signal from the access point to a predetermined time interval
such as an Open Access Window.

[0239] Iﬁ various embodiments, the second signal may include an indication for
one or more stations of a plurality of stations to be awake to receive a data signal.
Receiving the data signal may include processing the data signal.

[0240] In various embodiments, the second signal may include an indication on
whether there is buffered data stored in the access point for each station of the
plurality of stations.

[0241] The second signal may include a Traffic Indication Map (TIM) or a Traffic
Indication Map (TIM) segment.

[0242j | "fhe second signal may include buffered data. In other words, the second
signal may be a data signal. The buffered data may be stored in the access point for
one or more stations of the plurality of stations.

[0243]  The second signal may include an indication of one or more stations of the
plurality of stations to transmit a subsequent polling signal to the access point.

[0244])  The second signal may be a beacon signal or an authentication request

signal or a probe response signal.
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[0245] In various embodiments, the method may further include transmitting a

prior polling signal from one or more stations of the plurality of stations to the access
point.

[0246] The method may further include grouping one or moré stations (STAs) to
form the plurality of stations. The plurality of stations may have about the same
listening interval. The method may include transmitting the first signal from the AP to
the plurality of stations. The first signal may not include the relevant TIM segment for
the plurality of stations. The first signal may include information indicating a time
period. The expiry of the time period may be a time by which the AP will transmit a
second signal. The second signal may include the relevant TIM segment for the
plurality of stations.

[0247]  FIG. 11 is a schematic 1100 showing a method of controlling an access
point according to various embodiments. The method may include, in 1102, receiving
a prior polling signal from a station. The method may further include, in 1104,
transmitting information in a first signal if a time period from receiving the prior
polling signal to transmitting the first signal is less than a predetermined duration. The
method may further include, in 1106, receiving a further prior polling signal from the
station otherwise.

[0248] In other words, the method may include receiving a prior polling signal
from a station. The access point may transmit a first signal within a predetermined
duration. If the access point is unable to transmit the first signal within the
predetermined duration, the access point may wait for the station to transmit a further
prior polling signal.

[0249]  The first signal may be one signal of a prescheduled series of signals. The
first signal may be one signal of a prescheduled series of periodic signals.

[0250]  In various embodiments, the first signal may include information indicating
a time period. A station receiving the first signal may deactivate after receiving the

first signal and before expiry of the time period. The station may be activated upon



WO 2013/137824 PCT/SG2013/000100

62
expiry of the time period. Alternatively, the first signal may not include the time

period.

[0251]  The first signal may include an indication whether there is buffered data
stored in the AP for the station. When the first signal includes the indication that there
is buffered data stored in the AP for the station the first signal may also include
information indicating the time period. Alternatively, when the first signal includes
the indication that there is no buffered data stored in the AP for the station, the first
signal may not include information indicating the time period.

[0252]  The first signal may include a TIM or a TIM segment.

[0253] FIG. 12 is a schematic 1200 showing a method of controlling a station
according fo various embodiments. The method includes, in 1202, transmitting a prior
polling signal to an access poiht. The method may further include, in 1204, receiving
information transmitted in a first signal if a time period from transmitting the prior
polling signal to receiving the first signal is less than a predetermined duration. The
method further includes, in 1206, transmitting a further prior signal to the access point
otherwise.

[0254] In other .words, the method may include transmitting a prior polling signal
to an access point. The station may receive a first signal within a predetermined
duration from transmitting of the prior polling signal. If the station does not receive
the first signal within the predetermined duration from the transmitting of the prior
polling signal, the station may transmit a further prior polling signal to the access
point.

[0255]  The first signal may be one signal of a prescheduled series of signals. The
first signal may be one signal of a prescheduled series of periodic signals.

[0256]  The predetermined duration may be based on the number of polling signals
received by the AP. The predetermined duration may be based on an average delay
from transmitting a signal and receiving a response signal in response to the signal by

all stations within a vicinity of the AP. The predetermined duration may be agreed by
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the station and the AP during authentication/ association procedures or other

procedures or other management frame transmissions between the station and the AP.
[0257] Transmitting the further prior signal to the access point includes
deactivating the station and activating the station to transmit the further prior polling
signal to the access point.

[0258] The method may further include receiving information transmitted in a first
signal if a time period from transmitting the further prior polling signal to receiving
the first signal is less than a predeterminedv duration. Otherwise, subsequent prior
polling signals may be transmitted from the stations until a first signal is received by
the AP.

[0259]  The first signal may include a TIM or a TIM segment. -

[0260]  FIG. 13 shows a schematic 1300 of a station 1302 according to various
embodiments. The station 1302 may include a receiving circuit 1304 configured to
receive a first signal 1306 from an access point 1308, the first signal 1306 including
information indicating a time period. The station may further include a deactivation
circuit 1310 configured to receive deactivate the station 1302 after receiving the first
signal and before expiry of the time period. The station may also include an activation
circuit 1312 configured to activate the station 1302 upon expiry of the time period.
[0261] In other words, the station may include a receiving circuit configured to
receive a first signal transmitted by an access point. The first signal may indicate a
time period. The station may be required to be in an awake mode at the end of the
time period. The station may further include a deactivation circuit for putting the
station in an asleep mode and an activation circuit for putting the station into an
awake mode.

[0262]  The station 1302 may further include a timing circuit configured to track
the time period.

[0263] In various embodiments, the deactivation circuit 1310 and the activation

circuit 1312 may be the same circuit or include portions which overlap with each
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other.

[0264] The station 1302 may further include a transmitting circuit. The
transmitting circuit may be configured to transmit a polling signal such as a prior
polling signal or a subsequent polling signal.

[0265] In various embodiments, the activation circuitv 1312 is configured to
activate the station 1302 upon expiry of the time period to receive a second signal
from the access point 1308.

[0266] The second signal may be one signal of a prescheduled series of signals.
The second signal may be one signal of a prescheduled series of periodic signals. The
second signal may be one beacon signal of a prescheduled series of periodic beacon
series. In other words, the time interval between consecutive beacon signals may be
equal.

[0267]  The time period may be indicated by a duration between transmitting of the
first signal 1306 from the access point 1308 and transmitting of the second signal
from the access point 1308. The time period may alternatively be indicated by a
duration between transmitting of the first signal 1306 from the access point 1308 to a
predetermined time interval such as an Open Access Window.

[0268] In various embodiments, the second signal may include an indication for
the station to be awake to receive a data signal.

[0269] In various embodiments, the second signal may include an indication on
whether there is buffered data stored in the access point for the station.

[0270]  The second signal may include a Traffic Indication Map (TIM) or a Traffic
Indication Map (TIM) segment.

[0271]  The seéond signal may include buffered data. In other words, the second
signal may be a data signal. The buffered data may be stored in the access point for
the station. |

[0272]  The second signal may include an indication for the station to transmit a

subsequent polling signal to the access point.
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[0273] In various embodiments, the transmitting circuit may be configured to
transmit the second signal to the access point 1308.

[0274]  The time period may be determined by the access point 1308. In various
embodiments, the time period may be determined by the number of stations in the
vicinity of the access point 1308, or current network traffic experienced by the access
point 1308 or past average network traffic processed by the access point 1308.

[0275]  The first signal 1306 may include an indication whether there is buffered
data stored in the AP 1306 for the station 1302. When the first signal 1306 includes
the indication that there is buffered data stored in the AP 1306 for the station 1302,
the first signal 1306 may also include information indicating the time period.
Alternatively, when the first signal 1306 includes the indication that there is no
buffered data stored in the AP 1306 for the station 1302, the first signal 1306 may not
include information indicating the time period.

[0276] FIG. 14 shows a schematic 1400 of an access point 1402 according to
various embodiments. The access point 1402 may include a transmitting circuit 1404
configured to transmit a first signal 1406 to a station 1408, the first signal 1406
including information indicating a time period. The access point 1402 may further
include a further circuit 1410 configured to process a second signal 1412 upon expiry
of the time period. The access point 1402 may further include a determining circuit
1414 to determine the time period.

[0277] In other words, the access point may include a transmitting circuit
configured to transmit a first signal to a station. The first signal may indicate a time
period. The station may be required to be in an awake mode at the end of the time
period. The access point may further include a further circuit to either receive from
the station or transmit to the station a second signal. The station may also include a
determining circuit to determine the time period.

[0278]  The further circuit 1404 may be a further transmitting circuit. In various

alternate embodiments, the further circuit 1404 may be a receiving circuit. The
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transmitting circuit 1404 and the further transmitting circuit may be the same circuit
or may include a portion which overlaps with each other. In various embodiments, the
transmitting circuit 1404 may be configured to transmit the first signal 1406 and/or
the second signal.

[0279] The access point 1402 may further include a ﬁming circuit configured to
track the time period.

[0280] The second signal may be one signal of a prescheduled series of signals.
The second signal may be one signal of a prescheduled series of periodic signals. The
second signal may be one beacon signal of a prescheduled series of periodic beacon
series. In other words, the time interval between consecutive beacon signals may be
equal.

[0281]  The time period may be indicated by a duration between transmitting of the
first signal 1406 from the access point 1402 and transmitting of the second signal
from the access point 1402. The time period may alternatively be indicated by a
duration between transmitting of the first signal 1406 from the access point 1402 to a
predetermined time such as a time at the start or within an Open Access Window.
[0282] In various embodiments, the second signal may include an indication for
the station 1408 to be awake to receive a data signal.

[0283] In various embodiments, the second signal may include an indication on
whether there is buffered data stored in the access point for the station 1408.

[0284]  The second signal may include a Traffic Indication Map (TIM) or a Traffic
Indication Map (TIM) segment.

[0285]  The second signal may include buffered data. In other words, the second
signal may be a data signal. The buffered data may be stored in the access point 1402
for the station.

[0286] The second signal may include an indication for the station 1408 to
transmit a subsequent polling signal to the access point 1402.

[0287]  The access point 1402 may further include a receiving circuit configured to
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receive a polling signal such as a prior polling signal or a subsequent polling signal.

[0288] In various embodiments, the access point 1402 may further include a
determining circuit configured to determine the time period based on number of
stations in the vicinity of the access point. Determination of the time period may be
based on current network traffic experienced by the access point or/and past average
network traffic processed by the access point. In various embodiments, the access
point 1402 may further include determining circuit configured to determine whether
to transmit the first signal.

[0289] The access point 1402 may further have a buffer or a memory or a hard
disk or an information storage component or device configured to store buffered data.
[0290]  FIG. 15 shows a schematic 1500 a communication system according to
various embodiments. The communication system may include an access point 1502
and a plurality of stations 1504. The access point 1502 may be configured to transmit
a first signal 1506 to the plurality of stations 1504, the first signal 1506 including
information indicating a time period. The plurality of stations 1504 may be configured
to be deactivated after the plurality of stations 1504 receives the first signal 1506 but
before expiry of the time period. The plurality of stations 1504 may be configured to
be activated upon expiry of the time period.

[0291] In other words, the communication may include an access point and a
plurality of stations. The access point may be configured to transmit a first signal to
the plurality of stations. The first signal may indicate a time period. The plurality of
stations may be required to be awake at the end of the time period. The plurality of
stations may be configured to go into an asleep mode after receiving the first signal
and before the end of the time period. The plurality of stations may be further
configured to go into an awake mode by the end of the time period.

[0292]  The access point 1502 may be configured to transmit a second signal. The
second signal may include an indication of one or more stations of the plurality of

stations 1504 to transmit a subsequent polling signal to the access point 1502. The
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access point 1502 may further include a processor configured to check whether there

is buffered data stored in the access point 1502 for each station of the plurality of
stations 1504. The processor may be further configured to generate the indication.
[0293]  FIG. 16 shows a schematic 1600 of an acceés point 1602 according to
various embodiments. The access point 1602 may include a receiving circuit 1604
configured to receive a prior polling signal 1606 from a station 1608. The access point
may further include a transmitting circuit 1610 configured to transmit information in a
first signal if a time period from receiving the prior polling signal to transmitting the
first signal is less than a predetermined duration. The receiving circuit 1604 may be
configured to receive\ a further polling signal from the station 1608 otherwise.

[0294]  In other words, the access point may include a receiving circuit configured
to receive a prior polling signal from a station. The access point may also include a
transmitting circuit configured to transmit a first signal within a predetermined
duration from the receiving circuit receiving the prior polling signal. If the
transmitting circuit is unable to successfully transmit the first signal within the
predetermined duration, the receiving circuit may be configured to receive a further
polling signal from the station.

[0295] FIG. 17 shows a schematic 1700 of a station 1702 according to various
embodiments. The station 1702 may include a transmitting circuit 1704 configured to
transmit a prior polling signal 1706 to an access point 1708. The station may further
include a receiving circuit 1710 configured to receive information transmitted in a
first signal if a time period from receiving by the access point the prior polling signal
to transmitting by the access point the first signal is less than a predetermined
duration. The transmitting circuit 1704 may be configured to transmit a further polling
signal to the access point 1708 otherwise.

[0296]  In other words, the station may include a transmitting circuit configured to
transmit a prior polling signal to an access point. The sfation may further include a

receiving circuit configured to receive a first signal within a predetermined duration
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from the transmitting circuit transmitting the prior polling signal. . If the receiving

circuit does not receive the first signal within the predetermined duration, the
transmitting circuit may be configured to transmit a further polling signal to the
access point.

[0297] While the invention has been particularly shown and described with
reference to specific embodiments, it should be understood by those skilled in the art
that various changes in form and detail may be made therein without departing from
the spirit and scope of the invention as defined by the appended claims. The scope of
the invention is thus indicated by the appended claims and all changes which come
within the meaning and range of equivalency of the claims are therefore intended to

be embraced.
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CLAIMS

1. A method of controlling a station, the method comprising:
receiving a first signal from an access point, the first signal comprising
information indicating a time period;
deactivating the station after receiving the first signal and before expiry of
the time period; and

activating the station upon expiry of the time period.

2. The method according to claim 1,
wherein the station is activated upon expiry of the time period to receive a

second signal from the access point.

3. The method according to claim 2,
wherein the second signal is one signal of a prescheduled series of periodic

signals.

4. The method according to claim 2,
wherein the time period is indicated by a duration between transmitting of the
first signal from the access point and transmitting of the second signal from

the access point.

5. The method according to claim 2,

wherein the second signal comprises a traffic indication map.

6. The method according to claim 2,

wherein the second signal comprises a traffic indication map segment.
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7. The method according to claim 2,

wherein the second signal comprises buffered data.

8. The method according to claim 2,
wherein the second signal comprises an indication for the station to transmit

a subsequent polling signal to the access point.

9. The method according to claim 8, the method further comprising:
transmitting the subsequent polling signal to the access point; and

receiving a data signal comprising buffered data from the access point.

10. The method according to claim 2,
wherein the second signal comprises an indication for the station to be awake

to receive a data signal.

11. The method according to claim 2, the method further comprising:

transmitting a prior polling signal to the access point.

12. The method according to claim 11,

wherein the prior polling signal is a prior Powersave-Poll signal.

13. The method according to claim 11,

wherein the prior polling signal is a trigger frame.

14. The method according to claim 1,
wherein the station is activated upon expiry of the time period to transmit a

second signal to the access point.
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15. A method of controlling an access point, the method comprising:
determining a time period;
transmitting a first signal to a station, the first signal comprising information
indicating the time period; and

processing a second signal upon expiry of the time period.

16. The method according to claim 15,

wherein processing the second signal comprises transmitting the second

signal.

17. The method according to claim 15, the method further comprising:
receiving a prior polling signal transmitted from the station; and

determining whether to transmit the first signal.

18. A method of communication between an access point and a plurality of stations,
the method comprising:
transmitting a first signal from an access point to a plurality of stations, the
first signal comprising information indicating a time period,
deactivating the plurality of stations after the plurality of stations receives the
first signal but before expiry of the time period; and

activating the plurality of stations upon expiry of the time period.

19. The method according to claim 18,
wherein the plurality of stations is activated upon expiry of the time period to

receive a second signal from the access point.

20. The method of communication according to claim 19,

wherein the second signal comprises an indication of one or more stations of
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the plurality of stations to transmit a subsequent polling signal to the access

point.

21. A station comprising:
a receiving circuit configured to receive a first signal from an access point,
the first signal comprising information indicating a time period;
a deactivation circuit configured to deactivate the station after receiving the
first signal and before expiry of the time period; and
an activation circuit configured to activate the station upon expiry of the time

period.

22. An access point comprising:
| a transmitting circuit configured to transmit a first signal to a station, the first
signal comprising information indicating a time period; and
a further circuit configured to process a second signal upon expiry of the time

period.

23. A communication system comprising:
an access point; and
a plurality of stations;
wherein the access point is configured to transmit a first signal to the
plurality of stations, the first signal comprising information indicating a time
period;
wherein the plurality of stations is configured to be deactivated after the
plurality of stations receives the first signal but before expiry of the time
period; and
wherein the plurality of stations is configured to be activated upon expiry of

the time period.



