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WIRELESS LAN

(57) Disclosed is a method for operating a commu-
nication node supporting a low power mode in a wireless
LAN. A method for operating a station, which includes a
PCR and a WURx, comprises the steps of: allowing the
WURx, which operates in a wake-up state, to receive a
wake-up packet from an access point; transitioning an

operating state of the PCR from a sleep state to the
wake-up state when the wake-up packet is received; al-
lowing the PCR, which operates in the wake-up state, to
receive a data frame from an access point; and allowing
the PCR to transmit, to the access point, a response to
the data frame.
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Description

[Technical Field]

[0001] The present invention relates to a wireless local area network (WLAN) technology, and more particularly, to a
technology for supporting a communication node operating in a low-power mode in a WLAN.

[Background Art]

[0002] With the development of information and communications technology, various wireless communication tech-
nologies are under development. Among these wireless communication technologies, a WLAN enables wireless con-
nection to the Internet at a home or business, or in specific service provision areas using a portable terminal, such as
a personal digital assistant (PDA), a laptop computer, and a portable multimedia player (PMP), based on radio frequency
(RF) technology.
[0003] As standards for WLAN technology, the Institute of Electrical and Electronics Engineers (IEEE) 802.11 standards
are under development. The IEEE 802.11a provides a transmission speed of 54 Mbps using an unlicensed band at 5
GHz. The IEEE 802.11b provides a transmission speed of 11 Mbps using direct sequence spread spectrum (DSSS) at
2.4 GHz. The IEEE 802.11g provides a transmission speed of 54 Mbps using orthogonal frequency division multiplexing
(OFDM) at 2.4 GHz.
[0004] The WLAN technology according to the IEEE 802.11n standard operates in the 2.4 GHz band and the 5 GHz
band based on an orthogonal frequency division multiplexing (OFDM) scheme, and when multiple input multiple output
(MIMO)-OFDM is used, a transmission speed of up to 300 Mbps can be provided through four spatial streams. Also,
the WLAN technology according to the IEEE 802.11n standard can support a channel bandwidth of up to 40 MHz and
can provide a transmission speed of up to 600 Mbps in this case.
[0005] With the proliferation of such WLANs and the diversification of applications using WLANs, there is an increasing
necessity for new WLAN technology for supporting a higher throughput than a data processing speed of IEEE 802.11n.
Very high throughput (VHT) WLAN technology is one of the IEEE 802.11 WLAN technologies proposed to support a
data processing speed of 1 Gbps or higher. Among these WLAN technologies, IEEE 802.11ac is being developed as a
standard for providing VHT in a 5 GHz or lower band, and IEEE 802.11ad is being developed as a standard for providing
VHT in a 60 GHz band. Also, the WLAN technology according to the IEEE 802.11ax standard aims at improving the
frequency efficiency in a dense environment.
[0006] Since a communication node (e.g., access point (AP), station (STA), etc.) supporting the WLAN technology
operates dependent on the battery, a low-power operation method will be needed to operate for a long time. In order to
support the low-power operation, the communication node may include a receiver for the low-power operation, a trans-
ceiver for basic operations according to the IEEE 802.11, and the like. For example, in a period for waiting reception of
a downlink signal, the receiver for the low-power operation may operate in a wake-up state and the transceiver for basic
operations may operate in a sleep state.
[0007] However, a communication protocol between the receiver for the low-power operation and the transceiver for
the basic operations, a communication protocol between the receiver for the low-power operation and another commu-
nication node (e.g., a transceiver for basic operations according to the IEEE 802.11 included in another communication
node), a communication protocol between the transceiver for the basic operations and another communication node
(e.g., a transceiver for basic operations according to the IEEE 802.11 included in another communication node), and
the like are not clearly defined. Accordingly, communication performances may be degraded due to transmission and
reception failures of frames in the WLAN.
[0008] Meanwhile, this description on the related arts is written for understanding of the background of the present
disclosure. Thus, information on other than conventional technologies, which are already known to those skilled in this
technology domain to which the technologies of the present disclosure belong, may be included in this description.

[Disclosure]

[Technical Problem]

[0009] The present invention is directed to providing operation methods of a communication node supporting a low-
power mode in a wireless LAN.

[Technical Solution]

[0010] In the operation method of a station according to a first embodiment of the present invention to achieve the
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above-described purpose, the station may comprise a primary connectivity radio (PCR) and a wake-up receiver (WURx),
and the operation method may comprise transitioning an operation state of the PCR from a wake-up state to a sleep
state; receiving, by the WURx, a wake-up packet from an access point; transitioning the operation state of the PCR from
the sleep state to the wake-up state when the wake-up packet is received; receiving, by the PCR operating in the wake-
up state, a data frame from the access point after a time required for transitioning the operation state of the PCR from
the sleep state to the wake-up state; and transmitting, by the PCR, a response to the data frame to the access point.
[0011] Here, the operation method may further comprise after receiving the wake-up packet, transmitting, by the PCR
operating in the wake-up state, a wake-up poll (WU-Poll) frame indicating completion of the transitioning to the wake-
up state to the access point; and when the WU-Poll frame is not transmitted within the time required for transitioning
from the sleep state to the wake-up state, receiving, by the PCR, the wake-up packet again from the access point.
[0012] Here, the operation method may further comprise after receiving the wake-up packet, receiving, by the PCR
operating in the wake-up state, a trigger frame triggering transmission of at least one WU-Poll frame from the access
point; and transmitting, by the PCR, a WU-Poll frame indicating completion of the transitioning to the wake-up state to
the access point, through a channel indicated by the trigger frame, wherein the data frame is received after the trans-
mission of the WU-Poll frame.
[0013] Here, the transitioning to the sleep state may comprise transmitting, by the PCR, a low-power operation request
frame requesting approval of an operation of transitioning from the wake-up state to the sleep state to the access point;
receiving, by the PCR, a low-power operation response frame approving the operation of transitioning, which is a response
to the low-power operation request frame, from the access point; and when the low-power operation response frame is
received, transitioning the operation state of the PCR from the wake-up state to the sleep state after transmitting the
response.
[0014] Here, the station may operate in a wake-up radio (WUR) mode or a normal mode, the PCR may operate in the
sleep state and the WURx may operate in the wake-up state in the WUR mode, and the PCR may operate in the wake-
up state and the WURx may operate in the sleep state in the normal mode.
[0015] Here, the wake-up packet may include a legacy preamble and a WUR physical convergence layer protocol
(PLCP) protocol data unit (PPDU), and the WUR PPDU may request the PCR to operate in the wake-up state.
[0016] Here, the WUR PPDU may include at least one of a Poll indicator indicating whether transmission of the WU-
Poll frame is required, and a multi-user (MU) indicator indicating whether the wake-up packet is used for multi-user
transmission.
[0017] Here, the legacy preamble may be received through a frequency band of 20 MHz, and the WUR PPDU may
be received through a frequency band smaller than 20 MHz.
[0018] Here, the WUR PPDU may be duplicated in a frequency axis, multiplexed in the frequency axis, or extended
for same information in the frequency axis.
[0019] In the operation method of a station according to a second embodiment of the present invention to achieve the
above-described purpose, the access point may provide communication services to a station comprising a primary
connectivity radio (PCR) and a wake-up receiver (WURx), and the operation method may comprise generating a wake-
up packet requesting the PCR of the station to operate in a wake-up state when a data unit to be transmitted to the
station is present; transmitting the wake-up packet to the WURx; and transmitting a data frame including the data unit
to the PCR when the PCR is determined to operate in the wake-up state.
[0020] Here, when a response to the wake-up packet is required, the data frame may be transmitted when a wake-
up poll (WU-Poll) frame indicating that the PCR has transitioned to the wake-up state is received from the station.
[0021] Here, the wake-up packet may include a legacy preamble and a WUR physical convergence layer protocol
(PLCP) protocol data unit (PPDU), and the WUR PPDU may request the PCR to operate in the wake-up state.
[0022] Here, the WUR PPDU may include at least one of a Poll indicator indicating whether transmission of the WU-
Poll frame is required, and a multi-user (MU) indicator indicating whether the wake-up packet is used for multi-user
transmission.
[0023] Here, the legacy preamble may be transmitted through a frequency band of 20 MHz, and the WUR PPDU may
be transmitted through a frequency band smaller than 20 MHz.
[0024] A station in a wireless LAN based communication system according to a third embodiment of the present
invention to achieve the above-described purpose may comprise a processor, a primary connectivity radio (PCR) trans-
mitting and receiving a legacy signal according to control of the processor, a wake-up receiver (WURx) receiving a wake-
up packet according to control of the processor, and a memory storing at least one instruction executed by the processor.
The at least one instruction may be configured to transition an operation state of the PCR from a wake-up state to a
sleep state; receive, by the WURx, a wake-up packet from an access point; transition the operation state of the PCR
from the sleep state to the wake-up state when the wake-up packet is received; receive, by the PCR operating in the
wake-up state, a data frame from the access point after a time required for transitioning the operation state of the PCR
from the sleep state to the wake-up state; and transmit, by the PCR, a response to the data frame to the access point.
[0025] Here, the at least one instruction may be further configured to after receiving the wake-up packet, transmit, by
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the PCR operating in the wake-up state, a wake-up poll (WU-Poll) frame indicating completion of the transitioning to the
wake-up state to the access point; and when the WU-Poll frame is not transmitted within the time required for transitioning
from the sleep state to the wake-up state, receive, by the PCR, the wake-up packet again from the access point.
[0026] Here, the at least one instruction may be further configured to after receiving the wake-up packet, receive, by
the PCR operating in the wake-up state, a trigger frame triggering transmission of at least one WU-Poll frame from the
access point; and transmit, by the PCR, a WU-Poll frame indicating completion of the transitioning to the wake-up state
to the access point, through a channel indicated by the trigger frame, wherein the data frame is received after the
transmission of the WU-Poll frame.
[0027] Here, the wake-up packet may include a legacy preamble and a WUR physical convergence layer protocol
(PLCP) protocol data unit (PPDU), the WUR PPDU may request the PCR to operate in the wake-up state.
[0028] Here, the WUR PPDU may include at least one of a Poll indicator indicating whether transmission of the WU-
Poll frame is required, and a multi-user (MU) indicator indicating whether the wake-up packet is used for multi-user
transmission.
[0029] Here, the legacy preamble may be transmitted through a frequency band of 20 MHz, and the WUR PPDU may
be transmitted through a frequency band smaller than 20 MHz.

[Advantageous Effects]

[0030] According to the present disclosure, in a WLAN based communication system, a communication node (e.g.,
AP or low-power STA) may comprise a primary connectivity radio (PCR) and a wake-up radio (WUR). The WUR may
include at least one of a wake-up receiver (WURx) capable of receiving a wake-up packet and a wake-up transmitter
(WUTx) capable of transmitting a wake-up packet. The low-power STA may operate in normal mode or WUR mode. In
the normal mode, the PCR of the low-power STA may operate in a wake-up state, and the WUR of the low-power STA
may operate in a sleep state. In the WUR mode, the PCR of the low-power STA may operate in a sleep state, and the
WURx of the low-power STA may operate in a wake-up state.
[0031] In a data transmission and reception procedure between the AP and the low-power STA, the low-power STA
may operate in the normal mode, and the low-power STA may operate in the WUR mode when the data transmission
and reception procedure between the AP and the low-power STA is terminated. Here, the data transmission and reception
procedure between the AP and the low-power STA may be performed to satisfy a latency requirement.
[0032] Meanwhile, in the WLAN based communication system, a wake-up packet that requests the low-power STA
to operate in the normal mode can be used. The wake-up packet may include a legacy preamble and a WUR physical
layer convergence protocol (PCLP) protocol data unit (PPDU), the WUR PPDU may be transmitted over a bandwidth
less than 20 MHz (e.g., 4 MHz, 8 MHz, 16 MHz, etc.), and a dummy signal, data, and the like may be transmitted through
a frequency band in which the WUR PPDU is not transmitted in the frequency band of 20 MHz. Alternatively, the WUR
PPDU may be duplicated at the frequency band of 20 MHz. Alternatively, a plurality of WUR PPDUs may be multiplexed
in the frequency band, or a WUR PPDU may be extended in the frequency band for the same information. Alternatively,
WUR PPDUs for different low-power STAs can be transmitted in orthogonal frequency division multiplexing (OFDM)
scheme in the frequency band of 20 MHz. Therefore, a communication node that cannot detect a narrow band signal
can detect the wake-up packet (or the WUR PPDU included in the wake-up packet) for the low-power STA, so that a
collision between the low-power STA and other communication nodes can be prevented.
[0033] Meanwhile, one wake-up packet may request one low-power STA or a plurality of low-power STAs to operate
in the normal mode. When the wake-up packet requesting a plurality of low-power STAs to operate in the normal mode
is received, the plurality of low-power STAs may delay transmission of a WU-Poll frame for reception of a trigger frame.
When the trigger frame is received from the AP, each of the plurality of low-power STAs may transmit the WU-Poll frame
through a resource indicated by the trigger frame. Thus, collisions between the WU-Poll frames can be prevented.
[0034] Meanwhile, the low-power STA can determine whether the low-power STA is located within the coverage of
the AP based on the quality of the signal received from the AP. If it is determined that the low-power STA is located
outside the coverage of the AP, the low-power STA may transmit a leave frame to the AP indicating that the low-power
STA is located outside the coverage of the AP. The AP receiving the leave frame may not transmit a data frame to the
low-power STA. Also, if it is determined that the low-power STA is located outside the coverage of the AP, the low-power
STA can search for a communicable AP based on signals received from other APs, and perform communications by
accessing a discovered AP. Therefore, the communication efficiency of the WLAN can be improved.
[0035] Meanwhile, each of the PCR and WUTx included in the AP can operate independently. For example, the WUTx
of the AP may transmit a wake-up packet to the low-power STA, and the PCR of the AP may transmit a data frame to
the low-power STA. When a response to the data frame is not received from the low-power STA, the PCR of the AP
may perform a retransmission procedure of the data frame. Since the low-power STA operating in the WUR mode cannot
receive the data frame, the low-power STA operating in the WUR mode cannot transmit the response to the data frame.
In this case the channel may be occupied by unnecessary retransmission procedures for the data frame. In order to
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solve the problem described above, the RF transceiver of the AP can operate considering the operation of the WURx
of the AP.

[Description of Drawings]

[0036]

FIG. 1 is a conceptual diagram illustrating a first embodiment of a WLAN based communication system;
FIG. 2 is a block diagram illustrating a first embodiment of a communication node belonging to a WLAN based
communication system;
FIG. 3 is a timing diagram illustrating a first embodiment of an operation method of a communication node based
on EDCA;
FIG. 4 is a conceptual diagram illustrating a second embodiment of a WLAN based communication system;
FIG. 5 is a block diagram illustrating a first embodiment of a low-power station in a WLAN based communication
system;
FIG. 6 is a conceptual diagram illustrating a first embodiment of a channel configuration in a WLAN based low-
power communication system;
FIG. 7 is a timing chart illustrating a first embodiment of an operation method of a communication node in a WLAN
based communication system;
FIG. 8 is a block diagram illustrating a first embodiment of a wake-up packet in a WLAN based communication system;
FIG. 9 is a conceptual diagram illustrating a first embodiment of received signal strengths in a WLAN based com-
munication system;
FIG. 10 is a conceptual diagram illustrating a transmission range of a wake-up packet in a WLAN based communi-
cation system;
FIG. 11 is a conceptual diagram illustrating a second embodiment of received signal strengths in a WLAN based
communication system;
FIG. 12 is a block diagram illustrating a second embodiment of a wake-up packet in a WLAN based communication
system;
FIG. 13 is a block diagram illustrating a third embodiment of a wake-up packet in a WLAN based communication
system;
FIG. 14 is a block diagram illustrating a fourth embodiment of a wake-up packet in a WLAN based communication
system;
FIG. 15 is a timing chart illustrating a second embodiment of an operation method of a communication node in a
WLAN based communication system;
FIG. 16 is a timing chart illustrating a third embodiment of an operation method of a communication node in a WLAN
based communication system;
FIG. 17 is a timing chart illustrating a fourth embodiment of an operation method of a communication node in a
WLAN based communication system;
FIG. 18 is a timing chart illustrating a fifth embodiment of an operation method of a communication node in a WLAN
based communication system;
FIG. 19 is a timing chart illustrating a sixth embodiment of an operation method of a communication node in a WLAN
based communication system;
FIG. 20 is a timing chart illustrating a seventh embodiment of an operation method of a communication node in a
WLAN based communication system;
FIG. 21 is a timing chart illustrating an eighth embodiment of an operation method of a communication node in a
WLAN based communication system;
FIG. 22 is a timing chart illustrating a ninth embodiment of an operation method of a communication node in a WLAN
based communication system;
FIG. 23 is a timing chart illustrating a tenth embodiment of an operation method of a communication node in a WLAN
based communication system;
FIG. 24 is a timing chart illustrating an eleventh embodiment of an operation method of a communication node in a
WLAN based communication system;
FIG. 25 is a timing chart illustrating a twelfth embodiment of an operation method of a communication node in a
WLAN based communication system;
FIG. 26 is a timing chart illustrating a thirteenth embodiment of an operation method of a communication node in a
WLAN based communication system;
FIG. 27 is a timing chart illustrating a fourteenth embodiment of an operation method of a communication node in
a WLAN based communication system;
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FIG. 28 is a timing chart illustrating a fifteenth embodiment of an operation method of a communication node in a
WLAN based communication system;
FIG. 29 is a timing chart illustrating a sixteenth embodiment of an operation method of a communication node in a
WLAN based communication system; and
FIG. 30 is a timing chart illustrating a seventeenth embodiment of an operation method of a communication node
in a WLAN based communication system.

[Modes of the Invention]

[0037] While the present invention is susceptible to various modifications and alternative forms, specific embodiments
are shown by way of example in the drawings and described in detail. It should be understood, however, that the
description is not intended to limit the present invention to the specific embodiments, but, on the contrary, the present
invention is to cover all modifications, equivalents, and alternatives that fall within the spirit and scope of the present
invention.
[0038] Although the terms "first," "second," etc. may be used herein in reference to various elements, such elements
should not be construed as limited by these terms. These terms are only used to distinguish one element from another.
For example, a first element could be termed a second element, and a second element could be termed a first element,
without departing from the scope of the present invention. The term "and/or" includes any and all combinations of one
or more of the associated listed items.
[0039] It will be understood that when an element is referred to as being "connected" or "coupled" to another element,
it can be directly connected or coupled to the other element or intervening elements may be present. In contrast, when
an element is referred to as being "directly connected" or "directed coupled" to another element, there are no intervening
elements.
[0040] The terminology used herein is for the purpose of describing particular embodiments only and is not intended
to be limiting of embodiments of the present invention. As used herein, the singular forms "a," "an," and "the" are intended
to include the plural forms as well, unless the context clearly indicates otherwise. It will be further understood that the
terms "comprises," "comprising," "includes," and/or "including," when used herein, specify the presence of stated features,
integers, steps, operations, elements, parts, and/or combinations thereof, but do not preclude the presence or addition
of one or more other features, integers, steps, operations, elements, parts, and/or combinations thereof.
[0041] Unless otherwise defined, all terms (including technical and scientific terms) used herein have the same meaning
as commonly understood by those of ordinary skill in the art to which the present invention pertains. It will be further
understood that terms defined in commonly used dictionaries should be interpreted as having a meaning that is consistent
with their meaning in the context of the related art and will not be interpreted in an idealized or overly formal sense unless
expressly so defined herein.
[0042] Hereinafter, exemplary embodiments of the present invention will be described in greater detail with reference
to the accompanying drawings. To facilitate overall understanding of the present invention, like numbers refer to like
elements throughout the description of the drawings, and description of the same component will not be reiterated.
[0043] Embodiments described in the present specification may be applied to a communication system (e.g., a wireless
local area network (WLAN) based communication system) according to the Institute of Electrical and Electronics Engi-
neers (IEEE) 802.11 standard. Also, the embodiments described in the present specification may be applied to other
communication systems as well as the communication systems conforming to the IEEE 802.11 standard. For example,
the embodiments described in the present specification may be applied to wireless personal area network (WPAN)
based communication systems, wireless body area network (WBAN) based communication systems, 4G communication
systems (e.g., long term evolution (LTE) based communication system, LTE-Advanced (LTE-A) based communication
system), 5G communication system (e.g., new radio (NR) communication system), or the like.
[0044] In the WLAN-based communication system, a station (STA) may refer to a communication node performing
functions of a medium access control (MAC) layer and functions of a physical layer on a wireless medium which are
defined in the IEEE 802.11 standard. The STA may be classified into an access point (AP) STA and a non-AP STA. The
AP STA may simply be referred to as an access point, and the non-AP STA may simply be referred to as a station. Also,
the AP may be referred to as a base station (BS), a node B, an evolved node B, a relay, a radio remote head (RRH), a
transmission and reception point (TRP), or the like. The station may be referred to as a terminal, a wireless transmit /
receive unit (WTRU), a user equipment (UE), a device, or the like and may be a smart phone, a tablet PC, a laptop
computer, a sensor device, or the like.
[0045] FIG. 1 is a conceptual diagram illustrating a first embodiment of a WLAN based communication system.
[0046] Referring to FIG. 1, a WLAN based communication system according to the IEEE 802.11 standard may include
at least one basic service set (BSS). The BSS may indicate a set of communication nodes (e.g., APs #1-2, STAs #1-6,
etc.). The BSS may be classified into an infrastructure BSS and an independent BSS (IBSS). Here, each of BSSs #1-2
may be an infrastructure BSS, and the BSS #3 may be an IBSS.
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[0047] The BSS #1 may include a STA #1, an AP #1 connected to a distribution system, and the like. Also, the BSS
#1 may further include the distribution system. The communications between the STA #1 and the AP #1 may be performed
based on the IEEE 802.11 standard in the BSS #1. The BSS #2 may include a STA #2, a STA #3, an AP #2 connected
to a distribution system, and the like. Also, the BSS #2 may further include the distribution system. The communications
between the STA # 2 and the AP #2, the communications between the STA #3 and the AP #2, and the like may be
performed based on the IEEE 802.11 standard in the BSS #2. The communications between STAs (e.g., STAs #1-3)
in the BSS #1 or BSS #2 may be performed through the AP (e.g., APs #1-2). However, when a direct link is established
between STAs (e.g., STA #1-3), direct communications between the STAs (e.g., STA #1-3) may be performed.
[0048] The BSS #3 may be an IBSS operating in an ad-hoc mode. There may not be an AP which is an entity that
performs a management function in the BSS #3. In the BSS #3, STAs (e.g., STAs #4-6) may be managed in a distributed
manner. The STAs (e.g., STAs #4-6) may form a self-contained network since connections to the distribution system
are not allowed in the BSS #3.
[0049] The plurality of BSSs (e.g., BSSs #1-2) may be interconnected via the distribution system. The plurality of BSSs
connected through the distribution system may be referred to as an extended service set (ESS). The communication
nodes (e.g., APs #1-2, STAs #1-3) included in the ESS may communicate with each other, and STAs (e.g., STA #1-3)
belonging to the same ESS may move between BSSs (e.g., BSSs #1-2) while performing seamless communications.
[0050] The communication node (e.g., AP, STA, etc.) belonging to the WLAN based communication system may be
configured as follows.
[0051] FIG. 2 is a block diagram illustrating a first embodiment of a communication node belonging to a WLAN based
communication system.
[0052] Referring to FIG. 2, a communication node 200 may include a baseband processor 210, a transceiver 220, an
antenna 230, a memory 240, an input interface unit 250, an output interface unit 260, and the like. The baseband
processor 210 may perform baseband-related signal processing, and may include a MAC processor 211 and a PHY
processor 212. The MAC processor 211 may perform functions of the MAC layer defined in the IEEE 802.11 standard
and the PHY processor 212 may perform functions of the PHY layer defined in the IEEE 802.11 standard.
[0053] The transceiver 220 may include a transmitter 221 and a receiver 222. The antenna 230 may be configured
as an antenna array to support multiple-input multiple-output (MIMO). The memory 240 may store instructions executed
by the baseband processor 210 and may comprise at least one of a read only memory (ROM) and a random access
memory (RAM). The input interface unit 250 may obtain information from a user of the communication node 200 and
the output interface unit 260 may provide information to the user of the communication node 200. The baseband processor
210, the transceiver 220, the memory 240, the input interface unit 250 and the output interface unit 260 may be connected
to each other via a bus.
[0054] Meanwhile, the communication node (e.g., AP, STA, etc.) belonging to the WLAN based communication system
may perform transmission and reception of a frame based on a point coordination function (PCF), a hybrid coordination
function (HCF), a HCF controlled channel access (HCCA) function, an enhanced distributed channel access (EDCA)
function, or the like.
[0055] In the WLAN based communication system, a frame may be classified into a management frame, a control
frame, and a data frame. The management frame may include an association request frame, an association response
frame, a reassociation request frame, a reassociation response frame, a probe request frame, a probe response frame,
a beacon frame, a disassociation frame, an authentication frame, a deauthentication frame, an action frame, and the like.
[0056] The control frame may include an acknowledgment (ACK) frame, a block ACK request (BAR) frame, a block
ACK (BA) frame, a power saving (PS)-Poll frame, a request to send (RTS) frame, a clear to send (CTS) frame, and the
like. The data frame may be classified into a quality of service (QoS) data frame and a non-QoS data frame. The QoS
data frame may indicate a data frame requiring transmission according to the QoS, and the non-QoS data frame may
indicate a data frame not requiring transmission according to the QoS.
[0057] FIG. 3 is a timing diagram illustrating a first embodiment of an operation method of a communication node
based on EDCA.
[0058] Referring to FIG. 3, a communication node desiring to transmit a control frame (or a management frame) may
perform a channel state monitoring operation (e.g., carrier sensing operation) during a predetermined period (e.g., short
interframe space (SIFS) or PCF IFS (PIFS)), and when the channel state is determined to be idle during the predetermined
period (e.g., SIFS or PIFS), the communication node may transmit the control frame (or the management frame). For
example, the communication node may transmit an ACK frame, a BA frame, a CTS frame, or the like when the channel
state is determined to be idle during SIFS. Also, the communication node may transmit a beacon frame or the like when
the channel state is determined to be idle during the PIFS. On the other hand, when it is determined that the channel
state is busy during the predetermined period (e.g., SIFS or PIFS), the communication node may not transmit the control
frame (or the management frame). Here, the carrier sensing operation may refer to a clear channel assessment (CCA)
operation.
[0059] A communication node desiring to transmit a non-QoS data frame may perform a channel state monitoring
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operation (e.g., carrier sensing operation) during DCF IFS (DIFS), and when the channel state is determined to be idle
during the DIFS, the communication node may perform a random backoff procedure. For example, the communication
node may select a backoff value (e.g., a backoff counter) within a contention window according to the random backoff
procedure and may perform a channel state monitoring operation (e.g., carrier sensing operation) during a period cor-
responding to the selected backoff value (hereinafter, referred to as ’backoff period’). The communication node may
transmit the non-QoS data frame when the channel state is determined to be idle during the backoff period.
[0060] A communication node desiring to transmit a QoS data frame may perform a channel state monitoring operation
(e.g., carrier sensing operation) during an arbitration IFS (AIFS), and when the channel state is determined to be idle
during the AIFS, the communication node may perform a random backoff procedure. The AIFS may be configured
according to an access category (AC) of a data unit (e.g., protocol data unit (PDU)) included in the QoS data frame. The
AC of the data unit may be as shown in Table 1 below.

[0061] AC BK may indicate background data, AC_BE may indicate data transmitted in the best effort manner, AC_VI
may indicate video data, AC_VO may indicate voice data. For example, the length of the AIFS for the QoS data frame
corresponding to each of AC_VO and AC_VI may be configured to be equal to the length of the DIFS. The length of the
AIFS for the QoS data frame corresponding to each of AC_BE and AC_BK may be configured to be longer than the
length of the DIFS. Here, the length of the AIFS for the QoS data frame corresponding to AC BK may be configured to
be longer than the length of the AIFS for the QoS data frame corresponding to AC_BE.
[0062] In the random backoff procedure, the communication node may select a backoff value (e.g., a backoff counter)
within a contention window according to the AC of the QoS data frame. The contention window according to the AC may
be as shown in Table 2 below. CWmin may indicate a minimum value of the contention window, CWmax may indicate a
maximum value of the contention window, and each of the minimum value and the maximum value of the contention
window may be represented by the number of slots.

[0063] The communication node may perform a channel state monitoring operation (e.g., carrier sensing operation)
during the backoff period and may transmit the QoS data frame when the channel state is determined to be idle during
the backoff period.
[0064] FIG. 4 is a conceptual diagram illustrating a second embodiment of a WLAN based communication system.
[0065] Referring to FIG. 4, a WLAN based communication system may include an AP 400, STAs supporting a low-
power operation (hereinafter referred to as ’low-power STA’) 411, 412 and 413, STAs 421, 422 and 423 which do not
support a wake-up radio (WUR) mode (hereinafter referred to as ’legacy STA’), and the like. The low-power STAs 411,
412 and 413 and the legacy STAs 421, 422 and 423 may belong to coverage of the AP 400, and the AP 400 may provide
communication services to the low-power STAs 411, 412 and 413 and the legacy STAs 421, 422 and 423. The low-
power STA #1 411 and the legacy STA #2 422 may be smart phones, and the low-power STA #2 412, the low-power
STA #3 413, the legacy STA #1 421, and the legacy STA #3 423 may be sensor devices.
[0066] The AP 400 may support communication protocols used by the low-power STAs 411, 412, and 413 and the
legacy STAs 421, 422, and 423, respectively. The low-power STAs 411, 412, and 413 may use communication protocols
defined in the IEEE 802.11ba standard. Also, the low-power STAs 411, 412, and 413 may use communication protocols

[Table 1]

Priority AC Description

Lowest AC_BK Background

AC_BE Best effort

AC_VI Video

Highest AC_VO Voice

[Table 2]

AC CWmin CWmax

AC_BK 31 1023

AC_BE 31 1023

AC_VI 15 31

AC_VO 7 15
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defined in other standards such as IEEE 802.11a/b/g/n/p/ac/ax/ad/ay, etc. as well as the communication protocol defined
in the IEEE 802.11ba standard. The legacy STAs 421, 422 and 423 may use the communication protocols defined in
standards (e.g., IEEE 802.11a/b/g/n/p/ac/ax/ay, etc.) other than IEEE 802.11ba standard.
[0067] The legacy STAs 421, 422 and 423 may be configured the same or similar to the communication node 200
shown in FIG. 2, and the low-power STAs 411, 412 and 413 may be configured as follows.
[0068] FIG. 5 is a block diagram illustrating a first embodiment of a low-power station in a WLAN based communication
system.
[0069] Referring to FIG. 5, a low-power STA 500 may include a baseband processor 510, a primary connectivity radio
(PCR) 520, an antenna 530, a memory 540, an input interface unit 550, an output interface unit 560, a wake-up receiver
(WURx) 570, and the like. For example, the low-power STA 500 may further include the WURx 570 as compared to the
communication node 200 of FIG. 2. The functions of each of the baseband processor 510, the PCR 520, the antenna
530, the memory 540, the input interface unit 550, and the output interface unit 560 included in the low-power STA 500
may be are the same as or similar to the functions of each of the baseband processor 210, the RF transceiver 220, the
antenna 230, the memory 240, the input interface unit 250, and the output interface unit 260 included in the communication
node 200 of FIG. 2.
[0070] The WURx 570 may be located in the PCR 520 or may be configured independently of the PCR 520. The
WURx 570 and the PCR 520 may share the same antenna 530. Alternatively, the antenna for the WURx 570 may be
configured separately from the antenna for the PCR 520. For example, the low-power STA 500 may include a first
antenna (not shown) for the WURx 570 and a second antenna (not shown) for the PCR 520. The communications
between the WURx 570 and the PCR 520 may be performed using a primitive signal, a signal according to an application
protocol interface (API), or the like.
[0071] The WURx 570 may operate in a narrow band (e.g., 4 MHz, 8 MHz, 16 MHz, etc.) and the power consumption
of the low-power STA 500 including the WURx 570 may be less than 1mW. The WURx 570 may receive an on-off keying
(OOK) modulated signal (e.g., a wake-up packet) and perform demodulation on the received signal to verify information
included in the received signal. The PCR 520 may transmit and receive frames (e.g., control frames, management
frames, data frames) defined in the IEEE 802.11 standard and may operate in at least one of the 2.4 GHz frequency
band and the 5 GHz frequency band. Also, the PCR 520 may support 20 MHz bandwidth, 40 MHz bandwidth, 80 MHz
bandwidth, 160 MHz bandwidth, or the like.
[0072] Each of the PCR 520 and the WURx 570 may operate in a wake-up state or a sleep state. The wake-up state
may indicate a state in which power is supplied to the corresponding entity (e.g., PCR 520 or WURx 570), and may be
referred to as "on state, "activation state", "enable state", "awake state", or the like. The sleep state may indicate a state
in which no power or a minimum power is supplied to the corresponding entity (e.g., PCR 520 or WURx 570), and may
be referred to as "off state", "deactivation state", "disable state", "doze state", or the like.
[0073] The low-power STA 500 may support two modes as shown in Table 3 below.

[0074] In the normal mode, the PCR 520 of the low-power STA 500 may operate in the wake-up state and the WURx
570 of the low-power STA 500 may operate in the sleep state. For example, the PCR 520 operating in the wake-up state
may perform transmission and reception procedures of a frame (e.g., a legacy frame, a legacy signal) with another
communication node. In the WUR mode, the PCR 520 of the low-power STA 500 may operate in the sleep state and
the WURx 570 of the low-power STA 500 may operate in the wake-up state. For example, the WURx 570 operating in
the wake-up state may perform a channel state monitoring operation (e.g., carrier sensing operation) to receive a wake-
up packet. Here, the wake-up packet may request the low-power STA 500 to operate in the normal mode.
[0075] When the wake-up packet is received from another communication node, the WURx 570 may transmit to the
PCR 520 a wake-up indicator requesting the PCR 520 to operate in the wake-up state. When the wake-up indicator is
received from the WURx 570, the operation state of the PCR 520 may transition from the sleep state to the wake-up
state. When the wake-up indicator is transmitted to the PCR 520 or when the operation state of the PCR 520 transitions
from the sleep state to the wake-up state, the operation state of the WURx 570 may transition from the wake-up state
to the sleep state. Alternatively, the operation state of the WURx 570 may transition from the wake-up state to the sleep
state when a sleep indicator requesting the WURx 570 to operate in the sleep state is received from the PCR 520. Here,
a time required for the transition from the WUR mode to the normal mode may be referred to as ’mode transition time’.
For example, the mode transition time may indicate a time from the reception of the wake-up packet to a time when the

[Table 3]

PCR WURx

Normal mode Wake-up state Sleep state

WUR mode Sleep state Wake-up state
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low-power STA starts to operate in the normal mode.
[0076] When the operation of frame transmission and reception is completed, the operation state of the PCR 520 may
transition from the wake-up state to the sleep state. In this case, the PCR 520 may transmit to the WURx 570 a wake-
up indicator requesting the WURx 570 to operate in the wake-up state. When the wake-up indicator is received from the
PCR 520, the operation state of the WURx 570 may transition from the sleep state to the wake-up state. When the wake-
up indicator is transmitted to the WURx 570 or when the operation state of the WURx 570 transitions from the sleep
state to the wake-up state, the operation state of the PCR 520 may transition from the wake-up state to the sleep state.
[0077] Also, the baseband processor 510 (e.g., a MAC processor 511 included in the baseband processor 510) may
operate in the wake-up state or the sleep state based on the operation state of the PCR 520. For example, the baseband
processor 510 (e.g., the MAC processor 511) may also operate in the wake-up state when the PCR 520 operates in the
wake-up state, and the baseband processor 510 (e.g., the MAC processor 511) may also operate in the sleep state
when the PCR 520 operates in the sleep state. For example, when a wake-up indicator requesting to operate in the
wake-up state is received from the PCR 520 operating in the wake-up state, the operation state of the baseband processor
510 (e.g., MAC processor 511) may transition from the sleep state to the wake-up state. When a sleep indicator requesting
to operate in the sleep state is received from the PCR 520 to operate in the sleep state, the operation state of the
baseband processor 510 (e.g., MAC processor 511) may transition from the wake-up state to the sleep state. Alternatively,
the baseband processor 510 may always operate in the wake-up state regardless of the operation state of the PCR 520.
[0078] Meanwhile, an AP supporting low-power operations may be configured the same or similar to the low-power
STA 500 described above. For example, the AP may include the baseband processor 510, the PCR 520, the antenna
530, the memory 540, the input interface unit 550, the output interface unit 560, the WURx 570, and the like. Also, the
AP may include a wake-up transmitter (WUTx) (not shown) instead of the WURx 570, or may include a wake up radio
(WUR) that performs the functions of WURx 570 and the WUTx. The WUTx may perform operations corresponding to
the WURx 570. For example, WUTx may operate in a narrow band (e.g., 4 MHz, 8 MHz, 16 MHz, etc.). The WUTx may
transmit an OOK modulated signal (e.g., the wake-up packet). Also, the low-power STA 500 may further include a WUTx
corresponding to the WURx 570.
[0079] Meanwhile, in the WLAN based communication system, a frequency band supported by the PCR of the com-
munication node (e.g., AP, STA) may be 10MHz, 20MHz, 40MHz, 80MHz, 160MHz, or the like according to the IEEE
802.11 standard (e.g., IEEE 802.11a/b/g/n/p/ac/ad/ax/ay). Also, in the frequency band supported by the PCR, one
channel (CH) may include a plurality of subchannels (SUB-CHs). Here, the number of subchannels and the bandwidth
of each subchannel may differ depending on the IEEE 802.11 standard (e.g., IEEE 802.11a/b/g/n/p/ac/ad/ax/ay). For
example, in the WLAN based communication system supporting the IEEE 802.11ax standard, a channel having a
bandwidth of 20 MHz may include up to 9 subchannels according to the size of a resource unit (RU) allocated to a
subchannel.
[0080] In a WLAN based low-power communication system, a channel may be configured as follows.
[0081] FIG. 6 is a conceptual diagram illustrating a first embodiment of a channel configuration in a WLAN based low-
power communication system.
[0082] Referring to FIG. 6, a WUR of a communication node (e.g., AP, low-power STA) may support a frequency band
of 20MHz or a frequency band smaller than 20 MHz (e.g., 4 MHz, 8 MHz, 16 MHz, etc.). Also, a channel used by the
WUR may comprise a plurality of subchannels, and a bandwidth of each of the plurality of subchannels may be less
than the bandwidth supported by the PCR. For example, the 40 MHz frequency band may be comprised of a channel
#0 and a channel #1, and when the bandwidth of the subchannel is 4 MHz, each of the channel #0 and the channel #1
may comprise three or four subchannels. Here, a guard band (GB) for protecting each subchannel may be located
between the subchannels.
[0083] Hereinafter, operation methods of communication nodes (e.g., AP, STA, etc.) supporting low-power operations
in a WLAN based communication system will be described. Even when a method (e.g., transmission or reception of a
frame) performed at a first communication node among the communication nodes is described, a corresponding second
communication node may perform a method (e.g., reception or transmission of the frame) corresponding to the method
performed at the first communication node. That is, when an operation of the STA is described, the corresponding AP
may perform an operation corresponding to the operation of the STA. Conversely, when an operation of the AP is
described, the corresponding STA may perform an operation corresponding to the operation of the AP.
[0084] Also, a transmission start time point and a transmission end time point of a signal (e.g., frame) in a transmitting
communication node may be assumed to be the same as a reception start time point and a reception end time point of
the corresponding signal (e.g., corresponding frame) in a receiving communication node. A start time point of a signal
(e.g., frame) may indicate a transmission start time point or a reception start time point, and an end time point of a signal
(e.g., frame) may indicate a transmission end time point or a reception end time point.
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1 Access procedure between AP and low-power STA

[0085] The access procedure between the AP and the low-power STA may be performed in the same or similar manner
as the access procedure between the AP and the legacy STA. For example, the access procedure may include a
discovery procedure (or a scanning procedure), an authentication procedure, and an association procedure. In the
discovery procedure, the low-power STA may transmit a probe request frame, receive a probe response frame from the
AP in response to the probe request frame, and identify information included in the probe response frame. Alternatively,
the low-power STA may receive a beacon frame from the AP and may identify information included in the beacon frame.
In the discovery procedure, the low-power STA may select at least one AP based on the information included in the
probe response frame or the beacon frame.
[0086] Then, the low-power STA may perform the authentication procedure with at least one AP selected in the
discovery procedure. For example, the low-power STA may transmit an authentication request frame to the AP and may
receive an authentication response frame from the AP in response to the authentication request frame. Then, the low-
power STA may perform the association procedure with one AP that has been authenticated. For example, the low-
power STA may transmit an association request frame to the AP and may receive an association response frame from
the AP in response to the association request frame. When the association procedure between the AP and the low-
power STA is completed, the access procedure between the AP and the low-power STA may be terminated.

1 Procedure for requesting support of low-power operation

[0087] After the access procedure between the AP and the low-power STA is completed, the low-power STA may
request the AP to support the low-power operation. A procedure for requesting support of the low-power operation may
be performed as follows.
[0088] FIG. 7 is a timing chart illustrating a first embodiment of an operation method of a communication node in a
WLAN based communication system.
[0089] Referring to FIG. 7, a WLAN based communication system may include an AP, a low-power STA, and the like.
The low-power STA may belong to coverage of the AP and may access the AP. The AP and the low-power STA may
operate based on the EDCA scheme shown in FIG. 3. The AP and the low-power STA may be the same as or similar
to the low-power STA 500 of FIG. 5. Also, the AP and the low-power STA may further include a WUTx as compared to
the low-power STA 500 of FIG. 5.
[0090] After the access procedure between the AP and the low-power STA is completed, the low-power STA may
generate a low-power (LP) support request frame 701 requesting the AP to support the low-power operation. The LP
support request frame may be configured to be the same as or similar to the action frame defined in the IEEE 802.11
standard. The LP support request frame 701 may include at least one of information elements described in Table 4 below.

[0091] The address may indicate a MAC address, an ID, an AID, a PAID, etc. of the low-power STA. The LP request
indicator may have a size of 1 bit. For example, an LP request indicator set to ’1’ may request support of the low-power
operation. The candidate resource information may indicate candidate resources (e.g., channel, subchannel, RU, etc.)
to be used in the data transmission and reception procedure between the AP and the low-power STA. Also, the LP
support request frame 701 may further include capability information of the low-power STA.
[0092] The low-power STA (e.g., the PCR in the low-power STA) may perform a carrier sensing operation in a carrier
sensing period, and transmit the LP support request frame 701 to the AP when the channel state is determined to be
idle during the carrier sensing period. The carrier sensing period may be SIFS, PIFS, ’DIFS + backoff period’, ’AIFS
[AC_VO] + backoff [AC_VO] period’, ’AIFS [AC_VI] + backoff [AC VI] period’, ’AIFS [AC_BE] + backoff [AC_BE] period’
or ’AIFS [AC_BK] + backoff [AC_BK] period’ as shown in FIG. 3.
[0093] The AP may receive the LP support request frame 701 from the low-power STA and may identify the information
elements included in the LP support request frame 701. For example, the AP may confirm that the support of the low-
power operation is requested based on the LP support request frame 701, and may determine whether to support the

[Table 4]

Information Element Description

Address MAC address, identifier (ID), association ID (ID), partial AID (PAID)

LP request indicator Requests support of low-power operation

Mode transition time Time required for transition from low-power mode to normal mode

Candidate resource information Channel, subchannel, RU
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low-power operation. When it is determined to support the low-power operation for the low-power STA, the AP may
allocate resources for the low-power STA based on the candidate resource information included in the LP support request
frame 701. For example, the AP may allocate the resources indicated by the candidate resource information of the LP
support request frame 701 as resources for the low-power STA. Alternatively, the AP may allocate resources other than
the resources indicated by the candidate resource information of the LP support request frame 701 as resources for the
low-power STA.
[0094] The AP may generate an LP support response frame 702 that includes at least one of information elements
listed in Table 5 below.

[0095] The LP approval indicator may have a size of 1 bit. For example, an LP approval indicator set to ’1’ may indicate
that support for the low-power operation is approved. The allocated resource information may indicate resources allocated
based on the candidate resource information included in the LP support request frame 701. The resources indicated by
the allocated resource information may be used for transmission and reception procedures between the AP and the low-
power STA.
[0096] The AP may transmit the LP support response frame 702 to the low-power STA after a SIFS from the reception
end time point of the LP support request frame 701. The low-power STA may receive the LP support response frame
702 from the AP and identify the information elements included in the LP support response frame 702. For example,
the low-power STA may determine that the support of the low-power operation is approved based on the LP support
response frame 702, and may operate in the WUR mode or the normal mode after the end of the reception of the LP
support response frame 702. That is, the low-power STA may operate only in the normal mode before the support of
the low-power operation is approved, and may operate in the WUR mode or the normal mode after the support of the
low-power operation is approved.
[0097] Meanwhile, the procedure for requesting support of low-power operation described above may be performed
in the association procedure between the AP and the low-power STA. In this case, the low-power STA may transmit an
association request frame containing at least one information element described in Table 4 to the AP. The AP may
receive the association request frame from the low-power STA and may determine whether to support the low-power
operation based on the information elements included in the association request frame. When the support of the low-
power operation is approved, the AP may generate an association response frame indicating that the support of the low-
power operation is approved, and may transmit the association response frame to the low-power STA. Here, the asso-
ciation response frame may include at least one information element described in Table 5. The low-power STA may
receive the association response frame from the AP and may identify the information elements included in the association
response frame. When it is determined that the support of the low-power operation is approved based on the association
response frame, the low-power STA may operate in the WUR mode or the normal mode after the reception end time
point of the association response frame.

1 Format of wake-up packet

[0098] In a WLAN based communication system, a wake-up packet may be used to wake up a low-power STA operating
in the WUR mode. The wake-up packet may be configured as follows.
[0099] FIG. 8 is a block diagram illustrating a first embodiment of a wake-up packet in a WLAN based communication
system.
[0100] Referring to FIG. 8, a wake-up packet 800 may include a legacy preamble 810 and a WR physical layer
convergence protocol (PLCP) protocol data unit (PPDU) 820. Alternatively, the wake-up packet 800 may consist of only
the WUR PPDU 820 except the legacy preamble 810. In this case, the wake-up packet 800 may be the WUR PPDU
820. The legacy preamble 810 may include a legacy short training field (L-STF) 811, a legacy long training field (L-LTF)
812, and a legacy signal (L-SIG) field 813. The size of the frequency band to which the legacy preamble 810 is mapped
may be 20 MHz.
[0101] The WUR PPDU 820 may include a WUR preamble 821, a MAC header 822, a frame body 823, and a frame
check sequence (FCS). The WUR PPDU 820 may be modulated based on the OOK scheme. The size of the frequency
band to which the WUR PPDU 820 is mapped may be smaller than 20 MHz. The WUR preamble 821 may include a
WUR-STF, a WUR-LTF, and a WUR-SIG field. Also, the WUR preamble 821 may include a pseudo random (PN)

[Table 5]

Information Element Description

LP approval indicator Indicates approval of support of low-power operation

Allocated resource information Channel, subchannel, RU
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sequence used for synchronization between the AP and the low-power STA (e.g., WURx included in the low-power
STA). Also, the PN sequence may indicate a data rate and bandwidth.
[0102] The MAC header 822 may include a transmitter address field and a receiver address field. For example, the
transmitter address field of the MAC header 822 may indicate the address of the AP that transmitted the wake-up packet
800, and the receiver address field of the MAC header 822 may indicate the address (e.g., MAC address, AID, PAID,
or the like) of the low-power STA to receive the wake-up packet 800. When the wake-up packet 800 is transmitted in a
broadcast manner, the receiver address field of the MAC header 822 may indicate that the wake-up packet 800 is
transmitted in the broadcast manner. When the wake-up packet 800 is transmitted in a multicast manner, the receiver
address field of the MAC header 822 may indicate a multicast address (or, group address, group ID).
[0103] The wake-up packet 800 may further include information elements required for the low-power operation. For
example, each of the MAC header 822 and the frame body 823 of the wake-up packet 800 may include at least one of
information elements shown in Table 6 below.

[0104] The Poll indicator may have a size of 1 bit. A Poll indicator set to ’0’ may indicate that transmission of a WU-
Poll frame is not required, and a Poll indicator set to ’1’ may indicate that transmission of a WU-Poll frame is required.
The MU indicator may have a size of 1 bit. An MU indicator set to ’0’ may indicate that wake-up packet 800 is used for
a single user transmission, and an MU indicator set to ’1’ may indicate that wake-up packet 800 is used for a multi-user
(MU) transmission. Also, the MU indicator set to ’1’ may indicate that a trigger frame for triggering the MU transmission
is transmitted. Since the size of the frequency band to which the legacy preamble 810 is mapped is different from the
size of the frequency band allocated to the WUR PPDU 820, when a transmission power of the legacy preamble 810 is
equal to that of the WUR PPDU 820, the following problems may occur.
[0105] FIG. 9 is a conceptual diagram illustrating a first embodiment of received signal strengths in a WLAN based
communication system, and FIG. 10 is a conceptual diagram illustrating a transmission range of a wake-up packet in a
WLAN based communication system.
[0106] Referring to FIGS. 9 and 10, a wake-up packet 910 may be configured to be the same as or similar to the wake-
up packet 800 shown in FIG. 8. For example, the wake-up packet 910 may include a legacy preamble 911 and a WUR
PPDU 912. The legacy preamble 911 may be transmitted over a 20 MHz bandwidth and the WUR PPDU 912 may be
transmitted over a bandwidth less than 20 MHz. The legacy frame 920 (e.g., a legacy signal) may be a frame configured
according to the IEEE 802.11 standard (e.g., IEEE 802.11a/b/g/n/p/ac/ax/ad/ay).
[0107] In case that the bandwidth configured for transmission of the WUR PPDU 912 is smaller than that of the legacy
preamble 911 and the legacy frame 920, when transmission powers of the legacy preamble 911, the WUR PPDU 912
and the legacy frame 920 are set equally, the received signal strength of the WUR PPDU 912 may be greater than those
of the legacy preamble 911 and the legacy frame 920 when the CCA operation is performed in the frequency band of
less than 20 MHz by the WURx. Therefore, the received signal strength of the WUR PPDU 912 measured by the WURx
may be greater than or equal to a CCA threshold, and the received signal strength of each of the legacy preamble 911
and the legacy frame 920 may be less than the CCA threshold.
[0108] In this case, the receiving communication node (e.g., AP, legacy STA, low-power STA) may determine that the
channel state is busy since the received signal strength of the WUR PPDU 912 is greater than the CCA threshold. On
the other hand, the receiving communication node may determine that the channel state is idle since the received signal
strength of each of the legacy preamble 911 and the legacy frame 920 is less than the CCA threshold, and may determine
that the legacy preamble 911 and the legacy frame 920 are not present. Therefore, when a channel access procedure
based on the CCA result measured by the WURx is performed, a communication error (e.g., frame collision) may occur
in the WLAN based communication system.
[0109] Also, when the transmission powers of the legacy preamble 911 and the WUR PPDU 912 are configured to
be the same, a transmission range of the WUR PPDU 912 may be longer than that of the legacy preamble 911. Thus,

[Table 6]

Information element Description

Poll indicator Indicates whether a WU-Poll frame notifying that the low-power STA operates in the normal 
mode is transmitted

MU indicator Indicates whether the wake-up signal is used for single user (MU) transmission or multi-user 
(MU) transmission

Quality Information Information on quality of data to be transmitted to the low-power STA (e.g., QoS-related 
information, AC, etc.). The quality information is used as a reference value for the mode 
transition time
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a low-power STA located between a boundary of the transmission range of the legacy preamble 911 and a boundary
of the transmission range of the WUR PPDU 912 may receive the WUR PPDU 912, determine that the low-power STA
is located within the coverage of the AP when the WUR PPDU 912 is received, and perform transmission and reception
procedures of legacy frames by transitioning from the WUR mode to the normal mode. However, since the low-power
STA located between the boundary of the transmission range of the legacy preamble 911 and that of the WUR PPDU
912 may not receive the legacy frame from the AP, a communication error (e.g., frame collision) may occur when an
channel access procedure is performed based on the CCA result measured by the WURx.
[0110] The transmission power of the WUR PPDU 812 may be configured to be smaller than the transmission power
of the legacy preamble 811 in order to configure the transmission ranges of the legacy preamble 811 and the WUR
PPDU 812 to be the same. In this case, the following problems may occur.
[0111] FIG. 11 is a conceptual diagram illustrating a second embodiment of received signal strengths in a WLAN
based communication system.
[0112] Referring to FIG. 11, the transmission power of the WUR PPDU 912 may be configured to be smaller than the
transmission power of each of the legacy preamble 911 and the legacy frame 920. In this case, the transmission range
of the WUR PPDU 912 may be the same as the transmission range of each of the legacy preamble 911 and the legacy
frame 920, and the received signal strength of the WUR PPDU 912 may be less than the received signal strength of
each of the legacy frame 911 and the legacy frame 920. Therefore, the received signal strength of the WUR PPDU 912
may be less than the CCA threshold, and the received signal strength of each of the legacy preamble 911 and the legacy
frame 920 may be greater than or equal to the CCA threshold.
[0113] In this case, since the received signal strength of each of the legacy preamble 911 and the legacy frame 920
is equal to or greater than the CCA threshold, the receiving communication node (e.g., AP, legacy STA, low-power STA)
may determine that the channel state is busy. On the other hand, the receiving communication node may determine
that the channel state is idle and the WUR PPDU 912 is not present when the received signal strength of the WUR
PPDU 912 is less than the CCA threshold. Therefore, a communication error (e.g., frame collision) may occur in the
WLAN based communication system.
[0114] In order to solve the above-described problems, the wake-up packet may be configured as follows.
[0115] FIG. 12 is a block diagram illustrating a second embodiment of a wake-up packet in a WLAN based commu-
nication system.
[0116] Referring to FIG. 12, a wake-up packet 1200 may include a legacy preamble 1210 and a WUR PPDU region
1220. The size of the frequency band to which the legacy preamble 1210 and the WUR PPDU region 1220 are mapped
may be 20 MHz and the transmission power of the legacy preamble 1210 may be configured equally to the transmission
power of the WUR PPDU region 1220. The legacy preamble 1210 may be configured to be the same as or similar to
the legacy preamble 810 shown in FIG. 8. For example, the legacy preamble 1210 may include an L-STF, an L-LTF,
and an L-SIG field.
[0117] The WUR PPDU region 1220 may include dummy signals 1221 and 1223 and a WUR PPDU 1222. A bit stream
of the dummy signal #1 1221 and the dummy signal #2 1223 may be filled with ’1’. The WUR PPDU 1222 may be
configured to be the same as or similar to the WUR PPDU 820 shown in FIG. 8. For example, the WUR PPDU 1222
may include a WUR preamble, a MAC header, a frame body, and an FCS field. In the WUR PPDU region 1220, the
dummy signals 1221 and 1223 and the WUR PPDU 1122 may be configured based on a frequency division multiplexing
scheme.
[0118] Alternatively, a guard band (GB) may be configured between the WUR PPDU 1222 and the dummy signals
1221 and 1223. For example, a GB #1 may be set between the dummy signal 1221 and the WUR PPDU 1222, and a
GB #2 may be set between the WUR PPDU 1222 and the dummy signal 1223.
[0119] Information of the frequency band (e.g., center frequency, bandwidth) to which the WUR PPDU 1222 is mapped
may be signaled to the low-power STA in the procedure shown in FIG. 7. For example, the information of the frequency
band to which the WUR PPDU 1222 is mapped may be included in the LP support response frame 702 or the association
response frame of FIG. 7.
[0120] FIG. 13 is a block diagram illustrating a third embodiment of a wake-up packet in a WLAN based communication
system.
[0121] Referring to FIG. 13, a wake-up packet 1300 may include a legacy preamble 1310 and a WUR PPDU region
1320. The size of the frequency band to which the legacy preamble 1310 and the WUR PPDU region 1320 are mapped
may be 20 MHz and the transmission power of the legacy preamble 1310 may be configured equally to the transmission
power of the WUR PPDU region 1320. The legacy preamble 1310 may be configured to be the same as or similar to
the legacy preamble 810 shown in FIG. 8. For example, the legacy preamble 1310 may include an L-STF, an L-LTF,
and an L-SIG field.
[0122] The WUR PPDU region 1320 may include a plurality of WUR PPDUs. Each of the plurality of WUR PPDUs
may be configured the same as or similar to the WUR PPDU 820 shown in FIG. 8. For example, each of the plurality of
WUR PPDUs may include a WUR preamble, a MAC header, a frame body, and an FCS field. The WUR PPDU of the
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WUR PPDU area 1320 may be duplicated in the frequency band or may be extended in the frequency band. Alternatively,
the plurality of WUR PPDUs may be multiplexed in the frequency band. For example, the WUR PPDU region 1320 may
include the same three WUR PPDUs, and the size of the frequency band to which each of the three WUR PPDUs is
mapped may be 4 MHz. Alternatively, a GB may be configured between the WUR PPDUs in the WUR PPDU region
1320. For example, a GB #1 may be configured between the first WUR PPDU and the second WUR PPDU, and a GB
#2 may be configured between the second WUR PPDU and the third WUR PPDU. Also, each of the plurality of WUR
PPDUs may have information for different communication nodes. That is, the plurality of WUR PPDUs may be multiplexed
in the frequency band. In this case, an indicator indicating a position of the frequency band in which each of the plurality
of WUR PPDUs is transmitted may be signaled through a frame exchange procedure before the wake-up packet or the
wake-up packet.
[0123] Alternatively, the WUR PPDU may be transmitted over an extended bandwidth. For example, even when the
WUR PPDU is negotiated to be transmitted through the 4MHz frequency band between the transmitting communication
node and the receiving communication node, the transmitting communication node may transmit the WUR PPDU through
the 16MHz or 20MHz frequency band. In this case, the WUR PPDU may be designed so that the receiving communication
node can easily perform the OOK demodulation operation based on an energy detection scheme. Alternatively, the
WUR PPDU may be configured without a GB in the frequency band. Alternatively, frequency tones outside the band in
an ON signal period may be multiplied by a coefficient 1 or -1, and the frequency tones outside the band in an OFF
signal period may be multiplied by a coefficient 0.
[0124] Information of the frequency band to which the WUR PPDUs are mapped (e.g., center frequency, bandwidth),
information on the duplication, and the type of the multiplexed WUR PPDUs (e.g., frequency extension of the WUR
PPDU, the number of multiplexed and duplicated WUR PPDUs, extended bandwidth, etc.) may be signaled to the low-
power STA in the procedure shown in FIG. 7. For example, the information of the frequency band to which the WUR
PPDUs are mapped, the frequency band pattern of the duplicated and multiplexed WUR PPDUs, whether to use the
extended WUR PPDU, and the like may be included in the LP support response frame 702 or the association response
frame have.
[0125] FIG. 14 is a block diagram illustrating a fourth embodiment of a wake-up packet in a WLAN based communication
system.
[0126] Referring to FIG. 14, a wake-up packet 1400 may include a legacy preamble 1410 and a WUR PPDU region
1420. The size of the frequency band to which the legacy preamble 1410 and the WUR PPDU region 1420 are mapped
may be 20 MHz and the transmission power of the legacy preamble 1410 may be configured equally to the transmission
power of the WUR PPDU region 1420. The legacy preamble 1410 may be configured to be the same as or similar to
the legacy preamble 810 shown in FIG. 8. For example, the legacy preamble 1410 may include an L-STF, an L-LTF,
and an L-SIG field.
[0127] The WUR PPDU region 1420 may include a plurality of WUR PPDUs 1421, 1422 and 1423. Each of the plurality
of WUR PPDUs 1421, 1422 and 1423 may be configured the same as or similar to the WUR PPDU 820 shown in FIG.
8. For example, each of the plurality of WUR PPDUs 1421, 1422 and 1423 may include a WUR preamble, a MAC header,
a frame body, and an FCS field. Each of the plurality of WUR PPDUs 1421, 1422 and 1423 may be configured based
on the OFDM scheme. For example, the size of the frequency band to which each of the plurality of WUR PPDUs 1421,
1422 and 1423 is mapped may be 4 MHz. Alternatively, a GB may be configured between the plurality of WUR PPDUs
1421, 1422 and 1423. For example, a GB #1 may be configured between the WUR PPDU 1421 and the WUR PPDU
1422, and a GB #2 may be configured between the WUR PPDU 1422 and the WUR PPDU 1423.
[0128] Also, the plurality of WUR PPDUs 1421, 1422 and 1423 may be respectively configured for different low-power
STAs. For example, the WUR PPDU 1421 may be a signal requesting wake up of a low-power STA #1 (e.g., a PCR
included in the low-power STA #1), the WUR PPDU 1422 may be a signal requesting wake up of a low-power STA #2
(e.g., a PCR included in the low-power STA #2), and the WUR PPDU 1423 may be a signal requesting wake up of a
low-power STA #3 (e.g., a PCR included in the low-power STA #3).
[0129] Information (e.g., center frequency, bandwidth) of a frequency band to which each of the plurality of WUR
PPDUs 1421, 1422 and 1423 is mapped may be signaled to the low-power STA in the procedure shown in FIG. 7. For
example, information related to the type of wake-up packet including the information on the frequency band to which
each of a plurality of WUR PPDUs 1421, 1422 and 1423 is mapped may be included in the LP support response frame
702 or the association response frame of FIG. 7.
[0130] When the communication node (e.g., another AP, legacy STA, low-power STA) located within the coverage of
the corresponding AP receives the wake-up packet 1200, 1300 or 1400 from the corresponding AP in the embodiments
of FIGS. 12 to 14, the received signal strengths of the legacy preambles 1210, 1310 and 1410 and the WUR PPDU
regions 1220, 1320 and 1420 measured by the communication node may all be greater than or equal to the CCA
threshold. On the other hand, when the communication node (e.g., another AP, legacy STA, low-power STA) located
outside the coverage of the corresponding AP receives the wake-up packet 1200, 1300 or 1400 from the corresponding
AP, the received signal strengths of the legacy preambles 1210, 1310 and 1410 and the WUR PPDU regions 1220,
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1320 and 1420 measured by the communication node may all be less than the CCA threshold. Therefore, the problems
according to FIGS. 9 to 11 may be solved, so that a communication error (e.g., frame collision) in the WLAN based
communication system may be solved.

1 Communication procedure between AP and low-power STA

[0131] After the access procedure (or the procedure for requesting support of a low-power operation), a communication
procedure between the AP and the low-power STA in a WLAN based communication system may be performed as follows.
[0132] FIG. 15 is a timing chart illustrating a second embodiment of an operation method of a communication node
in a WLAN based communication system.
[0133] Referring to FIG. 15, a WLAN based communication system may include an AP, a low-power STA, and the
like. The low-power STA may belong to coverage of the AP and may access the AP. The AP and the low-power STA
may operate based on the EDCA scheme shown in FIG. 3. The AP and the low-power STA may be the same as or
similar to the low-power STA 500 of FIG. 5. Also, the AP and the low-power STA may further include a WUTx as compared
to the low-power STA 500 of FIG. 5.
[0134] When data to be transmitted to the low-power STA is present at the AP, the AP may generate a wake-up packet
1501. The wake-up packet 1501 may be configured to be the same as or similar to the wake-up packet shown in FIGS.
8 and 12 to 14. For example, the wake-up packet 1501 may request the low-power STA to operate in the normal mode
and may be modulated in the OOK manner. The wake-up packet 1501 may further include a Poll indicator, and the Poll
indicator may indicate that transmission of the WU-Poll frame is not required.
[0135] The AP may perform a carrier sensing operation during a predetermined period (e.g., carrier sensing period).
The predetermined period may be SIFS, PIFS, ’DIFS + backoff period’, ’AIFS [AC_VO] + backoff [AC_VO] period’, ’AIFS
[AC_VI] + backoff [AC_VI] period’, ’AIFS [AC_BE] + backoff [AC_BE] period’ or ’AIFS [AC_BK] + backoff [AC_BK] period’.
For example, when the data to be transmitted to the low-power STA is non-QoS data, the AP may perform the carrier
sensing operation during (DIFS + backoff period). When the data to be transmitted to the low-power STA is QoS data,
the AP may perform the carrier sensing operation during (AIFS + backoff period) according to an AC of the QoS data.
[0136] When the channel state is determined to be idle during the predetermined period, the AP may transmit the
wake-up packet 1501 to the low-power STA. The wake-up packet 1501 may be transmitted in a broadcast manner, a
multicast manner, or a unicast manner. When the wake-up packet 1501 includes a legacy preamble and a WUR PPDU,
a transmission bandwidth of the legacy preamble of the wake-up packet 1501 may be 20 MHz and a transmission
bandwidth of the WUR PPDU of the wake-up packet 1501 may be 20 MHz or smaller than 20 MHz. For example, the
transmission bandwidth of the WUR PPDU of the wake-up packet 1501 may be 4 MHz, 8 MHz, 16 MHz, or the like. On
the other hand, when the channel state is determined to be busy during the predetermined period, the AP may perform
the carrier sensing operation again.
[0137] Meanwhile, a WURx of the low-power STA operating in the WUR mode (e.g., PCR: sleep state, WURx: wake-
up state) may perform a monitoring operation (e.g., carrier sensing operation) to receive the wake-up packet 1501. When
the wake-up packet 1501 is received from the AP, the operation mode of the low-power STA may transition from the
WUR mode to the normal mode (e.g., PCR: wake-up state, WURx: sleep state). Also, the low-power STA receiving the
wake-up packet 1501 may operate in the normal mode when the receiver address field of the wake-up packet 1501
indicates the low-power STA. The low-power STA operating in the normal mode may perform subsequent operations
based on the information included in the wake-up packet 1501 received in the WUR mode. When the Poll indicator
included in the wake-up packet 1501 indicates that the transmission of the WU-Poll frame is not required, the low-power
STA may maintain the normal mode for a predetermined time without transmitting the WU-Poll frame. The transmission
and reception procedure of data frames may be performed during the normal mode.
[0138] Meanwhile, the AP may generate a data frame 1502 and may transmit the data frame 1502 to the low-power
STA after a transmission waiting period from the transmission end time point of the wake-up packet. The transmission
waiting period may be configured based on the mode transition time of the low-power STA that received the wake-up
packet 1501. For example, the transmission waiting period may be equal to or longer than the mode transition time of
the low-power STA, and may start from the transmission end time point of the wake-up packet 1501. Therefore, when
the transmission waiting period has elapsed from the transmission end time point of the wake-up packet 1501, the AP
may determine that the low-power STA operates in the normal mode.
[0139] The carrier sensing operation may be performed after the transmission waiting period, and the AP may transmit
the data frame 1502 to the low-power STA after the carrier sensing period when the channel state is determined to be
idle. The carrier sensing period may be configured to (DIFS + backoff period) or (AIFS + backoff period). When the
channel state is determined to be busy during the carrier sensing period, the AP may stop a current backoff value (e.g.,
a random access procedure), and if the channel state changes from the busy state to the idle state, the carrier sensing
operation may be performed again during (DIFS + a period corresponding to the stopped backoff value) or (AIFS + a
period corresponding to the stopped backoff value). When the duration of (DIFS + a period corresponding to the stopped
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backoff value) or (AIFS + period corresponding to the stopped backoff value) expires, the AP may transmit the data
frame 1502 to the low-power STA. If the response of the data frame 1502 is not received from the low-power STA within
a predetermined time, the AP may determine that the data frame 1502 has failed to transmit and may configure the
carrier sensing period again. For example, the contention window for the reconfigured carrier sensing period may be
twice the contention window for the previous carrier sensing period. When the channel occupation by another commu-
nication node is terminated, the AP may perform a carrier sensing operation during the configured carrier sensing period,
and when the channel state is idle during the configured carrier sensing period, the AP may transmit the data frame
1502 to the low-power STA.
[0140] Also, in order to prevent the channel from being occupied by other communication nodes in the transmission
waiting period, the AP may repeatedly transmit the wake-up packet 1501 (e.g., some of the signals in the wake-up packet
1501) in the transmission waiting period. Alternatively, the AP may repeatedly transmit a dummy signal in the transmission
waiting period. Alternatively, the AP may transmit a frame (e.g., a data frame for a legacy STA) for another STA in the
transmission waiting period.
[0141] Meanwhile, a duration field included in the data frame 1502 may indicate a duration corresponding to (SIFS +
ACK frame 1503), a duration corresponding to (SIFS + ACK frame 1503 + SIFS + LP operation request frame 1504),
or a duration corresponding to (SIFS + ACK frame 1503+ SIFS + LP operation request frame 1504 + SIFS + LP operation
response frame 1505).
[0142] The duration field included in the data frame 1502 may be set based on operation mode transition procedures
to be described below. For example, when operation mode transition procedures #1 and #2 are used, the duration field
included in the data frame 1502 may indicate a duration corresponding to the duration corresponding to (SIFS + ACK
frame 1503). When an operation mode transition procedure #4 is used, the duration field included in the data frame
1502 may indicate the duration corresponding to (SIFS + ACK frame 1503 + SIFS + LP operation request frame 1504).
When an operation mode transition procedure #5 is used, the duration field included in the data frame 1502 may indicate
the duration corresponding to (SIFS + ACK frame 1503+ SIFS + LP operation request frame 1504 + SIFS + LP operation
response frame 1505). The other communication node receiving the data frame 1502 may set a network allocation vector
(NAV) based on the duration field included in the data frame 1502.
[0143] Meanwhile, the PCR of the low-power STA may receive the data frame 1502 from the AP. When a decoding
operation of the data frame 1502 has been successfully completed, the PCR of the low-power STA may transmit an
ACK frame 1503 to the AP in response to the data frame 1502. The ACK frame 1503 may be transmitted after an SIFS
from the reception end time point of the data frame 1502. When the ACK frame 1503 is received from the low-power
STA, the AP may determine that the data frame 1502 has been successfully received at the low-power STA.
[0144] On the other hand, when a channel condition between the AP and the low-power STA is bad, the PCR of the
low-power STA may not receive the data frame 1502 from the AP. For example, when the low-power STA fails to receive
the data frame 1502 from the AP during a predetermined period (e.g., reception waiting period) from the transition point
from the WUR mode to the normal mode, the low-power STA enters the WUR mode. The reception waiting period may
be set by the AP, and the AP may transmit information indicating the set reception waiting period to the low-power STA
through the wake-up packet 1501, the LP support response frame 701, or the association response frame shown in FIG.
7. Also, when a response to the data frame 1502 is not received from the low-power STA, the AP may determine that
the low-power STA operates in the WUR mode after the reception waiting period, and perform a procedure of retrans-
mitting the wake-up packet by considering the reception waiting period.
[0145] When the transmission and reception procedure of the data frame 1502 is completed, an operation mode
transition procedure of the low-power STA may be performed. The operation mode transition procedure of the low-power
STA may be performed in five manners as follows.

1 Operation mode transition procedure #1 (using ACK frame 1503)

[0146] The low-power STA may operate in the WUR mode after transmitting the ACK frame 1503 to the AP in response
to the data frame 1502. For example, at the transmission end time point of the ACK frame 1503, the operation mode of
the low-power STA may transition from the normal mode to the WUR mode. Here, the ACK frame 1503 may include an
indicator indicating that the low-power STA operates in the WUR mode. When the ACK frame 1503 is received from the
low-power STA, the AP may determine that the low-power STA is operating in the WUR mode.

1 Operation mode transition procedure #2 (using ACK frame 1503)

[0147] When a frame (e.g., a signal) is not received from the AP within a predetermined period (e.g., the reception
waiting period) from the transmission end time point of the ACK frame 1503, the low-power STA may operate in the
WUR mode after expiration of the reception waiting period. The reception waiting period may be set by the AP and the
AP may transmit information indicating the reception waiting period to the low-power STA through the wake-up packet
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1501, the LP support response frame 702, or the association response frame shown in FIG. 7.

1 Operation mode transition procedure #3 (using ’ACK frame 1503 + LP operation response frame 1505’)

[0148] When the ACK frame 1503 is received that is the response to the data frame 1502 from the low-power STA,
the AP may generate the LP operation response frame 1505 approving the low-power STA to operate in the WUR mode.
Here, the ACK frame 1503 may include an indicator requesting approval of the WUR mode operation, and the LP
operation response frame 1505 may be generated when data to be transmitted to the low-power STA is not present at
the AP. The AP may transmit the LP operation response frame 1505 to the low-power STA. The LP operation response
frame 1505 may be transmitted after a SIFS from the reception end time point of the ACK frame 1503. The LP operation
response frame 1505 may be configured to be an action frame or a null data frame. The low-power STA receiving the
LP operation response frame 1505 may operate in the WUR mode and the AP transmitting the LP operation response
frame 1505 may determine that the low-power STA operates in the WUR mode.

1 Operation mode transition procedure #4 (using ’ACK frame 1503 + LP operation request frame 1504’)

[0149] After transmission of the ACK frame 1503, which is a response to the data frame 1502, the low-power STA
may generate the LP operation request frame 1504 informing it to operate in the WUR mode, and transmit the generated
LP operation request frame 1504 to the AP. The LP operation request frame 1504 may be transmitted by the PCR of
the low-power STA and may be transmitted after a SIFS from the transmission end time point of the ACK frame 1503.
The low-power STA may operate in the WUR mode after transmission of the LP operation request frame 1504. When
the LP operation request frame 1504 is received from the low-power STA, the AP may determine that the low-power
STA operates in the WUR mode after the reception end time point of the LP operation request frame 1504.

1 Operation mode transition procedure #5 (using ’ACK frame 1503 + LP operation request frame 1504 + LP operation 
response frame 1505’)

[0150] After transmission of the ACK frame 1503, which is a response to the data frame 1502, the low-power STA
may generate the LP operation request frame 1504 requesting approval of the WUR mode operation, and transmit the
generated LP operation request frame 1504 to the AP. The LP operation request frame 1504 may be transmitted by the
PCR of the low-power STA and may be transmitted after the transmission end time point of the ACK frame 1503. The
AP receiving the LP operation request frame 1504 may generate the LP operation response frame 1505 approving the
low-power STA to operate in the WUR mode when data to be transmitted to the low-power STA is not present at the
AP. The AP may transmit the LP operation response frame 1505 to the low-power STA. The LP operation response
frame 1505 may be transmitted after a SIFS from the reception end time point of the LP operation request frame 1504.
Here, the LP operation request frame 1504 and the LP operation response frame 1505 may be configured to be an
action frame or a null data frame. The low-power STA receiving the LP operation response frame 1505 may operate in
the WUR mode, and the AP transmitting the LP operation response frame 1505 may determine that the low-power STA
operates in the WUR mode.
[0151] On the other hand, when the ACK frame for the data frame is not received at the AP, a retransmission procedure
of the data frame may be performed as follows.
[0152] FIG. 16 is a timing chart illustrating a third embodiment of an operation method of a communication node in a
WLAN based communication system.
[0153] Referring to FIG. 16, a WLAN based communication system may include an AP, a low-power STA, and the
like. The low-power STA may belong to coverage of the AP and may access the AP. The AP and the low-power STA
may be the same as or similar to the low-power STA 500 of FIG. 5. Also, the AP and the low-power STA may further
include a WUTx as compared to the low-power STA 500 of FIG. 5. The AP and the low-power STA may operate based
on the EDCA scheme shown in FIG. 3. Each of wake-up packets 1601 and 1603, data frames 1602 and 1604, an ACK
frame 1605, an LP operation request frame 1606, an LP operation response frame 1607, a carrier sensing period and
a transmitting waiting period of FIG. 16 may be configured to be the same as or similar to the wake-up packet 1501, the
data frame 1502, the ACK frame 1503, the LP operation request frame 1504, the LP operation response frame 1505,
the carrier sensing period and the transmission waiting period of FIG. 15.
[0154] The WURx of the low-power STA operating in the WUR mode (e.g., PCR: sleep state, WURx: wake-up state)
may perform a monitoring operation (e.g., carrier sensing operation) to receive the wake-up packet 1601. When there
is data to be transmitted to the low-power STA, the AP may generate the wake-up packet #1 1601. The wake-up packet
#1 1601 may be configured to be the same as or similar to the wake-up packet shown in FIGS. 8 and 12 to 14. For
example, the wake-up packet #1 1601 may request the low-power STA to operate in the normal mode and may be
modulated in the OOK manner. The wake-up packet #1 1601 may further include a Poll indicator, and the Poll indicator
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may indicate that transmission of the WU-Poll frame is not required.
[0155] When the channel state is determined to be idle during the predetermined period (e.g., carrier sensing period),
the AP may transmit the wake-up packet #1 1601 to the low-power STA. The wake-up packet #1 1601 may be transmitted
in a broadcast manner, a multicast manner, or a unicast manner. When the wake-up packet #1 1601 includes a legacy
preamble and a WUR PPDU, a transmission bandwidth of the legacy preamble of the wake-up packet #1 1601 may be
20 MHz and a transmission bandwidth of the WUR PPDU of the wake-up packet #1 1601 may be 20 MHz or smaller
than 20 MHz. For example, the transmission bandwidth of the WUR PPDU of the wake-up packet #1 1601 may be 4
MHz, 8 MHz, 16 MHz, or the like.
[0156] After the transmission end time point of the wake-up packet #1 1601, the AP may transmit the data frame #1
1602 to the low-power STA through a channel access procedure after the transmission waiting period from the trans-
mission end time point of the wake-up packet #1 1601. When a response to the data frame 1602 is not received within
a timeout period (e.g., (SIFS + (23time slot) + (ACK frame transmission time)) from the transmission end time point of
the data frame 1602, the AP may determine that data frame 1602 is not received at the low-power STA. For example,
the data frame 1602 may not be received or decoded at the low-power STA when the PCR of the low-power STA operates
in the sleep mode or when the channel condition between the AP and the low-power STA is bad. Therefore, the low-
power STA may not be able to transmit an ACK frame for the data frame #1 1602 to the AP.
[0157] In this case, the AP may perform a retransmission procedure of the data frame. For example, the AP may
perform a carrier sensing operation during a carrier sensing period to transmit the wake-up packet #2 1603. The carrier
sensing period for the wake-up packet #2 1603 may start after the timeout period from the transmission end time point
of the data frame 1602. The carrier sensing period of the wake-up packet #2 1603 may be set based on the carrier
sensing period of the wake-up packet #1 1601. For example, the carrier sensing period of the wake-up packet #2 1603
may be set equal to the carrier sensing period of the wake-up packet #1 1601. Alternatively, a contention window for
the carrier sensing period of the wake-up packet #2 1603 may be set to be twice a contention window for the carrier
sensing period of the wake-up packet #1 1601.
[0158] Here, the wake-up packet #2 1603 may be configured to be the same as the wake-up packet #1 1601. That
is, the wake-up packet #2 1603 may be configured to be the same as or similar to the wake-up packet shown in FIGS.
8 and 12 to 14. For example, the wake-up packet #2 1603 may request the low-power STA to operate in the normal
mode and may be modulated in the OOK manner. The wake-up packet #2 1603 may further include a Poll indicator,
and the Poll indicator may indicate that transmission of the WU-Poll frame is not required.
[0159] When the channel state is determined to be idle during the carrier sensing period, the AP may transmit the
wake-up packet #2 1603 to the low-power STA. After the transmission end time point of the wake-up packet #2 1603,
the AP may perform a carrier sensing operation during a transmission waiting period, and transmit the data frame #2
1604 to the low-power STA when the channel state is determined to be idle during the transmission waiting period. The
transmission waiting period of the data frame #2 1604 may be set to be the same as the transmission waiting period of
the data frame #1 1602. Alternatively, a contention window for the transmission waiting period of the data frame #2 1604
may be set to be twice a contention window for the transmission waiting period of the data frame #1 1602.
[0160] When the wake-up packet #2 1603 is received from the AP, the operation mode of the low-power STA may
transition from the WUR mode to the normal mode. Also, the low-power STA receiving the wake-up packet #2 1603
may operate in the normal mode when a receiver address field of the wake-up packet #2 1603 indicates the low-power
STA. Then, transmission and reception procedures of the data frame #2 1604, an ACK frame 1605, an LP operation
request frame 1606 and an LP operation response frame 1607 may be performed. The transmission and reception
procedures of the data frame #2 1604, the ACK frame 1605, the LP operation request frame 1606 and the LP operation
response frame 1607 may be performed identically or similarly to those of the data frame 1502, the ACK frame 1503,
the LP operation request frame 1504 and the LP operation response frame 1505 as shown in FIG. 15.
[0161] On the other hand, the AP may receive a WU-Poll frame from the low-power STA, which is a response to the
wake-up packet, instead of transmitting the data frame after the transmission waiting period from the transmission end
time point of the wake-up packet. When the WU-Poll frame is received from the low-power STA, the AP may transmit
a data frame to the low-power STA. Here, the WU-Poll frame may indicate that the low-power STA operates in the normal
mode. Embodiments using the WU-Poll frame in the WLAN based communication system may be as follows.
[0162] FIG. 17 is a timing chart illustrating a fourth embodiment of an operation method of a communication node in
a WLAN based communication system.
[0163] Referring to FIG. 17, a WLAN based communication system may include an AP, a low-power STA, and the
like. The low-power STA may belong to coverage of the AP and may access the AP. The AP and the low-power STA
may be the same as or similar to the low-power STA 500 of FIG. 5. Also, the AP and the low-power STA may further
include a WUTx as compared to the low-power STA 500 of FIG. 5. The AP and the low-power STA may operate based
on the EDCA scheme shown in FIG. 3. Each of a wake-up packet 1701, a data frame 1703, an ACK frame 1704, an LP
operation request frame 1705, an LP operation response frame 1706, a carrier sensing period and a transmitting waiting
period of FIG. 17 may be configured to be the same as or similar to the wake-up packet 1501, the data frame 1502, the
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ACK frame 1503, the LP operation request frame 1504, the LP operation response frame 1505, the carrier sensing
period and the transmission waiting period of FIG. 15.
[0164] When there is data to be transmitted to the low-power STA, the AP may generate the wake-up packet 1701.
The wake-up packet 1701 may be configured to be the same as or similar to the wake-up packet shown in FIGS. 8 and
12 to 14. For example, the wake-up packet 1701 may request the low-power STA to operate in normal mode and may
be modulated in the OOK manner. The wake-up packet 1701 may further include a Poll indicator, and the Poll indicator
may indicate that transmission of the WU-Poll frame is required. Also, the wake-up packet 1701 may further include
information on quality (e.g., QoS-related information, AC information) of data included in the data frame 1703, a duration
field, and the like.
[0165] The duration field of the wake-up packet 1701 may indicate the length of the data frame 1703 (e.g., a data unit
included in the data frame 1703). Alternatively, the duration field of the wake-up packet 1701 may include a period from
the transmission end time point of the wake-up packet 1701 to the transmission end time point of the WU-Poll frame
1702, a period from the transmission end time point of the wake-up packet 1701 to the transmission end time point of
the ACK frame 1704, or a period from the transmission end time point of the wake-up packet 1701 to the transmission
end time point of the LP operation response frame 1706. Therefore, another communication node receiving the wake-
up packet 1701 may set a NAV based on the duration field of the wake-up packet 1701.
[0166] When the channel state is determined to be idle during the predetermined period (e.g., carrier sensing period),
the AP may transmit the wake-up packet 1701 to the low-power STA. When the wake-up packet 1701 includes a legacy
preamble and a WUR PPDU, a transmission bandwidth of the legacy preamble of the wake-up packet 1701 may be 20
MHz and a transmission bandwidth of the WUR PPDU of the wake-up packet 1701 may be 20 MHz or smaller than 20
MHz. For example, the transmission bandwidth of the WUR PPDU of the wake-up packet 1701 may be 4 MHz, 8 MHz,
16 MHz, or the like.
[0167] Meanwhile, a WURx of the low-power STA operating in the WUR mode (e.g., PCR: sleep state, WURx: wake-
up state) may perform a monitoring operation (e.g., carrier sensing operation) to receive the wake-up packet 1701. When
the wake-up packet 1701 is received from the AP and a receiver address field of the wake-up packet 1701 indicates the
low-power STA, the operation mode of the low-power STA may transition from the WUR mode to the normal mode.
Also, the WURx of the low-power STA may transmit the information (e.g., the address, the QoS related information, the
AC information, the duration field, the Poll indicator) included in the wake-up packet 1701 to the PCR (or, baseband
processor) of the low-power STA.
[0168] The low-power STA (e.g., PCR, baseband processor) may identify the information included in the wake-up
packet 1701. When the Poll indicator included in the wake-up packet 1701 is set to ’1’, the low-power STA may determine
that transmission of the WU-Poll frame is required. Thus, the PCR of the low-power STA may generate the WU-Poll
frame 1702 indicating that the low-power STA operates in the normal mode, and may transmit the generated WU-Poll
frame 1702 to the AP. In this case, the PCR of the low-power STA may perform a carrier sensing operation in the carrier
sensing period according to the AC indicated by the wake-up packet 1701, and when the channel state is determined
to be idle during the carrier sensing period, the PCR of the low-power STA may transmit the WU-Poll frame 1702 to the
AP. The carrier sensing period for the WU-Poll frame 1702 may be SIFS, PIFS, ’DIFS + backoff period’, ’AIFS [AC_VO]
+ backoff [AC VO] period’, ’AIFS [AC_VI] + backoff [AC_VI] period’, ’AIFS [AC_BE] + backoff [AC_BE] period’ or ’AIFS
[AC_BK] + backoff [AC_BK] period’ shown in FIG. 3.
[0169] The WU-Poll frame 1702 may be configured to be the same as or similar to a PS-Poll frame defined in the IEEE
802.11 standard. The WU-Poll frame 1702 may further include a duration field, and the duration field of the WU-Poll
frame 1702 may indicate a period from the transmission end time point of the WU-Poll frame 1702 to the transmission
end time point of the ACK frame 1704 or a period from the transmission end time point of the WU-Poll frame 1702 to
the transmission end time point of the LP operation response frame 1706. Thus, another communication node receiving
the WU-Poll frame 1702 may set a NAV based on the duration field of the WU-Poll frame 1702.
[0170] When the WU-Poll frame 1702 is received from the low-power STA, the AP may determine that the low-power
STA operates in the normal mode. Accordingly, the AP may transmit the data frame 1703 to the low-power STA after
an SIFS from the reception end time point of the WU-Poll frame 1702. Alternatively, the AP may transmit an ACK frame
(not shown), which is a response of the WU-Poll frame 1702, to the low-power STA after an SIFS from the reception
end time point of the WU-Poll frame 1702, and transmit the data frame 1703 to the low-power STA after an SIF from
the transmission end time point of the ACK frame. The low-power STA may receive the data frame 1703 from the AP
and may transmit an ACK frame 1704, which is a response to the data frame 1703, to the AP.
[0171] On the other hand, when a channel condition between the AP and the low-power STA is bad, the low-power
STA may not receive the data frame 1703 from the AP. Alternatively, the AP may not transmit the data frame 1703 if
the AP fails to receive the WU-Poll frame 1702 from the low-power STA, in which case the low-power STA may not
receive the data frame 1703 from the AP. For example, when the low-power STA fails to receive the data frame 1703
from the AP during a predetermined period (e.g., reception waiting period) from the transmission end time point of the
WU-Poll frame 1702, the low-power STA may operate in the WUR mode. The reception waiting period may be set by
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the AP, and the AP may transmit information indicating the reception waiting period to the low-power STA through the
LP support response frame 702 or the association response frame shown in FIG. 7.
[0172] After the transmission and reception of the WU-Poll frame 1702 are completed, transmission and reception
procedures of the data frame 1703, the ACK frame 1704, the LP operation request frame 1705 and the LP operation
response frame 1706 may be performed. The transmission and reception procedures of the data frame 1703, the ACK
frame 1704, the LP operation request frame 1705 and the LP operation response frame 1706 may be performed identically
or similarly to those of the data frame 1502, the ACK frame 1503, the LP operation request frame 1504 and the LP
operation response frame 1505 as shown in FIG. 15.
[0173] On the other hand, when the WU-Poll frame which is a response to the wake-up packet is not received at the
AP, a retransmission procedure of the wake-up packet may be performed as follows.
[0174] FIG. 18 is a timing chart illustrating a fifth embodiment of an operation method of a communication node in a
WLAN based communication system.
[0175] Referring to FIG. 18, a WLAN based communication system may include an AP, a low-power STA, and the
like. The low-power STA may belong to coverage of the AP and may access the AP. The AP and the low-power STA
may be the same as or similar to the low-power STA 500 of FIG. 5. Also, the AP and the low-power STA may further
include a WUTx as compared to the low-power STA 500 of FIG. 5. The AP and the low-power STA may operate based
on the EDCA scheme shown in FIG. 3. Each of wake-up packets 1801 and 1802, a WU-Poll frame 1803, a data frame
1804, an ACK frame 1805, an LP operation request frame 1806, an LP operation response frame 1807, a carrier sensing
period and a transmitting waiting period of FIG. 18 may be configured to be the same as or similar to the wake-up packet
1701, the WU-Poll frame 1702, the data frame 1703, the ACK frame 1704, the LP operation request frame 1705, the
LP operation response frame 1706, the carrier sensing period and the transmission waiting period of FIG. 17.
[0176] A WURx of the low-power STA operating in WUR mode (e.g., PCR: sleep state, WURx: wake-up state) may
perform a monitoring operation (e.g., a carrier sensing operation) to receive the wake-up packets 1801 and 1802. When
there is data to be transmitted to the low-power STA, the AP may generate the wake-up packet #1 1801. The wake-up
packet #1 1801 may be configured to be the same as or similar to the wake-up packet shown in FIGS. 8 and 12 to 14.
For example, the wake-up packet #1 1801 may request the low-power STA to operate in the normal mode and may be
modulated in the OOK manner. The wake-up packet #1 1801 may further include a Poll indicator, and the Poll indicator
may indicate that transmission of the WU-Poll frame is required. The wake-up packet #1 1801 may further include
information on quality (e.g., QoS-related information, AC information) of data included in the data frame 1804, a duration
field, and the like. When the channel state is determined to be idle during a predetermined period (e.g., carrier sensing
period), the AP may transmit the wake-up packet #1 1801 to the low-power STA. The carrier sensing period may be
SIFS, PIFS, ’DIFS + backoff period’, ’AIFS [AC_VO] + backoff [AC_VO] period’, ’AIFS [AC_VI] + backoff [AC_VI] period’,
’AIFS [AC_BE] + backoff [AC_BE] period’ or ’AIFS [AC_BK] + backoff [AC_BK] period’ shown in FIG. 3.
[0177] The WU-Poll frame which is a response to the wake-up packet #1 1801 may not be received from the low-
power STA within a timeout period (e.g., the transmission waiting period shown in FIG. 15) from the transmission end
time point of the wake-up packet #1 1801. For example, when the wake-up packet #1 1801 fails to be successfully
received (or decoded) at the low-power STA, or when the operation mode of the low-power STA fails to transition from
the WUR mode to the normal mode within the timeout period, the low-power STA may not be able to transmit the WU-
Poll frame which is the response to the wake-up packet #1 1801. When the WU-Poll frame, which is the response to
the wake-up packet #1 1801, is not received from the low-power STA, the AP may determine that the low-power STA
operates in the WUR mode. Therefore, the AP may perform a retransmission procedure of the wake-up packet #2 1802.
The wake-up packet #2 1802 may be configured to be the same as or similar to the wake-up packet #1 1801.
[0178] The AP may perform a carrier sensing operation during a carrier sensing period for the retransmission procedure
of the wake-up packet #2 1802. The carrier sensing period for the wake-up packet #2 1802 may start from the end point
of the timeout period, and may be set based on the carrier sensing period of the wake-up packet #1 1801. For example,
the carrier sensing period of the wake-up packet #2 1802 may be set equal to the carrier sensing period of the wake-
up packet #1 1801. Alternatively, a contention window for the carrier sensing period of the wake-up packet #2 1802 may
be set to be twice a contention window for the carrier sensing period of the wake-up packet #1 1801.
[0179] When the wake-up packet #2 1802 is received from the AP and a receiver address field of the wake-up packet
#2 1802 indicates the low-power STA, the operation mode of the low-power STA may transition from the WUR mode to
the normal mode. Also, the WURx of the low-power STA may transmit the information (e.g., the address, the QoS related
information, the AC information, the duration field) included in the wake-up packet #2 1802 to the PCR (or, baseband
processor) of the low-power STA.
[0180] The PCR of the low-power STA may transmit a WU-Poll frame 1803 to the AP indicating that the low-power
STA operates in the normal mode. After the transmission and reception of the wake-up packet #2 1802 are completed,
transmission and reception procedures of the WU-Poll frame 1803, the data frame 1804, an ACK frame 1805, an LP
operation request frame 1806 and an LP operation response frame 1807 may be performed. The transmission and
reception procedures of the WU-Poll frame 1803, the data frame 1804, the ACK frame 1805, the LP operation request
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frame 1806 and the LP operation response frame 1807 may be performed identically or similarly to those of the WU-
Poll frame 1702, the data frame 1703, the ACK frame 1704, the LP operation request frame 1705 and the LP operation
response frame 1706 as shown in FIG. 17.
[0181] Meanwhile, when the AP provides communication services to a plurality of low-power STAs, operating methods
of a communication node may be as follows.
[0182] FIG. 19 is a timing chart illustrating a sixth embodiment of an operation method of a communication node in a
WLAN based communication system.
[0183] Referring to FIG. 19, a WLAN based communication system may include an AP, a low-power STA #1, a low-
power STA #2, and the like. The low-power STA #1 and the low-power STA #2 may belong to coverage of the AP and
may access the AP. The AP, the low-power STA #1, and the low-power STA #2 may be the same as or similar to the
low-power STA 500 of FIG. 5. Also, the AP, the low-power STA #1, and the low-power STA #2 may further include a
WUTx as compared to the low-power STA 500 of FIG. 5. The AP, the low-power STA #1, and the low-power STA #2
may operate based on the EDCA scheme shown in FIG. 3.
[0184] The data transmission and reception procedure between the AP and the low-power STA #1 (hereinafter referred
to as ’data transmission and reception procedure #1’) and the data transmission and reception procedure between the
AP and the low-power STA #2 (hereinafter referred to as ’data transmission and reception procedure #2’) may be
performed consecutively in the time domain. For example, the data transmission and reception procedure #2 may be
performed after the data transmission and reception procedure #1 is completed. The data transmission and reception
procedure #1 may include transmission and reception procedures of a wake-up packet #1 1901, a WU-Poll frame #1
1902, a data frame #1 1903, an ACK frame #1 1904, an LP operation request frame #1 1905 and an LP operation
response frame #1 1906. The data transmission and reception procedure #2 may include transmission and reception
procedures of a wake-up packet #2 1907, a WU-Poll frame #2 1908, a data frame #2 1909, an ACK frame #2 1910, an
LP operation request frame #2 1911 and an LP operation response frame #2 1912. Each of the data transmission and
reception procedure #1 and the data transmission and reception procedure #2 may be performed identically to or similarly
to those of the wake-up packet 1701, the WU-Poll frame 1702, the data frame 1703, the ACK frame 1704, the LP
operation request frame 1705 and the LP operation response frame 1706 shown in FIG. 16.
[0185] The data transmission and reception procedure #1 and the data transmission and reception procedure #2 may
be performed in different transmission opportunities (TXOPs), or may be performed in one TXOP. For example, when
the size of data units to be transmitted to the low-power STAs #1 and #2 are equal to or larger than a preset threshold
value, the data transmission and reception procedures #1 and #2 may be performed in different TXOPs. In this case, a
TXOP #1 for the data transmission and reception procedure #1 may be configured to be a period from a transmission
start time point of the wake-up packet #1 1901 to a transmission end time point of the LP operation response frame #1
1906, and a TXOP #2 for the data transmission and reception procedure #2 may be configured to be a period from a
transmission start time point of the wake-up packet #2 1907 to a transmission end time point of the LP operation response
frame #2 1912. Therefore, the AP may perform a carrier sensing operation to transmit the wake-up packet #2 1907 after
expiration of the TXOP #1.
[0186] On the other hand, when the size of data units to be transmitted to the low-power STAs #1 and #2 are smaller
than the preset threshold value, the data transmission and reception procedures #1 and #2 may be performed in one
TXOP. The TXOP for the data transmission and reception procedures #1 and #2 may be configured to be a period from
the transmission start time point of the wake-up packet #1 1901 to the transmission end time point of the LP operation
response #2 frame 1912. In this case, the AP may transmit the wake-up packet #2 1907 after an SIFS from the transmission
end time point of the LP operation response frame #1 1906.
[0187] On the other hand, when the AP provides communication services to a plurality of low-power STAs, commu-
nications may be performed based on a trigger frame. The communication methods based on the trigger frame may be
as follows.
[0188] FIG. 20 is a timing chart illustrating a seventh embodiment of an operation method of a communication node
in a WLAN based communication system.
[0189] Referring to FIG. 20, a WLAN based communication system may include an AP, a low-power STA #1, a low-
power STA #2, a low-power STA #3, and the like. The low-power STAs #1 to #3 may belong to coverage of the AP and
may access the AP. The AP, the low-power STA #1, the low-power STA #2 and the low-power STA #3 may be the same
as or similar to the low-power STA 500 of FIG. 5. Also, the AP, the low-power STA #1, the low-power STA #2 and the
low-power STA #3 may further include a WUTx as compared to the low-power STA 500 of FIG. 5. Each of wake-up
packets 2001, 2002 and 2003, WU-Poll frames 2005, data frames 2006, ACK frames 2007, LP operation request frames
2009, LP operation response frames 2010, a carrier sensing period and a transmitting waiting period of FIG. 20 may be
configured to be the same as or similar to the wake-up packet 1701, the WU-Poll frame 1702, the data frame 1703, the
ACK frame 1704, the LP operation request frame 1705, the LP operation response frame 1706, the carrier sensing
period and the transmission waiting period of FIG. 17.
[0190] When there is data to be transmitted to the low-power STAs #1 to #3, the AP may generate the wake-up packets
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2001, 2002 and 2003. The wake-up packets 2001, 2002 and 2003 may be configured to be the same as or similar to
the wake-up packet shown in FIGS. 8 and 12 to 14. For example, each of the wake-up packets 2001, 2002 and 2003
may request each of the low-power STAs #1 to #3 to operate in the normal mode and may be modulated in the OOK
manner. Each of the wake-up packets 2001, 2002 and 2003 may further include a Poll indicator, an MU indicator, and
an indicator indicating a time point (T) at which the corresponding low-power STA operates in the normal mode. The
Poll indicator of each of the wake-up packets 2001, 2002 and 2003 may indicate that transmission of the WU-Poll frame
is required and the MU indicator of each of the wake-up packets 2001, 2002 and 2003 may indicate that each of the
wake-up packets 2001, 2002 and 2003 is used for multi-user transmission. The low-power STAs #1 to #3 may operate
in the normal mode at the same time by the indicator indicating the time point (T) at which the low-power STA operates
in the normal mode. Therefore, waiting periods (e.g., a period from an operation time point of the normal mode to a
reception time point of a trigger frame 2004) generated due to differences in reception time points of the wake-up packets
2001, 2002 and 2003 and mode transition times of the low-power STAs may be reduced, thereby reducing power
consumption.
[0191] Here, the wake-up packet #1 2001 may be configured for the low-power STA #1, and a receiver address field
of the wake-up packet#1 2001 may indicate the low-power STA #1. The wake-up packet #2 2002 may be configured
for the low-power STA #2, and a receiver address field of the wake-up packet #2 2002 may indicate the low-power STA
#2. The wake-up packet #3 2003 may be configured for the low-power STA #3, and a receiver address field of the wake-
up packet #3 2003 may indicate the low-power STA #3.
[0192] The AP may transmit the wake-up packet #1 2001 to the low-power STA #1 when the channel state is idle
during a predetermined period (e.g., carrier sensing period), transmit the wake-up packet #2 2002 to the low-power STA
#2 after an xIFS from a transmission end time point of the wake-up packet #1 2001, and transmit the wake-up packet
#3 2003 to the low-power STA #3 after an xIFS from a transmission end time point of the wake-up packet #2 2002. The
xIFS may be an SIFS or an IFS (e.g., reduced IFS) that is shorter than the SIFS.
[0193] A WURx of the low-power STAs #1 to #3 operating in the WUR mode (e.g., PCR: sleep state, WURx: wake-
up state) may perform a monitoring operation (e.g., carrier sensing operation) to receive each of the wake-up packets
2001, 2002 and 2003. When each of the wake-up packets 2001, 2002 and 2003 is received from the AP and a receiver
address field of each of the wake-up packets 2001, 2002 and 2003 indicates each of the low-power STAs #1 to #3, the
operation mode of the corresponding low-power STA may transition from the WUR mode to the normal mode. Here,
wake-up times of the PCRs of the low-power STAs #1 to #3 may be different from each other.
[0194] Also, the low-power STAs #1 to #3 may confirm that the transmission of the WU-Poll frame is required based
on the Poll indicators of the wake-up packets 2001, 2002 and 2003, and confirm that wake-up packets 2001, 2002 and
2003 are used for multi-user transmission based on the MU indicators of the wake-up packets 2001, 2002 and 2003. In
this case, the low-power STAs #1 to #3 may wait for receiving the trigger frame #1 2004 after receiving the wake-up
packets 2001, 2002 and 2003.
[0195] Also, the operation modes of the low-power STAs #1 to #3 may transition from the WUR mode to the normal
mode in accordance with the operation time points of the normal mode indicated by the wake-up packets 2001, 2002
and 2003. In this case, the low-power STAs #1 to #3 may additionally perform low-power operations until the operation
time points of the normal mode indicated by the wake-up packets 2001, 2002 and 2003.
[0196] When it is determined that all the low-power STAs #1 to #3 operate in the normal mode (e.g., when a transmission
waiting period (e.g., mode transition time) elapses from a transmission end time point of the wake-up packet 2003), the
AP may transmit the trigger frame #1 2004, which triggers the transmission of the WU-Poll frames 2005. The trigger
frame #1 2004 may include information indicating an RU #1 allocated for transmission of the WU-Poll frame #1 of the
low-power STA #1, information indicating an RU #2 allocated for transmission of the WU-Poll frame #2 of the low-power
STA #2, and information indicating an RU #3 allocated for transmission of the WU-Poll frame #3 of the low-power STA #3.
[0197] Each of the RU #1, the RU #2 and the RU #3 may indicate a different frequency band (e.g., channel, subchannel)
and may be mapped to an identifier of the low-power STA #1, an identifier of the low-power STA #2 or an identifier of
the low-power STA #3. Also, the RU #1 may be used for transmission and reception procedures of the data frame #1
and the ACK frame #1 of the low-power STA #1, the RU #2 may be used for transmission and reception procedures of
the data frame #2 and the ACK frame #2 of the low-power STA #2, and the RU #3 may be used for transmission and
reception procedures of the data frame #3 and the ACK frame #3 of the low-power STA #3.
[0198] When the trigger frame 2004 is received from the AP, the low-power STAs #1 to #3 may identify allocated
resources (e.g., RU #1, RU #2 and RU #3) based on the information included in the trigger frame 2004. The PCRs of
the low-power STAs #1 to #3 may use the allocated resources (e.g., RU #1, RU #2 and RU #3) to transmit the WU-Poll
frames (e.g., WU-Poll frame #1, WU-Poll frame #2, WU-Poll frame #3) to the AP. The WU-Poll frames 2005 may be
transmitted after an SIFS from the reception end time point of the trigger frame #1 2004, and may be transmitted based
on an orthogonal frequency division multiple access (OFDMA) scheme.
[0199] When the WU-Poll frames 2005 are received from the low-power STAs #1 to #3, the AP may determine that
the low-power STAs #1 to #3 operate in the normal mode. Therefore, the AP may transmit the data frames 2006 to the
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low-power STAs #1 to #3 after an SIFS from the reception end time point of the WU-Poll frames 2005. The data frames
2006 may be transmitted based on the OFDMA scheme.
[0200] The PCRs of the low-power STAs #1 to #3 operating in the wake-up state may receive the data frames 2006
from the AP, and may transmit the ACK frames 2007, that are responses to the data frames 2006, to the AP when
decoding operations on the data frames 2006 are completed successfully. The ACK frames 2007 may be transmitted
based on the OFDMA scheme. Alternatively, the ACK frames 2007 may be a block ACK (BA) frame for the data frames
2006. The AP receiving the ACK frames 2007 may determine that the data frames 2006 have been successfully received
at the low-power STAs #1 to #3.
[0201] Then, the AP may generate a trigger frame #2 2008, which triggers transmission of the LP operation request
frames 2009. The trigger frame #2 2008 may include information indicating an RU #1 allocated for transmission of the
LP operation request frame #1 of the low-power STA #1, information indicating an RU #2 allocated for transmission of
the LP operation request frame #2 of the low-power STA #2, and information indicating an RU #3 allocated for transmission
of the LP operation request frame #3 of the low-power STA #3.
[0202] Each of the RU #1, the RU #2 and the RU #3 indicated by the trigger frame #2 2008 may indicate a different
frequency band (e.g., channel, subchannel) and may be mapped to an identifier of the low-power STA #1, an identifier
of the low-power STA #2 or an identifier of the low-power STA #3. Also, the RU #1 may be used for transmission and
reception procedures of the LP operation response frame #1 of the low-power STA #1, the RU #2 may be used for
transmission and reception procedures of the LP operation response frame #2 of the low-power STA #2, and the RU
#3 may be used for transmission and reception procedures of the LP operation response frame #3 of the low-power
STA #3.
[0203] When the trigger frame 2008 is received from the AP, the PCRs of the low-power STAs #1 to #3 may use the
allocated resources (e.g., RU #1, RU #2 and RU #3) to transmit the LP operation request frames 2009. The LP operation
request frame #1 may request approval of the WUR mode operation of the low-power STA #1, the LP operation request
frame #2 may request approval of the WUR mode operation of the low-power STA #2, and the LP operation request
frame #3 may request approval of the WUR mode operation of the low-power STA #3. The LP operation request frames
2009 may be transmitted after an SIFS from the reception end time point of the trigger frame #2 2008 and may be
transmitted based on the OFDMA scheme.
[0204] The AP receiving the LP operation request frames 2009 may transmit the LP operation response frames 2010
as responses to the LP operation request frames 2009 to the low-power STAs #1 to #3 when there are no data to be
transmitted to the low-power STAs #1 to #3. The LP operation response frame #1 may indicate that the WUR mode
operation of the low-power STA #1 is approved, the LP operation response frame #2 may indicate that the WUR mode
operation of the low-power STA #2 is approved, and the LP operation response frame #3 may indicate that the WUR
mode operation of the low-power STA #3 is approved. The LP operation response frames 2010 may be transmitted after
an SIFS from the reception end time point of the LP operation request frames 2009 and may be transmitted based on
the OFDMA scheme.
[0205] The LP operation response frame #1, which is a response to the LP operation request frame #1, may be
transmitted using the RU #1 indicated by the trigger frame 2008, the LP operation response frame #2, which is a response
to the LP operation request frame #2, may be transmitted using the RU #2 indicated by the trigger frame 2008, and the
LP operation response frame #3, which is a response to the LP operation request frame #3, may be transmitted using
the RU #3 indicated by the trigger frame 2008. The low-power STAs #1 to #3 receiving the LP operation response frames
may operate in the WUR mode and the AP transmitting the LP operation response frames may determine the low-power
STAs #1 to #3 operate in the WUR mode.
[0206] Meanwhile, when the AP provides communication services to a plurality of low-power STAs, the wake-up packet
for the plurality of low-power STAs may be transmitted in a broadcast manner or a multicast manner.
[0207] FIG. 21 is a timing chart illustrating an eighth embodiment of an operation method of a communication node
in a WLAN based communication system.
[0208] Referring to FIG. 21, a WLAN based communication system may include an AP, a low-power STA #1, a low-
power STA #2, a low-power STA #3, a low-power STA #4, and the like. The low-power STAs #1 to #4 may belong to
coverage of the AP and may access the AP. The AP, the low-power STA #1, the low-power STA #2, the low-power STA
#3 and the low-power STA #4 may be the same as or similar to the low-power STA 500 of FIG. 5. Also, the AP, the low-
power STA #1, the low-power STA #2, the low-power STA #3 and the low-power STA #4 may further include a WUTx
as compared to the low-power STA 500 of FIG. 5.
[0209] Each of a wake-up packet 2101, trigger frames 2102 and 2106, WU-Poll frames 2103, data frames 2104, ACK
frames 2105, LP operation request frames 2107, LP operation response frames 2108, a carrier sensing period and a
transmitting waiting period of FIG. 21 may be configured to be the same as or similar to the wake-up packets 2001, 2002
and 2003, the trigger frames 2004 and 2008, the WU-Poll frame 2005, the data frame 2006, the ACK frame 2007, the
LP operation request frame 2009, the LP operation response frame 2010, the carrier sensing period and the transmission
waiting period of FIG. 20.
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[0210] When there is data to be transmitted to the low-power STAs #1 to #3, the AP may generate the wake-up packet
2101. The wake-up packet 2101 may be configured to be the same as or similar to the wake-up packet shown in FIGS.
8 and 12 to 14. For example, the wake-up packet 2101 may request the low-power STAs to operate in normal mode
and may be modulated in the OOK manner. The wakeup packet 2101 may further include a Poll indicator and an MU
indicator. The Poll indicator of the wake-up packet 2101 may indicate that transmission of the WU-Poll frame is required
and the MU indicator of the wake-up packet 2101 may indicate that the wake-up packet 2101 is used for multi-user
transmission.
[0211] When the wakeup packet 2101 is transmitted in a broadcast manner, the receiver address field of the wake-
up packet 2101 may indicate that the wake-up packet 2101 is transmitted in a broadcast manner. For example, the
receiver address field included in the wake-up packet 2101 may include a broadcast identifier (e.g., a broadcast MAC
address, a broadcast AID, or a broadcast PAID). When the wake-up packet 2101 is transmitted in a multicast manner,
the wake-up packet 2101 may include a multicast identifier (e.g., a multicast MAC address, a multicast AID, a multicast
PAID, or a group ID) indicating the low-power STAs #1 to #3 at which the data frames 2104 are to be received. The AP
may transmit the wake-up packet 2101 in a broadcast manner or a multicast manner when the channel state is idle
during a predetermined period (e.g., carrier sensing period).
[0212] The WURx of the low-power STAs #1 to #4 operating in the WUR mode (e.g., PCR: sleep state, WURx: wake-
up state) may perform a monitoring operation (e.g., carrier sensing operation) to receive the wake-up packet 2101. When
the wake-up packet 2101 is received from the AP as transmitted in the broadcast manner, the operation modes of all
the low-power STAs #1 to #4 belonging to the coverage of the AP may transition from the WUR mode to the normal
mode. When the wake-up packet 2101 is received from the AP as including the multicast identifier indicating the low-
power STAs #1 to #3, the operation mode of the low-power STAs #1 to #3 may transition from the WUR mode to the
normal mode. On the other hand, the low-power STA #4 which is not indicated by the multicast identifier included in the
wake-up packet 2101 may maintain the WUR mode.
[0213] Also, the low-power STAs may confirm that the transmission of the WU-Poll frame is required based on the
Poll indicator of the wake-up packet 2101, and confirm that wake-up packet 2101 is used for multi-user transmission
based on the MU indicator of the wake-up packet 2101. Therefore, the low-power STAs may wait for receiving the trigger
frame #1 2102 after receiving the wake-up packet 2101.
[0214] When it is determined that the low-power STAs #1 to #3 operate in the normal mode (e.g., when a transmission
waiting period (e.g., mode transition time) elapses from the transmission end time point of the wake-up packet 2101),
the AP may transmit the trigger frame #1 2102, which triggers the transmission of the WU-Poll frames 2103. The trigger
frame #1 2102 may include identifiers (e.g., MAC address, AID or PAID) of the respective low-power STAs #1 to #3 at
which the data frame 2104 is to be received, information indicating an RU #1 allocated for transmission of the WU-Poll
frame #1 2103 of the low-power STA #1, information indicating an RU #2 allocated for transmission of the WU-Poll frame
#2 2013 of the low-power STA #2, and information indicating an RU #3 allocated for transmission of the WU-Poll frame
#3 2103 of the low-power STA #3.
[0215] Each of the RU #1, the RU #2 and the RU #3 may indicate a different frequency band (e.g., channel, subchannel)
and may be mapped to the identifier of the low-power STA #1, the identifier of the low-power STA #2 or the identifier of
the low-power STA #3. Also, the RU #1 may be used for transmission and reception procedures of the data frame #1
2104 and the ACK frame #1 2105 of the low-power STA #1, the RU #2 may be used for transmission and reception
procedures of the data frame #2 2104 and the ACK frame #2 2105 of the low-power STA #2, and the RU #3 may be
used for transmission and reception procedures of the data frame #3 2104 and the ACK frame #3 2105 of the low-power
STA #3.
[0216] When the trigger frame #1 2102 is received from the AP and the identifiers included in the trigger frame #1
2102 indicate the low-power STAs #1 to #3, the low-power STAs #1 to #3 may use the allocated resources (e.g., RU
#1, RU #2 and RU #3) indicated by the trigger frame #1 2102 to transmit the WU-Poll frames 2103. The WU-Poll frames
2103 may be transmitted after an SIFS from the reception end time point of the trigger frame #1 2102, and may be
transmitted based on the OFDMA scheme. On the other hand, the low-power STA #4 receiving the wake-up packet
2101 transmitted in the broadcast manner may receive the trigger frame #1 2102 from the AP, and operate in the WUR
mode because the identifiers included in the received trigger frame #1 2102 do not indicate the low-power STA #4. That
is, after receiving the trigger frame #1 2102, the operation mode of the low-power STA #4 may transition from the normal
mode to the WUR mode.
[0217] Here, after the transmission and reception of the trigger frame #1 2102 are completed, transmission and
reception procedures of the WU-Poll frames 2103, the data frames 2104, the ACK frames 2105, the trigger frame #2
2106, the LP operation request frames 2107 and the LP operation response frames 2108 may be performed. The
transmission and reception procedures of the WU-Poll frames 2103, the data frames 2104, the ACK frames 2105, the
trigger frame #2 2106, the LP operation request frames 2107 and the LP operation response frames 2108 may be
performed identically or similarly to those of the WU-Poll frame 2005, the data frame 2006, the ACK frame 2007, the
trigger frame #2 2008, the LP operation request frame 2009 and the LP operation response frame 2010 as shown in
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FIG. 17.

1 A leave frame indicating that the low-power STA is located outside the coverage of the AP

[0218] Since the transmission range of the legacy preamble 911 of the wake-up packet 910 is shorter than the trans-
mission range of the WUR PPDU 912 of the wake-up packet 910 in the WLAN based communication system shown in
FIG. 10, the low-power STA located outside the coverage of the AP may receive the WUR PPDU 912 from the AP.
[0219] However, even when the WUR PPDU 912 is successfully received, the transmission and reception procedure
of the legacy frame between the low-power STA and the AP may not be performed because the low-power STA is
located outside the coverage of the AP. In this case, the low-power STA may transmit a leave frame to the AP indicating
that the low-power STA is located outside the coverage of the AP. The transmission and reception procedure of the
leave frame may be performed as follows.
[0220] FIG. 22 is a timing chart illustrating a ninth embodiment of an operation method of a communication node in a
WLAN based communication system.
[0221] Referring to FIG. 22, a WLAN based communication system may include an AP, a low-power STA, and the
like. The low-power STA may be located outside the coverage of the AP. For example, when a wake-up packet 2201
includes a legacy preamble and a WUR PPDU, the low-power STA may be located within a transmission range of the
WUR PPDU of the wake-up packet 2201, and may be located outside a transmission range of the legacy preamble of
the wake-up packet 2201. The AP and the low-power STA may be the same as or similar to the low-power STA 500 of
FIG. 5. Also, the AP and the low-power STA may further include a WUTx as compared to the low-power STA 500 of
FIG. 5. The AP and the low-power STA may operate based on the EDCA scheme shown in FIG. 3.
[0222] The AP may transmit the wake-up packet 2201 when the channel state is determined to be idle during the
carrier sensing period. Each of the carrier sensing period and the wake-up packet 2201 may be configured to be the
same as or similar to the carrier sensing period and the wake-up packet 1501 shown in FIG. 15. The wake-up packet
2201 may further include information of a transmission power of the wake-up packet 2201 and the information of the
transmission power may be included in a MAC header or a frame body of the wake-up packet 2201. Alternatively, the
information of the transmission power of the wake-up packet 2201 may be signaled to the low-power STA in the procedure
shown in FIG. 7. For example, the information of the transmission power of the wake-up packet 2201 may be included
in the LP support response frame 702 or the association response frame as shown in FIG. 7.
[0223] Since the low-power STA is located within the transmission range of the WUR PPDU of the wake-up packet
2201, the low-power STA may receive the WUR PPDU of the wake-up packet 2201, and identify the information (e.g.,
the information of the transmission power) included in the WUR PPDU of the wake-up packet 2201. The low-power STA
may identify a difference (e.g., path loss) between the transmission power of the wake-up packet 2201 and the received
signal strength of the wake-up packet 2201, and based on the identified difference, the low-power STA may determine
whether it is located within the coverage of the AP. For example, when the difference between the transmission power
and the received signal strength of the wake-up packet 2201 is below a predetermined threshold, the low-power STA
may determine that the low-power STA is located within the coverage of the AP. On the other hand, when the difference
between the transmission power and the received signal strength of the wake-up packet 2201 is equal to or greater than
the predetermined threshold, the low-power STA may determine that the low-power STA is located outside the coverage
of the AP.
[0224] Alternatively, the low-power STA may determine based on the received signal strength of the wake-up packet
2201 whether the low-power STA is located outside the coverage of the AP. For example, when the received signal
strength of the wake-up packet 2201 is greater than or equal to a predetermined threshold, the low-power STA may
determine that the low-power STA is located within the coverage of the AP. On the other hand, when the received signal
strength of the wake-up packet 2201 is below the predetermined threshold, the low-power STA may determine that the
low-power STA is located outside the coverage of the AP.
[0225] Alternatively, the low-power STA may determine whether the low-power STA is located outside the coverage
of the AP based on sequence numbers of frames received from the AP. For example, when the sequence numbers of
the frames received from the AP are consecutive, the low-power STA may determine that the low-power STA is located
within the coverage of the AP. On the other hand, when the sequence numbers of the frames received from the AP are
not consecutive, the low-power STA may determine that the low-power STA is located outside the coverage of the AP.
[0226] When it is determined that the low-power STA is located outside the coverage of the AP, the low-power STA
may generate a leave frame 2202 indicating that the low-power STA is located outside the coverage of the AP. That is,
when it is determined that the low-power STA is located outside the coverage of the AP, the low-power STA may transmit
the leave frame 2202 to the AP instead of the WU-Poll frame. A format of the leave frame 2202 may be the same as or
similar to the format of the wake-up packet 2201. For example, the leave frame 2202 may be configured to be the same
as the wake-up packet 800 shown in FIG. 8, may be modulated based on the OOK scheme, and may include a leave
indicator indicating that the low-power STA is located outside the coverage of the AP. The leave indicator may be included
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in a MAC header or a frame body of the leave frame 2202, and may have a size of 1 bit. For example, a leave indicator
set to ’0’ may indicate that the low-power STA is located within the coverage of the AP, and a leave indicator set to ’1’
may indicate that the low-power STA is located outside the coverage of the AP.
[0227] The low-power STA may transmit the leave frame 2202 to the AP when the channel state is determined to be
idle during the carrier sensing period. The carrier sensing period for the leave frame 2202 may be SIFS, PIFS, ’DIFS +
backoff period’, ’AIFS [AC_VO] + backoff [AC_VO] period’, ’AIFS [AC_VI] + backoff [AC_VI] period’, ’AIFS [AC_BE] +
backoff [AC_BE] period’ or ’AIFS [AC_BK] + backoff [AC_BK] period’ as shown in FIG. 3. The leave frame 2202 may
be transmitted by the PCR of the low-power STA, and the operation state of the PCR of the low-power STA may transition
from the sleep state to the wake-up state for transmission of the leave frame 2202. After the transmission of the leave
frame 2202 is completed, the operation state of the PCR of the low-power STA may transition from the wake-up state
to the sleep state. Alternatively, when the low-power STA includes a WUTx, the leave frame 2202 may be transmitted
by the WUTx of the low-power STA.
[0228] The AP may receive the leave frame 2202 from the low-power STA and may determine that the low-power
STA is located outside the coverage of the AP based on the leave indicator included in the leave frame 2202. Thus, the
AP may not transmit a data frame to the low-power STA. Also, the AP may delete information (e.g., context information)
of the low-power STA stored in the AP and may release the association with the low-power STA.
[0229] On the other hand, when it is determined that the low-power STA is located outside the coverage of the AP
and the received signal strength of the wake-up packet received from another AP is equal to or greater than a prede-
termined threshold, the operation state of the PCR of the low-power STA may transition from the sleep state to the wake-
up state in order to discover another AP. The PCR operating in the wake-up state may perform a discovery operation
for other APs. In this case, the WURx of the low-power STA may provide information of other APs (e.g., MAC address,
BSS ID, service set identifier (SSID), etc.) to the PCR of the low-power STA, and the PCR of the low-power STA may
quickly perform the discovery operation based on the information of the other APs obtained from the WURx of the low-
power STA.

1 Alive timer based operation method of a communication node

[0230] In a WLAN based communication system, an alive timer may be used to determine whether the low-power
STA is located within the coverage of the AP. An initial value of the alive timer may be 0, and an end value of the alive
timer may be represented by the number of slots. The end value of the alive timer may be set by the AP and may be
shared by the AP and the low-power STA. The end value of the alive timer may be signaled to the low-power SAT in
the procedure shown in FIG. 7. For example, the end value of the alive timer may be included in the LP support response
frame 702 or the association response frame of FIG. 7. Alternatively, the end value of the alive timer may be signaled
to the low-power STA via the wake-up packet (or, an alive frame). The operation method of the communication node
based on the alive timer may be as follows.
[0231] FIG. 23 is a timing chart illustrating a tenth embodiment of an operation method of a communication node in a
WLAN based communication system.
[0232] Referring to FIG. 23, a WLAN based communication system may include an AP, a low-power STA, and the
like. The AP and the low-power STA may be the same as or similar to the low-power STA 500 of FIG. 5. Also, the AP
and the low-power STA may further include a WUTx as compared to the low-power STA 500 of FIG. 5.
[0233] A transmission and reception procedure of a data frame 2302 between the AP and the low-power STA may
be performed. Here, transmission and reception procedures of each of an wake-up packet # 1 2301, the data frame
2302, and an ACK frame 2303 are the same as or similar to those of the wake-up packet 1501, the data frame 1502
and the ACK frame 1503 shown in FIG. 15. The wake-up packet #1 2301 may include the end value of the alive timer.
[0234] When the transmission and reception procedure of the data frame 2302 is completed, each of the AP and the
low-power STA may start the alive timer at the end time point of the ACK frame 2303. When there is no data to be
transmitted to one or more low-power STAs in a period corresponding to the end value of the alive timer (hereinafter
referred to as ’alive period’), the AP may transmit an alive frame 2304 before the end of the alive period. Alternatively,
the wake-up packet may be transmitted instead of the alive frame 2304 before the end of the period corresponding to
the end value of the alive timer. In this case, the wake-up packet may perform the same function as the alive frame
2304. That is, since the low-power STA determines that the low-power STA is located outside the coverage of the AP
when a signal (e.g., frame) is not received from the AP during the alive period, the AP may transmit a signal (e.g., frame)
before the end of the alive period.
[0235] The alive frame 2304 may be transmitted to the low-power STA in a unicast manner. Alternatively, the alive
frame 2304 may be transmitted in a broadcast or multicast manner. Thus, all low-power STAs located within the coverage
of the AP may receive the alive frame 2304. A format of the alive frame 2304 may be the same as or similar to the format
of the wake-up packet 800 (e.g., WUR PPDU 820) shown in FIG. 8. The alive frame 2304 may include the end value of
the alive timer, and the end value of the alive timer included in the alive frame 2304 may be different from the end value
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of the alive timer included in the wake-up packet #1 2301.
[0236] Here, when the end value of the alive timer is set to 20, the alive period may be a period corresponding to 20
slots. When the alive timer starts, the value of the alive timer may be increased from 0 by 1, and when the value of the
alive timer reaches the end value (e.g., 20), the alive timer may be terminated.
[0237] When the low-power STA is located within the coverage of the AP, the low-power STA may receive the alive
frame 2304 (or, wake-up packet) from the AP, and when the alive frame 2304 (or, wake-up packet) is received, it may
be determined that the low-power STA is located within the coverage of the AP. Also, even when a receiver address
field of the alive frame 2304 (or, wake-up packet) indicates another low-power STA, the low-power STA may determine
that the low-power STA is located within the coverage of the AP. In this case, the low-power STA may reset the current
value of the alive timer. For example, at the reception end time point of the alive frame 2304 (or, wake-up packet), the
low-power STA may set the value of the alive timer to 0 and restart the alive timer. Also, when the alive frame 2304 (or,
wake-up packet) includes a new end value of the alive timer, the low-power STA may use the new end value of the alive
timer.
[0238] Meanwhile, when there is data to be transmitted to the low-power STA, the AP may transmit a wake-up packet
#2 2305 to the low-power STA, and resume the alive timer at the transmission end time point of the wake-up packet #2
2305. The low-power STA may receive the wake-up packet #2 2305 from the AP, and may resume the alive timer at
the reception end time point of the wake-up packet #2 2305. Also, when the wake-up packet #2 2305 is received from
the AP, the operation state of the low-power STA may transition from the WUR mode to the normal mode.
[0239] After transmission of the wake-up packet #2 2305, the AP may transmit a data frame (not shown) to the low-
power STA. If the low-power STA moves out of the coverage of the AP after receiving the wake-up packet #2 2305, the
low-power STA may not receive the data frame from the AP. For example, when a data frame (or trigger frame, alive
frame, or wake-up packet) is not received from the AP during the alive period starting from the reception end time point
of the wake-up packet #2 2305, the low-power STA may determine that the low-power STA is located outside the
coverage of the AP.
[0240] When it is determined that the low-power STA is located outside the coverage of the AP, the low-power STA
may another AP. For example, the operation state of the low-power STA operating in the WUR mode may transition to
the normal mode, and the PCR of the low-power STA operating in the normal mode may perform a discovery operation
for other APs. In this case, the WURx of the low-power STA may provide information of other APs (e.g., MAC address,
BSS ID, SSID, etc.) to the PCR of the low-power STA, and the PCR of the low-power STA may quickly perform the
discovery operation based on the information of other APs obtained from the WURx of the low-power STA.

1 Power Save Multi-Poll (PSMP) procedure based operation method of a communication node

[0241] A PSMP procedure may be used in a WLAN based communication system.
[0242] FIG. 24 is a timing chart illustrating an eleventh embodiment of an operation method of a communication node
in a WLAN based communication system.
[0243] Referring to FIG. 24, a WLAN based communication system may include an AP, a low-power STA #1, a low-
power STA #2, a low-power STA #3, and the like. The low-power STAs #1 to #3 may belong to coverage of the AP and
may access the AP. The AP, the low-power STA #1, the low-power STA #2 and the low-power STA #3 may be the same
as or similar to the low-power STA 500 of FIG. 5. Also, the AP, the low-power STA #1, the low-power STA #2 and the
low-power STA #3 may further include a WUTx as compared to the low-power STA 500 of FIG. 5. The AP and the low-
power STAs #1 to #3 may operate based on the EDCA scheme shown in FIG. 3. Each of a wake-up packet 2401 and
a carrier sensing period in FIG. 24 may be configured to be the same as or similar to the wake-up packet 1501 and the
carrier sensing period in FIG. 15.
[0244] When there are data to be transmitted to the low-power STAs #1 to #3 and the low-power STAs #1 to #3 support
the PSMP procedure, the AP may generate the wake-up packet 2401, and transmit the wake-up packet 2401 when the
channel state is determined to be idle during a predetermined period (e.g., carrier sensing period). The wake-up packet
2401 may be transmitted to the low-power STAs #1 to #3 in a broadcast manner or a multicast manner. The wake-up
packet 2401 may include an indicator indicating that the PSMP procedure is to be performed. The indicator indicating
that the PSMP procedure is to be performed may be included in a MAC header or a frame body of the wake-up packet
2401, and may be an identifier or a group identifier of the low-power STA participating in the PSMP procedure.
[0245] The WURx of the low-power STAs #1 to #3 operating in the WUR mode (e.g., PCR: sleep state, WURx: wake-
up state) may perform a monitoring operation (e.g., carrier sensing operation) in order to receive the wake-up packet
2401, and receive the wake-up packet 2401 from the AP. When the wake-up packet 2401 is received from the AP, the
operation mode of each of the low-power STAs #1 to #3 may transition from the WUR mode to the normal mode. Also,
the low-power STAs #1 to #3 may determine that the PSMP procedure is performed based on the information included
in the wake-up packet 2401.
[0246] When the low-power STAs #1 to #3 are determined to operate in the normal mode (e.g., when a transmission
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waiting period (e.g., mode transition time) has elapsed from the transmission end time point of the wake-up packet 2401),
the AP may transmit a PSMP frame 2402 to the low-power STAs #1 to #3. The PSMP frame 2402 may include information
indicating a downlink interval, information indicating PSMP downlink transmission times (DTTs) #1 to #3 (i.e., 2403,
2404 and 2405) in the downlink interval, information indicating an uplink interval, information indicating PSMP uplink
transmission times (UTTs) #1 to #3 (i.e., 2406, 2407 and 2408) in the uplink interval, the number of low-power STAs
participating in the PSMP procedure triggered by the PSMP frame 2402. Here, the PSMP DTT #1 2403 and the PSMP
UTT #1 2406 may be configured for the low-power STA #1, the PSMP DTT #2 2404 and the PSMP UTT #2 2407 may
be configured for the low-power STA #2, and the PSMP DTT #3 2405 and the PSMP UTT #3 2408 may be configured
for the low-power STA #3. An interval between the PSMP DTTs 2403, 2404 and 2405 in the downlink interval may be
RIFS or SIFS, and an interval between the PSMP UTTs 2406, 2407 and 2408 in the uplink interval may be RIFS or SIFS.
[0247] The low-power STAs #1 to #3 (e.g., the PCRs of the low-power STAs #1 to #3) operating in the normal mode
may receive the PSMP frame 2402 from the AP, and may identify the information included in the PSMP frame 2402.
For example, the low-power STAs #1 to #3 may identify the PSMP DTTs 2403, 2404 and 2405, and the PSMP UTTs
2406, 2407 and 2408.
[0248] In the PSMP DTT #1 2403, the AP may transmit a data frame to the low-power STA #1, and the low-power
STA #1 may receive the data frame from the AP. In the PSMP UTT #1 2406, the low-power STA #1 may transmit a data
frame to the AP, and the AP may receive a data frame from the low-power STA #1. Also, the low-power STA #1 may
transmit an ACK frame, which is a response to the data frame received in the PSMP DTT #1 2403, in the PSMP UTT
#1 2406.
[0249] The low-power STA #1 may operate in the WUR mode from the end time point of the PSMP DTT #1 2403 to
the start time point of the PSMP UTT #1 2406. Alternatively, the PCR and WURx of the low-power STA #1 may all
operate in the sleep state from the end time point of the PSMP DTT #1 2403 to the start time point of the PSMP UTT
#1 2406. After the end of PSMP UTT #1 2406, the low-power STA #1 may operate in the WUR mode.
[0250] In the PSMP DTT #2 2404, the AP may transmit a data frame to the low-power STA #2, and the low-power
STA #2 may receive the data frame from the AP. In the PSMP UTT #2 2407, the low-power STA #2 may transmit a data
frame to the AP, and the AP may receive a data frame from the low-power STA #2. Also, the low-power STA #2 may
transmit an ACK frame, which is a response to the data frame received in the PSMP DTT #2 2404, in the PSMP UTT
#2 2407.
[0251] The low-power STA #2 may operate in the WUR mode from the end time point of the PSMP DTT #2 2404 to
the start time point of the PSMP UTT #2 2407. Alternatively, the PCR and WURx of the low-power STA #2 may all
operate in the sleep state from the end time point of the PSMP DTT #2 2404 to the start time point of the PSMP UTT
#2 2407. After the end of PSMP UTT #2 2407, the low-power STA #2 may operate in the WUR mode.
[0252] In the PSMP DTT #3 2405, the AP may transmit a data frame to the low-power STA #3, and the low-power
STA #3 may receive the data frame from the AP. In the PSMP UTT #3 2408, the low-power STA #3 may transmit a data
frame to the AP, and the AP may receive a data frame from the low-power STA #3. Also, the low-power STA #3 may
transmit an ACK frame, which is a response to the data frame received in the PSMP DTT #3 2405, in the PSMP UTT
#3 2408.
[0253] The low-power STA #3 may operate in the WUR mode from the end time point of the PSMP DTT #5 2408 to
the start time point of the PSMP UTT #3 2408. Alternatively, the PCR and WURx of the low-power STA #3 may all
operate in the sleep state from the end time point of the PSMP DTT #3 2405 to the start time point of the PSMP UTT
#3 2408. After the end of PSMP UTT #3 2408, the low-power STA #3 may operate in the WUR mode.

1 Unscheduled Automatic Power Save Delivery (U-APSD) procedure based operation method of a communication node

[0254] A U-APSD procedure may be used in a WLAN based communication system.
[0255] FIG. 25 is a timing chart illustrating a twelfth embodiment of an operation method of a communication node in
a WLAN based communication system.
[0256] Referring to FIG. 25, a WLAN based communication system may include an AP, a low-power STA, and the
like. The low-power STA may belong to coverage of the AP and may access the AP. The AP and the low-power STA
may be the same as or similar to the low-power STA 500 of FIG. 5. Also, the AP and the low-power STA may further
include a WUTx as compared to the low-power STA 500 of FIG. 5. The AP and the low-power STA may operate based
on the EDCA scheme shown in FIG. 3. Each of a wake-up packet 2501 and a carrier sensing period in FIG. 25 may be
configured to be the same as or similar to the wake-up packet 1501 and the carrier sensing period in FIG. 15.
[0257] When there is data to be transmitted to the low-power STA and the low-power STA supports the U-APSD
procedure, the AP may generate the wake-up packet 2501, and transmit the wake-up packet 2501 to the low-power
STA when the channel state is determined to be idle during a predetermined period (e.g., carrier sensing period). The
wake-up packet 2501 may include an indicator indicating that the U-APSD procedure is to be performed, and the indicator
indicating that the U-APSD procedure is to be performed may be an identifier or a group identifier of the low-power STA.
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The indicator indicating that the U-APSD procedure is to be performed may be included in a MAC header or a frame
body of the wake-up packet 2501.
[0258] The low-power STA operating in the WUR mode (e.g., PCR: sleep state, WURx: wake-up state) may perform
a monitoring operation (e.g., carrier sensing operation) to receive the wake-up packet 2501, and receive the wake-up
packet 2501 from the AP. When the wake-up packet 2501 is received from the AP, the operation mode of the low-power
STA may transition from the WUR mode to the normal mode. Also, the low-power STA may determine that the U-APSD
procedure is performed based on the information included in the wake-up packet 2501.
[0259] The low-power STA (e.g., PCR of the low-power STA) operating in the normal mode may transmit a data frame
#1 2502 to the AP that triggers the U-APSD procedure. Alternatively, the low-power STA may transmit a null data frame
to the AP instead of the data frame #1 2502. When the data frame #1 2502 (or null data frame) is received from the low-
power STA, the AP may determine that the U-APSD procedure is to be initiated and transmit an ACK frame #1 2503 for
the data frame #1 2502 to the low-power STA after an SIFS from the reception end time point of the data frame #1 2502.
Then, a transmission and reception procedure of data between the AP and the low-power STA may be performed in a
TXOP configured by an uplink frame according to the U-APSD procedure. For example, the AP may transmit a data
frame #2 2504 to the low-power STA through a Reverse Direction (RD) procedure after the transmission end time point
of the ACK frame #1 2503. Alternatively, a null data frame may be transmitted to the low-power STA instead of the data
frame #2 2504. The low-power STA may receive the data frame #2 2504 from the AP, and may transmit an ACK frame
#2 2505 to the AP after an SIFS from the reception end time point of the data frame #2 2504. When the ACK frame #2
2505 is received from the low-power STA, the AP may determine that the data frame #2 2504 is successfully received
at the low-power STA.
[0260] On the other hand, when the RD is not configured in the TXOP described above or the length of the TXOP is
shorter than the time required for transmission of the data frame #2 2504, the AP may transmit the data frame #2 2504
by performing a separate channel access procedure instead of transmitting the data frame #2 2504 after an SIFS from
the transmission end time point of the ACK frame #1 2503. Meanwhile, the low-power STA operating in the normal mode
for more than a predetermined time (e.g., a time agreed to operate in the normal mode) may transition to the WUR mode
after the end of the TXOP between the AP and the low-power STA. On the other hand, when a plurality of low-power
STAs participate in the U-APSD procedure, the following problems may arise.
[0261] FIG. 26 is a timing chart illustrating a thirteenth embodiment of an operation method of a communication node
in a WLAN based communication system.
[0262] Referring to FIG. 26, a WLAN based communication system may include an AP, a low-power STA #1, a low-
power STA #2, a low-power STA #3, and the like. The low-power STAs #1 to #3 may belong to coverage of the AP and
may access the AP. The AP and the low-power STAs #1 to #3 may be the same as or similar to the low-power STA 500
of FIG. 5. Also, the AP, the low-power STA #1, the low-power STA #2 and the low-power STA #3 may further include a
WUTx as compared to the low-power STA 500 of FIG. 5. The AP and the low-power STAs #1 to #3 may operate based
on the EDCA scheme shown in FIG. 3. Each of a wake-up packet 2601 and a carrier sensing period in FIG. 26 may be
configured to be the same as or similar to the wake-up packet 1501 and the carrier sensing period in FIG. 15.
[0263] When there are data to be transmitted to the low-power STAs #1 to #3 and the low-power STAs #1 to #3 support
the U-APSD procedure, the AP may generate the wake-up packet 2601, and transmit the wake-up packet 2601 when
the channel state is idle during a predetermined period (e.g. carrier sensing period). The wake-up packet 2601 may be
transmitted to the low-power STAs #1 to #3 in a broadcast manner or a multicast manner. The wake-up packet 2601
may include an indicator indicating that the U-APSD procedure is to be performed, and the indicator indicating that the
U-APSD procedure is to be performed may include an identifier or a group identifier of the low-power STA participating
in the U-APSD procedure. The indicator indicating that the U-APSD procedure is to be performed may be included in a
MAC header or a frame body of the wake-up packet 2601.
[0264] The low-power STAs #1 to #3 operating in the WUR mode (e.g., PCR: sleep state, WURx: wake-up state) may
perform a monitoring operation (e.g., carrier sensing operation) to receive the wake-up packet 2601, and receive the
wake-up packet 2601 from the AP. When the wake-up packet 2601 is received from the AP, the low-power STAs #1 to
#3 may transition from the WUR mode to the normal mode. Also, the low-power STAs #1 to #3 may determine that the
U-APSD procedure is performed based on the information included in the wake-up packet 2601.
[0265] The low-power STAs #1 to #3 (e.g., the PCRs of the low-power STAs #1 to #3) operating in the normal mode
may transmit data frames #1 to #3 (i.e., 2602, 2603 and 2604) triggering the U-APSD procedure to the AP. The low-
power STAs #1 to #3 may transmit the data frames #1 to #3 (i.e., 2602, 2603 and 2604) when the channel state is idle
during a period (e.g., SIFS, DIFS, AIFS, etc. shown in FIG. 3) according to the EDCA scheme from the transition point
of from the WUR mode to the normal mode. When the mode transition times of the low-power STAs #1 to #3 are similar,
transmission of the data frames #1 to #3 (i.e., 2602, 2603 and 2604) may be collided. Therefore, the AP may not receive
the data frames #1 to #3 (i.e., 2602, 2603, and 2604) from the low-power STAs #1 to #3, so that the U-APSD procedure
may not be performed.
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1 Self-NAV based operation method of a communication node

[0266] A self-NAV may be used to solve the problem of FIG. 26 described above. A self-NAV value may be set by the
low-power STA or the AP regardless of the duration field included in the frame. When the self-NAV value is set by the
AP, the AP may inform the low-power STA of the set self-NAV value. For example, the self-NAV value may be signaled
to the low-power STA through the procedure shown in FIG. 7. The self-NAV value may be set from the transition point
from the WUR mode to the normal mode, and the self-NAV value may indicate a period from the transition point to the
normal mode from the WUR mode to a specific point. The plurality of low-power STAs may have the same or different
self-NAV values.
[0267] FIG. 27 is a timing chart illustrating a fourteenth embodiment of an operation method of a communication node
in a WLAN based communication system.
[0268] Referring to FIG. 27, a WLAN based communication system may include an AP, a low-power STA #1, a low-
power STA #2, and the like. The low-power STAs #1 and #2 may belong to coverage of the AP and may access the AP.
The AP, the low-power STA #1, and the low-power STA #2 may be the same or similar to the low-power STA 500 of
FIG. 5. Also, the AP, the low-power STA #1, and the low-power STA #2 may further include a WUTx as compared to
the low-power STA 500 of FIG. 5. The AP and the low-power STAs #1 to #2 may operate based on the EDCA scheme
shown in FIG. 3. The mode transition time of the low-power STA #1 may be the same as the mode transition time of the
low-power STA #2. Alternatively, the mode transition time of the low -power STA #1 may be different from the mode
transition time of the low-power STA #2. Each of the wake-up packet 2701 and the carrier sensing period in FIG. 27
may be configured to be the same as or similar to the wake-up packet 1501 and the carrier sensing period in FIG. 15.
[0269] When there are data to be transmitted to the low-power STAs #1 to #2 and the low-power STAs #1 to #2 support
the U-APSD procedure (or, the communication procedures based on the WU-Poll frame shown in FIGS. 17 to 21), the
AP may generate the wake-up packet 2701, and transmit the wake-up packet 2701 when the channel state is determined
to be idle during a predetermined period (e.g. carrier sensing period). The wake-up packet 2701 may be transmitted to
the low-power STAs #1 to #2 in a broadcast manner or a multicast manner.
[0270] When the U-APSD procedure is performed, the wake-up packet 2701 may include an indicator indicating that
the U-APSD procedure is to be performed. The indicator indicating that the U-APSD procedure is to be performed may
be included in a MAC header or a frame body of the wake-up packet 2701. When the communication procedure based
on the WU-Poll frame shown in FIGS. 17 to 21 is performed, the wake-up packet 2701 may include an indicator (e.g.,
Poll indicator) indicating that the communication procedure based on the WU-Poll frame is to be performed. The indicator
(e.g., Poll indicator) indicating that the communication procedure based on the WU-Poll frame is to be performed may
be included in a MAC header or a frame body of the wake-up packet 2701. Also, the wake-up packet 2701 may include
a self-NAV value of each of the low-power STAs #1 and #2. The self-NAV value of the low-power STA #1 may be set
to be different from the self-NAV value of the low-power STA #2. When the low-power STAs #1 and #2 know the self-
NAV values, the self-NAV values may not be included in the wake-up packet 2701.
[0271] The low-power STAs #1 to #2 operating in the WUR mode (e.g., PCR: sleep state, WURx: wake-up state) may
perform a monitoring operation (e.g., carrier sensing operation) to receive the wake-up packet 2701, and receive the
wake-up packet 2701 from the AP. When the wake-up packet 2701 is received from the AP, the operation state of the
low-power STA may transition from the WUR mode to the normal mode. Also, the low-power STA may determine that
the U-APSD procedure (or, the communication procedure based on the WU-Poll frame) is performed based on the
information included in the wake-up packet 2701.
[0272] The low-power STAs #1 and #2 may set the self-NAV at the transition time from the WUR mode to the normal
mode, and perform carrier sensing operations in the carrier sensing period after the end time point of the self-NAV. The
carrier sensing period after the end time point of the self-NAV may be SIFS, PIFS, ’DIFS + backoff period’, ’AIFS [AC_VO]
+ backoff [AC_VO] period’, ’AIFS [AC_VI] + backoff [AC VI] period’, ’AIFS [AC_BE] + backoff [AC_BE] period’ or ’AIFS
[AC_BK] + backoff [AC_BK] period’.
[0273] The low-power STA #1 may transmit a data frame #1 2702 to the AP since the channel state is determined to
be idle during the carrier sensing period after the self-NAV end point. The AP may receive a data frame #1 2702 from
the low-power STA #1 and perform a U-APSD procedure (e.g., a communication procured between the AP and the low-
power STA #1) triggered by the data frame #1 2702 in a SP #1. Alternatively, when the communication procedure based
on the WU-Poll frame is performed, the low-power STA #1 may transmit a WU-Poll frame to the AP instead of the data
frame #1 2702. The AP may receive the WU-Poll frame from the low-power STA #1 and may perform the communication
procedure (e.g., the communication procedure between the AP and the low-power STA #1) triggered by the WU-Poll
frame. When the communication procedure between the AP and the low-power STA #1 is terminated, the operation
state of the low-power STA #1 may transition from the normal mode to the WUR mode.
[0274] Meanwhile, the low-power STA #2 may sense the data frame #1 2702 of the low-power STA #1 during the
carrier sensing period after the end time point of the self-NAV, and when a received signal strength of the data frame
#1 2702 is equal to or greater than a predetermined threshold, the low-power STA #2 may determine that the channel
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state is busy. When the channel state is busy during the carrier sensing period, the low-power STA #2 may stop the
current backoff value (e.g., stop the random backoff procedure), and may not transmit a frame (e.g., data frame or WU-
Poll frame) until the channel state becomes idle. Then, the low-power STA #2 may again perform a carrier sensing
operation for frame transmission. For example, the low-power STA #2 may perform the carrier sensing operation again
during a period corresponding to ’DIFS + a period corresponding to the stopped backoff value’, or a period corresponding
to ’AIFS + the period corresponding to the stopped backoff value’. When the channel state is idle in the carrier sensing
period, the low-power STA #2 may transmit the data frame #2 2703 to the AP.
[0275] The AP may receive a data frame #2 2703 from the low-power STA #2 and perform the U-APSD procedure
(e.g., communication procedure between the AP and the low-power STA #2) triggered by the data frame #2 2703 in an
SP #2. Alternatively, when the communication procedure based on the WU-Poll frame is performed, the low-power STA
#2 may transmit the WU-Poll frame to the AP instead of the data frame #2 2703. The AP may receive the WU-Poll frame
from the low-power STA #2 and may perform the communication procedure (e.g., communication procedure between
the AP and the low-power STA #2) triggered by the WU-Poll frame. When the communication procedure between the
AP and the low-power STA #2 is terminated, the operation state of the low-power STA #2 may transition from the normal
mode to the WUR mode.
[0276] Meanwhile, in the embodiment of FIG. 21 described above, the self-NAV may be used to guarantee transmission
of the trigger frame #1 2102, and the operation method of the communication node based on the self-NAV may be as
follows.
[0277] FIG. 28 is a timing chart illustrating a fifteenth embodiment of an operation method of a communication node
in a WLAN based communication system.
[0278] Referring to FIG. 28, a WLAN based communication system may include an AP, a low-power STA #1, a low-
power STA #2, and the like. The low-power STAs #1 to #2 may belong to coverage of the AP and may access the AP.
The AP, the low-power STA #1 and the low-power STA #2 may be the same or similar to the low-power STA 500 of
FIG. 5. Also, the AP, the low-power STA #1 and the low-power STA #2 may further include a WUTx as compared to the
low-power STA 500 of FIG. 5. The AP and the low-power STAs #1 to #2 may operate based on the EDCA scheme
shown in FIG. 3. A mode transition time of the low-power STA #1 may be different from the mode transition time of the
low-power STA #2. Each of a wake-up packet 2801, a trigger frame 2802 and a carrier sensing period in FIG. 28 may
be configured to be the same as or similar to the wake-up packet 2101, the trigger frame #1 2102 and the carrier sensing
period in FIG. 21.
[0279] When there are data to be transmitted to the low-power STAs #1 to #2, the AP may generate the wake-up
packet 2801, and transmit the wake-up packet 2801 when the channel state is idle during a predetermined period (e.g.
carrier sensing period). The wake-up packet 2801 may be transmitted to the low-power STAs #1 to #2 in a broadcast
manner or a multicast manner. The wake-up packet 2801 may include a self-NAV value of each of the low-power STAs
#1 and #2. The self-NAV value of each of the low-power STAs #1 and #2 may be determined so that the self-NAV is
set up to T1. Therefore, the self-NAV value of the low-power STA #1 may indicate a period between the transition time
from the WUR mode to the normal mode and T1, and the self-NAV value of the low-power STA #2 may indicate a period
between the transition time from the WUR mode to the normal mode and T1. When the mode transition time of the low-
power STA #1 is different from the mode transition time of the low-power STA #2, the self-NAV value of the low-power
STA #1 may be different from the self-NAV value of the low-power STA #2. When the low- power STAs #1 and #2 know
the self-NAV values, the self-NAV values may not be included in the wake-up packet 2801.
[0280] The low-power STAs # 1 and # 2 operating in the WUR mode (e.g., PCR: sleep state, WURx: wake-up state)
may perform a monitoring operation (e.g., carrier sensing operation) to receive the wake-up packet 2801, and receive
the wake-up packet 2801 from the AP. When the wake-up packet 2801 is received from the AP, the operation mode of
the low-power STA may transition from the WUR mode to the normal mode. The low-power STAs #1 and #2 may set
the self-NAV at the transition time from the WUR mode to the normal mode, and perform the carrier sensing operation
in the carrier sensing period after the end of the self-NAV.
[0281] Meanwhile, since the transmission of the trigger frame 2802 is guaranteed by the self-NAV, when the channel
state is idle during a predetermined interval (e.g., SIFS, DIFS), the AP may transmit the trigger frame 2802 without
performing a random access procedure. For example, the trigger frame 2802 may be transmitted within a period of ’a
period indicated by the self-NAV value + the carrier sensing period’. The low-power STAs #1 and #2 may receive the
trigger frame 2802 from the AP and transmit the WU-Poll frames 2803-1 and 2803-2 using resources indicated by the
trigger frame 2802. The transmission and reception procedures of the WU-Poll frames 2803-1 and 2803-2, the data
frame 2804 and the ACK frames 2805-1 and 2805-2 may be the same as those of the WU-Poll frame 2103, the data
frame 2104 and the ACK frame 2105 shown in FIG. 21.

1 Operation method of AP comprising PCR and WUTx

[0282] The AP may comprise a PCR and a WUTx, and each of the PCR and WUTx of the AP may operate independently.
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When each of the PCR and WUTx of the AP operates independently, the following problems may arise.
[0283] FIG. 29 is a timing chart illustrating a sixteenth embodiment of an operation method of a communication node
in a WLAN based communication system.
[0284] Referring to FIG. 29, a WLAN based communication system may include an AP, a low-power STA, and the
like. The low-power STA may belong to coverage of the AP and may access the AP. The AP and the low-power STA
may be the same as or similar to the low-power STA 500 of FIG. 5. Also, the AP and the low-power STA may further
include a WUTx as compared to the low-power STA 500 of FIG. 5. The AP and the low-power STA may operate based
on the EDCA scheme shown in FIG. 3.
[0285] When there is data to be transmitted to the low-power STA, the AP may generate a wake-up packet #1 2901,
and transmit the wake-up packet 2901 to the low-power STA when the channel state is idle during a predetermined
period (e.g., carrier sensing period). The wake-up packet #1 2901 may be transmitted by the WUTx of the AP. The wake-
up packet #1 2901 may be configured to be the same as or similar to the wake-up packet shown in FIGS. 8 and 12-14.
After a transmission waiting period from the end time point of the wake-up packet #1 2901, the PCR of the AP may
transmit a data frame #1 2902 to the low-power STA.
[0286] On the other hand, the low-power STA may not receive the wake-up packet #1 2901 from the AP, in which
case the operation state of the low-power STA may not transition from the WUR mode to the normal mode. That is, the
low-power STA may continue to operate in the WUR mode. Thus, the low-power STA may not receive the data frame
#1 2902 from the AP, and may not transmit a response (e.g., an ACK frame) for the data frame #1 2902 to the AP when
the data frame #1 2902 is not received.
[0287] When no response is received from the low-power STA after transmission of the wake-up packet #1 2901, the
WUTx of the AP may determine that the low-power STA has not transitioned from the WUR mode to the normal mode.
Therefore, the WUTx of the AP may retransmit a wake-up packet #2 2903 to the low-power STA. Here, the wake-up
packet #2 2903 may be the same as the wake-up packet #1 2901.
[0288] On the other hand, when a response to the data frame #1 2902 is not received from the low-power STA, the
PCR of the AP may determine that the data frame #1 2902 has not been successfully received at the low-power STA.
Thus, the PCR of the AP may retransmit a data frame #2 2904 to the low-power STA. Here, the data frame #2 2904
may be the same as the data frame #1 2901. Since a response to the data frame #2 2904 is not received from the low-
power STA when the low-power STA operates in the WUR mode, the PCR of the AP may continue to perform the
retransmission procedure of the data frame. The channel efficiency may be reduced because the channel is unnecessarily
occupied by the retransmission procedure of the data frame. Also, since a contention window for a carrier sensing
operation in the retransmission procedure of the data frame is twice a contention window for the carrier sensing operation
in the previous transmission procedure of the data frame, the transmission of the data frame may be delayed due to the
increased contention window.
[0289] In order to solve the above-described problem, the PCR of the AP may set a self-NAV. The operation method
of the communication node based on the self-NAV may be as follows.
[0290] FIG. 30 is a timing chart illustrating a seventeenth embodiment of an operation method of a communication
node in a WLAN based communication system.
[0291] Referring to FIG. 30, a WLAN based communication system may include an AP, a low-power STA, and the
like. The low-power STA may belong to coverage of the AP and may access the AP. The AP and the low-power STA
may be the same as or similar to the low-power STA 500 of FIG. 5. Also, the AP and the low-power STA may further
include a WUTx as compared to the low-power STA 500 of FIG. 5. The AP and the low-power STA may operate based
on the EDCA scheme shown in FIG. 3.
[0292] When there is data to be transmitted to the low-power STA, the AP may generate a wake-up packet #1 3001,
and transmit the wake-up packet 3001 to the low-power STA when the channel state is idle during a predetermined
period (e.g., carrier sensing period). The wake-up packet #1 3001 may be transmitted by the WUTx of the AP. The wake-
up packet #1 3001 may be configured to be the same as or similar to the wake-up packet shown in FIGS. 8 and 12-14.
After a transmission waiting period from the end time point of the wake-up packet #1 3001, the PCR of the AP may
transmit a data frame #1 3002 to the low-power STA.
[0293] On the other hand, the low-power STA may not receive the wake-up packet #1 3001 from the AP, in which
case the operation state of the low-power STA may not transition from the WUR mode to the normal mode. That is, the
low-power STA may continue to operate in the WUR mode. Thus, the low-power STA may not receive the data frame
#1 3002 from the AP, and may not transmit a response (e.g., an ACK frame) for the data frame #1 3002 to the AP when
the data frame #1 3002 is not received.
[0294] When no response is received from the low-power STA after transmission of the wake-up packet #1 3001, the
WUTx of the AP may determine that the low-power STA has not transitioned from the WUR mode to the normal mode.
Also, when no response to the data frame #1 3002 is received from the low-power STA, the PCR of the AP may determine
that data frame #1 3002 has not been successfully received at the low-power STA, and may set a self-NAV. Since that
no response to the data frame #1 3002 is received from the low-power STA may indicate that the low-power STA does
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not operate in the normal mode, the self-NAV may be set to prevent the retransmission of the data frame until the low-
power STA operates in the normal mode. For example, the self-NAV for the PCR of the AP may be set up until the end
time point of the transmission waiting period according to the wake-up packet #2 3003. Since the retransmission of the
data frame is prevented by the self-NAV, the occupation of the channel by the unnecessary data frame may be prevented.
[0295] When it is determined that the low-power STA does not operate in the normal mode, the WUTx of the AP may
retransmit a wake-up packet #2 3003 to the low-power STA. Here, the wake-up packet #2 3003 may be the same as
the wake-up packet #1 3001. When it is confirmed that the wake-up packet #2 3003 has been retransmitted, the PCR
of the AP may transmit a data frame #2 3004 to the low-power STA after a transmission waiting period from the end
time point of the wake-up packet #2 3003.
[0296] Meanwhile, when the wake-up packet #2 3003 is received from the AP, the operation state of the low-power
STA may transition from the WUR mode to the normal mode. The PCR of the low-power STA operating in the normal
mode may receive the data frame #2 3004 from the AP, and transmit an ACK frame 3005, which is a response to the
data frame #2 3004, to the AP. When the ACK frame 3005 is received from the low-power STA, the AP may determine
that the data frame #2 3004 has been successfully received at the low-power STA.
[0297] The embodiments of the present disclosure may be implemented as program instructions executable by a
variety of computers and recorded on a computer readable medium. The computer readable medium may include a
program instruction, a data file, a data structure, or a combination thereof. The program instructions recorded on the
computer readable medium may be designed and configured specifically for the present disclosure or can be publicly
known and available to those who are skilled in the field of computer software.
[0298] Examples of the computer readable medium may include a hardware device such as ROM, RAM, and flash
memory, which are specifically configured to store and execute the program instructions. Examples of the program
instructions include machine codes made by, for example, a compiler, as well as high-level language codes executable
by a computer, using an interpreter. The above exemplary hardware device can be configured to operate as at least
one software module in order to perform the embodiments of the present disclosure, and vice versa.
[0299] While the embodiments of the present disclosure and their advantages have been described in detail, it should
be understood that various changes, substitutions and alterations may be made herein without departing from the scope
of the present disclosure.

Claims

1. An operation method of a station in a wireless LAN based communication system, the station comprising a primary
connectivity radio (PCR) and a wake-up receiver (WURx), and the operation method comprising:

transitioning an operation state of the PCR from a wake-up state to a sleep state;
receiving, by the WURx, a wake-up packet from an access point;
transitioning the operation state of the PCR from the sleep state to the wake-up state when the wake-up packet
is received;
receiving, by the PCR operating in the wake-up state, a data frame from the access point after a time required
for transitioning the operation state of the PCR from the sleep state to the wake-up state; and
transmitting, by the PCR, a response to the data frame to the access point.

2. The operation method according to claim 1, further comprising:

after receiving the wake-up packet, transmitting, by the PCR operating in the wake-up state, a wake-up poll
(WU-Poll) frame indicating completion of the transitioning to the wake-up state to the access point; and
when the WU-Poll frame is not transmitted within the time required for transitioning from the sleep state to the
wake-up state, receiving, by the PCR, the wake-up packet again from the access point.

3. The operation method according to claim 1, further comprising:

after receiving the wake-up packet, receiving, by the PCR operating in the wake-up state, a trigger frame
triggering transmission of at least one WU-Poll frame from the access point; and
transmitting, by the PCR, a WU-Poll frame indicating completion of the transitioning to the wake-up state to the
access point, through a channel indicated by the trigger frame,
wherein the data frame is received after the transmission of the WU-Poll frame.

4. The operation method according to claim 1, further comprising negotiating an operation of transitioning to the sleep
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state before transitioning the operation state of the PCR from the wake-up state to the sleep state, wherein the
negotiating comprises:

transmitting, by the PCR, a low-power operation request frame requesting approval of an operation of transi-
tioning from the wake-up state to the sleep state to the access point;
receiving, by the PCR, a low-power operation response frame approving the operation of transitioning, which
is a response to the low-power operation request frame, from the access point; and
obtaining information required for an operation in the sleep state from the received low-power operation response
frame.

5. The operation method according to claim 1, further comprising transitioning the operation state of the PCR from the
wake-up state to the sleep state after transmitting the response.

6. The operation method according to claim 1, wherein the station operates in a wake-up radio (WUR) mode or a
normal mode, the PCR operates in the sleep state and the WURx operates in the wake-up state in the WUR mode,
and the PCR operates in the wake-up state and the WURx operates in the sleep state in the normal mode.

7. The operation method according to claim 1, wherein the wake-up packet includes a legacy preamble and a WUR
physical convergence layer protocol (PLCP) protocol data unit (PPDU), and the WUR PPDU requests the PCR to
operate in the wake-up state.

8. The operation method according to claim 7, wherein the WUR PPDU includes at least one of a Poll indicator indicating
whether transmission of the WU-Poll frame is required, and a multi-user (MU) indicator indicating whether the wake-
up packet is used for multi-user transmission.

9. The operation method according to claim 7, wherein the legacy preamble is received through a frequency band of
20 MHz, and the WUR PPDU is received through a frequency band smaller than 20 MHz.

10.  The operation method according to claim 7, wherein the WUR PPDU is duplicated in a frequency axis, multiplexed
in the frequency axis, or extended for same information in the frequency axis.

11. The operation method according to claim 10, wherein, when the WUR PPDU is multiplexed in the frequency axis,
information indicating a position or a size of the frequency band through which the WUR PPDU is transmitted is
obtained from a front part of the wake-up packet or through a frame exchange procedure before the wake-up packet,
and the WURx receives the WUR PPDU based on the information indicating the position or the size of the frequency
band.

12. An operation method of an access point in a wireless LAN based communication system, the access point providing
communication services to a station comprising a primary connectivity radio (PCR) and a wake-up receiver (WURx),
and the operation method comprising:

generating a wake-up packet requesting the PCR of the station to operate in a wake-up state when a data unit
to be transmitted to the station is present;
transmitting the wake-up packet to the WURx; and
transmitting a data frame including the data unit to the PCR when the PCR is determined to operate in the wake-
up state.

13.  The operation method according to claim 12, wherein the data frame is transmitted when a wake-up poll (WU-Poll)
frame indicating that the PCR has transitioned to the wake-up state is received from the station.

14. The operation method according to claim 12, wherein the wake-up packet includes a legacy preamble and a WUR
physical convergence layer protocol (PLCP) protocol data unit (PPDU), and the WUR PPDU requests the PCR to
operate in the wake-up state.

15. The operation method according to claim 14, wherein the WUR PPDU includes at least one of a Poll indicator
indicating whether transmission of the WU-Poll frame is required, and a multi-user (MU) indicator indicating whether
the wake-up packet is used for multi-user transmission.
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16. The operation method according to claim 14, wherein the legacy preamble is transmitted through a frequency band
of 20 MHz, and the WUR PPDU is transmitted through a frequency band smaller than 20 MHz.

17. A station in a wireless LAN based communication system, the station comprising a processor, a primary connectivity
radio (PCR) transmitting and receiving a legacy signal according to control of the processor, a wake-up receiver
(WURx) receiving a wake-up packet according to control of the processor, and a memory storing at least one
instruction executed by the processor, wherein the at least one instruction is configured to:

transition an operation state of the PCR from a wake-up state to a sleep state;
receive, by the WURx, a wake-up packet from an access point;
transition the operation state of the PCR from the sleep state to the wake-up state when the wake-up packet is
received;
receive, by the PCR operating in the wake-up state, a data frame from the access point after a time required
for transitioning the operation state of the PCR from the sleep state to the wake-up state; and
transmit, by the PCR, a response to the data frame to the access point.

18. The station according to claim 17, wherein the at least one instruction is further configured to:

after receiving the wake-up packet, transmit, by the PCR operating in the wake-up state, a wake-up poll (WU-
Poll) frame indicating completion of the transitioning to the wake-up state to the access point; and
when the WU-Poll frame is not transmitted within the time required for transitioning from the sleep state to the
wake-up state, receive, by the PCR, the wake-up packet again from the access point.

19. The station according to claim 17, wherein the at least one instruction is further configured to:

after receiving the wake-up packet, receive, by the PCR operating in the wake-up state, a trigger frame triggering
transmission of at least one WU-Poll frame from the access point; and
transmit, by the PCR, a WU-Poll frame indicating completion of the transitioning to the wake-up state to the
access point, through a channel indicated by the trigger frame, wherein the data frame is received after the
transmission of the WU-Poll frame.

20. The station according to claim 17, wherein the wake-up packet includes a legacy preamble and a WUR physical
convergence layer protocol (PLCP) protocol data unit (PPDU), the WUR PPDU requests the PCR to operate in the
wake-up state, the WUR PPDU includes at least one of a Poll indicator indicating whether transmission of the WU-
Poll frame is required, and a multi-user (MU) indicator indicating whether the wake-up packet is used for multi-user
transmission, the legacy preamble is transmitted through a frequency band of 20 MHz, and the WUR PPDU is
transmitted through a frequency band smaller than 20 MHz.
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